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a. ~ uc:~ o 1LL 1 o.uoor  u c e i c l - . . .c.e .-u tc r c :  of ~~:~~~-

F~1 er 1aoLr jrcoLdeJ oc •c n.~~icL ~1 va~er  • o ;; of 7C1 ::llJ~ - .

or lu:. far a ~~ ou1at lcc. of a:cut . 5, Q-D3 ,l~ reroc.uc res _ u~~ .-:ituic.
o e  laslu . L. aocoitb c .rc , toe Cio~- ot leo l’oo- -: aoi  tIe ocrmcr : .  lu
J~ ro to: netrapoli tao areas vltodre -: surface auters fr oo th e  asic. to
sero-e a y:~~o1atior. of 2 , .~l .CCO . Ills total yr of 7 ,~ ,CI1

as. averaJe of 1.c7~~,OOO . .. 1. JcJlc-os of aaoer l~cr ib1. I .  ouc-
roer DeJ a - are hi-ocr Seralcc e Area alica also locluie s me r eo t cr  c

1 r1: Olty l etrarslitao arEaS as veA as ccc: ~~~~~~ :-:roi:o: of  m oe

c~~uoOles ~iOJ o u t s i~~e toe sasu:. ~ : uo. lar~~, ohe m t a

~~~~~e e a er~~e~~2 9 ,  - ~~~~~~ 5 u  ater e~ —

t ics .  of 20,56 5,800.

1. he ocr car it a  use of :. . i o i r a l  vo cr c .  ~o Aes o.Loal ~. me
1._cl:. ac era.:eci 1-1 la~~cas I~ r Jay a::J o:ltsi ._ toe ‘er o i c e area , a . er . -€

l~l~~alboac rer clay refleccolo: 1. mo l aaJ .aO ~ r ..oe o s t o c r : .
c:JLoc:c yer Jo: . 2 -face v u te r  are e urce se - -ea t :  — ol ac  pcr.o tr.o
(~~~) of lIe tcoal noo lcILu l  s~ s s . lie: Ia ts .e r e r o  :o~ iea. DI al: -:
to :  sea t ( E - ~~~~) of t Ie  t o t a l vose r  . c c c  vu: s : :  I I L I  f :  c h o i r
f a : l l I t l cs .  A sIs .ilar oo~ ter: . of .urce a A  cor er J o  c :•J:tei
t a~ :as ooc .

c. ~~~~~~~ f ~aIcIoa1 a.cc :: .o: tr Ic._~ .r. :h ~ e: . - e
ci ale nuoIci~al a:.u u :orlsJ lIes os ~e: era Ar. c~ cl . r .
I me a-or cIrcus, areas are excc-:.si;e - r a o e c  tr e a l r a . ot  :oeuso~r t .: arc
r€~~~Ired to renove me Iayu:’:t_eo is. me ocr c e s o l t l m  fr ._~ ~~c
c c c . . Thlir e use of the ta s la  vater :  n,r , al~ t~~e: as,.
I. ’~ raters of b e  ~ouc: - io: l:c ci~ re r O e .  c - o Arc . Yor:~ ~~~~A: r ccc € J. Ve :.
n ainal t reaoaea t of ce Iln ec ~~~~ - and caI •~ -~~ -.-. - e r E - oz .’ ~~~€

a _ -o urav: . f:-c:: - c l o c e r leJaoure ::: :°JI:acleArhla recel-c e a :rr-e con-

r -:le t r ec  .e:J. ~ • .::~.~~~~‘~t c c O O , :c .~~aea t aot ...:..
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c c .  J ~ l~ — ’ . . : I o u. c c c r i a l c. ’ . ’ t : u : e ~~~c~~~~- ’ ’  i: a’ rc’
us. a c € ra :~ of ,~ 25,D0O .0QO raIl :.: f a - o c r  a a . ,

ccc . cs’c l::aOeu 5, -. Jc. .001 .030 , ‘ aI_ . . . c c : ’  o r .

f Ur  O S _ h a : r. urcc . ccc:  ‘b y ste - us. c Icr - ~ rJc c e: - r r J : .  ‘ . o l . c . . c - r i

w l ’,h I:: the  Ars ia . Inco~ct r i ah  us e  of wale :- I:. c c o ” . c f  c
2 cr - ca se  Are a lyinc o~~t : I_ e  ‘t h e  : a : Is. vu: . a~~ I n c I . .ic . I:. th i s  so
Ire t :al Iau o t : rah  aIoa�arul  of a: er vu:  a. re t : . a n c e c e r .
the n un i cl r a l wlmlraaal. Hove ocr , Inc~~~.ce . . I:. ore  s . r J c . r - .  tr

17s million ~cal1ons per day : .cpahlel t . Inc. cc ° r:. ar .. c .  - - -

cent (i~J~) of the total :r .unlcloal  c e .  Toe t . t a l  I ~al r . e
is. the tas in  for  all purocoses was 5, 5 l ~ , ’. , rlC . ‘ah b o a ,  ~er :a:. .s
tunes one 557 ,030 ,Ar0 ~allan: per coap cceli’:erel a.nlcclaal ~~~~~~~
fUr domestic and n a n- in du st r i al  purposes .

e. Indust ry  is a major water user is. toe b asic. wit : .  the  pr l-
nar y metal , chemical , and petroleum Incou st r ies  cc:i : .a toe Ir eate ‘I
c uant it ie s  of vat.er . Surface water  rer re ccented  n in e t y  perce:.o (5D~~)
of th e  se l f - supp lied Indust r i a l  u se is . ciIco~ 1-s i million ‘-allan: per
clay of bracr :Ish wate rs  and one hundr e co ~erceat (l3O~~) of  one ccc ,. l lnc
v a ter use ‘b y stea.o electric ~:eneratIon indlldio~ L 55 nilhlcr. ~ullo ns
per .ac-.y of ‘:r-i ci-:ish - .:ater s .

The octal munic ipa l  and industr ial  rater  use  fc.r the
ehac- .are hirer  :asio in 1555 was si:. bu lb :: ~allons per day servial a

p o mlat  i o n  of f l- ce mlll~ on .  For the ‘basin this  represent: a witadr awah
o ale :f .5 milbacc n lallons per soc.are mile of ‘basin area , a rate of

:o:rc- thus  twelve I fusec mat for One Un i ted  States as a whole .
Thi s is inlioati’;e of the intensi t’ r  of water use in the basin .

Part B - Stream 0’uality

~~~. Streus.  4 :ality fr om Headwaters to Trer’tcn, • I e w  Jersey
The leo router: o f  t o e  leharare basin aol the water s in the area from
Fart Ocrais  t o  apyrs :-:lcc.aoel:: Easton , Pa. are ~eneral1y of excellent
cual i f: :  an1 capab le of sopy ’c.rt in ~ a variety of uses . Increased popu-
lati n d e n sit i e s  and bnoast r ia l iza tion  in the vic in i ty  of East on , Pa.
aoo in t ,-.o Arn lsh  Valley result  is: a sliJIt degradation in the quality
of the J~lavare liver bclor  the conf lu ence  of the Lehigh River . Average

cli:: . 
Tused oxy~ en level: dorirc~ 1957 decreased from approximately

-~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _
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4 . 5  ppm inmecointeha a~ cve La:to’n to  7 .L rpm ‘be- law D u c t , .  n .  From L a s t on ,
La. Isanstream t~ Trent on , 2 . J.,  the ArIa-sur e liver  rece~~-ces wa ste  cii:’-
cnarges from var ious  c ‘ nmuoit ies and industries e i-;aArnt to a
t a rn  of l-~5, 0O0. ::atoral leucoinl and erosion prodllot :  in adci l t i , n t o
me pollut ion load carr le’~ b y the stream r e :u i : e i :.crca :ed user  ~rca~ -
sca t  by munIc ipa l  and in du st r i a l  users in tr io  r each .  Arc-ra e
lar dlless of the mainstrecor. at Trenton durlnf  toe s~ nmer n on t o s  ira:.

5~~-l755 was aopro:-Woatel y 8: i;p::~. ;~-cera~-e- na-cothI :: t . tal  iron at
:re::ton dua-in~ the  summer m on t h s  f rom l7---5-l755 was ajop ro:-: lmateiy 0. 05

• s m .  For the sane period the turblccLty was los: aptr::ccamatlncl 25
l c’astr..ctlon of aa.cos and re cccr v ai rs  in up s tream areas re oe -nt l~ ra v e
lcmrcrarily Increased the tussidit :.

h. Trends in 1- .’aste I all an and Stream ~cualil:: of t ne  cla- .:’.u -€ ,
lasi.: from it: Deadwat .er s to  T ren t on  , l l J.  In l75J a p o lu l a t i c.n of
:~~l .0Ar (in the area cor:sidered trh’sotaz’: ta tIe Delco-scare Direr ) a f t e r
toc-atment  c:ntri ’b.Jed a oa.lutlc:c Ic-al to t h e  Delaware R iv e r  ecu ioale :.t
t o  a population cf 220 ,000. ‘ A decline in po l lu t Ion  load occur r ed  there-
after as a result of the installatIon of major treatment cusrhs. F::

1951 a population of 48i,~~DC contributed a larIlutIon load €culrrleat

DoD~~~at:ar o~ l~ 3, 03C . Apprc:-cisantely ~~~ of th is  t r ib u t a r y  papu la ti : : .
— a s  served by se:-:er systems . 0 these 54 1,600 ;es~~le , 9-~~~ 

ac-re se rved
b : facilities prcvIlin~ secondur :.- seance t rea tment . It is est I ma te d
tArt  the population of the t r i bu t a ry  area wi l l  Increas e to ~‘c~ ,Oll i::
l~~.5, 927,000 in 1980 and 1,000,000 an 0013. This increase  in icoyaha-
taco is expected to resul t  us. the fol lo ’w in ~ chance: in pusluta: .n Isa:;-
a: to the Delaware F ir er .

(a)  The po l lu tion  lcao wlll c o n t inu e  to decrease u n t il
us’ mro:-:amate~ y ~~~~~ as a r e s u l t  of the  ln :tal_ aticn  and ec-:ransa:n a:
sec ure  t reatment  fac i l i t ies  serv in s  tnc -  rcp.llat ions  a re s en t l y  se:.erei
so w h i c h  tIme it is estImated tr , cat the 1.-al -s ill, be e :u ival€ : ’.t t: a
s : ru la tios , cc f 155, 01:1.

( o )  it is e,-::cc~ e1, t aut  after  h - c l  the  r i se  in p .oa lut i : : ’.
-s ill o r’c a:s :ev a~ e t r e - co t sec o t  p lan t can:  t r .~cti o’ . r e : . l lt irc5 In a
:1:. o reare  in the p : lust icn  laud t the stream .

~~:- -- :  
~~~~~~~~~~ ~~~~~~~~~ ..
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( c )  Toe cc~ tIc :uic : 1 r ise in population will necessi tate
the sewer iny  of p o p u l a t i on s  whIch  prev ious ly  uti l ized individual mean s
of sesa 0 e disp osal . This -sill re s imt  icc pollution loadings to the
stream (rerar lhess of tne extent c-f oreat:cent) where none existed in
toe rust. It is ex t e ct e l  that the rate of increase in pollution load-
m l - -.111 soon ustruacO the rate - f increase in population and by 1980
the o : fa l  o:ll,~t lo-c .  lou-c ; u i scha r leu  to- toe Delaware River  will ‘be at
t n c  same- 1€- . el as tou t  in i75- 3, equivalent  to a population of appr—ox i-
match - :  120 , 1-0, . Z~. lOll , it is estimated that the ta-tab- load to the
ArIa-snare b e t w e e n  Port Jervis anl Trenton will be equivalent to a popu-
la t ina’ . -of abou t  31-1,000 .

i. F~ on an examinat ion of stream ocoality condItions as
0eoern Ined hI :arve~. s made In 1927 and i:: 1957, it is concluded that
t h e  In crease  in F : l lu t icn  boaco liscusse-a above will not d ecrease the
av€ ra ’-e -d I ssolved  oxyg en c o n t e n t  cf the Delaware River fr om the head-

to Drent oc co below toe preoent  level of 7. -i rpm . The chance in
onalit:.’ o-:er the tventy-eioht year period (1929-1957) has been negli-

~ iLae. At no tIn e dur inc these cour v eva  has the average dissolved
c d-dy es falle:. below 7 .0 rpm . Hence , it is expected that until 1980
there v-ill be no chance In water cuali ly v-n ich nay inf luence  water
ares in tAr :  reach of Inc ArIas-are Diver . For the period endira ~ in
2ll1, it is anticipated tnat tne dissolved oxygen content at the
critical p:int (-cicinity of Jilford, 0. J.) nay fall to as low , as
5 ppm and p~ osibly at t imes may fall below th is  fi~~ure .  In general ,
l~ ;.-ev er , the  -elac-:ar e R ive r  from its headvaters to Trenton can still
‘be e :-meot ecl  to  support  a aide vus’ietv of water use s-  lur ing the period
ending in Il l -h .

~~~
. Stream 4uality from Trenton ,  I. J. to Delawar e Bay

The dissolved c:-:ygen cs.ntena of the t idal po r t i on  of toe Delaware R i - .-er
na: bee :: used as the ~rin ar y indicator  of stream qualit y .  Disso lved
o;-:y:en data col lec ted o-c€r a nine ::ear p e r i o d  (I )_ 7- ly5S)  ‘b y several
d:-cernmentsc1 alencies. was analyzed. a:c~. tne fU llawlno conc lus ion:  ac-re

(a) The r r eu i o ted  n-:eraye Jisuslved -0 :-cAre-cc aver tnl l
n ine year ~~ rius.  r a n g e d  f~ on a hi g h o-f 7. - ppm at Eurli:catcn Er ioto l
Friclge to a I-ow of -- .0 ppm at :-iaro.,s Hack. 
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( o )  The n i : ._ c c . uo c ’cou o ” e -cAr l’  ‘ t i m ”  ~~va : ‘-Are::
varied from o... mom at llrll:c’to. ur l -ar -o l crI .~e t o  .

(c)  Sepe::dian on 0cc-s t ine of - i l l  or. . me Ime
day con siderable v -a r i a t l , c : .. In -:i -;:.l:e ,~ ,coc ‘CO . ‘CS-: c- sic-n
the day during which the  m i nt man a-:erci :e hsol:; I I ; ;onv - s  o :-:y ’ -s- .- :.-:-:- -~ - -

These varia t ion:  r eus lt et  i:c co-m r -one ::.inlc. cc: h a s  I - -s : nAren
i-uring a da~. ranoi::, c fr usc 5 . l p p o :  ao A r r I ’t:n loImo: l r i i e t-~
rpm at :-:arcus Hook.

1. Trenim in dante  Z c a i i n :  as Arream 0 :-a l la n  of
Delawar e RI --er  fr om Trenoco:c. I. .5. ‘: e a;nar e h” :c The to- c- : I:.
momula t ion  c :ntr ibsct in  t :  tne n-; :.i : Imal o: l lut Y’ - I::: ’ of t o -

por t ion  of the leusca scr e Ri-:e:- cal ve bee:c ic-Ic: - :- iso f : ;  eIdar  :0 1
areas a c cou n t i n g  f :r  ~-_ l of the I ’ tAr  m o n  lcI:-l l  ho’s .: m r - ac e :  oh - . - :13-

- ‘ 
charged into the es t. .ary.  :o is a:::icir~ t e-l tro t  ‘toe moo .. , -o i c n  t f
these areas will ln:reco:e :i~~m 2 , oSJ .1:: in 1 3:. a .  ,5:1- , - Is 1:-ut
and. 4 ,120 ,0-CO I:: l~ 5- . It I: esoi.m a t e a  tout  seas. -e t r e a tm e  I
t i e s  will remove the addi t iona l  l:,a-d n a n tr i b  ole.. ‘ci - tc.e i, :-a ’e-used.
p orula t iac :  by increasing toe eff icien- :~ -of t reatmo :  : irs:: th e  I .- -~

1eve1 of aba-:’t - -3~~~to~~ -h ~~~i n l ’-- H a:cd hal-oin , - a t  nci s le:el n I i l l - : l .
This increase assumes increased. int e rcept ion  -of ---caste:  or e :enAry il.. -
coarging to the estuar y vito-a-u t t r e a t m e n t .  ll,e r r e se : ct  level -of s-ce -r-
aIl removal of potential po l lu t ion  load  ms a: cu .. - ,~~~. The -l , re-c: 
t :aus represents the e f f i c i ency  of treatment rlaccts in rem ani:,  the  I .
which  arrives at the plant and ant toe to t al  load c-chic.-: :cay cr 1 ‘Ar ate
from a given area. industrial loacoincc-s It the e;t~~ar1: ha-c s b e e . ,  a s su m e - :
to increase linearly at approximateI~- - Ire san e rote a: the ~~

‘.p c lat i coc
increase. The total pdllu-t ion 1-cad to the Delco--ar e estuco:-:: aecreased
fran about 5,50-0,00-0 population ec-~i :alec~t in 195-I to - - , oCO , ’.- - .’T p . prll-
tics equivalents in 1458 . It is a n t i c i p a t e d  tha t  t: ’.e t s °al c :- llot i
load discharged into the estuar y in 1-9- 5 will be at t oe  som e level a:
that in 1955 and ‘b y 1950 will increase to a I-c a .: e-:~aiva 1e: .t t o  a oopoo -
lation of approximately 5, -c CQ , T- -0I r e sole  or s-li -lIl y hi -ncr t :can I . e
level experienced in 1950 .

1. The year to. - year cIa:  e. in an:: nil a-cc -ru -e l i a r  I ced
oxys-en do cot ind ica te  an-c strai htll::e ore:, - .ual avert  -e di:-
s:- l-zed. oxygen cc .m c e n t rat l a n s  at three stat l-o -oco (‘l. ri- e., , role . i:e::~ -ani :.

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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a m :; u l a t i o n  cc i’ ale: so ~~~-C-l- , IC in I t :- — . 510 , 101 In 1931.

:.caro n-a: re:sai, :-o ,: at a l a n a i, - sc : .i n”, ,na : :o- :vareco e:s-a .tsaII c a
sa:- . o t u sn a:-. c o o s - arc ea cccc~’ en .  .~ e e- : 1a :c sc- ’ :0 se c-s so

f a c i l i t I e s  has ,rod: fa tei l  :~r c - -en : e o  a ac -u i ,o i :n  c: t so sios l-cAr
1.  .In:c ,issl acer ’s ;o waite r t-onc-ar -s.:..o es lo ran  - 1 5  I— I l l ’  .oa’na

‘san d .::l~: a ll  nt ly. h’ho c:c-csn ;e: in ‘a-::: , -sI aver-ar e sass  lve-d ::-g,’: e:.
: :cna -r e c were c rc . i . :er a ’c lc  lao’ce:- t a c o .  if  the  onanoes were due

tO toe vanis ti-o-ns  in ann oal c-cater t emp eramre  alc-::e . The annual  average
-hi :uol- :ed c al- ce:: duric :~ 195.1-1757 c orre la ted s ign i f i can t ly w i t h  the
s-.-erage ninlc:na-: taree no.:t:c f r e sh  water inflca at Trent:-s . Therefore
i t  an.: conclocied t ::at the cha:cu, es in annual average d isso lved.  -oxygen
-dur I ng  l~-5 .d-I757 were pn imaril ,- ,: a r e s u l t  -of  the cn-an ,:es in the fresh
ou t e r  fiar, . Fo r t , so r , the c::an;es in dissol-se l -o:syger. w i t h in  any year
arr:ng li 3-I ,I5~ acre af f e c t ed  by the changes in f resh outer  flow . It
is r en a  :::oe-a that  these -chan ces in dissolved oxygen - s ith in  a year are
ala : a r-osolt of the  changes I:: outer  te::,peratore and pollut ion load.
Howe-cer , i t  is e:ccpe- cte”t. tha t  w i t c o in  amy g iven year the pollution load
:-:lll remain fa i r ly  constant  Iherecy a f fec t ing  the changes in dissolved
c:-:ygen althi :c a ::ear I.: only a slight e x t en t .  Separation of the inde-
pendent i nf loence  of temperature  and fl-o w on the variation of dissolved
oxygen w It h in  a year was not at tempted.

m . Since the decrease in pollut ion loading accomp lished dur-
ing 1)50-1)57 did not  m-aterially affect  the dissolved oxygen , the in-
crease in loading for the period en-ding in 1980 , to a level approxi-
mately the sam e as in 1950 , a-ill not materially affect  the dissolved
cxygem levels a~~ eady established. As indicated previously it is be-
lieved that the year t o  year changes in annual average dissolved oxygen
which occurred daring 1950-1)57 were primarily a resul t  of changes in
fresh water inflow . Therefore it was concluded that any future changes
in annual average d i s so lv ed  caccyrer. wil l  ‘be due primarily to changes in
fresh water inflow . It was also c - ::cbuded that since the changes in
annual  averab e dissolved oxygen dur ing 1950-1957 were pr imar ily a re-
s u I t  0f f resh water inflow , t~:e chan .- e - ’ in dissolved oxygen within a
year were also affected by the fresh water inflow as ~ e1l as by water
temperature. Since the f-ut -ire changes tn a::rcual average dissolved
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oxygen will be rti ai nJ y a n - cactI : at imvo3’t wo~ter In ~ bo~’ It Is expect ed
that until 19&:) the -sha::g~ u in d~ -~~ . 0 - r ~~-j c-x-sgen wi th io  a year will
be prim arily a result cv0 c Ar-c co~s I c  0r~ sc: water inflow and water
t emperatu.re .

n .  The ~:ha rse’~ in ‘c e a :d ved oxygen within the average year
during 1950-1957 are d~ s ::-~ t- .~-d ~ac i 11i~strp .tea in paragraphs j .( a ),
(b) and ( c ) )  using at at imtcYv- . s- .uth.:ds . Th.e resArte of the use of
these methods indicate tl.r.c :‘cAr: dissolved oxygec’ ds~ring any time of
year , day or tide cat : be -~g’ut -o -i .1 lb a high degree of confidence.
Since these cbcc~gso Ar d i o - : o T . ’-r od . ~~~ gen were a r~ su1t of the same
factors which are ex~soo te --I to inf l .ccs-r -ee t-s-~ - ‘~ce .:..p~ vithi r future year s ,
it is expected that the ch~.: geos tb.. t ha- re t o  nrc -ed within the average
year during 1950.195 5 a u T .  vtar -~ -s c-c - tta ”~!ly -tO-so same throughout the
period ending is 1980 . Y J. s ’~ - . one±I. ~- ~,,:: o~~rcipa t.~~~ that the descrip-
tion of the dissol--~red. a r ~g~-:~: 

-
~i .ti~’: the .~ v-~~sosse year during 1950-1957

(as deter mined ‘by the :stc ’tT ,-:o ’ t ,-~ - vs -~ ’~ ‘~oll. cc-ntirue to be appli-
cable until 1980.

o. Ft-v the p vc -Ic-I e:cu:.::-~ I.. ;-~ ;im., it is estimated that the
total pollution load. to: A r c - :’, ’: -c,:”,’ ’ -.~tT el.:~ cvj 1ent to a population
ranging fro m 5 ,~1-00 ,I0-O tt € :0 di ~001 . P’ne 1:-- r figur e assumes an in-
crease to 70% Ar ovsra~~., sec-s -n :,  -ef  . - i m s .-c :  ao l  -t I- s higher figur e
assumes removal efd~i- , :i-eo- :i , -s on p.ansc :- ..:t Tm- v -ale . The result ing water
quality from this rams-s -to ~.oad  v~’Ill Ar- tot’c .ee.v the condItions which
existed in l91~O aud these ~0.s. - .-h  ~x ae - t ’- t do ‘ 77 :  tbo~~rh increasing
industrial tecb::cl-ogIs-s n~nv :r-sa~. -. ,i:.lLtv trot T c’an heretofore ur—
recognized . Should s’cbot ;c .’naaloi ;:o i,.vano:: r .cm(. vel :.- - t  be accomplished ,
the quality of the tun.o—y ~r i~2. p-: ’~cp-ar-~~vrIy dsa .erac , s ate to the level
which existed in l5I-~: , ‘tim-. ’- - , t i-m Ar’ .-otc- of tO-os ~a.nioas water pol-
lution control ~~~s-:cc~, - s  ~A r c c :  Tu~ 

-
~~ 

‘an. . o en st’I eot, hr~ In the past can
b e assim~ed to continue as’ ~ ~f- ‘ c. -o -~ sit--I ap~’dacr ‘tha t- TosCity conditions
will be allowed to re or g - ’ ’oa  a -  ‘-doe hs,v--l s.f twe .so’c, years ago .

Fart C .. Eff ~- : t -  of Cc,~ p:eh~~~-s ive Plan

p . Water qu,a1~ ty i u p ’.-ocath Imi~-our dments It is expected
that the water in th~c Impoo’as:dso::,: to pn.:;po.sed in Appendix ~ will be of
high quality. This will n o t  i:reol :ol-e the r~eed for treatment of with-
d.rawals made dire cot ly f co coa tcoc ‘:- -aec-’vo lr or of wastes discharge d

LL.II.~ ~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~ ‘ 
~~~~~~~~~~~~



xx

directly to the pool or to tributaries th-~reoi’. Tue firm policies which
already exist in all the States requirino water and. waste treatment can
be asstnued to apply In the future .

q . It is anticipated that stratIficatIon of temperatur e will
occur in varying degrees in all of the major impoundments . The formation
of a therniocline in the deeper pools will lead to dissolved oxygen strati-
fication . The extent of the thermocline and subsequent dissolved oxygen
stratification is in part dependent upon the type and. operation of outlet
structures . At Tacks Island and with surface level intakes , the develog_
ment of a thermocline at a depth of 11.0_50 feet will result in a 1°C - 2 C
difference between the temperature of the incomIng flow and the tempera-
ture of the discharged water during approxinately August to October .
With intakes withdrawing from the surface layers , the dissolved oxygen
of the discharged water will be essentially the same as that of the in-
coming f low , ranging from super-saturation values of 111. ppm to a low of
7.0 ppm . If lower level intakes are rroo-ided , the temperature of the
discharged water will usually be from 1-3°C - l!i.°C during the st er
months . During this time -the dissolved oxygen of the discharged water
will become progressively lower until late in the su.~~aer when the water
may be completely devoid of dissolved oxygen . It is expected that the
other major control projects proposed :or the upper headwaters of the
Delaware basin and the Lehigh and Schuylklll basins will follow similar
patterns of temperature and dissolved oxygen stratification . The con-
centrations of other water quality characteristics such as hardness ,
turbidity, bacterial content , etc . will not be excessive.

r.  At one site , Newtown (presently proposed for single purpose
recreational use) a water quality problem may exist. The discharge of
treated sewage equivalent to a population of about 3,000 above the site
indicates the need for further investIga -~Ions prIor to the initiation of
this project .

- 
s. State polIcies on waste treatment New Je” sey and Pennsyl-

vania have indicated that low flow au~~ientation will not be accepted in
lieu of required degrees of treatment which for the Delaware basin above
Trenton has been established by Incodel as a minImum of’ secondary treat-
ment. New York cons iders each stream indi~ idual1y. However , only one
project (Hawk i~~untain ) will be located in New York and it is not 
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Ic. -
~~~~: o n e  i: coac t e  I :-e :ctce :,I  ::. e c - e :  ::, c . .a’ t :-eno . .

:- ~~ a-~~~’€ an: A r , : i o c o t c d  c ..nt it c:ilL ac t  re -ir e a ~~~~~‘:- :1 tre c.:me: t
-.i. . e:- t han co - .C:.n:’ - . .o ese i t :, t ~ , .m : 1 € . ’ O e ’ ,Eo” o d d , toe rEs .Ire,.

ree: :1 drcc -t :- en ’c :o.o ‘t..e en: c- -.- ’e~. e:
’:e c- ’ ~~~~~~~~~

rot re: cIt Ic . coo . sha:c;es I:, t , :e . ccc- Tee Ar note o:- ’aoac : ,I a: a re-
of toe -i ::pre  .e: ci sc  FIn . .

I f f e c t s  of b o a .  .o:d.oe - t c  c c.  50:-c -n: .:ccalit:; fr .a ,o€ : , oot e r s
-
~~~ 

:-~~~~~c-,~~ 
. 0. :~c.~ re no lcoted b,c-.: of -Ar . I cfe p r o p s  ci f o r  0 :55

- he ll--are Ri--er  b: 105--I osbll act  red l l t  Ar ta:c;i’:le o a c te  o:’easac-:,I
b en e f i t s .  L-,-ecc witb. ,oct looc flm-: ao~~oerm n t i :  a the minbcoa I sb-ed
o:-s:;en leoei is not an ti ci cat ed .  to drop te 1c’~ as, avera e of 5 , 2  aci
nay act even asca hel::: th e  p a-cc eat ac-erase b e- . Ar .f ? .  €
o e o . .nd.ary treatment of o- .astes is nb-eat- r e o ,,~~r e o  ‘sc A rc ot e l  ::e-.

osey  and Pero ao:lvania act d. s b n c ~ it is cccl acc c.iciDaoei tha t  s tream .
c oality pr oblems ~sill de-.-elc: e- -- e:. ~b t n o - ot low flo-,-- a~~ooen ta : i :n , r .
o .accoes -Cr deferral: c-f the delree c-I’ o a ot e  t r ea tmen t  are e:-:peoted to
cc:r as a res.llo of the ma .~cr cont rol  ar. ~‘ccts of the i ,. mpreae:. s i - ’e

P lan . A re chc c tbom in. the near. m :rcthbc - har dn ess c. ot enco at Theno on cc
coca in l°: for the  reolla:e-b floc-: of —2 :oC of: . ‘ai: r€ - ioo -t~ cc.

on .os -ane:: w:~~ on rer t cc o b o et  s:: -ac ac-ct:c:’coatec. c a cr ea ce  :1. avera 5le
:, . n ta l- - tAral  iron c o :cce:ctrat :,n.  Lasne teaporar2 . i :,o:-eaoes is. t id ity

fc~ r t o  fove  tIne: tose norman lecel: of 12-20 p~~~~ 
-. .Il_ ocoor o.mmeti-

el.- ‘ocIm- , eaccc. ci te  toe to norma l  cs:c :tr oot. .c :,  a-sti ’.- it i€c o a:.a mac p - e r —
ais: in o’as:.d.n L i :ctcc :sitie : f o -  sane cbs tanse ~~.. -ac . trent .

Fs.r the  period.  enJi :cd. I:. i t  is a n t i c i r o a t e t  t.cat irre-
sp eooi’ .- e of bc: f . o -~- a.an’ :.ec,oot loc . ,  0-ce stream .,,alit . is ec-:pec~,eJ  i 1€
c- ’~ Io.i ;c a co er t aL l e  Ilmi-os . lec ce , t h e a~ ll :b- locs t :  the  ,atoral

f lco —i l l  not cr o a o c - e  a: c;nn c-c ic. t.c re ..irc. seo .c,d.ar: -c~-

~-oec -of tre-atccent sI:cse h € r c  es:e;,tlall - c - Il l  c’ be aac st r eam :coalit 2;
sr::leo, . h ith  no o:~~ sec in c a st e  treatment n nanres as.oic:patei re-

fr om b a  ilco: a-.ancentatban , no en e f it s  can ice ascr is  ccc .

v . Altasoa.. no lnr;e tanoib le st r eam c.oalit :.- ‘ce : . e fb t s csil
nccr ~ e from One Elan d.orl:,c the periot e:,Jin Ar Ar-IC , it is eape o t el

it o  i:.creo.: in; po llanbcn 1:-ads , one ‘b eneficia l  e ffec ts  c-f toe
PAr c .  will  i c e s  s.c acre nan mo-re pr .’:. ,sc;c t -o ,onin ; toe 50 year: follow—
io~ 2111. Li’,e strearo coalit; . ot the bebaware ab c-ac ‘reoton ay the:.
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be pr e .’ec acet  :0 - . :: a .  se : s I i a .I:. . . C O E 0  I sad an. l’ ar ’cc.Cr bc t :.e an.- c,e: tat ls : .
o f  Ar’.-: f l ow : . l o n l i a n t b c e b c . s - c  e f f e c t :  . f toe na ’or c : :~ r- .l pr o
:n cor eam loabbo l  b r ian  the  :serbo- d :. llc-o-lo. 2Il C- ‘-:111 ass~ane a re—
Iat i - -eI ’ -’~~ reaoe:’ Inc. r tac -:e an , - : c r e ‘t ac.~~Isle ce:sefit s  will  r ecac lt .

c-c . L i c o c o t :  a a : a n E t r e s O s -an10. f a n  -r ean :. 0 leIL ac-:n’ e bay
It I: est i m at e ;  hat Icr  toe 1-el- .cc:ase P. 1--er a: :- - ‘ e toe  1-elaware A r s t e
lin e ,  a small I :osrea :€ I:, .~l~~c . l-:ed sacy:-e:. of aic. .~t I — 1.5 pa-:.
o c o m ’  as a r cs~~lt ~f a a-c -c lass-n  floo-: ;.o -. Cc .C o th. i:. 195-C. Hc.o :ewer ,
a decreas e in JIs:cl .-:ed an~: en s-f at . cd 0.: - 3 . -- ccc: Icc e:-:pe-oted to
-ac-can be low t:.e l-elca-:oo-e S-tate l ine .  The increase Ar dis:cls-eh s :-cyhe :’s
a r o s e  t:.e s ta te  anne is nan c .,aanc :ent  to warra:.t any C:ca:c;es -or ccc-
fe r ral s  cc . t.oe teJree: c-f c-:aste treatne::t re c  sired icy woe State: ant.
Inca-del . F,crtoer , tte an tic ip a t ed .  leorease Ar d i ssolved  ony;eo is not

at ::iS time to r e -co l t  in Inc-r ca :  ed was te  treat s.eot ‘by leAr-
ware.  It Is bell- e- ,-ea that  dcc - the  enoire eEl sary, a ne t  Ir .tas ole
ice :cefit will oc:-as- c- :here tan 1c c-r e -ace In o,oallt c- aso -c toe S-tate lir. e
wool , .  co o- -clod., the cecrea se  in ;.callt y be lo~ t:.e ~.lta te li:.e .

:s. ~~,t:c o an:. it d.c a nt i c i p a t e d .  tha t  toe acoality of the ecocar :.-
in l I A r  ollI  te  som ewha t  less than at ore-Scot , it Is ice l ievet  That toe
oncreace  is. a,~~oe:coei fI::; :‘won .~Ib. of: in 19:-I to -,7Ar- cAr in 20 12

not  reanlo  icc a f~ r t o e -r  :I::c .ifbcao t i:.:rease ::r leorea s e In
cArve-I o:-c .-;e:c . It is n o t  e:-:oe:tea t: .ec, t:,at toe- increase  in fresh
wat er flan- a ,anc.ensoatl:n cIll  :.acoc;e toe olIss : Ic’e-i o ;-cc; cc. level: to
sand an co-cocos tc,at ai-aItI..nal :coa;s tre-at::,eot f ac l li t ic-: Ca:. ‘c c ccc-
f e r r eb .  The ana_ Iw: ot ’ t :,e es loar - o -soc ce  mabot a ln eo  at least at ore-
:e:ct levels -onl’: b 1. s c’L : t n a c l n l  increases  in w as t e -  t ,reatnec . t  neas~ re:
Los: fl-ow an~~r . en t a t i , .o will  s.; r -rlencot t :ce w a s t e  t r e a t m e n t  pr odr ams .
b oo It is es t imate-i  that  t:.e :.allt: of t:ce estoas’:- wIll  c c.  t b-c alt ers..
naterla ll y b- . the Ir a n :  se- i s.a~ ootooo e of toe r€ -t . ,Ia t  I s : .  of f r es a  s-cater
Inflow . A tacc;i~ le no  oe t co- c b e:cefb i can :, . 0 Therefore be ascr Ib ed  to
toe increase in flco. , ab :, ,  anh an intan;Ic1e s.:pclener.tal b e: ,eth t
socolci  be re cco an.Ic eoI.

y .  For the o’er I beyon d  2012 , low fI-:-w ac c-oce :ct-atio:: ma:.
ass one a more inp:rta:-.t rAr e  in toe mainte :.ac.ce of t he  -o coality of the
ec t o ar y .  The i: .ctnllatbo:c of e-sen nIoher desrees of treatmec :t a~o o w e
sec-c:: cisc--s ma:,- poss ib ly be I’cre:talle i for a period of t ime.  Sowecoer ,

~~~~~~~~~ - —- —~~~~~o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~,. --~~~~~~~~~~~ -~~~~~-~~~~~~~~~~ — ~~~~~~~._ -~~~~-_ - .- - -~~~~~- -  - .
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it stn-ccld ‘be recodoized that cconddt l .,ns Lella toe State lIne mccc - sieterl-

crat e even Itorther which may r e-co l t  icc the need for  Io ::reasei t reatne

ic. Delaware as a partial result of low flow a’o~ oent.ati-..-o. v oetoer toe

‘balance between these two factors will ‘be favorable ocr anfa’. o rac,le is

extremely d,ifficolt to determine at this t~rie . This aeterninatio: .

should be made at the appropriate tine is. the fatur e so that  the loo;er

range effects of the Comprehensive Plan can be e- .ral’oated more p reci se ly .  

. . 

- —  — ---~~~~
.-‘- - .---- - - ---. . . -



-~~~~~~~~ - - -  ------
~~~~
-— ,L~~~

,---—-~~~oca.,.

a. The f:-ll ac io: a-c ; .:n,e-~~~:anl .n r .  c-ito r e sp ec t  to water use
a:.i s t r ea m  anallt . are :ft ’ e-re d for  toe ef fio l e ’  im:,lementaoior, of the
Cancpre:oe :csive Fl:::: f-c:- t:.e c . :sr  I c.f ‘toter  i- . ec c :or c e -s in the Delaware
rasoo:

( I )  -t o a .I es so~~~_ i b-c peo -f . rneo be-f-ore, cm-in;, and after
the coostrantl,n of t: ,e so - :’,temo la teo  clan-, arc -cl re:erv ’~ir protect: icr
order to .b t a l o  : -ctI~ i-:e lo f o rmotl . :. ai to  resrec t  ‘to the effects  of
the Arc:: ..:,onen ”n: on wa te r  .: , ali t:  so-a sa n sec oe n t  water use .  The deter -

of t:.e:e e f f e c t s  :111 cc of c - osl.oera:le s-aloe in the detailed
plaan.ic.: of aioit l ..:.al pr~~’ ect c  icc toe  bas in .

( I )  Invect l ;a tb co-  soc old ic e  :,- ane not a:.ly 0cc determine
:.ce caoses an; c - f : eot s  of ca ter  analit-: stratIfication in the proposed
r e s e rv o i r s . : ..a. also toe d.eAr~ :. cc. -l l fi - ;at io :cs  :cecessar y to eliminate
or o:ntr :.I s t r a tl fi c a tl l o .

(~ ) A score aae cc ..ate bas i c  data pro~~~am shoold ‘be insti-
In crier to ar-c-wIde addIt ional  informat ion to aid in the above

stod ies  and to pr o-site  more  ac-c -ora te  ‘bases for  fotor e ared ,ictiorc s of
water  .cse an; sIrens o,ralis-s t- t e  ose-h I:: eva 1catffac~ the needs fo r
inc rease -cc  sIren:  f l o w s .  Tr.is or ciram choold  inc- lode  ccllecti csn of
detaile b data mc all as:e-:t. s s-f mcoicio -aI and. inocostrial water use
and water t reat s,ent , and w a st e  alsp :.:ai in - .rcoer t o  more accurately
assess  toe neeas :.ccas:or .ea c-s Art  crc ir.cc, :s tr :a~ ana morcocopal expan—
sic: . . Likewise , a :,etw:rk  - f monito-rio r- s t at i o n s  t . measure all aspects
of stream coalim y is aecessary .

(~ ) For the e f f ic i e n t  ot i l i za tion  c-f the data a central
depositor:.- ch :oId ‘be i n i t i a t e :  where all basic data of c ommon interest
in water re :accrces d e a d - rme -nt a , old i c  referred for compilation and
redoctan: ’,. P’oo-tc,er . the rerc r orL sibani ty  for the coot incous collection
of all s. f these basic uata :h sroli  ice  o:slcertakeo on a cooperative ‘basis
‘by t oacc e  Fecceral , state ant I-coal a eocles  concerned  wi ts :  this need.

( 5)  Conti: .Ar .toc.-: Ar toe ef ec ti - --e water pollution ~contro 1
ar. cl aba tem en t  prola- an s of 1~ew Y o r k , ::ew Jersey . Pear s ylvania and Dela-
ware and. ‘the Icsterctote C omniss lon  on tc.e belawar e P lc  er is required.

~~~~~~ — -~~~~~~~~~~ - —_  -. - _,._~~~ --  ~~
-__



JnIcca’tted ly . w i t : ,  .. t ’ .e € f f e o~ 2ve ac t i v~ tIes.  ot toe-se a c o o l s :  io
‘p.

r a rt .  Ic-c o’calitl.’ of The water:  . f toe Delaware SI  se: bas in  c-c A 0  ha’ . e

been even nc -r e  se r i o ,~”l : Ion-aCre : Icc 5 cc,:. areas to  hoe a ~,,t -.ac,ere
_ €  ‘~‘e e c and e ’e ± c~’e- ~~~~~~ an’- I

ecs :com ;o ,a-~ css w . . _ . -::. ’~an s.c-s n-re :: c-se :, mor e tra:, Ar oar. an tne

fAr m’c , c c c  c.~ c - .c f . r coo :. c.a .~~rn : Ill he ccc- :. moo-c Iocac’rat ic’e.

— ‘  - - — — —  ---. .---- ~~--.



_ _ _

~~~2r,YH f//,~~Q1 
:

PAR T A

~JNICIPAL ARD INDUSTR IAL WA2~~ USE



PAR T A

MUNICIPAL AND INDUSTRIAL WATER USE

CONTENTS
Page

SECTION I - Foreword 1
SECTION II - Introduction 3
SECTION III - Municipal Water Quality 15

S ummary
SECTION IV - Munici pal Water Use 19

Delawar e River Service Area 23
Summary 33

SECTION V - Industrial Water Quality 35
Summar y 43

SECTION VI - Industrial Water Use
Per Employee 52
By State 55
By Service Area 56
Summary 58

SECTION VII - Total Munici pal and Industrial Water Use 59
Summary 66

SECTION VIII - New York City Water Supply 67
SECTION IX - Municipal Water Supply - City of Philadelphia 79

‘ .---- -- ‘ . ‘~1 , . , , , , ,, 
_ _ _ _ _



r ‘
~ 

‘ ‘ 
- -  --

~~~~~~~~~~~

---— —
~~~~ ~~

- - -

- L,  - F1 ‘s - -’. Ar

c m :  cc- : ‘ n i s  “€- O so Is  . :c::an ’. st ”at e  0 . . - .
c - S e ,  e-- s  . - , iAr . ve- cc a ,c n i :t i ’.cs ,  -,-“  , t A r  , z - ~ t i o n  cc ’ h e lawars  c - C - - c r  ~a s C o
water  re- - r ~~os a ’ s  -: ~- .:; C : c C  ccc , -: I r a n : ’: ~-Ar ~a n - - r  s :~~p l ie . .

i s  :.~ c - e s -ca :  I . S r a .. ‘: c- il asoe: . .r : , - c : . I  of
h- . :  ‘ - , 1r’ -:c: .~:c ~s . :  ‘ e :d l lcc  coo ~~

- ;  3~~ - c : s - 1 ~ r’ti~c- O ( t o e ’ —

ball:. or - . - .~ ,:cd. c- - - d  ‘ ~r.e . : s j o . , a n : ’, ’. an- on h a  cal l.  f .r ’:a- . .or
rt cO . r ’ses p r c -a ” r . s y c c c .: 1’ . t c . ’: Ar ~c€ . a. _ e f h  ) .  These o c t a  cil l  cc
toe c a so s  a c ’ -  - - s a d ” -  ‘ s a n r o s s-: c , .o ’-e ‘-  .:e::, -o ri ocs necco ’E:ar :. f .. r t o e

C o : e l l hc~’ c , s Icc . :  ‘:~~~ Ar c - a s  c’ ,~r -c- -~o -o c t  soc :‘ r d A r a r ’~ de-s e l ..c-sm:, ’c
a: .: e-sll aoio: . . 1 th e  dcc. :  r c c : e - c : o i ’--cc Arc::

2 Oo~~ao . z-m Arri Are :‘ccr c c a nt  cr , cr a r : l : -  .~~h’. to  n i n e  c c - c o t  i ons
C c.  c. ,nr to r~.a I z e  t~ , :  a c. ., ~ . an FcIA ”, c c h ;  ‘ ro Ar f s an :cs s  I , I :,e second
Se - c o o n  s o n . a c r ~s a d : a o - . c s i - o r :  f - S-S an ’ :- : s s l  - ‘ieve l .p s.s:.t ‘of w a t e r
re:: - c - s o . w , so  c,s-’~ .c C a r  :- -:hr” - : . r~ t- r ol l  s I r - S C  na sa in a n st r i a l  o s e .
The :;al itv csaca -w arh  - r o i c a t i c c n .- : lps  n,d I:;: . c t i l iz at l l : r  of  n :n :c-C ~cal

sccc l .- ,s are d i scan :c - - c l  c-rI Ar’ ,~ -:: :c- :d. ’: c -nc  0 5 : 5 :  c a s e s  icc hoe t , , : rJ  acm’
f o , o r t c ,  scm icr : s A Si:ch in: r e - a t : -. . ’ct Is  - ceo ao- :’smc:ed 1:5 A r . t o s t r i a l
c a t e r .:se in s-  c d - s a c  i - i c  en d  c C , -:. Ic c-crc The r n o r Y r c i ’ r a l  c-act i n  I. , :t ’- i a l
w a t e r  use ore s’ . c - s  I -  t - ’ ~ :c~~Xt  Cc - c ,  a r c  c’ :’an I c r r , :ent toe t c t l l
e~~is t ri~ ~ccer r - a ciu~ s ~f -be  c — a s .  F i n a L l y ,  se c - t i .  :,s c-i ;c,t  ac -so
: c C : ’.c -u s:.,, .: ‘c - s  c c l  s .os r -CAr ~ ccc’ F:: : ieI~ .h ia nod ::ew Yor S , c c : s ~c ’..
ba ro est  c i t : e s  dcc ’s , .  c-s t - ~~~. cc “ r. ’~ ~e- C s ’ ./” r re  Fi- :e. r

A o :  ,,wLe-oAr’ rm - a

3. - c - . :’ - m ,  ‘- . .~~., : ‘ c e s  Ide ~- c c, C , :  HeArt : :  Se rv ice  w I s e-s
to express i s  ap r - ’ - , c i . s i - c n f or  ‘ana c’-:c~s c c  ‘ i c-c’: and  assistac ’coe -iven t
them in t h i s  st sc’ ,: L ’ s ~,Ar cr , an v  t’ ’~~~: r e - r e s ins , s ta t e . 1cc-al
gover ,-c:c c - : , e : 1 - o - - : s.cies  c c ’ ]  r c n b a n  ccc’ ‘ “ . ‘, -: a c c c~ adr’is .r c  :r::c:’. lz a t i a ns
his- . a c -kn ow Led 1t’ - ’: is oar  a c - c - I  - .~ ‘ ‘ C  O L V - c .  by cc. ‘-o t ’ :’rs cf t oe  W a t e r
S:j’p l- , W ,ro: ;r , cc I f l  I r e  Y e - V I r ’ -~ S E ’i 5’~~~:’at’ a ccsr fl ll S n c . S s-sc a t  ‘The

.‘ -
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_
- - - __ . 1-

~~~~::~~~~~~_ _  - -—~~~~~~~ - - --- — - - — -  — -.~~~~~~ - -.- - - -  ~~~_. —~~~~~ .._ ..



r ‘ 1.

2

r e::.: er aoer’,cies cc’~ listed Gel-sw :

Fe-,:erai. Aferceies:
DeGortcnec :t of Agriculture
Dec-j :.crt cne-c t of toe Army

U. S. Arrrg.- Engineer District, Philadelphia

Department of t~’ie Interior
U . S .  Fish ac’:d Wildl ife  Service
U.S .  Geological Survey

Iccterstate Agencies :
Interstate Commission on the Delaware River Basin

State Agencies:
Delawar e

Board of Health
New Jersey

Department of Conservation & Economic Development
Depar tment of Health

New York
Department of Health
Water Power & Control Commission

Pennsylvania
Department of Forests and Waters
Department of Health

Municipal Agencies :
New York City
Board of Water Supply

Philadelphia
Department of’ Water
Department of Public Health
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Arc :  I Tht~ — :o ::‘- “.-:. : ‘:‘

L0: I,nc’ so so ’ i~Cv er  Bas in  — N a i c :  Str ano:

5’ . Ab ovi c P-,c r’ ’c J ’ so r ’s , U~~~. . :- :or  sec-t i -cc’. of t!ce ‘cas io I~~

12 ,7a 0 sd. ..:are m i l e s  i s  r eo:wo-: Li for it s  sc -m c i :  beaot :: , r e: :r eacci ’o :,a l
assets and use as a s :-m- an -of cr uc c i ’s  ThaI w a c rr  o.:pp ly .  Toe cc :t loc .
above Port Jerv is  is a Cargc- l .y f~ o- c - s t c  o , c ’cc. -u rc ta i : c o , c s area wi t : .  s wi f t ly
fbon’i :ie s t r e am s .  The C a t sK i l l  M o , cc ct& ic ’,s In the cort c ’.easter: ’. c-ar t r I se
to no: eb ev a t i s c a  of abc-u t  3,500 f o o t  c: ’. ’ . ’- -- v c-c a levei , and the  Posoran
Mountains  ly ing to t .he s s ou t h w a s t  In Pan:,svl’saoia r i s e  to an d c-y ah oo
of about  2 , 101 T h a n .

5. Belcw P a rt  Terv i s ,  N . -, Be tween  Port  Jervis and toe
Delaware Water Gap , one t r ib .t o r y  r I — o c r ’ s  and valleys ex tend generall y
in a no r theas t - sou thwes t  d i rection w i t h  the  m ain  r iver ciaannel rlerci ::g
the r idges to form c a n y o n -l i k e  oaps~ I’ha r iver cuts  the K i t t a t i n n y
Mounta ins  at the Delawar e Water  Gap,  proviilcc g except ional  scen ic  c-icc-s .
Below the Gap the Delawar e meanders oor:.~gcs Acer baccds , recei-slng t :ce
waters  of the Lehigh  F C c - ar  at Facto- n , cod then out t i :cg sou tneas te r ly ’
across various rock ridges to c-cc elevation of CD feet , immediately

t 

above Trenton Fails , b c - f o r e  p0051c c . - i cc l c  the t ida l  area below Trento:c .
The ri-,-er f C c -cAr l’ . w I d e n s  i n t o  1e l:.’-~c~r~ Fay at Li s tocc  PArro t .

6’ . G e o L o g y  Toe ‘. :occe rc - : cc d  of t h e  De laware River lies wit ::i: ’.
f ive  of the na~cr geclo~:ical provinces c-f the eas tern  Uni ted States:
t:.e In t e ri or  Pla teau abc-we F: cm Cc -av i s , the  h o na la ch i a n  Folds extec cd icc :
franc Port Jervis tc the Grcbac:a:- e Water -tao , t::e Taconie Def:rnatiorc
Belt f r o m  t he  D elawar e  W a t e r - ‘I a !: to Fasten , the  Atlantic H1g,,iac:-js fros:
Easton to R iage l s  c -t i l e  an d. Arc Ao la rmi :  l”oas t al  PlosI:’. fr::o Tr e c , t o : .  t o
the sea. Th~ p r i n c ip a l  t r i b u t s r : r s  of ’ t:c~ lpi ,rer Delaware are:

a,  The h -o -c :gacr c “a,. lay -oh oh 1Cr- s e:’.cc ’irei l w it oc i c :  t: ;e
Ic’.t c r  b r  F lat ’scu

b .  The Nrc -ar ’s Ic - ,k w : : i .s h 1ies p r i n c iP a l l y  w i t h in  t :ce
pla t es.: an d, e r : ter s  the A r s-paleobuia :: Folts in it s
Cower r c a - .’ c- s

s’ . 1cm- !, srka- s c cc~~’ , ::‘r ,r n a -c  S : i s  :,c -la Creek w: , :c :’. arc
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ec ’, b i r v l , - w i t c~i cr  the Pocono Region of toe Interior
Platen’,:

d. The Le:ui ’i u River which  rises in the Interior Plateau
w i t h  i ts  headwaters in the Pocono Mountains and which
cut s  tuur L s o n .  t i r e  A pp nt locc -hi’-nru Folds  betweer.  White
Haven and Lecrig i: Gap ,  t r avers ing  the Taconic
Deformation Belt to Allentown , and then fo l lowing
the borderline between th is  belt and the farmati.,~ns
-of the At l an tic  Highlands tc~ Eastoon .

7. The underlying formations on the Penns~-lvania side of the
river are trap , sandstone , sc-l i s t , shale  and 6-ne iss .  The New Jersey
side IS composed of sand and gravel. The open lan d is well adapted to
agr iculture and is in tens ive ly  farmed The lower p o r t i o n  of th-e basin
is highly industrialized,  Most of Delaware and lower New Jersey in the
Bay region are part of the  Coastal Plain ac-:d. consist  of low , flat ban d
with few hills as high as 100 feet  above sea level. Details of the
geology of the area are discussed in the Apper. dix prepared by the U .S .
Geological Survey.

Schuy~~cil 1 River Sub- Sa c -Cr ,

8. Ab ove Reading, Pa. The S:h-oc-.lkiii River is the largest
tributary of the Delaware River entering it at Philadelphia. The
Schuyflcill River basin comprises approximately 1, 900 square miles of
the lower Delaware watershed in southeastern Pec:rcsylvania. It is

about 93 air miles long, averages 21 nile-s in widt h and comprises
approximately 15% of the drainage area of the Delaware River basic:.

- 
The river rises in the npp’sr portion of the Schuy.’Lkill County, about
150 river miles above its c-cc-fl-sc-ace wjft. the Delaware River . It flows
southeastwardly through 1:05 m o u n t a i n o u s  coal regions for about 25
miles. There it is joined.  by toe West F r a n c -h , whl .oh has its origin in
the m o u n t a i n s  above b -iir.~ rsv :Ile , ar.d later , by the Little Schuylkill,
which originates to toe east above Tamaqua and. Lansford. As it passes

below Schuylkill Haven , t ic - Sci ’:u~-lkill cut: Icicrough the Blue Mounta in
range p r o d o c ir a  a gap similar irs rrarly respec to  t - the renowned

Delaware Water Gap .

~~~~~ - ~~___t__ _ . , ‘ - 
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- 9 ,  Be !. w P .’ a d i n ~
’, F a ,  Cue l :hm ;lV,: 11 enter: :  Ark ,:, ? , t c

above Reading w: .:r: i t  i s  ju iced by i°o IAn and 1’ .rlpcs:.:cken Creeks.

As it win ds tcmoueh the rol l i n g i r f L l ~ br-low .Readi . n ’ , th e  Sc’ .auy 1k: I I
is joined. by -a :,crohc-y of t - ’ it .- . ’.aI ies c ‘ :o,’:Iav:,’:~ Fc-’c-:’,ci,, PerA ‘ nc-a ,
Pickerino -cod Wi sc ah:kcr . C e o -  ks . At F- ’ Istow n ,t:.e Scc ’.uyThi ii Dec-one-cs

tire boundary banc--sec: N o :ct - - ’: c r - s  ar~-s~ A c-star Counties. The tidal

section is  w i t c r cr , the  C i t y  of P : . i L r c ’oeLr. :r : a .  Elevations range -  from
tide wate:r in th~ : :d.al scor ch e s  cot t h e  : o c c f l o en c e  w i t : . t c ’,e Delaware

- 
Ar 1, :DD fee t  in t h e  m:- -ns . r ainous c-cAr, sm -i on :  of toe oeadwaters.

Ar- . ic-c-Co~ ’5 Toe- ma ,~ca p oc ’mon of t i r e  soutocern Pennsy lvania
srscthr aci te  f i eld  l i e - c  w i t h I n  t i c s  ~r p =~ Fc -bo -~t ’ Ik i l l  River bas in .
Sccct }:east  of i-Ice iS o - c -n r usa , :c- cat c r a r r A r  C a  l o c a t ed in the Appalac:Iao
Valley and in o’- c -e la t lvCly aoic --a Jt l ac t :c- C o a s t al  Plain . The lower
Sco-scy lkill Pc--sm- b a s i n  :.s -cp~=n 1 -- - .1 , c-sI b -clap-ted to agricc-l:or~’, a
large par t of w n i c i -  oc  p’e~ ”ac - tv L i m o fcc-no-I voi le  a smaller area is
devoted. t: w.~,osoLar ,d, Am -C is of mm -a c s o o ’  of t: .e arc-n are d i s c .~sset
in t :ce Aoprc :’, c ] i x  p r e p a n c i  bI t : , ’ ’ U .  F .  G e o l o g i c a l  Ssorvey .

H i m - c - c : of F - c a i n  D-~veb c p- :ent

CL ‘Io:c~-~ ai ne e ds  TIns Te,owns e -c - c t  i t s  t r :h a nar l e s , -one of
the noc-st c o v e t e d  sc -ac - c- es  of w a l e - -’ o n  t o e  cc - soc -rn  U n i t e d  States , s.~cp lies

many millions of omegA wi th w et - a n  For ‘‘cc past fort;: years, an ar ea
conta inirg orre -eic-h ’h of the tota l pop ul ation of t::e U n i t e d  States ,
inc-lc-cuiog the met ’r - :p c l i t a c c .-- s c i o : ’ cc  of c-cc- ‘

~c:k , northeastern New Jersey

and Piciiadc-l ic :’c orc , hav~’ teen c - o : : t c r c u a l l y ~ c c : . f - ’ -::’.tet  w i t h  water s~ pp l ,.
problems . All h sv c- an-c -Fe-I ., mm D’ lcwar e foss  a so l s t i o : c  t oe -Cr
needs .

12. A ss’eso,.rrc~ - . f rrurc i c-C pa I —~m c-cr supp ly propo sals and

developments , sAc -ar .rs:m la”ioc- sect c. -; ’tecelect ,ric proposals will

serve to ill :-sstrsote- the dcg’r’c-e of c - o m p c - t i ’ t i o n  fcr Delaware River
cater b y the var ious i n t ” s e : t ~- in the basin and in the adjacent
me t ropol i tan  ar eas  -:.f New sank ‘son - ‘ an 4’ :’~~ao- t-’~ n New Jersey .
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1 - . Icc: I c - c oo C ’: ty  J m , p~ scAr’ i - - e m - r e  Ic -s  Y c t ’s. C i ’ -j  s G a t a r o i l l

~,n I 1 s  c~~st . et. icc - been l i l y  .,‘o::c l c - t e :  in  l 92 ~i , i t  sac realize- c-
cha t tr .e  C I t y  sh o . , L . r  s ’ar o  pr epa c :rc g Ar ch e r  a-I .c1 lo i s ‘ -u i t s  wate r
sup i - ly , The r e v  Ca tsco i 11 syo~ err , a ide - I  ‘,o cc C r c - - t o n  Feser’-,-’ olr  sys tem

ic - s  e x i s t i n g  lo::-o l g r o u n d  san er c c - p A l e s  gave a )e I~c- :. f ab l e y r e l d
of or-I:- aurroxinr ate il- one ‘b i llio n gallo n-c per scay (gp’i ) An analysis
of al l  O t : ’eS c- va ‘ l a m - c -  s o ur c e c  c: :-.-m e r  sc-rU . C f -or Ne-c ’ York  C i t y  AC
t.o t:ce ~eCe- :t on Cf Eu :c- . t. Crees .  a ~riouia ry of ‘ roe Hole -co RcAer,
a n C certain c-I t:re oj.r sr  t r lromar ce c of ‘cie Delaware so ‘ c n n

Ac -ce c-C ::~~~.-~ ‘fork .

I-.. F r s t ri rI T h i s  j i a n .  a o , . r ’ - .- e c  by the Ic-c: ‘for k State
I-later P -se-- an~ C.cc.’rol C:crs cr .:sscl on in 1-020 , t c - a - ~- l i e :  fur ‘ roe :e’- ’elo ps,e:.t
of c e-s soc-roes :c: t r u ce s’s e.

FIrm Itage - - P s .c i ’ C: c -e :c ~a ‘ r o n - c a r  si ’ :,ne Huisoo)
a : , c mm Ie’,e rs:r ,c , R~~~ e: (a tran -tar y of toe
1 e l w o a o e

Ce-coal Cia -c •— P c - c ’  : . c - t , ’~ , ,f to e - : e l ac ’ s re

L i ’  I ’  . e T h c ’s r e  Ri— see , W: lianwen -~c
C c  ce-s c - u i  ‘cave:  K m - i  t a l l  - r i i m - t ar l e s

e Delaware

It was estlcc-ate .i tha t, s h e  ec ’’ ’s : t -  c, r’c , , em cc - d c- se : o c s c . l e ’ec -  in l °’-
an-i wuc -l-i prov Ide 700 cc.Ar L o t : ~‘alI- c: o-r -a . ::oo ’ , 6-CC of which
‘soc-il, c-o-::ce frcosc tr inan a:’ ‘c- s of ‘ he e , c . ’ u i e

15. C , l. c- eoe Co., c ’ a ’ t ,~oc ,e : ’a’e :i ’,,ew ‘ros e. procc~ct1y
a coc. liei to tue S -~~re::e Cc- -:r~ a:

’ ‘ne Un:’ei S’a’~m, to eccy,osn the State
arc i City of Ne-s Yoro cr-:-:: di es i Ag a n’s a : c c c  c a t e r s  of cue Delaware
or its t r i r s u t a r l e s .  : :e - -.~ Jer~ e: :-o-c. ’f’. .:e ‘~~3 t  - f i:vers ,on cc-od d
os -c- Se s u b s t a n t i a l  da ma ge ‘oo :,a ir : 1m s~ i c - n . w ’ e r  pcc-er , sa ’::i ’a ry
cond i t i on  of the R ive r , ic ’ i i - .~st r  ccl use , ‘he  o y s t e r  sri-i sha d f I s h e rI e s .
s c - c - o i c i I a l  w a t e r  sup p l i e s , c - c r  I - i ’  . r c - a l icr.sis an d  re -c-re -a’ Soc ’s .
Pe:.c.c--- l-sanf a r.ec’a:s.e a par l .y ‘ o t o e  s ui ’  ‘i s  i n ’ . er -senor  to  r r o c e ct  i t s
rh’:,ts t.o c-ne D e l aw ar e  P .  - er - c-s a fc- ’ re voter r I O  s c - c r c - c. Fr,e
c-c-se v-cc- hear-I by a S1.ercgai CI’as’ er wm-se f.rid :crg~- -sece u so-s e c-v the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~ ,
~~



‘ c ~ c a t  C a r ’ at : N a y  2 c - ,  1 :1. Ft c - s Ab c: ~a) l~ nitet ‘ of A ’ . of’

:e~’ Yor -; c c -  a tm - - c -s oc-u ~~: ‘ rm- .c l o S t e O f al :, r . e- 600 ::ngci cc A ’
(~ ) c-emt re .i ‘ ‘  h e - -- L u , --: r ec-.’s:e Ic - s -cr : ira: recervu ir ’c h A  c e-I
a.a: .t:tv of :-,oter ‘a rcoa i r r a i c ,  cfo r’’aln r n i r o : r r u c n c ’ I s w o  ct  P . : ’ ’,. Ce - sc - Is
or iFc ’ e : . t o r . ,  a :. . : c c equ an c ‘ he coos ’ r a n  ‘.i on ci c-co c- :1cc - cl -s e

sewage t:’ea ’:rcec:’ ~ I ’3 ’c’c Fo r P .:r - Ac- -so s oe:ore c-ny -tm-crc-lot. c--mIt
ce c:,a-te

in . Re-. Act Lao I’ons tr- c- :’i-cn of ::ec.’ Yarso City ’s
t: ree m- :poc-o-i’ng re~ er’-; o ar c - Pepa:t:n Fese r— ’o ir on ti .e East Franc-::,
::eversiaio Reservoir a:. : Rcr ’ tou~ Fe -ce -antic -c-’ , was not- started ontul
l03~ due cc- c cc is’ ana’: s-co and ‘ r.e ie ’j essiosn years of ice 19-30 ’s.
By i9L3 co:cs’- rc - c - t: - c -rs was soc-on :c-e .m e -~f re-cause of ~1orlsi War II .
F o r m - n a t e - i ’- , :.c- D e l a w a r e  j ’c :r ~ e ic - c -  a-i ‘eec: 5c-tsta n~ 1511’-’ con~1ecei.
an-i. t e m p o r a r y  c:ceac.rre s c r c - t i e d  ‘Ce -cm -oc ,s rv ur 1s capounc ie d strea m
flow of Rn c’sloc- ’. Creek cc se delivere d to ‘.he water system. Work
was re-sc-cc-ed :n l’-c . - a c t  ‘he fors” s’ac-e , inc- ito-tm-ag the Born-tout acm-
Nevers:ns Beservoors , wa -s ..‘sa i-le’e .c- in l9-~ L The second stage of
the Delawa re p r o -j e t ’  - ‘- ‘ e P m - a - c r - s c  Reservoir and connecting tunne-i
was placed in opera ’ i -s-n ‘on 1955 W : ’ ro the cs:Oap-letiord of this
project hew York was St~Ie- . c- ’ilize ‘cc cccl rngd authorized from
the Delaware uncier ‘he l9~~l 

-c- e-”tc - e - - k5I. mgd from Pepacton ar-il 115

fr-c-crc ‘ lie Ie’.-e c’~ itik Feservosis-

II . Irce ,3-:c e - -  Cc -cr ’. c a se , ‘ roe ::eT.c-ession in the early

l930 s c - n i  ‘sc e- I s i ’ i n y . of c : r s - r - ~c m- c c :  Ar ilog Wc-r ld War  I I . c au s e - i  a
tom -i leA :: of i~ i— ears A’ oumru cra -o n of t-he Delaware pro c-ut
ha—i s-eec - -‘ cc - ro t e’ r- on sm-eS I c e , ‘ccc wa - er snor’age in Fe’s York City

o i c - r i n o  ‘ne 100 cc- I r r -m’h’ w oc -J  - .a - ‘c 1 ee’: ar oi d e d .

18. F i - c - ,  ac -  New Yc -r s C o ’ s .  m m-e c!e Iflni ccg of 1950.
t ook ‘on a- - I- i :’ ~orna l S’m- i  ‘ .0 1:’i S-~r~- SiO c - C c - d na ’ e water supLI~: for the

f-c - cure , A N t - -ac - i - -;a~ 5cr  - a n :  :‘c ’:m ‘ce i- cc - r i of Es’.ina:,e a’. tim e

to f.ro-oeecl wcm - a revIsed Ira~ - ‘sc ‘ c c  ‘nird s:age of t h e  De la- -:are
pro , e:t C - d c- i n c - l if e : a re- .rc ’ s-n o r a ’ c-ar, r ’consv ille on she West Bra:.::-,

frost whi”i’ c - r on - ‘ ~ii  ‘c-gd wed I cc ~ ‘ C 1 : z e - - r I  1:. :5 ’ : c it i on. ‘ice C i t ’:

re -me - st e - I ‘roe C .cre:r .e -Tour’ ‘ a alics w ’.cr a -ci ’:o ’i..:al -0: mgd diversion

f r o m  ‘i.e lt- - ’ e : s  ccc c-~ - - .-~ 
: . c - s ,  i - ra n ch Feser’.- -o- rs . or a ‘c-I. of ’ 3CC - togs

arc-s e ~~-~~
‘ rrgsc r O e : .  ~e r n c c ’ ec ; ‘ s cc ‘c-sen from Delaware tribotarles.
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F:.c’ct Plc-ri Re .~~euc e.: RevIse-c Plac,

( mgd) Addittyc .s (mg d)
(mg i.)

::e-rc’ers:nk 105
4I~8

Ea st 3ranch 335

West Branch - - -  312 312

TOTAL ~~ 360 800

The N ew York  State Water Power and Control  Comm. i ss i.on granted approva l

for this plan in November , 1950, cont ingent upon the Un i ted States
Supreme Court nodifacation of the existing restrictions , upon other
requirer ’crec-ats ooncerning wa ter releases an-i- the construction of dams
on the tr ibutaries.

19. Supreme Court decision On June -  7, l95)-~ the Supreme
Co u r t  of the Uni ted  States ai ’ pi ’oved the diversion of 800 mgd by the
Cit-s  of New York  from the Delaware R i v e r  hea dwaters providing tha t
the City of New York make cer ta in  compensatory releases . Construction
has been s tar ted to obtain the added diversions au tho r i zed  by the
A c-r e -me Court . It Is expected tha t the - Carinonsville Reservoir will
be completed ab o u t  1963 .

20. INCODEL The - above competit ion for water led the
C-tate -s  in which the Delaware River  watershed is located to attempt
to plan cooperatively, toe better  u t i l iz a t ion -of t ri e- n a t u r a l resources
of the Delaware . ‘I ce -re -fore, i-Cc ~~~~ sc-he- In t e r s t a t e  Cocoml ssi on  on
the Dela ware River b a sIn  ( I i : C Q D E - : : , )  ~~~ fc-a r rr~ei as an i n t e r s t a t e
agency  “ . . . engage : in t h e  f’ o rm s l a t . o n  ac’ -: e x e c u t i o n  of a coor . i ina ted ,
‘un i f i ed  plan looking toward w I s e  use , ue s ’et cc pr cer~ic and control  of
c -n e  na tura l resources of the D e l a w a r e  River  bas in  as a whole  “

i : :coDEL bega n to for:: ., .c .ita ’.e a u n i f i e - :  pla n for the  development of
c-:’.e r esources  of t h e -  r o s i n :  in 1937 . Irs c - r c .- ’ierrc .a c-: i ng tm - s  re spo:’c s i bi l ity
I: :Coum- dec- i  c e - c  ‘ - a t  i~~c: i n i t i a l  o bj e c t i v e  should c-c to resolve
m a j o r  problems , such as  sIre -a s ,  po l lu t ion  ccc ’ c - c l .  Under  the impetus
of I: :C0DEL , ea o ’i ,  of d . c  I c - c r ’  c - l a c e s  enac ted  r e c i p r o ca l  1eg i s i a t i o c ’~
cnowo as  the :::coDr L Ac~ for  c c c  o r  a~ .ec’cent . and control of o’ re-c-:::

~~~~— --——~~~~~~~~~ -—  _ _
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~ J L c . . ’ 1 - : .  i n  ‘ c e  it e ra s ’- a a n  a c - o r  A i l s  e ’A l a ’ i c - , ,  ( a )  c c - c - a o l :
t o e  ‘ c c -  n e ’  C ‘h e [ ‘d c--se : e- [cave: , c - c ’  Ic: ‘. rc t he  rc i ’ n m : ,

de r~c cc t ’ ‘ re-a ’ c- cc I ca st e s .  - c : sc:,a : ‘c- : - . ‘ - eacr .  of t c , e c - e  f o u r
c - c - c e-s a r t  ~c ,  de - sa :.a ’ eo c- roe [ r o r o c i l a l  acme:  uses  F , c~~t ,’.e. c- :-: .c - . es .

21 ~T ’I0 [ .1i- . I. c lan a’ e on 1 . 0  L : ’ -m-c-L c ’e s e : , c - c - i  i c - s
Re 1, :c .~~~or ’ c t he l’ m- l i : c- ’ i c. a of ‘ ‘ ,e C a n e - o s  ..f c - sc - c ’  D e laware  R i - - e r  i - a s i c ,,

w:o ch I n c - c- - t i c - r ed a:. :r. ’, egr a  ‘ n -i  t I c - n  f-o r wa’ ci ’ s mic . iy  levels . : ::ersc c - n c -
f l ow  s c e - . -ia ’. i o n  of ‘ - .e en’ ir e  D e l a war e  Ban’c -r  c-as: :. . Ow .. a l t e r n a t e
I i a r . s  w e - c e  s’u tc -e ’~t e t ,  oersec:: i ng . .poo ‘. :c-e ::etoo .i of soi - : l ’,’I ng
Ph i l a .oe- l c - : . i a  a r id  t : , e -  ad ~ a c -e :,~ r.e’r’ anli’a~ a r ea wA n  a c id it i ona T~
municipa l c-s.d ir c . iu san ’ c a l  wan e-c- ‘A,e ‘ ,COD EL :s-lan r c  serve She
needs of - he fc-u r— s’a ce ar~ a was c-es:, .e I t o  i t e  co-nst r ~~cteci I:.
two , or “c - an s’aoes

2 2 ,  Toe  f o r e ’ S’eoc ’ca c designed co - yr ovide up to eE 5
mgd ( a an ian 0 m--... tan ~s ‘-a cc by e Sa n - e
Cour c-~ or ,  o r d e r  ‘ c- crcee ‘ cc e s m - m a t ed c- dd i ’io : : a l reoo ’ irenen tS  of tEe
n o r t h e r n  Tea’ Ac -se ’,- am -  New Y o r s  C i ’ . v area s for -he next thirty

1,-ears The s I c - r i  a I , sr  p r o v : d e d  f o r  ‘-he s ’ s r eg e  of s u f f i c i e n t  c- -acer

crcai ’s o ’a i n  a m c r i m - - c s  f l o w o n  :r.e- E e I c o w a r~ Fi’:er a t  T r e n t o n  of
1 ,000 cc-tic f e e ’, per c - e - : t ’. -] - - w : ’ :oout  co n s t r i a nt l o : ’. of a reser ’-’o :r
a t  W a l l y a c k  Be -sc-c t . a n d  ~ , uT cm -  w l c h  ‘h i s  reservoir. Toe se:ond
stage w ar  ~o in clu de ‘‘cc- .c ’i: ‘. 1 :-ca l ::ajor c’eservoirs.

TI Ai-l, L :‘- -~~c- ,- in ~°5- i ‘ -m u ’ - i-°~ c--’ :::C ODI- .1.. C c - cm - ct -.
a :o easur e  w r o o c h  wc- .- I i  ~ c- ’T’ ’i .ie- - - I a - ’ on’er s’ate age-s o”: to c’s:
and  - :pe ra ’e  m-ce an’~ an--i ‘-i C ’- ’L-El reset-no -fr i - r c i e ..:’c . ‘sc- s ic :t r cs cl~~cei
c ic -c ” o c - n e -  leg: s~ a ’ n~re~ a i m - . c - c a re . s’s .5cm -c-,- a rc-ca mew i - o r .- : .  b e
C .uryac’  w a s  j asm-’: on “-a ’  c e -c e .zesr:o~: c-y c-Ic-ware a’.. : :-: e-~ Cer. e
cm . :: e-~ Y o r c  c e - f e - c r - c - i  5 5 5  a..’~- 19 92 .  a w a i s ’ ic:’: a c - c - i o n  b-:’
Pe-n: :s: , -: a : , I a  I . e  “love -r ca : r cm- ~ ~ y i c ’ an, c - c e - i - c - e s ’  el c - -c e : .e - . - : : 18’ ., c ’e-

ce - lay 0 0 0 s l i e r : n g  ‘ c e  - : .a ’ ’e r  -~~ ‘ :1 a n - ’ - crr c ’ ” ee a c [ ’ c i : c ’ e c  by h i m  oc- :
:c-a ce arc a - . :e :r -- :’z-- ‘ a ::caA a , F ‘:~e : r , .- a ” . . A 1 -  1,
Re-sm -roes Arc-sc ’ ‘ e- ~- was r am - - c - ‘ ccc- : ’  - c ‘ ro e ~NCODEL yI.au for - :.e
cr r c se :j f’ ‘ie’ . s cs-. c n o r c g  wb .e ’ r oe - c °ec . - sy i ’ s s : c -  ‘s icc s-c i s .  a s., . r’e

f’a- : . c’a :’ le n. - -’ c - m - o c n  an de s-  ‘rse cl a n ‘ ‘ c- ri Are-c ‘h e -  Son :‘ es:.e
I c - c - r e - c  . f l O ’ i , ‘ ‘  :~~‘~ - : ‘r- :-’ - w ‘~~

‘ - ‘ p -  ‘- c yc-a n or an:: m f I f ’ ’ cs ’I . :.

~l u c - c e :  .a ’ e l .  F r . c - ’er ’ ‘ ‘ e  ,c - ’ a ’ e  s :rc ’ c - : e s ’  an :  • coi :oc :ciuc’’, a

re - l i - cc -ma ry S’ sc di - I . ‘ .i :  n e c  vs ‘ er r e - c  c r c - e s  a -c c -  L i a b l e  is ,  P- ‘ :cs’: i,-:ac ’o a

t~
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i c c  l i e  , 0: ’ De- 1- :1wa c ’e.

Sic . I ’lhiie the co :::ccittee was c - u t c d u L ’t~ I d E5 its survey in 1952 ,
::ew ‘Sos -k St a t e  passed the pr - c -p o se d  INCODE L C o m p a c t .  New York City ,
c. . . we ’,’er’ , f ile -s i  a p e t i t i o n  -to t ::e Su y r e m e  Cour t .  in 1952 s e- e k i n g  a l cpro - .,r a l
to i-:’o-cee - ca w i t h  i t s  inde -p en  lent  plan for the development of Cancoc -n sv i i le
R e s e r v oi r  on tice West Brac co’ i i  to sec - si re  a d d i t i o n a l water  sc-pAy .

25. Pennsylvan ia  ‘cater resources  repor t  Ic’, F e sc ru a ry ,  1953,
c - C e  Pe :cccs - :lva r , i a  ;-~c-~~e-~ Re so , :r -c -e s C o mm i t t e e , on tc c -e bas is  of the E n g f : c e e r s
Stu:dc’ C s,mn, i ttee  re -por t , r e j e c t e d  tic-e- IIiCODEL p lan . It was f e l t  tha t
P e : , : , sv l sa c . i a  would not Ieric-’e s u f f i c i e n tl y important ‘ce-nc-fits from low

Flow au :n:,entat .ioc : to :s:::cyes-.sate for t h e  tota l diversion by other s tates
of an adglti.. n ,al 930 r.cJd f r o m  f-ice Delaware watershed ’ In addition , tr.ere

was o b j e o t lon  A ‘c - b e  t e rn s  of the  proposed INCODEL Compa ss. r ega rd ing
F u t u r e  water am - o s - a t  ion  t .o Pe:.:’.c’ :lvan ia

26. Rec ocmc , e -n i a t i ar cs The report recommended tha t, wh er~
PClla :eAi ,ba  an -i  s o u t h e a s t e r n  Pennsylva r aia f ind it necessa~~ to go
up ac:t for ‘their w a t e r  sup .p l oes , Pe-nr c s~:ovan ia  and New Jersey should
en te r  i n to  an c -gre -cc - cent  to c o n st r u o t  Wallp ack Be -no Reservoir . Five
a d d i t i on a l pro jec t s  were o u t lin e d , vio l ’s- h could accomodate , wi th
or withou t  l’Sall ack Rena , the needs of greater Philadelphia and . S-oath,
Jersey for the- foreseeable  f u t u r e.  -

27. In i°53 the ::e-w Jersey S-tate Legis la ture  enacted a law
(ScaTter  ici+3 ,  P.1. 19-53) which partial ly repealed an 187 3 statute tha t
forbade ‘the c o n s t r u ct i o n  of dams across  the Delaware River . The
-Cocrsr, onwealth of Pennsylvan ia  or its designee was given -the r ight ( f o r  a
per - sod of 50 yea r s )  to c o o s t r c - c o  a dam an d  reservoi r  ac ross  -the
De laware  River  a t  or ne -ar  ~a l1yacE  Rend , above the conf luence  wi th  Flat

The dam a n d  r e- se r - ;o i c- w-oo ld  p ro wl  c-c a ‘ . - . s~ pp ly of water
F m -  domes tic , co.roce~ cI a l  an . : i r s : -~s cr I a i  p.cc ’p ..ses and c o m p en s a t i o n  As ’s

.,“ in e x c c ’ o a n - e  for  -the r igh t  of f ew  Jersey to ‘TI . . dive r t  o u t s i d e
the -  DeA ’sare  R iv e r  vaSes c - o n e s  i r o n  ‘c-si c Dela ware F ly e r  or i c - s  t r i o  u t - a r i e s
in N ew Jersey wi thout .  .oo::.p eo, c a t . L o n  releases , the  equiva lent,  of 1110 mgd. ’
T h i s  was inccri-ora t.e’i into Ac 19-SL+ De cree of t o e  U S . Supc-ene Court. 
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20 h - : . ” t’~ ., ”c’ ’. ” i C  - I ~nii , ir r . - ’ - o - . c - d i c -  ir n t c es ’ ’’ - -n .I . s b i t
‘:c- c-,crs . ‘c - c’j ’-rc.~~

c- —~ c-~ La y ,’ o -orccpot .:. ’--s ‘I ns Arc - -n i  .n p p i : r I ’ c - b o n o  a ’ i t c n  t : e -

I ... . -: ‘ . O’ccic cn ] . c - S i C n c . r l o s -  m-et , .  ‘c - c - c’ : , ‘, ‘ - icr ’o c n t t c t c r i c  i-’vrc-’ on ‘ - r .

B lv ~ s- h p ~ - - :c - e - n £C’- ” t  ..“e:vis - n c I F.as~~:c n In ever ’,’ i rn o . t000 ’.
.‘ L’EC. -c-ro d l’s 11’ : ’ cc- c-f N I-- n T o m -  , Ts- ’~- ~

‘°-“ c - c - ,’ and Pet .c.sc-’l-ic,s.la bccuwe-
“fld ‘ac - ’.ci ” .on i ’ m  , “ - c - r o ’ l r . c c ’  ~u c s -  ‘o c s - s - n s -~s ,  T: ’,o n s c - . ’., s c- ,h .on  i s

no c o n s t r u c t  icr :  c -h o -u 1 .1 c- -n’ pc ’cn ’ ’ ’ ’ ’-c- ’- ci ‘I ’m ‘h. “m- :-“ : . d C’ : . W o u l d  j e-s rc-c~r- ’ii z’
h o e  tu sc an e dc- cl- s- p-s ‘-n t  of rh ’s  - c - c ’ -no- c - c - ’ o  - c - n ’ s  c-f c - r o e De Jc-’~’sar e F l - -cr  b a c o n

- ‘ c- ’  c~’ “ . . ± ‘- r’ . cm - i 50’: l a ’:’ c - c ’  ‘c -p s  I ’ ’ TI’ is  c-co der - , c- .. sob c - c a t  ‘ n m

e x i s t i n g ,  ccc i 
~

. ‘ sm -h I s  f.m .’m- ca’ - ,’ -’cto- Ar ‘- ‘ . i c  ~-n”s -h.op::.e:c- c- A to e  L o I s - n c - c - .rc-
ha bArbi .  c - ’ c ’ lm- ’d t - ’ , ’ ‘1. -c ~~‘cl~ . o e 1  ‘‘ :we:’ “, tc:s-- c’ i s s c c r n

s-- ’-

2 -
~~,

-
.. ‘ ‘ :  - ‘, c c c -  os ‘Th~: - c - c r  s - , - ‘~t i c l a i  us-c s ‘c-i w a t e r  ar

c - tao , I c - c - c - s i  C- l o w  I’ ‘TI’ioo , A c-~ to ‘ ed ‘ :55 ’ “ :‘c’-~52 ‘c- sec -c - s - c - not  :,eceEc-S’t’ll’:
s ’ed I n  ~h eo ’- c-c” Ic:” :1 -i cori c -cra c c-c’- c - c - ’ --c” n -- n sC, i c-: : . ‘opocr to a:.ce

c—” oi ~~~’ ’  s ut p lv
c c - ’ .’- s . c c r I ’ n

c m-’: ’ co l ’ nn ’-a , - :c- ’ —: ” sc - c -r l \ ’  ‘:y , r o u c -t t on )
j  B c - f c c - - c” A l i s t  c - s t  c. ’h-c :r c - s i c - i c c - c o  ‘r i f e

:~m-- s- — c - c - c t :n’ia’ r e ’ o i e I  A c - h o n g )
Fecana’ i - - n ‘

~~ ‘<: s . c ccc f:.snc rig)

~ Srn - A a f i c - rt c - ’ . ‘ m e
‘ o’ sR “- ‘ i ’ m-co I n c

h I i”: c-c - -c’
c c - ri

: -~ c-~~”~ m - c -~.

3-C- C :’~ c ’~”’.: 
‘ ‘ - ‘ . i nc -c  : s - I c - i s v - -  : ‘c-p oo -t . oc :ce of any of

- ‘c-se c-c-es l’~p’ :: I ” m ’s ’ . ‘ c i -  :‘ ~ici o - c’, ,  I 1 — v m - c s p o - r t o t the -  c-coc oon :: of tcc c -
c - s en  and ‘ ‘ccc sc = - =’ cs a r ,  “I -ec - :. o- --~ : ‘ n-- n - c - i ’ ’n O r i  As far as c-cater
:~-c -a l im -  s c - c : i i C c - c ” i’ - I . s.c - - - cs -c m, -’c- l a c - ’ C u  ‘T, c-~~ cie ‘-n n j o y — s d to - e t :c e - - c - ’
and oh. siot p c - c - c - A l ”  c - nh —- : pa .- c - t I A  -~ H - . c-~~’r , i s  is r e a d i l y seen
t i . c - t e x t c - o c : s i v =. c - s . c ’ o s ’  “ ‘- a ’s’ A-c- w a s ’”  ‘c c - s p e c - a 1  sr i ’s tn-a l-ce it

O~ ,c- c-ic -toll ’’ Ar ‘r, en t c ’  c cc -’. n O i t i  i’ . ~~‘ - ‘ .- - - ‘c ’  -a ’ c- .- t c i l’: t c .rpo ses  -

cc ~c-’ cs . se ~se c c  st c - ’~a ’cc s h a s  r~~er. c m - i  -in- - i  i n  c- c’n e -of the ore-at- w e s t c - r n
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‘ r I s e r ’  c ,’ ’.’ e I . :’::.u :.ts c-m i -c : : l ’ ,. o r c n i . i n  c in uc i,ci pal and ic na lu , c t r ’ i oi.i ‘mite r n o u p i n i s e -oc
n , s d r ” p c - w er , ir r i J on t i- c - a water , habitat f’c--r f ish life and recreational
s i c - e s .  The scsi-p c of rc-oe Public ! ic - :nb . th  Service portion of the Delaw ar e
Woc - er iieo. , otrces Survey has been limited to a stccdy of th ree  -c--f tone
above c-co -es , i . e . ,  cc: u c ’ i c i p a b ~ water  supp ly ,  i n d u s t r ia l  water surop ly and
w a s t e  disposal .  Jt i cer  water uses c-ore d iscussed b y the  appropriate
Federal. a5;ec :cy in i ts Appendix .

31. C lass i f ica t ion  of uses - w l t h d r a w n l  Water uses may be
oe:.ernllv classified as withdrawal and non-withdrawal  t yp e s ,  Wi t inc lr a sa l
uses are those uses in which t ine waters are reon suve d franc- tne t :rooc r’n d or
d I v er t e d  f rom a s t ream -ocr lake , e- g., munic ipal and industr ial watea
soa ic-p lies , lrri y at i -o n , st c :ok  water ind :  aco d r u r a l  domes tI c  use .  Non-
w i t : ’.drawat ‘u ses do soot r e qu i r e  diversion taoc-d are torr p lo ’,’ed in place,
:a’, sga t ioo , rec r i sat i  c , ,  was te  disposal and oor ,se-rvation of fish arc- -B
w il d l i f e  are examp les .

32. Classif icat ion of uses - consumpt ive  Uses of wa te r  may
‘0 ‘c-c f’,or t i c c-r classified as consumptive and non -c crcsu ccc -p t i ve . In consumptive-

use t ice water is not retur :c- ed to it s or iginal sourc e  - 10c r examp le ,
water icc-corpora-ted. in to  a p r c d u c t , used for , irr igatioco or e v ap o r a ted
to the- atmosphere . Water used for non-consumptive purposes is rio t .a rc ,ed
to its source - for example , m ’uch of the water c- c-ed for m ’ircici pai
water supplies flows back to the streams as t r c -a t i c -d or ‘ u c t , r e a t o - d sc-cmc-05e .
The water s’upp-iy :iiwers ’i ,..,:, of New York City , where water is taken 10- c-n
the Delaware watershed and not returned to i t , is an c- c-c c-c-c-p Ie of a
consumptive use so far as the Delaware basin is concerned .

33. B urarca ao’y 11~e use ‘c--I’ water I r cc - -nc- - c - s - ic  ‘-n’siter sianp ’t-: IS

~ecoerally conceded tic be the I’:i~ boest use ic-f water . WI c-c-jr. the context
of tic-is rep .rc- , d— umeo -. t i c  and. munici pal watsir s . op p I~; are pract ical ly one
and the same since domestic use is ‘by far t oe  iri,00:er portion of
municipal water supp ly use , and no di fferersti-’:tion can be made between
c-oem on tee basis of quaLity . The upper Delaware is devoted pr imar ily
tic this use . The Delaware River and its. tyib’,nt ax’ies have had unusual
demands placed upon them because they f l - n c -  through and are c-c-lj  ace-nt to
some of the most highly irnduotrialized and urbanized portions of c--he
country. -The f-c-tare holds little prc-rnic-e -onf respite-, and It is likely
t c , -’cat Ace future demand f-or wo~~er : upp ly  will be met princi pally fr ~sc’,
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lea iwa’e’ e-c - ei’ v oo c .te-’-’~~
’i r - ::i cro ’

drea c- - . Be Cc-~iereJ :r: ‘ [5 ,0 5  j ’ e~ s t

3u ,, l n t r o s u r ’ i ” - c- A , ::.t !- - ,~ ’si I7 e r ,-ea yaer.t nc- f’ -c-a cec~ c-se

c-eon -c - ire - c ’ a sb sec - sc- Is-c : of os’:.h - se -a 5 ’ :  a s ic-  n u 8 c ’ . c - : ’~y aspects. Ito

order to nc- re c:c:,rcarc”m -c a’s .i Pr.’Je ’’ac ’ris of ‘a c - e r c-se , i t is c,ec-essars

to develop co-mo ic i pa l a -c: oc - 3- , s ’r~~~ ‘nc - r e - I r’em -c-renec’,c -s sepa rac -e -I~:, sic.m-

c - I n c -c e is as, over .rop ‘r - -n 
~~ ‘ ‘ cm-- n c ‘w -  a’:~~- e- n - c - s ,  tinolarly , a :mc:o,ar:,’

of’ c-he - ‘s- al wa’ -r me as I’e -’l,:sr-r d T m - c - c - s r  ‘re . ‘his por tion of ‘o boe

s t u d y has ‘cc-en si ’tv Ide-~ a 
- ‘ - “ c - - o n

a M i i r a 5 c c - rc -~~~’,~’a ’~~r il, - r 1 , c - ( 3’e c’ c - i O c i i l l)
ti M u n i n c r ’. oa ’i -c- a oc r  Use  S e - s c - s o n  ‘I V I
on c c m - c - ’ r n~~s Wa~~~r ~‘ c - i c - t y  ‘ Se c- ion V

:c- :c-s ’r~a~ 
- -:c- ’er U se  l ie -c-m on V I )

e Tc s ’al  -L,na c o s c - o aoc :: I c - c  r ’ r o a , W at e r  U se -  ( S e c - s c i o n ,  1 )

%~- , b .c-ac - cc -pal wa’ea- 0 5 5 C c - l i  ~~s l o t y  re -pc - c - r e -r ice - c - s. c for a
public water sc-pr c-’ n c - c ’  :5,5-i c- ‘c.e p-~ch.c -. c stealth and cc-c-er cc - ee - lc -  of ’ a
oonccc u n i t y . T:,ec-e rep ,ao sa c -cc’ s  a r e  e ’cs on .a ’ n ,ie by c-arc - h o g  deg rees of
‘o oea ss cce: s ’ s- f m-e w a ’ e r  s- -p c - i ’ - p r i or A i f s  .ie ’t c- s’ ery to ‘cc-c cc -n c - c - c c - e r .
The pr- nc-ec ’..c, orn of c - c - b lo c n c-ca i ’,ts r ’ q . c - i r e c -  t Ie mee-con g  of ce -c - c - s in
sc-sc-Bards . One ‘A ‘- ‘-es a ‘roe . 5, Pc- hIt-c Nesith Service- Dr :rc-sira c-
Usc -er  C ’ a s . d a r - t s .  is c-ovens as an exa- npiae , This ce-cc- c-on (Sectc-c-r . II:)
stiscusses g e - ce - sa l sc - s i c ‘c- r ’e -si -, :sr -c -ite ’: - ’ s fo r  munic ipa l wa -c-er Su l :n .-nI es ,
8cc- i ‘the  cc - er I c -- s l y  of “r~ a i r -es , ’. 10cc a - sam - - a c -c - sac -b us cu a l i ty  levels .  The
r o e - se - c s’ c- m b ’- . ‘cf i s r ” - c i b a r nsun : : lpa i ‘c -a c -cr - i ...pp l i es icc - ‘he- basic s is
rev I ewe-i

:6. - i J s i - ’ c i c ~ wc- ’ e c ’  - , s e  ‘ Thc -~~ c - en’ ’bcn  Sc-s- i-o n A ) is
1ev - cc - c - i  I nc a d e ’ a i l e r  c r - n c - c - an t c a - - c - c - c i b a  wa ’eo- - S e  i c c  c - nc - c  Delaware
Fi’;er S e - c - - i c e  a r ’ a  ‘lb-i ’m a s  a 1sc -- ’-j ’c- c-o’i of [.rpc -la” so -r n sec -c e a ,  .ia i ly
usage and per caps -a wa ’er ‘‘c° A c - c - - i  a r e  f c - r ’  Icc -c’ sur- Jiv ’nded

oe-noor ’a cso i ’-ail y ‘rs- ssa’~- and cervIc~ cm-c- Toe source of sum-l~: Is

s a ’r - ,. _ a ne - i f’cr grcu - -o c - cs - i cu r: ace sc-ge Pn va’ ’-n a s c i ~ ,c- lis - ow:,ea’,l .i li

of supplies an -I he - or r e c ’  :c n s s . p  ‘ca cc)nsc- ic ic -” ’,orn i s ai s o  d i scu s se d ,

- 
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‘ I i ,  c n no t:’ iu J . ‘ ‘d c- c . ’ p t -c - i t t. , ‘ n ’ t ,e c - l i t ,; os ’ i c i - l un , c t r t a l

c - c i t e n ’ v c - - - . : n H , t ,  m e -  s n e e - - :  .1 the  ~c - t ’ t on~:l c - i” : :dus c -ry . F o r  e>cc - r -,~~1~,- ,
c - b e  c , , nc b I c- n e - s - u’ c-ec - :e: , t s  c-f ’ a c-tee -I  plant  l ’ur ’ ’. n c c : ,  ‘h water c- re lose-c-
t - bc -arc  t ’c , , , n oe of a f’ood processing plant for  water  in c o rp o r a t e d  icc - the

t c’c-s- .i u , m c - .  In-sert w A b o i c n  c - : i  I i , - . ’: : s t c ’ ; vc- c’oim’ -ie c oc - r. bs a,’e ~lace-1 -c- . .:,
tb oe :s.5lit ~.’ ic- 1 the s-u~’p ’ ly ,  i . e . ,  c ’c-oli . n~ c’c - ters a c --c f~ a 1 ~we r
tim:, boiler feed ‘sc-c-ero s. These “ac-I - s - n c - n  a c - i  e- ’ss. s of ipoclity , rsso ’th c”is c - f ’
t r estc r ces s t and fr e s e co t  icn ion str ia l water - ‘~c-sli by in the c - c - s i : :  ‘c - re
s I i c - s - o : sse-d in he - t a i l  in t h i s  sec t ion  ( b e e t i ~,i’ i v ) .

38. i n d u s t r i a l  w a t e r  use This  se - c c - in c - c a  ( h e c t i c - n  VI)
‘em - c - a l h i s - a  li-c-’ s’c- cricns ’ , r i:es io ,ius tcia l water  usah e  by s t a t e  ar nd s e c - v i c e -

area . u s - c -c-ce- s of s ’u f n  by in h e - i c c -s of ’ hoc -c-nc -I or s u r f ace  wa t er , and icc-
t e r ms of o ’soe -i’shi c- a r e  i l so -B i c - c u s s e d .  The use  of wa c-ei” c -I  t h i n  giver.
i r c d n n s t r  i c - s  is I c - c - c - l I e - I  by ~onrpose to all . w c.~-mf-c c ’ison s w I t h in  and
b et ween .  I c c b c - c - hr ens . Ila ter usa ce- f i gures on a per c-c-po l o-ye-c basis for
the i:.-b u s t c ’ l e - c ’  wI  : n b  cc c-he i - c - s m -  have f e e - c ,  b e-ce -loped to a s s i s t  in
[ c-c on n ’e in ~- f ’ c - c -  n e  Is : b ’ s - c - t r i a l water  c i e c - i s .

c- Tn , t al  cc cus’ , i sal and ic- i c - c - t r i a l, wa ter use -  Se-ohio -n ~,‘Il
s u n co ar i z e s  i ’m- mu c c - i ’bpa i araB i n d u s t r i a l  water  o:sa ;e in the i c c - s i n  ar . -d
tine Dem-ware R ivet ’  N e r v i n c e  Area . Thi s t oe - a c - in c-n c- is pa r a l l e l  to tco ’c-
‘ie’:els-ccsoer. t of t ic-c- “ . r c  ‘ s i s a l  a n d  I co-d u s t r i a l  water  use - s e c t i o n s  in t h e
f:eoc-’rs c,’h ical  arc : soc -c”- ’-- a n a ly s e s .
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I. Fb .c- m u n i c I pal . c-ac -ar  s c -ps I :~ sys tem services  a dIverse
-s- l i esc-t e l e  c - i c - c ’, -~a.rled ac-c-li ’ y req,u rcrne ro’cs irc-pender .t c-pc-c-n end uses.

For do ssest i c  u s e , ‘ Ic-” - c - s c - s r  su p p l i s s  ‘c - c - a ’  r o o t onl y be safe and pt t a e
boa t p r c - f e r sb l y ’ i sm-s -f :cee , o d o r b o r . s c-ca d ocojorless. The- water su rad y
sc-cc-Id also Ac- soft ar,o n ., :,’ . 0 - c - c - s l y -:- in view of tc~e increased ‘use of
water in bone l a u n d e r i n g ,  onc - n ”r ah hec-o-cic~~ and air conditioning

svstecc-s ,

~enc - ’r aI  R e c - u s s - ”’r ccec -t e -

Li], , Uc nc - c -  c-c,n f - c ce  wa t er a : - c- c - c c -s c-nd so c-co y hr our ,d water
s o urces re~ c-i:- e sc-ti c s fm - s r  of v a t s .’- s r - n m - c c - c - c c -c- to meet tic-c- sanitary
and c:c-ecc-c- co-I cr c- cc cua ,rc - ’sc-en’ - s to-’- ‘a rr~c - r’ c i c i pa i  water Supp iP. S’~s~ot,

t rea tment  p ’ooccsas as a e r a t i o n , c -nc - s -t i c - a l  e o c - fu l a t i o n , sedimentation,
f ilt r a t i o n , o ’ ft”’cci “. . ‘

, ad~ ic - s tn se nc -  of acid ic - .’; and chlor icc-ati’:cc- are
c-cr c -mac n ip e-sop -o ye--oi The TB--i ‘ .m - s .g W c-’ -‘ - r Sc- c -c -B ards pr -occ-obyated by tic-c-
U. S.  P c -b l i c  h e a l t I r o  Se ’r ’- i o - e  c- c- -c , o f’ ,’ 1u’A i ’-p re cnu i r e : c c - : c -t s  1 .1cc general
terms , tom-Se Bt a:c - ’ic- :rdc :c--c : .c - :’ s ‘- n c - ac - i,sic c-ka. cof ’c- ater cc :

a. tcm - — fc - s-s. ci ; c- sac ’s  c i s c - s in g  oc--ganiscns
b fires f:: :n o c ~c i c  s- c - c c -’a :c - s - es
o r-sasonab~ ’: sob y

o rc ’o, r. - c - t cr s -’c c - l ”
e -  low in o b 1 e c c - i ” - . a c - I =  -r ’sc-er c-ls
f . cA- a c- , odo’o leec ac--i - ton-lass

TB”- ‘ cc - c - c rc -c- M - - ’ - f c cnds

a’ m-n In c - c c - co —c- :n s ’  a r c - s e a  s~ rface waters eor ,ta i:c-

~~~~~~~~~~~~~~~~~~ 
“

~~~~~~
- “ a-~~l~~~~~~~ ~~~~~~~ — —~ ~~~~~~~~~~ ‘~~~~~~~~~~~~~~~~ “



r 

‘

~~~

_

~~~~~~~~~~~~~~~~~~~~~

‘

1

su s i e -t i d e d  r: -~ be :’ial  as a result of drairca :-e fr-c- rn upland areas.
i:ed isscer .t a t lon  Is emi l-c-ye-B in lar~le lakes , re - cs e rvn c - i r s  or in specially
b e - s i c - r i c h  settling basic-os. Remova l of susi  ended materia l is

a s - c c - n c - c  lished by ln swe r ing  the velocity of the water to a level which
ali,-ws tc :e sc-spec-sled b-art Icles to settle to the bottom,. In the
Delaware area , tine sediment concentrati-uns of the streams are
ge-rae-c-c-Li low with higher concentrations following storm runoff.

l~3. Coa gocl at i oc o The very f ine soc-pen - led or colloida l
rr~ terial which does not readily settle out in the sedimentation
process is sub sequent ly treatel by coagulat ion . This process
ut ilizes chemicals which form a gelatinous precipitate or floc which
ebsorb s the collo idal and finely slivided materials and causes them
to settle more rapid ly ,

~~~~~ Fi l t ra t ion  To produce the clea r water dema nded by
consumers , a f i n ir 1oing process called f iltra t ion is used . Th is is
the mechanica l scr eening of the previously treated water throug h
beds of f ine  sand. This process removes nearly all traces of
turbidi ty  and color tha t may rema in af te r  coagulation and. sedimentation.

i4~5 Aeration Aeration is utilized in ma ny cases as a method
of removing taste and odor from a w-ater supply . Aerat ion is also
used to release- the entrained g,ases such as carbon dioxide . ~ n this
process large quantities of air are bubbled through the water, or ,
as is more common in wa ter treatment, the water is sprayed into the
a ir in a fine spray .

~~E . S o f t e n i n g  Battening removes the car bo r ,a t.e and no-cc--
carbonate ha rdness caused by the calcium and magnesium contained in
a water supply in the dissolved state. The addition of line or lime
and soda ash produces a chemical reaction with the hardness forming

- insoluble compounds whi ch can be removed by sedimentation and
fI l t r a t i o n .

~47. Chlcrina ’tior, The application of gaseous or iiqs:id
chlorine , or chlorine conta ining ~ompoundh to water gecc-erally for the

pnc-rpo:e- of dlsinfeotion ‘ar e sor:ceticncec used for accomplishing ‘Abc-er
biologica l or chemica l results such as taste and odor control.
The c-r~lorinatior. may take place prior to, dur ing or after any of’ I-he
abcs -ce pc -c--ce -c-sea an-I is re-ferre--si to in such  cases as pre or post

-- —-“- _—‘-
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L’ :c c - .u . r : c :uc -  i c - t n .

~ - - . 11 t y  of I’I~ n i c i p a l ,  S . : s - f r : c - e  S i [ i , i c - e-5 i c c  t :,c; Delawar e-
c - I c - a r  E as ic .

--or The Ic-sIc-ware River scud a c - s  tc-ibuta.rns es are utilized
a rc- a so-c-r oe sf rotc- c-at ’ s by a n ~ri t, or c-f lsrn~e c - c o m m u n i t i e s .  A
re’ s - i c -c -c -of the  t r ’ -c ’ a T rc - c -n t  f-ac il i c - t e s of c- - i c - i c c - I  co rn rc au c . i t l c -on w ’ill
lye an ]Ir a d l c ’ - c n c - i o n  01’ “ n O - ‘ ,r s t c n : o , : i v c -  a c - a l i t y  Ic , various sec t ions

of ti n e r . c-c - icc

b~ ‘I n  th ’-- he -a - i c - s c - c c - s  Sco t  ion of the Delawar e , tc .e-
pre - dc o c c c i cc - -u r c -’- ccc: is c-t o e f a t - ;  , f  hew ‘,cc- k , Tb’s ‘cual ity of tic -c-
c at e r  in tn .~~5 circa is t o igi s e-~~c-~ g~ ‘o c-c-.rc-ant a rcc irc -imai, degree of
treatner,t. Icc-c s ccn’A o to of s ’sdirr s’c. ” c - t o o : ’ , icc - t :c-e- ic-Ic-c- reservoirs ,
sc- ic -h as Pepc-c’t c-cc -, an-B ch l co o’ i r ’: c s c - a o n , aer a c - : cn  and lim ited coa gu lation
before deliver-’: to  the h i s t r i b u t i o n  sys tem in hew York Ci ty .

50 The sec tion  c - f  c -h e  P?ves’ between Port Jervis and
Easton serves as a so c - c - c s  c-sf raw c-a c - “- “ fo , t i c -c- CIty of Eas ’-’sc - .
Treatmec’c t con sls~~s of c c m a g u l . a t i o r c , se-h is-c- c - s - c c - a c - I o n, f i l t r a t i o n  and
cicI -or ina t i on , h o e  w a t e r  is  w i t h d c -- a w n  d i r e c t l y  from the River
acod r equ i res  c-he r r c-c ’c c o - ss I  ci c-c-rb I Bit - : an d  pH adj  c-st coe st t for  c o r r o s i on
preven t ion

31 , Promo F c c - c - o n  ‘-o T”’ a sn c- -c n the  q u al it y  of c- cc-c- River
water grows pr- ’o o o - e ’- e i - m - I ;  p o c o ”r  d’c-~~ ~so p o l lu t i o n  frosc - csc- -u r~icl paT
ari d indus ’r ia l  waste ‘ffluenlo c and “he ado itl occ - of the flow of
tic -c- L e h i g h  S i”a r  Tt ”sc-c-a-oc- a ’ T r e - c c -’ o”c- w r o l o b  uses Delaw ar e River
water c o n s i s t s  of ooc -gu i c - t t o f l , sedisrcn ’o- ’-ion, fi ltration and
chlor ination . 5”’ d c - c-t loic - of c - s I - c -- and  ‘ c - cr b l d i . t y  as well as taste
and ad-c r are i c rn - p o ’ r c - c - sc -t t ~ e’c- t r :-rc o~ jo nb ‘Is- -cc -s

52 . Inc~ sac ing use of c - toe  91ve:s water between ‘I’~ ent o n
arc- B Fi i lc--oie~~p h s s  , as — -ne i l  as T n ~~~~ c - c - - o u t  c - a c -  c r c -  -of t c c - e  s t ream ic c -
t ic -is  area , c r c - a c - ’~ a f m - s i c - i’ .r ‘I’ chemica ls s s - c t c c s t , All tic-is
con tribuc - s to c - h e  ne~-d f’ ’ the hcgh -u ’c- n ’c- e~ ‘ f  t r e a t m e n t  t ,at the
Cit’s of Phil’n ci’— l p :,ia c- ’i l cz ’m -  , Besides co-c-pc -dc-n on , n :eori rnec o t n i t i on ,

- 
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i’ I L c - c ’ c i : . .A : n  cc c .d c h L c -~o ” 1 r i at. l O t , the - c - is. c- t t .  n of 1c - t i c - c - c -  c’-c-t ’.rs ic c-A -dc--s ‘c- c-
- c - s e  .. i ’ ‘~s c n I - ,.r j ioe d I ox i d e , c - t u B  the adc-i I~ i c - c .  ‘ . .l’ ::,c- ’.c-p c . .~c - c - : . c -t eo -  c--c-- c--.
c~cJ,rdicc ’Ss , cuI~-:ci ] . c - i c i t y ,  t u r b i d i t y  a n d  c-s-lay ,

53. The Scbc -1 ,’ Ik i I l  River  is  used t oo- water c - c -p~,.l~c b y t: ,c- c-,,tm-.c-,

of -Io-rristc-c’c’,, P s c - t c - t c - O w c c  and Philad,el csnia . Pot~’ sc- .s -w c , u t i l i ze ’s coagc - la t lcor c -,
activated carbon , s e d i m e nt a t i o n , f il tr a ” i - : r. and c -n l c r i r n a t i on  as tr rc -atsr ,ec.t
for its water supp ly. Norristown in addition uses pre-chlc-rination c-ni le
Pioiladelphia uses m ”;t aphcsp hates in additio.r ‘cc all of t i m - s c - .

-3d . Erac’c- d’- ,’wicc a Creek is  used, as a source of water supp ly for
t c u e -  C i t y  of WI Lc -nt ic -gt c:c -, Lie d ,  I re - sc -m e-nt  fo r  t hi s  supp ly c - O n s i c - t S  of
sedimentatioro , filtration and c fc l or i c - a t ’i c c -

Suc-orscar y

55 .  As the sc-c-sac-c is subjected to increasing use and reuse- ccc -
its journey franc- c-ne ic-c- -aBc--a c - c r c -  t- -o t he  sea , th e  o’s-a l ity  of tic-c stream
-deteriorates. This -lebasemero t of c-ua li t ’c necessitates icc-c-re-asic-ply
complex c-aet i ,od s  -.sf tr e as c -crc sc’ c - t  to prepar e th e  wa ter for mun icipal
c o -n c -u n c t i o n . he-we-c- tec hnol-c-pies require water of even higher quality

t:c-an that  used for h uicaan ccns ’c-s-sc-ptior . Thss  i n  ‘c-urn has led to the
develo-pccce’.t of more s:-cts:,sive arc -h be - c - c - c-c- r cc - sc -rco -ds of treatment. The
municipal water supply system ci t :—3 , c i ’y services domestic , commerc ial,
industrial and -c’c:,er n ec - c - s ‘ c - i c - n . i - n o S e  ic - Ic - cc - c - c -  re q ’.a ir e -rner ,t s  of qua l i ty .

5~~. The c-:”t::c-n r.t plant of to- cay is mor e complex than the
reservoir and chlorination practices ut idize ’i a bc- c- if century ago . The

- 
c c , c -j C e  f-or m u n i c i p a l  c c i t c -~ c c - a p p ly c- ’su~t v  is ‘r.’ stween long aqueducts from
streams in sparsely settled di s c- ’:. ’, cpA - cod areas , and large , complex
t reatme: t irc - c - tc , i J a c - i -c - n . A- c-c- s tr e a m s i r s  n . e  downstream areas c-roe-re
ir.dootns’ialization and i’ o bv-p’- . - .boc ts cc-ave take-n their toll .



S i c - . T i C h  IV I i I h I . ’ I P . L ‘. , ‘ , ‘~i s ’k ‘hi’ .

57. :- : c l s - I p a l water  s-c- u l~; I n , ’; 1. -sc-s t: ,c- ‘a c-i,ec I cc - . ; c~ ’ - ‘ I
n c n t l c ’ c - g e ,  c o u i ’ i f i - s a t l u m n and di st r b u t i o c o cl ’ w a i ’ .” : P c ’ c- c c - c - - c - I.’ . s,.,’n.: . ,i- r ’ ’hi .

i n d u s t r i a l  a c , -,j u t i n e c ’  use s wi t , } a .i ro a c-ate-i” sc- c tic-’ c-I c-c-c- ::.. I. c - c t:
Dela ware b a s i n , la c-i e r m u c o i c i f i s i l i t  Ic - uS -c- c- - c - a l l :  cc,c-ke c-se -o f s - ,”c- ’u s - c - - -

‘

s c-rea ct , Eiooroe5 to  s ecure  an aim- c- cc - a te - su~-~ 
l,,~ of’ c--ac -er c-’c-e-rec- s .c: - ,c-I

.r c c - c -c s ,un i ’c - ies, i c c - s t i t u ’A c n s  end pr i ’cate  c -a t l I t ec - ’  c - i r e -  - c r c  a c t  t o
c-se c -n h e r p r c u c c -.i sources , e . g . ,  wel ls  c-c -n c .rc -s. mc - - .

58. T i ne  c - - c - t I er  supply  s y s t e m : .  cs c-- r ’c l c . c -  A-c br-n- c -::.c - c - r o p o L i
a rea s o f ’ Ile w Y c - r o . P :u i l ade dp h .l-a , W l l r n . I : , c -’ on a n I n m - ” n . ” ’~ s c - e r c .  hew
Jersey a c -E ver y co t s .p l ex .  Tic-eq serve ma ny n , c c .  I c i c a l l t  Ie . :  c - cc - i

. n , 1 : c - - s c r j  c r a t e - i  area s going cepocO l c - c c - c t’: 11 m .e c

~~~ Delaw are Ri - s-er  study area T r , I s  s-~, - n :  a r c-a .
i n c l u d e s  p o ten t  la d  users o il’ Delaware River  w a t e c - s ’ , c e - c -  s : , e cc  n c-c- -

‘

c- :oe actua l Delaware River watershed arc - - c ir’ c- l ,n i c-s c - c ,e e:c - c - ~re .
‘ a -

o f ’  hew terse -c- ’  and De l aware , and ,  the  hew Y o r k  C i  c-p -Ic’ c ’ i l - a ’  ‘ - c-- c- .
ico s - lu ’cIco ~- Long I s l and  and a-J c -j a c e n - t  c o u n tI e s .  This  a ’s-es ( P A - c - r e  1)
i s  referred to as the Dela ware - R ive r  h e r ’ s - i c e -  Area .

D e f l c , t ’ I ” r s

l ice f c - l l o w i n g  i e f i n i t , i - ,c c a s  a r e  c - a c - e d  in  tic - Is r e - c ’s . ,

CC . I I u i , i - c - ’ i i-a I ‘ - ‘c - c - e r  dc-c I l a i s  is c-he pr a ss  m i n i s - i  pc -i uc-e
a , ,  a in ns bn b e - s ~s-c-es~~ - Icc - a c - c - s - i c - i, publIc (~‘~ c-e uses c - cc - i noc”:n’,otI

Ic-c-c-case) wh im -b c - are sui”p l I e i  c-p a - ‘ o- c . :n n .- c i t:,’ c-c- c - e l’ ‘ 1 , - c m - c - n ’, .  ‘c-i c - c - c E - n’
c -n l i c ly  or ‘Ir . I . v a t e l p c - s c m - - c -.

(‘1. Don n. ec c- I s Wa ter P a-n e- T}~~ c- i s le- f i n e ’ , 3 5  c - t o t~ , p o r t i o n .
of scm- ri I ‘:1 I c -  1 c-a ’. en ’ u s e - n i  for house - i ns  I . i I.:, n ru c- c - c c -  a r c - c - I  by s-nc-corn ier c - ic - 1

~~~~~~~~~~~~~~~~~~~~~~ 
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e - c - c . c u c. i , l , , , n n , s n , t c -  sc - ic -a as , ‘t m-a uS , i ’ua - t e l s , r ’,- c - t n -. , r ’ , .t s  s . c  n c - c - f u S c - c - S .

* c2 . Ir, dc-as t r i a i  Water Use- Ic-is  A- the use of c-crc -ocr 1,’,

cor c-r: ecti occ - w i t h  i ndus t r i a l  opera tions  cr p r o c e s s e s .

63 . Pa PA - c W r i t e r  Use T t a i s  is ‘c-b.c ace c, f water c - i ’. n . ilO , t I -se

c-c oc r ,m , acci  t . ; b y pcc~li c n ipc c or ies  f u r  p s ic -p s -c - cc -  c - c - c - i n  c-s

Fire Pc- c- tection
P 2 r . i l c  Sc-. ic - : s - nc - i i nq ’ 1’- c c, I. s
P- n r c - c -  c-~c i ,~,:t ’c-i,c-

F . . c- ct a  i c c - o r  and Gar de -n c-

a- c . Del : :wc-r e Sc- cr’ s- ice Area T b , i s  i s  the area c s : c - r r i s i n p
c - n .e Dc -I c -c -arc  P i ’,’er ‘I n c - s i r ,  c . ’ 1 ct ~ er w i t h  t i n e  cooa c - t l e o  c-of t i c - c  n e i p c c - b o r i n g
re - c - ion  c - bc - i c : ,  are ec c c a or c c - i c- a l l y  linked t tile De lcoc-are ’ - c  -s-cay ‘cc

depe-ndarc-t ‘c-pc-co i t  in v ar y s in i ’  de~~reer: for  water  o u p p I~:. Fl,- - m-e- I

p r e n c e c ot s  a s-cap of t c- l s  dc -c - S i , u iroup ing c - n .e c--s t i c - c -  i c c - c l  c- d c -n d icc -to
ci n , t  Su i c -- r e :ions and c - be - I c - i c - t i c s - t ae r e - d a t A - c c - c  :c - i p of t i c - c c -  bc -u - i n ‘cc

t i n e -  Se c-c- -ice A r c - c - ,  T u e  a t e r  bc - r o l e - c -  of t n n e  c ra p  ec c -c I , c c - e s  tn ,e -
b -Ia ’s-c-sc-c ’ Service Ar c- sn c--n n , I ie t oc -  n .c - c - ’u’15 1. 1cc -e m - c - c - c -s tc ,e -  P ou c cd ar ’ :  of
t :,c- i c s l n’uvc - rc D i ’~’c-r ba s i ,- - . I t s e l f  c - P l c - i c -  csc: c cl ’r l.  c - n , c -  c - cc l~: a c-c- r t A -~ . of
c - n .e uc -c -c- ccc - u’t isc - - Sl ,

‘15 .  Ir s  A - c - i t s  T ; , io  is ior,c area w i t a i n ,  c - n . e  n ,c-O’s- I ,

l i nes  c-f F l , ’ are 1 chc’ c ted as the Delaware  P i’s-cr b a s i c - c - . Ti c -c- tc-rcs,

as c - s e -h ic c- t:, 5s  c-c-m s-c-t anu in Tnc-’cles 1 t i c - i s o  ~,Co C ‘ c - l I o n ,  f o l l o w  I n , t ~c r
in t c . i s  s e c - t i - c c - c -  d €c - c - a t c - c -~ w a t e r  s - c - n s n c u c n . p t i o n  on ‘ a le bc-s i- s of ’ t n , c -

Ic-s -a lan c - i’ t rue  sc - ; . . u lu t i cr .  ccs ’.s’ ,c-c: , in c  t c , i c -  c - s t t c - r .  T i c - c - c - c - f c c - c ’, c - bas
ics b c-a s .i : .  c - c - nc - n : ,  w , c -I l l  cc-p c- Ic- ‘cc~ so c - c c - cases cm- tcc - e Ci t ’s  of Cc -es t e r ,
P u ,  w :,e r c  the water Is - di :c ’r c-csd ft - -c- -n , t n , I~ S ’c - c - c s ’ ,ne }a an t oa  ba s i c - c -  lou t
c-’ c . c . sc c ccc - e d wj i , c~ir ,  t ic - c -  i c c - c - i n .  It  does not  m’ s II: ‘c c-n- s - c - t o e s  s .c - c c- c - c -
hew A -r io C i t y  c - u , Cs t ’  t n t , c - c c - c c ’  is dIve rt ed  c ’ r -c - . : nc w i t h i n  t i c - c - ‘c . nc- c - - i c c
cc c-’c cc -cc -s . c - c r c - B o Pc- c-c : de -c-f tn . c  c - a s i c .

0-i t of Bas i c a  T h i s  is c - i c - -  a rea  c - c - c -  In  ~. .c De lcc -wc-rt c-
3c r - s- icc -  Area as i c - f i r m - h  above b.,- n , n t  o u t s i de  - ‘ I c - i c -  Dclsoa’ st r c R iv e r
ic -as ic’ or t c , c  shade d area s . c - P c - c - i d e  ‘. . : c - ’~ b eavy d c - inc c ’ n , s c - ,’ c ,  oco F i g u r e  1.
Tine case  -c - f  ~ n I n c -  t c r :nc  in t. n n c -  r c r ’ r t  sc - cod I n n  T n n b I , cc- 1 t n , r c - u d n  to is
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b ase-h lI ’sr s  t i c - c -  p01 sc-to e- cc - cc - s u r r c - p t i - o - m a  c t ~ c-he water c-c , .i s. c- i ts acca ur c e .
The -c-se of w a t e r  I’ s-ocr the -  Delaware River  basin by the Ci ty  of I e w  York
and co s-- r ’ t b oe a ste - r cc -  l’- e-w Jersey is cons I niec-e-cl Ir c - the  cut of ‘cc-sir.
c-a te -cc-sc -p b c - c -  is also noted icc - t h e -  Cn . -ctr , ’c-tes as ol ive-rs iocos f rom tic-c
basi cs .

6’ ,’ . P aPI cl~.- Ows .e i I - I c - n i  c ipal Water  Suppl y This refers c- s
all n r c - i s I s -  i1,.al  wrn ’. e r s cp ~. -1 ens . w c n e  I or operat ed by a n c - c - I  c ’ipA-

- c~~ s , or  distr ict orc’ - ” c , I za c - si c - s ..

I~1I . P c - i vac -  c-Is ’ Ow r .e .i l~Iu r c i  or i p — l S- c-er Suppl y This reo’ers to
a ll :n , u c ct  or Ipo l water  sc -f -pt  i c - u  noc - c - e- .t or o~ er ’c-te .i by - c- pri’s-cite

c c - c -A -r a t i o n  u-c - s i sn a i lco r t yp e  om ’g’~t n 1 z a t i o n .

6-~~~. Se-ne-roil water c-se rea’uic-e::,en.ts The demand for o ut er
f’o r :5.-c- sc - i clpa l use v a r i e s  widely i’c- os:c cs o c c - sr u:c - i t ’1’ to cosc-cc-~ ai ay vA-Icc - pc-c-
s - c -p i t a  wa te r  usage  gc’c- c - ’ Iuc -~1ly i nc r ea s ing  ov e r  the  y e a r s .  A-se -r age per
s- c -p i t a  w a t e r  use t O A- Iu’ in the U sc - i te - . i Sc -nne eu  is c -p~c- ro x imn c - i ’oe- ly l~ C-
gallons per Jay (gpd) for lorsestic , -s-crc-cc-cc--c i . al , in d u st r i a l , pub l ic
c -nc - i  other oases. i/ Icmupcc-ta:’.c- f’actcrs w h I c h  icsf ’i ’u erc -c e ‘c-ate -c - cccs s ’c- mc -c -p ti or ,
and are responsible- for wile varIations arcnong communities are size
and type- of cc-sc-ac-s-I ty;  r r o~~~r c-ion of res ideco tla l , ccs ,c-merc-ia l  arc -B
i n c fu s t r c - i m -l Beve-]c-c c c src - esc t ;  t ic-c water ’  p r e s s u r e  ma l o t . I n c - c ;  rs.e-tere ,i -or
.a s ,me -t e -re -i serv’ice; rna i rc - t e s ua nce  cT the system; cc - cs - arc - c -ic cond i t i on  of
the cc -nc -marc - it’ s; ansi th e-  n a t e  chard-c for  water . Typical usa n’oe fo r  the
average c- cc -rrc -’cscnity in  the Delaware - area on c-ne - ‘c c - c - i s  of n a t i on a l
exie-s’i e-n,ce d~ c-c- ic -rot b-c as f ’c l l c - nw s :

‘I-sIn e s f ’ ‘ se P11’ Per . a ; i t a  Percent of ‘ic-c-al c - I c - c

Ii ,n c -n est i c Cc-

nIl’c-rro’c-e-s-oial 26 19
I coc ’tu s t c - ’,al 35 25
P-Sc-lb an .c Posse-s 19 lc-

T- ,~ta1 lc , . c- 1-.’ - -

r/ ThIs arc-cl the f’allcc-’c-ing to -c t note-c- refer to r e spc - -c t iveby  n c -a mPe r e -I
e n t r i e s  in ‘he B A - - l i  - r o l L s ’  c - c -  rO e cc - c -c - of’ l c h s  s - c - n c r’ . .
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I ’ll . V 1 i s i ’ m -lc - i t c -  i cc  rate -of usc l i e s - - c -  c-c’c- au - r l y , c - l a i _ y  c-cc-h
seas-crc -a l  v a r i a t i on s  f t c -c- t i n e  c-ute.. ic-c-f i s- c - si s , c - c sa c- c - ’c fc , r ,  ~u I~ c - c - : 0 c - c - c  -‘c-i c - l ,fs , d ry
rnuc c - i c ipal systeccc - . iiie arrc -unc -rs t c-f v a r i c - co c-. i c - cc -  c- f wa te r  c - o r c -i.c - ’n r .- .l ’ ti  nr c -  I c-
different per iods may be- ind ica ted  as f a i l - c- - c - :

a. Y e ar  t year - a c - c - ,- n c - c m - - s  t , c -w c - arc - t  c-c, 1 n , -~c- ease- in,
w a c - c - r  use- - f ,.r a i r - c .  a . .i- ’, t i cne r s . s- Ic c - n a - s  u:,d

d i s i c - w a u : e r s , c-r l n a ’c- d i s p n c n s c - l  u n i t s  c-sc-i c rc - Ic - i —

c - a r c - a r c - I o n  homes coming is-to - ‘c-cm -c-al use ‘,-sjr n .  a
rius lrog c- t c -c - c -dor’-,i ‘sc- f l i v i r c - d .

f- . Se-ac-c c-ri so c -cc -c -- on - A-gcaest -c-se ‘-c-c-r 1c - c - .  c - c m -  c c - cr c -n c r ,
lowest dc-c-rin g t i e  w i n , c - c c ’ . I-la s- c-i cc- a c-c-. c cc - c nc - i c - l ’,’ c-ci t nc- ,acc -d
is about  l:nn l l % of c - n . e  ‘cr -s-c-race- n ac - c - n t n ly ciemasc - d 1:,

‘ c-sort - re-as ti,e c- ’eancn ocsal p c - c - c - c - c - sc -  is c - c c - c e  c - ark -s -n i
w i t h  t im -  i c - n f lu : -a  of v a c - a t i  .n m - c’c - .  Here c- c-m-c- L’c- ~c-c-
may be- J- , uh lecc- cc- c - h o g  c-he ‘.n u ’ s - a t i- :s r ,  sec - sc - cc -.

c .  lap to c-ic-c- - g e -r u e - r a l l y  u a . l f  c - c - n ,  . i u r l s . c -  tc . c -  we-e s P - c- c-
I uwe sc -  on weekends , l’loi .’c ir r c - c - ’, Bc - i  I s’ c- Ice - cc - cc - c- c -h is  a fo c - n t
- ,~~~~ n c - f  t h e  avers , ly -tcc -nc -r i d.

d. Hour to ic-cc -c -- i c - a - o c t  sc-age be - r owe - c - cc -  r r n i o r c - i ’ n.t c0cc- d
c-n a c’ Ly cr1- cc - s- i r A -  w i t c ,  c - usc - s ic - cc --us-n c c-s c - c - c- I n - - c -bou t  cc- -c- -c- n
I’Iac--c i cc-i ’urra , n c -.,u r  Is d c -rn-c - c - nd is rio c-. . - t  2 30% c- f  c-b c a- sec - a
n n c - n n c -Iy demand.

71. Sc a c - ce  ,. f’ data Data cci c - cc -u c o ic lp-c -l w a t e r  u s e .  
~~

- p — I c - c -  i-o r,
se- c-c-ed c-sc -c - s-c-u i-ce - ‘ F nc - c - pplo - were taken frn c - c - .  p - nb c - - l i  o n c - oo -c-b i na s’ c - ru t~ r Ic- c - of

c-c- sr i - A - p a l . w a t er  su p p l i e s  Pu’ tb oe U n i t e d  S t a te s  P’,, ’c - o l i c  Dec-I ’. : ,  3 c r - c - i c e
f r - c r  t he  c r ’rc’ ,t  inventor’s of all cu c - a nn a un i i ’. i c - s  s-r”~.’ irg

p n p  , I ’ c -  Ions c-f 1CC p - c - c - n  . n s  ‘~. mn or -r e C u n : p u b l i s h e  .,c- , c - cc - tb i c - sc - a t c , °- r ’e- c ,. r ,is-
r e j . , . ’- t s  o f’ Ft - c m - a l  a r c  c - c - c - t o n  a c - - s - c - c c - e s  c - c - i ’  ‘ ‘ c- a - c- - l , ’~ b c - - ts - c - c - d.

l i c - t ’o ’I ir . -ni er S-o l ec te -  i cc - f e c - e n s-es in c - c - c - c -  i c  ‘Ic c-al. . 5

Delawar e D ive r  b - s c - i c - ”  A r c - a

75. I s - t a - -u i , o ’ c - i c - f l  I-no- i l i ’,ss r ’ c - t e  tc - c - c - ’ ’c -n le r .a c - ..e in  t i m -
Delaware i-i ’s-er Serv ice  ~‘c rcn sr and ‘c ’c-, - c - l t n  , s i x  - c - - L e a  ~orivc- c — eec .  p rc - p:sc c i
w h i c h  ind ica te  tne  va r io.c- s 15c-c-c- ic - dc - , a c’ f ’  w a t e r  c - c - c - c w it : ,c s - l t i c - c  D c - l a w -c-re
Service Area and i t s  su i c - - rr c i o n s .  I c -b i n - s  ... c - c - u i  -~ de h i c  c - : i t c -  ‘ n , ’
pc-p .c - l o t i o n s  c- er - i c- ’I Icc - v r c c - c - s c - c - i l c - ii s ,’ st - c- cr , n icc - c - n , c  a c - i n - - s -”ote c ’, r i ’n ,’ 01

L ip.* ‘° ~%,,,S . -

-. 
~~ -‘—~Ii~— - ’ ‘--— --— , , ———‘..--— -— ‘--,‘ ,‘-, .
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~l’ABLE I

POPULATION SER VE D BY MUNICIPAL WATER SUPPLTES
STATE PORTION OF SERVICE AREA~

By Soc-c-roe , Basin Location , and ~~nership
Annual Ac-’erage for 1955-

(Thousands )

Source- States Total
basic c- Locatioco Ser’s-ice-

Ownersh ip Cc - s -n .  Del. I J . J .  IJ .Y. Fec-c-c-. Area

hro urc -d Water 37 .7’ 92.5 ,:Dis -c-.7 1767 . i~ ~o02 . 5  1 c - n c - i . 8
In ba sic -a  0 79. 14 595 .2  21.9 377.7 1170 .2

Public 0 B7. .~ %Bo. 2 7 .3 285.8  71- .7
Private 0 32.0 .0 ln ,o .6 91.7 ° -, 7.5

Out - f  Basin c-: ’ . 13.1 11485.5 1715.5 21 .8 -
~~~ ~

- .6
Pu c - c -Pi. c 0 11.2 51” c- . ,l, 58 1.0 7 . 0  1520 . 3
Pr i vate - 37 .7  1.9 562.14 i l’c-i .5 170.8 1752 . 3

Surface Wat er 123.o l’~’-:: .9 3281.7 8530.7 3585.5 1’ -b’In ’ .O
In Basin 0 178.9 2 1c .rc -  09 . 3  37 -h- ’ - .O c-Jsc - .8

P c-co- tI c  0 1148.9 22 c .2  31.3 , 8’i’J. 3215c-c
Private 0 3~- .0 20. — 11.0 P53.5 71-- .2

Out of Bas in 1 4 2 3 . 2  0 3038 . ,. * SI c -  ~~~~~~~~~ a i .5  1b01° .2
Publ ic  82 . 4  0 2220. -* hc-1,~. : .’** 5 e . 5  117714 . 14
Private 3140.8 0 817...* 75. - 5.0 1238.8

To-c-al
Icc- Basin 0 2 58 .3  c - + I . ,c- d2 .2  ~-c -o l . ” 50c -i .Q
Out of’ Basin 1460.9 13.1 ~~~~~~~ 10237 . n~~ 56.3 15319.8

P a r l t ’ s  82.~ 207.5 3’5~~.2 c-U35.~i c- , ’l9.5 ic- OP l . 0
Pr i. -,’a t€  378.5 c-.c- .’Il Ic-’09.2 12e2.7 ‘n t c --8. 5 —~-9-tSA8

b-c-cc-ni Total Ic-C . ~ s ‘ 1 , -n 53r 5 . -c - 121 P .1 i c-S5. .20-b c - . -

+ A 1,1 f t c - c - r e - s .  in Tables I-is-  are base r upon c - n e -  pc -. p c - I c - t o  on served by
m c - s - ’ c ipal systems and t o r e  water wj c - . b , n u-c.c-w:c- f ’ ’- r - c - e l i - c - c r y  t i n  tIes -c
p c -p c - l it i-c -c-s . They do a t i s -c l - ac e  cc i t c c a i r a w a l c n  of water f- ,n r c-se in
treat-c-es-ic- s- rc - c- esses  in ‘he munici pal water plants . ln , e,:€’ wi~ 1.1c-c-v-c-Is
- i_re ret c-c-’c-e -h directly to t n m -  river as- ni c-c cc- t ec ,tc-r t:,e crc- -.a:.ici p nnl
S~T5 to n c - . -

* See Tat Ic 2 ~~ See 2 :1 , I c -  3
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L 1i-Itin . - III , ’ [cc - bo ’D111P0 ’-: , ‘ u ’Ii n ’iLD Eu i ’u ’ ‘[IC

‘
I

b- F ,n n l I - ’c -c- , k - i c - I n c -c- , C n , ’, C I , , c-s c- Ow E c - ’ i c - n .’ i

u ! i c - i c n c - 1. - ‘- , - “ c c -  e los’ 195
( “~u i o n  0a I l c n~ Pt r i- c - n i )

S - c - c - i ’ ” -.- r u t
c- Li - c - r n h r , ,

0 c - - f l c - cc - c - n c n  C c- t’ n c - .  t ic - I . 1 1 , 3 .  I . .  i ,  P- c - . ,

h -  c - c - f  W a r n’s’  ~ .i c - 10, .- I’IA- . ,i i 2 c - . 2
On Fa in  0 9 . c -  7 I . c- 2.3 c- 7 .ti

P nc - n , h1 i :s 0 i c-)  51. 1 .9  ~~~ 
s- , . .

I c c - i c - c - u
__ c -  0 c - 1 . 3  l 5.~~~ , . I i n  ~~.

Out  c- i ’  Bc- c- in 5 . 15  1.0 13c - .D 1 1 9 . )  1. , s- 2
PA- U n ’ 0 ~~~.5  8,, - - 1 ’ . ’d 0 . c- - ‘

Fc ’ ’L \ - ou :,,c- 5.15 0.1 50.-’

. 
(0 1  ~‘I-

c- c - i - s - a c - c -  Wa n n e r’  n O .5 tO . 3  Ii C’( . 3 113,7’ . - 5?;- . ) 2 1

Ic- BasIn 0 c-? . , 3 . -i) C. ’ 518. ” ‘Icc -- ..

Fnnc 1. I c  0 1)1 ,9  - 
3 1 . )  5, -, - I. -

F c - i v~ tu  0 7. ’ : 20° 1. ’, 5(.~’ 
- 

~~,1

I-ut c-f IIc a a c - i c - o  ‘01.5 0 - 3 7 3 . 0* i275. ’~ -’ ( , ) 171 . ’

- 
P u U i c - c  13.9 0 27-1 . ~ ,12i..- cc- . ~ n . 5  1 7 , 21
l -c - ’i, v -:’i t e  50.~ - 0 10ñ . - . °~ - . 1  0 .  1 . 0 . 1?

lc- tat
l a  B :nc -ii ’c 3 L~~~, ,7 105. ’ .0 5~ C. c- 11-, .3
‘11cc-I of Ba A -r n  7C- . 1 1 .0 50 ‘1- . ‘~~ 1395, B . ~~~ L c -c~i

- - 0’) 3 , , . 7 n ’,ein . , i c- 3 2 .c -  - c -

Pr 1 c u t e  5r c - .2  11 .2 172.1 (, . ‘c-5 . 7. A -V . 7

In c -c - i d, T- .-to . l 70. 1  - ‘ c - - . 31-c - .3 I - ’ .oO .U 5 L 5 . 5  Sn . -

‘~ Sin e 1cc - Ic- 1. Ccc -  01- c - I c -  ~

~ l r c ~ . - c - d c - c - c an c - c - t i c - c - t e d  21 ,0011 p c -r e e f S  0. Uc aA -- r ,  r o t y . 1B’~s I c - c - . c-Is

sc - r - :c - ’c~ Li, p r i m - r o e  su p p ly , c - n c - i  c-Ic - e c-n- ’1:c- ’-r cc , i  1 - c - A- ‘co i- - ac orns
uci c n ,l c - c- c- ea a C-c-cat ty , t i c - c - c - J e r sey  c- sc - c - ’v cs- d ic-v c - s c - c - I - l i - s  r- c -i . r n - Ic ,’~’ ’J1 ’ c-I- c-
d i ’~c c - s c - i c - c t  of 5 2  c - c - n d  k . , n  rc -~ cci . c-~~s p - e ’ r  i ’s-cl ’, . t i , c - o u ’ic- t i i c Dc- i c - in c - c e —

. ‘
~oc’ ’ c c - s c - ,  tI c - , A-

‘ , c- .  _ _ _ _ _
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T/c-JibE 3

Dli’ 2. 110. 131 ac -U I - Ti ] 10. h~ ‘IOi J IA -P/n L WATE7 5cJpp ~~ p c -
‘ STATE P’UBTJi )N OF SEEVICEI AREA ~

By Sc-ac-ce , Basic - . Dc-c- c - ti’ cc - , and O c c : . e r n” I r n i p

Annual  Ave-rage i’ c,r l’i ,~5
(da ll~ i c-s Per Capita Per Day )

Sm-nc-c’. State-s TA-al
Basin Locatioc-c- Service

Own erc - -c - , in C -c - c - rc a . Cc - I .  N . J .  N . Y .  Pc -nc -c . Are-a

I 3 c c - c - i c - ?  Wate-c 11-9 111 100 69 88
In Basir. - 117 120 105 100 112

c - i P u b l ic  - 127 137 137 112 1215
- 103 89 89 ‘ 65 8cr

3 c c -  c -c -’ bc -s i n 1149 ‘(6 90 6-9 - . 7 80

Pc-A -ic-’ - 71 53 102 2) 915
. 1 P c - - i -s-ate 1)49 105 89 52 84 66

c c- 3 c - c ’ f c - c - c -  ‘tI- c - sc - c - ’  152 182 1214 150 A-7 2-5
c- nc - I c. Bc-s ic - c - - 182 138 166 A-c-n

P - bIle - 167 l-’c- Ic -’S Ic-i, Ic-C
Private - 257 1142 130 88 97

J o t  of Basin 170 - 123 * 150 ** 117 103
Public 109 - 123 * 151 ** 115 1145

~~~ P r i v cn te 118 - 123 * 120 1140 13-11

Oct a l
Icc - b c - c - I n  - Ic - Ic- 125 1145 1-3 10,5,
O’c-t of Basin 150 715- 113 * 136 ** 103 130

PuA- I-:  1. f ,‘ 15° 11- - 117 155 1-—?
F-r i  -sate 1.2n 175 107 57 80 93

‘Ic-arc -c-i Ic-tat .152 158 115 l3ic - 1142 13?

+ See I- A- ,I * se-e- Table 2

~~ I c - c l c -  nc - c - ‘ac -c e s t i m a t e d  2 , 1400 ,000 pe r s .c -ns  in New bc -c-k C i ty  served by
publ ic suc-p ly by the A -v e r s i on  of 350 nrgd fr c - - c - c c - t he -  Delaware I— in.
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15cP1, i , nn,l 10, 1 1I25 ’.A-. m c -’ P .c - l I l A -P A L 1, -A -n ’  2111 In 1
11 n B — I -  Oh

b y S c - c -- i c - c - , Dc-c - ic -, I n- L A-n, ‘c-c-s -cl
,- n c - , . n : i l n -. v’c-c- ” i , cc c- c- ‘A-

(T i c - c - c -  scc -r . Ic- rn )

3 ic - c - c - ’ 1 3 , : , - -

I c - c c - c’ O n  -, ‘c- c-
_____ 

I i ,  ‘ n - 0, 17 c-c- -
‘

i n ’ ,. , : ‘, n n , c - c - ”  7 , “i~c-~~~( i 9 c -’ .3  - i .’ . - “ 3 c . 5  c- ’ . 2 - u , c - 7 7 , 3
I ,  1 7 c c - i  , “ . 3  1 - - c- , ” i d A - I c -  c- c - . ’ (5 ,  , ;

~

F - n I , . I s ’  1, 1  i c - - n .y 1,01 1. A-. ~~. A- -

1- c- - c - c - c- 1 2 . - -
C c -  ~ 1’ c-c- . ’ ~~~~~~~~~ - n ’ . 3 3  y9, ., r ’ . .’ C 2(8 .

P . - I A - - , ’ I c - c- ,,~ u.S  5.-S 0 i ,” .5 : 7 n , . ,
i c - ’ , - i , t c -, 2 .8  O n ? , ?  ) 1~.)  ‘ 1 . ”

S - c - c - c - s - c -  - ‘ a c - C c- 1. lt ~, - , , I I’ll , - c - ’ L, 7  c- c - c - n c -  I ) n , c- 1 111 . 7 Lc-

i - s - n .  ‘7 1-0 . - 3P 7 .1  i . S .o  : 0 ’ - ’ . ’ ‘ h - .: I 5 : .c 1.1
3 hO c-’ ° 5 c - . i - P . O .13?- , )  , 5  , , ‘ .11 11.3

P c I - i n n ’s ’, ‘Ic- 0 2 .0 0 S a l ,  ‘ 1 , 0 5 ( ,
Ic-i I’ l i - s l ’ , ’ i i - - i , ’ ‘ ) ( . I  1. 1 0 c-I’ , - - .1

2 -c - : ’ , ,  1 - - c - - - ’ , ? I30 ”  3 . 9 o -o - , ‘ic - , ’ - . 5

1c-~ ‘ V :, ’ ’ - , ‘ .m- c-~~~, 12 0 i ” - . - ~1

Is- ta~
c-I . , ‘L . - _ ‘

c- ,~~ - 1 - . ’ ,, - . ‘ 
- 

‘ - .

H’’ ,’’ . - .~ c-~ 

~ 

c-s ‘ . 0

I _ i , I ’ ,’ i I ~ ‘ , ‘‘ ‘c - . -__ - ’ . ~~~~~~~ - 
I

- ’- . ~~~~~~~ - 
‘ ( 

‘

Pc - - c- c , n c- ‘c - . 
- n - , I , - . 

~~ , ‘ - . ., , , . ‘ ‘ , -

O s- nc - n: I oh 1 - ’ ~~~. “1, -I A - u . S  22.’- . ’- ’c- - c - c -  ‘ ‘ ~- I ’ ,,  - - I ” . ,

D . c-” n~c- c: . h i n ’ ’ , O ’ c - ; ? . ”.D C , c- .. ’ , s e c - n c - c c- ‘ n I - ’ c - .~ u s - i , :’. ’ - ‘ c - , - ,

t c  ,n - - “ - c - ‘i 0.” :5~ - c - a  ‘ : , ‘- ‘ ~‘- , - m - c -, ’ ‘ u - -

- -‘ i ” I , c- ’i) .~~ ,,-,c- 0c- t’rc - i , oun Oc-’ r, ’ y , ‘. , r . , c-r n c - ’ n ,, c- , ‘.. ‘ ‘ ,~~ . : ‘, , . ‘ -

~ , , , n ’, c - n  , i c n ’ n ’ ,, n- ,c - ‘.;. I ’ c-Ci p c - c’s-c an s c - c ’, , - ’ ‘c c - i t S , . -, -. 
- ,  

- - 
-

- ~~~~~ 
: .  ‘ r , ’~ c - l i - s c - c -  c - I c - ’ ;  c - i , , . a . , -

- , ,- ‘ I I 0,~ , I - c-~ . nc -t’i ’c~ n~,’ — i c - r i  ~~‘ . c- , , -

— 
“ 

.—.‘ ~~~~~~~~ 
c- , ,.
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‘i~~ ‘05 ic-I M1.11 1 ’A-Pl, WAI ’Ei ’ , 1 JPP LUc -O
SIC- -R1-1~ I01b]~

By S c - n c - c - n c - -, Basin  Ln .- ’c- t i  rn , c-si OV’ c- c- r .s sc - I p
Ann ual A ’s -c -c - c - s- c - f ’c-r ‘I 9 ’s-5

( 1.1110 1-c - -c - , A-l t ..,- : , c - Pc-i- In c -c - )

S . c - c - c e  Sub-E- e~~1on s

h as- c -n L - c - c - c - t i , c - n

c- n . m - nc - I n A F- C D E F U H

ntro ucc- .n Water ol’ .ô 20. 0  .0 3.0 09. nc ‘( . 2  .- , -1 .15
Ic-n B as in  0, c- 0 . 11  25.7 0.5 c-I-o .5 ‘( . . ‘ .5  i., .E

P’~l l l c -  11. 3 0 . 1  17 .5 . 0 55 , , ,. ,c - . 2 . - l J . c-

~~ j v n .n t e  0.1 0 c- . .2 . -c - I - . . ” i .1’ 3. - 11 .3
-Ju t of Fcc-In 010 .0 200 ’ 11.3 2 .5  0 . 3  0 2~ c-c - “ .0

P:c-111c l I c - , - c -  13, -c- - .‘. ‘3m- 0 0. ’ , 15. 4
Fe -I ’s-c-t a ,. - ‘YL. , 7.1 , .3  i . c -  — 0 2 . .~ 5 . 1 5

S .c -A - c c -  W a t e r  l- . .’i. 3 77.,- 57.0 c- ’ .1 i-c- hI .9 A - . ° 37 . . 6.5
icc - i c - n m  0 2.c~~~ ” .1 2 n c - . l  008 .9 21.3 I n . ’]

0 2 . ” - -.1 2no. 1  c-1,-? . -~ 2 5 .6-  l l . c -  1.7
Pc’ : s a t e  0 0 5.0 0 -uu.5 7 .7 10.3 0

Dn a ’ of has- i c - n 1 . 1 c - , . k ‘0c- .~ , ‘ .7 0 0 0 151 5.”-
E , n  II  1 -09 . 1*  30 .1 004 0 0 0 1-c- . 5. ’s
FrI’ s -c -to it.2~ , c - 3  c - c -  0 0 0 1. 0

1:, -“c-c- n f l  ( ‘3 ,’ , 2. 15 .8 2c- . - 5,18.14 c - 0 .5  21.1 J - .3
0 c - c -. of s--c- in ic0.t:, . ’*  ,

~~ c- .5 1. 2 . 5  0 . 3  0 18.5 2 7 . ’-

p c - c - I c - - c - ’  1~ n ,c- c - s . ) 4  4 5 c - -  “ . 23.13 n ’ ( . c- 20 . -n 28. 6) .0
I - c - i  ‘ - c - c -  7 c - c - , 5  7 1, - n 1 1 . ’ 0.3  ts-0 .8 12. 1 1’ .9 5.7

ic- nc -, ’.? 1- c- c- i 110113.9 iA - . c -  S i . - c - A - I  5th. ( 140.5 l+ 5 . t c -  c- O .1

+ See Tatc - 1e .1
See I’- c - t , I  e -u

- , . . , .  ~~~. .
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DES. CAPITA 000I1 1JMP’i’lOU i ’lL 1, 1 ’ ‘5c- ‘ /5,5.

SUb -FEGIObS ’~
By Source , Basin bocatic’i ’ a , ac - nd Ovc~€n r c - c - n c - lp

Annual A-s-crc-c-Ic- f-c-r 1945

(Gallons Per Cajc-ita Pc-. c - - hI’ny)

S .c - c nc - ’oe Sub-Se , ’ I ,c,c-
Basic -n bc-sc-at ion

C c - c - c - e e c - h ip Ic- B C I) E F II, H

‘3rci. c - c - c - d  Water  78 10~ 132 87 113 8n 75 99
Ic -i BasIn 48 10-1- iA- ’  (‘9 111- 86 82 11+3

P c - a c - h i - c - -  100’ 100 1.c- 3 5r , 121. 105 115
P r iv a t e  18 - U ’., 5’) 83 77 -

~~~~ 
Sc-

Out of Basin 78 103 91 a) .2, - ,,3  5.

Pn c- ’c-lic c-,~’: 9? - I .~c -48 - c-B c-c-- c-c -

Pc- i c- c -C e- 1c-2 107 8~ - - 6’~ ‘ c-l

Soc-Ic-ce  I -0 c -te -r  ~~~ l°’7 1)47 155 101 17c- 2 123 lI~5
Ic ,  Basin - 245 1+7 155 l.~ ~~~ I I -  227’

P c - n. ic-c - 2-~5 . 1 1 - 7  J 5~ l’s? ,c-’c- ( 115 22c-
P r i — .-a te- - - 211) - 8’~ 257 1163- -

Out of Basin 10-, * 25 i c - c -  - - - 133 lo lA-
P ’c - ’L l i c  .11u. 5 * 135 105 - - - 13-c- I
P r i v a t e  5, 

- 
* 1’- - , 231 - - - 101 -

0 c-Cal
Ic . F - a c - I c .  c - c - S 2 3±  I- c-nc- 151 1141 152 107 15
O at  f c- ac-in 131 * 120. U ’i 89 c--c- 3 - 110 11

Pub l ic  Ic -C) l2~ 25 153 155 158 Ic-I  il-Ic-
Pr ivate 13-4 13. c- 125 8 . 83 jc ’c-1 95 151

bras-i To tal 131 130 142 ]c-n c- ., 101 152 110 110

~ See T:n n . le I
* See Table 14
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~‘ec ,-rao n c - I c :.tI  lcca t i -c -c , ,  c-~c - c - e;’ . . n . i p ac -ad c-o ..~r cc-  . , f s a p c - , Iy . : r c - c -:.u or
s - n c - c - f a c e ) .  Ic-l ies 2 c-cod 5 i e t : c - i 1  toe sc-cc-c-c rc-ot e- , ” - r i c -  - I c-c-c r a c t  c-A -. c-rc-t er
c - c - n e - .  Tables and 6 pre seca t t ic-c data f n n r  per cc -c - c- ISa c’,, c - .c - c - c-raIc-c-c - IOr ’.
f c - r  eri ch of tc - : e -  c rc-cc-c- cate,n lnc-rc-les . Tic-c-se tables and Plc-c-re 2 nrc-cc -cot

s - I c - e  -,i’c-t”, c -A - l is a t i ne ’ Delaware River  Service Area fa r  1)55.

“3 .  .3s - c ” ; i c,’c- Area T:.e t ,c-ta l  p - c - p n i a . t i -c- : sc - -r ’s-ec-.i ’c-y t :,e-

cc - c - .:c - iI c I c - c - I . cc - a t -  c- c - n c - n :  Iv c - s c -  t e c - cc - c -  in  t: ,e U n i t e - c -  States in 11955 was
115 - - c- . c- c c - ’c - .” c - c - a ac- . 1151:; represented a total rcc- .nrc-icipa l water

cc - -: .c- ns-cj c--’. I . I c - I l  a c - t i c - i  t ’ .- c-.c- c- is -d - ,r - t r l c - c -  served by c’c-n. c - c’. icipai  water
c-cIsc-tea .::, 0 1c-.l SIl lion ‘p d , or tcc-e ec-;olv :.c- l c - -c, t c-f 1~5, Gallons per
day . I Fr c-cc- Tab les 1, 2 and 3, the c rrespcc-c-dic’n c-C fni ’orec- for tic-e-
De],,o;’..;c-’,r’c-c- P1 ’s-nc-c - ‘ c- c - -s I n s - c -  c-I c- c-c - i c-re 20.-+ c - c - c h i l i-c - :’, cc- cr c -c -nc-as served
a t ,ns - c - c - i  01’ 

. . 1. n . 1 1 I I  ‘ : - , or a Ic-er c-c-pi t :  ccc - as c - c - ’ r cp t ic o  of 22
toc-d . This -.; .,,J 1c- Jh ~’ , c-c- c ‘ c- ’, ‘, : , e ’ Sc - c - ’ s i ce Arc --a cont c - xc - c - , c -  18% of

s - cc -c- c - c - c - t i  , n , ic- ) c - c - p c - n c - n  ‘ ci . -c -c ’s-c-n i c - c - ’ c-c- S c - I c - I c - nc-i ‘~-c-c-cr supply systerc-s
ac -c-? c - c - c - c c - n c - n e c -  I . (‘

~ o.c-’ t I n e  c - ,  c - c c -i cc . ,c -cc - i cipal c--c ’c c . . r ,- , c - c - c -  c - cc - c - c - I c - c - ,  - ,,f the

cc- ,,, c-r  . 7 c c -  c- ’c-c-c- ’c-~ c-c- c-c- .c- less ti c-c- , i% , f  Cc-c-c c- I c- , -rap. :C c- c- rc -s~ ‘c- f
s - c - c  ‘J :n I Cc-c-i lOcates .  Toe n c - c - c- c - n c - c -  i ta -:c - - c -~. c-,c-s.p t i c - c, fcr  s - b e  c-c-r e-a

15 9-~ % of t ine  f i n -c -re  A-’ toe ’  c n c - , n c , t r c -  as a c -n A-c- .

1’-~. Owners :0’cn , c-i c - s - c -  I . c- “c ..c cn - c -’c- Ioc - c -  ac-c- c-n c - : , c - ie  c-c-rc-
a-s-a c-lIable on ly c - ’ r :.n i a c - . ’c - c 1 3 c - c -l ~‘ a c -  S . c - c -  11cc- . c - c r v i c c -c-j pcjc-,alati-ccc-s

c- f 2 5 ,  . , -cc-’ cc - c -c -c-c’ . I Oio I c - c -  3 . - c - I s  of Sac - sc -  c- ota , appr’c-cc-ircc-atei~s

31% c - f  t ine r , a t i c c - , a I, po - p c - i : n ’~c - a c r - c - c- c c - c - e d  ic- -c- :c - c - c - r ,”c- I c - ’Ipal systems
is .;er ~ e . c icy p~.bI ic 1y c- -c- ~. . 

. .. .c- . ‘ ‘ c-c -n . 1- ct’ 1, 101>- c - c - c - c - e d  c ’ nc - ,p I:c-c-
sc-r ae cc-c--c- .rc t ic - ac - c -  Ic-c- . c-c -nc -A -h oc- of C - c -

‘ , t n ,1 : - c -  nA-lIon icc- tic-c
Sc-c-s-Ice Area , c-itO 2.:, b I l l i on . rc--c , T i n i c -  c-”o~c - c - c - c - c c - t s  511% of

c- , c c - . c - I a h i c - c c -  c c , c - c - c - c - ’s - e-d c-n .h -5lnc -% ‘ .1 t :,c- c-aCer c - se , or t n . c -  c-c-c-ce
as s -n .e  c - c - c - t i - c - n c - I  avrc- r c-n . c - .

‘(5 .  D c - c - c - a  i’ nc - .r c - c - - c s  c - f  c-n c -p c - I c - :  c-. rc -  a lso c-c-t’,’c-i11c - ’nl iS-
only f-c - n- c-s- ic ipal ‘c-c-Icr supp lies ser’~” i c -’,c-: p. - c-~c- n 1c - c - s -1 . n - ,c c-I
2 5 , 2nD a- c-c c” c - .  O ’ c - ’ isn a l ly ,  c-cpp r c - c - c - i r :c - a t c - ly  75% of toe population

er-s-cc- ic-nc -’ a.’.,c , ic ,’lr-’i i c-c- a c’;’.1 ’s c-cc ,‘t1ii z ~ c-:-srf :,cc -s- c-s .c-rccc - ..’ , c--nn .c’rc-ac-

in tn c - - -
c-

’,-rv’I - c -e ..0 c - ea 7 -1 . r l6- mII.A-on j’,c- ’i ie , n - c c- c - i - f n n c - -. s -cc - c-n ’ .

‘6. tA-c pc-c-tIer:: ‘.1’ rn .c - c.i c l pal ,-:ater in ti1e 5cr- Icc-

~‘.c-ea i n n  s imi la r  to - t n .c- ‘n c - t i  “ - ‘c-I. p c - c - t t e r : .  as nc - l c - -, wn ic - i t he

F f c - r e - a In~ p’cr’i. ’ rapnc -s . 5, I., I c - t o r e - c - t i c - ,  ‘ to n .  I c  t - , nn t tl1e

4 ‘I. ’
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popula s- I c - c - c - c - - e - c - ”s - I c - c e c by m u n i c I pal wa ter  s c -u  111 ca st e -c -n c-c- is. s - ic - c -  lies-c l nc-c e
Area rep resec c - t  c-c- I. ~ c’ ox c - h ccnoc - te ic - ’  95% of Ic-ne total SC m la t I  c -nc. of ‘I.e c c - c - c-c- ,
wherea s s- cc-c na’ s -i cc -ao l  average is abou t  ‘‘11% . T1. I c - c -  c - - c c - c - c - - be  c - c - t s - c - I b c - s - c - c -? Sc-c-
the hi gher de c-Ic-ce of u r b a n i z a t i o n  of  s-he  P er ’ s-ice  Are -a  c- s -c - c r c - c - pa r c - i  to
the  n a t i o n  as a vI’c-o I.e .

77. Ic - .  and Dc -a s- of Bas in  I c - c - c - c -t v - cA - c- ~c- s- ’ s- c-- , of tic-c-

1’:-1’.c - I - n ’t Ion  serve  i c - - A - t i c - I n  s -c - nc -  5cc-c- I cc- Ac - c - -- 1 i’ .’e ‘c - I  t h in  the i c - c - s c - c -’.. Icc-c-

vc -luc -c -c- e- of c-.ater c - s e - i by this s--apulatiosn c- ep -c - e c -eoc-~ n 2 %  of
Tic- is i s  a ~e- r c- ’ n~~I t a  o c n s c a : : c - p t : a r n  in% hi ,c- i c - e c -  t 1nc-r fl, Cr :  s - l o t  ~ c- .c- P c - .  DI

t i c - c -  Sec -- s- I s - c - c -- Area o u t s h l e  t ine  ic - c - s i n .

7-66- . T I-c-e T ’-op u i at i -c co se-r’s -e-. i by ~ r o u sc- ’i waters c - - I  t h i n  s- l-.e s a c - i n
ac-c-I in the Service Area adj ace - cn t  t i c -cc -etc .  each ce-1 .re- se-c-,t 22% of s - c , e-
s- c- t a l c -  ic-c- c-a -s - cc - area . ‘I he r i vatel y .c- wrne - c - i  w a s - c c -- c - c -i’) IA-es sec-c l cc crc -c--
f i f t h  -c- i’ t ic-c po p u l a t i o n  w i t h i n  the bas in  ac - c - -i ‘o s c - e - f l f s - h  icc- t c ’.e area

a i j a o c e -r c - t  to the basirc - . Fc-c-ese fi.tuc-es include tic-c- Dew Ti’s-- c-k, City as.

n o r t h e r n  Dew Jersey su pp l i e s  present ly  dii .’e-c-teci Ic-c-a. b a s i c - c -  c-a s-es’s as
‘c -u t of b a s i n  a r eas .  This  is explained i n  the f c , t c , c - t e s  to Tables 1 - 6 .

79. l lt a t es  The f o l l o w i n g  table s c - c - c - w i c c - C  t he  u e c - c e c’ c-a ce- cc - f
the p o p u l a t i o n  served a c-c-d tic-c- p e-c-centa ’le  of water c-se , nc- e-cc-c- c- saz t r a t e S

tha t lie -c -  Yo rk  is the  major  user  of water :n t ic - c -  Sec - -s -ice A rea .
T a b l e  2 shows that 1-lew York .  u t i l ise s  cnly  33% of cr c - ce -  ‘c-cc- c -c c - s  c-el
from the ba sin W }c -e c-’n the New York  C i ty  d i v e r s i on  c-f 350 c-n ’.c- ~I’-:r 1975)
is added to the b as in  t ot a l  of abc :;t  7- 1-C c - c - G o.

St:rte Pars-ion of Percens-coce of Pc-c- ‘c - c rc-Ce of

Service  Are a P’c~. l a s - i c - c - ,  O c r ’ s - c c  ‘.-,“.~‘ v c ’ ‘I . e

- C - c - c - s e -. .’ 0.1 cc .c-t 2 3
D c - i c - c - o r e  1 2
ICc-c-’ jec-c-es 215- 22
lIeu ‘c o r k  51 52
P e: , c - c v l v a n i c n  21 21

Tota l  1015% I, .

80. Per ‘cc - c l ” ' , cons ac - n i t ion vrir ’ ec- between s-i.e nc - s- I. e-s
C r c - c - n. a low of 115 ~ p- c in l ie -u Jerse ’c- Inc- ’. h i Gh  -,, 1’ l5c- -T i c  A- Dc-Icc-c-c-c-re.
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REPORT ON THE COMPREHENSIVE SURVE Y OF THE WATER RESOURCES OF
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-; ‘ : . ‘ c. ‘. ‘ ‘ ‘ “ c- c- ’ n c- n c - c -  - ‘ ‘ -c- n ’ ‘ ‘ - - ‘h e  I- is :

‘- ‘ n c - c - S  c- c- c - c - -, -
‘ ~- r’n ‘

, - ‘rn .:’ c - ” -~’c-;c 5 ’ ’ - ‘ “  .- fs -’ :.. , -e-

- c - -  A-.. -c -  F- c- “ c - l i e n ,  ‘ ., ‘ . - c - c - c - s - c - , c - c -  -

c-c- c - a c - c c -n , — - ,c- c: . -c- - -

n , - : , . c - l t a c -  c - , s  ‘ c”c-~. . ~~n e c - ’. E ’ - ‘  -

c- c - c ’ c - n ’ , A (11€ 
~~

- ‘, I -c. . lc-’~~.c’ s - ’ c- , j ’ I n ”  ‘ c c -  - 
- 

c - c -  1. A - c -A - _ c-
rc -c - c-c-, c c - e n-c - ’c- . c-~ . r c - c - - I c -  = ‘ F- - s e t ’  ‘ ‘- c-r c - n  A - c -
i c-c-- nc -  c- c - c-’ . 

- 

~ c-c- ‘ c - c - - c - - s  n’
~~ — -

c - s c - c-A -’ -coy  , , .~~~~
“ - .e,n c-. I -‘ , — ‘ c - c - ’ . :

( S c - ,~~c - c -e c - ”. - . ~ _ c - c - s  C s-c-s 0 c c - c - c ’ S ‘ :€ S s - c - c - c -’ 5 , ””c -~~
.5 5 c c - F  c-n.~ - ‘ cc-”c-s ’ _ c’ c- G ” ” . ~~~F

c- c - c - c - n c - c - c -: c - c - ,  ~~ c’ c-r c-’c- ;5 c- sc -nc .

s-~- . ~~~ c ’ c,s .. - 
‘
~~~~~, c-~~’~~’ . - , r -  ‘

, ‘ C n c -  5S”~~ ~c ’ :c - r
c c - ’  c- s’~ s- nc- cc- c-s ‘ ‘ ‘

~~~ n- , . - ‘ “'c -
S c - c - c -c- £~,i, ,s- - ‘ Lc- 1 & n 1 , . n~~

I 
cc- ~ ‘ , ‘ c -“ i, ,c- c-- - I, a C

s - c - -c- c - ’ c -c-c- , a , ec- ’ S - n  - c - c - ’,, n ” ,..‘ S , , c -  ic ’o’ nc-Ea c-r ‘ - c - s - - s - c- , .. c - c -
- 

- ‘ I ‘c - c - c - e l  - c- s c- ‘ “ ‘ c-c- ‘ ‘ c ”
c - c -c- : : ’ ‘c-nc - ac- s- i’. . - - - .5 -- - ‘ -c-- - - s - c - , . , I c - - c - ’
c - s e  c- c-c-- sec ’s- I,,, ‘‘c-’ - 

,
~~‘ r ,  c-c- c - - “ c-’~~~’ , A - c c -  -

— . ‘ - - c-’ s c - c -  ~ ‘ - , ~
- , ‘ c- b c o c - c -  a . a

‘Ic-c- c-n , , - a c - r  c-- ct . c-c ~, - o c
c - c - c- . pc- I c-c’ ’. ~~- - ‘ c- .- -, c - , c -- . - . c-
c- ’ I c - c - - c ‘ 5 . .: ~~~~~ 
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P c - a c - i c e  Area , the wa te r  use of c-sore than  2 .5  h il i i,i,c-c-n gpd ~~ ves:~~ c- pc~r cap ita
‘o cc - su r s a p t i o r c -  of approximately 132 op-~~ The per capita water use

w I t i c - t c’c- tic -c- bas in  averages approximate ’y the same as in the Service
Area s c - c - c - A - in c - c - nt  to the b a s i n .  Tin e ca i eg cc -r=, - w i t h  the 1.ii c-c -c -st  per ca~1,ta
c-c-sage c-is the ii’. b c - s i c - c -, pu ’c- 1A-,-11c- a c - c c - c - i, surf ace supplies; the one
sinowic c-g the lowest per capita usage is pc-ivately owned, o u t cnf ba~ ira,
c- r o u n d  wa te r  supplies . Gene ra l l i- , t ine :c.ore popc -la t ed  and more 

- -

l’aiphly industrializ e-I area s show c-c-ne ic - i ghc-r c-c-sage and  per cap i t a
occ c - su c - c -p t i on .  Th is  is to be expecte. .i c - i s - n  i c - c - c r c - c - s c - n i  use  of water ‘bfy
t i c- c -  gr eater s,, c - cc-:ber of occ-nrc -,er A - a l  a n s i  ic .A-striol establishments in
t c- .e larger c - D c - c - c - c - c - ni t  i e n s .
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l i -c-” ,, I - — . iN I ’ c - CJs:’,Ti c-c - l ~‘ c - c - I lc-; Ic-c- c-c- L A - ,

~ n o i1t~ Re - ’uc -c -ire. c - :c -cr ,~ -s

A- n c - c - c - c - I . ;.c-’ f : c - I . ,,c - 5 5 ’ c-i , .  c- ,00e , ; ac- c-c-c- Ic .  ~ c - c - i c:r’a nc- ,,t , :O is
:c-u, -i a r c -  - ‘ :“ c- c, c-~~rs~~~ c- , c - l I  ‘- ‘c-c-n 1 r 1 , r . t , c - c- c - C c -  5~~~~c - s -  ‘ c- os- ) A- c - j c - c - I i c - .  r elc ir ed
los s . c- n ~ t c - i c - ’~ s r i ac rc - c-c- ’s- , src - lc - ’  cocci’s a wn i :.: ,:as y c - ,  F or ,-, nc -, c cp tc ,

- c - s c -  c-c-c- so . . c - c - d  .i c - ’, :c -, ,c-n ; i1c-, -,, ct i c - c - C.~c- tric-s ,‘ ,,cc - .’:r:c-.n, s’c-c-,darc-i,c-

c - c - ss- . ’ r c -  n ~~c-.n , -~~id c c - , c-c-c-a n y  c - c c - p c - c - i c -, cc : : :c - s c - c -  i n .Oc - n t ,  ‘ a r c - s c - ., ‘ a c , -c - Se

- . rc -c- i icor c - c - -c- c c - IA - c - c -c- I sur~ i v .  C-n s- I c - c - “,c - s - r c - o  ~~~~~ cooling was -er  c- ’.eed
c- a c- . be c. f c - c - -  a c - c - s - n c - .~i_ CI , I c-I ; ’

-5 - 7-  Ccc- o i,’ir ,c t i c - c -’  ~c--c-oA - ’:sr s c - n p l c -  c - a r c-  - c- u-a t -:c- L’s ic - c - c c - c - C c - n y  I s
in . : n- -c- j ’

- c -~~~~~ c-r ’ a p c- c - s e s .  ‘the c- cc -l ia r s-n c - c - c -C . c - c - : ’ s :  c - c -  of s -h e  ac-c-cr are c-f

c-, ,.: 01’ ” nc - c - - c -  . , n c - r c - c -. , c , s - .  ‘Fh c- - c - c - s - I , nc - c c - i f c r c - . a  ‘ c - n c - c -s - c - s - - c -- ‘c- f cn co e rc -’rc- c -c - ’.d
I ’ , ‘ c - c - c -’. ) ‘ , c - c - i c - ” l j , ,~ f .c-r - a i l c i g  pn~: ’ c - c - s c - c -c- , r, c-c- cc- t 15 i ,s c - - , - -’c-c- ’ c-~

‘C wa~ s- u c -~ -i c- l n , t t e  A- c - c - c - i s - o t t -c - a s , ca~’ t a s - i c - I~~~1y a c - c -- c - c -  1 cc-c- ” ,-’ Vs -c- i Cc-c-CS are
n c - c-c - - i c - -s i  - : ‘ a c - - ’c-” ,c -c - lc - c-’:_c- c- c - C c - c - S a r i’ , t c - c - s:’c f ’ :-s- , 5- ,’ : .  s i . ’, i z - c -  - c - n c - ’ fc - -nc -~ a st e r to
a - ‘ c - ’c -- at~~c- c ’ s - c - I n . ; c , . c I c -i rc-g t- nc -c - ei S c-i c- ,) . c - i c - c-’c- i - , - c - c - . j c - : . c- c-c- C :: c i t c - n c-c -c - s - c - - i .
iCc -c- ’- - st  arc- c- nc-c- . r c - c - c - . :  c - c - i c-i c - , - c- . I c - c - d c-c- c - c - i ,  , c - c - c -  c-c-c- ,c- ’c-ecs - ca c-c - c-ce c - - c - s d  f-cr
c- - .1 c - c -~~’ ~ c-’c- c - - ~~ c - e c-~~ c - c - i c - c - s  i r c - d c -,c - s t r  ic-s rc - -~o c - c - - cc-- i :c-c-:c-c-n’ c- :c-.’ :- ’ c- n t s  of Cc-- c 1cc-c- c- c-

c-a :  ‘ ‘c-’ ic - .c - ’7e ~~~~T - c - i l n c -  p- a r ,t a  ‘c - - c - c - CA - c - c -- ac c-c s c - c - :’ . to c- -c-ks c-dv c-,c- s-c-c-c c-- f
I :  . s-a ’-,’ c-c- ’f , cc- t- j . e s: c - : . p i y  . ‘ ‘ - c - s - c - c-- en c - o l as i g ec -~c- c - .pc - 1c - c -n ‘a i c -  ‘c - n c - pc -d aIly des crc-c-ed
f . : t a c -  use A- bc-s c-c- c - c -k i s l ,  - c- .”c - 1 . -c - c - ’ c - .

- Se-c - c c - - - c - sn . c - : c- . : A - - , i c - i t - i c-fl t o  t ic- c t c - c - s - s - c -’ c -ra t :are
ac-c- ‘ ,‘~~~ar,c- a . , - . i c - ’ c - : c -c- c - c - c - c -  c- ’ l , - , c - ” , - - , - c - c - ’ l  d c - - c- - c - F ’ , cc - c - - c - c 11cc - c - n s - c - c - h i  c-i’ s - c - c - i d  : : ‘c -nt
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,, 

- , ‘“ c - - -  ‘ -‘c - s - I  c-cr ‘cc-c - c - ic
d c - p c - c - i c - i cr . . ‘‘ . c - c - . c - -~~~ c-fl 0-0Cc- i c- n c-’ ‘ f l c - e c - c - c -. y c- : n~ , , c c - c - c -  c-rc - I c-- - . r c : si o n .
Inc rc c-~n c - i T ’ c - a - I , c-,S’ c - c -- .‘ f ’ Lc - c -’ ’ c -’ I r - n c -  c - c - c - I  ,:~~~‘:l :c-c- t , t1c - n  .,‘ce c - b c -  n c - cc - - , ’ . Ia

1 . c - c - ’ i n’ ’ac-. ’ ‘ - :~~~~ c - . cT , ’ ’ c - ’  ‘ c - c - c -  n - c- c - c - c - ’ . ”  ~~
‘ ‘ “ c - ’  e c- i c - n d  , ‘ o i i c - ’n~~.

.

~ 

~~~~~~~~ ‘~c ” ~ s- 
~~~~~~:~~~~~~~~~~ - — — c -  

~~~~~~~~~~~~~~~~~~~~~~~~~ , J



bc -c - - s - c - c - v e t ’, ic - c c - c - ne c ’ . 111 c- c- ’ of - - c - r i, , c- c- c- i c - b c- ide coc - .  C c - n t  “c- ic-a ’s-c- 150 ~c - c - i.5
m c - c - -  s - c - i  l A - c - c - ,  ( c - i c - c - c - )  in the  :‘c - c - l i n g  wate r  causes  c -c - r n c - p i i t et c ’r iora t ioc- ,
cc-f t ic - c -  c - ,  h a .

3cc- , P c - ’ , ‘ c - c - ,’ - Gec - ’,ers ’ l Pc -s-c --c-c-o s c-c- f e c - c - ,  r c i j c - i r e  c-cc-any standards
-of c - - u c - l i t c -, c - c - c - c - c ,  c- I c - c -nc- c -po t :  the  s p e ci f i c  req ui recn .ec - . c-c- s of the
s - c - c - n ’uf n c -’c C u r C r c - p ,  p rocess  c c - c - c - c - i the q .c - a ln i . t y  of Cc - c - c - p c - o s - i c - c s - .  hos t  ic-’c - - iu s t r i e s

c-’efer t c- c - se  s -c - f t  wa ter  i c c - st e -a d  of hard water , ,  11cc - c- -I water  is
u n s c - c - i t c -b l e  for  i , r oces se s  such as P l e a s - i n c - m g  of text i les , c- ac - c -fling of
peas , rc-’c -anufa ct ,c -re  of soap, electr’oplatin ,- , processing of c- c - c - i lk, ’
i .e-c reas in g  of w c -c-o l and t ann ing . For a larc-s-e s,ur c -c -ber of i n d u s t r i a l
A-’ccesses , it  is i c - ’cc- c- -nc c- ’t asa t, f-c r water tn c - ‘be f ree  of i r o n ;  f ar  example ,
bleaching , tar c-s, inn s -  and  c-s-any ‘ly e - in c -c- pc -accesses .  With  few e x c e p tio n s ,
water  u sed fo r  i ndus t r i a l  purposes should cc-ct c o n t a i n  excessive
amounts c-f o c - c - c - a n i c  matter , and should ‘be relativel y free of bacteria .
It is desirable to have a source of was - c - c - ’  which varies  l i t t le is - c -
character ; if this is ‘im i c-css f ’c -c - l c -, the extent of va riat ion should be
known . Arrangements can t hen  be made for forecasting these changes
or for -detc -ctinc-- the-s-c- s-.u ’Ickly, ac-c-d if poss ible, for ne-c-tralizic-c-g
their effects. Cha racteristics that are objectionable for 0cc-c- process
ma c-’ not be objectionable f -or anc-t’c-c-er .

90- . Process Re q - si re s -c -c -c - c -I c -s - Paper Inc-ustry In the paper
c-r.ac --A-ng industry , the o u a ic t ~,’ of c -he wa’s-er os i c-c c-porta c -’at .  Pc-per mA -ls
mak ing  newsprin t  and ‘bc- x c-c-ars i c-c-cay use .c-nt rc -a~~el w a t e r  if  it is
properl y screend or s e ’ s- i c - i  ‘so re -c-cove g r i t  and large p a r t i c l e s .
For high gra de paper , h cc-c-’c--.’er , process c-c - c - Cc-c- s- cc - st  meet more s t r i ngen t
re ou i r emec -c t s .  It should not ic-e hard . s i n s - c -  c a l c iu m  ac-cd. magnesium
c au s e  d i f f i c u l t y  in app . I ’ s i n g  s c - z e ; it  sho ,.ld c-c-ct c o n t a i n  i ron  c -nd
manganese  which c a u s e  d i s c o l o r at i o n  of p u l p  c - c - A -  caper ; St sc-c-ould be
c o l o r l e s s  and free fro st s c - s~~ec - ’. I c - )  ma t t e r , A-c- sno, ,ld not co cA- a i m
as, excessive amcuns- of c - a c - c o n  d . o~ tde , i s -  shc -c - c- l - c - i c - c -  su b s t a n t i a ll y
s.e- ,.tral in reactoon; an,s A-. should he- as Cc -c -c - as p o sA -b l e  of arc -c-c-c-ic
m a t t e r  ac-cd b a c t e r i a .  Tra c-e-c- of o i l s  or C - a c - s  - c -re - o b ;e - s - t i o c c c -c-cle in
all cases , s ince  each s p e c - c - c -  f o rms  a sec-c-t - ‘n c - - c - n c - I c - r e - c c - ’  spcc t in  tic-c-
f cc -A - shed  paper .

91. P. ‘ess_ R e q c - i r e m e c - ’,s  - ‘I’ex c-c- c- , n , .  c - c - c - t r y  In t c - c - e  C cx t n Ic
i n d u s t r y  A-c- c s-n c -st i r s - p - c -c - s - c - c s -  r e c - u c - r e c -  e n , t s are  t c - , e  abc -c - sc -ce of c c-n- ic r ,
In ..rh i ’iity arc - i S c- p - c - c ,  i c - i  c-c c - c - c - i A - er, a c -c - i l in t ’  a ’ . c-- cc -nc - ‘ c - e  ‘c - c - ’  i c - c -c - sc - , 
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s- .ac -c-c-c-ar c -ese and ic- c - c - c -u s ,t ent . ‘la s-en’ c-ah i ’a .y r e n A - n ’ c - nc - c - cc -s-s c - f  c c- c- ’, cess
waters rerc’ c-’tc-d fcc - c- some industries are civen in  I c -L i e  7 .

92. Process Requ irements - Food In’b c-c- s t ry  For all food
and ‘s-eve -ra c e  pro- ducts , the c - a t e - n’ use - i  c c - c - s t  cc - c- es - the  s tan  c - so ni c- fo r
safe  -d . r i nkisc -g  water . An c--c - c - c - a l l  stas, .iarni of water  ‘c c - a h I t l c -- f or t .c-e-
food in d u s t r y  is  c-ct a w o r k ab l e  cc-ce . T a b l e  8 sc - c - c - c -c-s s-ic-C sp ec - Ic- St at Ions

of ‘src -a :c -I  c-a te .’- f a r  v a r i o u s  fcc -cd i n d u s t r i e s .  A Icc -c-’ i,ac-”d r,e-ss Is

imc-s--or ’san t  in  sc-s -c-c- fc-c-c-I i n i u s ’ c - c c-’ tes s c - c - h  as -c - ’ an .n Stq  cf  fec- s, sIc - c - c - e
l ’s. a Y f ’ e~ct s t, i . c - c -  c- ‘ e n .  c - c - ’ n ’ n , e ’ c - s, c - c - c - ,  1 ‘ n , e  m ac - c - C c - c s - c - r e -  of I c - c - arc - C some
carbonate-I beverac-es, sc - s - c - c - ‘ -‘ -c - - c - u s- es  C c c -  c - c -’e.- -c-’ I p Is - ’ c- s- Ic - c - c - c -  c-’ s-c- 11cc- .

I ce-  s-c-ac -c-’c-c-fa -’c-’a,c-re a IL sc -  requ I c e s  a A--,s- n i c - , c - c’a I c - c.- s,:-en.’,.

c - c - 3 .  B o i l e r  Crc - c-c - The - cc- c - sc - l t c  - ‘aA - c -c - ’c - c , -c-c-s ‘c - c - - c- ’ , fo r  boilers
op- e r os- c- -I  at  . n c - I’ cc-cent pressures. c - I s - i c -  cc -s - nc - c- in g c-’ eq - I  c-’c c- n , e , . c-c - c -  :‘or hIgi c-
pres c-  c -r e  i n -  A - c - c -~ c - .  A c - s - c-c - c - es -  su i s -c- cn c- n lc - f o r  h o l l e r  c - c e )  i. s cn .e ’ c-’ c-c - I - c - .  c -I l l
c-c-a t  c - l e t - c c - i t  s c-c-c-I s- s . c - c - c - b e - fo c - ’c -c -c - isc -g su ’b c - t a n  . c - c - e s . is c-os- -c-’ -crc-ccsic-’e c-c- c - c - .) ‘-c-Ill

resul t  in ne-i t i e r  p -r i cn . i nc-p sc-c- fo’c- c,- c - ic - ’c-r’ , b c - tess c- c - c c - t I c -p  s- ic-c ~ e c - I c -’: c-c-ions
f-c r bailer fee--i are se-i--tom o~ tc-A -n .’c -’ l c - w c- tho c- ’ c - r c - i f l c - I c -.1 ,c - r i f I ca s- i o r ,.
c- c- ~~r i O U 5  s-ce-tic -c-ic - of A-c-C-- C c - nc - e n s- ‘c-re c-se c- , in “ I  - , c- sc-p c - o c -’t,en. ,,- . - .

J c - s - . i n e - r c - r l i z c c - t f c c - c -  ‘c - c - c -i cc’ er’. ’t I c - c - c - , .

I c - c - a s - c - n c - c - -  *

c - b , I - es-ho-Jo A -se-s c- n c - ’ i c - c - s c- c - ’, s - c”l i sn ,e -, ief’,n ’, ’ e c - cc c c - I A - c - a s - I  c-s
I’c-c-r Wa s - c - c -’ “ e - n -, a i c - - e - c - s - e - ’, c- c - s s - c - c - c - c - c c - c - C  i c - a  c- .c- s’ c’ c - s  c - c - i  c c - a c- ic- l ic - cas -e c-
t o lerac-c-oes  ‘be’ .. n . . ’i ’ c - n , c - c h  s a t I s c- ’c - c -” tc -r i ,’ c e ” f . : r ’ c - c - a ’ , ”e c - s  not n .c - A - ’, n Ic- .
Cc - nc-c-e nc-icc-c-ce nc-f ‘nc ’ea tmc -c - cc - is - c - c - n e c - a  11~. ’ :‘c-;c - c -,c- I ‘c- ‘ ‘. 0 -c-c-c- c- s-ac-Se
rs-~c - e - c -i I~ c - a s - i  c- s. I c c - c - ~r i c - c ’  t i c - i c - c - c -  of ‘cc-c-a t - c- c - n , ’ c-f w a t e r  f c c -  s - c - c c - i  A- c-al
Wac - en’ s c - c -  l I e s  c - p I l l ,’ e :s -n1a ,’s- ‘c - c - c -i s- - I c -  - -c-ess c-c-c- era t - - e-’e c- re a cc -cc

‘,rea tc - , . c c - ,’, r ’ , r e soes  “ n , ’ ’ are  s~ e- c - c - if i - cc - lA-; s c - i C e d  c- ~- ~a c ’ s - 1 c c - i c - c -’
i c-c-c-i sc - cr c -al c--c -c-e s. The I n  c - c -  c - n - nc - c - c - t c - o c - c -s c- i ’  b-- c - ic - c - ’ Cc-c-c-c- c-as-er’ cnc - c . ,i cc- , - ic - in s-
Wa ’ c - c ’ a s - c -  exa c-c-q I c - s .  I c - , i ’,,, st r c - ,s- Ic-c- tc- ,e I ’ elac-a n ’e ‘ n ’c-n~~~I c- c - ‘. c’ea t c - c - i c - c - c ’
water in c-cc-a ny w a s - a , - ‘ I c -i c - ’. c- i. ’ up-ac -c c - , c - , e  1c- I ’ c- i i s l c a l  1 ‘ n c - c - C c - a c - c -  1’ ‘i .e ~l’c- c-c-

c- n i  the  rc - c - ,  c - c c - i c - - ac- c of the c - c - c - c - c - n’ . F i l s - r a t i o c - .  of wa c- er t . }c - rc -  c - c - cc  -c-c - c - n .  n 1,6

c - c - c - c - c to- re-c- n- -s-c- sc -nc - i l  ‘ac- c - c. -rita of tsr’s-c - sil t y . A- t i e water
carn a l . 1cc-ab le s - - ac - d c - -i i t t y  . sel c - s- .hic -c-g 1 c-’ c-’ ’ c - n e :  CI 1- c - a ” : I c - c - , .  Floc—C,n- c’cA- np

s- ic-c-c-c- i -nc -A- s are St i c - i  Ca r c- c-nc - c-pc-c-n. e c- f’ e c - .c -n ,e ,.nI, ’,rc -c - , c-c’ cc-s-cc- IA - c - i~ ‘c - c - l u )’ ,
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TABLE 7

l iAXL~fJM TOLERABLE C0NCEN ~~~ATI0NS OF VARIOUS CONSTITUENTS
IN INDUSTRIAL PROCESS WATER

Parts Per Mill ion

High Grade Low Grade Textile

Paper Paper Dyeing Tarc-n i,r,;

Turbidity 10 100 0.3-25 20

Color 5 25 5-70 bO-l00

Total Solids 200 500 200 - -

Total Har dness 100 200 0.50 50-500

(CaC O 3 )

Iron (Fe) 0.1 1.0 0.1-1.0 0.1-2.0

Manganese 0.05 0 . 5  0 .05-1.0 0.1-0.2

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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‘IIAC IJnI S

I - :A: ’III-:Uc - - I TQIJ’Ii’.AL-Lb COCCI’, , IL’b .sc-l’I ObC OF Vc-c-C ’:IO c-J It Cc -uIl ,IT 1T ’JL ’ClA -
I C WAThF, USED IC F OOl  c -CUbA - i -  Ill ~

P c - i ts Per A-illion

Washing f Cc- c-’ i , n . atc - d -b .c - cn c - f c - cc t c -r e  IIac-c-ic- i,s.c

Butter  ic-c -c - cc - ac - c: c-c -f Ice Ccisar.ic c- ’

i nrc - fd itc - 1  1 1 I I

C c - c - -c - c - ’  ( A . P . H , A .  u r c - i t c -*) 5 10 5 - 20

‘A - n c - c - C e  and 0-icr 0 0 0 0 0

Ic - c - c - c - .  and Ma c- c -c- ac - ce - s e 0 . 2  0 . 3  0 .  0 .2  0 .2

C h i c - - c - i c - i c - s  (c-s- c-c ci) 250 250 - - -

I-,, s - -c-b Dissolved
850 850 170-350 - 8~o,,c- , c - c- as

O r ’ ac-’c i c  1-iatter 0 0 - - 0

F luor ic -nc -  1 1 1 1

* parts  per mi l l ion  of p latinum equ ivalent

~~~~~ ----.-— -- --- —  ‘~~~~~~~~~ —-
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c-i -,

s c - c - c - b c - c - a c - i c  c - c - n . c -  c - c - cc - c -— nr c-c-n ’.’ ‘ I c c - n  be , s c - c - sc - c - c -c-cc-i ac - c - c - i  c - l i t c - c -c c-b c-c-c-a ’ s-e s - ’,
c - es- c - I ts - n p c-. rc- a ‘ c -c - c - ill-i set’l .i,c,c-t p recc - c - .i s - c -’ c- . A-.e c - i c - c  ‘Cc- c-c-c- ’ cc - as c - c -c-c-

cc - c - c - c - c - ’c -c -c. ,c - V e-.i by  se-i I c - c - c - c - c - ,t a c - c - I c - s c -  is ‘c c - c - c - c - c - c - 11, c c - c - c - c-c / c- i  c - c - ’-  fi c-c- c- c-c-, i c- c- s. .
‘l’he c - c - ac -- St c- nc - nc - c - ,  . - , n c - p u l ’ c - c -c - , t S  c - c - s c - c -  c - c - r e  c - i ,-c- c - a c - s . ,c - c - n’, a c-c-l i c c - c - .  c - a , ’ s .  C o l s - c -’ .

i c - c - c - A -c - c - c- ni a c- c - c c -’ 1.0 cc - A- A- A-. l c - arc cc - c -’-,,~ c - c - ’, c - c - - c - ., S I n , c- c - r e  - c-~ sJ recc-,”~’;e :

c-c- t c - c - c - n r  pro s - c - c - n c-

95 . 3-.. c, ’ s - c s . L c - ,. ’ Ex c - : c - sa lv e  as-,o~ c - c - s  of s- .c-c-c- le-c ”,cs-,is.

co c-cn c-’- -o c - n - i s , c h I e f l y  ‘n ic-e- s o lu c l e  i c c - c - c - c - o s - nc - c - s - c - c -, c - c - .I _ c - c”, . ’-, -c - ac -c -nb s c - I C c - c - e s  ci’
c c - I c - l u s t  ac- ’c- d c-cc-s o’n esi c -,c- s-c- -c-re c - c - c - n c - c -”,’c - l  c-c- -c-’ c - a r l c s s e A - c -c - c - i s - c - p  Ira c-ec -seS:

a , Ti ,e ac - ,. .I ’ s f o n  -c-f i c - I n c-c- c- c- n i s o l e  nc- sic- c- .c - s - ip i ’,s ’,es
“ - . s - i c - c - c - ’ c -  c- s c-n c * c - c -c-c- o,nnc - . e c-s , ’i ’ - , c-cc- n ’ n c - s i c - s c - c -  c - s c -  1. - s - I r a t e .

c - c - .  A-ce s-a sse s -c  of c-c-n c-c - er  c-. hc - o c - gh c- c-ce-c - of c c - c - i  c- c-c-.
:eoIi’.e c- c--c- - c - iccc -p es soc-A- c-c- f-o r - c c - c - I  c - i c - c - n. as .d s-c-c - c - c - nc - s i c - c - .,
.c-cc-s . l ice s c -A - f t c -  ‘ i s  rc. ccc ’ ar c-c -A-,elt -: It i c-  a r l n e .

c c ,  Des clne c’c-r i icz a s- ior a  re c - co’ c - cs  d i ssc c - l ’ c - e i  s-c-s-ner d s .
T i c - i s  involves s-ne use o f  ‘c-c- c - C c - n  ac-c l c - n c - o s - .
excic-ac-.s-e s- c - cc -a fu r a - c f i c c - i r c - g  s c-mc- ls r l= s - to s o d i u m
c - c - cc - I c - c - ne ,

c-I . Tic-c- a c- c - d c - c - c - s o c --a of c-nh : sc-c - c-’.es-e sa l ts  in ‘c-c- tress-c-ce-nt
a of’ ‘ic - c - c c i l e c - -  c e - c - i  ‘c -ac - c - c ” s - n ’ec -c - c - ’rA - c - c -’ ec- C c- c- c - calcium c - nc - c -

ma,s-c- ,esi-c- c-c-c- c,r c- c - ic - c -c-Inc a ‘c-s’,cc-’ of’ c-’e-c-’c-’ low ic-ar-Ic-c-sc- -

9a. Inc - c - l A-n.e I n ’coc-ss of sc- A- c-c- cc-p is c-iso effective in

I

c-c-cc -n,, -c-c-c-p iron and s- c -a c - - c -c- c-se frote wa”er , I c - ,  s o c - n.e  ‘i c --s tances , in c- ), I  cc-c-
c-aCes -s re -c --si re tc -’-ec -c- s - c - ’-’ ens- s’c-lely f o r  tic -c- c - ’em c -va l  c-cf i r o n  ac - c -  ma c c - i c - n e - s e.
s I c - c - ic cs -c-eas ,c - .’es sos -ic- as a c - c c - c - c - o n, a’ c - h  or w i t  c- c- c-c- se-d c- se-c --as- i -c - c - c -,
C c - l b s - w e - i  by f I l t r a t i o n  pr cc -~e e f f ’ e c - c - c - -e- bc-c- c-ftc- , ‘- c - -c - cn c-m~ licas-c-i
tc’c-atmenc-, i c ’ ”l c-ic - in ,’ c - c - i c -  c-se of -c - b c - c - c - cc - i c -, - 

i s  ‘c- ‘ n c - I  r e - c - c - c -.

r ’T c - c - n e -  cc-c-i li’I- ’c,r li.e c - a r c - e ec - c a n nc - f  c - c - s t e  c- c-c-c-i s-icc-’ c - c -
was -c -c’ is of c -, e ’ . ac-s - c--- sc-c-~ 1c - sh e , i  ‘cy ‘ac-ne trc -a ’ nc - , c’.c- processes sec--s rc-p ‘ ‘ n-cc

c - c - c -  ‘ c - c - s s-as-h c-s lime c-c- ‘s-c-c-c-np , c - n .c-.c-gc- .c-latio n . f c - l ’ r s i c -  i oc - c - c -. s c -’ - c - c - c - n’s- ’ I o c - c - .
F i l t r at l o r a  c- c-c-r c - c - g b  grc -c - c-’i . .ic- r c - a r t - a c - n  c-s c-c-ec- ” c-, cc- - ‘ c - c - t n  pow n e c - - e n ‘c - s -s - i c - a t e - c -
c-arPuc -c- is c-c- c-I c -A - CA - s - c c - ‘c-c- i ac - c - c - i  e c - ’ c- c- -c-’ ’ c - v ,:5 lI, for ‘ic-e rec-c-c-cc-’- ’c-c- I of ‘ c c - c - s t e
‘a- c - c -  c c - i c r .  0ic-ic-- r ,cn c- c- s -c -lie c- ‘s.c r - c - ’ e - ’ e - c - , ’ ‘ c-c -c-rows-h of c- a s ’ c- cc - c - - c - Sic - c - p
s i l l s -c  c - -s - c -’c-c- c - n lOc - c - c -c- i c - ,  s- ic-e ‘c- -c-A- er ci ’ s ’ r e  - ‘ ‘1 c c - s c -  -c- , . ~ ‘ ec-c-

- ‘c - 8 .  0 . - , . c-e s- s’s - - c-nc -c-- a , Oc - ’ ; c - t ’n.  c- c -c - c -  c - c -  ‘ c c - -c - ‘ ‘ r fee l
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.c-” c- l ’ e c - ’ c-A-’ s-” c - e c - c - ’-. ” .Q’ , n~~~~c c - e n - . nc - c- ‘ rc - - ’ c- ’ n ’,c - ’ ’ c-- c-c-” ’c ,”’ , ’ . -’c - - c - .5 ‘c- c - c - n c -~i , ,  c - - c - ,

c- ’n - ,- ’ ’ so i  1cc - c - c - c -’, -or c - c - ’  n— c- c - c - c - ”c-” c-i, c - ’,-’c- c-c- ‘c-- ’ c- Ic - - c - c - e l  ‘- c - c - c -. c- - c - c - c - s - c - :  I c- ’.e
c-c - c - i c - c -_ c - o n c c c ’ c- c - n c - - c - c - c - c -  s - - I c - ’ c -’ e c-a c - c c - c - c ’ s - c-c - ’  “ ‘ C s - c - c - ’-., “ f -- c - Sc-c- “ c -  r e ” ’. c - i c - c - ,,-
x’s c - n e c .

C ) .  ~- c - c - 1 e r  c-ee l c - c - -c - en’ I n c - c - - ran - I - c - - c-c- c - c - - C -c - ’  c -- C c - o i l e r  ‘ c- c--r i

was -cc - c - . :A-- .aes -c- cl -c -c- c- ’ . -c- c- c - c c - a -- Es c -er ,n n c - .c - c -’c - ”e sos-c-c-c- nc-en ‘a c-c
c-.rc-ce”.’ ‘ ic-e - c c - c - c - c - s n’ s - c - - c -. s-f sc-ale. Cc - e ec - - c - s - I c - c - c -  c - c - c - I ’ s - i c - i’c - s - c - c - c - -’ , c - ’ c - s ,

“ c c - n c - c - nc- c-c-s s ’ s - a c - n c-c-: c-s c-c-c-i I c - p r~c - c - c -s ~s- c - l e c ‘ ‘ c-se ‘c - Jc - n ’ e c -- .c - “- f -e r s ftc-c c - i

~ 
‘ ic-c- c-- c -- c - - ’ c s-ce s-n - c- i a ‘cc- c-c- c-c- ” cc - - c - c -c - c s , nn-~ e c - c - c-e - cc - -c - c - -i  n c-c-c - ’ c - ,Cc - ‘ ‘c-c-c-c- c- ’, ‘c- c-n c

1 .,c- c - c - c c - n. c-.

c- c- c-c- I c - c - 1.’ c - c - n c-c-c- S .

10~ .,c- c - c - c - Cl C c - s  s c - c - c - c - c - c e  wa - c- c- ‘ c c -. ‘ c - C b-c- a c - s - c - s c -c - ’  c - c - s n -  c - s “ s-c-

c-c -- c-- c - n c - i c - c - I  c - c -c-~ c - s -~~e - c - f  ‘s-as-er f - n  c c - a c - v  c - a - c c - c s’ r c - c -c - ) ,  ac-c- c - - i ’
s c - s - c - i . e - s  bo ’ic - ic - c - c - c - c - n c- ’rC e- s a c--c- I c-c- c- ’ - ,c - c- l c - c - ’ i c - c - c -’j . , s - i e - c -  , c -~ , ‘ for ’ c- c- e - c-,c c - c --c-s’A-

of “ ic - €c - I c- ’ ’-.”c - s ’ e c -  ‘Ic - c-c c-c- c-c-I ‘c- c-c-C ‘ i c - 5  - ‘ a c -- c- . c- c - nn i , C c - ” c - a s - c -. S c ’ s c-c- ..S’. c-’s-
?reqc-ec- c-s c - c - cc -- . c r c - s  ‘c-zc ’ er c - c - I  -a c c - - c - ’  ‘ . c- c-c- c- ic - c-Ic - c-c-’ “or c- - c-c- c cc - f ’ - c-c ‘c-c- c- c- :
I s - i c - c - - ’  s - s c - c - s c - C c - c - c -  c- c-c e ‘ c- c - a c - c - c - e n’,’ c-ne’ nc - c -c - c - c - - s -c -’ - c , c -  c- c - c -  n c -Y e -c -  c-c-ic -Ic-- ‘c - c -
c f A - t c - c - c -I c-” : c - r -c- c- , i c - - :e ‘‘c-c- c-- c - c -A-c ’ s cc ’ ‘ s-c- c- t~~~’c- r c - i . ’ . r c - i  If’ c - s - - I a ’ r ’ s

c- ‘no Cl: c-c-i Sc - c - c - c - - ic-c - ’- c - cc - c - , c-c-a ’ c-c- c-c -, c - c - ’ “ e a-ia ii ‘c - n I e c’ s - i f ’ . - c- I c- c- -

c- c- c - c - c - c - ’ i ’  y c-c ’s a - C c-c- c- c- s- -c - c - , cc- -c- c -  — I ‘I ’ ’c s-c-es- c- “ ‘ c - , c -  r y ‘ c-i c - c - -c-c-c- I

s-~~ ~ . c,c-Cc-, ,.,, ,ic-c- II A-cs “Ic- c- c - , - A- i  c - c - ’  c-c-c-c- wa-er ‘ n c - c - - c - c - c c -  nc -c
c - -c - S. c - a is ,‘Cc- er-c-c-,, f c-c-’c- .c - ’ c - c- . e n ” c-c-’ c-c-n c-c - la ’ ‘ c - c - c - c - c - I  sc - c - c -  ‘I-s-we -c- c-c- ’ ,
pc-~~1c - ’ c - c - c - c c -  of’ ‘c - c - c-c -c c - c - e n s  ‘ c -- c  c - c - ”e’c a o s  c-c- - c - cs - A - ’ c - s ,. “ ‘ , c . ,s’, c- c -es ‘s - I c - ,  c - n ,

c - c - c - c - ’ c-c- c-S e c-c -s c-c - c - c c - c - c - c - c - c - ;  c - c -  c - i c - i - -c- ’ .-- ’ c-c - c - I c-,c- r c - c - ”c - - -~ a - c - c  o- . c - c - a c - c -’ .
s e c - c - A - c - r d -S .c - c - c c - c -  ‘ c - c - n ‘-c-c- c - c - - c- etc - - c-se ’ , ’ a ’  c - c - - - c- ‘ ‘ c c - c - ’ . e “ a  c - n c - - . p c -c -c -ens-
‘. e c-’c-c - c - - c- ‘c- f c-c-c- ,-l , , - ‘, , ‘ - c - ’ - .~ lan c - c - - c - . - c - - c - c - ’  c - n c - c -  ‘- - ‘c - c - ’ S ’ P  c - -c --c- - ‘c- c-’ c- ’c-’c c-c-
c- c -ne t o w er  c - e s - c - c  ‘. n ‘ cc D a . e w c - c - s - e  S c - ’ ~r a  “S c - c - C , ‘ ‘ c- C 1’ c- ’~ , ‘ c - re - c- - c c - c - e n
‘cc-c- c - c -c - c -c - r A -ar -j c-~- - ai ’ y ‘ wc - ’ e c - -e , r  ‘ - c s  s-es-c - - - c-i. nc-f’s , s- c ’,)
s c - i t, ace  ‘tc -e c-c-c c -c- S c - -  - ‘ nr c - c -  n ec -c -c - n - C  c-i” ’ , - c- ’, -c , c  -F c - - - :c- ,c- c - ec - nc - ,’ c - c - c-i,

cc -f s , I i c -  Cr c - c - c - c - c - c -  i l - c - - c -  ‘ c- c - s c - c- c- c- ‘ c- c - c c - c - c - c - I  Fe ’ ’ c - a ’ . - F e - -c-
c - a’s r n c - c - ’ a c - i y  n c - c -  ‘C - c -~ ‘ ‘ -c- l a s - c - c - - n’ I s-cc-A- , ” _ ‘ c - n ,  - r~~ic- - c c ‘ - c- Icc - c - c-’s-c-sc-

l~~~ F C c -- c - i c - n e - c - c -F 1 . -c ‘ c - c - s c - s  c-c-’ c- c- - ‘i ” c - es , c - c -cc - , . ” . - c - c - c - i c - i c - d en c-c-’ . fo- ,,c-
c-c- c-C’~ s-s c-c-c-’ e - r c -  c - c - c - s - a nc - -c- c - - c - ne c - c - - ~eJ , w ‘ ~. c c c- c - sti - s ’ ” ’ ”,s , c c - c - e l  sd ’s .  A - c - c - se

~~~~ 

~~~stc--~c - ’ a c - - ’ ’ $ ‘  ‘~~~~~~‘ “ r ’ ’ c-’ -c - - ‘c- c- .,
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c - s - I c - c - ,  cc-ar c- , . .es -c- c- r c - c - ’. 5C c - c -  c~ ic-c-ic-c -c-, ‘c - c -.” c - c - , c-ic-c-c-os-c_ I . c-c-s--c-c-. ; tc - e s-c-c- fri c-T’ c- c-
I c. tc - .e i’c c-cc -p e fr’ ,c - c c - c - l s - c -. r _ s - c -.c- pj c-c-c- . .u’ c- c - . . ,.~c - i c - ’.c-:’ c - a c -. Eir ’~c- ; c- c - c - .u ’c- c~~. . c-c- c -c--c- ’

150 Ic-pc -c . c-c -c - c- ‘ c-I’ s , s -c-c-’c-,i. -c- c-. C c - i c -  lc- c-c-,c- ., s -  - - Lc- c -c -b a’,-, c-c-’e rc -’ c ’se r i , , c - c - n c - c  c- t c- p€~ ’

c-loaf a.c-’c- ’ c-c-c--c-c-c-y c-c-c- cs - cc - sI c - c - c - c-c - c- ’ ‘ , I’- ‘c-c-c-c- c -c - c -c r . I s-c-c- s c - . i n .ec - ’c- c -c-,

c - c - , c - , ’c - e c -’.t , C c - c - c - c - nc - . r c - c - a  s - .  cc- c-c- c - c - c -- c- , c - c - f - c - c ’ s -  - n c - c - ,; ‘ c- ,:’ , c -pc - a - ‘ n c - c - c - c -  Cc-. . ’ , s - c - ,
is teL ‘ c - t  c - c - s - c - s - c - c - a  is- ‘cc - pc- ic- - c - i , c -‘ - c c - c - c - c - .  - ‘ ‘n

’ -
‘ , -,,

c-ac-. c-t ilc -i zc-. c- ac - c -c - c - ’ n c-c-c- ’c- ’ i c a p  c - c - - n c ’’ , nc-c- ‘c - , , c- ,,c- . ‘ ‘ n c- c - c - c - c -, - c - c -  c--c - c - c -’ C- I ’ ‘ ‘ c - c-
3,-i, c. ic- ’cfli  Plc-er , arc- c- c-c -c - c-c - c- cr ’ n c- c-n , , a , . . c c - e  - c - , . ‘ c - I -  - c-c- ., c-cr c- , I t , .

c - c -, l c - , c-,c-’nc-i, c-c c - c - t e n t i c - c -  c - I c - c - . rc-c- i’ t , . c -,n ,  ‘ ‘ c-c- ‘ ‘c- c- c- c-c- s- ’ ‘ .e c-c-c-bc-c-ls-tc-d’e

Ri’s-cr bc -c- c - c - c - c - c - c - c-cc-per c-c- c- -c-c-al c-c-c-c- c-c-n , Il-c- A-, ‘ c- c- c-c - ‘‘ c- c-c- c-c- c-c-s-c-re
e c-’c- ’ec -c - s lve ‘, c-’ c-c- ’c -tr c -c -c -c-c -’ is c-’e,c- .c - I~ c- c- d c-c-c- ‘ s- . r S-c-c-’ ‘ re  ic -n

ec-c-c- be . c- ib i c -c -c- bc - c-c- any 1 c - , d ,-s ’,-i’Ies

i j .  ~~c - nn , c- c- . ’ c-~ ’c -c - c- ,rs- .I c- c - c- c-c-c-s ‘ ccc-c- p-er-at ,~rc--’ 
- I n ’. c- c-’ ’c-ic . t c - - c- c - t

in c-as-c- cr c-c-i n c - a t  c -c - ” c - s - c - c - i  1 c-’ - .. . ,‘ sor t ‘ c - c - .. Ic -nc -  ‘ - - c-c-c-es-c-c-c-c-s-c -c- . ‘n c - , e
water icc- c-c-nc - c - ic- c-i c-c- ..,- . ic -c- c- lc-arac-’ c- -r c-zs-c - n c  n , a c- c-a s-D c-al s- c - c - . r f ’c- ’c-i c- c- ’,;

temperat c-res c-.r c re - c -c - c-ned c-Ic - ’. .., c-c-nd Ac - c -c - c - c - , c-nd s-c-c-is-c-c-Ic-c-ac-ac -c-c- in
ac-c-d Fec- ru-cry. Ic-c-c- is-c- c-c-ic-e eic-’n.s - , ‘ c- nc-,r pc-r i c O  en Ic - s . c - c -I-ecc-c-c.ber - I 9~ 2 , s - c -’c

c-c-’aaXis-ic-c-c-c-c -tes-nr n c - r c - c - c -  c-re- c-b s-erv c -, a at IIc-c-c-c- c-c-u . c- -c -c -c -c- ‘ ‘F ,  , s - cc - r c-c .c - i c - c -  July ,
is -I c-’; c-s-c s- c-ic ,lc-c -c-n,,~c-c- c-f ‘c-2 ° F’ . , Y e - c c - s - c -  sc -n ira Ja.n - soy, I c - ’)�c- . 

‘ c-c-

s-cc-pc-rat-c -re re-c-os -c-led c-C I’t’ec-c- s-on i c - c r c - c r c - I c -,- c-itc-I.n 2°F. . f t ic-c
c-a s-es-. ‘ n ec - c - p c - c - -’ c- ’ s - , , rC  s-c-es: c-red dc - . ws-. ” c-re nc-,c-c-c - as - I s- ac- c c-c-c- ic-c-ok,

11’-.. c -c -c - c - iA -J t - s  The I ‘ - c - i ’  I .c- , l a - c-n c-c-” b iv e - ic  -c-s.d “ c - c - ” , ‘ c - n c - i  tidal
p.s-c- A - cc - c - c - of c - c - n .e  t r i b c - c’c - ’ -c-r i e  c - ,  c-hi .; ac’ ‘c-c- c-c-c-c- s ‘c- r c - c - ckI  - c - , . A-n e-re ic a
s-c-arc-s-ed ic-c-crease in sc-c-bin is-i s Ic- . c - c -.e c-abc, ..‘c-’ s ’csc-c- ‘ c - c - - I  ‘n c -c - l b  ,t a s - iec r  c- c-c - c - i c - c -c-

drls- periods-c-. bit s-ic c-c-r c-c s- .a~~f c - c - ce  c - c - s - e s -  ‘
,, c-se-i c - c - a c- c - c-rc-c c-c-

ic - - dc -c -s-n c - i  water c- . a rn-jc -ic- ’ ic -a t n , c -  c - c -’ ‘ tr-~. ‘ n c - . ‘ c - ’ ’ . a c - c -  pc-c-cr ’ -1’ s-ne S t -c ,

‘c- f Dc-ic-cc-c-crc-. Bc-s f- ti’ , c - c c - c -  ‘r ec -c -c-’ , ‘ pc-c-c ’ ‘ ‘ , - c c - c- c- ‘ -

‘used is, t ic -c - s c - o n - c - c - c r c - c -  p-art  cc-f c - c - c -  .l s- ”c- ’ - Is -‘ c-c - .  c - - s - c - c - c - a l ,. - ‘ c - c - c-

fr c-c-nc tic -c- tida l s c - c - ’ - -ac-c-c- is- ‘ n . e  cc -c - c-n c- c-c-r , p-c- c-’ ’ . c- c - c - ‘ ‘ - 
. 

- ‘n
’ .

arna,A-c” pc rc -ior c-f ’s- - c -  “ ‘ C aI, s ni’facc- c-’ , ’ - , a i c c- ’ , c- ‘ ‘s - c - ,
c-clay be c1c -~ c-ified. c-c a c - c - ’  - ‘ pc-s c- c - c - -s c - c - s c - - b c - c - c - c - ”  c - a-- - . s- c- I ’  ,

c-b’s-c-nc -- c -b c - c -c - Ic -c -i- eL y f- .r c ...Il i ’c- - ‘ ‘cc- . . ’ c - - ’ ’ c-’

ic-c-t C c - c - c - i c - c - c - c - s - s  - c - n  ,c- ’c - t c - c - c - c - ’’ c : . c-s--c-c ,c ,, ‘ : as-’c - n n. .,s-s-c-c-n c-c-nc-
f r-c-,c-cc- E cu . sc - — c - ’ ‘n rc-c- p c - c - - ‘ c- c - c - c - S I c -. ‘ , . ‘ ‘ c - c - ’  A-- ’ c-n-i’s-Ic-sc-c-c-c
c-f c-cI~c-c- 1, cc - I c - c - - c - - c - s - c -c- is, c- c - , i-c- i c-s-sc -’ . , ’ — _  . ‘ ,. ‘ . c - c -.c-’c - c - c - c-c- c - c - c-c - ,.c -c- c - _ ‘I’
s - n c - c -  P l c -c- c -cr  w’c- ic - c-r f’c-r rr”-cc -c - ss c - ac - c-f-ac’ - c-c- - c c - cc - Ic r fc-c-’~ ’c - hiffc-c’,,lt
Sc-c- ic - a’s. stnI ’s ’I c - c - c - c -~I I -cr C r ’  c- “/c -c- c- t i ’  ‘ c -s-A- , “s c-c- is -i ’ c - c - cr c - -
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c- ’c - ’ e ’c -’, c - e - c , c -‘ci ‘c - - i -wc.. 111 , 1 ,  ‘ c - c -  ,‘ ‘I c-es c-c- ‘c - c -  c - c - c - c - c c - s c - -r e - ‘ ‘ c - c - c - c - I c - c -  a c - c - c-

i c - c -  c - c ’ j , c-” c - c - I j ’  s - I ’ e ’ I l c - n , c ’ n . ’ A c - , I c-’c - c ’ . c - , ” c - c - , ’ c - c -n ’ i t”  c - c -’ sc - c - A- i c-c- ‘ c- c--

R c - c -c-- c-” c - c - c -c - c c - ’  I c - c - c reases  s - c - c - c -  ac - c , o , c - c - c - c -  of c c - c - n c -I c c - I c -  n c - c -c- c- c - s c  -t o , , “ c- . .c -s-n .e

‘.s -c- c-. e s - .  ‘ s - c - ’ I . ’ ,lS c-Ic-c- c- ’ , s - ac -c e ‘ n c - es - ,  c- c- Se -.i u s- ‘ n - .c- , . c- r l e :  s - ) ’c - , ’: c - i r e  c - c - s - C r

c - c - c e  cC c - c - e,c- c-, ’ c -c-. c- c - c - c - s - l e c - c - A - c rc - ic-s i’s - c c - n c - , ’ c - - c - n  I c - u s  o f ’  s I I s - , c - l t ’ j  I n ’s - c - S c - D c -- S

Lrc - ’l ,c - i e  t i c - c -  l a s - s s - c -  of ’  c - - c - - c - c - c - e n ’  Cr c- cc -n - c- S c - ,, c - c - . c- ’c- ’ .’i~~ c-c - I  c-c- c - c  - c A - e c -~ c- c - c - c - Tc - ’ cc - . c -c-

c - c -. ;- c-” c - c - ’c- ’ - ; l . C’  i c - c -  c - , c -
I s c- . . i c - s - O,1 _ ,~ c - R c - 1 c - c -,

c - c -  A-c- c-: Os- I , c - c - ,~~ c- . c -

st oc--c -p c- -b c - r i sc -p  bc -n c c - i c - c-

bc- s-c -c-, A i ” c- r c -e c - . c - c - r t ’ c c n  ci’ s-s .c fi ’c -c - :c - c - ‘s-”c- ’ c  c - ’ ic - c-. c-s-c- c- c- I - - c - c - c -  of’

Dc-Ic- c- c-c - s - c - is i s - n c -A - s - c - c - c - c - c - i c- c-’ c-’s-c-r c-n J c-c- . c - c - I c-p c-c- i ‘i’c - i c -’ c - c c - l u re - i  ‘c- c - c - I  ic-c-sc-
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I c - c - c - a c - c - s - c - ’  i . s-n l ic - c - c - s - c - c - c - c -c -1.1-c-c- Pc-c - n ’ i - c - c - . !  lc - c-’ee

1)13. In t r o c -i - t i  ‘ . In c-c-’ c - c - c - s i d e - c - i s - c -c-c s- i .e c - s , n c - c - ’ c - n I t n.a c-c- of i c - c --J c - c - st s - i a i

c-c-c - s-er s - c - c - c - l i e s, I t  is of interest  tc- c - c - t i c - c - c - a t e -  t i e  w c - c - tc -r  -c- cc- s- .sc-s-c-ptioc-
by s~~e c - . c - f : c  i c - c -  I c - as t s - c-i e s .  Several c - c - c - c - t h c - c - is - s - c - c - c - .  be ‘c -sec - i d.c do s - c - A - c -,

s c - c - i c -  a~ in s-c - s -c - s - s of U n i t s  c-f c- . r c -d c - c -ct  Ion , P c- c’ -Ic-liar va lue  a A-I c- ic- as -
L e n ’ c-c-c-c-l ic-see-. Pc-c r t1.nl c- s-c -pc -r t, es t in c - a c - d es  ‘n- f d c-c -c - wa s-e r  cc - sc -s c-c-’c-c-ic-ti on
c - c - c - a c--er ens -c -c -hove -c - b as is  were ~‘ c -ceper e-I  for each of t he  nc- s-o s- I c - ’i c - a s”c- :c - i e s
sc -ic -cc - s- ed. Data were not ava i lab le  to i n v e s t i” a t e-  the c-t i c - es -  c-c - .es -c -c-’c- ds at
t ic-c- t ic - c - ce c-f w r i t ’ln ’ o” . Thc-s resul ts  are sic-cwc -c- in Table 11. A coiuc -nc -c -c -
c - c - c - s-c - ic- c-c-c -the nc - c - a c -s-her c-f Ic-c - c - a n t s  ar c- whic - s - ic -  t ine resul ts  are based is
i c-c-s-c-c-dec-i, sc-cc-ce the ac- s- c-c -s- c-c r of averages dec-c-ends upon the c-c- c-c-c -c -c-’aber of
cases , and o’c-s-,erally small sc-c-c-A-c-ic-s are less s-c-liable-.

122,. . . I a 7 c - r  water  users The tota l wate ic- ic - .t aI-~e- for t Ic-c-c-

i c - i c - s -s - s - i c - s  exarc - c-I s-ceci ac -c- es -aged 5,300 gallons s-c-n c - ec-c-j ’l,,s-c ec- c- c - c -c - a c -c-ned

ic - a c-c-c-anu f ’ac-’tun ing . The r c - t l c -o var ied c-Ins-eat ly a rc -c -o s-c -c -c -n -d i f f e r ent  Is-, Ic- c - s to ic - s .
c-’ c - e  ic- l ic-e-st r a c - i n c -  sic - c - c - c - c -  c-c-s fo r  as-c-tic-- c - s - c -r i t e -  s - I c - i c - c - c -  w h i c h  had a water

Ic-s-c-Ic-e c-f a po r oxic-c-ate ly  fs-1- ,000 gallons per employee . Other :c-i~ i,

cc - s - ic-s c-c-ce : c-boot 00 ,000 c- c-c-lies-c-s per c-c-c-I c-Ic -ye -c- for  the sac-c-d an d

c-I .c - c - a ’.’el Ic - c i c s s - r c - ;  17, 6-5-0 for ~he c-es-ce-c-c-t ic - - i c - c - to o ;  10,000 for the
L e t s - c - i c - c c - c -  c-nd c- c- a l  jc -s-c-rc -c-s -t s i ndus t ry ; 13, 000 for ice c”,c-c- nufac - tc -c-c s - i : .c -’ ;
11,500 for  b l as t  i c- c - s - c - c - c - c - s - e r  c-c-I ste-el works ;  ‘7 , 900 :‘or c - ic - c - c - c - i c - c - i
: : c - c - c - c -”c -c -c tu r ing ;  “‘,300 Cc-c-r pulp, paper ac -c- i pc -per- ic--c- c - c - r I  s- c- ak I c -c - c-; c -nj
0 , 150 for  ma lt I I a c - a o r  I r o i c - s - t i o c - c -.

125 . Amo s -g  the  l” c- s- ,’c-er water c- a se r s .  ic - ’c- Table A- , coal
c - A - i c - c - ,’ , san- ft an -c-l ~rac-c-’c-i and  -c-es-c-es- ,t c - s c - s -n u f a c t u r i n g  use tc-c-e s-c-a or
I c-c-rc- of theIr reouirerc-cec-ts Car c-c-c-c-c-c-c-sing purposes. Ac- exceptionally
I c - c c --c- ‘sc--lone of water  is requi red  for washic -c-~ and pr e p a r i ng  coal;
c - I n c - s t  all of which  Is ret ors -,e-I  to s-c-c - c - c -c - -tre s s -c - ,. In soc-s-c- cases
s-he - water c - c -e d for t h i s  n c - c - s -p o s e  is ob ta ined  I’ron the s- c - ic - c - es .  Ic-c-
c-c-c-s-c-nt ma n-c- f a c t c - c - r i s - , c -’- large v o l c - a s-c-es of water are n e c - c - c - c - I r e -i for
wash ing and preparing the raw materials whiclc -are ..ased i n  c-c-c-c-

l : ’c-i~a s - a t i O f l  of cement . 1-ic-ter is used extensively for c l a s s i f i ca t ion
( z e c - a s - c - s - i c - n  by c-c - I c - c - c - c - ti cc- ac - . i c- c -t ic - er means )  of minerals ac-c-d o r e s .  ‘l’he

a c - s - ac -n t  of water used c-nay vary to soc-n e extent de~ end ic-cc -on whether
s-n e wet or dry p rc- c-cess is used in the final p-reparation of the-
s-es-c-nt.
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t han ,  c - c - ic - s - c -c -c- c - V  I rc-)1 c - - n  we -s-c -I” ' c-i c-nc -c -c -c-’- ’ C c - c - c -  c - s - e r  i’c-a c-i n c - c - .  ic - c - c - c-c - c e  c - c - c - s - c -  s c-p c-d y
‘ c-c-e c c - c - i - c - c  -c-r’c- e’~ c - c - I L- c- . rc-c- c - s - c -c-c -c- c - c - c - s e  c-n - c - c - n ,  c -C c - _ c- c -  p r o c es s  w a - -er , C o o l s - m g

c - c - c - e r  c-s-c- n of ’ es, c - c - c -  s-p c I c-c-c- c- - c - c - ’ ’: “ I c - c - ”  c - c -~ s - c -”  “ ‘ c c - c - I c - c- c - c ’  ‘-c- c--cc’s The



r - ‘c-5c-_ . c - c -c- .s~~. s-c - c-~~~
’
~~c-c- ‘~~~~~ c-~ c-ic-, ‘

~~~~~$~~~~~~~~~~~
c-c-c-

*~
c- - ”  - c-c-

1 5

quality of the available water often aff ects the quantit y used. If
extensive treatment of the raw water is required , It may be more
economical to reclaim and reus e waste water from the plant .

131. In the dairy prod ucts industry , for example , a wide
range was found In the quant ,ic-c-y of water used per employee. On
the basis of 26 plants report c-Ing values ranged from 236 gallons
tO 314,000 gallons pe r employee per day. Eigh teen plants reported
the quantity of water used in dyeing and finishing textiles varied
from 177 to 8,152 ga llons per employ ee per day. For 19 plants

reporting the manufacture of pulp, pc -per and paper -board , the
values ranged from 261 to 28,800, while 20 plants , including blas t

fu rnaces , steel wor ks and rolling mills , ranged from 607 to 50,600.
The 18 plants manufactur ing ma chinery ranged from 76 to 9,100 and
11 plants processing sand and gravel ranged frcrc -c- 14 ,000 to 106,700
gallon ’s per employee per day.

132 . In som e instances the values exhibited a relativel y
narrower range . Val ues of eight pia ri r.s reporting the manufacture

of ice ranged from 3,125 to 21 ,600 gallons. For ‘c-c-x plants

sccur ing and combing textiles t h e  values ranged f’ror c- 807 to 2,980
ga llons , while four plan ts ma nufa cc --c -r lng apparel ranged from 137 to

589 , Four petroleum refining plants showed a range from 8, c-+ c-o to
25,700 and three coke and ‘by-produc ts manufacturers , from 114,kOO
to 21,60G . Two plants report ing the manufacture otc - sugar had
values of 13,100 to ie ,000 gallons.

Industr ial W ater Use By State

133. Delaware The industrial water use irc - t.he State of
Delaware amou c-its to more tha n lLiO nc-gd , app roximately 7~ of the bas in
total (Table 9) , and includes 72 mgd of brackish water . N ine ’y
percent of this water comes from surface supplies , Only 17 mgd

are used from munic ipal systema whereas 80% Is self-supplied . Table

10 shows the major water c -c -sing indus ic- ry in the State of Delaware

is the chemical products . This industry c-sea c-c-5 mgd or nc-ore than

145% of the total State indus trIal water use.

_____________
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1 nl c- • New i c - m n - - c - The I c - c- c- c-, i s - c - l u c - c -c- . r ’ i ’c-c- ],, c-c--’ c - l ’ €’ c - c -c-c-ac-c-- is-c- New
Jersey is c-c -c -c -c -e t ic - c - c -c -c -c-c- c- . c - c - c - c - ; ,~ , 80% of w i . i s - c -. i s s - c - u c  - I I c - c - - - 1  c - rc-c-c-c-  sur’ :” c-c-”c-

waters. c-l r f — a c - u c - c - 1 c - i  c-c’ c - c - c - c - c -c-c-t, n c-i l ‘ c - c - c  -c- c-c- c-nc- i n  h e w  Jerse ’s- c-c- s - c - c - c - c - u c - c - t  to

92% of t i ne  total u s c - - , w i t h  onl y 3( c-c-u c-c- c -- n c-ag j - i ’ c-c-v i ded by c-rc - c-c-n icipa l
systems . The l udu a c -  c -ic -’ w i t h  c- .I c-e l n c - c -’ - n c - .- c- t c - c - c - t e n  c-c-se i i ,  N c - , c-c-’ Jersey is
the c - s - N e c - c - c - i  - c-c- c- c -l n c - c - , -..1 a lL c-cd pr’ c-c--Jc -c-c-” t : I c - c - d c - c - c - t rc-c- , u s i ng  105 ic-gd or 42% cc - ’
the to tal .  P el c-r c-,- ic - ’ um ac-id cc-c-c-c-l c - - c - - c- - i c - c - c-c-s c - c - n~ if lg  (c-c- i ingd , c-nd paper s-c- s-c-d

alliec-i I -r c - n ducts  w i t h c - c-c- c- c-c-c-pc-i c - c -m e  s - s - c -  c - c - nd  n c - n c - i  t i c - I c - ’c-c-c- I c - c -  - c-m - c-er ’ of

imc-n-oc -’tac -c- .ce.

135 . New York The i c - c - - 1~c - s - l  c’ial w a c -c- ec- ’ use in New York is

on ly 1 n-c -c -c -I , primar il y used in t i c - s - c -  food ac - c - - i  k indred  r nr c-c-.I u c t s  industry .

136 . Pec-’c - r c - s y lvc- c- c-c-a The i c - n i .c - st r i a l  water use i n Pennsylva nia
is more than 1, 500 c- c - c - ’- 1 , Os - 7101 c-c-f the tota l ic-c-- i c - c - s t r i ,al water  u se
withi n the basin , Of t I - i s , ‘ A-i- i s  c - c - c - c - c - l I e d  from surface waters .
With onl y 8% supplied fr- c- c- c- m u n i c i p a l sources , s e l f - supp l i ed  water
a mounts i c - - c -92% c - c -’ c - i c -c- t.c- , ’ c - c - l c - n e. ‘ i c - c - c - c -c-c- l ar c - h ec -r ir c - c -n a c - c - s t r i a l  u ser of
water in F ec - c-c - c- syl v a n i a  c - s  c-c - i c -e c - c -  i c-Ic-a c-s-c -nc-c--c - c -ic ‘i c - c - d c - c - c - s - c -  n ” - , u s ing  more
s - ic - c -n o n e — c - c - c - c - ic - - c- of c- i .e Nc- c-c-s-e s n c - c - t a l c  -‘c-c -c -c- c- c- €c-’ ic- r cc-leu m and coal
c - s - n c - - l u c t c -  i c- c-c -ic - c -c - tr y ,  a rc - c-l n c - c-c- c c - c - c - c - c - n c - I c - c c -I -n ic - , ’ .’I a l I ’ ’ ec- j - r - ’ c -- iu c-ct s indus t ry
rank s e c - - c - c - c - i  a c - i d  c - f d r d , w i t h  c-l- c- c - c - c - I  l L (  c-c-, c - ’- c - , s- c-c-c- ’ - e - c t iv e ly .
Arc - th r a c l t c - c -n  m i n i n g  i c - c - c -  Fec - c - c -c- s y lv c - c - n i a  nc- c-c-c - ‘ - c - c - c - , t  c-c- f o r  c - c - r e  tha n 100 mgd.

I c - c - . l c - c - ; n t r i c - c - c -  1 Wc- c- ’ cc -’ Use by S c - i c - c - c - n c -  Area

li7 . ‘ I ’  c - n e I c - - c -  c - c -  ic-c - i ‘c - n c - I c -c - c - c  -uc - c -e w I l i c - c - c - c -  the ‘i n c - c - i c - i n  prope r c - c - c - i s
been s u b — - I c c - i  i c-c- c- I i c - c - t o  c-. c - n c - c  -Sc - c - b— c -’’ ‘ c- c- u c - c - n c -  c- i c - l i  c - c - c - c - al c-c-- I or i c-c-l c - c - c - c - l ly in the
I - Ic - i c - c -  i n  ipa l c-c - c - c - c - ten Use alec -c c- i c - c - c c - .  c- i c- c- c - i c - c - c - c - .  c - i c  -p c - n ’ es -c-ted in Talc- l i- 12.
j c - c - i c - -c-’c-c- c-’ i on  N , the  P n , i l , c- c--j el pic-i . u c - I c - - c -  rc - c-~- - - r c - t a c - c  -c- c- r c - c - c -  w i t h  i ts  high
degree of i n d u s t r i s - c - l i z a t i o r c -  I s  t c - ’c-e i c- impo s t  c- ,c - c - c - c - c -’ u [ i c - c - i c - c -c - c - t r i a l  c-ca ter

In  the bas in .  T ic- c - second 1ac-’c- c -s - c- c -c -t c - - c - c -- i c - n  i s  Sub-region C , t he

Bethleh em-Allentown area , Tic-c- smalLest  c - c - c - c - e r  use is Sub-region
I-I , the Southe rn Ba s i c - n  and Co a s a c- c-l Sc -  c-c-c-, the  least i c - c - - I c - c - s t r i a l i z e - c  -of
these areas .
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Ac-- c - c - c - c -c - c - i,, c -A c - n r c - Spy  c - c-n’ 1 Ic- ’I ,c-I

___________ ~W, c - I c - c - c c - c -  Dal c - c -  ~ ‘ c - ’  s--c- ’ )  __________

P c- c - i c - -’ i N s - c - l I t

S . c - — c - - i c - c - c - s  P , c - - ; c - c - c - ,c-c -d $ei, f — S , c - , c - c - l c - c -- , S c - n c-- i c c - -c-l,
i c - - c - -c-c- c-c-d S c - c - f y s - - c - l s - c c -n ’ , i S s-c-l ’ -,c- ‘c - s - ’ c - .c - n , ci ’Il , s-fac— “ c - I

A - - - - - - -

B - - - c - c - c - -

C 6 27 H 325 c-’c- 1 352 A-P

B - :1 c- c - c -  ,c- c- c-

Fl 17 c-c- ], B c- c- , c- 0,112 1 , 1 1 1 1  c - - c-

F .1 17 17 c - c -  c- c -’ 16 2 i 3~~

- 22 c - D c -  22 11c c- A-S

H 1 c - 2 ~ 1 26 -i

11cc -c-I 23 1St 7i~c -
‘c - ’ 210 ~ ,011A c-’ 2 , ’ - - “c

-

c- I c - c-s- c-c - c -  des c-Ic- c- pc -‘c-’ : s - r c -  s- c- — a c - h  Bnc-b - ’ c--~~gI ,n c --c- l v i  nc -c c-c- c-c-s-ic-c -c-c - . c- Ic-i c-’s- -c- ’ c-

Ri ’s- c-c-r E s - c - s - c - c - ,  c c - ic -’ ,

‘+“~ Ic -c s -ales c-6o s-- sc- c c- s-c-c- n rc -c-h v- c- c- . -- - ’ ic-c - c - c  -ic-c -Ic-- i a w ar c -c -  ~ c- ’c- N - c - -c- “— c-’ c- c- -c-y

see V s - n o n - n c - c - c - - c - -  - - 
c-c-c-t ,1c-,c-c -‘5
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1~~c- i c-c-e ic - n~I cc - c c - c a l  ‘Sc- c-c- s- use c - c- c -c- ic-c- s c - c c -  - c - - c - ic-a s i c - c - c - ,  I
a s-,c- n , ~~~~.n e n ’nc- A-nc - s- c - i c e  c - c - n c - c - c -  c- c-ed D c - i ’ S  c-n ., c-c -s-ice i , c - s 1c - c  - c - c - ’  c - s - c - n c-

111c-c-s 1 c-c-s been c - I c - c - c - N e c -- l l c - - , l ’ . e c- cy c -c-c- c - c -l i e n ~~ns- c - c - ly  s-c-, c - c - c -  H,  i c - c - c - c - s - I c - c - c -  c-c- - cc-c-

s-s-c-c - c - c -  c - c - s c - c - c, ’ mo -c c - i , c - ’c - c -  20 , 0 c- ’ c- c-~~ c-. nc - ’ c c - c c -  n c - c-c - c - c - c -c- 1 nac - ’ c-c -53 1 of c- i l
c- nc - dc - as - I  c - i c - c -i c - s - c - c - c  c-c - c-- c -‘ c - c - c c -s-c-c-c - c -  cc - c- c - c - s i - i c - c - c - c - I c - c -, ‘c - c - c -s i c- c-c -  c- . c-c -c -c
s c - c - c - nc - ,  c- ic c- ’: c - i c  ‘c c - en’s - c - i c - c -, ’ I c - c-c-i c- c - sc- c- - ’y ic-c -1cc - c - i s - n. ‘c-c - IA -

1c- c- . Of c-c-inc c -- c- c-c-l c - c - c - ne c - -  -a - c c  -c - f’  ‘c- - c-.’ , ic -A -i c -inc- nc - c - I c - s - i c - n c -c- c - C s -  s-c-c-c-c-
for I c - n c - i c - a c - c - c -c - i c - c -i ‘c- s e ,  c - n c - c - c - r e  - c- . . I 31 s selc - ’ - c ’c - p c - . l  ‘c - c -ni b s- i c-c-c -c -as -t n -c-
c - s - i c - ic-c- i’s-c- c - -c -c- c- c-c- a c - i c - c e  soc - c - c c - c c -n  c-c- nc -c -I 1c- c - 0  c-c -c --ni i’s- c-c-c - n, cr c -c - s - s - i c -h  ‘c-c - c - c - c - c - c -’ S c - c - s - n e ’ s - .
A-c-e nc-c-u 3 c-- r c-s- c-c- c- er c-a sic -c-c -n c - i c -c - dc - s- c-, c - ’ i es  c -n t i ne  b c - s - i n  c-c -r e c- ic-e c- s - ic - nc - c - c-r’; c- c - c -e c - c -cls
ic - n c - .i , c - c - c - c - ’ i c -’ . -c- c - _ c -  s- Ic-c-ecc - , i- s -c-c-1, i c - d c - a s - c - c r y  ac-c--i I c - c - c -  c- c- I r s-c -i c - e s - c c -  1c -r s - c - i ,. s - c - s  i c-c-c-ic-nc-c-c-s-s-

i c -c -c - nc - c - c - c - -s - s- I c- c- c- ’. l’nc - e c - c c - - c - l  use for  each state c- c c -c - c -crc - li - c p arc -c- ic -l, e], s c- ic-e

has - c- . - ‘ n I c e  t o t s - l a .  Specia l  coc-c-cent rc -tio n s c-f i c - S - c - s c - s - I c - n c -  c - x i s - c -  sc - s -in ,
c- s c- ic--c s - - e s - s - c - I c c - n ,  :c-’nc - ius - t r l c  in  Dc - I c -c- c-c - s - as - c- onc - d Pc-c- - c- , c - , c - c - ’ : l c - c -’c- c - c-c-i c-c -c-c-c-c-c- c - c - n e

c-’ l n c - ’c- c - s -c -’ c-n ec - - c - c - is  c - c -’, sc -c - r,1c c-In Pec - , n c - s - ,- Ic -c-’c- n ’ nc - , c- . C l - c - c - c - I c c -I i c - c - c - ic- c -c -r~ er c-re
, c-enc-es-c-i ] c - i ,c - l o s - c - c - c - i  in Delc -c-s- c-c-’e , c-icc- J er se~, ’ , a c-c-d P €c - c - , n , c I c i \ ’ c - c - c - la . ‘line

“-s- a ’s-er ace of c- s-c- s - n c- c - c - c -n-tries c- c - i c - ic -i c- c - the basic-c -s-ens-c-c-nec -c- s-c- three c - i c - c - -c - -c-n
c-
ic-e c- c c- al  nc - c -er ‘c-sc- of c-he c -c -c -c -, a c - i s - i l c - ai S’. Sc-cc-s In s- ic-e -c-ac -c-ce s- s - c - c - i c-

~[. _ _ _  _ _ _ _ _ _ _ _ _ _
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plc-l i IA-N c-c-c-In - A -lAs -, c- c-fc-lN I l I L f -~ L Al ’ s-c- 1,1’ i.c - 1 1 c - I I c -c- c- /c-: c-c-c-J c-c-c- c- ’Ic-’ic- ‘Ic - l b

lnc -n c - . ,. , ,ic -. cc - Icc - n c-

], c-c- , c- c-, i c c - c - cr c-c-], Tl , e ac - c -pc-c’s- ’ i c - a c - c -  of c- c-c - c c - - c - - c -  ‘c-c-se is - c - c - c- c- c - cr’J ns- I i c - c -n I. c-c-,rc- ci

I n . -c-i c - c - sc - c -~ic- 1 c - c - i c - c -c- ’ ‘ I c - c -s 1rc- 1, c- ’ ,.c - c - c - ’ c -Cc-5 5 a -Ic-- c - c - lic-c-c- c- .cr a c-s-c- c - c - c-
c-. :c’ c- i rc -ing ‘i c-c- t c - ’c-c-al

c - c - c -c - c - c -’ c - s - c -  1’ .c- t n  c- c- 1. - c - s i c - c - c -i c - , I . 5 S s C ’ c r C. c - .  c- i.e s-oJc-c- ’t c - n . ’, . , r c - c - ’ c-, 
c- c--

s - ac - c - c - ic i p .c-c-ic- c-c-c- c-c- c-c -, d . n c - c - ’ r I c- :c - ’I, c - c -c- ’c- - -n ’ c-c-c- c-c-- c- an -I c- I  ic - c , , c - , .n c - c - nc  c - c - ,- ’ -c v c-s- c-r 1,1 c ’ c- c-. nc-e tc-cs-c-n

c- . - c- c- , ’ 
‘F i , c - s  - ‘. vc -c-c - r I c - c - . p  I S  c-’s - i c-IA- c-c- - cc -c - s - , s i  c - - c - c - i s-,g s - c - as- ‘nc - c -  “ c - c - .:c i p a h  2 c-c-c-r

Us e  Sc - c t - i c c -n  i c c - c - s - c - c -c- i c-- c bc- c - c - c- c -, es-’ ~~c - j p i ’a ed Ic- ic- a-c-c-c-c-c- s - i c - c - a l s c - p p i i~~c- s-c-

I c - c - A - c - s - c - c - I c, c - c - n. c - I c-c-c- nad , , .. c - c - I c - c -I W - c-’~~~-’ Use N- c-cr.’ c -.i c - c - ,  c- s-cA-c -c - i c - c - s c - c - n c  c - c - , ,~ c-, c- n c -c-

se l f — s - . pnc - t i . - l c - , - i c - g c - ’c- i c- . c - c - c - cc- ‘c’ . ‘l i c- :. s ‘ ‘al. ‘c-” ’c-’c- c-,c- -c-c- c- c-c- c - c- c-c- c-Ic-c-c - C S  s -nOt

i n c - - s - I c - c - c - c - c -  c-, c- c- c- ’ n c-is- c - c - cc - i fcc-c- ,c- c - s- ’r c-c c - c - l tn,c-c-cai, c - nc - i n c - cr c - i  5 . p p i l e s , c - c - c - icc - Inc
s - c c - c - c’ s - s - c -c- c- uc -, b-c-’ ’ - Ec-e sc-~c-’ t n c - e nc - c -  - c- f c- c -- c- -

~~c - c - s -’’ ,’n i n .  ‘,c - c - c - :,r A ppe c - c-l ix.

c - c - c -  c - c -  c- I c - c - . ,  T ins  lrc-,c- c - s -~~i c - c - I  W ’ c - s - s - c -,c - Use Sc-c--c - t i c s -  l tcc-,is -~
c’c-c-) ’;erac-c-Ie s-c t i c -c  b a s in  s-c-ca c - c - f l i t  ‘lI h ec-” - c - f c - c - te , s - i - c - s  c c-c-cs-cc-c- c-r ’ , s- cc -c s -i cc - c -cc - s-ac t

be s - i c - c - i s - c - nd c-c - , ;  ‘ c - c -, , ”. sc-nc -s c- c- s-c -c -c -I c- c - c - I l  c _ c l  I c c - c l - c -dc- cs -nc - n c-c- c - s - c -cs - c- c- - c- c- f ’ c- s-c-e
c-c-e : .aJ c -: c-n ’r : nc -g c- s:n c-n c-i c-c-c-v c-c-c-c- - a c -  c-c-c-c s- win ,  i c -, c - c - c c-c- I— c-c-s - c -c-’ c -r c - cc - s c -icc-c-c --c - f s - c - c -  c - a c e
of t i c -c - c - ac -  c- c- c- ac d i v e r  s - c-c - i  s-c-’ c- c- t ic-c b - c - sc - . r c -  c-s-s -c - ic -c -c-c ‘ - I c c -k  C I t y  ac-c-d c - c - n c ’ s - c - c -s-h c - n . e
DeIc-,c-s-c-,rv .-Fc-c-c - ’z c - -c-c-c -Parc-al. Ps-c-c-c-c- c-c- c- c - v s - n s - c - i c - c - s - ,s c-c-c -c - c- c- c-c-a b e  c- s-c - c- a t - s - i as pr - c - c - a c
‘ t ’ c - g c - r e s  c c - a l ’-, ’ c-c-s- -c-c- -c- s-c f c s - t c - n . ’ n c - ;  c- c - c -  c - n c - s  ‘. c-, n , s - c - c - :7 c - c - c - s  s c - c c - i o n .

Innc-, r,c - c - c - , c -’ i s c - r c -c :,f tA - c -  s - n ’  c-c-], w as - c - c - - c - -  -c- se i c - c  -s - c - , c- ic - c -c-c - c - i c - c -  c-nc -S —

s c - c - c -t c-c-- p c - c - s - I  Ic-c- c - c - c -  of c - l a s  b - a c - i c - c  -c-c-c-c- c - n c -c - s - I c -c - i c - i c  -T ic - sc -  s - c p u s - - cs c-i: c - c - c b
s - ep ic-c c-c-c-nc - c - i c - -c-- ‘c-c - l c - L.i c- ion c - N c - -  c - c s - n c - c c - p c - i  ar c--i a c - c - d c - c -t ri a l  cc- nc - c - s - c - c - l - c -rec - ’i c-- c-c- s-I;

pr c --s ’s-c-n c- :- ’i b e c a use  c - c rc -ne c-c- c-c- s- c- .c - c - c - c- f c c - , c- c-c- c - i , c - s ’.c’ i , c- l p c -c - c - s -pose s s - c - c - c -  l c - ’. c I c - ,c -c - ic -c-c-

in’  s - c -n e mnc-c -c- i . c i p c - c - ’i, wa c-c-s- us c - c -  c - c r c - c - I c -  c-c-pc-p ’s - c --p c - s - c -  c - c - c - c - c -  ad ,3 u s t - c - s - c - s - - c - c-’in s  c- s-- c- c -c - ’~~ c - c - c - dc -

c-’ c-c - c - c - -c- c - I t i c - n c -  i s - c -  c - A -  f o l c - -c-’c- c-.i rc -p ‘ c-c-(c-c- ’ cc-s c-c-c- f tb-c- ‘c- s- c - I c-s-c-c- c - c s -  c - s e c  - c-c- - c - c - f l .  I t  is
c - c  s-c c - c - c- c - c - -c-c- c- c- c - n c - t c - h -  su, c-c-c-s-. c c - c - o c - c  -I c - c -“ i c - c - c -  — ‘ - c c - c - c - c - c -  l’s f:’c’ t i c - c -  De., - c-’,c-c-c-c-’c
i c - ac -’s-cr b as i c - a_ o c-c-I~ c -c -nc - i  I c -c - C S  s-c-c ’, i n - c - I c -c - I —  s - c -  c - c -’ c - c-c-cIc-b-c-s- :rlng s-sr- c - i c e  c- .rc-a.

1cc-c - c -  ‘2 a t a cr c - s c - c -  in  ‘c-I -~~ D c-i, c - - c -c - c - -c- F c-vec-s- b - c - c c - c - c -

c- LA- , Inc -c - c- s - L ’c-sin wa ts -c-~ use Pha c - c -, c - c - ,I mu c-c-c-I p-u l ac-cd c- - : -~~. s- ia1
w a s - cr c - c - s e c - i c - i ,  1 c - ’c- c- n U e l a wc-c- r e  B c - c - u s -  s - c - c - s  i c-c - c -c - c -cc - c -c - t n to cc- -c-c-re - ic-~ ic - ,

6 ,000 ,000 . - c-T -c-i . ~ic - ic -  c- c-c-~ i N c - I c -c- c - c - c - c -c - h ,  ‘c-f c-c-c - c - s - c - n  fc - r c - c- c - -’r s- c - c -’ c-c-’ c- ‘ ‘ “c -- i , I c-ac -c s-s- c



______________ c-c-c -‘c- —‘- -c-c--c-c-;c-, , c-
~

’c-
~~~

’ Tc-c-’ c- c
-
c
-
c
-~~~~~ 

c - c  
-~~~~~~~~ ~~~~~~~~~ ~

c -c-’ c - c - c - mn.c- - c  -c-c-’~~~c- ’c - c -~~
’c- 5c - c -  - -“ 

-

c-c -U

wdlls c - ic - c - U c -p r i m ’s- w i t c- i c - i c -c s- s -cc- - Del- n - - c -rc- River  I c - c - c - c - i c - .  sc -c-- i c - A -cc - c - c - a P c - c -c -c - -  i c - c - t i c - c - c - ,

s- 5 mi l l i c - c - c -n  I c - c r c - c - c - c - c - c. 1c - c - c  pc--c -n capi c - c-s- w i  c-, -
‘ c - c - c - n a ‘c-l. - n c -n c - t i c - i s  ic-c-c - c - c - c-c - s  is

c c -c- c-as - c - i s- 1,230 s-’pc -c-~ As c - i l l  ic-c noted i c - n  s - I c - c -  ji - c - c - c - s - c -  s- ’ c- I c - c - s - I c -  13,
s - c - c - c -se f i c - ’ ,c- x’ cs do c - c - c-c - c -, include t i c - c -  d ivc - c - s - ’c - c - c -I - ’. c - c , s  of L a s - c - n c -  wa te rs -  t - .c -New
c - - rk h i t ’ ;  c-ic-c-d s- : .rcc-c-c- . c i c -tic - c - Dc- i, c-c-c-nc- re ’ c-.,R a r ltan  Canal . Since no d i v is- l o n

c-c - f  t i ,e se  c- ’ c - c -pp l i ,cc - c- c- -c-c-c-c- c - i c -.c-c - s - i i. c-c-Ic-i.e as to- dorne ss- io , c -c-c-c-c-s-c-mercial c-r

ic - n c - i c - s - c - r i - c - c l  use , it was considered c-c-c-lv i sa’ble to t reat  tc -’.esc- as
dj - c-’ers -icc- ’,ac to be added t c - c -  s - i c - c Cross total  c-c-c-c-c-c-c-icipal and industrial
water  use only . When s - c - c - c - s e  d1c--er sions  are i c-c-c lude d , tc - .e use ‘ of basis- .
water becc-c-c- c- ccc-s c - c - l - n pr o c - - c - c - c - c - c c - c-t c-lc-’ u . L~ ‘b il l i o n  pp d and serv ice: a c-c-cp c-u lat ioc- ’a
of appr . c- x in -c-c-t el.~; 7 5 c-c-i lt ion persons.  (See. Fi anc e  c- c- . )

l— ~~, W i t,hdc -rawa l r a tes  Tic-c-c- bc-c - s ic - c - has a dc-r aic -aa c- ’e ac-rca of
lc-li , ’7 c- c-.5 sc-c c-c-c-u e  c - c - c- lee and ‘-c--- c - c -h  a w i t  c - .cA - c - s - w c -’ c - I  c-f s-~ , c-~ ‘b i ,l l i -c- c - c -  ps-U , toe

w i s - i c - d r c -w a l  c-c- c c-n sc -c- c-~~ - c-c-,c-l ,ie c-c - f  t t . ec bas ic - c -  w ’c-ns -er foc-r c-c-. c - n i c i in u i, and

ic-t c-~c - s - c -c - r i ’ s - i. c - c - se c-cpl-. c-c-’ c- n c -c - in c - a te s  0 .50 mgd. fc -c -sc . n c - . t i c - c - g  t c - c - e  d iv e r s- ion s  of
388 ‘ - ‘ i , the wi t c - . c - cc -nc-c- c- c-c l c-c -f 6 bil l ion ppc a c-s -c -rc-c c- ’es- a ’s-c-cc-c-t 0 . s7 c-c-c- s- c-c- c-c-en-
s ic -c-ar e c-c -ai le . The w i t c - , c - i c - s -c-c-w c-c- Ic- ra te for s - c-c- s  c - c - c - c- s - c - c -c-c -S c -ca fes  s-c r  c - c - -c-c - c - . i c i p a l
and i c - c - d c -n c - t r i a l  ‘use is 0.04 c-c-c-pd per s ’s-s-c-c - c - re c-c- c - I l e , T i , j c -  wc - c - , s l d i c - c - d i c a c - c -e
s - c - c - a t  Ic - c - C w i t i c - c - c - s - ra,c-c-c i- r a t e  in t c - c - C  De lawar e R iv e r  bas in -  is c-c -cpp r c -x ic -c -c -c - a i c - e i s -c-

c-c-s-d ye tic -nc - es  c-c-Teas-er s - I c - a c - c  -tc- c -, e r a t e  for the coons-rI; as a whole .

1o5. Sc-s-as-c - e l e c t r i c  pc - s - c - cr c - t Ic - c - c -  water -c-ac e is-. Table 13, the
i s-c -dc-c-s c-c -n c-I  wa te r  use i c - n  sc -c -ac - s - c- e l ec t r i c  C c - c - c - c -r o t c - c c - c  -is A - s te -c-c-

separatelp.- . T i c - i s  c - c - s - u -  c-c-f 3 , 400 mgd rerc-resec-c-t.c c-c-c-s-c- re t ic-as -c- half  c-c-f the
t o t a l  cater  ‘-ic -c w it l c - i n  s- i ce  bas ic- .. Of t i c - i s  s - - c s - a l , 650 nc-gd is ‘b r a c k i s h

water . All -c - f  c - c - c - i s  ca ter  is w i t . c - ’. c-ir -aw rc -fc-c -c-cc -scrface supp l i e s  f-c r use
as a c’s-cla r ,t ari d. s - e s -  .r c-c-c- i to s- c-c-e sc - s - c - ac - c - c -  w i s - h i n  c lose p r o x i m i t y  I: l ic-e
pc-ic-c-t c-f wi t h d r a w al .

1—, ’ . . S e l f- c .  .pp l ied i s - , d u s s - c - - i a l  wa te r  c-c- c-c-e Self-supplied

i c -c - d a s s - r i a l  use of wa te r  cs -c - c -er t i c - a r ,  s-h e  s I c - c -c-c- c-. e lectr ic  c-c-cc -n c-ra t ion
c-rio’s-nt: s--c mppr :c - c - i c - c -n . c - t~’ly 1 ‘ c- L i lA - - o n gpd , i n c - c s - c - d i n g  160 c-c-p -U c-f
‘brackish ‘c-c-ten . T ic - c -  i c - c -  c-cc- c - c - ic ‘c-p of - c - c - s - p s - c - c - i c - n c - c - c - c - e l y  l. c-’ billion c-c-pd -c -f
c-c- ’ar f ace  was -er an d, c-ce remc - cc - n c - - i rc - der  -,c-f c - c s - - c - c - c - c - c -U yater . The s elf ’c-c-c-c -c-ppi ied .

is-,dc-istr c-fa IL  use  is c -ppc -r -c-c- c- c -c - i c-rcc- t c-nf y c - c - c - s - c - c -  t imes tic-c I c - s - a l  c-munici pal use
c-i s-c-ni n a c - c - c - c - c - basin .

1lc-7. Mun icipal water use lc-] - c-a c-c-icipal  c-c - c - se c - i t i ic - c - tic-c ‘bas i c-c-



c-~~~

TABLE 13

“c - I J s -  i c -c-’ IPAI . Ac-il) i: :IYJSJT-c-IAL WAl E d) ‘JSE
I c - c - TilE IIELAWAJ-Uni ii I”/E E ic-A SIA-

AJ ’ n c - c - c - c - a l  Average f- c-r I c - I l

~Mil1 ion Galloc-c-o per D nc -~,’)

Basic -c -Pc-c-c-a ’s-ion nc - f Sc - ’c-c- - rec-”i oc - ’, c - c -  ic -c -Eons-c-, Sc-c-ate

s-c-c-i, . N c - c-: . D . c - .  F ec - c - c - .  IF c-tal

ic-c-u n i c i c - c - o i ly  Supp lied 42 11-5 9 557 713
Domestic and. iI’ -c- c-r r c -c -c -en c-cial 25 3 ~‘25 537

Cr c - c - c-c - c -U 3 53 2 31 35-
S c-s-ic-c-ce 1 15 7

i c - c - dc - c - c t r ic - c -l 17 s-i - Ic-, .
,, 

,,

l Ir s -un d  - 
‘ 18 - 7 25

Surface 17 13 - 115 151

Indu st r c -L c i  Self-Supplied l25~ - . . ‘~~~ 1 1, c - C c -  1, 1-3

Cr c - c -c -nc-U 17 7c-) - In

Sc-c -s -face l08~’ 3 I c -n-~’ 1 1,2)1. 1,738

Moc -ni c ipal  Pl c-c I c c -P a s t s - c - a l  l U I n  - ,i  . c-~ ICc -1, 9C c -c -  2 , a3c-
Cs-cc-c-cc -U 26 I- c- c-l 2 A - c -. c - I - I

S-c s-ic-ace-  l n c - l~~ ‘ 
- 

“' 8 1,811 2,331

St , c- as-c-. E l c -c - cc-’t c - ’i c  G e n e r a t i on
SeTf -S ..pp l iec - c -  Co c - l i c - c -g Wo c - c - c - ’  305~~ ’ c-” “~‘c- - 2 ,145 3, -

I r s - c - c - c - I  - - - - -
S- - s - I c - c c - c - c  

-
3~~~~~4. 

,
,

c- 
- - e - k — 2 ,1~ 5 , c-c--3 c-c-

c - c - c-.c -ii ci pal ± I c - c - i , ,. s-c-rc -a l -+-

I t - - c E 1e-c -t .c - - i c  47c-In~~ I , - - -  ~
‘
~~

‘
~~

‘ 1:, c - 2 . I n -9l .01.2
d c - ’ c - ’ a n c - c -.i 2e 1-4 1 2 l3o 305
Su r f a c e  ~ ±± ~~~, 

c - - - -
~~~~

’c -8 3 ,955 5 , 73 7

I c - s - c -cc -c-d T- , t , c --c- l 4724 ’+* 1, .- ~~~~~ 1: h , Dc-91 -

~ Includes 72 rngd ‘brackish water

~ Include s 305 mgd brackish water
~~~ Includes 377 mgd ‘brackis h water

Incl udes -n 88 c-c-ud ‘brackish water
Inclc -c-zdes 350 n1c- ’d bs - c - c - ci: i c -h  c c - n c - c r
I rc -cIc -dcs ic-38 c-c-gd Lc - ’c -’c-c k i s h  was -er

° In c- d c-c-des i c - c - c - n c - c - in c-c- ce -c-c-r c - ly and does c-c-c-c -c-t i c - c - c i A - c  div e-c- -clans faa - - c-c- c - c  in s - c - ic - c -.

,c
-
c
-
.c

-c- 
-~~~~~~~



REPORT ON THE COMPREHENSIVE SURVEY OF TH E WA TER RESOURCES OF

THE DELAWARE RIVER BASIN

M(JN ICIPA V SUPPLIED
c-c -- - I N D U S T R I A L  — 17 6  MGD

M U N I C I P A L  -

713 M G D  -

S T E A M - E L E C T R I C  GENERATION SELF— SUPPLIE D INDUSTRIAL
3,406 M G  D 1 ,923 M G D

6~~5 M G D  B R A C K I S H )  ( 1 6 0  M G D  BRACKISH)

TOTAL  AVERAGE ANNUAL W A T E R  USE IN THE

DELAWARE RIVER BAS I N 6, 042 MG D

( B I 5  MGD B R A C K I S H )

F I G U R E  4
PART A TOTAL A V E R A G E  ANNUA L M U N I C$ P A L ,

MUNICIPAL AND I NUSTR IAL  W A T E R  USE SELF—SUPPLIED I N D U S T R I A L  AND
U S DEPARTMENT OF HEALTH ,

EDUCATION, AND WELFARE STEAM—ELE CTRIC GENERATION WATER USE
PUBLIC HEALTH SERVICE DELAWARE RIVER BASIN (955



ac -cc - c - c- c - ~~c- ’ 71~ c - c - c - C d. c-c-c-c-re s - c - a c - c -  50C c-s-pc-i of ‘ c- I s -  A- i c- n a c - n , - .,; ‘c - i s -  as-c-d
:c-,c-c n c ’ruiaj  c- c -c e .  IC c-c- r c c - n.oI c - . c - c - a c-, c- r a c- c-cr c- :-c- i c - c - . c - c -t c - c -  - 20% c-c - f  s - c - .~ ‘c- c

-c - al

c - c - c -c-c-nc- b ipal s - c - p c - c -c -ic- c -’ , c-i s s - p p lien i  to ic-A-, c-c r c- Cc-c-r the i r  c - c -- c . II c-rfar e

c - a s - crc - c  represent nc -c - s-re than 7’O% c - C  t c - n I s  c- c- c -a l .  nc-.., .c- .ic-ni nc -a l  s- c-c-c-c-c-l’ ; a c - .c - s - c - c -~ iS

c-c-rc -c-~~c-c-r’c- i c c - c  -holds tr ,,e fc- .r those c - c - c - c - c - n .i c-n I c-c- nc-c- I s.c-pp lies ‘u t i li z e-c -’) ic-y ic - c - dc - asic - c r c -.

~~~ Tc- tal La s - i c - c  -ca te r  c-c- se Total  c -cat e r  c - as - c cbs - ic -bc -  toe b a s i n
as c - t a t e - C  ‘be Cc-c - r cn  c-c-ppr- :c- c-c-I c-n.ates - b i l l i o n  pc- p d .  Of s-i .is - s- c- c-s- -c-c-l , c-only 300

rc-~~nn are s upp lied Cr c -c - ,, , rc - . c - c - c - C  c-- s - ac - s - c -c-c- sources , c-s- s - d c - c - nc-c- s- ic - ac- c - A-c-c- . lilac-c-

p r ep c - - c - . Jer a c - c - c e  c- c- C s- nc - c - fa c e  water iS due to f a c -e I c - c - s - c-c - c - c  ase c-f t c - c - c c -c-,c ‘c - a c - c - n c
f -c-nr c - c - e s-cc-c- e A-s-- c- t c- ’ic c- ’ec- .erc-it c - c - r s -, and m c i  c-c-des -815 mpcc-i s-f ‘c- c-c- ’ c-c--,c c-’.I c - c - .  cat er
nc -re.

Toc-’c-c- 
c - c - s -c-’ s - c c - c  -s -I c -c -c ‘Ic- I , ’ c - t ’ , c- te I’ s - i c - i c c - c -  of P-ac - c - is - ,

I ’ s-c- . i c- e- Inc - c -c -re  iA-c p s - - s - t i c - c - c -  .I~ c -n c - c -  State c-f -el - c-c- c’.’c-s-e c - i c - c - h i s - .  ‘tic -c
t o o - i c - .  a c - n e - s  n c -p s - c-r c - c - - c - - c - i c -c- . ‘c -ic-c-i ’; - -72 c-c-A-P f or  all c- c - c-c- c- c - .  c-c -A -pal ac-c-d ic-c-d .c - s -t rial cs-c-cs-
c-i .. -eo  , 3% c-f Ic-ne Lc -c-. nc - Ic -c -C, , c- , - , c-), . Tlc-e Ic-c-r c- cc -n t D c - . r c - c - Ic - na of s - c - i :  Is s-i . e A-’-5

c - nc - -d is- s - c - C c -  ic-c-ur steam e lec t s -c -c-  c- ’e c - ’. c- s- c - - c - ic - c -c-i C s - n~is i’ s-’c-c-n o kic -c -i . c~,-c-.tcr .
r e- nc - c- c - in c -c-o s- c-c-C i-c - ”c-” c - c - c - C Ic - c -  dlv ’ .1cc- C .1. s - c - c -  C5c-c-~ c-

’ s-e l f - n c - c - nc - c - l i ed  Ic-’.dc -c - c-: trI al
c- c- s - c -C c-c- ,>  C C a’ .c-n.c -c - . i c i p - a ic- c- c-c -’ s- c- - c - c - c - c- - h l g .c-. c -  — - c c -c- c - cc - c -  e r c -n e c - . t  c - C  c-ic-e c c - e l f—
s-c -c -1 .p c- l ic - s -P c - c - i c-c- uc -tri c -il -,-, n c-

s-
c
-c -0 ,- c - c - c - c -  i r s - c - c - c- s - C c - c - c - c  soc-,c- r :es- c-A -fc -c - ‘ c- s - c - nc - dc - c - c - c -

c - - c - s - c r c -,- sc - c - c - c - c - c - I . I n c -  ‘ (2 c - c - . -c - - J .

,c- .3c-c-c - .  T c - a c c-c-r c-c- i c - c - a:c area of tc - c - e  L a s i c - c -  w i t c - c - i r ,  t c - , e  State of
Delac -carc-c- I c -n c - 1c-pr c- :- c-Thc-atalI,’ 1,000 square c-c -c- l ies . W i t h  a wi tc - c - c - ic-rc -c-wal of
nc-c--a re i c - nc -- c-c - c - c - -c-- , 2 mgct , the w i t c - c-nlr awc-,I rate is 0. 1.7 c-c-c-ud per sc - a c-c-ir e c-c-c-Ic-lc .
The rate ic -c - the sam e as- ‘s-c-c-at for t - c - c - cc - b a s i n ,  The per cc- p i ta  conswc-pt ioc-c-
s-f water ac-c -a ic-e s-cons served by m u n i c i pal suppl y b c - s - c - i s -  is 1,32-c-c-c- gp d c-

II c-c-is nc- s c-c- c-r e s - c - c - c - s - c - c - -c-c -c-e and. a half c - c - I c - c - e s  c-c- n rc - rate  for  t I c -c basic -c- ac - c - U t c - c - e
c- c - .i c- s- d ec - I s - c c - c - c -  oil i r c - c - c - c - s t r i c - c i i z a t i - c - c - c -  in Delaw ar e f a r  I t s  small. pc -c-c-c- as -c -v t i c - c - a

c- n c- ac --, e s-c- c- ic - i c -n t i c - I s .

15,1 . c - I s - a ’ -J ar s -c ’.- In c- c- cc -Jes - s- --c-’ ’; c- s - c -  ic- -c - I  c-c-c- c - c - cc - i-c i n — c-i c-c -c-c-c-d
f , , c - } , oc-t r ial  ‘.-c - c -c - t c c - r  use is I , c- e- c- c-c-c -pd , c- n n c- c-- c- c- c -r- , - c--c- t c - c - .nc - tc i ’-; 2c-~ c-c -f the bc- nc - s ic - c-
t . c-

c-s-i . i c - os - c -  ac- c-s- in c  -n ’tcc -cns - c- e l e s - t r I c  - c - C c - c -  F-c - i~ ion n n n ’ n O c - c - c - c -~~S for  956 nc -pd c-c
- 5c-

~~ of the t- c- t c - c - i  water  c - n c - c :  s - c - c - i cc -  c - c - s - I c - d e s  s - n e  use c-I’ c - c - c -  - , c - - i  . c -r

_ _ _ _ _ _  - ‘c- _



c - C  b c - n c - - c - c - I s - l a  c-c -c- ’ tc - c - ’ c -S i c - c -, ’ - ;  c - c c - c - n , ’ c-A- ’ ‘ s-c n c - c - c - n c - I c - c - I c - c - c -c’ s - o ’ er c-c- s-c- c- c - c - c - I : ’ —
s c - a c - c - l i e -, c -i c - a c - s - c - nc-c- c- n s-a l  c - a c - e s -, B~~/ o . 1’ ~Cis  c- c - c - n y  I ’s- c- c- c - , c-c c-c- c- - c - c - c - -c c - c - c- es-
so- u r c e s .

152. I ’ i . e l l ew c - l e c - ’ s - e y  c ’ s - i c - c-c- c-i ’ c - c - n C  n d S l c - a  c ‘- es-as - 2 , c - . c -  s - i _ c- a c - -c
c - c - i c - s c  - s - c - c - c c -- , s-c- i n c - c - c - s - e l ’,-’ c-c- c - c -,, c - c - c - t s - ’ c -  c - i  ‘ c - ce c - s - c - c -s i c - -  s - c - s - a l, a c-c--i ‘c-c - I c - c -ta s - c - ,~
c r c - c - s c - a c - c - s - t i c - n - c - .  c-s-C 1, - c - c  c- c-A - c-c - I , c - I c - c  c--; I c - .- . c - c -’c-c -c-c--aI  , ‘o ’ c-c-s- I s  D . c - S c -l i  a c - c -” s c - c- c e
c - c - A -c - .  Th i s  Is  a c - , c - c -’ c - x I . c - c - . s - c - e I nc-’ c - c - c -  sas-.e as t c - .e  c - c -c-c - A - c - c  -‘c - c c - s - c - c - c -. I s- c -c - c - - c - e r
c a i c - i t a  c c - c - c - s .c - c - c - c - c - I c - n .  on a ::~~c- c - i c - c -c- I c-n , serve-i ’s-c - s c - s  is  d l . c -. r c - x I c - c - c - n c - e l y
I,, c-- ’ T o t s  is n. e  an. ,c- a c - .a I C  c-c- ~nn , ~ s s - c - c e c-c- a c - i c - c -  c-s- ’;e r a c - ’e.

153.  I c - c -c-c ‘c- c - C c -Ti.e . 1 cc- Y s - s -~ A - a - c - p - o s - s - c - s - n  c -n,e n c - c - s i r .
c- I c-I c- ic - c-c - c - c - C ‘c-c co ’cs-c- I c- f ’ I” n.pc-i a rc--,, ser-: I c -e s - -a i - c - - p a l ’ s - t I c - ,-;, c-C c - c - I ’  a2 , 000

c- c c -c-s c-c -c- s-. A-c-c- c- s - n c - -c- I c- c r e n : ~~. c - c . . c - s  c - n .c-eh less- t i c - c - c - .  1% c- C c - h e  a i c-c-
n c - c - c - c - I .  del -c -c - c- c - c -s - l I e )  i n d u c t s - c - a l  c- sc is I c - c - c - a ! . c-c- n ’ c - c - c s- ’; ‘, c-~ c - c -’ c

- c - - c -

s - c - -c-c- c

I c - I c- . The c - c c - c - i c - c - O s- c -‘c-s-c- I n ’ c-’ ,- ’ A-c--n c - c- -c -Cc-- c- -
c- A- 2.  c - 12  s c - j c -c - sr c

c-c- , I l e s - , c - c -’ lTc -% -of t n _ c  f c c - c - c -I s - n c - s i r ,  s-c -c - -c ’. . c - i c - s - h  ‘ n c - c  -“ - - c c - i a  ; . c - c - j  - I c - c - s - c - o n’ .
a r t  c - c - ns-- .- ’ ’ - ’c-c-c- , I ‘ - ‘ c - - or  , n c-e c -he’.. 1-c-c - s- c-K Sc- n c - c  c - c - c - S  c - c - c -  sc -c -c - c - l e s t
‘.- : I ’c- c-c-c-, i s - -’ c- ’c- ;’c- l c - ’ - c - te c - I c - ic - c -c-c- ‘c- i .e c c - c - I s - c - c -  ‘

c-c-- c - c - c - i s - c -, c-c - mc-i - c c-i’ 1cc- s  s- c - c - c -nc- C c-Dc- c - c - .c -1c - s-
i c-c-r : q c - aa c -c- e c - c - , I c - c - . I n c  c - c s -  cc- c-c- I c -c-c - C O n c - ; c - c - c - J’c-~ ic - c - c -  is  161 c--ic- -i .  ‘b c - c - i s  is  due
c-o c- ice s - a r c -c - i  c- c-c-c - c -  , c-oc c -Dc - s - i c-e c - c -’-;- , n c - c - n c - i I c - s  c-c - -c - c - c - c - c - e o n, i s - -s -k -of poj c- c- a l a c - i c - c -
a c-c-d ir .- .i c - ; s c - c - A - c - c - Il :’c -A - , c - c’c -.

15 5.  P - ‘ c - c - : I v a c -, is - c - T n c - e  s - c - - c - c - s -i c - n c - n c - i c c - p s - c -I, c-c- nd ic -c - i - s - s - A - nc - i c - co -c - c - r
use  c- ic - c - i . e  D e l - c- -c-;c-c - c -’e R iver  b a s i n  c - - c - s - s - i c - n  c- c -f ’ P c - n  ‘ d y e s - i a  i s  c - c - c - c - s - c -  “ c - . c- ’c - n
- -  

- i l l s - c - c -  u s - i , a v e r s -p l c - c -c- c- ‘ ‘8% oF “ ‘c - n e s - s - c - nc -i w a ” e c - - c - c e c - I c - D .c-c- c- c-c-e b a s i s - ,.
c - I c- c- c- A-c-c-c-, h a l f  c - c -” c - c - c - i s  w n c - c - c - e r  c-c -se or c- i s - C n n  c - c - u  c - ce - C l> c-

c -a,c- ’, c- c - c - c - c - ,  c c - c - c c - c - s - I c
‘ C c - C c - s - c -  . , c - , .  ‘c - c - c - I s  is a l l .  selt’— s , c-- p I l e  c- c - c c - f a c e  c c - - c c - - . A s - I  s - e l f ’—

s c - i - l I e  1 i r i s - i -us - n  c- c - a l  c-s- c-c- t en s- c - c - c - c c -  I a’ i c - u n  c- s-es c- - c-c - i c - e s -  ic - C s-, s t e - c - c - nc -  e l e c t r i c
c - n ” . - s - i c -c- - c - c- c - c - c -c-- c- c- c-c -c -s c- i c- 3i19 . c- , or 723 cc-f ‘ c - c - c  n c - s - n c -  I c - c - i c - c - c -  c-es-er use :
s - f c - n ’ s n s s c - c -  c - l . e :  C s - c -c-c - c - , s c - s - c - a c e  c -n c - s - e r r .

15..  Pc-c- - c - a c  -Ivac-’c - c - o  - s  ~c- - ,c-s-t L c - f l  c -c - f  the c - c - s i n  ac - c - ca  c - s  8. -.22 c - - c- c- c- c- - c - c - c

m i l e s , or 7c-C % of the c - al. Tic - is Ire i n , a . ’e area serves a ~
- . c - - , . lac - I c - c - c -  c-c-f

3 ,9 ’ -I c- DOD ‘ cc-:  ‘e s - c - c - v  I c - c - c - n c-- c-
s-c-c- . 1’ t i c - c -  ‘ ‘ ‘ c - c - l c- - c- c - c - c -i ’ c - s - i c- .- c - c -  c - c - c- c- - c - c c -  w i t s - i s - c  - s - c - c e

b - a c - i n .  Tn.e  w a s - c c -- c - se  - ‘ c- f’ c-s- .1 b i l l i o n  c - c - pd nc- eps - ese c - c -t s 68% c-f c - c - r c -  ‘ c - s i r
t c -c- ’c - ’.n l .  Pe- , c - . s - c - ; l ’ z c - c - c - c - c - I o  c - a s  c - c - c -  ‘n i , ’ c - . c - s - ; f, w I s - c - , c - c - ’ a w a l r a t e  w I n s - c - I c - n  c - - c -  ‘c-asI c - c -.

c-s ., ,

~ 

c-~—--- ~ c- , , ,c-- —c-
c-~~~~

c - c - . ,
~~c-~~~~



--c- .—- -  ‘— -~~~~~~~~~~ 
—c-c--c-c-..

c-
)

‘If-dc- s-c-c- c - c -c-

SIlc-T-s - c-.y OF fCT c-c-~~ i ’s -Jc - IIC IF c -’d, A - I D  lI -~s-c- ,c-C C- , c-AL WAlT ’ - , TJCE

c- 
IS DELAW A.SCL l IVEs- BAS ic - I >

Pc - , c - c - ’.c-c -n l Ac -c-cc - c- , ‘ c - ’  f c- r 1)55

c-’-s-c -c - c - I n . i> c- . c - ’ t l~~a . - ’f S , c - i c - - r s - ,’ l c- n o c - c c - . E i c c - n , - l c - ’ .’, - .

ic- nc- i l A-J .  Ic -c- c- t .  P c-c -c-c-c - , .  P- c- s-A-I ,

Pc-c- c- , 1c-c-t iac-’c - f c c ’ s - c - c --c-A-

( 1 c - c - c - c - --usands ) c - C C 882 2 c- c- c - i c -c- 5 -

c -‘ P c- , c - c - c-’s- c- c-t. Is- I -

- ‘ ‘c - c -  c-er Use
(c - -c - c - pd)  l~~~ ’2 l .~ . , - I- c - - c - c- -c - ic- , ’.-

Percent  8 2c-c- 1 68 -

As-cc -c- ic - c - Us - s - s - i c -  *
( Soc - c - a s - c - c c - c - c - i i e s )  1, - , c- c -P 2 ,,>- , s- 2 ,3 c -c -n2 P lT , 7 c - 5

‘ Fer ec -’ c - . s -  8 23 19 50 -

Per c-’- c - : I t c - c -  
c-

e-

‘pc-I 1,19 9  l,’c-’85 lc- .l 
c-
, ,  - .193

W I t  ,, c - is - nc-c -~c - c - c - I  I- c - c - C c ’
( c - c c - I d / sc - :. mi le ) O . 8 (  O . -c- - c - l  ‘1.008 - l . A-c-

Als - , l iar s-land - B s c- c- c -are miles
° i c - e l u d e s  basin -s- se only s-cc-c-d does c - - c - c -  i c -c - c l - cU e ,A- ’:cc - ’ .c- ’c 

- - -  
c-c- ic- c-c-

t ic - c  basin
+ 7 c-c c - i _ c - t ic -c -  s- e s-v s-nd by municI pal sys-  s- c s - c - c c -

4
I - -



L i  ic-c-il Ii
n c-pPc-’c - n xic - c - l c - c - ’ tc-” c - I c I , 3 pp d ar 1cc-c- s c- c- c-c-c-c-c-c- c

- c - c -  l , a c - I n ,  c-s-c-r - . c-
c-c- f 1,200 c-c- - c - .

The f it ;  C i’ , I s-iCc c - c - p c - . I c - c -  mr s - c - c -- c-c - c-s-s c-c- ,c- ’ c-c- ’ , c -  - : - t i . c - ,  c-c- f c-c - c - c -

l’ c- ’ c - : . s - s - l v a c - , i s - i  a . c- I c - c- c - l o t .  c - c - c - c - c - water usc ’.

S c-c-c-s-c-,er’ c-

157. This  s c - c c - i c - c - c  -s-as- presec-c-ted c-c s.c-s -c- as- c-amy c-f f l-c-e s - c - s - a l
c -c -. c - an c - i c I p a I c -  ac-c -C i s - A -u s f s - c - c - I  c-s-a c-c- c-c-c-s- c- c - se w i c -  C c - c -. c - c - c -  D c - Ic - c-c -- c -ar c-c- U I - c--er b asic -c- ac - c - C
is s- c-c-n .s-c-.c-c-r I ,,c-ed in Iab I,e Ic- c-’ . Pc-c-b s c-c-sage Cs-es c-cot ic -’ . e lucie  -c- -c a ters
cc-c- c-s-draws-c -Cam ac -I s - i-n c -A -I c- arc -I  -as- s - c-rc-I sc - c -p c - c - l i e s, c-’c-or Ic-c -es -  is- Is -c- A-c- c-c- c-c-c

d ic -,c-er sb c - ’nc - c -  Crc-s-c-c- t I c -ce  ‘s- as - ic -. fos- c-Ic-c -c- Is- c-rc-c- Oit ’c cr c-c - c - arc - c - c - pc - . s- c-c-e D ec - s -care—
s-ar c-s-ac -c- Car.aI . l’he c - c - c - a l  water  ‘s-se is ap p n s- c - :- c - I c -n~ate ’Ly - ., 00Ic-,’DOO , , , c-c c-s- s-
ac-c-C s e rv i ces  ac- ’c-c-c- ’c-c-ns- i c - c - c - at cL’ c-  5 , 003 , . . c- .

’ c-c- erc- ,.c-: ’c - s .  T c - e  c - I re - ac - cc - c -c-c- c - s -Es - ,‘. f
c -- s-ac-c- :’ wlt :c-ic -c - s- i .e b asIn  is s - n c - a t  c- c - c - - t i - c-. i n ,  c- i. e Sc -as -c -  s- f  Pc - c - a c - c - sc - Ic - ac - c -i
Pc-c-e s c - c -  c-rcc of s . c -pp i c-c- C-c-r c- ’5% c- c- all . .f the basis-. c-ac-er  .c-sel is s-~ r fo ce
s-c- c-A-e r;.  Cr-c- ac-c-d -s-as -er s-taos a c-c- re-ic - c - n c - c - c - nc - c - c - c-t  c-art I c -’, cnc-ly I c-c-e c c c - c- ,c - c - s - I
A-sIr .  areas- c-f Dc-Inc-arc ~~C 11ev Jersey . c-icc-ever , re c-c - c- of cs-c-ems-
allc-ws c- un -c-c- s - c - a l l y  ic- ipi c - w i c - c- .cir ac--:al ra tes  of a c-c-c-proc --c -I c- c - c - ac - c - c - c - lIc - . 5  c- c- ac- per
s c- c-s-re c-c-c-lie f a r  c - n c - c  bas in , ‘s - i c - n ,  ev c- c- c -c- ,c-l . ’n c-nc-c-r s- c-c-c-c-c-cs- f c -r  c - c -  Is -a s - i c - .
p c - r t i c - c - .  nc-f Pec-c-nsylvac-c-I c-c- . Pc - c - capita ccnsu s-c-c-pti c-n on a p-c - p . c - I c - t i c - c - .

c - nerved b - ac - i s  c-c -c -nc -pr’ .c -c- ’ c -ic - c - , c - nc - c - c -c - -- ,c- i ,20C c- c-3s-i f a r  the  basic -c - as a c-s-ic-c -Ic -, t. - c -
varies franc -c - c - c - c - i s  n c -c - dc - ic - c - to -a ic- i c-c- ic - c - f  1, 5-C O ppd is-c - c- c-c-e S ta te  ‘c-f

Delaware c-u a 1cc - ‘c-f 200 in ‘c - c - n . e  S ta te  c-f 111cc Park
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SECTION VI I I - NEW YORK C,LTI s-APi -ID c - c - I J P P L I *

Ic - c - f  c - - c - c - d c - s - t i c - c - c - c -

-

c- 158. History Ne-a York City s-es-arc- s-c-c - assum e i ts c - c - c --c-C ern
complexion on January 1, 11399 cc - c - c - r i a consolidation of the presec - .c-

. five Boroughs was ef:’ec t ec - c -. Pri m thereto , each s-e~~n e:c -t had
c - existed as , an ent i ty un t c -  i ts-elf , prc-c-v Id  i s - c - -p i r id ep c-c -c-c-c- :ec-c-t iy for

the needs of its cit izens . Thus-c-, at the t ime of j oin ing , each

I 
brought to the union ac-crc -p c s - s - c - .  i t s  o s - c - c - cc - ’  f a c i li t i e s  and cap-

c-c- abilities , the diverse and disassociated w c-c-ter s upp ly syn c - e s-c- c- . ;

which , up to then , had been developed for I ts par t l -c c - c -lai’
pu rposes. For the newly ur s-n, a c - c - i ze d  me tr - c-c-p c -s - 1i sc - of • > m i l l i - c - c - c - c-

- Sc - people , with a, daily water need somew a c-at i c - c -excess c - c - i’ c - c - c - c - - th i rd
billion gallons , the re - sc - c i t  was far I c - a r c - c  satisfactory . Cert ’:U c - c

- -c-
’.  improvements were in the m a k i n c - .  I t  was r e - cc - c - c - c - c - c - u e-i that  a v s - c - sc -

expansion lay ahead , hut  few Cc- c- s-c-s-ac a popu lace of eight mi lli c -c -c -c-

by the f i f t i e s  w i t h  a pract ical ly  c o i n c i d e c - , t c - c - l  water  c-cc -c- as-ac
of one billion gallons daily .

p 159. Source s The wate c-- sources were sca t te i c- ec - .  Pc-c-es-
Included , at the time of s- c-onsolidation , the Cr c-ton  and Bronx-
Byra ni source supp lying the Br onx a c - c - - I  ?4arc-kc -attan, a well system
on Long Islan d supplying Q c - c - c c - c c - c - s  cc-c-c -U Brooklyn ac-c- c-c- local wells
on Staten Island. An expansion c - f  n c - c - c  Crc-— t o n  system ic - ac - c -  t e en
recommende d and th i s  was being e f fec ted .  Cit i c -c-c:c -i- ru c -ps c - c c - i d
government people were searc hing for a solutio n , c - , , c - t  be - s -a c -se
of political undercurrents , there was no unan imi ty . T in e
situation was diffic ult.

lc-0 . Burr-Herlng-Freeman Report The most p r c - c - I s s - w n c - r ’ t c - c - y

effort to resolve the c-natter was initiated by New York ’ s c-c - nc-c-s-or
- c - c -  Seth Low in 1903 c-when an engineer inc-~~~~~~~~~~~ c ommission , composed c-c- f

* Prepared by the staff of the board of Water Sc - c - pply ,  C i ty  of
N ew York for the U , S. Public Health Service Appe nu ix on
Municipal and Industrial Water Use in t i c - c  Delaware R ive i -  B a s i c - , .

A 1,
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William H.  Burr , Rudol ph lier i rc- c -l a c-c-d Jol . c- .  B .  Freeman , was

appointed to exp lore all p o s s i b I l i t l e a n  and s - n c -  nc-c-ake appropriate
recouc -mer cdatio ns . The result was the now famous bc-s-rr-Her ing-
Freeman report t i t led REPOR T OF THE COMI c-I J,i i I I Oc - c -  ON ADDITIONAL
WATER SUPPLY FOR TRE CITY OF NEW YOR K , ‘LI’ c - u I c - c - t  forth on
November 30, 1903. This 980 page document searched the entire
field and advanced many proposals some of which have since been
implemented and others that are still regarded by some as
having merit. Outstanding was a proposal tc develop the
Catskill watershed.

161 . First Board of W ate r ’ Sc s-pp ly Simultaneously, an
aroused public clam ored for actio n . P c - b i l e  o f f ic ia l s , and
even tually t he State L e g i s l a t c - c -r e, responde d ic-y pro v iding for
a New Yor k Ci ty  Board of W a s - c - - c - ’  Supp ly ,  headed by three
eon~aiss ioners  having l i f e  tenure . T ic -c - year was 19014 and the
leading advocate was s - c - -c-e t i c - c c -  Sc- 1Ic-~ c -s- c - , George B , McClellan .
The measure beca m e e f c - c -c-.- s - i v e  t ine  t o l l s -w i n g  year and Mayor
Mc Clelian appoirc-t e-d t i ’,e f i r s - c -c- c-Ic- c- c- c - cr - C of Commiss ioners .  Thus
was set t i c - c -c- stage fu r  s-ic-e City ’ s presec -c -t  water supp ly
system and the manic - cc - -  in w l c - i c c - c  - i t  was subseq c-c-ec-c-tiy to be
e f f ec tua t ed .

Ps-c ; ec - . t c-c- c -pp is-

162 . Sc- c - c - rc - nes  c - ic --s- I ‘‘k C i t y  depends upon f ive distinct

sou r ces for its water su pp ic-

1. Tic- c- C r c- c-c - c - -  c - .  W c - c -ter s lc - ed
2.  T c - . c -  Cat c - i l l  s- ’ c- ter shed
3. The Delawar e’ c - i c - c - c -.1 ~‘ -c - - c - c - dc - c -ut Watersheds
14. The Long I slan d  Supp ly (fo r emergenc y)
5. The Sla i te c - c  - Is land Wells

l p3 .  C r c - t o n  Tire Cioc- - t u c - c -  source , or i g ina l ly developed
between 1835 and lOd c-c- , was later expanded as ti r e C i ty  ‘ s need
demanded. As it generally e xi s  s - a c - tc - o c - I c - c - c -’ , i t  was comp leted In

I 

_______________________
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vk : l c h  is ~ Tho. : t  t~~t a Z :~~~~: t a i : . ’~~ Z r  .~~Z . ;  of
Dj L c h ~ .is , P : t : a m  nod W: .~tches t~o .

io~~. C at o k I l l  Too oe :t to uo ~i t  ~~~~~~ the so-~ a. t~~d
Ca t ok i i l . ;v o t o m  toat ira’~.s t r ~ :. .o- E:o~p~ .; a:, S .a: le a: ea..
of toe c : t i a t  ard ear t e r o  C n t : k l i l  r:.. :~ o ta i :~s or. t o e  ‘~;e~~t s ide
of the  Ha isco River . Rot tt lo tao rta~’es th~ f t r o t  ota
rur~prioir13 the Esopus devel~ p~~ :.t ~ Z t h  ~ ~o r a Z : a ~~; Lao Zr.  of 257
oqoar e miles , wao t Inoed  in ~p r a t ion  at aho :t to~ e ra  of 1j15.
The aeoord ota ~ e , re fe rr ed .  to as the  S oOa:’Ie ‘Ie ’ie top:nert ,
Lao a i ralnaoe  area of ~~i~Lf o:~~a~’~ m e~~~’~.k.1 ch weot  i n to  operat lor .
Zr  19:4.

1o5. Hordoo t -D -  laao: o Tho n o . ~t :~ r ou r c e  to L~’ :
ve1 p~ I to  . r o~ j o-ut -Z2- _ a w a : r s; u t o -n. a o l  uh  draau

:1orr : o t : c a o u  on too - t o r t ’ , uloco - of tho - Iat~ ki  Mo-
3~~~ ’ra 1t; ~o f : : r o -  I to au toe Do taaa~ - d : ’~o 1opmor .t , ,  it s  f i r s t

~ t a 0o- In lii~.o-d a r e s e r v o i r  on Rondo~~t I :~ to l l  ~ta:Z ; of
the Hoduor  River , nod. a ; t: .o-r C r: t r~ N~o” s : . ~ Hi~~er , t r butar ’ :
to the De towar~ . The s c o o rd  o tn~ or odu~’d a o~~~r r v o i r , k:.oar -.
no too Pe pa~ too E e o e r v o l r , on the Kn ot  E r a r ob  of thu  Do-Iawno o-
aro  the t o ir d  sta. o now un do -r  c o n st r w u t b o -r ., a ill  result ir: toe
ult imate ot a :  11 r o - ot  o f  a r’ e u e r v o  i n  ~at Caooor :svi lie)  on th ’
W~ ot Era :. : : .  of to Do- b a  2 . - . F .  r i cot  r y e  topr: e: it  baa a
a a t o - r o h e o  area of 95 ~qoare t i  t oo  a L a  toe  Do- Lacare d. oulopr::erto ,

~~ square m I l e s , 37 _ s~j oare 01 leo nod i~~ 3 square m i t e s , for
Neverslok , Po-parto-:. or. Car: :,oviiI ~ respectively , totaling 1013
s~~~al’e m i le s .  All il th e  Sc l I e  w i t :  I: . t~ o- i f 1r:es of New York
S ate . Ru::do~~t f u t  b o o  as t h o -  r e r e iv i r q z  nod d i st r i t tlo-
reservoir for toe sZ. .~t err . F b O i l  in o r d — r  of . o -mp io- ± iZ u r . ,  it
was p ia :o-: i n emer o-:.e .  serv on Ap n i  Z 5, ~~~ ara In rec tar
operation on J u n e  18 , 19~ 1, r o t l c s o - i  lv re~ u la r  operation of the
Nevers ink ieee lcpn .eot on J a o a ’ :  I , 1~~-l ari a t h e  East Br ar ch
(or P~ pau t on ) 0e~’e1rpmo -r t  on S~ p Lobe r I. 1955 .
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L~o~~ Iuiat~d The Lut L sl~ r o  iu o J e  onp r i  ses ~Le
Rid ~ e~ oed syst ~ r , a r ies  of j~~~L u o  dr iven ‘~ef lu  ori r~al ly
d~ v~Jcpod by the  p~~~- nJo  oat iuL  C~ ty  ef Bro oklyn , and the
Queens system of loJall y d n i v ~ n wel l s  simI lar ly developed, for
the needs of  that Borough . These two oys ter s have declined
appreciably in importance during recent years and are now reserved
for emergency use.

167 Richmond The Richmond (Staten L~land) wells , yielding
only about 5 mgd , supp lement the up lan d grav ity supply to that
borougn at present .

Distr ibut ion System

168. General The waters from the upland basins are

gathered and distri buted by some controlled lakes and ponds .
Each of the three principal upland systems has its own network
of supply conduits leading to the City . The Croton supply is ,
for the most part , del ivered to and into the c i ty by the
New Croton Aqueduct (circa 1890). It is a low level gravity
supp ly and for its f ull ut ili zat ion it i s necessary to pum p
a goodly por t ion of the supply w ithin the City .

ln9. Ac~ueducts The Catskill , a high level supply , is
delivered by grade and pressure aqueduct from Ashokan Reserwoir,
on the Esopus Creek , to Kensico Reservoir in central Westchester
County and thence to Hiliview Reservoir at the City Line. The
Rondout-Delaware system , similar ly a high level supply, is
delivered by pressure tunnel from the Rondout Reservoir to the
West Branch Reservoir of the Croton system , thence to Kensico
and Hillview Reservoirs. These interconnections plus hydraul ic
pu mpin g stat ions at Croton Falls and Cros s R ivers reservo ir of
tf ~e Croton si st e m  make possible the enroute intermixing of
t~~ waters of the three systems . This p e r mit s  some degree of
cjoalit ; control , - sa~ e;~uu r d s  ago~ n s t  system imbalanc e and
pr~~i ides a c 1ain t~rn~~om ;  of p~ ration . For further safc t y
and ~ua it- : control , bypass connect ions  on the l ine of the

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~i~~~~~~~~~~
_
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Delaware Aqueduct are provided at the West Branch , Kensico
and Hillview Reservä irs and on the li ne of the Catskill
Aqueduct at the latter pair of reservoirs . Hillview Reservoir ,
together with a number of small regulating reservoirs within
the City, receives the upland flows, holds them against demand
and smooths out fluctuations.

170. City Tunnels The high level waters are brought into
the City through two deep tunnels in rock known as City Tunnel 1
and 2 respectively . City Tunnel No. 1 underlies Manhattan and
crosses under the East River to enter Brooklyn . It terminates
in the downtown section of Brooklyn . City Tunnel No. 2 passes
through the Bronx , under the East River and Rikers Island to
Queens , thence through Brooklyn , joining City Tunnel No . 1. at
Fort Green Park and continuing to the Re l Hook Section of
Brooklyn for possible future extension . Pipelines from the
terminal shafts extend southward through Brooklyn for local
distribution and to supply a pair of submarine pipelines crossing
the Narrows to Richmond. Similarly , cross-bay pipelines serve
the Rockaways from connections to trunk mains in Brooklyn .

171. Street Mains At key locations along the two City
tunnels , there are riser connections to the street main systems .
As of December 1957, there were nearly 5,600 miles of distribution
mains throughout the city, varying in diameter from 1 1/2” to 72” .
About 159,000 valves were in place along these lines with 86,010
fire hydrants. There Is also a high pressure fire-service system
which , in 1957, totalled about 171t.5 miles , had 6,600 special
valves , and 14 ,100 high pressure hydrants.

Water Use - 1955

172. New York City During 1955 the water use statistics
for Nesi York City were as follows : Per

Locality Population Consump tion Capita
(1000) (mgd) (gpd)

Manhattan and the Bronx 3,1482 575.8 165.14
Brooklyn I~,73 I . 329.6 120.7
Queen s 1,718 178.7 1014.0
Richmond 217 25.8 118.9

New York City Total 8,1!48 1109.9 136.2

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _
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173. Outside Areas The City of New York is also requ ired,
under law, to supply the waters requested by those outside
commun ities through which the City ’ s conduits happen to pass or
within whose areas the City has built portions of its far flung
works. Water so drawn is paid for, but must nevertheless be
considered in the City ’s consumption statistics. The total so
provided in 1955 amounted to 1#5.3 mgd.

1714 . Range of Flow s Maximum and minimum statistics
during 1955 were as follows:

During any one day (xng)
Locality Maximum Date Min imum Date

Manhattan and the Bronx 719.7 Aug . 5 146~i..5 June 11
Brooklyn 1412.8 July 5 268.1 Mar . 27
Queens 185.8 Aug. 2 109.7 Jan. 16
Richmond 39 .3 Aug . 2 18.0 June 12

New york City Total 1,328.2 Aug. 2 902.7 Jan. 1

175. Yield of System The safe dependable yield of the
combined New York City sources during 1955 was as follows:

Croton 330 mgd
Bronx-Byr am 10
Catskill 555
Delaware-Rondout 120
Delaware 1490 “

Richmond

Total 1,510 mgd



73

Water Us~ - 1957

176. New York City During 1957 the water use statistics for
New York çit~r were as follows :

Per
Loca1i~~ Population Consumption Capita

(iooo) (mgd) (gpd)

Manhattan an d the Bronx 3,1486 583.2 167.2
Brooklyn 2,718 368.9 135.7
Queens 1,730 187.8 i08.6
Richmond 237 29.1 122.8

New York City Total 8,171. 1,169.0 1143.0

].77. Outside Areas The City of New York is also required ,
under law, to supply the waters requested by those outside communities
through which the City ’s conduits happen to pass or within whose
areas the City has built portions of its far flung works . Water
so drawn is paid for, but must nevertheless be considered in the
City ’s consumption statistics. The total so provided in 1957
amounted to 57.2 mgd.

176. Per Capita Use The gallons ~er capita per day for
earlier years , on a City-wide basis were :

19514 130.7 1957 1143.0
1955 136.2
1956 136.1

179. Range of Flows Maximum and minimum statistics during
1957 were as follows: 

- ~~~~~ ~~~~~~~~ - - ,.~~~~~~~~~~~~ .
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During any one day (mg)
Locality Maximum Date Minimum Date

Manhattan and the Bronx 781.2 June 17 1470.6 N.QV. 214
Brooklyn 1466.i June 17 315.3 Feb. 214
Queens i)~ .9 July 22 107.9 Oct . 26
Richmond 39. ), June 17 19.6 April 19

New York City Syatem 1) 1483.7 June 17 980.6 Nov . 211.

180 Yield of System The safe dependable yield of the combined
New York City sources during 1957 was as follows :

Croton 325 mgd
Bronx 5
CatskIll 555
Delaware -Rondout 120
De laware 1490
Richmond 5

Total 1,5Gb mgd

Future Water BeqAiremer lt s

18l~ Future Needs The City ’ u ru~ ore position , waterwise,
appears quite secure at this time . Under permission by Decree of
the Supreme Court of the United States, the West Branch of the
Delaware River is being developed to provide an additional supply of

310 mgd which should become available during the early 1960’ s to
raise the basic supp ly to an es t imated 1,810 mgd . Based upon the
City ’ s es timated growth in pop ulat ion and consequent water
requirements , as well as the 1~~~ nireu ents  uf outside communities
supplied by the City under law , i t is estimated that a y ield of
1,810 mgd should care for the C i t y ’ s needs and ob liga t i ons  to about
the end of the c e n t u r y .  (See U b ~ 1ation h e L w )

~~~~~~ ‘si ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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ESTIMATED FJT~ J iE POPULATION
and

WATER SUPPLY REQUIRE~iEiJTS
of

TI lE CITE OF NEW I ORK

• Year CITY CITY Supp lied Total

Population Consumption to outside Consumption

(iooo ) (mgd) Commun . (mgd) (mgd)

( i ) (2 ) (3) (4 ) (5)

1950 * 7,903 953 29 982

1960 8,1403 1,319 50 1,319
1970 8,854 1,4143 80 1,523

1980 9,312 1,5714 105 1,679
1990 9,730 l ,e93 125 1,818

2000 10,115 1,810 1145 1,955

2010 lO , r 59  1,9:1 lL5 2,126

*U. S. Census Population 7,892,000 as of Apr il 1, 1950

182. Population Forecasts This estimate of future

population Crowth within the City is a medium series forecast.

It indicates, between the years 1950 and 2010, an annual
rate of increase of about one-half of one percent.

183. Consumption Total consumption in the City (Column 3),
based upon total populat ion and per cap ita consumpt ion , ref lec ts
an annual increase in per cap ita o f O .n. gallons per day, 1960
to 1980, and an increase thereafter of 0.5 :afl300 per day

to the year 2010.

Delavsre Development Operations

184 General. Warran tinc  special m e n t i o n  in any report
(leal.Lng w it h  Delawar e wat er rer~ .:x-ces are the condi t ions  and
circ instances attending the city ’ s use of developments created
by it in t:c Delaware watersned ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.

.

-~~~~~~--- .•~~ .~~~
_

_ ._~r ___
~._._ _ . _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _  _ _  ~~~-. ~~~~~‘~~~~~~~~~~~~~~—~~~~~~~—-~~~

185. Supreme Cour t Decree [Jr d± n t h e  Ar!r ’nd~-d Deor of ’
the U. S. Supreme Co ur t , dated June 7 , 1951+ , w h i c h  m o d :f i ed  and
amended the Decree issued earlier unde r datE’ of May 25, 193 i ,
New York City was authorized to divert from the Delaware River
watershed (in New York State) 14140 mgd until the city had rcm~ lt’ted
and placed in opera~ ion its reservoir (Pepactor:) on the East
Branch of the Delaware River , 1490 xcgd after the comp eticn
and commencement of operation of this second development , ar•d
800 mgd after the completion of its reservoir at Cannonsville on
the West Branch of the Delaware. This permission to divert
carr ied certain parallel conditions and obl igat ions for the
release of compensating waters from the several basins during
the periods of low natural flow in the river , - all of which are
specified in the Amended Decree.

186. River Master Both the releases to and the d:versions

from the Delaware River , by the City of New York, are made wider
the supervision and. direction of a River Master , who shall be
the Chief Hydraulic Engineer of the U. S. Geological survey , or
such ot’her engineer of that Survey as shall be designated by the
Chief Hydraulic Engineer .

187. First Phase The first phase of operation , which 
-

permitted a diversion of 14140 mgd (which incidentally was also
in accord with the requirements of the original Decree) lecaj ne
e f fec tive wi th  the placing in regular service of the Neversink
development on January 1, 19514.

188. Second Phase The second phase , ‘p~riitting a

~iversicn of 1490 mgd, went into effect or’ September 1, 1955.

189. Diversions Computed from Tun e ~ tc the  end of
May of the following year, in acdordance with t h c ’  &aended Docr -”-’ .
d iv e r s i o n  ty the C tty for the 1957-1958 peri.od averaged 222.8 mgi.
Releases t.o the river from Neversink ant Pepacton Reservo irs
during the same interval (12 months ) aggregated 90,771 mu tton
gallons , the greater portion of which 70,04,2 mg, was released
to au~ nent the natural  low f1o~ s during the June Pith to
December 8, 1957 period, as follows~

4
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1957 SEASONAL RELEASES

Million Million Cubic Feet
Period Gallons Gallons Per Day per Second

June 15-30 m d .  141431 277 1429
July 17641 569 880
August 17207 555 859
September 126814 1423 6~14
October 10255 331 512
November 7153 238 368
December 1 - 8 671 81i 130

Total 700142 396 613

1.90. Flow at Montagi.~ The re5ultant flow at Montague
N. J., the controlling river station as specified in the Decree ,
averaged 1650 eta for the overall period from June 15 to
December 8.

Conclusions

191. General In conclusion , a note of oautiQn seems
necessary in regard to the generaL reliability of population and
water yield forecasts for the City of New York. While all.
predictions are made with great care and an eye upon trends over
all, of the years of record , unforeBeeable changes are possible that
cannot be evaluated. The volum e of demand is not entirely within
the City ’ s dis cretion since certa ’Ln areas beyond the City must
be supplied when necessary, according to law . It is known tha t
suburban expansion, particularly north of the City, is
accelerating. Despite a tendency on the part of these northern
suburbs to develop and to rely upon water supply systems of their
own , the time must come when , having exhausted their local
potential, they will have to draw from the linta of the City
of New York. In a further sense , this northern development

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-
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also cuts the yield of upstate watersheds . The urbanization of
rural catchment basins not only alters the runoff and water-
producing character of the areas , but a1~ o increases the p01-
lution burden with resultant deterioration of the quality of
the waters flowing from the region , sometimes to the point of
compelling abandonment of part of the watershed.

192. Thus growth imposes its own weight upon both
cons~~ptton and supply. Since the manner , extent and cause of
growth are complex and fortuitous , the forecaster must be
prepared to revise his best estimates for both demand and
supply as soon as circumstances may command. The statistics
and conclusions above presented are accordingly cffered as the
best now determinable, but always with the reserv~tion that
tomorrow ’s events may seriously change today ’ s cur res .
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oECTlu:: IX — MiJitIUIFd [, ‘4; n~: :3UI 1’i~.. - ~~~~~ OF PHIL,ADELPPIA*

In I r u d :~ t :~ on

ida . H ioter , Te l’u r ~.:ul io n 1’ th  ~
j esent c.u :~~~.t w ay

system c to : Cit y of FL lul l ph a wwi laid in 1801 with the in ~eptiun
of th~ flrct Phi lad~ iph iu ‘4or~ s in  U~ : ny - r of tnat year . ‘P.~ f i r s t
P:. ta~~ pe:a W::ks serv~ d eeL : the Ci U; proper jf those days an arL - a
of less than tw~ oguare miles. Jo ,. , foflowing the c~ nc licat:on

of the Cit1 proper with L. ‘ wnshi pu , icrouro s ant d i u t r I ~~t s of
Philade l p:-.ia Count , the water werks or the ‘ a d o  : t i t  los were

0radua lly asu lated, by the P:7 lade Iphia W~ ras w i t h  ‘cater

system for thy entire C o un t y  becan: the resp~esib: tS: of toe C I t ’ , .
At that time , few could envision. tOe ‘~re::.yed,c :i.pansico oh toe stem

whic: . would by the mtddP in~ t~ ’c, fifties eerie a yj. ~tace of
two and o n e -c n ,ur t e r  at  lii en ir: w aree  l 1C cc .ur m i l e s  uli: tnree

ejn~~’od and seventy mi ll i on  railone b~ e Ia’: ( t i d) .  Tn W~ ’~~:’ Depar t-
ment ’ s one hundred ari a f i f t - -e i, :, r. ‘ ea rs  of gr~ a ’ . r ’ ’f t e - h pe r i w i n  c:
aec a’~’ occ asione d  by ir ~d1f f ’ e reov~ or fiew ‘hal ‘1 :‘fi :  ~‘ I t t  es IL 1

by periods of revital i z a t i o n  roe iiny from tOe p : :  sw i n e  of n o n- r  h e r -
able needs . Today , the Pel  LaJelp: .i a Water Depa ”cee: h i S  aoa n :n a
“ ‘~~lde: ,  era ” , now neino en ’a ’-:d in a 52 ml t ic:. wici ar pr~~’ran. oh

reconstruction and rnoderni , :,ai iur:  to sa t : z  e i t s  pros -r i  O : e O 5  ans

near f:,t,n’e re~ i remen:t s

~~~~ Sources As it was in the begini nin~;, t he O h  are a:
Schui L~,ill Rivers are now , and may h”ir g u t  e sce’- ~~me tn tn hu t
be the u e u r c e s  of raw water s ipp i ,’. Pr:rr to tn~ L~, ‘be Oh~ ‘c c:

served with u nt r e a t e d  water cl anini e ted di re’ t ty  t h r e : ’b r e s e r v o i r s  from
these Hi era . Dissatuoiaut: n wi th the 1eaUIty of w e t  nod t~ e pr t o r i

of disease r e s u i t e c  in  the a d o p t i o n  of r’c c i r : , r i u  i ons  s€ : : rt h
i n toe R u d o l f  H v r i n g  b ep er t  el’  t h I e  n o d  the  S U t  i e q ~~COt  Conso :’ ~ct ion oh ’

filters. Later, :hwih aI troaie :J wac ad~~~~ O to aid in tb a

~7:o~ rta prepared b: Ito Wate r  D e p u H  r e n t . C i t ’  of p L i l a e e I p r : i ’ , C ’ ’ .

f o r  the  U . S. P u b l i c  Hea~1 i Serv ice  A 1 p : .d i x  on ~le r h c~~~ul  end Ied~ st~’haI

Sitter tJse in the D e l a w a r e  R i v e r  Bas n .

— — -~~—-‘—
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a u i r , e t  1~~. lut i , in t’~ cc’t t l’eae~: tb ’: Wr , t r  i : 1o o t ! : . :: t , : . a :  t u o c e

x t ’r : s i v e  r r : u ’ u e L : : v c  to p : ’ : te ’ ’t the RI e ’r s l oon: ‘~~: ‘ n o i r a t r 
~~~~

‘

c : u ~ r’ n’ruoni l’ ~ i i r ’ v -,: :r, :’ i t  .,~ wa, e t t ’ea t ’ncmt  w o k s  n a r y ro tor:

~ f tal c in~~ r ept’~r o w  ‘s. Tuda~ : : ‘.‘ , , ci l l . ; ,
~~~~ 

iics :,ulh ’

of tOO ’  ‘L i t i ’ s water , H ‘c- ’o-r , In ’ : ,’’ - at’ e o h s ’ i r , ,  l~ ’ O , :U  201 n’ :u t n ’ t ’ ’ i u n s
which pr ci ue in ‘:‘ auir ,0 the nor ’ :ot tea’ n r lck r e:; : 1  o’~ u’:o r:t g u t b i :  u w u t : : .
T: r’ ’ : ’ :‘ ‘ , p r ’au o i ’c c l t y  al~ h ’ : t t ’ u r e  u’ , ,0 i  :‘ :: r : l  m et ’ - niocs r r : u c t  be rn
h I d : , the D~ laware R i  ‘or , and ‘:hc ra t ed ‘cope : tle- ~ a ’ t i tt e r  p l a nt s  ( i ;
on b o t h  R iv e t ’ s  nj v e  beer distu’ Ibutod c! this : OutS . I:, ’ C I ty  of
P I t a d elp n : a  is nocessa ri l :  come :n~~: w i t :  a.r ,y l o ot er  ~~~~~~~~ at :  ‘: ‘:t s ri’-
geal it l .’ or c e ar : t i t ’ ;  of  e- the r  si:’ca”, , f: , 11 ~~~ bIer o,u~’,:r,en, tati ::, be

pr~ ’: i dcd or, the Schuy lk i l~ River , a r.lctu wlthth’awal “a’ ’- d~ rur,,~ th’oucht

p~~r i ods  ccc 10 1: ’ ass ~red te’:tdir:g to  f i r m  th e  Do i ’ m : ” : s p~ I , at t h e
sauce t im e . H o w e v e r , to take cd”;ar . ~~i , c t  l o w  f low ae : n ’n t u , ’, i on.
by Inc reasinc, withdrawa ls hue’ :: the S h:, i k e t  I u ch  be ’iond cxi  st ir :r
averaye rates  (see p’swi ’ rap :  198 a:,l 2li ‘4’: eL t’~:j : : l t’~~~~’ : ’ at ’
f i lt r ac  ion capau it’: t h a n ,  is ho’ iri e: Jut ‘eel ~ u C~ t~~~” - f n 1k : I I  on xc d
n e c e sset at e  re t : r m ent  of pact of t t~ h ,tn i  o a’ :‘ I l t c a o i c n  f a c u d e t i e s
0:. :ne Delaware River ,

195. lb ,’- Report of the Bc~ r’d of’ Ccr.sulthroc En;:reere Juhe
proyram for e,’:I ‘- o d i n 0’ an d. vcd’ur’ni sing the  1, ,’ of F L u  t a d o U” n i  a
water  w ’irks u s  out Ium:-:i in two r ’fpo - I ~

‘ -i ’
~ A r ep  urt :iaie no

Mo rr is  Ku ow ees , U i , for the  P :r n ’ - t or  of Pubu,:o 4::’ks I l-b,.
(‘c) A r ’ epc:’t r o d ’- ti th~ Board of EnLn:r,’~~t’s for the ‘1eerr’ ‘ s Wwie’r
Commi ss i

~~

n: e rr I ’O-+o ,  l:~ ldC O i ’Cpd  ‘t w o ’-  ::: a y : e l l : : hn or ,: n a t u r e .
bas ic  en ’L :r~~’~ ” i ng f ien :  ~ O’L h o t  the oa t s WorKs s”at-trn has bn ’n based
upon th e l~i c  r ’- ’pe ’rt , n od if ’ :ed t r e :o  t i m’- ’ to to : ’: ‘C ’: tr,ih :icteal ,::t:ihes
w: ich have br oucht  u p  ~ e u:i t~ the various r ‘cix ~ts as it: - : a conic r e ad :
:Lr c o n s tr i c t i o n , Fr ee~~n t  p 1 5 , 0 t o  of tb ,  da t  ~ d i’ j c ’ : : :  t , at c : g  ‘sil t :
so,m~ of UPs p 1~~nr :ing fo r  t : t P  n’~ x t  tw” :r t y - f ,  “C y e ur s  . 0 1”  ~~C i i ’’  a

ce:nni derarle e w e r n t  in , c : ’ : ’l  w : t ~ re - cr ,r :~’r , c-s L i c es  of lb ’- 
~~ :

‘-
~~

‘ “ p o r t .
foe S ar i  of ’  Con :ib, fl . r , t ’ Er i : , e O ’ s h r .  I ’ o ~ r~’ooo:: ::: i~~d Phi I’Ll Iptile ’s
c . :  r en t  f ’ i l ~~er r e c o r : w t r c ’ t i o f l  td ’ o t o , ’ c r 1  c u o t r ’ n e ’ m e o t  Oh  a

Us eb lal : :  purer  ‘cater from . ‘a~~ p i o : .d ,cO: h o e  ‘or ,  ‘ f ’  i t ’ ~ -:r P’ .
P r i or , pr~~~arh lw on t h e  tao b, ot 005 ± , ‘ii’ is the  ‘ : : s ij - ’r ’ - d  p b :  icr
of the  Way r 7 ;,r t r eent  t h t k  F i ’eie’4’hic ‘c h I t  no ’ I i  n i  i no’:rcsr xr’ ;
t o  ~:o p e t r ~ alr or ty -  iIeluw ’or ’ ~ i \r ’ r f o r  at I ast t’i ft”s-rr, to lw ’ : I
se a r s  1’’ reik :‘‘- , an’ ,’ O e 1 h S  i c r  t o  r~b,e ‘ -i t - P~’~ ‘:~-3 _ j,~ ~ , ~~~~ s ou r
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must be deferred for the future, although this matter must be kept
under continuous study.

196 . Water Department, City of Philadelphia In 1952 the new
Philadelphia Home Rule Charter resulted in the reorganization of the
Water Department. Complete responsibility for design, construction
and operation of both the water and the sewage systems was assigned
to the Water Department . The Charter also made the Water Department
self-sustaining and gave it the power to fix rates under standards set
by the City Council. Reorganization and vastly improved financial
strength brought forth a resurgence of activity and provided a firm
foundation for operating the municipal water system as a modern utility.

Present Supply

197. Sources The City of Philadelphia depends on two sources
for its water supplies:

(a.) The Schuylkill River
(b.) The Delaware River

198. Schuylkill River About fifty per cent of Philadelphia ’s
present demand is drawn from the Schuylkifl by four filter plants
located along the banks of the river within the City 11m14. Three
filter plants are situated on the east bank , na~ne1y: The Upper
Roxborough Filters , the Lower Roxborough Filters and the Queen Lane
Filter Plant the fourth, on the west bank, is the Belmont Filt er Plant .
In the near future , the Upper and Lower Roxborough Filter Plants will
be abandoned; approximately fifty-five per cent of the water now
supplied by these filters will be provided by the Queen Lane Plant,
with the remainder being made up from the Torresdale Fil±,er Plant
on the Delaware River . However , the future rated capacity of Schuylkifl
filter plants will remain about the same as present (200 rngd - see
paragraph 211.)

199. The Schuylkill water supply usually has more than twice
the total hardness as measured in parts per million (ppm ) found in
the Delaware River supply :



32

Hardness as Year ly Average
Year Schuylkill Delaware

135 ppm 57 ppm
1957 i66 64
1956 129 55
1955 143 50

200. DurIng the past 15 years, the Commonwealth of Pennsylvania
has carried on an extensive program for pollution abatement which was
directed primarily towards the elimination of cuim waste originating
in the anthracite fields. Practically every community from the mouth
of the Schulykill upstream to and including Reading now operates a
sewage treatment plant. Upstream from Reading, only Schuylkill Haven
has sewage treatment facilities . Despite these anti-pollution
measures, the most probable number (MPN) of coliform organisms at
the Schuylkill intakes ranged between 23,000 and 53,000 over the
years 1956, 1957 and 1958. Earls. in 1958, Philadelphia received from
the Water and Power Resources Board an allocati3n of 258 mgd f rom the
Scbuylkill River which will provide for the overload capacity of new
rapid-sand filter plants (rated capacity 198 mgd) .  The former alloca-
tion of 200 mgd granted in 1914.4 was for slow-sen~.. filter plants of 200
mgd. rated capacity (overload capacity was little more than rated
capacity) . It should be noted that other water users are in competitior~
with Philadelphia for the Schuylkill supply; the Philadel~-riIa Suburban
Water Company has been granted simultaneously a provisio~~l allocation of
20 mgd , subject to Philadelphia ’s prior use . The total f low in the
Schuylkill immediately above the Philadelphia intakes was less than 200
mgd on 14 days in the past 27 years.

201. Delaware River There is only one intake on the Delaware
River and it supplies the Torresdale Filter Plant ; the Plant Is within
the city proper and located on the west bank of the river. At present
the Torresdale Plant processes half of the supply . Almost all future
increases in demand will be served from the Delaware River via the
Torresdale Filter Plant . The pollution abatement programs of the State
and. Federal governments along the Delaware have attracted nationwide
attention , yet the MPN of coliform organisms averaged 86,000 at the
Torresdale Plant in 1956 , 113,000 in 1957 and 62,000 in 1958.
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ar e-t : ’, : r t ’ae’ t c , r ’ ’ c b, H~ ar :  in  ,‘ j I’/ e ’I ~ t ,  ‘ ro:

de::, a:, d,s ft ,,’r :’ ,~~r .  ~ j a l  ‘ ‘ a ’ e r ’  n y : i , i t s  in ‘h e 1e’st- r’ pa :’’ o:’ ‘c. , ,  0
as’ir: wm:I ‘: .  a:’ ci’ t .  ‘ t ’ t i  l~ 5: : 

~~~ l pr.:a . ‘I’ ’ , x I:. ‘I .rc : .lallcn

t : : : ’ t ’~ aces , t i te  b ’ i ’oct  01’ I t o - ,  u foot ,r : a :c L i  on ‘:~ a,  I ’  I’ ~~ ‘ ~~
‘i : , ’

to t :,e L u -s in , I ts ’  r i l e - c t of’ ‘ i I ‘cc’ . ‘c : i  ‘c : ’ ‘ r I o t  ~ l I v e r ’s  t o t ,  s
U; New york r,’ t l ,  poos ib l t u  dls ‘ :0 ir inar “ of  I~~r ~se .f  ‘ :, ‘ h ‘ : c~’ i c f  II
riven as at :::pen’t a :,t scor e ci ’ S’ r~~~~I : ’ :‘ :r P:,i ‘ c f l p:,,’c . a’b ,o,’c_’ , ci ’

un der ’ r o u n d  s;,r~’ - ’s ‘:c c o n ’s -  t h e  iri’:” a s h o p  p hatlot . : ,, ‘ Us’~,’ r
Couru~~,’ arid Ic 1100 au ;‘::e’ntutIor, a~ a:, e terr.t ’ r : : u t  ‘~~:, U t ’  I ‘ 1t ’

doan titl :~ : -~~ o’ualitty of water ir: t,o’

Waterworks S’,’ster:

- P03. General Raw water’ t ’cke: f ’ r~or: t h e  So :, ,~clkb Ii ‘jnd D’ I av’cr’-
Rivers at P oi la d s i p h Ia  i nt ak e s  is o~~’s’~ f f ’ a L l~ fur o~” wi ’,:,cut elat -cr’ate
treac:eot. Phi  taI-- iphia ’stiiizes special a’:oi soac , tar’ i m easure’s to pr ’~~ u r i s

toe tao water before it is a f it ,, po t ob cc o u-rr.r,cdi t’~~. I:, esst -~r , oe , tr i o
deli’:er’cci f i n i s h e d  product. is t h e  result of toe  f o l l o w  inc  procedurea :
Puop i:: of raw water from the r ive r s~ ~‘: pu ’ur :dmnen t in , prs-sedimer~tatlor;
basins; flocc-ulat :cr .  and prec~ pitat,i or.; f i l t r a ti o n  P ,y either  slow sand
or rapid sand type filters , adniltion of cher:,I ;:ale at vacious sta su s ,
stora0e in filtered water tanks , basins or reservoirs finaIl~,’, 

i’0d
into arte:”bol supp ly mains by poops or by 0’ravi U ’; to be d i s t r ib u t e d
to the cD::s:,r’:r- r t,hro’u Th t h u’ucat :d s cf  ru:i les of p peo of vat”, ir ,r :
Jla’neter’ . Toe DistrIbution S. :utern :s vid’ d into ten press SIC
se r’vi :~ cii str i : ’ ts  , f i v e  of which have 1 c’ :11-ct I:: stcra0e. Filtered
‘cater f’ rc::: toe  S la w a r s i s  p uto p~~d at to; m uorpo: statior:s into tb-sm’
s er v I c e  d I s t r i c t s , l w-u ~ i ’ ‘c: ,i ’:’h iia ’- ’e ~ suw , t Izb n , ’ stura, e . S u p ~’ I ’ ;
hou r : ,  the S :t ,~ tkllI, is dell ; ‘:00 f’r’ -o’:, ,: ., r sr water tasinS 1’:; r-:’a’;itp’
Us ‘- i ’  so : ’ b c ~ h : . ~ t r~~ u t s  ao d ’ cv t oy :n ~’ t~ f c c’  s~’- rv i ue dIstricts ,
one ciis ’ r ha s  e I : a t ; z :- .O s to r ’ ,a, . 1: - W a t e r  Ib :ia :’on ::t a l s o

~per’ates a hi~ h or sc--ire fire s’; u t t ’ n ,  , ,e-y s t a t ’  hy’ fr ito. t r : c ’ — u 1 r r : e s t i c
wa ’cr ii ,:t:’Ju ’Ion s ;st ern , o h ,  n ,  r n  t I c  tb~ h l d h  r i s k  and b i t t .
aloe ‘s i c ’ I c t s  o~ 

‘ ‘h cit ,7 . Two f o r  ~~~ S t  ‘ct~~ : , r :  r i d  a s-~ r:c:’ate
ubs tr ’Ic ;~ jonI ,u:ct~- rr - : :p: ’ O r : hi5b I n sour’s “U’- s’,’st m .



, ,0 1t . lr’ oa l a~’ r t  P l o : ,  m r s  Pi ,i J ai ’ p.’ ia ’ s prb ’::’ipal ‘,r’eatr:,cr.t
facilities u,I’~c in the pr ’o: ’ esr: 7U I c i n g  r’0r U i i t  and s rsmr :i , letcl ’ , ’
modor ’r:ized. O’st’ f 0 ~ t he  o’e-ar of 15- ‘e a 000 S. - ,—::,, 111cm : trr atoert

p lant was placed on an cp~ ra I  I r: a,l stat-u s at ‘l” c~’t’ o:udt Ue . Tne r.ow
Torresdale Treatment Plant on the De l awar e Si vet’  is a modern rapid-
caro l typ e  w i t h  - ,-an i c r t s  automat ic  cont ro l  f’~-at ’or’es and ran am, a-Jet-ape
rated capacity of 282 million pallor s da l i~’ ” s t t t i  am. overload capacit y
of ~~~ m I l l i c ’t: gallons d o l ly .  S t u d i e s  and desl0 :n s t o ,  the m o d e r n i z a t i o n
of the  Belmont P lant  were started in ISiS w m t t ,  tt ,e e n tir e  work tenta-
t ive ly scheduled for co m p le t i o n  in l9r 3 . C o n v e r s i o n  cf the slow -
san d f i l t e r’s  U s  rapid-sand f i l t e r s  at Belrcor, t : to au,

,, ~mmen ,t the existir.
rapid-sand t~ppe f ilters ther e, w :Il l  p rovide  the plan t wIth , a rated

capacity of 78 mil lIon yallons per day . A new pre-treataer.t plant
with automatic controls , was oper :r ’ -i at l~’ooor . Larie in 19-55. Conversion
of remair.inp slow-sand filters at ~:seer: Lane to rapid-sand filters
is now takinp place. Queen Lane w i l l  have a daily avera 0e capacity
of 110 mi llion yallons when this e nt i r c i ;  r ebuil t  and mcderrr plant
is comp leted in  1910. T::e R xborough w cr k s  are to h e abar . -:i::ned
s:,ortly after  the last c-f these plants are comp le ted.  The fo l lowing
orremical s  are employed; chlorine , activated carbon , sod.iam
hexametop hosp hat~~, alum , f luoride , lnme , sodium c rol or i te , sulphur
dioxide ar,d copp er s ni~ hate.

-205 , Street Mains ‘As of December , 1958 , Phi lade l phn a had
nearly 3000 t r I b e s  of d is t r i bu t i o r :  p i p i n g  - rampir.,’ is. size fr cm.  t h r ee
inches to n i n e t . -t t,:’ee inches  is, diarn ~--ter . A p p r o x im a t e l y  mi- )-e , 300
valves aie c’~~ a 1 c~ ~ i t o  d a-~t r l i t  cr p p J ’~~ wit~’ Pt~e ,300 fir ~
hydrant s. The h n g h  pressure t r i r ’ ( sI,’s t- :n : nas sn ’s’ t ’- - t h ree  miles of
pthe f rom ei~:ht Co lw e- r :t ’ . ln :’hes in n omin a l  di~~neter , at - c-ct  1 ,870
va,Lves and l , U r t l  special high p r e s su r e  t i r e  L’ ,’d’r ’ m i r , t s .

Wat  “ TJse - i95~ - 1,957

Pd - . . l lt’,’ f F r i  lad ip h i a r
dc’r~occr.p tior: Pc” dapita Use

lear’  Es t  , P op u l a t i on ,  (rr .o d) (pp :1)

2 , i iO~ OOC 370 l7”~

1957 2,200,000 ‘ 352 I t O
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Outside areas Water service r€-r.dered outside the lirm~itr u
of the City was minor; standby fire service was provided for a few

propert ies and domest ic serv ice to less than 200 customer s .

208. Per Capita Use:

Year 1953 l95L~ 1955 1956 1957

Rate gpd 17l~ 171 171 161 160

209. In the years prior to 1953, per capita consumption rose
cont inuously. The decline in the average consumption ‘ for the above years
from 1953 onward , was predicted and can be attr ibuted dire ctly to h igh e r ’
water service charges , int ens if ied leak and waste program s , to a decline
in intensity of industrial activity since 1953, and to the u n i v e r s a l
metering program started In 1953. (Universal metering was about 99 per
cent completed in 1958). The consumption of water during the first
ten months of 1959 indicates that this downward trend’ in per capita use
is beino’ reversed.

2L0. Range of Consumption Rates:

1953 Po,t e Ip 5 ’ Sate

~aximu:m hourly (approx.) 2 Sept. 627.0 18 June 595.0

Maximum daily 2 Sept . ~96.5 18 June 2~55 .5

Minimum daily 1 Feb . 286.9 1 Dec. 290.1

_
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°ll. Fi l t ra t ion  Capacity:

1953 Proposed Cap6cities
Rated Capacity Rated Overload River

(mgd) (mgd) (mgd. )

Torresiale 200 282 - Delaware
Queen Lane 100 120 15’O Schuylkill

Belmont 70 78 108 Schuy lk ill
Roxborough 30 ‘ 0 0 Schuylkill
(upper and Lower)

Totals 1~OO - !~8O 681

212. In 1953 most of the fjlters were of the slow-sand type .
Comp lete conversion to rapid-sand filters is In progress and is
scheduled for completion by 1963. .

Future Water Re~ u lrements 
-

213. Future Needs All present and future ‘plans of Philadelphia
specify complete treatment of water whether taken from the present intakes
on the Delaware and Schuylkill Ri vers or from an upland source on the
Delaware. Retention of the present intakes, in general , is based on the
premise that the” clean-stream programs will continue ‘~o be .effeetive in

controlling the level of pollution load in both rivers , that the presen t
- ‘ 

‘ 

cjsality of both streams will not be ser’coosl ’ impaired by future

developments affectinp the rivers , and that advances in water treatment

technologl,’ w ill keep pace with the more ‘~ritical treatment problems

uo~ticipate’1 in: the fUture. The future estimated needs of the City of
p::ilade ],phia for raw water , whether taken at the intakes or from an

9plar.d s-:’irce are tabulated below . ‘ -

- — ~~~~~~~~~~~~~~~~~~~~~ “- -
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ESTIMATED FU TURE POPULATION

and

WATER SUPPL Y REQUI REMENTS
of

TI~ CITY OF PHILADELPHI A

- . Raw Water , - 
Raw Water ,

Year Population Average Annual** M axim um Day’**
(1000 ) - (med) (mgd)

(1) (2) (
~

) ( i4)

1950 2,072* -- --
1960 -- - Ii,00 500

1970 -- i~5O 560
1980 2,500 500 610

2010 - - 51~o - 
‘ 670

*t J .  S .  Census Population 2,071,605 as of April 1, 1950

**Direct withdrawals from sources of supply

2lL i.. Population Forecasts The dbove estimate of future populatIon.
growth for 1980 is a “medium ser ie~ , trend for’- -scast. ” The “ t r e n d ”  est imates
based essent ially on the supposition that current trends will c o n t i n u e
for most areas but be modified in others by planning factors  wh i ch have
off ic ial status and are scheduled for comp letion prior to 1960. Between

the years af 1950 to 1980 an annual rate of increase of approximately

0.7 of one per cent ‘Is indicated . Populat i on forecasts were derived
by the Philadelphia City Planning Commission and reported in their
p ’nI Ication of Fet :ruary , 1957 entitled , ‘P ilot Plan, a St-c d,’,’ for tre,
Comprehensive Plan for the Development of Philadelphia.”

215. Paw Water Maximum Day Coi’srr,r, (Li) gives estimates of
total maximum amounts of raw water which must be withdrawn directly
from sources (s) of supply over each annual peak 2l~-hour period.
Average annual raw water demands cannot be considered as sole
cr iteria for fu t ure n eeds 7 avai lab il i ty  of peak raw water ra te s i s
also essential .

E;. , 
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2 1r . I t  is t e ~ot ~ d t r , ,i t, raw w at e r  a’ . t t e r C r i m e ,  c en t ’
figures have leer : cite :, a-,: : 0  I ’ m ’ t er woul’l t,e ma:’ 1vmi ’lIr .~ In evol a ’-tting

s,:Urce re : rireo,e-o t ~ ‘,‘f r’ a ’e  -ic r : ’cal raw ‘~‘ ntt ,r -u et ’ t:- ‘ i t  rI’it r

will exceed :- ‘- -‘ t~~I’ - l r ’t: a.::’,e,i c n . .ur u t,i , or U,’ :im , , ~o t f i ve cC e’ :, t , ,  t :’.€-~~~~~,-ot , t
,mf water wr:lch w i l l  i r s  diverted to clean filters L y  r a e k w i: ::ir e . Toe

max imum an nu a l  7- ~ — h  r r’ ’so: .rs aorpt . ion -rH r’e - ‘, , : c ,: ‘ : 1 :  1-,:: m- m ’ p’ - -.~. r  ,‘~

are n-sr :r.al,i’,’ ; è i t , .-’i ’ tn-an filtration ru ,± emu - t  ir e; so,’:e t.’.rr.e:’; fIl erecl

water st-,’-ra 0 r at t r e rt t, :r:m .r t t i — r o t  s i t es , r i ’,. , - , t e ’ r ~~1,W e O : ,  ‘ he I’Ij’,er::

and the d ist r i ’m -u t io r i  svr3 ’oor, r:,ake pOs siute-  t h l l  ~te’ at  C e - r o ut, I o n .  For
toe purpose -o f’ illu::ta’ati’sn , ii’ the a’r: , s - . r : ’ ‘ , f raw water w i t r m ’iruwr , f rom
source(s) was re~ tri.cteu a a constant ~ro~

’t of ‘-05 n~~d at at-u-st tne

year 2010, a minor’r um equal iz ing s torage  (~ -t  “ -ow’ an  e x i s t en c e )  of 5.6
billion gallons would be needed , assuming full st-mirage cs~sac’ty avail-

able in early June , At the present  r i m e - - , w : tb, -lo’awa,, , Iron exlsting
sources at river intakes is a direct- role-s t ion, c f cc~ns~~’,er derr ,an -dr on

treatment facilities . The arr~cant  of raw w~~t c r  e p i a b 7 zing s to rage  ma ca w

available is only 0.017 hii,Jtr :n gallons , a::s, a-laos do r,ct -call fa.r any
a n cr e a se  in the f u tu r e .

Delawar e Devel- omera t. U- u-orations

217 . deneral ~h:1aceIp-’.ia ’ s wa te r  needs inducated ‘cy con-
com itant planntng, together with the needs for other public water
supplies utilizing the waters of the lower Delaware Basin may be
af fec ted  d i r ec t l y  cr ir .fluenced to a c-sr saderable degree by the
ult ima te  plan for  Ic comprehensive de”ele:pnent- of the Delaware

Basin , by any f in -a l  p t-ar. for the future exploitscior~ and cc-ntr~.1

of the Delawar e River , arid ny increart’ i r,giLy greater authorized u s a g e
by New York City. Phi ~adel phia is v i t a l l y  c o n c e rn e d  t h et  any plan s
for the river do not- re , :t -r ic t  or p r e c 7 .~~e coy po s i t - b e  f’ct ’ .re~ ’ - -~ -

development of Philadeiptita and i ts er v i r - ~s:i r .  ~~~
- - ,

218-. Diversions and Beleeses  ‘I t o  fu l l  e f f e c t s  of t-ne, 1ev
I r k  d iversions  and releases w i l l  t aut  be r ea l i zed  unt i l  all of the i r
or -p osed  o t r ct cr e s  ore in - sp e ”at ion .  Phliauelrhia feels thut as

I l e w  York Ci ” - ,’ s de,mand s  m nc r’ease , with - - . t - - cquer.t ir.creases in

- i l v e r s i o n  r~,nd a rp ’adur i i i i r r : i r , l w h i r r c  of i t o  ‘ i cs ” r e l c i o c s  , a
c -mr.aI t iurr will rot ,  i l l  wh ich ma-,’ tm ’- cr i t H r ’ai f” ’r P h i l ’ , i e lp : ’la some—
C I n c t - m’- t ,w

,,

- r .  l9’,~0 tic , :: 1, 1
:1
’

.

h
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2l~~. h -~~m : ’~ l P . f . c : ’ : U m ’ s f c .”c - ’ ,~~ J u , d ’ ç t - ’) I o i , i , r a r - :
Wa’ :‘ :‘ ,~t , ,  n p - I ’,, :, u -  t ”~ c’ r U - ’ ~~~~~~ I”, ’ - r.:ive ,ms,uIr u, S a-, :i - ‘ O  sot -

01 pa., - t :‘ .il,ci u u : , -c ,“ - ‘~~m ’ 0 - 5’ i t - i i ’ -  - “sm :s i - ‘ i t , lot .  t~~ ro  .,~~ :
i r: pa -o t. ex~,o ’~’ .o- c r!,a , ’ , : ’ ._‘ L m- ~c~ ‘ m -~ - ~~

‘- aOv ,o -.-r: t ’ , 5 , c” 0’ c~~cc t l e a ,: ’ . i’ ’, ’ 0e-

:‘are-ca,s m , s she : hn r e t  ~~~“j ’ u - I ’ , ‘~“ ,~u c~ rem: Icr ~d’: t ona .  Fr: c: r -
a: so::.’,- F r i t o : ’ -Uc t~ t o  m i d - : i - u t : ’, r , - : - : t s :::’ 1ev- lu cf  . F- ’- ’I . p —

macn t  :. -~ t ra t’; e v I l’ . t .  ‘I’:, , p~ p . l i t : , i J : r  I , : ’ ,, - ’ ,’ s : ’ fUr ’  I F . , r , - [ - . 0t ~ I
dccc i : , i s  c - ’ t ao  rr r e s : ,u  o t t : ’ , — m : o o s e . i -’ ‘ ‘. 1” -.: ‘s In ’ ’ ,” it ‘l :e r  , : ‘c .- : ’ l a’t
at: , Iti nra r “ p , .u ’  l o t .  — F r’ , c c c  a t -  ‘a - . t l v i  - -, 1: F .:: t :,ot , - : ‘ ; 1-k
be -u . t t u l t , ou pr’~~’ -’ H i . : ’ uI b ‘ .‘ : o ,  ‘ - i ~ : l t1’~it~’ k  1’ t : . ’. ‘ ‘e.:.p:’~~:. : r ’ -.’e
plum: for’ P:.ilai’- I p i : l o  i’ : ly :: ,a t ’ - - : ’ : - c , i z e : ,  F: ‘‘ :,. - n u~ s- .’r ’iee J : - ”
me r . -. -.1” S’c: ’ o ctt± 0 t t a r  P ’ . i lad”  l i i : ,  a gi ve ’s  lodO F p , l u c i u s :  ca t ’

2 :t~ ., ,000 vs • :~~~
- “r: ‘ :0 ncr s e r ies  , t r o t ,  ~~~~~~~~ “ p -p.. ,~~ r io ta  of

1, ’F00 ,0. ”~.i fo r  ,, ‘l - m i t  I , l’e “ r .~~an :- ‘ F , . , ” : - , ,  ‘0 51 - C C
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I. P-s.ro;-se The purpose of this Part I: to evaluate
the  var iou s  water 000lity parameters is-f t he De lawar e River an, d i t s
sih::lficant tribitaries fr-un its headwaters to Delaware Bay. The
analysis ar.ii ir at e r p r e t a t i o r.  of reo alto  and. e:’:lsting data “sill
form a base fr ..’rmm w n . i o h  certain fat-crc water y.calitt-; parameters car’.
be estimated ,oler f :t:cre er,vlrsnanermtal conditions. Tk,e report
w ill serve as a ~~~oe for ’ pr’emaictircC any water quality assets or
liabilities attriositrable to a fat-ore 000nhe is. time flow rem -joe
of t::e Delaware River’.

2. Orharclzati an Toll ~~rt offers a factual
presentatIon of the stream quality o:,aractei’Istics of the
Do lasnar o River  basin from:: i ts  headwaters to Delaware bay ,
l::terp r ’et a t :on  of t .n: eir si~’r a i f i c a n c e  and t h e i r  in te r re la t ionsh ip s .
It ir : clodes a sect ion on the 1957 water quality s’mr’vel; t oh e t kmer
w i t h  resu l t s  c ot a in e d  from the survey, and ana lyses  and
ir ’ . n er p r ’ e t a ti ;n s  of these data. E x i s t i n g  long tern data are
exam ine d arid any correlat ions obtained are presented and
disc ,..:, .’ e : .  The effects  of signif icant t rI bu taries :upon the
Delaware are also examined ar.d in te rpre ted.

Acknowleo, ’ernme: ct :s

3. Appreciation is expressed f.r the c’o oI :erat i .  ar cd
assism.ance given in this stud y by ti:e Federal, ir’,terstate , state

and local governmental ayeocies. The na~ -0r contrikc:mtc .rs are

listed below :

Federal Agenc ies:
Depar tr :.ent of the Arn~,’

Corps of E: . , ’inieers DI s t r i c t , P : : I J r ~del p: . ia
Department of the  In t er i or

0e’olum-~lca1 S arve
;

Fish and W i F - . J  ife Service

L~, 1 _~~~~~~~~~~~ -~~~~
‘-- .

~~~
——,-.— -



puu~~~~~~~~~~~~~~~~~~~~~~~~PPr 
- ‘.‘—,— ‘ - - - 

~~~~~
. - — ‘ — —

12

I:, t - - r ’ :: ‘,at . ( , A - ‘ c U s s

St -o t~ A, ’c r : c ies :
New -Jersey

Department cf Heat-to

i- Ian fork
D ep ar t c r o r I  of Rca l t d

Pecans t ’ivan in
Depart m ent  of :i- ~a7mth

D0 lawaro
W a t a n  P o l lu t l o r ’. ilor r o c i s o l u r ,

tvlunll’ I pal ~ j er: .”ies
New ‘for k , New cor k

Board ci’ W a t e r  S~ pp t-’:
Eastc-n , Petan svl ’.’r i r i  I n

R.ur’-,:a’s of Wa-I
I’r ’ :. tm , O r : , New .Jersey

Wa t.oo ir’eot’ocr,t.P ’.’~trot

P}’. i la de t-~.k . Ia . Per :na s, :ir -’ar ,Ia
Water’ D~ 1:ac’tme:.t



-_ _. , . ,~~~~~~~~~~~~~~~ , -— ‘~~~~~ -~~~~~ - ..

II

bi-.f’ l ’ I t ’ I  I I  - I ; . .~ . . ‘ IliOh

:0 . 5 1 : 1  . ‘lcol Cr~’ii’e cter’l stbc’ .. of ‘ m l . :. h t r e --.a:.

F I t ’: }-a: t ’ e: ’ :,~ F iC :,r r e  I : ,_ , e.’:, t : e n c l o t  -o f t u~
- . f I n  po1 t te r ’ : ,a  of t. :a- D e , L awam r ”  R I v e r  at Is ’o :. ’:om: , bet’: f e r se ,;

0 a Leo e ’pc ~c or u  Ce a ci i r e  ~~ -

fr’e.~:rc - n. ’.’;; p b-u t  Is a ::,er’~ccr’ e  of the skewn er . s :f’ i ,i .e  d i . . ‘, r i k . ..t no ,
I . e., the  d e via t i o n .  m ’ r ’o : :. a : .or : : , a l  d i s ’;c ’ i n a t i o n  w : ,00e ~~~~~~ of toe
ml’s  ‘.‘abaes a r e  aU’~’c’ nt ,d 50% b e l o w  the  a’;oc ’s, 1 :e.

5 . l’i i .nio : -ua - F’ l o w s  F ar t h e r -  ir :sj’ -” ;c ’ t l on  of’ F l ’  .rc F. tar :—

vldes  a t o l c t .u ’ o cm ’ t: ,o s ea no rm ’mrl h ow ‘;- - m r ’ I a ’  iOn t o ’s-c eXp e- - c ”
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is in creased  is i:.-Jic’utive of the rel-a ’Fve var l:s:Fco s a c s ”

rae-an valle. Thea’ef.:re , on a 30 day kc-asis , ccnasi :er-.i nI’c ::.’rc
‘,‘rmrlation may he expected t ic ’s : .  on its . - .‘ : .- . ‘aa l aave m” s . ’e :, ‘.‘,r is

The int .errelat  i on s n i  n k - ~~F ’s’:”n ~‘~c f C - a  c roe. .
of Fl are l,a..ci l F b . ’rlse bet ’.:ee.. Umeir rob-olive fre . ..e-..c’ ies
occurrence , is of imp :. rtanoe in u ’, ir::c ’ ’. I , . as- cessi” . ‘...e - : 0 0 1 1 ’ . , .
of a r:ivet; st r e a m .. F.. a’ e,’,or:, n: ’ le , ~~~~~ e ml: . l::,a. se’.’e’ baa’
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REPORT ON THE -COMPREHENSIVE SURV EY OF THE WAT ER RESOURCES OF
THE DELAWARE RIV ER BASIN
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these latter means include high flow months which are of lesser
interest itt streWn QUality aBsesament.

7~ Table 1 below tabulates the magnitudes of 7- , 30-, and
120 day low flows at Trenton for annual frequencies of 50- , 20-,
10-, and 5~ . Recurrence intervals corresponding to these freq~iencies
are ind1cated~ The Bnnua). frequency is the “odds ” or per cent
chance of occurence in any given year that the low flow associated
‘with the indicated flow period will be equal to or less than the
øtated flow. ~Yhus the 7-day low flow at Trenton would be expected
to have a lO~ chance of being equal to or less than 1560 cfs .
Stated in terms of the recurrence interval, the 7-day low flow at
Trenton would be expected to be as low or lower than 1560 cfs on
the average once in ten years.

TABLZ 3.

FREQUENCY OF OCCURRENCE OF VAR I OUS FLOW PERIODS
Delaware River at Trenton , New Jersey

(Cubic Feet Per Second)
(Data Courtesy of Corps of Engineers)

Average Minimum Minim um ~1i’nimum

Annual Recurrence Average Average Average

Frequency Interval 7 Day 30 Da~r 120 Day

50% Two years 2 ,260 2 , 670

‘ 20% Five year s 1,730 2,O(l~0 3,000

10% Ten years 1,560 l ,77’O 2 ,750

5% Twenty years L,,L~OO 1,600 2,250

~~~~~~~~~~~~~
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F~. ht” : ’du t L , n . Ia the  pa: 1 , t in€ ’ t L . w :  :~t Theriton and
upstrean at P- ar t  -Te ;”j ls ni t ’ I c c , i::l’ l - t n -h by the  Wàllenpaupack

~~‘ , :wer p1mo.~ wI;1 in Is osec h’ I r a n  1 i : i l . i~
; n ’ .~r peak power purposes

and ma:1’ i l ls: ,:‘,r ‘~~ m o  Lef ~~ t.~ i., ‘c i cfs h i r i n g  any 2I.~ hour
per iu .i , alas t : ,  M a r t y - ea r .  R i v e r  ~‘ “ s f ’s -  I - n t and reservoir which may
discharge as m -.ic h as i’ll cfs d ’ar I : .g  a lay - At Trenton these
re~ cs1atIor: do sic t , t e r ,mj  den I ’C’ - L ~

‘ t r . e  mir : imwn .‘iva-raye one day
flow ( s in ce t :’.e r e s p e c tiv e  ‘sn , t , c : ’ :inehs  eor~tr:Iied stre relatively
m a r n o r ) ,  tot rather the re~lL~lst~ar:s tend to increase low flows
when tr’ney do o ’cn ,r.

9. C-annic]erahly mo r e ~op r T ,‘ t : , r , t han ~t,e Wa1.ter~paupack
and Moo~~-ceat’ reservoir’s are those inre, critl y ‘~~l i I ) ’ ‘~~~~d f i r  the
New York City water a c : p ~J.’. s,yn  t ear : . ln , eae  in cnL . ,nJ e he’ Neversink
and Pepactor: re ’servo’ir: as well as the 9:e:. nar,:: ’,’ille a ’s :  i.-i ’v ’sir
now under cor t s t r ’c i c t i on . U’r : Jox’  a Gsp r’e rs e’ Co . a r t .  - n e c ”c’e, lie ’s Yurk
Ci ty l’s presently re sinii ’eu t .O m a t r n t ’ i l n n  a L a C i c  minim um rate of
1,525 cfs at Montague , Ne ’s Jersey (Milford , Pa . )  ‘11,5 0~~OO

comp1eti~~rn f t he  Cannonm ’viilc reservoir  will be re - .raired to
main tain a basic :r1ir lLs. Or : rate at ’  1, ~~~

- e t c .  SL ,ce onl y t-w - of
1,h ~’se  r eserv~,, rs have dcc’: i t .  opersit. i- . ri for toe f . n i . r: t tt,i’ee
t,,~ fo .ir yeao-s, t d .  low t 1:.’~ tm - ” ~- :--r ~ st,a-lies rnas e  on .ip~ntreazn
t r ibu tar ies  te~i , .t to lose ‘ d e l i ’  si~’;ri . t1 ’lc .ance . I’ i.s obv :c-a-
that in m at ri,a m ln i n g  a c e r t a i n  h au l ’ , :  s l i t s : :  a-n : -i.e the  i i I ’l’erer .ces
between t}.c- minimui’n average one lay l’l.e ’m’s , toe minimum avcrae’n.
seven day flows and probab ly t t n e  ml : ,  irn: ,arn aa-era~le t h i r t y  day f ,i,m,,ws
w i l.l be considerably less than has b - r c n  “:‘:~ erienced i i .  the
past. Howe ver , these i’e’,~u f a t i o o  wil l  tend more to l tn :p ruvr  the
low flow charac te r i s tIcs  of t h e  stn ’e  ‘cc than t decrease the
amount of flow available durin fl  d.r-

-
- , ~~ par lou s . These New

York City reservoirs have beer :  arid w il l he ac i J J I L y i : . c, no id it iona l
releases from excess m - f - ,ra~ne - ( st ’ : r ’ ,r ::’ n . . t  ,eensed for diversions
wi th in  the Dec ree a l locat ion) .  Th o s e  reloa, :e’s are sent between
-m ine 15 and Mar ch 15, in an e f fo r t  1 . 1 -  : : - ‘ , a : tnf . :: a i i  r ’t :e r ’  staCe
U -in that above the m b  t in : 51] at M~ tot, ’ :’, for as Lu~r E - ’ as excess
storage remains available. Ta is re ‘. slatioo operation is ai der the
dir ection of a River Master .lesii :’:ate i in the tI i rene (‘o :rt Decree .

L. a...
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h’,’hs’oiu ’ic C:, u i ’anter is t ics  of ll-: lla ,; -a’ LI :,- t ar i es

ill . Lehigh River On an averade m on:t : : i v  b a s i s , t :, i s
tribotairy contributes approximately 20% of tate j ’lc-w of t: ,e main
stream at Rieyelsville . The flow patterns of the Le:,i,’h, there-
fore , are of importance in eval’sot io: ,’ not only the osality of
toe Le}n i, ’:, itself , but also its effect upon the main ’. s t ream .
Figare 1 is a plot the freooer-,cy of occurrer,ce ‘~f v a r io a-  flo’~r
per iods for  toe Leh igh  River . It is see:, that t:,e c a r v e s  are
less concave than those of the main stre ’.crn, t na e r en” . ’  t eod i : ., ’
be mcre :,ar sin ol, . It sho aid e recognized tout  a u t i li z at i on ,  of
a minima-c one day flow stay lead to J if f i c ..: ity sin ’,ce t:,e
ici r a imom day on toe  t r ib’stary  man ’ :,, ,-t n~eces s ar iiy  occ ir  on t:.e
same day as that on the main’, stress:. La fact , in examinir,y
the period ~ f flow records , in’, only two instances did t: ,e
day of n: ,i:n ic , 55 flow on toe Le }n iy~’~ Rj, ver co incide w i th  t: ,e day
of minj ir :no,,’c 50,aw on the Delaware River . iie:,ce , ian co- rnapari oy e: ,e

f l,~ws of the Le:n i o b  ant i  the Delaware , it is more pe r t inent  t -:a
deal with 30 day flows an d. probably the  120 day flows in crier
to ncioi:r.ize toe d i f f e r e n c e s  of t ime involved.  On the bas is  of -

F iy. ,are 1, L e h igh  R i v e r , Tab le 2 has nee:-~ tac .~lated below .

F}’,EQOEUCY OF OCCUI-: FaEIICE OF VARIOUS FLOW PEI IODS
Le~,iyk Ri-sen at ui e t : , l ehem , Peoos~’1’;ar ’a i a

(Cable Feet ‘Pen’ Seen:, I )
(Data Courtesy of Corps of Eo ’in:eei’: )

I - I b m :  j an: Minis, no - l i : , l s :  sir,

Annual Sec srreoce Avera , - ’e Avem: . ce A’cera ‘e
Fre : Ieocy Interval 7 Day 30 Lay 1 Day

50~ Two ears 500 - 1 - -‘0

20% Five ‘ears (0 -

10% len’, years ‘50 -~i 5o0

5% Twenty bears 320 370 -.70

- ~
_
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II. Sc:, :y i~U l I  h i v e : ’  lie Fc:,1yiki ,b ,l, River in : a nn ,u , ur

t1’i’. ’ ,~ ta r V  ~:i s n n t : u ’ ’  I ‘ , ,  c t i l a l p I , : , Of n ’ : , e  1-elaware F lyer

at  Ph i l  :-nd e l pu n , Pc - ::sy l~’sa n. Ia . Fl a’e I i t : a~~ n 0 a f toe low
I’ln w fre ’.’oer. cie~: nete :’ : : :J :,e ’c from past rec r a n ,  W: , e : ,  t n , e  flow

~ot tern ’, of the  Scc-o y Lkill  is c rnp’ ires to t :,e flow p at tern’, of the
Delawar e cn:nuiueruhl e -.n i t ’f e r e : ,a e c  are n ot e - i  i:, t:.e slope of toe
frea,ser ,cy c arve  far  toe ncn , ’.nv is’,o ,l, . The teej. slope is i rodlcat i ,ve
of tn . e  r elat ive ly  L iy n ,er ’  leon -ce uf  r e ’  n , ,at ln :,  t h r’,. n ;: .- ~t t:,e
Ie:, r t L  of tn , e  Schuy lkill. lIar Ic 3 t a t ’,a late:-n th e  sc ’ :,i fica:.t  c
of F ir - ar e  1, asc: oylkill Rise:’ ,

TAdb~E 3

FREQUENCY OF O ld LD,DEIICE OF VAR lObS FLOW PLP LIDS
Sc’ :n ’ . a ’ ,’lkill River at Pi.ilade.lp iiu , Pe:,:,r,yi,’sa:.i a (Fairmoun t Dam )

(Cub ic  Feet Per Sec,, 
(Data Courtesy of Corps of E:-, ’boeers)

Ml s i t m -j~ Minimum Minim a-n ,
An , :, ,:al Recur rence  Averay-:: Averaye Ave

Fns,aneo-a ’. Ta tersob ~~Dny; 30 Day 120 Day

Two ’ “ear s ~0O

Five years 2Cc 508

lIen , yea rs  8~ - 130 370

5% I\vent ’. ’ year 280

4 - ‘ •~

- ~
—“- ,, 
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12, l:,e ‘su ’ an ’: 1 ‘ - n- 5~ , J ’t l~ n .i’C : . Ier ’  n.,a: 1:,  Or ,

c n : , s i 1 e r ”~ t I .: Ira t : ’s 1 ’ , t , r t  -~‘ci f o r  a ,~ w~~t a r ,se, ,
I : ’ .’ . , : i ra ~ : n: , -:: - i p s I . an . - : i ’ d  ,; a ’  101 ‘i-s ‘ , , ‘ ‘-

~ , _r’ , n , : , t . ,i

I aa ’: I : n : ~ , bb u h i a n  an , :,: h a y - h ’  a s o n ’ .  N ew ‘a . r ’C 5 0 , t : , n

cn a:~p l n t I . r’ of I ts  n ’ ’ . r ’’ . r’,, ‘t ’ ’ p a e’m’ ,,,‘ w I.,~ a i ’i u a ’ ’ t o  a

t~~tal  of  800 milLion gaLlons per a’, (:1, 0 i )  L t ’ ani, ~ Le i t e st

a: .d Eas t  F ’i’a : :-,:l’:es of o -, De.bs’ssiro - i’- ” a r  tsr ’. I n ’  n , I d ’-. N ’ ’ :’- -, : ’ a ’n , f r k
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dID IN ” ,- ’. I ‘WAldEN -N TO I’EENTOL , U . J

I - a-,

1, - - Data are r ’ out in : eb , I, ’ coL.eote .: at a ,h al, of t n - : e - : , t ,’
i n :  I n C  Ne w - :‘l, t :e r : t lOn of t h e  I e lan- are hi er .eauwo- ter s ’

a ’s - e w  1, . n’k C i ’ .’ H a - i r -,: o  f W a t e r  Supp i. ’, ’ in ,  it - . :, r , e c :t I n r ,  wa- t n, ‘t n .e

ape a” ~t f a n a -  of the N~~w ‘iark Cit’s I)eia’sa,re L a-,A:. r ’ eo ervn ir :  , Ta.e::e

r o t a  n :r : n ’ i a~ re-let iv eiy  ,.,‘.o:’-t ,,~~rn r , r c a - a t ’  I - -o r- t : ,e  ,N e~”r s io k  River ,
I L”  F i s t  a:, . : W e a -  t ‘ra : , a h ” ”  a - i  ~,Le nr:ain a’ roan’, .  ~ia-re 2 ~are0e n. t 5
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n. or ’ F:r ’so-t s n’, - W ’,’~ ’rs saws: . la’,f , ej  a - nam ap l t o . ’ s t at io n

at 2 t ’ , Nu ,n - a’ , wsd~~rr . ID~ ”-’ O r b ’ or , t h e  Fel’,’,’~ure River front . I -sc7
‘-a I, 0’~~ ,~~~~ da -n . p a - s i . ’ - s s ’ .r -Lea  ‘ i— n ” ‘  ob t a I n ed from e;rat . sssrn’.bes  collected.
-Ja i l , ’,’ ‘a-s 1 a-’er ~ t-s n -ia ,’ i -er iod . , mod t . i ’s~n . e L- s o  :- a e n ’ : t j ,’~~ aon’,I’, ’ . eed .
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,‘ :.a.a’o,: t ” r L - : t i , a s  ‘s-u-n h as bar-Less , ‘spen i r i :  ~ . : - , , i O : . C e U ,

15. In. .I~~29 a v a l or  a’,~ a b: , ’ y S i, :  I’ .’ was made a-I t oe  Delaware
: - : -
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-
~~
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Sections 13.11, F - ~~~‘“ ~~
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parameters on shad migrat iono .-.~I The bulk of this study was
concentrated in the lower tidal portion of the Delaware River
but occasional, samp les were taken in the fresh water portion as
far north as Port Jervis.  These data are also incorporated as
far as possible under Section III , Future Trends .

17. Ro utine sampling conducted by the Trenton water
treatment p lan t during the years 191i8 through 1955 also provide
relatively lung-term records on water quality . Also occasional
samp ling has been conducted. by the City of Philadelphia when it was
felt that high phenol discharges resulted from waste loads up-
stream from the beginning of the tidal estuary.

Waste Sources

118. Attachment 1 presents the basic data on the
sou rces of munici pal , industr ial  and inst i tut ional  pollution
discharging to streams in the Delaware River basin . Table !i- ,

constructed from th is attachment and the results of the 1957
water quality survey , is of interest in indicating the
relative importance of tire direct waste discharges to the main
stream of the Delaware River versus the discharges from major
tributaries of the Delaware River . The tributaries are considered
as point sources representing the net pollutional effect  of
various discharges up stream on the tributary. Although some

of the loads discharged directly are in themselves high in BOD
temperature , phenols , etc. , and. low in dissolved oxygen , their
flow is comparatively minor when compared to the flow of the
incoming tributaries . Generally , the effect of tributaries on
the Delaware Ri ver above Trenton is considerably greater than
those waste sources discharging directly into the main stream .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ _ ~~~~~~~~ -
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TABLE 1~

BASIC DATA ON SIGNIFICAN T WASTRS
DISCHARGED DIREC’l’LY TO THE DELAWARE RIV~~

FROM PORT JERVIS , N. ’L. TO TRENTON , N.J.

Type Waste
of Treatment Est. PE*

Name and Location Wastes Provided Discharged Remarks

Neversink River - - 16,700

Plating Plant , Del. Plating & Lagoon Copper
Water Gap , Pa. Stripping Hclding tanks DNA Cyanide

Septic tank Chromium Waste

Chemical Plant Organic Secondary for Mainly
Belvedere , N.J. Chemicals , Sanitary DNA Cooling

Sanitary Water

Chemical Co. Organic None 12,000 Also
Phlllipsburg, N.J. Chemicals phenol

waste

Lehigh River - - 88 ,500

Easton , Pa. Munici pal Secondary 1,700

Phillipsburg , N.J.  Municipal Secondary 500

Paper Co. Paper None 7,000 Also
Riegelav ille, N.J. phenol

waste

Musconetcong River - - 9,200

Paper Co. Paper Savealls 20,000
Milf ord , N. J.

Lanibertville , N.J. Municipal Secondary 100

Paper Co. Paper Secondary 1~,000
New Hope , Pa.

*PE on basis of 0.17 lbs . of 5 day BOD per person per day
DNA - Does not apply

L~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~I~~~ _ 
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Survey of July and Augus t 1957

19. Period of Survey During the months of July and
August , 1957, the U. S. Ffihic Health Service , in cooperation
with the States of Penncylvania and New Jersey, conducted an
extensive water quality survey, commencing on July 8, 1957.

20. Sampling stations A total of 19 stat ions were
occupied for varying periods during the su’~vey . The location
and description of each of these stations is Indicated in
FIgure 3 and Table 5.

21. Stream sampling and analysis procedures AU samples
were analyzed according to the procedures outlined in ‘ Standard
Methods for the Examination of Water , Sewage and Industrial
Wastes , 10th Edition . -, At all stations the dissolved oxygen (DO)
concentration and th~ temperature were measured at the time of
sampling. Five day biochemical oxygen demand (BOD) deterw,inations
were made from composite samples collected at all stations . Due
to the physical limitations imposed upon the survey, data for
determining the deoxygenatlon rate constants were determined only
at Port Jervis (#2),  Easton (#10), Rau’bsv Ille (#12), Milford (#ll~) ,
and Yardley (#19) on the main stream , and Brodhead Creek (

~~
)

Lehigh River (#11), and the Musconetcong River (#13). The tests
for BOD, pH , turbidity, alkalinity, hardness and coliform organisms
were determined on samples brought into the Easton Water Plant
laboratory b y the field crews , where the analyses were performed
by a chemist especially assigned from the Robert A. Taft Sanitary
Engineering Center of the Public Health Service. The tests for
phenols , cyanides , tastes and odors , and iron were determined by
the personnel of the Torresdale Water plant on samples taken to
the Philadelphia Water Works. All samples were packed in ice
by the field crews until delivered to the respective laboratories
for analysis . Wherever practical, samples were taken from the
right quarter , mid-stream and the left quarter . For some tributaries,
it was not feasible to quarter-section the stream , and only one
sample was taken at the mid-point . Water depths were determined
at the time of sampling and the water samples were taken according
to the following srnhec1~ule :
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TABLE 5

LOCATION OF SAMPLING STATIONS FOR
DELAWARE R IVER SURVEY - 1957

#1 - Mile 271.7. Across the mouth of the Lackawaxen River ,
approximat~’ly 700 f - e t .  up st rewu front its confluence with the
Delaware River. i n p ~~~ - taken from bridge at mid-point .

#2 - Mile 254. -’t. in t~ L’flrr’i r , Pt-rn sylva n ia. Delaware River was

~~~~~~~~~~~~~~~~~~~~~~~~~ fr  Ftr ter ’s dock to far side .

#3 - Mile 2i~6. L~. Station located at “Bob ’s Beach ” at Milford,
Pennsylvania (Montague , New Jersey). River quarter-sectioned.

#4 - Mile 238.~~. At D~.ri~ rr ar~’s Ferry , Pennsy lvania , the River was
quarter-sect ioned off bridge off Route 209.

#5 - Mile 228.0±. At B,ishk~ fl , Pennsylvania. River quarter-sectioned.

#6 - Mile 213.0. Across the  mouth of Brodhead Creek on Route 402
bridge , approximately 300 feet  upstream from confluence with
Delaware River. Oreek q~arter-sectioned.

- Mile 2l2.0~ . Below Delaware Water Gap. River quarter-sectioned.

#8 - Mile 197.5. In Belvidere , New Jersey, River quarter-sectioned
from bridge .

#9 - Mile 190.6. Across ~ o~~th  of Martin ’s Creek , above Alpha
Cemer- t P ar.t, off  Rc-~te 611 . Sample taken from foot bridge
at r~1 d-po~ nt.

#10 - Mile T L 8 -~ .8. Samp le taken from Easton Water Plant’s raw
water intake tap.

#11 - M~~e 0~~~.3. Across mouto of Lehigh River, approximately 500
feet :o~ tream from confluence with Delaware River . Samples
taken from bridge at quarter-points.

#12 - Mile 1”8.2±. (a) Ra~~sv~~.1e , Pennsylvania. River quarter-
sect~cr.ei frc:~ ~-ook to far  si~ c. (b) One sample also taken at
t~d-po~n~ frc:~: eiavare Car’.u . ~n Raubaville .

- -  
~~~
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~A4-~~ 5 (Co t ir ~~e-~ )

LOCAOION OF SANPLIN~ STAT IONS FOk
DELAWARE ~ IVE~. S1RVEO - if -.

- Mile l’-~.L . Across mou~ :. of M u s c o n e t c c r ~ River , aj~~r ox imat e ly
50 feet upstream fr-o n its coofloeoce w i~th Delaware R iv e r .
Sam p le taken at mid-point  f rom f o~~t bridge of Riegel  Paper
7ornpo~ y at Riegelsville , New Jersey.

#l~ - Mile 147 .7. (a)  In Mi lford , New Jersey, samp les takeo from
bridge at qua r t e r -po int s .  ( b )  One sample also taken from
bridge at mid-point from Delaware Canal .

#15 - Mile l6~~.3 . In Frenchtown , New Jersey, samples takeo from
bridge at ~u a r t e r -p o i : o o .

#14 - Mile l55. L~. . In Lwnber~ ille , Pennsylvania, samples take~. from
foot bridge at quar ter -poiLts .

#3—N - Mile lli-8.7. (a) In Lambertville, New Jersey, samples taker.
from Route  202 bridge at ~oart e r -point s .  (b )  One samp le also
taken at mid-p oiot  from Delaware Canal .

#18 - Mile ~~~~~ In Washington Crossi rg,  New Jersey and
P er o s —:am ia , samples taker. from Foote  532 br idge at
q o a r t e r — p o m n t s .

#19 - Mile 138.0. In Yardley, Peroisylvania, samples taker, from
br idge at foor po int s ; r i g h t , middle r i g h t , middle , and
mIddIe left. Far left bay was excluded.

~

-— - 
-- 
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( - )  for  ~ -p tk :s ~ t w o ~- o 5 ard 1. - : - t , N. - . s Jm- e , toe
p N o  w~o~ too- it - - :-: h .oO L. 0. ~: t - e  ON -t: .  I r ~~~~ w to~

so ~- :o~-~

(~~ ) iO~ - -N - p o o r  over  10 feet , r?r: r ies w er e  ta~ er at 0.2
m.d 0. - sO the r e s t : .  t- ~~~~w the water sorface ar-It

( c )  ~Nr  hep th s  onder 5 fee t , t oe samples were  taker at
oN

22.  Irdostrial waste rao r.lio~ trr~ cci :rer Ir . t i s tr ial  water
t e e  hOtO were :-h t a J re i  ~oJ mn d u otr i a l  w o ot e  r-amniio~ was r e r f orm e i
se~ a ro r e l y in t :.e ta- : Sta tes  of New Jersey an Pe or sylo — aola .  Toe
f ie ld  w o r k  1:. Re ::.sy lvaoia was p e r f o r m er  0y per so rre- 1 fr-or :, toe P osylr-aola
N era rt neo t f H ealt h ~o-ier the s ipervie  ion  of oeri :ooel f r :~ . toe
P .:olic H ealt o  Service.  Field v-ore in Hew - J e r s e y  was p e r fo r mel
or P t b tj c  Health Service crews. Discossi.:oc were e1~ with plant

- f±Hoials t ieterro iooe t oe - at tr e  of the or . see. : involved , p .r r it y
water  re .piirer , o .roo er  ~f employees and e s tima ted  a: lose

of or odoc t ico .  Deceod ing opor . the industry o d d , aoaiyses
were made of the ef f l . eots from var icos -m it t -  w i th i n  toe a lart ,
an-i also of the  t ot a l  plan t e f f l~ en t  r i scoar oe- i to toe s t ream .

2~~. Climate during sorvey The e mimer o’vey war
caoj m-ot. ed b r in g ,  a pe r iod of low p r e c ir i t a t  t oo , high t e : : r e r at  tre e
and r el a t Ivel y N - w w ind  velocities.  During the ri-onto of J~ly
a total of on ly 1.23 lrs: cs of rain was :: eas mred at 1±e: t~~ ..
D o t  Nor , the north of dodmet , a tuoal of 1.10 inn er was :oea~- toe

L s e  vaJooes represent , respectively , 2.83 iro oo s and ;. -t )

inches t o  low the rj r n a J  for these  months . Duriog, Jhl~: ly~~7 -

ohere we re twelve dat. a d- :r iog w r r l e r t  the averace-  air t o-mt era ~mr e
was O~ F. or at ov e , th e  a - o c r -soc  t e r p c o at L rr e  for the ~ on t L

- : -~~~~ 76. 7 F .  D~r 1 r o  A .~ -~st 14J 7 .  toe t eo p e r a t mr c -  was sligh tl y
-
. 

- t er  . .rrrerao- ino  72.  - F. Th-~ orver aoe ho ~r iy  - -:1. 1 speed as
meas ,red at l r o -~~ton was ~ oNlos ~ r ~

- hour d o r i ng  J-ml:: and 7 .5
::. iies  I~o-~ : 00r d ar i n g  A m f O s t .

~~~~i,I’I1 ‘r~~a*rn~~s~--t~ -
~ 
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24. Main stream f lo~~ du r ing survey The average flow at
Trenton for  the month of July 1997 was 2 ,907 cfs and for the month
of August 1957 was 2 ,018 cfs . These flows occi~ -~-ed w!th frequencies
of 60% and 20% respectively of past minimum monthly average flows
(see Figure i). Precent fr equency indicates the percent of t ime
that the flow was equal to or less than the stated flow . For
example , 20% frequency indicates that during the month of
Aug ust 1957, for a flow of 2 ,018 cfs , past records -of minimum
average monthly flows at Trenton have shown that the August flow
was exceeded 80% of the time . Only 20% of the time was it
equal to or less than 2,018 cfs. Actually, during the entire
period of the survey, the fluctuation in the flow was relatively
minor . A range of only 1,000 cfs was experienced during the
period of survey in July and August. The days of minimum flow
in the Delaware River during the period of survey occurred on
both August 21 and 23 ,  when 1,1-50 cfs was measured. The 1owes~
seven day flow was 1,697 cfs , which  occurred from August 19 to
August 25, inclusive , and represents a frequency of 16%. In
general, the flows of the Delaware River during the survey months
were relatively low, on the basis of previous records . Indeed,
the frequencies are more significant (due to the utilization of
minimum criteria in preparing frequencies of occurrence) than
if average figrres had been used.

2 5 .  Tributary flows during survey The average flows for
the Lehigh River at Bethlehem , Pennsylvania , for the months of
July and August 1957 were 629 cfs and !tJ+2 cfs, respectively . These
flows represent a frequency of occurrence on a minimum average

monthly basis of 53% and 1)4%. In other words , of past flow records

for the Lehigh River , once in every 7 years ~t)42 cfs was the lowest
average flow that persisted for 30 hays.  The minimum day occurred
on August 24 when 388 ct ’S was recorded. This represents a frequency
of 21%. Likewire , tne minimum average seven day flow during the
period of survey was 395 cfs from Auguut 19 through August 25.
This represents a frequency of occurrence of i0%. In general, the: ,
the survey was conducted during a period when the flow in the
Lehigh River was relatively low on the basis of t i r e  above

mentioned frequencies .

- 
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Results of Survey

26. In a strict sense, t i re  results obtained from the
survey present only a picture -of the variais water quality
parameters as they existed under the conditions prevailing
during the survey . The various measures of the water quality
of any particular river may var y considerably from hour to
hour, day to day , and season to season . The effect then of
various man-made discharges can only be measured accurately -

over a long period of time whereby the various fluctuations
can be observed. Hence, the actual results obtained from the
ana3vses of the waters of the Delaware River should not be
construed as being typical for other than those which occurred
during the survey . This is not to infer that the survey
results are insuff ic ient  to evaluate water quality conditions
In the Delaware River . The analysis and interpretation of
the results obtained provide a quali tat ive pictur e of the
water quality of the River . In some cases, definite
correlations were realized, utilizing available long-term
data in order to quantitatively establish the significance
of the water quality parameters.

27. Biochemical oxygen demand Table 6 summarizes
the average biochemical oxygen demand concentrations as
measured at each station. It is seen that ~n the area north
of Easton, the BOD remained substantially constant, decreasing
only slightly toward Easton . Below Easton, the BOD increased
rapidly, with maximums experienced at the lower downstream
stations. On July 15, the peak BOD’s were obtained at all
downstream stations. The survey maximum of L~~.5 ppm was
observed at Washington Crossing (#18) on that date.

28. Dissolved oxygen Examining the results obtained
during the July and August survey as tabulated in Table 6,
the dissolved oxygen content of the stream Is relatively good.
The only evidence of any oxygen “sag ’ is in the vicinity of
Milf-jrd, New Jersey, where the a~ef age minimum dissolved

4
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c- - . ~ t - : . t r i  r : - : c t  t - as I a as • : p- ::. . 1: e  a - . e . ‘e- mi : lniom

dis :~. I-oc r - - r o e: : € - : r e , e::ts t n t ,,- met ro  - i toe  l~~-:e. , t r a l . e o  . :

~i tr ing  eric - : . Jay of o:ospli:0T at coo :. ~.- a-tir Jo ~tat i . :~~~. I re

dissolves -ni en c . : ’ e o t  of t- .e le-Iaw-u-E- River ~ ave loaNo - . :. a’

no t i . . o -  loll :e .No .-: 7 . ppm - , r d - ~ of sat o o a t b m s .

29 . Fl . .a’ e’ - - Is a plot f t o -  -~
-
~‘er aoe :rJnim os an -:

t oe  aver -o fe -r i :-ro1ve ~eo o- ,o . t e o t  in ppm . ad ai:- r t  r iver  m I l e s .
it is seer tha t  Note DO co o c e o t t - a t N o r .  inc reaser  t ai t e  onarol- :
t elow Mi lford , Hew Jer:ey (al too~ o:. t:.e BOD increased) voico
is presuman ly  -i-m e No tne  s el f - p or i f i c at ~~co cas-aci ty  an -i toe

algal act i r i t y  No toe ot i em:. Ir th i s  reaoo . The ~~~~~~~~~~ of
toe dissolved oxygen con t ent  (

~~% no 121% No :at ~ r a t i : o)  in
the s tretch above Easton , precble0  any :efini te  cor re la t ion ’
of the DO c o n t e n t  wi th  the waste loads .

3-0. S t ra t i f i ca t io r .  W i t h  r e ar , e o o  to o e r t N.oal mod, la teral .
s t r a t I f i c a t i on , the River in general ei’iier. oed a marenect degree
of homogeneity at aLmost ever-: or:- es-sectS- on , as can ne seer by an
examinatIon of the dIssolved ox’ogem values as measured acre:: the
River at the .b-uarter o-:Ints (see FIgure 5 ).  Doe t-o tne relatively
shallow depths , little to n-u vertical stratification sno-uld be
expected. However , this tony not apply I.tn der different flow
regimens . The sorvey was c-oor.inrcted daring a period -of extreme
low flows , and consequen tly, eoa low depth-s . Altho.ogh sono

lateral strat i fication might  He expected in t:,e ‘eroader stretco.es
of the River a round  the vicjnitw of Milfo-ri , New Jersey (#1-, t-o

Yer -iley (# 19), no sir~n i f i can t oe :ree of : tr at i f icat i :.n was
observed. As was in - d i c a t e a  p rev ious ly  i r - t : . t s  r e p o r t  loads
-Jis char :e-i -d i r e c tly  to t: ,e De l aware RI--er - - a-c- No relatively
:1:. .r imp ..r tavcc , Si:.ce praditi  o r ’ il y all ma .~ or  loads co-me
f m ’ om t r iN ot a r i e s .  Since l i t t le  st r a ’ i f i o . - : t i o n  a-a r . r server
a :e r a t e  rr t i x in~ No these loads w O h  t : .e  m a i n  t ra m :. Ca :.
safely Ic  non. ate-or . H

- 
- a1 e f f e c t s .  No :i -ie i-a : le  vi: ~a1 ev it r e : .ce  of

-almal I- ‘os were ccc:. i n .  t . :.e - trc .tn:. of -x river Nv no East :- :.
t o  P .r t  Jervis.  Lox- -c alfal .r -~ t- .s were nil: : visually ::- : eeoc:
in . -

- c- v i c l - .115 : of Wo: :i: oto,:. Cr scorn . In ~.~r~rer t -. n.m-c
f Ily evaLmate t:.e d iu r n al f l - i ct - .ta t t u r t r o  I - alnol i.’: -tamao t er s
:-.anp len : were take:. it 1 1/2 : - - n 1  i:.tero-al: Nor N a on -:j
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TABLE b

SUMMAR Y OF RESUL TS OF SUR VEY
July and August, 1. 57

5 Day BOD Har dness Alkalinity Turbidi ty

Average Average Average Average Line
Ctation No.* (ppm ) (ppm) (ppm) (ppm ) No.

#2-Below Port Jervis , N . 7 ,  5 1.4 20 16 2 1

#- - M r I f o - r J , Pa. 4 1.6 21 16 5 2
#4-Dingman s Ferry , Pa. 3 1,0 22 15 4 3
#5-Bush.k.ill , Pa, 4 1.2 21 16 3

#‘-DeLWater Gap, Pa. 5 1.3 23 18 3 5

#8-Belvidere, N. No 4 0,8 26 20 6

# lD— Eas t o r r , Pa. 6 0.5 38 30 3 7

#12-Raubsville, Pa. 10 1.9 59 42 6 8
#1d-~~’L i f -oo d , H. J. 9 2.1 66 47 7 9
#l~

o _
~~reoohtorwnr , N.  J. 9 2.2 65 47 9 10

#16-Lurnberville, Pa. 7 2 . 6  69 11.7 10 1,1

#l7-Lambertville, N. J, 8 2.9 69 Lt6 11 12

#18-Wash.Crossing, N .J .  8 2.7 71 Li-8 10 13

#19-Yardley, Pa. 8 3.0 69 49 1-2

Tributar ies

#ro-Brodhead Creek 6 2.8 40 24 8 15

~hJ-:-- l ar t : n s  Creek 5 1.3 135 53 6 16

# 11-Lehigh River 10 3.6 132 86 8 17

~ 1t ~ ’~usconetcong River 9 3.9 u S  118 18

* H :r: I-er of samples analyzed

~~ ln d iv iu : a t  determtnat ion s n .m parts per til.ll.on (.p.pb )

~~~~~~~~~~ ~~~~~ ~~~~~~~~~—- -~~ ~~~~~~~~~ — — ~~~~~~ —~~~ —~ — -- - 14
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TABLE t ( coI : ’u

f Ui—P-~~PY OF RESULTS OF SUR VE Y
Jul y arid Au 1 ast , 1957

Dissolved  0xy~ enr Nonperature Iron Pher.ols
Av~ - ,

Line Av~~, him . Avg. Avg .

No. No. * (ppm ) (ppm ) No,* J°c) No.* (ppm) (ppt)**

1 57 8.2 7 .7 57 2 3 .7  - - -

2 48 8.4 7.~ eS 2 11.5  - - -
3 56 8 .7 8 .3 56 22.1 - - -

0 11 8.6 8 6  12 22.8 - - -

5 94 8.o 7 .7  9° 20 .2 - - -

6 12 8.:- 8. 3 12 21.5 - - -
7 29 8. 4 7 .5 29 25.5 1 0.1. 0
8 120 7. 1 7 .2 120 25. -v 0 0 .3 ) 12 , 1, 0, 1;

9 125 7.0 6.9 l2o 25.5 0.19 12, 4 , 0 , II
10 27 8.1 7 .9 27 No.1 2 v.22 8, 2
11 23 8.~~ 8.1 23 2 5 . 4 0.25 8, 0 ,

.12 23 8.8 6 .5 2 3  No.1 1 0.15 , 30
13 69 8.6 8.3  6-) 25.6 3 0.17 21, 30, 1, 1:-
10 128 9.5 8.2 128 25.0 3 0.19 1, 12, 0, 21

15 24 9.2 9.0 2~ 22.— - - -
16 5 8.6 - 5 19. 1 - - -
17 135 5 .9  5 .4  135 2 6 . 6  2 0 .34  -

• 

18 113 5.9  5 .5  113 21.5 0 0.38 -

I
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22-No -ar period at D imi t ptam. no Ferry (# 0 ) :jr.a at Wachirrnt : n C r0 5 0i nl  (#18).
The resomlts obtained are pI t ted.  in : F l o u r e  5. The results for the

21:0 m:.:nis Ferry stati .- n showed a ml:: 1:1:1mm dissolved oxyneri saturati .: :  of
rsb o ,m t  81% (8 .2 ppm ) at 0830 and a m:. t X t . mamIl of near ly  115% (9 .9 ppm ) at
I (ci . [luring the  22 -r . -sms  pen -0 coves-cc a’. Ii’ mar s Ferry from 1930
on Augu s t  12 to 1710 on A~~ r st  l~~, :-L to :t  maximum sunshine cond i t i ons
occurred. Sum::hine measured at T~ ent’oI : by the U. S. Weather Bureau
for *a t : t  1- i : :d i ca t e - J  t .~:at a t o t a l  am r o t  of lo hours and 51 m inutes ,
or 100% of pa:: ible su n r : h m : : e  o c c u r - r e d  on t:.at part icular day . However ,

I ’ 
on the  Au~ u sn t 1.1 samplan0 day , only  53% of possible sam: shine  occurred.
The relatively smaller amou nt of s u n s ha n e  on Aun ust 12 may have de-
creased the 010 1 peak shown it: F ifu re  5. Under maximum conditions of
sunshin e , th i s  peak may have increased s l i g h t l y  since alpae in general
tend to increase on-ny dent product ion  stm:der conditions of increas ing
li 0h t .  However , it c ar . be s tat e d  t hat  almost maximum condi t ions  for
the measure of th e  a.o-t :-vity -of the clonic occurred during the samplir..- - .

It may be cumclo:-eJ  that  f-o r t oe  particular day on wn ,ich the di:urnal
fluctuation was r::easored , the  disso lved  oxy ~ en con t e n t  contr ibuted by
the algae was signi f ican t and ex p la ins  tOe r e l a t ive ly  higr i DO conten ts
obtained in the upstream :: areas. At the Washington Crossinb station a
low of 81% (8.0 ppm ) at 0700 on the morning of Aogust 14 and a fmi 4.5h of
145% sa tu ra tion :  (12.3 ppm ) at 1130 on August li-I- were observed. The
wider fluctaati n at Wart ington Cross ilL tends to  oudicate a relatively
greater c on c er : tr : t t i o r :  of algae Ava r l-:~bte sunshine on the days of
sampling at W a s h :  n 0t  C r o s s i mN o  (A n i g u st  13 and 14) ranged from 100%
possible on A u g u s t  13 to 91% possible on Au Jus t  14. Hence , the di-

urnal fluct— onition s were rnmean .reJ under  -optomnam environmental condi t ions
for algal pr:-ut .:synr -N.e:is.

32. Temperature  The uver-anc -~ater temperatures  obta ined at
each stati c- n dur ing  t . te surv ey are c ram~rr :z-ed in Table u . For the

entire period of survey , the rn- er ie nir ’ t er temperature at Raubsville
was 25 .9 C C . with a peak da i ly a v e raN o  t smpera tu re  on July 22 of
29.2°C. Downstream from R a u b s v a  lIe the  tempera tures  remained at
approximately the same level (25.5 CC to 27lL°C). The mean tempera-
ture for the stretch from Haub vNole to lor ley including all tempera-
tures recorded was 25.9°C. This on -c ’bad ed a ran -c from 23°C to -O ’C.
The maximum ave r - c  t e m p e r a t - ..rre occurred  at the  entrance of tir e Le oN
River and -is ind ica ted  inn ToLle 6 was equal to 2 .u°C. Upon calibrat-
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1 m 1~~ 
t i e -  n i O i -  - . t : t r : : : - m . .  eter :  :: ed dun :0 the :- m r v e y ,  it WU S

::otej . that a Si mid ic :inn t variation oo- r ncr -ed in - ne of toe

thermometers used. T h i n  tne r -r  t.toOe -n was used at the Ililford

(#1-I ) ::no Fr-en:chtowo (#15) station:::. All temperature data
01 taN er at tn:ece stat i n o  - In : , thi: tI:er :::o-toe--ter i nive Lee--:.

deleted a::d are not ir ic lu  no is. n i nn y - Joi N :1 cm::: in I hi::

report .

33. L i t t l e  or no v e r t i c a l  and l a te ra l  strat if icat ion
of water t e m p e r a t u r e s  was n o t i c e d  du r ing  the survey.  With  re-
spect to the tIme of day , low water temperatures occurre d in
the early morning No:urs, reaoo.i:.n a peak in the afternoon .
In ge n er al , the aver are water temperat ures lagged beh ind the
average air t e m p e r a t u r e s.  in:  the vicinity from Lumberv ille
to lardley , —rvera e water t em re r a t~ res ecua l led  and in some
cases exceecmej  average air temperatures . As w ill be pointed
cat later , thi s appears to be indicat ive of high temperature
waste discnar :es into the Lehigh River .

31- . Hardness and alka l in i ty  Fi gure 6 and Table 6
indicate the svera :e total hardness and alkalinity in ppm as
measured at each station during the period of survey . It is
seen that a sharp increase occurred in the stretch from Belvi-
dere (#8 ) downstream to Yardley (# 19). A fairly constant value
is noted from - i lfo r d , N .  J. to lardley, with a maximum value
of 71 ppm at Washington Crossing . For the stretch of the River
from Easton (#16) north to Port Jervis (#2), the hardness con-
centrations alr: remained fairly constant , rang ing from approxi-
mately 20 ppm to 27 ppm . Toe ~reateoot hardness concentrations —

were observed in the tributaries reflecting both geological con-
ditions and h i h  hardness bearing waste discharges. It is seen
tha t. t h e  total aver-i c alkalinity follows the hardness curve
very c i i c e ly .

35. lr~ - : .  Lnr lr :40 the per iod of survey , :-everal total
iron c-~n c e r m t r a t 1 o n  : n : a l y ne :  were ma-ic on samp les from each sta-
tion betwec: Easton (#1 -) a:rd Y ardley  (#19) . Maximum concen-
trations were :.ot ei at The- H-a mh: vilir (#12) station where a peak
value - :f  0 .50 ppm , was o~ t a L e - - :  on August  0-) , 1957 . The iron
c-:r:centrat I ins -i wn : :t re-in:: fr  m Raut- :ovi lie decreased gradually
with occasional pc—i-n o of 0.:- 1’. 0,35 ppm .

~~~~~~~ ~~~~~~~~~~~~~~~~~ -— —- — - --~~~~~~~~- 
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36. Turbidity. Figure 6 and Table 6 indic nte the average
tur bidity measured at each station during the survey Aga in , the
Delaware River north of Easton (#10) exhibited low and rel ri t.ivel y
constant turbidity values. However , tur bidit y in the reach of  the
River downstream from Easton as shown in Figure 6, rose sharj ly,
reaching a peak at Yardley . The average at this station for the
period of survey was 12 ppm , with a maximum of 16 ppm on Jul y 19 ,
1957.

37. Phenols, and tastes and odors. During the summe r
survey, phenol determinations were- made at all station :, from
Easton to Yardley . The results are tabulated in fable 6
Averaging the individual determinations has little practical
meaning and all the results which were obtained are presented
in Table 6. Maximum values of approximatel y 0 030 ppm ,
associated with a medicina l taste , occured at Lambertvi lle (~tl7)
and Washington Crossing (#18).

38. Taste and odor determinations were made on all
stations from Easton downstream . Since these determinations
are susceptible to persona l influences , depend i ng on the ana l y z e r ,
onl y a q u a l i t a t i v e  and general  de sc r ip t ion  of the t a s t e  and odor
condi t ions  in the River at the t ime of the survey can be made.

39. Coliform bacteria With the availabil ity of
r o u t i n e l y  col lected data  from the Ci ty  of Eas ton  and the
New York City Board of Water Suppl y, it was decided to forego
any extensive bacteriological sampling . A general discussion
of the analysis of these  data is presented under paragrap h 72 .

Anal ysis and Interpretation of Data

40 General discussion. In general , there are two t y p e s
of waste d ischarges ;  (a)  those which for  a l l  p rac t i ca l  purposes
m a i n t a i n  their individua l characteristics as the y progress
d o w n s t r eam , and (b )  those which are i n f l u e n c e d  by the phys i ca l
chemical and biolog ical factors of the stream . Examples of the
forme r are some of the heavy metals, and of the latter , or g :inic



m at t e - -m and t b 0  ~. e-lemell n _~ w n :  0:: coini ne che-in: I na il y wi  I.: t i -

res UL La ~~ :- umm~pi - -;n :ds in the s t i -°a : , ~~~~~ 0 :~ upuO local cnn ironu-nen:t :Lk

co-wt I t l i e n s , o I - n ’ t: -~ i 0 stream qua~ t - F 1 i:’:ii Ler :otl’ns , b r  example
c- yann ide- s , phenols , e-t o ., may be considerably mci-c import-ant, due

to the indusn;riai activity of the legion . A otr :nu- suitable in all

other re rp e - -~ts nony s t i l l  he unf  n t  f o r  some n o e s  doe to t~ie presence
of  t .he5+-  .-:no~t e s .

-ni . Toe descrip tion: -it ’ the var ious water qua lit y  para-
n + - t r - r s  as They e -x i s t e - : dur l : m n - t n , e  pe-~ led of survey and tt4e various
imtem-pretations which may lie applied t0 these p:trauoetero requires
the kr:c-w1ed,~e of various other in t imate ly  related factors :

(a) Five :- flows and c~ -ur-j.cteristico (which indicate
time of flow , volume of dilation woO er :tv- n 11:1-1’-:, and mixing
factors involved)

(b) Liochemica_ u:-:-~’gen . :uemn:n Lnd concenitra~ io:ns (both
in the river itself and an no c- :,-oe nt-:’atiu::u w h i o n :  are added)

( c )  The rate at w h i c h  the biochemical oxygen demand
is satisf ied

(d) The- rate at which oxygen is diffused inta the
otreart by reaeration

(e) Temperature and its e f fec t s  on ( b ) ,  ( c )  ~nd (d)
and also ~ ef se

(f) Waste loads and locations related to the various
ncr water IUaI  i t y parameters .

~~~~ Tfnnn o of ow Asice Irm  a knowledge of  th e  r ive r
flows 00 : 1c m- 1mg dur :: t ine t :m ’:e of the -u :rvey which is of :onpsrtannce
on . -~c t c r m i n 2 n g  at what p o in t  in the f l o w  re g ime --  the sam pling war
o n n - - ‘ted , 1 is also n :~’cessafy to obtain information on bne

‘- I - - I - c i t y  - - f  th e  - v o n -  - €tw’en any two s~oitions . With i-can
-: v+ n 1 -~c1ti e~ ‘:e- ’ter ’nn mi:ei and toe-’ ii i :: t anc~. i - e t ’oee: : s t at l o n i ~

nT: ~ , : - +: - f  flew can Oe c o O n  i : n t e i . Toe cc li-n : t~~l’ ied

~~~ ~~~~~~~~~~~~~~~~~~~~ 
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are c-scnc n tIai. in eat nnoiti:ng :e n- ate ci’ u-c ’ sn” :ct l rn : of i -c-
b t - i :c o O :”.i l  exy nen :  - l ’utni n :c in —i the-- r ot e  at w n N c i .  - L s s - ,l ;od oxybe r.
i s - J 5 ’t ’ , OL: - .i 10’ - t: .: str ’-:i :: . i- ni1: ’ - i t t ens w irlg tilan:.in g ’ s
f~. n’: : : l a  : .j i c a - d  t::e r e s u l ts  S : - .j w n ,  In .  1-stic ( .  I- .c .t t inoes
n o  : n ’ i - - :c: n me at en ’ trios t r’ - : i n s ! t  t I ::.e ui  rd - -a t ar  toe cundit ions
pr o  ill log u n - I r I g  d i m l y  no-i. August , l.~~ 7. lin e tin::es do no t
r en . .r eae- : .t  toe :::ove::eo ~~‘ the i- i - - e s -  wave and h en ce  d i ff e r
fr :.: t ::e t imes :~r~~o in A p r en dm i> :  M , iy .or ill .’ - .

S - l o  an::. c, n~ I. oem .  _e n -h y sio-ai ceange be iroparteo
upon : the belaw-are, tnese resnlt S mac. : ot n ecessa r i l y  apply .  The
survey arts c on: - l . :-ct e  I Jar intg a period low flat- with min or
v a rl a t i  i At ol - ::er flows , th e  v e l oc i t y  p i c t u r e  may coange
con siderab l y and the  rocn ::r e - r s  o..e f f ic i e n :t s  witch were
calcu late-I  :::iy no lonrer be valid,  Fdr tee sec t ion  of toe
Delaware I i — o e m-  n a r t o  of Coo t ~ :., toe- -oen ern :,inat i . : : .  of the t ime
of flot: is :n:t as om-i tloal as in toe lower s I n e - t o o .  This is
cu e to  toe ::, Pc un i f o r n n :  water q alit: c::~~ acter of toe River
i.~ t: ,e nper  reacn ,e  - where ono loy an-overall saali ta t ive  p ic tare
can : e - o b t a i n e d .  This ‘till he - IL -ou ~e e u  more c~ :op letel y in ,  the

— n .rao: ran:.: to f-:Lbo:’. I~ - 
-

i-i ~o : .enn ,Ic al  o:-:ygen -ce-nan-ri . Toe addition of 
-

o r - o n t o  lla-:is to the  Ie ln--:ai-e Slyer :.as t een  ~~ scua sed  ore -sic sl y .
F.~1l1: as importan t as Ie tem :: in : Ing the ann:uur:t of the load is t:E

net ef : cot  an , - a ddIt i on  nas on tie b iochemical  -oxygen demand of the
F.iver I t s el f ,  It should be emphasized that the BOD , except for
rare inst ~. ‘ nO , is not a pollutan t I n .  I t s e l f .  High b locoenoical

- 
- oxygen Oe~~~nd o -an n e o t r a t  ions (11 - 12 ppns) in some cases tend

t . encourage the gm -o ath  of s l in r e :  in i n d u s t r i a l  coo i in :g  l Ines .
However , the pr imary int e r e s t  in .  tn :e SOD is That it may carob in :c
wi th  o ther  f ac tor s  to .,o-:wer t h e  d i s solved  o x - - c e - n :  cono en ,t r a t l :n :
r f  toe sir~eano . High SOP c o n c e nt r a t i o n s  do not  n e o n  on’ i l~,’ i::p~~
higi: c-i bif-orn.: or gri n iso con tent . b e  r a t e  cf’ t: .e , t i l i :a tion  of
cxyuen to sa t isf-; the Ln : a.- : i m n p o s e n - i  i -v the  .c-: i -Jizahle material
is the prime concern .

I
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TABLE ~

iiiii; OF FLOW
(S.:rveg of July and A:100::t , 1957 )

Stream Cujiuiative
Slope Veloci ty Distar :ce Tine Time

Stat ion  ( m t . 1000 ) (f p s )  (:: i. ie--5 ) (days) (days)

#10 - Easton , Pa.
.578 1.04 - .0 .35

#12 - Foru b s-vil le , P-.~.
.578 l An2 ~~~~ .~-d+ .79

#1-- - — 1-lilford , N. J.
.578 O.7~ - . in .1- i 1.07

#15 - F~ enchtown ,
N. J. . 578 2.2b -0.9 .2~ I.

#11 - Lumberville , Pa.
.578 1.30 .7 .~~1 1.62

#17 - Lambertville,
0 . J. . 070 1.20 6 . p  .35

- Washinoton
Crossing , P . J.

.430 1.62 ~.8 . lL - 2.11
#19 - YardIey, Pa.



15 ~

-15. i d l e  13 s ,::in: ::sx -i: ’ c-s i
~~ e- anita U : t oN ed on ‘ :s- i- 0-

r e -r n  HOD :-rolp l in : ;. I n- i j - , :  nra t : . en r : t t i ca l  an:cl yo e o  can s i~e - p m - l i e
to ~:.eoe iat~~ in 1rder to o t t o in :  t : e test  rate -of decxy ;eoati-o:,.
F -: x - th e- p n p  co f t::is report , three  different rnet:,nd: ~f ob-
t a I n ing ~~~- 0  U: . - . : .  - e-~~

. - t  ions n- ate c tm to ae:-e soc I -. a . -r no - : i c a l
- - : , ‘oe ‘Me t i of 11 - s . e : t s , an —I an I - v e : . t : r -y  of N.e

:it l r , -ote i-i c-::.isal :-:,:ceo -lermands intro. : ~ce.: ir,tr. toe- IoO- :- :- x -e-

Si -er’ be twee n  vari - ::u : p o i n t s .  In add i t ion , f-sr toe stretch f rom

P : rt  0~ -’-d~n to P - . -~~o , a semi-I , pint :f t:.e averace 5 day SoD

in t i c  otreis::: v e r sus  tic t i n e  of flow was emp l p el .  In : Ie- 9
:or:orizc: t:.e me: ~lts -:1 ta m ed by these n::etm,-ods . It to o e en

that  good ct ’reen se:. t was N tai ::ed between the grapn ical  nnet:.od ,
t:,e ‘l-dn::n - : 0’ m i e n  -,i a:oo the “in:venrtory ” netoch :.0 r t :.e s t re tcnes
to wn:ic:: oney sc-r e sop lied.  A i-sw ratc constant insdicates toat

cx ,- gen s I s b e : t m g .:t l l i z c - o  at a lesser ra te  ip- t :n e m-can s i sn:.
s :p :l a ’s i . : s .

~-o. POD m -e o-srri s for past ye-ar : are not  avai lab le  O r
any ~‘~~tion : ins tn t- -~tret -nos from Eas t -to t .  lir e-not:: :. m o n r o e .  t he
oOad: o i t - s I : -.- :  i - .~r ing  the s n-icy shtuld t e  i : s ten -n - r c - t e d  cr115 as

a n I- : t :n - e ~f ccnd io l cn s s  as t }:ey exis te-J  c u r i n g
Ny an: d Ao~~.:st , 19 57 s .:r-;e~, .  W i t h  chantcir :g f l o s s , l a oc and / sm

terrrerat ores - , tie SOD load Jr.  the Delaware Si-;er n::a::
sigrd f’I:a :. t l o  so r e  o-r less than was obta in se c  d or in og  toe ns aorp li no

nor crar.. n . m/ ever , if one considers the :.arti-ooiar liaris to
re-nn :ain c::ootntnt f o r  any diven le::gti : of time , i t can: be said
t .e  sur ve~ as condu cte d  :1 :rio. 7 a time when the e f f e c t s  -of

p:lI . t i :sai h is-charges were mo s t  severe , and the loads and
ic . -:I :oe:. -1tion rate: -  as compu ted present  a ne -oem -al r e p r e se nt a t i c o
-of these csr:di tiot:s in the Delaware River .

~~7 . At P i l f : ri , Pa. N-se BOD dur ing  l°50-l 157 va r i ed
be ts cc:. 0 .11  puns a- 1 1.5 ppm i: :- :icat in .c th e relatively cmi: :m’ d ie-ct
of :easonal chances . The BOD c i— n oteot  . 0 the L- e lsaar :r -e I- iver
above P. : n  h e r v i , . has averaged on ly 0. - ppnn : Id r oe yen-
1 : 1  . o  - - l ’ ( .  I - . -

~~ - . this over-c e -,‘cries -c,ly cli ~I 1, t:nn
t o t  toe year and .: e.: n- - .t cl-so-n e rr p r:re cian. ly c :e: : - . :rl- : .e - low -
dl- - ai :cnrt er m o n  t O s - .  i . e  Jaly ,  August , an: : Septen .i er averaces

_ _ _  _ _  -~ -- ~~~~ - - - -~~~ ..~~~~~~ - -~~~~~~~~~~
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TAIl ~1~l 8

L0lJd-TEII-i I b iOC1~~MICAL Dl-1-~GE:: ilE-’oOlD
( l i crve~; of July an :d b oas t , l i 5 ’( )

(Port: per 1- l i l l i on )

It of Inoc-uba ti on s
, t ’ :p I : m c* i. 2 - - *  7 9 ~~ ~~ 20

0 . 2  0 .3  0. -k 0 .5  0 .7  0. ’ 0 . i  1,0 1.3 1. t l .p

0 . 1  0.2 0.2 0 .2  O . ° 0 5  O . t 0. - 1.0 1.2 l. i-

0.2 0.2 0.2 0 . 3  0 .5  0. - 0 .7 ** ~, 1. -

~~~

. 0 .5 1.0 1.3 1.4 2.0 2.1+ 2.8 3.1+ 1+ .O 1+ ...

0.5 0.9 17 1.8 2.0 2.2 2.- - 2.7 3.1 0 , 3  3.8

0. ’ 1.3 1.9 2 . 5  2.7 2 .9  3.2  3 . s  — .9 5.1 6.7

1rI :. ~taries

#~~ 1.0 1.6 2 .3  2 .7  3.1 ~ . - 
~~
. i4.o i~.1+ 5.0 -

~ I1 0.7 1.1 1.t 2.2 3 .2 l~ .l 5.0 5 .  7.0 7.!~ -

l N~ 2 .2 .l 3. - . .1 , 1+ 5.0 5.3 fo .1  7. -~+ 7 .6 -

2 - Bei.:.-w Port Jer-::o , 11. i’. 1 - - Yardley , Pa.

10 - Easton , Pa. Im- ibutaries

(G r i t . )  6 - Br -Ihead Creek

12 - P nj b sv i l le , Pa. 11 - he -him . River

1-- - t ’ i I f - ,r - i , ii . J, l~ - Iluscofletcong River

~ All - on: m i eO  c .cnp :o :it e : unless otherwi::e noted.
No n ine  ( n )  day am : : t i y sis  - ten , (l-D) day analysis was 0.8.

~~~~~~~~~~~~~ ~~~_ - _~~~~~~,~~~ ,ni-’ ~~~~~~~ , .
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1-ABLE °
I

~iEOXI ;BI-lAL.L0N RAllIES - k 1
@ 20° C.

of .  July anSi As.grist, 1957)

P- hi no : f Carnp.o tation

NI n - n t  M-:omn+eno t

Sta tlon :~ 1-~n : t . : a I  ~,, -7 mmy s ) (h-s ha1’: ) I nw e r . t sry

#2 - Be low P ’r t  -in-rvts , N.1b, .05 +0~ .07 -

#10 - Easton , Pa ,  . - - ~ 04 .18

.05
#11+ - Ha-ti - n , Pa. (crab ; . S < Oc .06

#12 - Pant:vi.liw , ~a, .-lo a ~D- ’

#1w - M i l f c r d . N . h .  .07 .07 .04 .07

#19 - Ya.r h l . :y,  P .-:, .O~ .0- 9 .08

# 6 - Brodi :eaii r eek +08 . 1.1 .11

#1.1 - Lehigh Rive:r , -~~t~c ,-0b

#13 - Musconetcong Rll’~tr .08 . - .08

~

- ALL sam p les conr pc: .i t i~ u.nle: ’- c ’her ’s i —es n cte3.

—— 4
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1 ,-i - i- ):1-I - averaged 1.0 ppm;. , an, i no i g r o i f l c a n : t  0: 0 : . .  c . BOD
s-a l .n es x ’ -. . n ’ t : .e ib ven’o l :. r: River  i -d ow : c - -  P -on - r i  J e rvls  n~e’,-ia~’e
tne :itn ::cnit plant have - . -‘ €-m -’:.eJ 1.1. ppm : since tn-c start of p lun . t

-~,pe:’at icn .. i i w  ever- , t: iS pro-c :cec only a mir+ar cnange -upon tee
SOD c o r i m - a ct em ’ i :t i o  of tee Dela-,-:are i’iver .

- -0 .  Con cls + ci -on:s  Tine area of the basin no r th  of Eastor.
is sparsely p opulated and inn ‘eneral an tributes small amnsour:ts
of or ’am::c pollution on an: overall basis. Hence , the biochemical
axy(en deman ,d o :ncen .t ra t ion :s  whic:: are meas ured are due pr in c ipally
to “ n :tnt .+j ’a l” po l lu t ion  we lch  exists in all streams due to
decay ir .c ve ’etm ’rb l e  and sNeer cot ’ar:ic noat le r . Ia some local areas
(d omnr: s t rean fr small creamerie :  or mills ) comparatively n:i0e
bI ochemical  on ’:ycens demand c-on cen : t i- a t l lnss  may cc c ce rved .  However ,
e: - :art inin: c t: .e area. r-,c a wn: -.:le, these concoitions are minor and exert
l i t t l e  in o f l oence soon t: ,e oaauity of the s t ream.

‘f) .  T:se macn : bode sN toe biochem ical s :-:y°ens demand
c o n c en t x - -cti ..n r o  oserved in ,  toe Delaware Rio-er in: the s t re tch fr--tm
E a st on s  to  Tm’e-: t.~n indicates that ciu cea rces  w: ic:: are capable
of  utIlizing oxycen are adde d in s ig ni f I c a n t  ano .,:sts. Also , or.
tne oasis Di’ b o t h  v i sua l  and doan:t itative obse rva t iono s , increased
0- r oan . I c  f o o d  smatter is available in : lois x-eac: : of the  River  for
u t i l i z a t i o n  b y s.ocr .  adu a t i c  organIsms as algae . I:e Interpretation
of t:oe In . cer -r - eb a t i - on s h i p  of t Ime Biochemical -ox:.-ceno deman d and the
DO of t:me Riven- is disosossed in paragraph 55 .

50. Diss-ol- ,-eI oxycer. Unlike the  b ic-ci .emical  oxygen:
oen.,ts:.o c o n .  o e n . t n - a t i o r .  of a s t reams wn :i ch can in itself be generally
:emaratc - d f r om t : .e  :ax-ious  :‘o,er - parar :eters , toe dissolved
o~-nv e: . : c e . t r a ti : n  is in-ds i :nately t :~~nJ wi th  a n -somber -f o ther
idiot r u :  (~) t o  b i o c : .enn . cal oxycen -:ersnin ~, (2)  plants wh ich
‘ em.  1. c ..nt ;- i l’ , - e i i s d l lv e d  -.:y ’en o thr-.: .+ :I. t i e  process of
p ~~ t ohm ’ - .e-~s1s ( r i 1 ” t e ) .  (~

) ‘ i - no n cn ’ct soe which ei ther  increases
~r n~’~ ~~~~~ ‘ ne I .:i’ite o r , - t of :i:: N’,~ed :oxvgen which can

toe - n I c e :  ~~. .  - 1 51 . .:. (~~-~t , n ’ .ir I on r : i .:c), ( 1+)  t::e physical
cn-trac’.emi :tic. o f ’ ‘

~~~ c-an , ~. • . , n - a r  I ds , pools , stream
:c l ci ie: rind (,) re - i c - n - i t I : , : .  :. - I c : .  m- v- :i . ves a c-unn n :i n r a t i o n :  of all
01’ - 
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51 . In gene ra l , neither the bioche mic .-d oxygen demand
nor ti .~ d i m ;s c i l v e d  oxygen content of a stream are pollutants in
t hemse ’-;to; . TIm d i ss o ived oxygen is jirim aril y of interest onl y
when it: il n m l l s  belo n: cer t s o in  limits , thereb y inL ibiting particul ar
wate r u:ses. F u r e m m a ;  ,- i c , va r ious  st~’ndards bane been adopted ,
limit io~ ti -c dise : i ved oxygen cont en t of the stream to a minimum
of 4.0 to  5 , 0  jpm . It is felt by some regulating agencies tha t
this lL ~ it is ne cess n oy to maint ain both a varied fish population
and “he:’ l n t i . y ” St ,moi: : b lo ts . The stream is considered septic when
the dissot ’e . cxy3cn z: cc roaches complete depletion . Thi s condition
gives rise t.~ - oD i ox io us odors which impair the esthetic quality
of the river.

52 . Din: s o-lved oxygen bal anace. In presenting the dissolved
oxygen resource s o~l the Delaware River during the period of survey,
the oxygen bal ance conce~~t has been used . For any part icular
s t r e tch , the disso lved  oxygen content entering th a t s t r e t ch ,
plus the dissolved i.xyde :l content of any tributary streams , plus
the reaeration sup~1Le.i to the river , minus the oxyge n demand
of the organic mater l: 

~~~, 
must equa l the oxygen concentration

leaving the p ; rticul ar str e tch. Expressing thi s relationship
as an equatio .i , the folio -lag results:

Equstion (i) DO
~ 
+ Dot + DO~, - DOBOD = DOd

where DO 0 = the total dissolved oxygen
in lbs .  per dcy at the up-
stream s t a t ion

Dot the total dissolved oxygen in
l b s .  per day cc’ntributed by
a ay t r ibu ta r i e .~

DO r = the total  dissolved oxygen in
lbs. per d~ty contributed by
reaeration or other factors

DOBOD = the total dissolved oxygen in
l b s .  per day u t i l i z e d  in the
s t a b i l i z a t i o n  of the oxidizable
organic matter

and DOd = the total dissolved oxygen in lbs.
t o es  day ni t the downstream station
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53 . Ta’n l e  10 slnj ’nrnar izes the results of the DO balance
computations.  In art analysis of this type , the various
assumptions which  are made are of extreme impoz t.ance in fully
evalaa.ting the results obtained. For example, it has been
assum ed that the rate of deoxygenation (or oxygen utilitation)
for the load at Raabsville remains constant and separate in
flowing downstream to Milford . LIkewise, the rate of de-
oxygenation of the t-llchembcal oxygen demand contributed by
the Musconetcong River has also been assumed to remain constant
as it flows to t’I.ilfurd. That this is not exactly true is known,
since the mixture of the wastes arid the various mixing parameters
of the stream may vary this assumption to some degree . Paso,
sinae~average conditIons have been used, the eff ect of arty lateral
or longitudinal mIxing , as well as vertIcal stratIfication, has
been neglected, which  tn  the case of the Delaware River appears
to be valid. The analysis also assumes that the entire am ount
of oxygen needed In the stabilizatlon of the organic matter
(5,100 lbs. per day) has been drawn from the oxygen “bank” of the
stream itse]~f. A portion of thi~ amount may have been drawn from
the oxygen content contributed, by reaeration, which would tend
to increase the 7,500 lbs pe~ day . However, it is seen that
the 7,500 lbs. per day , ~nhich is a result of reaeration and
algal activity , represents the min imum amount under the particular
conditions of the survey . In summary, the results presented in
Table 10 are meaningful only so far as the qualifications
surrounding the computations are taken into account. Variations
may be expected from these results at other particular stream
or environmental conditions.

5Lt- . Although data are not available on the dissolved
oxygen contents al all of the tributary waters of the Basin
north of Port Jervis , the low biochemical oxygen demand
concentrations as discussed in paragraph (t~( t.”-mnd to indicate
that the dissolved oxygen will be relatively high. Likewise,
the lack of any sign if ican t continual sources of pollution
also aids in the maintena.nce of good dissolved oxygen contents.
Data collected on a weedl y grab basis for the Neversink River above
and below the Port Jervis sewage treatment ~d ant outfall and for the

- --

~ 

. . -  ~~-------—~~~~~~~ -~~~~~
--
~~~~~ 

--- -.--—-- .-
~~~~~~~~



~~~~~~~~~~~ --- - - - ---- - - - ~~~~ - - .-~~~~~~~~ --_  -~~~~~~~~

129

TABLE 10

AV~~ AGE DISSOLVED OXYGEN BALANCE
(Survey of Ju ly and August 1957)

(Pounds Per Day )

D0~ DOa
At DOt DOBOD At DOr (**)

Upstr eam From Total Downstream Net Gain
Station Station ~L~ibutaries Utilized (*) Station Or Loss

#10 - Eaaton, Pa. 91,000
l5,8oo 1,600 +28,000

#12 - Raubaville, Pa. 133,200 133,200
1,000 5 ,700 + 7,500

#14 - Milford, N. J. 136,000 136,000
Negligible 20,000 +30,000

#19 - Yardley, Pa. 146,000

( *) Includes Dissolved Oxygen utilized in stabilization of organic
matter contributed by significan t tributaries .

(**) 
~°r 

DOd + DOBOD - DOt - D0~

~~~~~~~~~~~~~ - - -  - - ~~~- -~o’~ 
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Delaware River above and below the entrance of the Neversink
River have been plotted in Figure 7. The typical seasonal
variation Is evident in both cases . For the Neversink
River , it is seen that eesentially there is no difference in
the dissolved oxygen contents above and below the sewage
treatment plant outfall since the amount of BOD added is
relatively small . At no t ime did the DO fall below 6.0 ppm .
For the Delaware River only a slight difference is noted above
and below the entrance of the Neversink . Although there is
increased dilution water available in the Delaware as opposed
to the Neverain k, the biochemical oxygen demand discharged by
the Port Jervis sewage treatment plant does not actuafly have
sufficient time to exert a demand before It enters the Delaware .
A slight decrease In the dissolved oxygen contents is to be
therefore expected.

55. Conclusions The results of the previous analyses
of the data obtained during the sum ner survey indicate that
in general the dissolved oxygen content of the Delaware River
from Port Jervis to Trenton is relatively good. In order to
present a more graphic picture of the dissolved oxygen content
of the Delaware River In the vicinity of Milford, N. J. (the low
poInt), one can asstme that the desirable lower limit at this
station Is 5 ppm of dissolved oxygen which represents a total
oxygen content of 91,500 lbs/day at a flow of 3,400 c s .  If
all factors remain equal (except of course for the load which
would tend to deplete the oxygen to the 5 ppm) , a reserve of
44 ,~ OO lbs/day of oxygen is available under present conditions .
In other words , If a waste load were introduced into the
Delaware River and. was of such xnagnitud.e so as to utilize 11.4 ,500
lbs/day of oxygen in the stretch from Raubsville to Milford the
oxygen content at Milford. may be depleted to as low as 5 ppm .
This conclusion should be viewed as representing only a general
magnitude. Indeed, should a sufficient waste load be introduced
into the Delaware River between Raubsville and Milford. to deplete
the oxygen at Milford to 5ppm , the conditions in the stream
niay well be entirely different from those measured during the
sampling survey . Should the waste be Introduced upstream from
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I’ru:o Ra~L5~’t~ lL , the o o n p ~ w o u l d  Le deco~ wood c isi— Jo-rwtlv .
lo de ueoal , t ~~~ u.n Is in a r~ I -iely ;o-od condition at toe

‘k- u t ~~as~ iL d po lot of dIssolved -oxy~ er. and tne oxygen surp i
O w Is o -u t f i  - erit tu allow for a ~~ o J f I o a nt  increase in t o ~

n e s i -o a I .  - x~~~~o deman u con- : t ra t  1~~ of t~.e stro~~~.

- . u e u o e : - o ~ 1’ Too t c-oiperOt ~ -e of any tody of wat er
is a f fe c t eo  L y a ~~u : Ler  of f w c t - rs , s~ e of whim ten -u to increase
one temp erat  ire , otners wol ch  tend I - - decrease toe temperat ore.
Pmcng toe most I~- r . :1- t Oot  are :

(a)  S:lor ru u i a t i u n  ( Inc rease )
(b )  R a d i o eio o  acM-scatter (decrease)
( c )  E ;oy- r o t i -~o (oecreaue)

(d )  C~ ndoction (ir.crease or decrease)
(e) Convection (increase or decrease)
( f )  High temperature waste discharges

F :r a part icular body of wa ter one  or more of the above may he
toe c~ ntrolling factoo s .  For e:-:ur~ple , in large shallow reservoIr:,
e’;ar r at iu n  may oe -uominant  w nereas in a flow ing river the man-
made hlgo lempera ture  dlscnarges may control .  An accurate  appraisal
of t h e v-orb-os temperature c mpc.nents can be made by u t i l i z i ng  the
La1anoe type of c :mrotaoi-:n . This r edu lr e s , however , e xt e n s i v e
data in order to fully evalua te all o± the above f ac to r s .

-
. The results obtained fin a the s-oxomer survey i nd i c a t e

a general  in  :me-ase in the temperature cC the  Delaware River from P- -r I
J e r ;i s , N. Y. to Trenton , C. J. Altho u gh some of th i s  Inc rease  is
due t-o the  nat  ~ -aI nea t ing  of a body of water , the relatively nib - .
ace/a c - enpecature of t n e L en ig o  Ri ver of - c .6 C C indIcate : that this
t r I b u tary wh i- :  h represents approximately 25% of toe  f l ow  of toe
Delaware may a cm -u ~nt  Coo - the increase in temperature . Hi gn tempera ture
waste dis-ohar g es  to the Lehigh  River  at Beth leh em have reached
ma xlm:n .  va lues  ~f over 37 .8 ° C. Toe peak daily average t empera tu re
of the Lenigh was 30.1 - C i n di c et in g  that toe  increase in the t e m p e r a t u r e
at Bet olehem r e s u l t I n g  from the h igh  temp era ture  diocharce :  may persiot
as far as t he confb-e~ ce w i t o  toe Delaware .

k~. - - 
~~~~~~~~~~~~~~~~~~ ~~~~ 4
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h9. Conclusions I~ appeal’: - at. - no- Ie no ra l  In :rease

in toe t emp e r a t ur e  of toe Delaware n e t w e on  Easton woo Trenton is
due in par t to the  eotran- : e of the Lo:.I n.  River . The re la t ively
high temper at  ore of Inc Len ign  at the c o n f l u e n c e  ref lects  toe - -

I~~cn ~~ ’~~e of rc ign temporal  crc w a s te s  is. - cc v i c in i t y of Let : ie :.em ,
Pc I- ivania.

y 9 .  Carol .ess and a lkal ini ty  Fr m a -domestic w a t e r
uooc p- ly v i e w po i n t , a water wi th  a nar ooeos  c o n t e nt  in toe

v i :  c i t .  of 50 ppm. is ~um si d n r e d  t - so- “ s-oft ” . Hardness  over

100 opo may r e q uir e  t reatment of t h e  water . From an Icou -oot r l a l
water u;e viewpoint , toe oes Irsu le maxim cc: l imi t s  of hardness
a water may vary fo’ om 0 ppm to over  200 ppm , oenenoclo 1 1 ~pc-o toe

- i - c u t r  al pr - -cess .  Boiler leo -I wa t e r  at ex treme press ~re: r e q uI r e s
oar-ones : of very 1:-v values as do a lso  do co-ory,  t~~~tile ,’ ray on and

pulp ic o c o s t r i e s . Alka l in i ty  is not a pol lutant  in itself , ~r ot
ra toer  is indica t ive  of h i gh  pH values , oa:’ ooeos and hiss-d yed

solIds . It is not considered to be hetr irne - tal to hunians. The
max:m-um aucuot s  of a lka l in i ty  per oc ici-cahle i In d u s t r i a l  water
uses  may vary  from 30 ppm for carh -o oated be~~ ooege plants to
250 ppm f-~-r some food products man c f a m t c r i n .

60. Examination of the hardness records for toe m o n t h s
of December , l1gb- t~ July ,  19115 at toe Trent on .  water works ic ta~ee ,
inuicotec a defloite cyclical pattern in the occurrei~ce of t ot a l
hardness .  The average m o n t h ly total har dness as oB served at
Tren ton  in a luccost all cases reached a peak value is. t he la t e  fa l l ,
decreasing sharply thou-caller to a valley ” durIng the qarly spring
c o o  s umner mont ,ns . A sharp Increase was noted -durIng Jdny and
Au oocc t , c c]uclInat i r cg agalm In toe fall peak . P l o t t I ng  the overage
f low at Trenton versus toe average total hardness yielded Figccre 11- .
A c u r v e  of s t a t I s t Ica l  “ ce- st f i t ” was then drawn. it is seen toali
as the flow in::- eased , toe- average  hardness d e— o r c as em . w o l c o  is
due in  p ac t t -  t he  increased d i l~ot  - on water avaIlab le . It c
increase in hardness at the iowcr flows may be Joe to an increase
in toe- - lat I ‘ze am: unt of g r oun d  water in hI Delaware h iver .
Dat a at-alloolle for the  De l aware in t h e  vIcinIty of Mart- -I:~s
Creek also evlo en c-e -d the sane pat tern as local oeserved at Trenton .

- ~~~~~~~~~~

-

~~~ — 

-

~~~~~

- -

-~~~~~~~

- 

-~~~~~~~~~~ - -
~~~~

—
~~~~~~~~~~

— - j



-- -~~~~~~~~---~~~~~~~~~~~~~~~~~~~~ --—~~~-—— -~~~~~~~~~~ ——~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ - - -“ 
-~~~~~~~~

— -- - 
~~~-

REPORT ON THE COMPREHENSIV E SURVEY OF THE WATER RESOURCES OF
THE DELAWARE RIVER BASIN

0

0 0 I 
II ___  - —~~~~~~

0

2

-- - - - - --- - -~~~~~~~~~~~~~- 0 _ _ _ _  ___

I -
_____ ______ ______ ______ _____ N- - ____ - - _____ _____ — — 

I N

0

0 
0 0

__ __ __  _ :

~~ O
0

~~~ 

0

0

~ 9~~N 3fo2 A ) H I N O I N  -~ Ndd - S S 3 N O ~~V H  1VIUI

F I G U R E  8

PART B — STREAM QUALITY HARDNESS — FLOW RELATIONSHIP

U S DEPARTMEN T ~ F HEALTH , OF DELAWARE RIVER AT TRENTON , N.J.
EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE  DECEMBER 19 51  — J U L Y  1955



_ _

I Id

As a generality, Figure 8 e c i l d  be used as representative of the

variation of l i a r o l n e s u  w i t h  flow i n  the Delaware River .

61. The hardness and. alkalinity content  of the Delaware
River In the v i cin i t y  of Milford , Pennsylvania (#3 ) have remained
fa i r ly  constan t regardless of’ the  flow pattern . Data for the
past seven years i c i l i c a t e  that the ~~ rdness has va r ied  from
15 ppm to a maxlmiuu of 30 ppm , with a. average of 21 ppm and t h e
a lkal in i ty  from L~ ppm to a maximum of 20 ppm . Typical of the
hardness content of t r ibutary streams is an a ve ra ge  of 12 ppm
( 19u~~_i~~ - )  id ’ th~ N e v e r s i nk  Hi ve - i ’  above the ~Jevc -rs ur~K Reservoir .
A statistical analysis m ade L - t w : e -fl the hardn c-cc~ the Delaware
River  below and al-eve Port Jervis  indicates  that in the summer
months there is in general no ~bf f i- ~~~-~~’:e in the hardness of the
wa te r s .

n o .  2 ne-luij ioris dOe t ot a l  co olne ss  and alkal ini ty of
the  waters of t h l - Do-t Oiwl i r o R i v ~:r t d - 0n: i t s  headwaters to L~enton ,
N.  J .,  from a domestic w i t o r  sup~ l : v i o w j In t , are not excessive;
however , at f icci e s  the hardness has reached vol ic-S of 110 to 115 ppm ,
wolur has necess i ta ted  removal by t r e at m en t .  As the flow of the
Delkware- has increased the total hardness  c -o t eict  has decreased
accord ing  I-  Figure 8.

- . Iron The p r e s e n c e  c-I ’ excess total iron concentrations
in a domestic w~~t-er supp ly -: - t c d n s  la ic dry arid porcelain f ix tu res  and
in con centra t i ons  higher t H a n  0 .5  t o  1.0 ppm impart a def ini te
‘taste I b e  a - ’- t er . .  As a u-oec ’a l  guideline , the U. S. Public
hbeo l t i .  Ser vice Drinking W~~L o - r -  *t andards r ecc-cIcn er l i  a suggested
l imit  of 0 . 3  ppm ibr the tb- ab of tie i F u i i  and manganese
concentrations in the water . l i - c: an industrIal water use
viewpoint , maximum permissable vai~~tc: 1 iron con ce n trations
vary considerably , nopon A i i - upon t h e  type of indus t ry ,  wi th  a
m i n h r n i j onc value of 0.1 ppm in the crcan:ii ’cto Lure of some pulps and papers.

e~r .  Daily gr s r  .muo i Les taken at 9:00 AM a t  tn e
Tren ton w e t  - c -  w or k: m Ini - . - - w t - r ’ : ava i l able i - c  c o i ’r e l at i u c i a i
u n c t I o n ;  i n  WI t i 1 tow . Fur St y li  yc - u’ 1’l:O. r1; ( i t I .8_ 19 - :’))  tbicro - -
does i i c - t . - ip;~ - -aI ’ to be any d i f i n i t  ~ ~~~

- n - a id cor re la t ion between
the H w  at Troni tun  w i d  c; t o n a l  iron - i t -i  t n - a t  ion . At th ie

~~~~~ :-~~~ ~~~~~~~~~~~~~~~~ ~~~~~



- . -  - - --- —-~~

l3ti

higher flows , the iron con ;~ent varies beuweeri approximately
O. t~ ppm and. 1.1 ppm , with no visible increase or decrease in this
variation as the rico increased . However , during the sn~~~er months ,
a definit e  pattcrr~ exists between the flow and the total iron
content.  Fi gur e 9 is a plot of the average total iron concentrations
for the months of July. August , and Sept ember from 19l~8 thr ough
l-t~55, against the averace flow for the month . It is seen that as
the f low increases , an increase of about 0.09 Ppm of iron per 1,000
cfs  oc airs . ihese increasing iron concentrations are believed to
be -iue to the re-suspension of precipitated ferr ic  iron .
The correlation rce f ’~Lcient obtained fros~ the statistical analysis
of the values Indicates tha t the probability is less than one in
one thousand that the relatIonship 0cc-or: by chance alone .

65. Conclusion In general , it can be expected that during
the low flow summer months , an in-crea se  in the flow tends to increase
the total averare iron content of the Delaware River at Trenton .
The upper waters of the Delaware R i v e r  exhibited no significant
change in the iron content lur ing l uq0-l°T ’57, when values varied from
a minimum of 0.05 ppm to a maximum of 0.70 ppm , with no correlation
with flow being evident .

66. Turbidity The presence of turbidity in water interferes
with the clerity of the water , and diminishes the Penetration of
light. It is caused by it number of factors , Including organisms ,
clays and silts , domestic sewage, and industriai wastes . The term
should not be confused with the suspended solids content of the
water , and may not necessarily bear any relation~ h~ P . Rather , it
is an indication of only one effect of the suspende d solids content
upon the quality of the water . The U. S. Public llaalth ServIce
Drinking Water Standards recommend a maximum of 10 ppm for filtered
waters . Maximum values of turbidIty for industrial water usage may
vary from 1 ppm to 100 ppm , depending upon the process.

67. Examination of daily 14-hour grab samples measured
for turbidity at Trenton for 191.t8_1955 did not show any variation
with flow . This is due in part to the typical turbidity pattern
throughout any given year . Generally three distinct peaks occurrea
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at. Trenton : one un Lhc  i p r i n i g  (due to snow r u n o f f ) ,  one in the
summer (due to flash storms f ’ h i g h  i n t e n s i t y ) ,  and one In the late
fall (due to the relat ive increase in n r a i n f a l l ) .  Values vai ied
considerably across any day or mon th .  Mon t hly  averages ranged
from 5 ppm to over 50 ppm , w i t h  daily v a ri a t i o n s  franc 0 ppm to
500 ppm.  In geoc-n’a.t , the t i n - n  duty at ’ tb -  wa le -i s of the basin
n or t h  of Port Jervis  L s ext i - eccinly l u u~ vai~ l e g  1ronn ; 2 ppm t~ - 10
ppm . Occasional n - a k . .  occur , i t  are i t  indi -at i v ,  o f  a n y

• t rend.  The t u rb o dit’, o I ’ t i n . - Lie I a w ni n  - B iv , ; n - c -  w l’u i t  Je t
(at Milford , Pa. ) b ias avn- ;a c ;e i 01 11. PI~ 

icr Li e’ yc-an . L f i  l I n -  - ; 1p n

195(. L ikew ise , the Nevers in k  River above I n -I Jerv in ;  bin s
averaged ‘

~ ppm ( L-); i — 1 ’ i  ) a c t  t I e  Eas t  Pr oc -h if I c e  D e c - w a r e
River  at Downevilfe has averaged ~ ppm (i’j n n - L ~~o - ) .

(08. Ec b-ct  u i  re . e - i v - i r  c cn;t n ’ - t- ti .r or;__I . o r ’ L i ~~~~~ Analyses
for tu rb id i ty  have beeni  t ran ce- c o i c e  H d y :-y he Board of ku~ er

Supply for New York C i t y  r o - ove  ant i below t i c -  area of c o n s t r u c t i o n
of the Neversink R e s e r v o i c .  These n - ce cIl :  e x i s t  l a - k  to  ~d t
In examining L i e - c- dat , tine daily i e t en ’ ; n i l : 1t i~ - cs were averabed

- ver  a monthly per iod and F i g u r e  1.0 warn p i - - t Ie- i . l Ie  dai Ly
analyses below the dam site were disc - s ti nt -n e d iii i-F - , but
weekly analyses is- c- availa b le t0 c - X f e - i il I r e  p L ot  n.a pres n-c t day
c~oditions. FI-ai c- 10 is la~t’c-~y nei i ’ —ec ’cn 1rc- i t~~r’y . it
has i dea made to a, ci’ibe a quant i  b - li v e  m r e  :e i i  t m b  i - i
to t ile ooi;nt .n ’ue-lu on activities. Rather , t~r te  re- n c-m u C r i  ~s
is drawn that tn.e m a i n c orn . ; i r on I. I uc of ’  I ; u Ne- vers I
a m i d  reserv 1 r has materially increased t. - l i i  I y u- a ;. . t re - ann
from time damn . Ar mal y no e nn were-  also n- mr s ep ara te l y on a weekly
basis from the al I v e -  uic - c t , l u r ed dab ty samples. Exnnic itiat I .; - f n c -n e
data i i i  rates t h a t  s i n - c I c- c-e~~~af ,  ion u ,f t i m e -  rn ia j or  con.. m - : t 10fl
a c t i v i t i e s, the di fi ’erenice i n tou r l ) id i  t y  at  no - a nmd below t n t -
dam has bee - cn ne pu-ogress ively smaller and lit .f Ic c no di  lh t- i ’ - n :e

- arm be a t t r i bu t e d  La the  e J l c - c  I of the op n ; r af .  ion of t i n-
reservoir. W I tc tine basi c- j n-emi se st.ai lishe i , n a m e  l y S u it

c o mnu  I rioti on oi’ m~ darn an n ;  t c - s e - i - v a i n -  i i i  1 , - a-vu -s t o i L  i d i  I ~ below
I H’; c i t e , t i n- ne x t  de ten -m i ima t i m m to  b e  c Ica c- iS t ine i ’Sc.0 i c-ai m

distance wi tch 5 a f l e - - c ’f c - d .  i i ,  I a n  ease of I t ie  L-v. -i’ ; ;in tk a n - : - n ’ n ’ V u i r

i i i  damn , t h e  ‘ l o s t - c t .  ; w c ntreamn i i  ‘ i i  b o r n  n i l c u  c t i n  n i t ’  r : n ; u - d i a t e l y
beluw the ;;I t ( ;  i s  a b o ve  t I c -  Cl~~y of’ I - e -. dc -m v i s , a i i s tunc ’c- f some

- 
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45 stream miles below tine darn;. Fully as important as the distance
is the relative flows between the upstream and downstream s ta t ions .
Below the dam , the flow during the summer months of the const ruct ion
per iod var ied betw een ~.5 and 15 cfs . For the Neversink River
above Port Jervis the flow during the period varied between
150 to 300 cfs , a te rn  to twenty told d i f f e r e n c e .  However ,
when Figure 11 is examined , it inn seen that on a yearly average
basis the tu rb id i ty  of the N e v e r s i c k  R i v e r  above Port Jervis has
dec reased steadily s ince the c o n s t r u c t i o n  activity has ceased and
appears to be leveling off at. about 1~ ppm . Admittedly , the lack of
data prior to 1951 mitigates against a more firm conclusion , yet it
appears that the construction of the Neversink Dam and Reservoir has
influenced the tu rb id i ty  content of the  River  as far down as
Port Jervis . It is n - n t  probable f i a t , the hi gher turb id i ty  values
for the Neversink River  above Port Jer v is  are due to very turbid
t r ibu ta r i es, since the characteristics of the Neversink sub-
basin are essent ial ly the same t i i ’ c t u g ; o r u t .  L ikewise , the u t i l i z a t i en
of annual averages damperm s t ime seasonal e f f ec t s  and aids in
establishing a trend in t i e  re la t ive  t u r b i di t y  values .

69. Conclusions Altimeangh the increase in turbidity
discussed in the preceedi img paragraph is re la t ively great , the
absolute values are considen-ed indicative of waters of fairly
low turbidi ty content. h owever , it is per-tinerit to realize that
any relative increase such as experienced in n t h e  Nevers ink  River
may well require temporary treatrnment measures by downstream users
win - u  are accustomed t n  wa ters of low turbidi t y con te n t .  For the
Delaware River from Easton to Tn-en ton; , the turbidity at times
exceeds aeceptat le l i n n m i t ~ ( n m  a mon th ly  average basis as well
as a daily basis), there l y n ’e q nni r ing  remedial f i lt r a t i o n  measures
by domestic and industrial water vlipp l y  users. The turbidity in
th is  s t retch of tirc - River in s - m I i e c t  to nonsiderable variation
due t o  various e n v i  rot mcc c - n i ta l  c r I n i  1 i o n s .

Pher ;o Inc , aoni La~ t ( v  a r id  odoro i n n ;  presence of
phen ols In wa y  c I S ~i I m n -  p r i nc i p a l  i y I a was t e r n  ±‘n’ or n c s i c h  special  i ze-~i
in d u s t r i e s  as wood din t j  f~l m t . I - a n t  I c ; -  1 S t  i Ic-s  , v i i  r e f i  c l eri c - rn , and

c i u . .ical  plarn s . Phe nno I s  , in  ~n - n t — r a  I r u - m a in  lie - te n t~ I IC  f— u’ lem ;g

clmot ar ces . Il n r ; u - d i c i r . -’ m l  ( l O f t ’  Iii r ’ ; l I F I I ’ f  n - i  to t i c  wat t - i -  w ; m e - n c  excessive-
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concentratio ns of phenols are present. The U. S. Public Health
Service Drinking ‘ nrn ter Standards re commend a maximum Perinissable
limit for phenols in -~cr t er  of 0.001 ppm . Values above this
limit impart a detectable taste and odor to domestic watef supplies .
Excessive amounts of phenols (greater than approximately 5 p~~) may
be detrimental to a healthy and palatable fish population .
Reflecting the qua l i t a t ive  nature of tastes and odors in water ,
no specific standards have been set forth . Rather , a general
statement is usually made by the regulatory agencies concerned ,
e. g . ,  ‘no ob j e c t i on a b l e  tastes or odors shall be Present .”

71. Conclusions The results of the summer survey
determinations for phenol content (see Table 6) indicate that
at times the accepted phenol concentrations are exceeded in the
waters of the Delaware River . Indeed , difficulty has been
experienced by the various user of the Delaware for domestic
water supply PurPoses . The origin of the relatively high phenols
is difficult to detect , but it is believed that these concentrations
are due to occasional oil spillages upstream and the Presence
of phenols inn various direct-discharging industrial wastes . The
high phenol contents impart a characteristic medicinal taste and
odor to the water whIch was detected during the s e r  survey.
Various other degrees of tastes and odors were also observed ,
but may be due in Part to the “natural” characteristics of the
River . On the days when high phenol contents were observed a
corres ponding increase in the tastes and odor was also noticed.
In general , the results of the summer survey indicated that taste
and odor problems are present in the Delaware River but are
unpredictable as to frequency of occurrence and magnitude of
intensity.

72. Coliform organisms To ‘best a particular water
sample for the presence of specific Pathogenic organisms is
a time consuming and relatively unreliable method of procedure .
Rather , a more simple test is used whereby the sample is examined

- - for a family of organisms known as coliforms . This group
acts as an indicator of human pollut ion, but also includes bacteria
of soil , vegetable or other non-fecal origin . The finding of the

~ 

-



presec. ce of coliioi-s. o1’; a : m I a c : , S  1. a a-ater ~ acm . u le as see .
accepted as L-ein~ iaOi- -ative of sewa~ c- ~~~O~~~~i ~~icc , , .  Tm~c sta dar—o

nethod of expressing OIll ifoirs c-o : e ~mt oa i-~c r n  Is toe roost po

crnrnnnero f orgar isns per 100 ml of sample. Ir, :s metho-i. of e- :rn s-essl-or

is a s t a t i s ti c al  ore and s o o r n l b. le ? e-seo as scsco . O o v l o o s l y ,  i:

sao:p liog  a laroe bad ’-  of v ay e c’  (or  e ;ec. a - o l o t r i b o t i  p I p e I  -

accy ore sam ple aralyzed at ac:y ore lartlo ~lar tine ::a~,’ o~~t

oecessaril y have tc.e same o ; c e  trati-:o as toOt take,.

later . L i k e w I s e , toe raiiL:e 0± :safoit~~oe m a ’. t oo re s rne  mao ’;
fr om day to—dry , or seasom . to ::ea:or .

1 ° . Toe U. S. P~ olIc healta Service cas reo-ommem oes
p lacing the reso lt s  of the d l li f rrc r n e t e rn i : at io : .  i t:, f o or
yr oo 1- s  as f l l l : ws :

( c - ) 1r p I. k —~~€ -s ’ F e r n v h r i : ,- No lr er ts,e-  t L o l a
r: c p  is l I m i t e d  to - - ,er r - waters not ::oh-, ect to c a y  p - o ss io l l i o y

of c ,t am L ot i : :  , a~ d c - c t - t b  - Ia all re pecto , -c re -irer: ,e ts of
toe P :bi i c  Health k e r vb c e  Dri-~~i .. - Wr; t er ’  Stao-Jrr ds , as sc.ow::
satisfactory , re :~~ - ;’ , a ol  frecice. t o r m it a r y  i spectb.,: .,. aol

lal ora l -or ;  t e s t s .

(
~

) 
~~c-~ ,p  I.~~ Wr i t e r s  Peqciir ioo S isp le C ; : l o r l ; r i ,

or Its Eo .i I- ;a l e rt  Tll~~~ -r-o -op i rs  1 des b o th  o :c1er ’r:~ ci a . -1
sorfacc e waters , scibject to a low defree  of ca tam I. a t b on , aol

rc ee ti icg the  r e q c l r e - : : . e .  t s - sf the  P~ hlic It-al tb  Scr o l l-c  Dri: k i rg
Water Stand-or-Is in all respects , o:- :crept as to c-o I iforcc, bacter ial
corteot , woi ch  sI-c-o ld  average c o t  score thai: 50 per 100 ml in ary
one m on i t r c  arm e x s e c d l l; ’ t h i s  n mmL t-i’ I:. :, - I more t}:a , 10% of toe
samples examiri eci In a~~ one - 

( c c )  di- ::p III. W at e r s  Se q i i r i no  C m r r b e o e  i- ap i-I-
Sard F i l t r a t i o n  Trea~orer: t  or It s  E qi vaient, - ‘ c t :c r  w i t h
C o n t l r - 1c u s  1- s t c ’ c c b c r o r t i a c ,  T hi s  I1- L - c p i r c I  .cdes all water :
ret  mi rlr~- f ’i lt ra t  lan t rea tnceot  for  m r :  id i ty  ard co l o r  remo -cca l
waters of hiqo or varIable chl-ori:,e demand: arid waters  p o l l o te d
by sew-; , e ~~:

- s- icc: an e x te : . t  as to be Im - ri -icoi ssable t : dr . c r - s I
re- -I 1 , c t  C I :t .~ L i ~~ir1g - rn , : e c - s  - c f c-li: or: I:ncc ’ en’ia aoc i’r’i::g rot
cs -c r c  f loor :  5 , 010 per b - P  ml  in  mop - e cs:: - th arid e :- :ceccii :: - tc -:i s

c m l  or i i i  c - v t ’- re t ha: .  20% al tot - :- c I t - c  e :c -anr in , eJ  ir -c 
nor1 ’ ~

I

~

- - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘-- - ‘ -- -~ ‘- 
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( I )  Group IV. Waters r .:qi i i r in ;  A ocb ~ . arp ~L~’eat r ,en ,t
icc  Aoll t ion Comp lete Filtra ’ Toerttment arid P.:stccblr ricat ion .

— T:.bs 1;rcc cc tc:s1:des waters c ree tI r : : :  the re-c o i recr ce c ts -of Go ’; : III ,
l lth  respect to t c ,e  I loc oit irc d r r o r t h ly  average colilh rm cm m i c r a , c 0

s ow i n g  sobers of coliform bacteria exceediog 5, 000 per 101 cob
more tc ar 10% of th e  samples examined dor i mc accy one m c r , t c  aod
not exceedIng 20 ,100 per 100 ml 1c, mco e t rc a cm ~y of toe sample:
exaicc iri ed d ;r in g  any one m o c , t r , .

ll. Fi b r e  12 is a plot of the coliform concentratbors

ob:erved at the  Eastor water works ic - take . It is seen tnat  in
dec:eraJ~, the aters of the Delaware River at Easton fall into
dr- :: ,p III of t:ce recommer,dations of th e  U. S. Public Health
Service, I c e  fact that t~:e results obtained fall on a stralgr,t
l lr .e at d I f f e r en t  levels is a res cIt of the  statistical technique
os ed to s . mpute toe most probable number .

75. Conclusions I:: geoeral , it can r e said that toe
col if- rm corce c,trat iocr,s of the Delaw ar e River icc toe v i c in i t y  of
lasts:: is sim s as to req-oire rap id-sand f ilt r a , i-o n followed by
c-~c t I r . . o o s  postchlor ioation.  Also , wi th  a knowledge of the
waste d lscnar 5ces f rom Easton to T:’eoton , it car be said that
t he  waters in this s t re tch of the River fall at least into
dro op III and probably in to Group IV.

F-o t os’e Trerds

~~o. Pci::latbon The area considered t oil s .:tar y to tr i e
Delaware River from Port Jervis to Trenton Is .otlbred in Figore 13.
Table 11 presec ts the basic data on the preso:.t and projected
fotore pccpcclation of this area. As In d ica ted  cy  Fl ore 13 and
Table 11, only those portions of the cojc;ties- witrir t:,e asin
proper  have been cons idered .  The communit ies  tr il l cm ar y to tIe
Delaware wltlri n these c-o -,mt~,- secti:ors -a- -c eec d€tercni: ed
f rom At t -achment 1, and toe populations tc:erecf from toe U. S.
Boreci c of e:.~ is data. Wr ,er , toe er tire county is within toe
area , the county  pop clations ‘lye : by the Office of bus-iccess-

~~~~~~~~~~~~~~~ .,.-~~~~~~~~~~~~ —~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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PO P ’ILA TlON OF 19 r~UTAF i’ AREAS
~T1 . r os : .  I s )

ESioil’lAb i-ID
0 F

STIlE hE ll iON POPULATIEI I
ASP ,IOUNTI* il-s I’ - t - i- , 0 1950 19-o ~~ t ) o b I -s8il 2010

S..;- r ’~ ;bor C . (i-art)
1. L 4 o b o r , ( a l l )  172.9 177.5 198,2 222.0

- 
- ‘1,0 r .0 814

2.  No - c - ~ :, o ’ a c ,  (a b t ) I ’:9. 3 b ri ’~ .O 1.90 .2 I c .  0
b a ’ c ’ c c .  Cr/ I )  ~~~ 50 ,2 5~+ . - 18 .0 6 5 .2  80.0 155

5. I o c : t -  : . k o( p a r ~~ 15.6 16.2 17.8 19ll 2 1.5 2c. .4 51

S : - r t - o L c ,  C , (~~a c ’ t )
-+ . 3 _ se ’. ( l a o - c )  1 .2  15. q 18,1 20.9 2L4 . €r t i . 5
r i .  P.ke (alL) 7 .5 7 , -. 8ho 10.0 11.8 L r . 0  17
7. Monc’ - (-ct~ 1) ‘ oS .3  29,8 33,8 37.0 L~3 .6 50 .2
8. Carbor .  ( a L b ’l 63 . 1 61.7 57 .c- 56.0 55.8 5~~.6 60
P~ rt  -Ic - , I i ,  10 , 2 9.9 9 1  9.8 11.0 13.0 16
9. S:I’ - . ; b ~c l b b  ( par t )  5.0 5 .5  6.2 6 .2  7 .0 9 .5 ‘_ - O

S,b c ’ s : i c c , E ,  ( p a r t )
I. Bucks (part) 27.5 28.c 33 .8 3c. u — f 2 . 3  51.1 97

Sob —~’~~. to- n D. (part)
1. M -sroer’  ( p a r t )  - - . 7 6 . l ~ 8, 3  9 /’ i Lt  I l l-  21

~~ ‘ -? .~~~ 5 - ’9 .O c O h . 2  c-9 1.1 “ Gll.0 h ’+ 5

*0 .~~~’ ,~ - :-- to Fi gcore 1, Part A
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} - - 

- i rc: at-c d -
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Es. :. mis s is , .dpi:er.J i:- B ha—i t- oct-s s - c I , Inc  pro c -t i o n s
coase for  th e  bc:dividoal :- - . - r O l e s :  w i l l  cor t l o r co  of c o : r . t l e , - s ,’, aj e

eec ,  made u s in g  the  per cen t l m -:-: - t - c i s :es r t - ; e±  coe d r-y toe  OboE
f - i t .  me Suh—re . :i- r ,  r .  ~ Iso too so cot ;’ I ,- C c i t .5 - :  .
I r , c r e c i s e s  were toe: applIes to t h e  L’ S ,  s t y  rirea: to :cscr:r ,i : e  the

ll-1 to 2010 ~r .‘ ected p p  : 1 i t l : l : s  i r e  P - - i -  ,lcitIs ,s :- ,r tm , ’.,
t r i l- ut a ry  area are c l ot t e d  icc Fig I r e  Is-. .

7 
~~. Tot- increase in pop :: lation fr -ms 1 s-. - 0 1950 is -: .rc

ir . l ao’. - e 1:-ac t L - r i le . , iri~~th  f Ler :igr c am-i I c o m m o p 0 00 coor t ie s
w :,I ch fc c rcci - m ~: J O’ :dllate-ip 10% of c;.e 53 ,  - 1:. . r sc la t lo - : .  io. :rease
1: , t h I s  de c-aim , p r / I c  s . :osti tcot lo:s  oO% ol toe to ta l  t i l l :
p im o b at  ion ii; 191~O. I-i we -’;ro’ , the  per r e n t  iooreax e  of Lenig i :
and 1I- :I’r ,,u-:,r-t .ur: countIes was among the loweot  of the entire
t r :; .~tw’1: area . All of c -ocnt i e ;  in Sub -n ’  - 1-:.:: 0 sav e Car o m;
so s ty ar , :i the o - i t p  of Port Jervis (w::i -:l. exsoo”benoeJ decreases
to p : c . c l a t b - o o )  a’ 01 . : so p o r t io n s  of Ro cks  and ilereer c r -u n t i e s
within , the basls . area , experienced per re - .s ic -:-r eases in
p:p .clatiors O cr i n g  l9-~-1 - 1950 g ree te r  toar : LehI:’: arid hortrcaocsct:n

— ooort i e s . ‘. bs as:t lci:ated , r , :w e v e r .  that boto tc .ere courtIer
will -order go a rb- se in p, ps olat ior ;- ccsc:eosurate vIto toe
sc.rr  . s i lo - a cot , In 19-is, it is estimated t out  S.~b—c - c , ’ion C as
1:-bloated In I:: I.e 11 formed 

~‘3% of the total trih .ctar’,-
populltion. It is estimate.J t r ~~t in 19 ,5 ac -i ll32 . ‘ T h

‘ :r~~I oc: w I l l  c - _ : t l t / t e  r i : - 5 r ~ . . -:lr, . ot e l :  t o e  s ’~~ r :e perc°. ’- m of  01st-
tota l  t r ib -utr i r : pop’ols t ion . It is seer ,  t h en  t r . c i t  toe  rec ite r
n ntis:: of toe p:p :1:01-o n snow:: i:~ F i s or e  11 is o o cer i t r ’atec:
in the L e . . J - o  River sub -bas i c ,  and l-~ toe area crr s .c o o I n g  toe
ccnfb  ,eo cc of th e  Leo igl -r liver’ w I t o  the Delaware,

/1, P/ ’lcot ion I r a c I n g  Of t I r e  0 . ;-: l p-:p 1.atio:. of
cSl , i:. ti:e t n ; -: tar’; area ir, l-?~ s .  2, OL , r lOG or oppr xinasels,-

ae:-e servec by oe:- .-ei ’ sy s tem ~ . lIce r -ers a .Lc:ing nsp s~1aticc
tilized lndividcal. cocea::s of wots’e o i s p - o s a l ,  0± the - -- 1 , - 1 11

nt -  c o O  r r ewor eo , 95 .- ,-% or 32c , 000 were s e c - c l  1-1’ se~’ r~~;m ,I sewase
treatcoec 0 facilIties, Tb. t n t -  ers~~h-’- arc . . ;ero is only one
pr.rnac’:: p lan t s’ r v l ng  app -c’ im hta’ s tIr I , 000 Vu or1 e  aol f- c .;r
s-s c o o :  .f urctr eate ,rI w’t3t~- s ci’ -cs sewere l c :rctursi ice. ‘i.e
coocent ra t  on of ~-

- - n u l a t  i cr. I . t h e  Ls:’hIs’ - ’ l i - ic r : as- 1: . and ic . Ii

1 -s . 
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v i cirolO . uf  t t t -  r ro t l - c , - o c e  of the L ’-high and Delaware implies a
h /chico’ degree of indust r ia l  ac t i v i t y  t h an in the i-enrol:. tog  tr ibutary
anon . A -.‘ -orsor k ins p f-rt ioc of Attachment  1 indicates that this Is
the case . It- upper ’ region s of th~ t r c b j t a r ’ ,’ area support a more
recreational  t ’ ,’ pc 01’ a- - t i v i ty w i t h  a - ‘ - t s r -  mitant in cr ease in
popu 1a t c s r . ~~~ r i r c ~ O h 5 :  summer months due to the inf lux  of tour is ts .

‘9. On the Lasis of available data I’or the year s 1930,
1950 and 19-I s , t h e  pollution load discharged to the De laware
River in pounds s. f  BOD per day during the months of June to
September for the x ’ eroc h  from Port Jervis to Trenton has been
determined. The results of ti er-ce data are also plotted in
Figu re 11 . Thspe c t ion of th is  part ic-i lar  p lo t i rrcu i -oates that a
peak in po ILico ti-urs loading in this - t ;e t ch  of c .oi e De law are was
reached during 191+9_ 19:1. The increase in p o l l ut i o n  loading
from l9ilO to 1—hO closely paralleled t h e  ir . c r e a r r e in population
of the t r i o ut a r -y  area during Oh io: time per iod.  Following the
peak perio.si, a sharp decl ir.e in s - Il.. t i - c  Loading is noticed ,
result ing from the installation of major treatment works during
the years 1953 t~ 11)50. In l9pu therefore , the estimated load
of 24,000 po o ls of BOD per day sirsoarded t~ toe Delaware River
in the react , from Port Jercis to Trenton represents the load
from a sewered population alrn st entirely treated to a degree
pr esen tly a:Lepteu as t . e i s s ,l the best combination ~f c-er -cs- ’ removal
of BOD and ec- -.or :uriy o f  1.r soOnes t .

80. The projection of the pollution load discharged to
the Delaware River’ from Port Jervis to Trenton has been made using S

the following basic d u o s c o r p i  t :-os:

(a) The present rate of decrease in pollution
loading will continue until approximately
15 0  - r I 5 .

(b) Following this continual decrease a gradual
irs ioadin5~ is antici pated.

( : )  The r - u0 - el t h i s  gradual r ise  in loading
wil l  SO O n  approach the r a t e  of increase
in popu lat . r  ufl

__ _  - --------- - ----~~~~~~~~~~~~~ -~~~~~- - ---
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5 _ ,  P h ’ s Sos: .  o- -f~ ul  S - s t  ses- -h j- a t i 0 -:
ho :e-:- :, ,c~ r ’, t eatccso.t f~~’ . 1Le~~, Tnt- o;~~:’a I 1. as,,,ont oi’ p . I l . t I u :.
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DO p r ’ ,h ’i lu  Our  Ing S LoSe 1,-ears. Ire o:’aL Ca: p Ier jrI ~ O t t - I  i n
Fins -crc 15 se rve  Sr  t’l ll  S:: -np s et s- s o t im 1:19 s t u d -,- a:,d the
I55~ stud. . It is seen t r -.st rhs no c iri~o dur in these  st u d i e s  did
the -d i sso lve - a ~x r o s. o rn te-..t :so. I b e low r- ppcr . ~~ the  b a s i s  of the
I 9 5~’ s t :sar-o S’un ’ie ’.’ , i t  ire: -:crr ..’ I sd ed ‘see para~ rap h i- Sn ) tS,at if
a p o l lu t i o n  load anne  Ic: t c’od-n sod in,to tn- c  De law are  R i - i c r -  above
i - au b s v i l l e  P- .- s re - ; l - .:acj a and was of s o i b  a rs a a c : . i t ; a -  as to ’ u t i l i z e
-04 . - .0- I t s ,  of ox -re:. it-c its st ah . i  I Sat  ic- n , the Ph s,s- :lved oxygen
con ten t  c~ the P iv e r  at Mi l l -s r - r h , N ew ‘ - r - S C~~ ma f’~~1l to as low
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5 ppm ,
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S b , -’: In ir o S  - t .j on of a wast rat  ‘C . ‘ ‘ - P i t - n h, sr i  l ie , Ps’- .nsvl’:an I a
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capable of’ utiliz isnIl Cho ,500 pounds of oxygen per day m ay depress

the dissolved xy g et l  lev els in the stream at Nilford , N. 0. to

about 5 ppm . It appears then , that by 2010 the average dissolved

oxygen content  of the Delaware at Mil fo rd , New Jersey may fall to
abou t 5 ppm and possibly *at ti- ours nay fall below tho s  f igure. In

general, however , the lIelaws~re River  from Its headwaters to Ib’enton
can still be expected to : - : sp p on t .  a wide variety of water uses
during the perrud e r o d i n g in - -Ph i ) .

85. It is not exuected oft tb,e increase it-i popu lat ion
in the tr ibutary area as d i scusced  atove will materially change
the dissolved S\’ 0

’
~~~ O , ( 5 0 5 : t e : i t  u f  the smaller tributaries. However ,

for the Lehigh River , becu cr;e at’ the relatively large growth antici-
pated for Lehigh an d N u n - t l wsq - to ro  countle~~, a concurrent increase

in pollut ion I o a t /n~ cat- c be expected . The 1957 stream quality

survey indicate: that t h , e  a t - r age dissolved oxygen content of the
Lehigh River so. its cunf luer .co  w i t h  the Delaware RIver was 5.9 ppm
(see Table ). Tb,is DO c-.ro,srct in large part reflects the pollution

discharges from the Be t h leh em and Allentown area, Available data
indicates that above th is posenlation complex , the dissolved oxygen
anticipated Icr the bola war-e R iv e r  applies also to the Lehigh River ,
since the largest pcnrtiun .~f the pollution loading discharged to the
main stream results f r - cs : t h e  e n t r u c ce of the Lehigh River . Hence , a
predicted increacc e i to  loadings I -cr  the main stream includes implicitly
an increase in pollution loadings for enter ing  t r ibutar ies, in
par t icular  the Lehigh River . ho e 1:u’sl e predicted populat ion for the
area surrounding the Lehigh River w ill undoubtedly s-object the stream

to an increasing pollutton load with an accompanying decreasing
disc’ lved oxygen con tent.

86, An expanding population requires and is due in part
to an expan ding industry , Expanded industrial activity resul ts  in
a greater rise of river water for cooling purposes . ThIs increasing

use of river water for c o o l i n g  pur poser . will further increase the
temperature of the Dei .awar e R i v e r  below the entrance of the Lehig h
River . Also , for the Lehigh t tself , the d i scboorg e  of h i g h  temperature
process water is at present resulting in a definite inc” case in stream
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l I L t .’ - . ‘L , If liP CA’4 ,°iI - lt -A l

P” 1. Wj r ,c

Lb .  N .~r : , , . r’ c s ~ w u l ’ . r ’ jn ,o ’
~l r . .  so . u i e _ . ::a° - ’eo s , - ..-~- rs c’ .ou ~

D’. 1-’ss’so”~ R i s e r e i c t J a c ’’ - , 0., ,. - ‘, s , ~ - - ‘ s t ’ b t - .’ .~i. o t . n t ’ - S -sO ’ t h e  ‘or-s I r s
5 ’ : ’ - uc ’-,uo su : . i , : t a : n  1:: t l i t .~~~~~ r ’ s  1 .’ - .’ to  1 )-a) tc~’ t s :~ P.  N , .l,.rp s

- a_ s t -o s  ), !r C e ’ . ’ :, ‘ s . f t h e  o I l  p r c b t r r r .  :0
I ‘ or Is S’o t _ : ’s of tL:v  N: tt- * ’~,”s r ’ - P _ v et - -  . . - \ _  a:, -n i , L, , , -~~t to th~ st . ,I

of ’ oil .  p o i l u t i  : . ,  ‘se- _ k.. _urh l -: COt - i st - stOid osf . i v t i !’51. I : , n t i o : . ~ h o c ’
.bi ~~so b ; ’  I o x : r-~e . .  ROD , -:~.L~~s. r ’rr . - ,r ’.’a:,icsr. s’ . . o sa ..’t e n i a t — ~~i s o :’ c o u nt s
at-so, tr-st-sss at a te tat .i. i 1~ s:~rr ,r-l i sso ,-s t’ ,t ic- rc s ra:cIing fr - or:, Tr--r :tst r ,,
New I - c r - s t - v  t o  Reedy Is  lar d . N- ~-iwar s.  to-I t tl-sc , -ib s-sc’. I - I t - s  s ur e  also

o t t o ’ o from this  s i g s : I l ’ l - , ’’w . t  ts’ :’c u t s r i s s  -,. -;-as’ t o c -ir  ec t r- - o.sr -. ss wi th :

t h e ’  rr , -ar s . s ti  act - N:, r I o ’ s :  i910 , t oo - ‘s- . -rk l~’ s~cc pI  ~~~ rout ,s.~ Ca,.: l in t ’, -., -J
t O  tw- t  o t - o t i o n s  on tb~~r r r , a lcs  s t r a u s s :  ( l o o t o c i  and F or ’ t~1i0 i  tL :r ~ ar . d  t o
F-n ,n . . : : fo r d  Creek and the Scrso ’: hc : L I  P i v a r .

0 ° . A s tcs d y oh p~~i 1-~~’ i o r  b , rs-ol :c i ’s a n-i t t d ’o, ross’ .’ - ~ - : , t c  w i t s ’,

r / r - . :- once  to s a I l : : : )  - ‘ - , ‘oyo ’ ’ ’ - :’ l st - s o s  :o: , -Io~’ Ph-s  - s n u g  I l - a l t

P. i b o ’, i s - o i  ,oad l r,~~s w s r r e  ‘~s ’. i r , a t c d  n o i s i ’ t r ’s b : ,st a r ’ , 
o r ’ s I r , d ., ,ha’ l u ‘,,‘a_ t so s .. , o n l : : ,, h s r j t e ,r i ’s t i : s  s.s,s c th : - ~- ’ u- .s’t insess t

c ’ ’o: ,’ t ,n , Dj _ p _ s . : - . r : c o t . t oc:-c s i n  th t n  e,s 1. . - s - ’ s ’ er -e - ‘~j - ~~t - . -r -  : 5 : ,  n - . -’ So

c O t - s b  -is’st e ’r  t n — r I o t -  vo si - iS t .ons -nc- -I v ’lr1r - - -nc p st t~~rs.s J I  s s l b n s t v  
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2-Ill t- ’dlft ’N (IF s.r A n ,lp2 IN-d ‘TIA ’lIONh
G-dd’I”cdlcd l’- NY t-- ’20° ‘I - Gd ’s __A - lENd lb S

Sta t ion

Mile 117+d ~ A~. si t ’ .o.,nu.ase_y ’do . ‘. ‘ r - . -u;rtreetm f’r0)rn the Burlington—

i’r~~cto l i’ r i J ~~t- 5 A ~
M ilbe ~~~~ Ph sil t-icr opp: s’l Ono tO e iru r.ake b u a  l’iing of the Torres-

dole ~‘ n s t -~~r .P l s.rc t t - A , ~~, I~
Mile 102.2 Fcto+.-ou r r s ve r  e cr i of p ies’ II -s~s Por t, R lcht r cnd  Terminal ,

L e h a gh  A v o n -an , P h i d o d e lph i s a  an si, w e s t  bank of Petty
Tt-1’~ss’l , N . 2 .

M~ le .100.5 At , s l r + r i j r - r - r : i s c  f : ’ : L K ,  S E  ‘r i ’i (iv , opp ’scat e Pier 13 north (A , B)
Mile 98, 14 P e tweer+  p ie r  ~5 n-c- of, ’.,  i~L 0rt -cn ;i  St:rcet , Ph i ladelphia

aol  ha - gon e’ P o ] !, t , I - s i r s : , , N ..  I .  (A)
Mile 93.2 At ~~‘V~ ’ ‘~~ n ’d , I - s et - v t - n - it - siec 2 and a. po int 100 feet offshore ,

:1’ ad~ace ot It -  ~, t : - l  os’.’o-tre ”cc - from f e r r y  slip, National
Par l” , N . , ‘ ( A  B)

Mile -BLs .8 At i:Osf r i y s t - - s c n - - , Pa . b-of v t - on r iv e r  ir ish of eas ternmost  piers

of S - n c :  Pc i  ,I u c  d o : r 5 g  r - n r s d  ‘.O- v -u - ,sck Cc. and a po int 2000
fee t  of l’s h ’cr”  Of ‘. c  ot t .  rr ”er bank of Munds Islan d , N . J.

(A , B ”
Ms le 79.1. At I~’arc u s ole -c t -k , Pa., , tset’-c-t - e r , river end of piers of Sun

-I c. ri - i n. c d ’ , ! 200t) f - t - r - r ’, c - ±i’aho re from New Jersey
bs~nk of rover ‘, ,  -n ’-

M if 714- /~,t l’ser c ’t- I slcns’d , do .- s ’ssa rt -  , or op os l Ie  Buoy FUR “2B” (B)
M i L e  66.8 At N e- s J t,n t,1e’, f t--~ - , c-ho Ceda r Point , N .  ~

‘ . !n channel
op1 .”.”~’:tv 0 - 1 0/  0 0 -2, ” ‘0 , 1)~

* ALL :n: I~’_t~’~-s r ef . - cr e - l  oc !r ’c snr n ’r: of 0e+ ’i - s ’ - r e  B-:’ ’,’ = 0.0

** A = C r- - u - u - i t  r y e  + I c t ’ s’ - f  Ft- f fd .” I o l i i .~ — ‘

S = 10 ’ l : n ’ .s ’ , r t - -  l ’I:- j t , -t~ ’ ~~n f ~~t v’’ ,,dor:,t ’ ct - ’ aic ’r n St Ud’,

C ‘-+ C: t ’~ of Ph’, I~ , l o i ~~ - Lc ’hta . r in ’ -- ~~~- ’ ’ -n  - uo i i i ’ .Ut - r r e ’- -, is le Fr I t  ~rr Plant
A n a l y se s
hrs:v~ t~ I 4’ of 141_two ’,- - F-~o ’ i n ’ s  II,-, 1 e ’r a t u nie s  and the ~ ew Jersey
0ys~,er F-nrsr- : ’ r~~h~ i,.3h . t r a l o : ’ n $ t  -i -,



AlthoLh h some’ ol’ t l,es~ dat a S 3 - 0 I - - ’e ’sn 00 ‘ ‘
~~~~ 

I t - - i ‘.tdt-i I t 1 - .r c_tI r~ t ‘ i t  l e n t - n
t han thcsv S r . - y r .  1 s t -  5 1., ur~ Ic- , t h ~ ‘~‘:. ouuo u o f -n t -a a t . th ose I r . t ’- :’ im

- - ~ I ’ I ~~si~ ,-. ‘ r - . , L’, :~~~f’ 1’ - ’ I n ~~ t i . -i an a l y s i s .

101. . Ho ’’ I i :-- ten s’a t- I oros  l n d I - . ’t r -t ,od in:  U’ I r - iu rn -  ir , -
~

:lsn , , of ’ some 9 ,000 o -cr-r:,i 1.es uo nr :  w h i c h  s~’n,e’ -~ 5 00O - sr ‘~ 1.oc- ’- s ’ ~ - r ’  n
was ava l las s ],, . O r , - r -  analyst-cs trio rot - i sled ccc i : ,  n - s  of t, cn.p ’ r a t , .:r~
cl1~~O u’  I d — s  d i ssol ’,’- - . ’ d OX ’S/ co  , s. f o o h — - ’r It-sal oX ,’t-~”-r ’I r -  ach ar - h o- r .,heu ’
rss ,a l t s’  s s n o b  mo ha:’-.iites~ and c olo r .  Is ’ .~~se n ’~ ’, a r ” f’-v st -n ’  tbt-
qualIty of the  e s t .~as- ,’5- t ’ co m A-n -us ’. ‘L9l~ t o  I - o t t ’  19~8 t r . ’ - ‘ — o f f’

date’ lot- p- n :’p:u- s -of’ this rejn..:-t. The J~~-~l s r e  - - or. J c : : c
cards f o r -  arc s -sI st -nis l-y a b lob sped -somp ’n r or. T- ,e ,‘ rcacr ,el oat  a
consistin~ of u’acr.p l- --s scll.ecr ’ - ,o at-c trc~ nw ., sI - i- :~ cf toe or- ’ ,:, - I
and t he  cent—n ’ of the - ‘h a or r e l  wer e  corrd lot-b f:t t i’ cr.e ~ ‘o f n p  ar -i
desis - t c a re- .l as “ - s c ot t - :- ” , T l c i s  a -_t n-cascr:ah i n -  t-~~O, 

~I . nt - . s Ir s

5. i n n o t L . .’t ion of ths  1:-a la - m . d  pr -i c r  w o r k  n - a t - , i r .  i l —f oh
d i f fe rences  cc Own -en these  p n c lr ct s. Also , urn- w i - f : .  o f ’  t r .- . ‘ r  _ t : . ’..” I
is n- - It-at oft-I sr:atl (avi ” ’o-ao’ic, 000 f t - e ’- t ) ,- 1rtpar ’ ob to °she
d ist a u . -se f ro m  th e  o - E , a r : r , e ] ,  to the  we ’: t  ansi east shcr s, Tlse
s-erca.ir’.inq data w e r e  cr c - o p t -h  i n ’ o w e st  an d east cor e ’se t n- go ri . e s .
Tins above t -Iro cps w e r e  f u r t h e r  class-I  f l e d  a .‘oorli ng to ~op _t: , si
‘cotton , won-rn- “toj ” “opr’.ooc,ts those ‘,:an:’ (‘ I n-s ccI1-~c’c~ h~~~’s-c - r .

:f’c’ the sur f ace  an d a dep t-. r c  of ~ ft-c o t-s an’J “ : o ft - ’. :: “ r- - p rn - - ‘s”s ‘c ross ,-

sacr .ples ool] .eo-ted ‘ s lt h i r ,  0 — 5 fe- -t of thy r I - o r  - t I-on . T r , l s
resulted in a set of SIX “decks ” oi’ putt -:’hn-d c’s: Is fcr sash of tine
eight  stat i ons also’,’-. Mao’ sus Hook and ‘oso “decks ” for dn~ 

• c ’s
be low Marcus Hook win-c rc sa”tp l-c - s were taP -n at hole sor acc of
oft -  sh aror sel .  A ll  “ op ’ decks  were  t hen  i n d ° ”I-t ’s i , v e ra .  vsof
fo r  sc - s t - s i  t i c  s t r -o ac- a : n a l i t ’ , ’ -sa c - t a b l e s .  1 , rr ,s an d  £suni ,d 4 ” ’I  ‘a”’  so ns
pr- -s -sn-noted a rsc rs :piete  ar :all ’,- sis  of “cot ’  ,. ‘:. “ -d e c k s ,
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T : ~ç__~~~~~~ Tot ~ 1~ s~~ mar1 ueu t oe  n o su l t s  of toe anal yses
:c~~~~o on o r a tu : o  dato . The Led reu  ~1ts are poe sen ted

in A t to co s o nt  2 .  A hl~dn dedre : of cu lat  and s lor  f icar ou e was
us tal  . ud at all u t at ..s f rom th -  an’ ‘555 ci the  tes .peratc:’e data. Toe
, n i t  lal sInuso ida l : : p~~I LeSls pos tu la ted  1:: paragraph 98 has toerefor e
b cen s u b st a t l a r e c ,  Therefor ~~, toe swr,mary of r e s u l t s  in Table 14
presents  an acoo~’ate d sc r~ pt icn  of the t e r r p e r a tur e  of toe  Delawar e
River  estuar ’: . The peak seasonal  t em p e r a tur e s  indica ted  ir. Table 14
occur  thr ou~ hcut  toe  e s tua ry  dur ing  the  la t ter  par t of July . Attachment
2 pr eoc : .t s  the  detai ls  of the t imes of occ~ r r c n o e .  Fror . Table i).~. , it
is see:. tha t  at sone st a t i on s , t h o s e  are cc . s id e oat l e  d i f f e r en c e s  in .
water t e m p e r a tu r e  b e t w ~ en the ch an n e l  and east and west  socres .  These
lat er a l  d i f f e r en c e s  fro ze  shore to shors  are a t t r l b ~~t a h i e  m a in l y  to two
separate causes : ( a )  t h n  p0; s i sa l  sos f i du r a t i  on cf the ~s toa ry ,  1. e.
w I d e  sha llo~ areas , pco~ s c t :,  aol  :b) ~~~~ ~ :epo ra t ~~~ nan -made
i l u c h a r s.

103. F:oone 1 is a p io~ of th ’- t : p 7
~:’al chann e l  tenpera ture

v a ria t i on s  ~t two s t a t i on s , Pen ,~a .n:n F’ra~~~~iri  Br idg e and Marcus  Hook .
1: se~ r: t ha t  the s~ asonal. “a r i at i o n  is cons iderab l y cr eater  than

the t idal  a .d dai lo va r i at t o n .  h’~ t oda~ va n’.a t l oo  at Marcus

~cok  is  no t  c l o t t e d  be cause  th~ u~ a t i st i : a l  t~ s te  d id  no t  prove toe
s i : n i f i  ca~~:e of the relat1c~~sLi p .  F o r  a n on  :cnpl~~te d i sc us s i o n  of
t h is , see A t t a  ‘os.eot 2 — ‘o Hs I ~ : s osssions .

10. . ~i~~u r e  18 is a ~~ u n  of t h ~ pn ~~t~~le of ~‘ La : n1 ter per a t z re

of the ‘~st ~ ao’ t ’ z ‘on: T1 u r l f n ~=~t .  .H n i  sec  1 B r i d n o  t o  iow Jast l - , D . awar e
o s t a i o - : d  f : ’c~r. h ’~ v u ces ~o t o z  i n  Ta: . l°+ pr: fi  Is in d i ca t e s
to  to’: o~’end av~~rao e ch an n e l  t~ n s- : r s t o r~ 

+ : r e  , ‘h . t t h e  estuary
ia”Hs from a Ha of H.~~’ C . at t he N ay :  : u : ’ O  to o H h  of 15 .2 °C

How~ v~ r . t he :oao 1~~s in p’:’~~ usa  ~n a I  ~ ::4. - :‘at :res as
l o : l ca teci by  t :~~ u h a h d  ar ea or: cons I o r a ~~iv  ::‘ ‘s t~- z’ as t o~

: s t r ’1s 1. l ’ - r s H :  I: .  o ’- aue .~, n — I ’- ~ t he  Io n’ aced - .t ~ uat 1on  of
r I i er  a a t e r  f 0 o o c l i n~ p o r p o s e s .  I:. c o nt r a s 4 he we - n I f ’  r ca
alt o’ i - :;  r A~~~r :on ar C d u w n s t r ~ an . r u b  is  ~ppa: : r .  A l c e , the
• f l t + n t  f tH ‘sat - o f ’  ~oe 3 b ~~’: 1.~~t l 1  FYi ’ sen r a  o b s e — o d .  Th i s

~ f fe : t  i s  nc” p r n - n ’ - e : d u n i n y  t n ’~ t I d a l  and c a l l  cycles , tb~- roLy
pr of , c f ~~, ’ tb ’  r ” L a t i v s l y  L ur e s :  r a z et-’ in  rra::os: rr w at e r  ‘

~~ mp - :’ai o io .

~~~~~~~o” ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~—-‘~~~~~~
.

~~~~~~~~~~ ‘~~~~ —-—-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .--— -—-- -~~~~~~~~
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TABLE 14

SUMMARY OF ~~MPERATURE VARIATIONS IN 1)ELAWP.RE RIVER ESThARY

°C Change in
Station Mile Predicted Peak Peak Temp.
Point and Cross* Grand Average Seasonal IXie to Daily and
Name Section Temp . (°c) Temp.(°Cj Tidal Influenc.es

West 14.3 26.8 :1.2

117.8 Burlington-Bristol Center 13.3 26.2
Brigde East 15.3 28.2 Negligible

West .14.2 26.6
110.4 Torresdale Center 15.2 27.9 ±0.3

East 17.0 29.8 Negligible

West 14.8 27.2 Negligible
102.2 Lehigh Avenue Center 13.5 26.3 -0.4

East 14.1 26.9

West 13.6 26.1 ±0.4
100.5 Berij . Franklin Center 13.4 26.1 ±1.5

Bridge East 12.9 25.7 ±0.6

West 11.9 24.5 ±3 .7
98.4 Wharton Street Center 12.1 24.9 t32

East 11.7 24.6 ±3.4

West 11.8 23.8 ±3.5
93.2 Navy Yard Center 11.6 24.0 ±3.7

East 10.6 23.2 t4. 6

West 16.2 28.7 Negligible
81i.8 Eddystone Center 13.5 26.0 ±1.9

East 14.0 26.6 ±1 .4
West 14.6 26.8 Negligible

79.1 Marcus Hook Center 13.1 25.4 ± 1 5
Center~ ’ 15.0 27.2 Neg lIgible
East 14.0 26.5 Neg ligible

71.6 Cherry Island Center 15.2 26.5 t1~4

66.8 New Castle Center 15.0 25.9 *1.4

*Values are for surface only , unless otherwise noted
**Bottom values

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .-~~~~~~~~-
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105. Dissolved 0xv~~ n Tu~ ~5 S~~! !Iu i Z r c  ‘ ~. r O U  I t s  of -

the analyses performed on tI~€ d i s s oiv d L x ,  ‘ . i a t u . TL~ detai 1.4d

results are preserit~ d in Atta ckk ~~t 2. A1t kiou 1~h a l ~ s~~ 
made both on dissolved oxy~ oti in parts  ~.‘.:r I r i l l i o n  a r l  ifl p~:r~ ont
sa tura t ion , the dissolved oxygen in ppm was used exc~~~s ve lv.  This
approach was u.sed in order to separato the e f f ec t  of te ’iperature .
Dissolved oxygen in percent saturation includes th is  e f f ec t  th ereby ,
masking the varia t ions  in water temperature .  A high degree of
correlation and s ign i f icance  was obtain-ed at all stations from the
analyses of the dissolved oxygen data. As w i t h  t empera tu re , th~’
initial  sinusoidal hypothesis  proposed in paragraph 98 , has been
validated and the results  obtained provide an accurate . d2 script ion
of’ the dissolved oxygen variations in the DeLaware Threr estuar 1.
The minimum seasonal dissolved oxygen l is ted in Table 15 occurs
during the latter part of’ May below Marcus Hook ard the latter part of
July and beginning of Aubust above Marcus Hook . The details of
each tine of occurrence are presented in Attachment 2. inspection
of Table 15 indicates the lateral differences in dissolved cxygen .
Like temperatur.~ , these di f ferences  ar i se ma inly  f rom e i t her th e
physical configurat ion of the estuary or man-made discharges or a
combination of both .

106. Figure 19 is a pict of the dissolved cxvg~r ‘Variations

in the channel at two stations; Benjamin Frar.kiin Bri.dg~ ar-.d Marcus

Hook . Statistical tests performed on the dai l variat i on at

Benjamin Franklin Bridge showed that the variat I on across a day

was statistically nonsi gnificant. During a com p lete tidal C:C1~
at Benjamir-. Franklin Bridge, the min imum d~ssclv eJ o~:o- ~r. ~a l u e
occurs approximately 3-hours after maximum floo.i. c~~r r~ n~ ~1o.= . l1h~ s
corresponds to the tIme of slack flocd cLrrLI1t . Few~ ver , fcr a

complete tidal cycle at Marcus Hook, the n r ~ rccr d:s~ o v ed cx:~m -n

value is approximately 10 hours after maximum flood 4cr ‘er.t t1’:— .
corresponding to the t Ime  of slack ebb current. ma. be
expected since the pollut ion from ups t ream so ur c es f irs t r eaches
Marcus Hock at low water slack and apparent ’.x . pollut ion trc-r

downstream sources is not sufficient to dete’i crate f,;rth-r th~
qual i t~.~ of the stream at Marcus Hock dur~ n~ the flood Yd- .
Table 12 indicates the magnitude of the po Ilu 4 Ion load il-cuoroe d
in the upstream area rom wh Ich the previous st~~tf’n~ r.~ was deduced.

~ 
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TABLE 15

SUMMARY OF DISSOLVED OXYGEN VAR IATIONS IN I~~IAWABE RIVER ES~~JARY

p~zn Change in
Station Mile Predicted Minimum Minimum D. 0.
Point and Cross* Grand Average Seasonal Th.ae to Daily and
Name Section D.O. (p~in) D.O. (ppn) Tidal Influences

West 7.6 14,5 ±1.7
117.8 Burlington -Bristol Center 9.14 6.14 ±1.3

Bridge East 5.0 1.8 *3,6

We st 7.8 ~4.l ±1.1

110. 14 Torreadale Center 7.2 4.0 t2~2
East 7.3 4.3 t)J,5

West 6.2 1.6 *0.6
102.2 Lehigh Avenue Center 7.2 2.6 *2.4

East 7.4 2.0 ±1.0

West 5.0 0.9 ±0.6
100.5 Benj. Franklin Center 5.5 1.0

Bridge East 6.2 1.7

West 5.2 1.0 ±0.4
98.14 Wharton Street Center 5.11. 0.9 ~O.2

East 5.5 1.1 Neg ligIble

West 7.7 3,8 ±3.8
93.2 Navy Yar d Center 6.7 2.7

East 6.1. 2.14 Neg ligible

West 6.1 2.8 Negli gibLe
814.8 Eddystone Center 5.1 1.7 ±0.:?

East 5,3 1.8 Neg Il gl . te

West 5.3 1.8 ±0,5

79.1 Marcus Hook Center 14.0 0.6 t1 , I,
East 4.1k 1.2 to. 14

71.6 Cherry Island Center 5.7 14.1 ±2.2
66.8 New Castle Center 5.14 14.3

* Values are for surface only

-. 
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107. A plot of the dissolved oxygen values In the channel
determined by analysis at each station Is shown in FIgure 20. Similar

changes in maximum seasonal dissolved oxygen can also be determined.
However, t,hese changes are of lesser Interest than those of the
uiinimwn ranges of the dissolved oxygen . The narrower range of DO
values at some stations in Figure 20 indicates that the amount of

~o~l1ution is of such a magnitude as to be unaffected by the tIdes
ol’ the time of day , Whereas . in the areas upstream and downstream
trozn the areas of the more concentrated pollutional discharges,
incoming and outgoing tides produce relatively large changes in
4iBsolved oxygen . It shotild be understood that th~ minimum
aeasonal values indicated in Figure 20 all occur at approximately
the same time whereas the li mits of’ the change in the mInimum
may not necessarily occur simultaneously. For example, as 4
Indicated above, the minimum DO value during a tidal Cycle at 4
Benjamin Franklin Bridge occurs at approximately sla r1~. flood current
while at Marcus Hook the minimum occurs at slac k ebb current. Hence,
at alack ebb current at Marcus Hook, the tide at Benjamin Franklin
Bridge is approximately one hour before slack ebb . The DO at
Benjamin Franklin Bridge is then approaching Its maximum. value (during
a tidal cycle) as the DO at Marcus Hook is at its minimum value . This
can readily be seen by comparir~g these two stations In Figure 19 at
a tidal current time at Benjamin Frankl i n Bridge of 8 hour s and a.
time at Marcus Hook of 9 hours. Irrespective of di~’ferences .~n
times of occurrence , average dissolved oxygen profiles for any particular
time of tide , or day, during the critical summer mon ths, will
necessarily fail with the ranges desi.gnatea u i  Figure 20.

108. Hardness A simpl.e correlational analysis between the
fresh water In-fl, ~w at Trenton and the hardness at the BenjamIn
Fr anklin Bridge Station ‘yi elded Figure 21. Available time and
funds did not permit the more camp.lete analysis per ftrmed on the
dissolved oxygen and temperature data . The curve obtair~ d from
the statistical “best fit” is esu.:ritlally the same as Fi gure 8,
the hardness-flow relationship at Trenton . Apparently, the amount
of hardness-forming constituents discharged by v a r i o u s municipalities
and ir du.stri05 Is of insufficient magni tude  to be detected on a
mon th ly average basis . Ll kew isf , the total soLids content  of the
estuary is sufficientl y constan t at this point and or a relatively
small magnitude so as not tc~ u.f’rect the hardr . n u  con t~ n t .
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Lb~~. The var ia ’ ion  1 har I~ , — J ~~~ w 1. f~~UW for tr e
liuylkIll River at Philadelphia is inu~ ca’ eJ i~. Fi /;ure 22. The

curve is cons iderab ly  ilyher than the ‘:~~rv  p lo t ted  in Figur e 21;
and the variation are c d  the curve i n d ic a t -~d by the o,rreiation

ooefl’io ’ient obtained is somewhat iar~”r than for the DL lawaro Itself.

Available data indlo~~t~~s that  the curve p lc Y:ed ir . F igure  22 is
fair ly typical of the h a rdn e ss - 1 l i o  re , la t ior i sh i i in toe S ~huy lkill
River  as far as Pottstovn , Pe~ r.sI’lvania. Teur e does no t  appear to
be any sharp increase in the har dness content  of the  Scnuy lk ill
River  from Pot ts town to Philadelphia.

110. Conclusions The quality of the De lawar e River
es tuary  from l9t~9 to 1958 has been described for the averayc
year using temperature and dissolved oxygen as primar:; indicators.
Tables 114 and 15 summarize the quality of the estuary . Attachment

2 presents the details indicating the high dehree of significance

of the results obtained. The temperature and dissolved oxy~ er.

results in Tables 114 and 15 therefore provide an accerate descript1on

of the average qual ity of the Delaware estuar y over the r.ine ‘ ear

period. The high correlation and s igni f icance  of the resu lts indicate
that the changes in prevai l ing dissolved oxygen levels from “ear to
year during 19149 to 1958 have been relatively minor . If the changes
from :~‘ear to year in dissolved oxygen had been substantia , the
sinuso idal assumption or iginally made for the entire nine “ear period
would have been disproven . Since the results  obtained are extremely
s ignif icant, it is concluded that there has beer . little change in
dissolved oxygen levels since l9e9. This conc lusion  is expande d
in more detail in paragraph 119.

— — -  — —~~- —‘--~~~~--‘
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111 . Pupe istien The trends in the popu lat1on c o nt r u b u t i n g  to
the m u n i c i p al  pollut ion loaci of the t i da l  portion of the Delawar e R ive r
have been deterru.neci free an examination of eight principal areas . The
i nt o  icc Atta chrre-c t I unducates  that these areas a c c ou n t  for  approxi-
mutely 914% of the  total municipal pollution load du schar 0ed directly
to the Delaware River es tuary. The se eight mun ic ipa l  discharge points
orig inate from the following municipal or i n t e r -mun ic ipa l areas :

(a) Crenton , N4 J.
(b )  Levi t town , Pa.
(c) Pb.iladel~hia, Pa,
(d) Camden , N . C .
(e) Darby Creek doint Sewer Authority, Pa.
( f )  Central Delaware County Sewer Author i ty , Pa,
(g) Chester , Pa.
(h) Wilmington , Del.

112 . The population of these areas in 1950 was 2.58 million
excluding Levit town , the Darby Creek S. A. and the Central Delaware
County S. A. These three areas did not begin to d i s c h a r g e  d i rec tly
to the Delaware River until 1955. Estimates of populat ions sobse-
cuent  to 1950 have been based as far as possible on the estimates
made by the Off ice  of Business Economics in Append ix B . Fnr those
areas where this  was no t  possible , estimates have been made :ndl-
vidualby using At~,acbrcent 1 , as a reference s o u rce .

1134 Project ion to 1980 Populati.ons were  de t e rm ;ne d  fo r  the
eight areas l i st e d  above for 1930 through l~~57. P r o j e et cor s  were
then made for these areas using the percent ~ncr easeE f~r the Pub-
Region in which the area us located. These percent increases were

obtained from the p ro jec t ions  made by the  OLE ccc Appendix B, heing
an estimated population in l95~ of 2.88 rnullion , epr iuca t ion  of per-
cent increases yielded a 1965 popu lat ion for t Oe e l h t areas ~f
mill ion and a 178fl populat ion of 14 .12 million . A pbot showing the

trend of the p o p u l at i o n  for the eight c r it u c a l  areas is shown in
F ’ i u u r e  23 .
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114. Pollution Loading to 1980 The pollution load for the
year 19140 was determined from a study conducted during that year 2/.
Data on pollution loadin for 1950 were obtained from a variety of
sources 21, ~~2/, ~~~/ , ~~~ 2~~~/ , including figures prepared for the
U. S. Supreme Court on the effect of upstream reservoirs on water
quality. The pollution load discharged directly to the estuary in
1958 was abstracted in large part from Attachment 1 with additional
information inserted where appropriate. A pictorial representation
of the pollution loading pattern throughout the length of the estuary
is presented in. Figure 214. It is seen that a considerable reduction
in total pollution discharges was accomplished since 19140 in the face
or ever-increasing population and industrial activity , This has been
a result of the ~~owing awareness of the public of the importance of’
pollution abatement and. of the continuing efforts of the interstate,
state and local water pollution control agencies. It can be noted
that the pollution load pattern seems to be shifting and is becoming
more uniformly distributed, In 19140 large peak~ are noticeable with
a rapid decrease in loading progressing downstream . However, in 1957,
although the peaks were lowered considerably, some downstream areas
appear to be contributing increasing pollution loads. This seems to
be the r esult of increased industrial activity and concomitant in-
creases in the sewered population from newly developed outlying areas.

115. Figure 2r plots the total pollution load discharged to
the Delaware River estuary for .19140 through 1958, as well as the indi-
vidual municipal and industrial load components . The sharp drop in
the direct industrial pollution loading is readily apparent. Likewise,
the increase in municipal discharges resulting from the inclusion of
these considerable industrial wastes is also seen . Indeed, the per-
centage of the municipal load has increased markedly over this period.
Of the total load in 1940, discharges from municipal sewerage systems
amounted to 39% with industrial direct-discharges constituting the
remaining load (61%). By 1958 , the percentage of the total load con-
tributed by municipal discharges had increased to 64% with industrial
loads at 36%. Also plotted in Figure 2d is the raw municipal load
before any sewage treatment is undertaken . Ava i lable data for raw
loadings in 1)09, indic;,t, ed a tot al of 708,000 ~ bOD/ day which for the
estimated population of 2.88 million in the eight critical areas re-
suits in tn average per capita cuntribut~ cn of aheut O.2~t ~~OD/day as
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compared with a loading of approximately 0.20 #B0D/d~y in 19140.
A possible increase in this per capita loading figure may occur due
to the increased use of household garbage grinders , bu t for purposes
of future estimates any such potential increase has been taken into
account in the future ranges of removal of pollution loadings. The

present composition of the sewage being treated by the eight princi-
pal areas will remain essentially the same, since a large majority
of the industries in the area are being served by the municipal plants.
Indeed, operating figures from the three Philadelphia sewage treatment
plants indicates a raw per capita loading of 0.17 #BOD/day, the “rule
of thumbT’ used by sanitary engineer s for many years . The difference
between this figure and the 0.21t #BOD/day obtained above is due pri-
marily to the sewage being treated at the Camden and Wilmington plant-s.

116. Applying a per capita loading of 0.24 #BOD/day to the
projected populations for the eight principal areas resulted in the
raw municipal load to be expected from these areas in 1965 and 1980,
as shown in Figure 25. Projections were not made for a raw industrial
load due to the lack of sufficient data needed for an accurate estimate.
Hence , industrial loadings to the estuary have been assumed to increase
linearly at approximately the same slope as the population increase
shown in Figure 23. Following the determination of the raw municipal
pollut ion load expected in the eight critical areas, an assumption must
be made regarding the eff iciency of treatment processes in removin g
this pollution . In 1958 , the raw municipal load pricr to any sewage
treatment from the eight principal areas totaled about 708 .000

~4B0D/day. Of this total, 68% (475,000 #BOD/day) reached the Delaware
River for an overall removal of about 32%. The L~75,000 #BOD/daY dis-
charged to the river includes those sections within the eight areas
which were not served by sewage treatment plants. The actual removal
efficiency of the treatment plants, i.e., the amount of load removed
from the total load entering the plants, was about 45%. However, as
far as the load to the River is concerned, the 475,000 #BOD/day which
was discharged represents a reduction of 32% of the potential total
load which might have reached the stream . Project ions have been made
under three genera.l assumptions:

(a) 50% removal in 1965 and 1980; a “median ” condi tion
(‘t ) 30% removal in 1965 and 50$ removal in 1980; a

“worst” condition
(c) 70% removal in 1965 and 1980; a “best ’ cond ition

. _ _ u~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ‘2~ 
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117. Applying these removal factors to the raw pollution load
to be expected in 1965 and 1980 and adding the projected industrial
load indicated in Figure 25 and applying a percentage (10% for 1965
and 1980) for the area not covered by the eight principal locations
results in the range of pollution loadings to be expected in 1965 and
1980. For purposes of further discussion regarding the effect of p01-
lution loadings on stream quality, the “median” pollution load has
been used. It should be remembered however , that the load may be
greater or lesser and that resulting stream quality may likewise be
affected to a greater or lesser extent.

118. In conclusion , it is anticipated that the present (1958)
level of pollution will continue until approximately 1965 at which
time a gradual increase in loading will begin to occur . By 1980, it
is expected that the level of pollution will be slightly higher than
that in 1950. This projection of future loading conditions is utilized
in the description of expected water quality conditions in 1965 and 1980.

119. Stream Quality to 1980 It has been pointed out previously
in Paragraph 110 that since the analysis performed on the data collected
from 1949 to 1958 was highly significant, it appears that little change
in dissolved oxygen had occurred from year to year during this period.
Apparently, the reduction in pollution load which occurred during 1949
to 1958 was not sufficient to materially affect the dissolved oxygen
of the estuary. Changes in dissolved oxygen undoubtedly did occur from
year to year and an indication of these changes is presented in Figure
26. This Figure is a plot of the annual average dissolved oxygen in
per cent saturation for three stations for the years 1950 to 1957 with
results also included for 1939. The data for 1939 is from the Corps
of Engineers ’ survey conducted during that year . ?±/ The dissolved
oxygen in per cent saturation has been used to document changes from
year to year in order to utilize the 1939 results as a bas is for com-
parison since dissolved oxygen values in terms of parts per million
were not available. Although the changes in dissolved oxygen from
year to year varied from a maximum of 28% at Benjamin Franklin Bridge
to a minimum of 10% at Torresdale, it is important to note that there
has been no significant straightline trend over these years. Annual
average dissolved oxygen levels at all three stations fell to as low
a level during 1957 as during 1939. It has been indicated previously

..— -*--~~~ --- — — -*----- -- —-- 5-- ’-
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that the total pollution ~~ud to the stream i~ 1940 was approximately
1,000,000 pounds of BOD per day and in 1958 was about 770,000 pounds
of BOD per day, a reduction of 230,000 pounds . This reduction Is con-
siderable when viewed in the light of increasing population and industri-
al expansion, but apparently has not been of sufficient magnitude to
Increase the dissolved oxygen of the estuary to any great extent.
Apparently, the magnitude of the pollution load over the past twenty
years has remained at a level which has provided essentially a status-
quo situation in dissolved oxygen. The expansion of sewage treatment
facilities has undoubtedly prevented a degradation of the dissolved
oxygen levels .

120. The changes in dissolved oxygen from year to year still
necessitate a satisfactory explanation . Dissolved oxygen levels are
affected mainly by three factors: (1) pollution load (2) temperature
and (3) hydraulic conditions. The continued decrease in pollution
load since 1940 and the effect upon dissolved oxygen levels has ‘been
discussed. It was concluded that the magnitude of the change was not
sufficient to affect the dissolved oxygen to any great extent. Annual
average temperature has varied only slightly from 1950 to 1957. The
changes in annual dissolved oxygen indicated in Figure 26 are consider-
ably larger than if the char igeu were due to the variations in annual
temperature. Hence , the variations in annual dissolved oxygen which
occurred do not appear to have been a function of the annual tempera-
ture. The hydraulic conditions , implying chan g~~ in fresh water in-
flow remain to be t,e:ted. Also p lotted  in Figure 26 is the minim um
average 3-month f .1~ w at Trenton . Obviously , o the r flow periods could
have been plotted but the end result wuild be the same since the
3-month flow is correlated to the annual average, six month flow, etc .
The minimum average 3-month flow was used in order to simulate the
possible future effects of low flow augmen tation discussed in more
detail in Part C of this Appendix . An inspection of Figure 26 indi-
cates the correlation between the minimum 3-month flow and the dissolved
oxygen levels. Statistical analyses performed on the relationships
between the dissolved oxygen levels at each station and the min imum
3-month flow indicated correlation coefficients of 0.75 at Torresdale,
0.75 at Benjamin Franklin Bridge and 0.61 at Marcus h ook. These re-
suits are within a 10% level of significance . Hence , the “odds” are
greater than 90 on’. of 100 that the relationship between the dissolved
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oxygen and the minimum 3-month flow is an iccurate  one as. not hue to
chance alone. This does not imply th at com’~ o t h e r  mul tiple or fract ion
of the 3-month per iod would corre late at the sane level of s i~ rificance .

Other flow per iods may bear a relationship t i  the annual dissolved oxy-

gen to a greater or lesser degree . However , the relatic’r’ hip between
the annual dissolved oxygen and the minimum average i _rnor lth flow is
adequately established. The conclusion which may be drawn from this

fact is that the annual average dissolved oxy gen is largely a fu nct ion
of some flow period and is defin itely a funct ion of t he min imum average
3-month flow. It appears then that the changes in prevailing annual

average dissolved oxygen levels during 1950-1957 in the Delaware River

estuary were determined to a large degree by the variations in. the
amounts of fresh-water inflow across any one year . Also, from trie

projected pollution load in 1980, (wh ich is anticipated t i  be slightly
higher than that in 1950) it is expected that this relationship will
be maintained throughout this future period.

121. The above reasoning regarding annual average dissolved
oxygen levels can log ically be extended to dissolved oxygen levels
with in,  any given year. The variations in water temperature within
any year during the 1950-1957 period although considerable (see
Table 14) have been relatively constant from year to year . Hence ,
although high water temperatures will increase the rate of utiliza-
t ion of oxygen by a pollution load thereby decreasing the amount of
dissAved oxygen , th is decrease will be approx imatel y the sane amount
each year . (ILls assumes no s ignif icant  charc- ’e in the var iat ions of
water temperature as may result from future high temperature discharges).
Also , the total pollution load to the stream remains fairly constant *

with in  any year , ~~.ereb’; affecting the variation in dissolved oxygen
only to a m in o r  e x t e n t . The variat ions in f resh  water in f low are con-
siderable w i t h i n  any - i nc year . The effect of flow on the annual aver-
aoc dissolved , ., :-:voe . has previously been es tab l i shed .  With this  re-
lationship determin es , it is logical to conclude tha t if some fresh
water flow per . od ‘iI ’ ect s t he annual average dissolved oxygen it affects
the seas— al v a r iat i n in dissolved oxygen . If the flow did not a f f e c t
the season- il v ar i a t i o n , it cou ld not af fect  the annual average .

L.~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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122. The above discussion can be summarized as follows :

(a)  The pollution load discharged into the Delaware
estuary since 1950 has established the overall
level of the dissolved oxygen in the estuary .

(b) The changes in annual average dissolved oxygen
levels from 1950-1957 have been influenced pr i-
marily by the fresh water inflow .

(c)  The variation of dissolved oxygen within any
year about the prevailing level originally
established by the magnitude of the pollution
load is primarily a result of temperature and
flow . The detailed extent of the contribution
to this var iat ion by either temperature or flow
is not independently known .

123. From the above discussions , the following conclusions
may be drawn :

(a) From 1958-1980 it is expected that the growth
in population and ina,ustry in the area sur-
rounding the estuary will substantially increase
the potential pollution load. It is also anti-
c ipated that the increased intercept ion of waste
and increased efficiency of treatment will in-
creas e the present level of about 30% removal
of the potential pollution load to 50% by 1965
and holding at this level un t i l  1980. The re-
sultant pollution load to the stream including
munic ipal and industr ial discharges is expected
to remain at the present level unt i l  1965 at
which time the load will increase gradually to
a level in 1980 which will be slightly higher
than the level in 1950.

(b) The mean dissolved oxygen level during 1950-1957
was a result of the pollution load to the stream
which existed during this period. For the pol-
lution loading anticipated for the period ending
1980 (conclusion (a)), it is not expected that
this mean dissolved oxygen level wIll be materi-
ally affected.

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ —
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(c) ito *,ear~~t,y
_
~~ *ir ~‘~- a~~~ s a .* * .*~ r44ge annual uls—

4 
solve  1 o~~yg”r whi ct ‘jcci.rr”o tu r ing 1950 to l~ 5’7
were p r i r s -i r i  I V  a r~’suit t b ’  c~ auge~- in f resh
w a t e r  inf low . Sin c e  i t  is ant ~~c~ pa t ed  that  the
‘seam di s~ oL ved oX~ g~ ii level v’ :.ch occurred during

l950-l~~-7 w i l l  not be mnte r -~a1J 7 affected.  by the
futsr~ po llut i on load “c-cn ”Iusi on (t)), it is
concluded tha t a n - s f u tu r e  changes in annual
average dissolv’— h oxygen will be due primar ily
to ch ang e~ in f r ~- - b ‘i.i t~r t nf I : .~.

(d)  Since tb ’~ char :gc s ~n a n n u a l  average dissolved
oxygen dur ing  I , ~~iJ~~ ’ were tue in large part
to chano~~ ~n f r e sh  w~,ter ~nf low (conclusion ( c ) ) ,
the changes in. d i sso lved  s~~ ger w i t h i n  any year
during 1950-1957 were also a result of changes
in fresh water inflow as well  as changes mm
water temperature .

( e )  From conclus ion ( c ) ,  w h i c h ’  ind ica tes  that the
f u t u r e  changes in -~nnu~ l -average dissolved
oxygen will  be ‘sa:,niy a re~ult of fresh water
inflow , and from conciu~* uan c d ) ,  which m di-
cates that the  chanoe~ in dissolved oxygen
w i t h i n  the av~ rao e  v eer  ‘luring 1950-1957 were
a resul t  of change s in f r -o-h w a t er inf low and
tempera tu re , it is e~ p’~cte ” l  t h a t  u n t i l  1980
the changes w i t h i n  a *eav .  hr . dissolved oxy g en
wi ll  be p r i m a r ily  a ~~ cu i t  of the changes in
f resh  w at ~~r i n f l o w  and water 1’ eirperature .

(f) The changes in d~ s~ olv~ i ~vgen w ith in tnc
average year during lQ~l* .lu r 7 have been de-
scribed using s t a t i s t i c a l  m- ’~~h oh ~ - S:nce
th ese changes in di s~ c1~’ -”l c~~:g~n were a re-
sult of the sam e factors vt ,ch are expected
to influence the changes in  d,-. saslved oxygen
w i t h i n  f u t u r e  Veay- s ~co nc .lu~~:on ~~~ it is
expected that the changes ttat have occurred
d u r i n g  l95O-l~~t7 wi ll, r-sma:n ~sssnt ia],ly the
sam e through the per i.o’l e n d i n g  :.n 198n. It
is t h e r e f o r e  a n t i c i n s ’~~u t b - f ~he descri p t i o n
of dissolved o~ ’4’-ge n N ’  4’ hr.i av9rag’~ ;ear
d u r i n g  1950-1957 w i l l  con ’ i r n —~ t~~~ he applicable
unt il .l°80.



F- “- “--‘ - ‘ ‘ — -- --- —‘ -----—-- — --- - ‘ -  ‘~~~~~~ - _ _

1214 . Prc ’jec t i °n s  a ~iOl0 The oc t  l s a t~~ u f p 1.1 i t jurial load.- ’

ar i d  r e su l t i n g  wa ’er qua lit y , 50 years f:~’nce , ‘ir e s- ,~eot ~ n ext r enc*
variat ions r e su l ting  fr i’s many unknowns and lock  -f o h  f l u  I ~~~~.

l o n g — t e r m  past d a t a .  P ii i b le f u ture char ìge ’ in - € ‘ W ’ t~~e

technology may ent i re ly  v i t i a t e  assumed removal ef ’f c - i e n c i e s  and c-on-

se q u en t i y  the pollu t ional  load to the stream . Also , cons~. l er i n  t t ~~~

removal efficiency of sewage treatm en t p l a n ts  t~ have a 15-20 ‘:eax’
design life , it m u s t  be assumed that the var ious  comrnun it ie ,  w i l l
per iod ically rep lace or enlarge the plant to i. n cr e a  o i ts  r e m o v a l
e f f i c i e n c y .  The f i n a l  es t imates  of pol lu t iona l  j, oad sh o u l d  Lucre-
fore be viewed with all of these b a s i c  a s su mp t i o n s  in mind  and wide
changes may be expected.

125. P o l lu t i o n  Load in 2~ l’L Projections of th ’~ popu lation
and the total pollution load to the Delaware estuary in 2010 can be
made on the :‘ arne has~ s as described p r ev i o u sl y .  5ence , the raw
munic ipa l  p o l l u t i o n  load , Le ., the p o t e nt i a l  toad w h i c h  would enter
the stream were it not treated is estimated from the eight principal
areas , menitiuLle d previously. This load is estimated to reach about
1 ,300,000 #ROD/day in 2010. If a 50% removal of this  load can be
accomp lished by sewage treatmen t, the mun ici pal load to the stream
in 2010 will be about. 850,000 #BOD/ day . t’t oweve r , w i t h  the increas -
ing emphasis on pollution abatement and more important on sewace
treatment research’, ths overall efficiency of removal of the rriunici.-
pa.l load may approach 70% . In this case the mun ic i pa.l load to the
s t r e a m  in 2010 w o u l d  be about  500 ,000 #BOD/dav. Hence , i n  2010 ,
it  is estirnat~~-l t h a t  the  munic ipa l  p o l l u t i o n  load e n t e r i n g  the estu-
arc- from the eight principal areas would h~ h~~t v a~ n 1400 , )O0 #F0l ’day
and 650,000 ~PO0/day.

l2e. To the mun a c i paL po l lu t ion  loa ci  ~~i - the strsa~ must be
added the discharge r.’f the industrial load wh~ cb is riot served h~
municipal sewag~ trea tment plants. Again , th~ load contributed by
i n d u s t r i e s  dI scha rg ing  directly to the estuary has been assumed to
increas e l i nea r ly  w i t h  increas ing p o p u l a t i on , L

y 2010 , a.t is ec U-
mated tha t the ir du s t r i a . l load to the estua r y w: . l~ t e  h et i e er .
500 , Lf #BOL- day and 750,000 #BOD/day.

-4 ’
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12(. The t ‘I il load , both mu n i c i p a l ~:. t indu~. t n i ’ .i, to toe
est-sar ’; i i i  2010 is tb ~ m e t ro  e~’tia.- te-~ t h e - ‘se-en ;J ,000 // 1 02 , day
and 1,1400 ,000 #B0D day depending - ..po~. the ext ent of ron, ‘al efficien-
cies . It is seen that w i t h  70% rena ’.- I eff  I c  ca~.c - . - , a. s t a t u s  O u O  situ-
a t i .  i i  w i t h  regard to pollution Load will e x i s t  ‘ ox - s . .- : : , t tue eriod

from 1980 to ,~-0l0 . in order to i.. pn ~r - :c ht s t e  the i.otal p’.. l lu t l or ~ load
to the estuary in 1958 , 80% removal of the  mu n i c i p a l  .ioa’u wou ld  have
to  be accomplished assuming the direct i n du s t r i a l  l-o~ d at 500 ,Ua - D
#BOD/ day . If pollution aba tement  measure s  are m a . i nt a c ne c i  at onpr Xi-

mately present levels , the total load ‘iii  2010 t o  t h e  c c l , ~nry will be
about i , ’.i0 ,0-i- .J #BOD/day or m.cre than 50% greater than the i~~2 level.

128. Streams Quality in 2010 ‘The ocraction .~f chani ’e in ‘cater
quality will closely  paral le l  the d ir e e t t o ’ . of  cha.~, , e i n  t:.e pc1.lstion
load. With a pollution load 50% greater than the 1958 load, it can be
expected that quality coaditsons will deteriorate significant ly and
will probably approach the conditions ‘shies existed in  l91-cO . Liicewi,e

for  a pollution load of )0-0 , -J’b O #BOD day in 20.10 (essentially the same
level as in .l ) 5 o) ,  water quality cond i tions  may be expe cte d  to be
approximatei, v the same as in 1950. However , w i t h  increased t e c h n i c a l
product ivit y and t h e  further extension of th e  orasent comp lex industri-
al technology , the BOD may not be the moo.4” snlp ort a .nt  measure of in-
dustrcal. load . Rather , the newer complex crgani.c chemical constit uents
smay assume greater i mp or t a n c e  in the  a s se s a m an t  of f u t u r e  s tr e am

-~ual ity  c o n d i t i on s .

129. Surr ~ ary of con di t ions  in 2010 It  is e s t im a t e d  ~ :.at the
total  p o l l u t i o n  lc-a.d, t~c the ect’oar~.— irs 2010 will ‘he bet’ceen 900,b i -
#B0D day and 1,200,000 #202/day , The lower ti.ur e assumes t ’  ~t a
s i on i f i c a n t  in c rease  in pollution remo~’ai  s f t io i e n s y  m e a su r e s  ‘si.ll
be accompl ishes .  l’he r e su l t i ng  water c1u a.lity from t .e load estimated
in 2010 will be between the conditions which  existed in 19.0 and t h o se
which existed in 1950 although increasiri i ’ industriai tectsro1,o~’!es may
create quality pr oblems heretofore unrecogn i zed. Should ~his substan-
tial pollut ion removal not be accomp lished , the s-iality of t he  es tu ary
w i l l  p r .  r e s siv e ly  d e t e rio r a t e  to t i ,e  level  a h i c h  existed in 1°h0.
However , the d i r t s  of the  var ious  wat er p o l l u t i o n  c - s t m - l  a . ei i c ies
whic~, ho se teen so e f fec t ive  in t he  p-act can be assumed ‘to continue
and i t  does not appear t ha t quality c ndttio’ s w i l l  be al~ swed to
r e tr ’ .- ‘re-se t:, ‘.~ e I e - ’,’I’ i of 20 years one .

f~ 
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dE cTIo;i II - INTRODUCTION

General

S.::dc:lvisiorc of projects The projects (Figure i) evaluated
in th i s  Par t ‘‘cr c subdivided into two groups:

-Cr -c up I - f-i a ,~or cont ro l  projects

d r oop  II - Lbited development projects

5. The eleven , major control projec ts  in Group I will  cons t i tu te
the lusa’est regulati-:n of water r e sou r c e s .  The projects proposed are
mul t l - c- ’urpose Dmp sunccm ents  and ir .clude provision for flood control ,
:ster supply, r.:.’arup:wer , silt control and r ec rea t ion . These projec ts

of n e c e s s i t y  re ’caire cletar led evaluation wi th  respect to tneir  eff e c t s
c-n. stream ouality .

A to tal  of ella”. projects were cons ide red  i:s Gr oup  II.
These prcb ec ’ t s wil l  not  s~ bs tan t ally affect  the Thou regime ci’ the
re :o c ct i ’.’e :t:’eams and tner e fcr e  only a general evaluation of the

~ual:.ty to 
‘cc expected am the imrc-undm erct: is mosie.

Fi, ~re I l:.dicates the location of the pr - ~ect~ acid Table 1
o:”eam:.c: a sa’:bar uesori;tion of the various impo -u:sdosents. A mor e

Ion of coon of ti.e prs.~ect: is gisen in Apreadix U .

.~ncime:.ts ansi Stream, ., ,salits

C . :.~.e reoe:.:i::. of ‘cat-er iuri : .g :.11 ’c . f low periods and s.~h —
sec~ ear r~ _ ea :-e u . n i n a  lot : flow cserl-,-ss ic.flue:.ces toe cuabty of
s o  :-:a:er in. var’:ln,’ .:e -m€es . .d,.ss, :t :c:’c’o ’e- sites c- :-ns’rructeci pri—
courill for recreation, u:slcn har’e no e f f e c t  on the fl-o w regame of
s .c s t r eam . non cnsm ..’e toe c aal i t,’ -of’ tne inc.omll.n water . The pro-
I leo. rae:. is tnree-f:l~~: (a) toe effe c t. on cualitu of storing water
f o r  r e l a t ive ly long per iods  of time in Jeer .. pools ; ( t)  the effect of
t :.e m,U.t lc’.le o-~ rp c . se ‘use of th e  water  in c-he reservoir  acid ( c )  tne
sot se-c:;e:’,r release of thIs water brIan periods of Thu f low and the

- 
.~~. ~-: - ‘ •
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‘it io ’m in tne e’;-a .L s a t i - ,x: f water  oa .i i t c  I ’ r -  ‘~m ° I L ’ :i’.c . r i r ’ .r, o -Os acse : . t s
an.: c r  ir coco r a ‘ s- ct sys~ e m s  ~ t ’ i c c r p i - ’ i : . m , ’c . r : .  ‘ - -

I :. a n s I  :e t ’ i m c g  cisc m o o r  soi . tr ’,.I pr  , ‘ies t~ in do a. I , ‘t , e
pr on .~seu t hue ’ i f  C : 5 ’  hr .cciaco ’:’, is of t o e  utmos t  l m j .: : ’ ’- c : . ’.ce ansi  iS

s a ke : :  in to  acc- . a, a t .  Hence , the p h a s in g  of each pr :o ect in ~~~~~ I
is c on s I d e r e d  i:. m’eI’ o t i . ’rc to hue effects on stream :s’.mccl it r- . This

— t ins dras i rig  ier -;adec~ all r e m a in i ng  Sec t ions of tue  repor t  where
,:iscc’-m s si uris of tue dro-up i projects  are present ed. Far the  remain-
in g Dr , I , , ec t s , no c s e f l m , i t e  t ime schedule has been proposed a l t h o ug h
i t is ss s -m r cce ’ .i that these projects  or s imilar  ones will,  be c o n s t r u c t e d
in - r - I e r  t - . s a t i s fy  th e  Lce :m:an ds impsoe’.i b : w a t e r  s m a n l y  n ec -Jr.

ildfects  of Imp ’ cc u rs dun ents on Fl-or-:

1’). Flow re - yslating impoundments The projects conoi ,-ere ci in
t h i , .: s - : lo - , :co t ion  i :ir.iude all projects  in Group I as shown in T h hl e  I .
These eleven s i t e s  together wi th  the Cannonsvllle reservo ir pre sentl ;-.
‘under c - in s t r u c t i o n  by tne New York City Boar d of Water Supply form
the flow reo’-a lat i c c ’ p ro jec ts  considered in this  report .  The Car:r .oc :s-
yu le r e s e r v o i r  is no t  evaluated although its ef fec t  on flow r ena l a-
tion is consihere-l .

11. These ur-ujects regulate the flow regime in two di nt L:: ct
respects: ( a )  f-or any part icular  stream or reach of a cIrca:,, en
i n d iv : d o a l  darn and reservoir can be used to control flow and (b) a
kr . m P oi’ p r oj e c t s  can be ut ilized -to cumula t ive ly  regulate  downstrea:c.
f l o w . F or  examp le , in v iewing  ‘she De laware River  at h a m o t a , - ’:c e , he -w
Jersey , the effec t nf t h e  fe v e r sin k , Pepacton , Cannonsvil le  ar -cd i : ’w lc
M c : r . t n ,in 1r ’ ’ b : t u  is felt, in progressing downstream , eac~’ a - d i t Uc-r b
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pr - ”j e c~ eIther on t im e main stream or a t r ibu ta ry , cont r ibu tes  its
¶ flow rc’. ’..Iat hm t .  p., L e: c t  Ia . Tables 2 and 3 indicate both of these

ef f c~~ts :‘ - m’ oc: e Delaw are , Lehigh and Schuylkill Rivers .  Also in-
o lu- led i:c I Thse t :-Id-iecc Is the year dur ing  whi ch the project is pro—
r ’cse~: c be const ructed in order to meet the increasing water supply
:.ee-um; .,.f time basin . For additional details regarding the computation
of r’has ing,  reference should be made to Appendix P, Gross and Net
Water ~ieecls: and. Appendix s~, Formulation of Plan of Development. The
flour ind ica ted  in Tables 2 and 3 are min imum sustained yields i. e.
aUth . r: e pm- c.ji eot capacities. indicated in Appendix U. Each impoun d-
ment is desiso,ed to maintain the gross yield shown under severe
d.ro ’r.ght condi t ic:cs .

12. Inspection of Tables 2 and j  indicates that the major
portion of Id-u flow au~~ entation will occur during the period end-
ing approximately 1980. For the Lehigh River at Bethlehem, the
to ta l  regu la t ion  is proro sed to be available by 1989 when it is
anticipated that the present natural minimum flow will, be increased
from 320 cfs to 711+ cfs , an increase of 123%. For the Delaware River
at Trenton (Table 3), an 80% increase in the minimum flow is antici-
paiced by al :ut  2000 , with 70% of the increase occurring by about 1980 .
Therefore , the sustained yield at ~~‘enton in 1981 of ~ ,Oh3 cfs , re-
s u it l n c s f r o m  the pr posed system of reserv,irs , will ‘be about 86% of
the maximum sustained yield anticipatior. for 2002 f o l l o wi n g  the com-
pl e t i o n  of all of the proposed projects. The arcgnentatlon of low
fl-ct.. r esu l t ing ’  from she proposed integrated system of reservoirs will
re :a,.,st suc,ric,antial sisrurig the period er.dic:o tm about 1980. Subse—
s ec t1:.’ , the Lmolemec tatlc:-r. of the  reccai’ ii.g or. ,,:ects in tIme plan
bId aol a amsser  o::r,t.rlU-:ti-on t warc the  a cgrent .aticc: c-i micuimim

fI:os .
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TABLE 3

LOW ~~ 0W REGULATION

DELAWARE R IVER

Cub ic Feet per Eleccci cm
Proposed ~-Iin imu~m Flow -Iinim’j~ Flow
Comple- Flunthly Increment at

tion Flow Gross from Trer.ton

Project Late at Site Yield Project Iie~’ Jersey

2 ,e15 
—

Cascnnonsvifle 19c5 - - 225 2,5.-I

Beltzi’ ille 1945 25 105 80 2,920

frexler 1972 13 68 55 2,975

Prompton 1971 9 4-t 3-7 3, 032
2’

Tocks island 
- 1975 ,557 2,525 9r.~ 

,,000

Acuashicola 1951 15 7b r.-3 ,0u3

Bear Creek 1959 72 268 19:. 4 . 259

Eawk ~°I n .  2l~I-2

L Includes effects of Fen-arton ~~,o

~ Indfines effect f Prom;t n am IA?-m F ~e:’e’r’.’ Ir:.

L FIow Icucre .e-c,t tel -a To ok: c~ l’um , . .:. (At Frsa k 7tc.. Id~ site
f l  l:.ccr . , = 552 ct:: )

~ni1e iramU -sa’ es ~a:.imr. :1. car. l e  mc ’: ~e a ’,’a i ladle if c :eede d as of
tac ,‘ c c u : .c~~ :. cl.a~ cs sh-o a’n , ,~ arat n :. Id’ pe er . Ir s  f r water sup—
r .I’.’ .em’ ’u .d c mat o- ’. : . c ’~~ ~~f .l l z:: .L’oim fI :wmc t o a 1a t e r
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so sc’ossi’,’ € . , ‘sn .r-c: .er , str atlf ic ati - . . -a’. ros s’ more di:c t,hsot . ~~~ approxi-
monte - la J-:s.e or Juiy, ::u t’e - sc - t’In ~~t c-’ zc.:.os c.samc - r e - e n e-., t c u r . i _ : c ’. i c m . The

er ‘: c - n  i..i ls :,c.d c ’. , n’ , s .tnos .s t :.c- c ater I’ c ’ . ik n e s c t  tecr. r. -eratur e .
‘1: 0 unto r c e-::oorra no’e- Is , t::e- :s,i.~ lo .ss .e 00 ‘0 5 : 5 . 5 s l im e c e-or e -a r e s  rap Id-

sm all .iri: ’re- r .s scc i r s  n e - a s  s . .  Cs.e l uer  zu: .e , t~ e ::I.T::.irno.ics . , con—
tads.s t .€ c. dde-s t. ‘w ater. ~“am~ rc-:r:tlnmo,m s ‘irnuoft’s fr ac a hi~ n io.t aw€. in
0 : 0  dam . t: ,~ :c s . , i sr a t n o ’e o f  ‘she ‘:lrch.:urge closely parallels that c-f toe
d’ .c.o::l.’:~~~’~. s ’. c s r a .d may he s ’I. i gh t l y’  hdgtmer c,~s to a’armi:: by I.e sin .
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I ) . Dt ,3SOI V e~ - A , , Oc - . sti’atiI’ir’ntion osnoally persists for ooroe

hc.e n ~~
- ‘~~~ :Jp,~~j toe amolnst of wit his’: w’iI . and the ~ 

- t ro t. at cod et .  I . e
wit l:si.r s.sualr are snade . For ‘ k — I . e - c e - I  in t akes , w at er :1.1k a i c - i t I ‘so a.

so :l~~ ’ 0) 0 : 0 e-c . c;csc~ ,i sc Si-a! is: s ‘:!t lc .u o ,A , , l 1’ w .tt i ,fti’ciw . Inc di

s o l oe d  oxy a - I’ se do.. ~~~~ c’1 sate-c- tress closely pr.r ’II.els~ a

sol’:esu oxage s ,,-f the I c cc::! I coo flow ‘no d mc, be hi :}:c-:- se to sc ’..,.t-os -1 ,’ : :—

thesl c 0 0 0 15) 5  irs toe ‘c- .;erv , ,h r. For low level intr .ke-o , 1st hio:oivec

I’ : ~ er wit, ‘ -, s r sw’ . cart:. ’ the o lrors:e-- r rcse-nthsc- is relat t i d y tow
coc’sd . .s ’I at .15fle - cc c ap l e r e l y  - iocpLete~ The veriot I c . i .rs dior’oI’;ed

xv, en 5’ 5 t sic tw : cit es :s:e:.ti-aie 1 above 1.0 also pre ::er:te t 1 : 0  i a _ I r e  ) .

20. lIner stream ;-:‘ciitv variables F c’- ttt res:.’ .i s .i:.~~ ’;ar ls-J es

( ‘s .sr’ o t I c S  is: 
-, 

C :J I .I’ , har- ic ,es: 
-, 

h’icte~’i’., e t c . )  ssie ter . t l o s s  U i’e- :c-r’: I!
one-null ,’ s-c’., Ut,: Ifl ‘5 r aduc t ion  in ccnccat.r’itiocu . C -o- ~e’s’er , f1r cer-

tam var 1 .1 Ic.: t~~ -~ r. ::ra , ccc s: tes:iL,rac’: l,:creare, :,r i c .  000 .5 - i. )ct i c’, : :

1’. r a tser’ t C of Ot:::e’ t: crc -- ’:l ’000 . For es’s smple , i’. has ~ee:. i:,r.miac o ’.ed
in Pox ’s B ~~~~ an ‘.s O n , s o .-: Ici-’l o & c  tes  f11.d, In cr e a s e in t O i c  tns r’o -l -si ~ : ~i toe
now’s .” Ineno. a.-.iterc ammo rrre-d tsr 1mg: th.e ccnstr o a t  ion -of the U sers’ lo.k 1. - o s . .

11 c-o em- . toe t u tu  ls: ,si rol e that tln.l s ir’,cre’.t’-se nas s s , t i n - s u -osn - J ’ ~ s ’mbs ide ’.l
oboe closure wI t : the reser’~~i.r 00W actjn5c as, a h-.sde sett 11 ’ . bass’
Ir s ac cases , a f ter  closo:’e of a dam , tl ’:e:-e’ is an isocre a: e is: cbs’s-
- c adent ,Le I.: the l .ea ’cc ’si :.: -of ve 1 c- to -stole matter c ntr.I. oc -o wi t ti c , ts .~.
p0 :1. A1so , one pro c act ion cf (‘:y drc ’er , s’olfi is likely to ccc am’
:‘urlrsg t oo  tC.r:t snrrcsier and may persist  t t L L ~ sugh the sec . ::1 s:sr’ro crier .

bloc ’s’:’ c _ s :d l t  i. :::s ‘nag represent a o :o ’r :side-ras. it Oc-:sr:p-amarn cha::€’e i s:
stream q’.oaci t ,.

locks Island

21. l’s- ,“es:eral 1-su -.’atlon of locks 1st -no d slId e is iln o - “ t e d  in
Fl are 1. 1-oc: prop -am en dam (see Appess~:ix u), c on s i s t s  of e:.irt: t i  U
ncr .rs I re pr’esec’.t river chan:sel. A spiliwa;: is pro- to : se~s on th e  lie ’:
Jersey side - I’ the s i t e  and a power t insel ( if  f-:or :d i.. ice cc ::: coo —
cat ty feasil to) w i l l . o ’ ’ .opply ‘water to a powerkn :rsse locate-si Cr: 11.0 I l tu
Jer:’ey 5]. se- s-l.n.ont I: Wows: t r ~-sam frc,m the face of t I e  dam . Ti e- c-c Id I—
se: ,’ d e tai l s  re ar- is:.. ’ the T’,ckr b land Project  arc  pre :es . i . e - i  irs
i~oh le 1.
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am:’  c o o s ’ s  ‘I n’ :.. IsIc: .o It:, a ::‘.o;-: am,’.s e  01
v :,r ia ’s  I o n  . 0 I:.n- :snIc.. sore’s:. - :sr-cs’ro u :’e ark ‘s .c. nssolin ’rtlo :. -of ‘ : 5
e- u i n c . : n o l o n  ser Ia l :,  c o : - : __ . :. a cc.o:’, t s  n c _ s . le- ss, . .’: c :€ _: , I : c ’s :c.

e.-:s-en’c€ ~ t€-:.. 0~ o” ’ . 5 0  s ::”.’sIfIr :’oi’ . .-a I : d ’ I c r : t ’ : .  1:. ia.s -t I , t : ,~
Id ‘s.c Sean ce ~~~~~ at I _ ’. ,on~ s ,c’ :-cr r i ’ .’oxler  hs- r. a I. ..

U I’d — s ’.. (::.a. i:.ol.,,cSn :0 : 0 0 0 0  ,.t lee c am -c ) ~ai n p 2e-os::.:er’ to
cola : l lo.rot’. to a dIsh - so  ab ut 2I’ - — U ‘-55 dis-l ’- IoU ;.
l ot:, t : i €  ,ic,’:._c.ls.~’ fl o:’.. ‘sso .sea-n ,0 05’cr - ’ :-.s ~l ’.c : .  t: ’- . n::I
_ r col u — .1, . e , o5.t -o .e o ,s.u a :-el:.’si’:c-. c -c ’sr’ ’so~c ’. “s c :-... Ie’sI . a
d l  C .~g. ‘~ e ’-.~c-~c ’se - ,,, c, ,, .~~

- ‘:eIc:. o , : .L c i .  l : .l t la . .. . ‘s-: s ,t ss :s’a an ...
5 _ 5  :ect ne-I. € o .sr:. . -oe an .  ;-: : .sb n e  nn ’s.ot. 5 — .., 3 f c c’s ‘s oon:: .
:.wa- . 0 : . E  € 5 O .~ 10 t:.e s~ o:u:er . ‘c tser::.:cII:,e :5,0 :c ..-l—~ l :e ’s t :c’inu
:.e xarf’s.cc a,.-.,, a :.o,~’s l’_ ,_ 5 le’:t ~:,lsr. . r~~1 , , .: Id ,iz  ‘s:’.ers.’soIdne. ‘ - ‘ . 0 0 :’
:ea.ar’t,mer s:su-o,.~ :.o t  ~~c- no,s:r:.es’ o-a,._ c c n ’s:—,:’:is- ’,o’:’I_ -: l ’’I I ‘ ‘  . — .

- ‘ s  a.. . ..’s ... .~‘O n .  t.,c- s:, U ‘s:.e- soam.ea- . .l~ :. ‘s ’  ‘ .i j: . le’:cl Is. ’ s a n c :
- .0 so : :. . . ,re . 1 t .c dIdos.am’, ‘:su wot ,r ‘.-cI~~. oluce . l:Id.o’,::u ’ s :::. . 0

13. u-srI:. ’ score e- 1T’w 1.. ::; C t : . s,Ic . l ’ r : .s - 1: .E ses os 00, s e c
re-se:” l:’ I’ ’s’ i ts  . s ’~’I .s Int’n:,-:c d ‘ : 5 5  oil.. Cs- a’e ul  le ’:€I

o:s .:l,seo--a: ’,a to 01.’: 1:’.. cUe’:,’ s.c-s-i -s c s s ’ n L .  ‘ . a’. II’ ‘se n s e :  sac’:
s_ are- sr :.. :.i.’:. :eo1 a’s :1.1 ‘sInes: ‘snC ‘ ‘ s ’ :’500 - e f ‘s:.e
‘ s o r e ’ s ’  ‘:,l,, .t,: ’aI : oc. ’s.r:~’s ..ls’ate n :.c :05:0 :5’ ~~~~~~~~~~ r,i . ‘ cc ’s: . ’
‘o:.a’s -of ‘same a.-:’..nln( flo.-: . blots Is- doe s-s-laos -Il ’ “1:. .: ac t i  ,n ‘ala:.

a ‘so c . . a l s . ’ iOIO o :,c- .rt , lo.al ‘si:Io:n : .eos c’ O f  ‘s:.c. e- Illss.soio:. : 1
‘tam’ ::, :erInis.s’ strata.

2c . Ii toe ca: Is cools -c s-I t:.r ‘:o~’ ‘s r s I .. 5 -5 I :  ‘st .c-
l.. ’. -ac - : ~w:,ion a l  .msd o ’d ell1: be Ic c” ’’:, _ ees - l’s. t:.e- re - - cr;olr ) :cll~
Id:,.aa:-.’ -,-:n.oer fr:a o ce’ t’n,-s lians’, i c:’.. t:oI~ c-cent t:,s o:s: ’s.c-p II:—
:.n_r . ccl tsslc’ :-: o:.e o cr. ‘. 111. :,o’:e co::’i,.c-o -’ s u:’c: or, c.l’ ra:. c o ” lC ’° —

I .C  .,.s-IO: ‘s:.e c osmos- cc,or ’ ’sns  cc -  oct11 ‘ n ’ s  s-s . .er ” . _ r  I: u.s-a’.:
e ’ssu..gi’. ‘t .  t s r . :  ‘ ‘ ,e sse:’:o ~~c ... I: .e Or  5’.:o ._ do’ an  us ’S: am ti .e is. ’ ass .a’.€ ..

23. lIds inc--I ~ ., ‘ cc ,  ~ s:” .T I I’lo~~’ s I o s .  ‘ . 0  ‘Usa. : la, ln r .su 1:
~~~~~~~~~~ r e - e r. i : . rn l sn  no In torn I ‘s l Id  ‘n e  Isa c: c- I ’ - e t - ‘ s .  so:.:c:,—

a m I d  the caters cc ‘s~ -eln’,::.re- P,I’:c- :’ c’s ‘s:.€ oicI ::lt-’ ..f t:,s
ia n’s: Islam:... cUte Is m’e .o.ti.U- - :-s . Iner’ a.e cs-cs-is.: of a. :con ’, ‘t:.e
...lcsat’.’e-d ’scs~ c: :‘.o o ’ . ,o’o :’,’-’ s:. s. .~ e:~~co ’i o~~’siun vi:I1 e: c’f 1._ ’sr: ’s . a

________ 
.
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Ion: of ’ 7 is:. - I:u’Ii: t 1csc:s’ oat s,or , a day moo cl:’’ am ‘.‘ery lOO se rospe :. d—
icC c:, ’sl ’,c c, .’,’s e:,t .1 rsl , .. b aati’.’ tt’s . (See al.r ’  Brat B, Fl. ore I . )
Inc-us ’ s-a::.- e-5 Is. ,.j ! 5: . lo€ .s c.’sy,le:, :oa’s t,e e-.’soects- d 1:. a , ‘,s-e:sr. s-cce ’_ ’.’in,

o00anic oarerla~ Ut:. only a sliglot rr:.:-sr,t of ass -mace s-cl-

2u. . 1~~I:,, tt ,e- (c -f loral  o,.r .ce].t s l:.o.1-:nted In sacoc’ra:::o ~ and
9 oar ‘sIne- ‘cam-la o ia ros ’Ir: I l sso ..ivec ,o-s -: ’e:, of Inc ts.co::.Ic.,- t’la’w, ce-s-talc’.
observatIons car, ‘n.e m ace- ‘s ’ooardi: .4 - toe also .,l’:e ~: o ~.”:’:~ €-:. s’sr ,ic o ure to
S e  € 5 S ’s S ,’ O € s  is. the res’srno r. Is’, (eneral , col to . a :.eg:. le’.’ e- l  in take
ace- hl:sol ’:ed os-role-n c . :.oe s.ora oi: - n of ts.e ao-o :,am- cr ’s-,ct c -m’ wib be
essc.:’slc._I toe sams.e- as or cIiIb’oly :.l(:.er ‘toss-. tonS of toe is,ccming
flow . A~ aI::, as the ‘scooter le’:cl in ‘she a- s i. sl.s’ 55 : , ‘ss.o ecolliacalac’s
‘wI l l  cc preserved ta o’ ‘t o  t:.e c-ma sin, of o:.e 10--er strata ‘c-y wi:.d

17. :‘.cl’aln, if t::e ooca Is ecu lusoe l .  fo r po ser p r o :s o c ’ s l s s ,  w I t n
t ...rbIne i:,’snl’:e: -seer in the re-cern _ Is- , “n.e c ater ‘s-sill ‘cc ;,‘I ’ti.cirawo .
fr.m tl,e- noasllms:i:n. Thr In s  ti.e- period of s ’d_’rssser s t r a t i f i ca t Ion .
t :’,e h.issol’:ed ass . -an of ‘soc “-noes - Ii:ci.aa’cle-d. ‘-al l - leo ne s-ra.’ressinel’:
loner s o Ul  late In tl.e summer wr.e:’. the water fram: tne- ‘s Os-tine-s ma;:
co: :tals. coo cli usool’:e.. cs:.:Iy c.:e:. an ts nay icIcle op coil.’ ab c-ut I os-a i:.
talll,race. l’s. c:al: ‘de ‘Id) ‘so 515 mile-s dc’scns-’trea,’o ‘re-fore ‘she hIss - l’:eI
or, .‘c-s, c-f ‘soc s-il er rc’s,~rr!s ‘so sats,ratlcn.

-

‘ 
r - CUes- :,so:lit : ci ca rast er iot i c s  be::!: :sba:.-I Fact B has

In-Ito . r c  I ‘sr.at ‘i .e c..:’.:e:’.t r n c s l c n s -  of other In J I c a t sr ,: c-f s ’sreo_a s uali to
as :.s’a, c e - am . tsrams.i’sn. c_ l ,s- . etc .  are not e:scessi’:e. F.ecaame-

a:’.;. s - - r I  . I ’ :05 . .1. In alo e concen t ra t i ons  of t ::ese consti’t ..e ::’ss may ‘cc-
e:-ssecter  ‘so be ‘l:umr-e-:’.cd ” ‘d l: ‘the ions ste-ten Sion . tlo,e Ic ’. lois res -es - ’:olr,
tl’.e c :sooer.’sratior.s’ Ie- ’:.’:ln ecS ‘s::e c o o l , Irr in~ this pe r I o d  “:111 ‘5r~ less

- : 5:0 of t:.e Incoai:os flo’.: . The ayes-ace- aor.ce ::tra ’slcs . :  l :os :Icated
‘in Far t B ::III renal:. t::e- same -s- r Coal: possitly he lc’,-:ere.l reflectins
a a m o c o  ossa lta s oltal le f:c’ ’s.’ ,e s-s- c- sc- so ’s so c - c.

Ida’.-:e . e-r , -u coin. ’ tl,e cocoon s- .::tIor. Id ‘t oe . , c or  a::i f o r
a ::.orc’ scsI,.. ts.ereaf’ics- . , i::c:re-a o sc s c.ccl: o cc .am ’ I:. s -ac e of tne~ e q..ocllt;.
o,.ara :’sorl:’slss. l.o ’sa’r Ic as-,ors~ l:,erc- is ar. c :-:rec ” c . s  i: 0’s - s - s e I:.
r . r l . .:tn ct , .- .e wa’sers  f ’ s  Iela’.-:r’cre l,l:er I n tl’ols areu. (It : .  am .

1,5 - .’ ~O - S.
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~
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c : .a r t eo r. ., . pro~.5cc- ‘ o.s ’ es. ‘ sQ - ‘s - S’S : 5 1  5.rs.’. ,c..,.l: c.ms ,rle :.ceo am-
:er..i::dl c-c: ole e:-:tes,: sal lla.’- .sm cieao’’c.’c€, c:,c s.. se: is ‘sc’s. s-coo ’s o Ur’.
lI.e;c- tasacs co st c l-crc as. : ‘s.s-~~- .b n c e  no ons ,  u.I’.’fI~~.,l’s’: 5 . ’. da n:::- c cc. ‘.. ‘ .‘ o r

Is’s -_ one , ‘s. p I a : . ” n 1.1: c . ns.ItIo-:: s-en’ ,I’tIc’,. l’s ,:’ ‘s.:.c. a’s :. 0.5

nm:o’ ,es- sms’ ..alIIon p c - r o d s-t o  I’:o- t o :c I- ,. o ’ .cn e s - r o t o r :  ~ f” sc c ’  c l _ _ s  :a -

U~.o m : :er ca .,n e no’ tract , e coc.c1 os r co s -j t Ie .0s: :s .’s ’n c  ‘~i a l  1o1. . a. i:. ’s ,’.e
reser ’:oIr cs.~.l .  7,0.. er - : lo - c : : . .cm . ’s.... c’ s s. sli’s , , : . s  l :’:n’..r:.s l e

ant a-os car .1:. a ,i cot’.. i’.e caacl :.o’ol :: .15. cs-..o’s ‘so :.r c..e ‘dl:
of slstcnlficao’s. size . Toe:c s-os -i n - . s.c s - v U  .c sal.
a.t .m’s . a’:.,i.,.anIS.it~ of f:s-c a:. . ~~~~~~~~~~ lio .-ss’:e:’. i t. Is oc t ~ el i c . t - :
t:.oot s-a (nlfu.cant 5.cs-: - : 0 5 . 5  ..l’ 01.00, r a: . o. oal ave : re  r.o’.: e ,ac-r ,.eoce - s
U l 1 c.c: .,r ic c ’sr.e IC odno I5 ,~~ .b c d 2 o~~c1.

C,:. Dor: ’sso’ the i’ars’t so.css’.~ r ’ am... c ‘co on ~.l- c ...,s-s’:( I s o  se-cc: . : :  c’s..cs . —
o.cr a ft e r .lscam ,:s.os.ae’c .t . : , . ::’ ’c. c’ ., lf ’l . ’s c - :l Id ‘m’ . s..’n a b e cr’o . .., , s c , I .
ste On ’ ’ .., , e t ‘sit icr: o r .  the :‘.‘,~‘s’ .hls:,:.i . ‘.,. lb the S os’ sal l , t . . , 5o’! cam e
as :  I s: ~,soe reser ’. ’s .ir , ‘.sscr : ,5 55 ’ . :c-s. :sulf l le :’i:,o ’d c  s - C _ n O . e :  to ’s m:

a’ics. .~s’U’:erc in t’ .e vico. : ,Lt ’:  o,f t : .s ’ .c~’ rscs .:c.
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0

to :,-ot to Ic Io ’s-, :.,- ..e’:er , th.:5 t trc-::tcooc, ’ ‘s-sill s- c ’. ice s-c :..irec

ms - lo s - U c.:.ec:o’ .m s,’e - s . ins, i’e. c ,s;:_n:zc.i .a 1enrs,r’s::.e-’.’ nf’ Tie :l’.:, c’.acc

s a t e - a  Sham a n ’n ’. .s:, s.m of f i ’ I t s - r :c. , so c .  s~,nt c c ’ S  ‘ r l m . s o S i o : .  s i l l  be- reon.Ir ec
.:ci po:_ ‘..aOs r o..prlier. It is o’.-ss-e s:te:i tc.nt a s imilar de,ss-oe

of t r es~’5me c: I  all,.. i-c- ,m-e,’ ...,_ rc-o I;: ‘Ic ’,-. Se-roe; . ‘s r - c s  t oe  n ’oo..te ore -a t —

s-.e:c .t to iso’s ta ‘,‘iew , toe criterl:. c - S ’ s o u S  ‘Us-ned : -‘s- o ‘ c.e I , (‘sb,e sac l ’s.
‘.‘c- .lm-e:.tcs- ca Sc-s-se-;. ) Lv tIne In t er s -t o s t o  ll’omms:amcls :. on Sc.e 1e’U-

“- ‘ .rc Blocs’ s a n . l r c  tc . c- e cl omir’a _.ec .o of  seco : .d.arn  ro’e ~~’sr: ,e:.t. Icc’sso

O enc .::l :~s:5 Ic-cs Se - s - SC,: ica’s’c- Sr. cleated a-cf ic-sally tc .at c.::tr- ‘So’ ,rs,e-
sf -. ao :e ‘ss-c-ootos .c-s.’s ‘.-.U .l c on lo se to be re.:...cred an a nlm .oaa’. r. r.:.(
ts.e- f,c, s-o _e :s,. p:oes.t -oil’ c.s,e Delaware- kId.’er.

l.c : _ ’:, lInes- daro:, ‘r.e.-.er’a lr.

Ill s lcoa’sis :noc of one- f.....r as-:. ,,’ccto: (.o ’: oao:’.ic ...n , I?re.’.ler ,
E~a Ion’:. a:.d Pelts’:Ille-) sm o ’s s.. for the Lc-s’.i(’h nac ’.I:. arc. sonic-ate..

I. A :,.c,o:.nr - ‘nf t s . s -. snr’sI:,c-:ot de: 0:: let~~Ilc ’ (ooastras’te:i
0’s-am . t . : s . I I :- . I )  is Ls -o .c’..teo . .1:. Iaamo I. Il.,e less- -Creel” : re-as-s Ir
sc. ’s t c I f i sa s  I on: ‘-can In- sIc -Ic-a Is’. ts .co TI cr,pres,e::o n’i,ns. P l suso Sco co-roes- to satisfo

‘s . c  :s’ o , ’ c- .” s ec -  .~a . e r  s. , ’scTI : s.c-e l ’:  i n di c at e d  an ,TIo:,-c:...l.- - P.

-an of t :.e TI -c s- ’ : :  .Tholn ’..o,s os-c ant reiaat i.’,’c- Ia
‘ss.e c - .: o :c’e. .:a’es- ::.,mlito In I .e o..n ,rn ‘Inse t. ,- ‘es.c-ra .l.I: as-pile: I::

on ’: :s 0’. ,:- rc ’o ’ :c - otn . Cl _ c -no all of n o  a :c- :e s-s-.,ject: are ‘I_ - c cot,ct

Sc. o n-ar. c-I; am—i :,.cteo, ar e-ar mcd ar r-, . ’ . .o ’t os. the coal:: ste - so of she L.s bid .

l.I’:c-r (Its o :c - c- .. -:e; tIc:. “I’ mc- ‘sc-sam Is-eel. pr . , ec t ) ,  it is es-s-Cole -- s

mat on e- s..s-f.:c’e c:atss- ::o I:,e oc:s,. .,:,,:osc’sts wi,, ,. an (c-s.c-rca. n e  of es-sEa, -
..ent a,,olit’ , al t) . ., :. “as- in.  -se ’s-c-cs of . on  c ‘ cs-aol. ons.ob Unsolved

o s-s- es sS:’n’s.flcr .tino- s s-cs-. cc - c - n ess ’s.- : to de ce.c or- In ti,e iec-cs-~ s- ps-ta. .

D~’:’ to t: ,e c-s I .l_ln ’a . cos-:t I ’Ii:ns - e-~. ’s.  ‘ .n: Irs f.t. c le:.i:h ‘dasic:, b loc-

s . o.s- dc :c- so~ c ‘ :‘sn oratIon, i. oIi: ’l’.tl’: hi ‘:oc’s- l’~~’ ‘ tOe maim s-cc-n of the

‘U las sos . ‘ ‘ - c - .c’ , ‘: esa’~oe :1 ‘ s e :  :.i,’::. .a..aI.ito 51 tI’,e fIn’s. cc.

c l ’,e os-m a son e--nts - sm ’ lc. t, s,te - tha t those water oscer aerived
olrcctil: fr’-c: t:.e p.

~ 
I, (c-.5;. recreation ) :cm..lo coo t L i - U.n’Ltes by sates-

:s-sallt’. con: I d e -r a t i o n . ,. .
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dram- k I-I sr t .Oic s o s -c  1’~’.s:.;t o - c. F’s’ ‘ c-co t:’

t ~5. Is’: s- chIll :::. t .a n: :c aU - c  l’I :e I .r:r  c ’ S : .  s-r~~. c-ct :, (Cams-::’
i.~Oa: .c ash tI’.c too - s--s’- ’ sct ,s- s_c t s:e _ es . i ’m . c a s io ) t’. ps ’~~ ecc’t: came

los  c - s t s-.c- m’s - lss a k l’l:’ ,snsccl s ,  0 - c a s ,  L a s ’ s. isr a’ . css -o ’: t s . .5 Le .awsn ’e
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State  Ic - c oo’t::.e:st of lbc:.I’si as a : ‘:ln. . . ’,e tsar sos-c-sc-:.tl’; r easi rea  de—
crc-es of :e ’.. ca ’s ts -€ -ao os cs.t i:. n .e 5._I . ..‘. :‘orc River ‘cccl:,. Low flow

in t:.s Ic-Insane is c .a 1,sec- s- I  :.ecce::sar’n If n-ar e- stron oent

s-c- ~~~~~~~~~~~ as no ose - he ’s-ce ‘.1’ :.e’.:o ’c ‘ss-eat :s .e:.t- are to be avoided
at leas t .scfc-s-s’t f o r  a Ioo :csr proc_I ’s-to of ‘sins’s ~~~~~ rc::’.c’isacly would

toe sffsctes .
,. i t: ’.05t asamoec.oao 1..::” .

~O. Fos .s .s-s l’:ania ‘I.e Pe c,s .o :l’;as.in: Ib€.~ as- .::.e:’.t of health Ic:
:en€ra .5 acoe cs ’s :  I s c -  o s -c -n a t e - s  n , .at ‘sac- in.:ro ase a t  :olo.l.rs,a stream flsa s
cn.s-. ‘c c c- - .rse--::te.. ‘so Is- cs-. ‘c :scs- ccc-’. c.asrlica. . 11 ,’,-.e’.’er , Pes ’ss-sylvania
s-s l o t s  a m ’ s  th a t  Ic’s tl”s’s:re- o.c’ens ‘ -‘ ‘crc ‘tc’.e r. coslati sn and. im.dustrial

I’:Ity core ro.s-.i.:b: e::r.o:’.cni:, ‘ss,c - :c..ctlts .I,oe I. low floss s-c- ala-
lion a n , ’ Is - fIlet I 

~
, t:,e Ino s-en :s :e-: i  was te  s- so -o ct - I t  ics c:. less k inder

.:c ’src-e s .f ‘,r e - : ’.::e-s’s- a . : z ’:c- a ps-In ’s’,: lend are Is- :lheci . tie c .ce ,
“ n . e  as: .ci ’f  I so of low -flow aorne:.t no.0 a s lab ..ot  , In i ts elf , -sefer
the Carat as-s ‘-a te :  h o ar d  f r o m  ‘c’s oo. ’.s-i:’.g a :am ’r oe  ‘-f t re atment his-her
‘coos, assIsts a’ ‘s.c ‘ss-csent tls..o.”L. E’e’a.a;.l’.’asolo . : t n t,ej t I”,at :obs , c’e

1. 11:- .cltola , t .c e Cc-:. I’.ar . s-ales- E,.ac’ : -ta o’s.:.:. s-c .~~ls-es sec ,:.o,arn
to ’eat .mc.e :’st s-sos it ass- ..,,t so.. c ons’ that ‘ s.c ho-ar:: will , accept a ic -Sc-c- s-
ac ’s-ce- za I I . . e l -  t ec -a . o :c at ’ ‘ 5 c c -  Is., :s-e- c :sc -. ir. ‘ s s .E nlcs.1.sa sn nt’s-cs:,::, f .lc.s

_ _  
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51. Delawar e The ‘dates- Poltlutiosr. C:sns,Cs: C a’. h-as C c , ::I s c a t e u
that it w _ :~.t co o t s - c - c u bs-c- a c c e - . a~ec- of waste- tr’ea tc :.em. c t ’.l . ’ :,cr tr.ar. ps- i-
mar-0 .~~~~ Heo.ce c-ce:: U’ i: .cre - .asec: 1’s - c - s m ,  ‘-: 5 : 1— 5 Ic , .:U . . sIc, rates-Is-lU

usanr .’:c- ‘s-rc- ass-lit5 of the .liela’, s .sre ec.t .~as I- it c- :.,5’U. cc coos .oer ecm
ass c’ :pplso.tas~e-’ the- c e c . o . sn_ s-:: be- ’sre-c - s f ’  .,. o : ~~ e ‘scoot::. :t . ::l:, c-c- I.e Ia- ore
boe~ not s-cc-sire t a l c  .“.IJsIe-r nle ’src-c-. bloc- p . - . Icy  a-f I c e  S’ b o. ’se of Is_Is--

ware s-e ar n..: , : t::e :ae .’re -e- o.i’ ’:.a rt e ‘tr c , :t : cc :, ,  ‘.0 : c  I r s ’ : _ s s -  c . : . ’ : I:- ts
sot ~s’as-s-s-~ ts-ea:,mcs,t as a mlnla:.sn. .

52. Sa,’o.-:as-’:~ Sew Jersey s-co o Perro.c ,:b ’.am.la 1- a’, C.’ lr.5,.. ,’r t E C l
los. flow as5c’ser.’t.atior: wIll  n c ’s  be accep ted .  Ic, lIe.. -of r s .~~Ir s sl .s, ,r ees
of treamos.ent.. he’s- ‘t .,i’I’: oans i si e -r :  es-c:. stream :. i:.cni’:i ...abbs-. am,’.
Ccc ’o im :te d ‘s-st toe c- f t c-ct  cml ’ the C.:-so:rc-I’.c:.s-I’:e l°lns. is , lI e’ .. Us-:: s- 
c-f onl l: one ,ç s -U c - c t .  Delaware as-s i: :d.lscatea t hat l’s. will, not  re :u b r e
a bed s-c-c- c- I’ t reats: .Ess ’cc U~ her ts’.ao s-s-laos-s-I.’ . As ‘s- i_Il. cc so’.’::, nc _ a’.: .
t:cesc- State p ol icIes  t ’o,oets,er w it h  th e  res .u l .r c -d  ie~ rec- s  :1 t r ca ’.o:.cn ’s

arc ‘tarce coos-c-c -nc -c. e f f ec t s  -of .oss fbi’s: a..~~_eo.taIl an s:III r . : t rss-..It In
any oham.des 1.1: ‘c:.e sc- Ire-c at w ast e  treatco.es.’t as a r e - :_ I .’s f Ide Ian-
mcrener osl ’:e Plasm .. Toes-c- are ots.e-r ice-nc-fits ansi costs ‘s-:.cic: ma:: re’: .1’s
I’s - c m  C: .ar.deE in ti.e s. ..allty of ate stress- , ‘out the effect at These
o.camcJes - on the remainis.c- water  u se :  will. of n e c - c - o s - I t,: t o e  s.f a ~ e:. e- s’ab

na l smac - .  Ct’oas..se ’: sin ‘cc:.t.In water and. sec-’a~ c- pba:.t o neratlrn . lr, or ea:eo
ac -Et c -cc -t ic  ann recrealisa’.aI vaI.~e are esotremell: sbcl fticullt ‘so a s - s e - s - s
mo-retarlaby with any degr ee of’ acc. .ra oy.  lice s-cmos-is_In. : os-s-a sa’aam.c I :’.
this sectloc’s J o r s r ,ment as tam’ ass m o o n s _ I s l e -  Is-cc- ohs-s. ‘vs icc. sOs-scot amol i_ I :
to ‘cc eo:pec’ted fr an sls.:reased fll-’~.: ac-c a tr.e c - f t c - c - t a  of  t : . soe os .:sm’.ae:
on vo te: ‘see.

L I fe-c a t  of ILmp au.ndmer . to -sc’s Stream I.,nabia: cot le lc.’,-:oc-’e
toI:es- Basis. ..U cove is’ent ,n , II . C.

Sc-  - General  .ss ind icat ed  is’. Pas-t F of t:.Is .l cos -e.. oa: ’: , tIne-
rresen’s asality of The ‘-sates-s of t: ’.c- Ic-lass-s c F.i’:es- I s-sin a.  c ’
Treat,.:. , 1’ . 5. los o nffIcIesoI to ssrb .,so t a vs-s-let.’. al’ wa’e:- asses . Ii ’s
was pm-ecs-ctecc t:.at Sy .r~ :55 . toe e.-os.s.:.nsr,,: ‘sss:’so~~.~’o to- o:. s-os ’s a:.’c.:’Ir,,s-....
acti ’.’ity a r . n l o i r n te - s  for  this  are.. ‘€111 usc -c-re ’s-se t:.e a 11.,b..t .,
los-cl ‘a: apar .s-in’sately t:.an ex ’sericnocs, I:. l°~ s1I . Ii Is l:.o’s’e’~s-e 1as.c~ -
c-ocr c-sill, not  ac.’:ersely a f f e c t  t - .e present waler cj. Ul’o:.’ s-nc It  is
s-coo citated. ‘ti’.at all prese-s.t ‘os-tc-s- :..c-:’ ’ ..-’-Ill c o.t ,s. a’ to c.’:Is-t anti
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b o b’ .. l i e -  per lc : ’d a f t e r  boS:- D as IssUes-ted in Part B is considerably
‘5 r s c , e - s  :1- as t o u t .  it is cccl . ac Li ’c - ij a t eu that a large scale curtail—
cm.o’m.c. .f: rr-:ss:. t s~~t c - 5 ’  ,msse: c - c l_I ‘occ- s.r.

54. The effects on stream quality of the ll.p~ rcr.ds-ents , pro-
am ‘:-c-u f o r  e n s -t r a c t I o n  La l°h-l c-n quali t.~ c:,:’.dltions. predicted for
I be :- e-r l .cs. are disc-us- s-ed 1cc-los . As indicated in Section II, the

ocs al ’ toe Comprehensive Plan is proposed far  completion
by ll~5-l asc a fo lios- ic_I th is  per iod three additional structures are
pror:sed I:. order to satisf y the a:ctici.pated water supply needs .
Sts:o’e ‘s o_c- ps-c-lactIc :: of cooo d.it ioncs after .193U is subject to such
c - s o s-es-ce sac- -iso t loas -  only a ceneral c.nisscu ssion is presented.

55 . Altoscoigh the discussions presented is-. Section III m di.-
c a n e d  ‘.b at sts’atafioatic:. s-s-sto len :: may e:’.isst regarding the quality
o f ‘scO tes -  is’s re ’:em’-ccirs , i t  is assan e on tha t  .optim u.so intake locations
s.ll’:e o:’.:-sen ‘-:10: respect to ‘,sater amality and that suitable air
e:,’sr’aInc- esot -.:en,s-e: wIll cc- utilized so sic to pr o s-ide at least the
sance l.e’:eL c-f sOs-c-as’:. sam.sality an b.c p s-a t e -ct  site as preses. t ly exists .
‘I c effs-”.: :o.a.’. -of toe proposed ioooc us’.&s-em.ts ‘saIl consist  c-f the
reb:-.tlos.sa.Ips ‘cc-nc-see- :. toe dilatic:: provided by ts:e as~~ e:’statior. of

f l ow  anon one soc ’s s capa tea  stream :.oalitl” .

Late-c-Is of lanpcmatroents on wares- c..sality is: b~ 5l. Tatoles
2 s-n i i.. cna c-ale ‘Is-a t ~tae Dc-lao-o s-r e Ei’:es- at li’e:-.n-o- n will :.ave a micc i-

sac- :ais’.e- lc flow of s-bo ot  .-ab ooi cf’s l:.cbsd..ioc’s a mi.nic-:ur. sus ta ined
at 5I~ st’s i’ s- s-’s. 05’.c seo~i5:. Fines’ . I’los:e’:er, ts ’.is ao.~~~entation

o.ibl  s o o n  r e s slt  is’. ta:cgic-le waste t reatment  b e n e f i t s  s-roar to ..95I1.
,E’:er, ‘s-its-a ,.t I . ’.: f low aar entat icoc.  th e  mInImu m 19at- dissolved oxygen
le-:el in the Delac-ar e Pines- is soc- n anticipated to strop ‘sc-low an
a’ era~e c-f abc.s- 5 p:ccs a::b may not Is-os- ‘sc-Ic--c-- t1”.e ocresen ’ts average
l€”el  ‘

~ atm. ‘lIce -liss .in’ed -:Xt rcc -”s level Icc the Leb’.i,sl’. Ri’s-er al-
Ii .OUI’s Icc-er bass’. t I le Iela’ssare is es ’s ’soect e-l to he acceptable . Since
sec-soc-cams-’: treatne: t :1’ wastes I.: iates-d,: s-e s-mired. I:: Imocodel and the

o : T ’ s a T h .  f:r the Ic-la’s-sore Ri—s-er ab c-re Trenton and c a n o e  II is not anti-
c is-a te . t h a t  streos. .~~s-b l t .  s-s- d c-coos c-_ Il ic-nc-Ic-mo- e’,’ec. c o i t n ou t  low
fat ’s-’ o aote:,tarlon , no char.,:es or sief’ers’als of Inc des-s-ee sf  waste
t r e a ’sr..ent  are ex’r , e c - ’se J  to occur as a result of n:.e major c-o :’.troi pr:-
:ec- ’. s of the Iompreoec ’sssi’:e Plan.. ‘Inc -s-c-fore, a l th ough  “ s.c-re will .  toe
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- ‘ ‘ - 1 . .  _ ~. k  - -soc:Is o:.cs-cs:se ~c. ona:-~ .. . a - . c.,. ~~~~~~~~~~~~~~~~~ _ 1 . . . . . .5

ts,e t:.c-rssc . e- w i l l  :.:st s-tI cs ’s tr.c sa ’s-’ C .1 5 : 0 . 5 ~~~~~~~~~~~~~~ s. c- Si c- c- ,

‘s o.e l€ :.c-S’bt: w il l  n.e los O c .C s.at .m’a Th’ a c - S O . . - .  ‘sc- S O. 5 ., 0. ‘
~~. 0 ’

l’ir:ce these Ic-s c-lIt:’ core s- .m e - c - c s - I Is. ’c.s-: . .o I c I c  , - s cs_Ic- cIa’s l’s-. - I
cs.o:.ets.ry ’amlc-eos n - c -acn e - s  aue st .lsor :ct : Ie

57. Part B ins-nicated the  relation.’: :.ip’ n c - ’ s . .  ac - s ‘o ’
~’e Il-c ’s-: s-s.d

s ac-’ dccc-’: co:ste::t of the I.c-boa:as-e Si- -sc-s- at Trenton . To.iss os.ttcc ’:. Is
:.o~t expected .  ‘n, cham—. c- e os.s - .’n lf1sasnt_I ’ c e - I s-c- 1 :11 an,: ,ss .-ct c’s-:. o

cisc-cl to  siualitati ’-s-eIy assess the c_ Icc-to sf low fI, - -  a.. ’ss: ,e- :,o ’ot I
Fy 195d ‘asse- mI::Lmum s’sstai: .ed f l o w  at ls-es.t~ s wIll  ‘oc cto a .~ d-l 1 cml ”:.

On toe- basis of Flatms-e 9, P :ar-t B, a r e s i s c -t i a s .  I:. :‘:C. - c :0. - ‘.11; t.ts-.,
i.ardmcesss can cc- c-ass-c-c-ted to a c - ou r . ‘I.e acs t .sab r:.s ’s . lt., ..e -ot ’ ‘,s . ’- s-c-

cisctiac : is di,fficul ’s  to: est imaoe ac-coor s-n c-Ia : t o o t  c-a nIce ‘o nsals - at Fi. ure

9. Part F’ a red..:ctiooc of a’L o u t  5.1 rs css, to’.::. t,5c ‘som’eoe,,’s :5 cs-n oa~. be

e-:-:peotel . For pbam sabsc0 :urp.seos no’s-ever , ~s.ly ‘s.oe s tsa l i I s-nI ’.’e c - f t c - o l s
on l.ar dm’.ess- are eslluo.atec. F ,eo at ct l -oo.s 10. s.as- :n- .cs’:s cc:coer.to ’atl:o . ‘-: 111
. .nboubn eoi l” ac-cur in the Lei.i~ :’. Es-sI:. also a s _ s  ‘,-:Ilb s- s - o- toasnl~. to e at
tie same osrd.er of csma~nitucae . While- the roes’ sr..o :c’sol c s-eJ . ,ct i s . :. in
Ihar lr.ess cancentrati,,.. wou ld  be relatively so.:all . sane- sa’,’i.-’.as In

ci.emlcal costs will. s-c-sub ’s . Sc~ attc-r.sot ‘s- ill ‘be na-lie tca’,:e’:c-r , to

asc ribe  a mor,etara’ bc-s.c-fit to  this small o’eon..onico’. in s .s-r sIs-es-~ os:. -

cen t ra toon .

58. An increase is. is-ar. ccntc--sct, as lbr’.clicatesl irs :am’.ns-e IC- .
Far t B, will. in part -offset the benefit ressl’oi:cp fm :. toe ic-ores-se
in bar ds-es-s conte:’st . This- will res-s-eses.t as’. Imo sre s- ose in ts ’.e c. :atc-r
treats-c-cot reou irc -d  t-c s-c -mo- c- thI s es’.ce:o is- c s- ,. A ’s-i:’., nsa attemolt
is made here to evaluate this cost si:.c-e toe varla”:ilin’s’ in
water treatme-r.t plant practIce : in s- so os -eat.

59. Increased tc-.r’nidit-- will occur bc-low o:n:ts-ssI.Is’c’. sites
an-si coop persl:.t for some distance d:ws :sts-eamc . Ulle Iso_I is in
o’eneral a Os-s-n-: itory ef fec t  be -los  a par’ t a c -~.lar Inc-s. .  the os,’crIao o-l s .
c-cnstructlon periods of 11-15 year n- ins_ Ic-sled In Table 0 s:III. re-s Ut
In a c . nt innc io’s: pr tic-n. For i.n s- t as’.ce , dons-i: ’..1’ t :’.e c--o: . s - t m ’ u c t I . r ,  of
t o.e- books Isis-s.d pr s.. ec-t a four— fold ir i c -reao e  is .  ‘sum”: 1.51111: t. ~.O to
51 s-pm may 0cc-sos- ins-eslateby below the s i t e  nd soc - s -os l o ’s  cm: far e u - n : .
ass Last-o mc , Fencsry l ’car.ia re os -. .lt inc fr. I : .oreao € :1 ‘s’. ass- ts - e - s .  tmos -s .t  C s- t o
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a s h  a 1’.’es’:’e c-:’I’ec -’ ss’ c’. o s ’ c-’oc-’, h i- ‘sass . bc e-se ~es..r- s-am’, c :0:0 are- sot

:‘. :.sI.,es’e.i I.. b e ‘s-c -Ost c - s  .i_I ‘so ‘as’ s ’s - s . t  cs c..ssl.c -s-’:’U,s. in ts.ls s .r’.’c- y
s’e n . m - a .

‘TO. I_ Icc -to o f  inn  ..o . tmes_ I s on wa les -  s .,a II ’s’ :  is, 1111’ h oc-c
:s’c-i ict lo : ’sos  :1 t: .e c- oI l  :t io.oa l  los-si as-n d s-c - s o’uln i ’... c ‘s-s-Icr quality to
be es-:sac -ote-,t ic’c E-l_ I are :s ostoo eot to so Oc, :: c-lies - ‘:cor b.cl.’c i on: , cc-c Ia,’ , .Ier.e ral
stns ’se: .se: . ts  can b e  55 .0. se- oc - . am’J,ico.c the e f f e c t s-  -of’ the -  C som~~’c-s .eo:s i’.e Plan .
l’s is arctic-ic-s-ted ti.at tIne d i sc u s s i o n  in s-s-r oss-apt.  5~ at s- i l-i  s-PP I”
icc ’:’ - :‘ar as- tt.e slirect. ,co .“ c - cs - ce o ’  o’:ality ohas .s-es- is c-a-noes -c e-a , s i nce
I . e -re is s.o s- e s - s -os. to b e l l e-n e  ‘sos-b tid e f .:ss-sas ’o c-:’.tal re lal lon ’:c.ips bc--
lose-en flu’s-. as..: Iron ao.a o.s-’-’c-,c-c os c--Ill c - scano c - ,  2e-r.oe, a decreas e- in
i ,ocr ln:.ess s-sod an l.c:s-c--a:’e ic’s is’s:, os-c’. be es-re-ole--b . P.s s-o-is.ted aut is’.

S . s I t s .  re ’s-r d 0 . toe ccis:o Io ’el cxy’.’es., l:s.c- Io .cs’eaoed -o-lbillonal
load e:::eo cc,: (ass sat:,,: ccc “b m-eak ’sb ar ouc -b1” icc seastic- ts-ealor.es.I tech-
nolcs -~s) ma’: reoi.,ce aIns-olned o s’::,’s-e:. levels at to.e critical point of
t .,c- _Ils-’.~sm’e- ‘s . ohs .. .t 5.0 s-pm and at tlroes may reduce tl”.e dissolved
5 :’:::. e.. be- cc-I bcb ‘.. to.Is- fIs-~s-e. H c- ever , no Is-ms-c- scale curtalatent
: 1 ’ cs- os - nc - s  - u s e s  Is eo .’,’iosi scc - cl ac-rind. tone s--es -I s-h er:-iis:cl in 2010 . Fto-cco
‘s,ne ‘s-s-ste tme’,:’sss.c-s,t s-oi::’s ,.f ~~~ , in is see:’. that eves: with-out low 

o s . c - s . t a ’ s I o : .  ts.e ost m’e acs .  buali t lo is expected to be wilt_ Iso ac cep t—
an be li:s.I’ts iso 110 . l’ia s .ce, tose abolItion of fl-ow to the natsural

n o s  ‘ s o s - s a u c e  an:,’ c - ca  c-s in toe recoils-c-cl secandary
Ic-. rc - i of nresclr:.e:ct slcice ‘s .c - s- c. e:se:’.’sially sill not ‘ccc- any stream

rr . t. be:.. . Ha’s:. cc. o..s-scs-es in a’s-ste tre.nst:oe-s’.t measures  anti—
ate ~~ree,,ltI:’.o fr  .n Is’s- f lo ss  as :oses.t .atIcs. , o:o b c -n c - f i t s  c-an 1cc-

a s- c r_ Ic - sI.

‘.1. -Co. ’sditI : c .s  cc 1. 
~~~~ 21-Il A_I l’ , s . o s .  rso large t osc-cCib be s t ream

s-alit1: toe:,eflts ‘s-ill oo ocr..e fr - n lice Plan. -si.arlccoc the pc-s-ic-b end.inoc

is-’ 2111 . it is e.-:cseo’scd “ ‘ ‘ ‘s ‘s- it t c  ic ’sc-re .a::i:c c-’ poll .otI-o n loads , the
toe s’.etlcial effo :’ts U’ the Plan will ‘nec-one more and more pror’scsmnced

t.:’.c- 5-0 yes-ms’s I’ ll:c-s i r. s- 2010 . ‘Is~e sIres-.’: c -m s - l i l y  of ‘soc at Ia-
o s -s-c ati oc - ‘I-€- nt ’n ‘s-Ill. t s .e:: toe ps-c-’:e:.ted fs-om ‘sso-te:.tlaliy s,taterio-
mating _Is”o.es- to :: I . e  ‘ a :  ‘s’se’.’soctior . of bow f lows.  I .,u ai’stitati’:e- amsess-
- o.c - :o’sn cml ’ ‘s l’.e. € ‘b e s e t _ I c  . .  eves- ‘ .me :‘seb .mb ouo and am’c- not  made in this
m e;’ :’ Sl,’uali’In”I’:EII’, t s , e  c - f t c - c - I :’ of I” e  c”ss’:o:.r control s-s-o c-c-I: on

s-I s-ears ‘s :s-.Iito _Iri:’s,. the perlol folboc_In~ _I 1C° will ass- .ame a rela-

tIc-elI: ~s-C51.Ic-s- is’s’, cs -’oa:’sce an-si nco’e ta:’.d.~ b-le t o e - r e f _ Is -s-ill, result .
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~.2. s” u:::s: r ’y ’l’ ‘U i. e 5 irs - l i so he qu ti tat: c-ely O s . c ’  c - t I c - i s - . : :  on
t.r’ .-:c:s qual.J. iy s-I’ t}.e con. t a ct i o n  f the ma j or’ con O r ’  U pr jests

scat t h e  :s i i - s e or - ess t  reIn ’ s - . I’ im r oursde’I ash es - o, wa r I s i : ccr es s - ss i r s-’ 1 s:e
minis :, scsI 11 -w of the Delaware R i v e r . It is  eI. ieved ic r -ot t t o e  I :s .r r - ‘c --

ss .u n tn r  icr certaic:  aspects: : I’ the :s-tre ’c-n quali o b: p ic t sr’e w i l l  o - r o w e . . . h
any de t r i s o e r s t s  I c - t i c - c t :  durin: the life oil ’ t r , c -  Pl o:. OI M U  a , c- S. c-ac --f it
w i ll  s-c: s it . t :s.u u l d be r ’ec :. s- i ze d  however , t O ut  at this tI :s.c- ts.e
ct benefit is of an ir. t . ’o s . ’h L i e  s ’ ohs - i c- c - r r d  scu r u t  be economicall y

e-’sju,sot e- .i w ith sony desiree -..f accuracy.

Effect: o . i’ l5r jps - :~ r d :s-ea t. .s on l it r e s-cr qu o  h i t .y o f ’ .-e .‘sw sr’e
River Ba irs from Trenton , N .  ‘ , to .  I c - b.a’-ssore Soy

63. Genera l  P o t  B of t h i s  Appendix  pre s . sc s. :. e.t a:’: evalsati-or.
of the water quali ty ( in  ° c - c -s - o  of dissolved ox ,y . : es ’.) of ts,e delaware
eo tu s s - ry  for toe p e r i o d  b) i .U_ 1958 and concluded that (a)  t iss ‘.“ .sl s . ,  e.o
in  annual coves--ro e dissolved -55-5 1/ se:, from year t~o v e’-~.r dir_ I5 130 3 -

1959 were due primarily to oi ls - sO c-S is, f r e s h  water I s . f_ I w  (t o )  t , e

“ c - l o t ion s  in dissolved oxygen over a pc-ric.d of a ye ar , daI~ -or tida l
cycle card ‘to- c adequa tely predi cted us i ng  s t a t i s t i c - a l  t ecnn iq :e s . as-sd
(c) the results ohtair :ed would apply until a rs’ps-nseircately 1 ,-dO . l’sce
follow_Il discussion evaluates the chanbses in dissolved oss-v , e n  wit :c isc
a year dose to changes in fresh water inflow and tersperotire . lice
re~ ulation of flow by us-sti-eass. s’eser’c-,irs , as jodicated in los-isle 3,
is then  imps-s-eu and t h e  r e s u l t i ng  e f f e c t s  on di ss -u lved oxy ’en , core
discussed.  Quantitative results will he pre d ic ted fs-r t i c -  period
ending in 1980 since , as Part B indicates , tise conditions subseries-S.
t~ this period are subject to considerably greater -cur_ Itt-on . TOes-c-
are discussed further is’, para Iraph 75.

- - . . 1-lethodolsogy The siauo . .-ida l relation shi ps for dissolv ed
.axy Jen and tersoperoture , which were determined in  Part ~ , can ‘r oe
os -opp leme :st ed by a:’. a na ly s i s  of the van -col ic: , in fresh water inflow
at Trer. t -un across- the period of a year . Using t h e  average seasonal
dissolved oxygen and temperature curves in conjunction with the ooe-
veloped fresh water flow csrve , simultnr .e - -:s plottis.: of toe vori-: c: Ie
car’. be mos aic- to determis,e their in te r rela ionsh i p’-’ . h owever , to ,e c love
cie’;et-upeci t - descr ibe O n e  var iat ion in f r esh  a s t e r  in f l .w a~. Ic - c - ro t -or :
m u s t  be m o d i f i e d  t accou nt for the t im e  of t r a ce  i b e t w e e n  th e Leo-I

~f t ide and the  po in t  in to.e e s t u a ry  w h i c h  is order  coons -’ io i er ro ’ 1

-,.
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TABJ~~ 5

s-II hI1TATJVL EFFECTS OF LOot F1,O’~’: AUG .
~.liTAT1U :

02 E~~IEA i~,’JP,LIfl’ OF DElA’.’.’PJcJsl F, II VE}c
Os-Ill ~~.E::To:: , ~~ Jj ’.IOEY

~~ a1itt.- E ’sc-b a t ive  e f fec ts  on cuab i ty
2s ,a r s~.c - ’se s- l r ’ t I c  L:cbis, .’ ex l st ir g  dur ing  toes-i-s-i

l lss c i s c - s  O:’:ys-eo. 1)31. S calb increase

_ IbC Smal,,er in c-s-c-ace

Hur l er s  _I.51- Sso.all be-crease

10l0 Smaller decrease

Idol  Small increase

lUll Smaller increase

Large ~emporaso’:: ar .crea s-e
‘be-Is’s- c-ac-i’s s - a t e

I_Ill Lar . ’e ‘ ‘t ests-os-ar’:” Inc r ea se
“:‘c-bc’~. eacs. s - a_ I
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l i - c - - to- :, ~‘e s.:~ t s-  Is ’s sos “ € “c- ‘ tI’ :e ” :s - c - c.s, s’s - dc - ; I’I.:.~ s-ce ‘,t ‘ s f ;

p -In ’s I’ are e: ” .:am” . .  IA.i. . c - , 5 ’ .s , , c .. s ‘s-cl_ I n o  aIr-
ssI’:c-.i s-.r c - . ,  as-sd te- :..’ s s ’,~c .s--c- ars-’:es :.- s .Ic..,I. .e :L ctes - ‘ c .  c rc—

i’ ..oc - r’ a n.eau . Of c-ste:: ,atic . ‘.:,~~~e b : ’c- :c,, of ml . . . r c .

c5 .  Ils e- ao sol ’ .i: :. s ’cces, c e ’_ u :. Fs,r ’s l r c - : :’ o . € : t s- 5,s.e
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is em - c -to o - c - , o c o s ’ e r o b o n  I ‘si.esc m’s ,: .bt s  cc Is ’s- fI  - cs-.-.ro c- s_cc

cc ot’sc.I:.c-.. ‘s o c  c:sJc ..Il:.tIs’.. ’ so :.c-o. ~s-eo St e  :5 cc. .:. as’s .~ -

co:c’:esso’:Io:. cs-co t o e  .oetc-s-::.is,ed Is-c::. ‘s s .c -  daIs ie s  c::u ’c c c - s .  s .c.

m e - a c  to’ s -° s.e ave-so’s.. c- l eo ’ s-s.., ‘s soc -  s-s .:. ,.,r_l sc,c. c,,s.

year ..n_Ir c.. : .E I d es-o ,I I :‘..~~~-s ’, e:’.Icr.cole can t . .cr s- :  ore  t o e  ~:tnibres.. cml

is o,e ‘.‘ar i ic c..i :::.- ir. ssls, -.I’:c-,, “ :~:‘:5 c s . .  c. c- .’c .’sE r s - t  .s-. a .1 ml. . . - .‘ m o n  a ‘ c _ n
s - sc - I s  ass 157  s-ni . “ s .c-c c - _ I c - s - a s -  o f  51st: c ’ -~ f l . ’.- s ’ e o .  I s - c l ,’:. os_ s . O, . . s, ’ S csI

6c- . F c- :’ ..I’ss- l’ig..s-e 3 I:obl:rs ’seo ‘ s s-c- ‘.-,issso -‘I n . e  a.’.c-.b ,ois
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133-: . ‘toe- I c - s - s -Ca  Il’ .r ‘0s b_Icc:c sI.is -s-’ ’~ l’.’e1 ::‘:‘,. , e s . bats-. ‘-se-n ’. a’.’s-IIatoIe- .

n- a- floss ‘. rc: u :eli. t .  -c ’rt . r s - . i o  s.m os -€ s_oO. ,S’cs-te- U’s.
I.,e o . s-s-e ls -  tb-cn  c . c e f f I c i c - s . ’s  ~c’ = S.~~o ‘ s - I ’ . . .1 = l i S )  Is. .J .‘ses
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.0” ‘ “ ‘  .0’r_ ::’.a.:asc csu’, ocs. . , , .eo s ‘sacs-c’. ,, ~~~~
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‘she c:.asr’ 0,55 s-.r c 0_ Ic - : .  too Is.t. isce Is-s-cc-I tines is. li:nre -~ t hus

s-e :m ’c - . e -r . ’t ::.c- ‘ce-st c-s t isos-tes of ‘- - hen toe f_ I-s at isr’e:;’ta~o. si ll signi-
f ’lcan ’sI’o s-t Ic -c  0 lose di: so _ I - e d  - X s- € r  is. ts~c- e:’...ar’:.* The asymptotIc
oal ...c’ e of ‘sI .e- trace -I ‘sl.,,e:: of the l:s.c-:’ s’Isss.: at toe turti’.er do-wr.-
s-Os-c-an points  in toe est.nsc’ l : irs-s:i.cates tna’s tIc.e agp l Ic-a t lcn  -of Iscese
‘same:- is auto c-ct ‘cc , ‘,:i.mc- -:as-iation.

s-S . F_I~~s-es- S ann 3 ps-es-c-oct ‘she r e s u l t s  at four  s ta t ions  f ’s”
ulss -ob ’:ed. oxygen as a f u n c t i o n  -of to_ Ic fi~~ssc ‘ssater floss at 110cc- s ta t ion
ac-’sb tent s-nat ure lu r Ing  toe average ye-ar f-ar 15o..3’_l)55. ~f the average
s inuso idal  fbc” ’.-.’ ’:as-iati.n at is’e:dt ,:’s giver.  it’. Figure 3 s-.ad toees. s_sc-b,
t lce reIs- ’sIo :.ss .is-  toe ’s ’. - ce - s. sol s-s .  Isaco, arygc-r. a.’cJ flso’s-. vaulcI he elipt lcal
in s:oas-c- ‘b c - s - c -  tote le-sc rs l }’s of ‘sloe :r.is.:,r axis is giver. ‘toy lice extent of
::se i,~..ase :idffes-er’,oes. iscis c-au. be see-sc ‘by ins-p ect in  the dissolved
s:-s’:o c :c-tc-ss, sces-a ’t ure reba ’sisucs:cixcs. These correlatIons result iso oil-

fe-s-co’s s-lasses s-sob s-sos-lIe-a” mis’s:s- a.s-ec than tlocse indicated for lice die-—
sol-:e-d 0. 0. ac - s.  ac.-J f ,,o ’.o r e l a l± o c .shi r’s, is.e s-lope i:c-dioat es- ssia:’:Im.,,c:

‘s c - c r c - n a ’ s _ n c - s  occrcr aiss,- :s’s at miniscc saso dissolved oxygen and the smaller
as-sis isosics-aes  ‘sl.at ‘s:,e- ‘sbr,e JUffc-s-e:cces ‘set-s-c-en r:axi,m un. temper-

s-I_ne an-i. ::i:cissc u,oo .,iss-oI’:ed cog:Jer: is small. If the h orse of ruaxincmn
‘sestsoses-ot_,so-e: ar..i o’sinir:..s’c. siissois:e-oI ox::gen were eg or al, the relation-

s-e .l . o e s -  ‘so a s’srai c’o.’t line . s , ’:”sinr’ nc-n at Ively . A pc-s-il iac- slc:;e
of t:ce s-ir s-i -nt line ‘s-:,u_I indicate boll’s ;-ariables are exactly in
s-sos-se and the ccc- :ati’:e s-lore ir .bbcate e- the var iables are 1511° o uct of’
p o a se .  For a 90’ s-bass- differes’sce, the relat ionship ‘0s cu ld  still ‘toe
elirlical w i t h  t:oe a::es parallel to the axes of the variables . Then

‘she  tine: of tra’:el given in Fiu’ure — are as-plied to the variation
:f floss s-I ‘0rent..n , the sine cc-rae is distorted. Dc-ring “she higher
lb s’s-s ‘sscn ’t ;.s and dep endino on the point it ’. the est.m ary which is ‘being
a:._I’:zc’f, the  dI:tort:on is less onan dc-r ing the loss floss months . The
d i st o r ’sc -c .  floss c sr’:e for a particular point alters the basic  geometry
‘be t ’sseeo , arm- c- c Irc e s-as-es there-b :: leading to the relatior.s’oi;s as shos’n
it ’. :ar, ’.’e

I: :eoc’s Is-sm Floss-es 5 an -c- c to.at as the floss decreases
at ll ss-m’ c-s-o..s .be aol toe t e-sccoera ’sum’e inc rea ’,es , tIde dissolved .  oxygen de-
cre.sao e . c c ’  a m1:,i:c uoa -:t -- ppm luring the c-as-Il: par t :1 A u g u s t  followIng

SI: . cc t :.e nm’ero .rs ”’U -:c n of tgis ~-s-ppec ’s-s_ I :-: , aoibillonal data has bee -cc
c._ leo~ e-o ‘ss .0ic:. alters FI .,:’e I slinhtly , t o_ I  has so;- : e f f e c t  on

I .es.t reo..bls s-nc- conclu :Ior.s .
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aarir .c-’ sc ab. cc c.. c-s It .  t b ’ s-, . ‘s ‘ .c- diss .s-~l s - c - ’  r . ~~. CS: Ic.ccs ’c-a:es

u .s-c- I s e - de s -r e - soc it . t er c . :c s ’ot ,..r ’ c - .  At  he ’s-, C- 5s tIc-, i~c-ls.s:s-re, 1:05 —

ever , 0 c c -  s-c- l a s - i  os,s s ip: c_nc - 555. ic- aIfl’erc-c . due rs-ic.c-ipally to  b .c
c-incs- cc . . its tr avel  t ime . It Is Seer s Is n’t toe loss point of dl:::

sx:s-’ 5 -ec occ._n: oar_I s- As51 nt’s-us- o :_ Ic -I .,  sith dec-s-cs_ cIsc. Ire:.:. ‘.ater
floss-, the  c - i s a ,  1. :es- -o s’s1:5 ’c-r . increase:. c - c c - c .  s-s - s - toe- sLocrc-r sss In s- Ic-s :os,es-—
a’turec . ThIs ;Ls. rücrs -cc e : toe effect . f la ss .oslc ., ’ Delawar e Pay water
ac-ring 55 ; .  l ow I s-c-or.  saute-n flow mor .t1’ss.

70. Fl5 arc- 7 ps-c-sc-rot: the es-tin-ate-c- reIatd-oc.srs-Ips f-s r d’oar
statb-o: .: mar It . 19-b . 1. Toe same c’,os t, smc r a ’s ,b o.’:’ rrse-nIi s,soc c - -.s it’s b c -  at-os-c-
pars--tro ts . a s - n y .  Toe o.xs-II .’ changes I:. the rc-~.ata.scoosas-s Cc.-Cs uT as. toe

level: s-I ’ silas , I’s- es sc’.~ c- es. as-cr flow , ass-c times .:f c-ccurrur.,c e- at flow.

Alsc, s-c.. r. Is.ted ss- .50. Is: Par t B, the- d.is.s- ..b’. c - - .. ‘.yoe:o at v a r i o u s -  ‘sbsrsc-s
of s - b . c  s. I s - m € s  or slay ms-s he considerably ~ic-’her os’ bower tics-sc lcc .ilccs-ted
Is, Fi. s- ’ocrc 7. Ts:c- e-:~c’ses. ’. ~f the c-hatsg es and Inc estsisc’satc-d t imes of
oc :- n’rences- are gb -s ec . it . Tar Ic: 15 (Par t ~~~) s-so d A2~ b~ . F:on c-as-s-plc ,
Sb.’ sc-c- 7 i.c .c-los_s-c-s 0 - s a d f o r  As -nc -c-s Hors -k a t  ‘c-he c-s.d of Jane-, ti-c-
.~c € s ’ n ’s- oailg sils-s:i’:ed ..xyger. is s_to ss -st. C . 3  cscsxs . ladle 15 (Ps-rI E)
E s  ~ ; a c - c s - c s-c- o f ’  + ,... - - ross:. sue ~s’ ‘sisal ac. rm -osoal ly bs sf c - -..er ;cse :

s- I  . m e , se.r-e c.J ir . oc . tOe ‘s_ Inc c-f t i de  ac.,I day , the dissolved
at ts .e es-u of .Ts s.e - :.ay -. ao-~s- from 0.1 ps-cc. t o -  2 .0 ppm wits. ac’s

e - s ’o e - ’es- a’:~ co. ’e of .t o

71. Ef’fec-’so of l b s _s-e5 ’u_I’tIas, The clmpo:dtion of a cors s-tas’.t
fI  s - s .c irs- ’ parcic~ las’ ‘t Ines s-I the ::eas- affect :  the s-elatios.ship s

Is. F’Is-ss-e-~. and 7 is. a c-cs-ic c-c way . Sic .sse these c._n ’ces
I s. ~ :.‘€  as i t ’ s  nc-so . c o : . t l s s - u o n  fs_s’sctisn: , the tic’.: s-e s- ’ .s-latian

C _ I F ’S car , E c-s t irnate.~ s y  u se of a c- :-nstac.t relaticsco:iclp .d .sc’irc . ’ fIns-;
a ., -ss.~. r ‘ ‘ ‘1 . t ~ . .o’ c-sans be- . at ‘I s-nc - s--dale cr c-s-i. s.c I3c57 (Eioc-s-c- 7) c.t.e
11:5 .5 5T - c - ‘s .nsr g-...,z’ S c c  ~-s- O510 cf’s dc-rI’..; July . III , as is- rslansced
I _n s -s - b  c - :c.c-b t ionc.s , ts .e- 11;’.-. ‘so c-s-c re-gIns — . at I C-4- cf’s . m o e  co n t I s cu—
D c - s  - ‘a n-c of ‘i’ , dir solved cs’gasec. — f_Is :‘ebat.I-:c’:hics car. ross_I. Ice
ps- c- .  c - s -ce .. :~c a s lss-s-I ,’c .’s ibose frcsm os-c- roid.:Ie of July to about t:ce
an ,~~~,.  ..f ..c’s-’e-:sces-. Toe tm.s:c- scale j S t : s c - s .  casnrs s-€osr . e- .. dc .t. t h I s  h o s e
‘~- a 0 . s ,  ‘ . s . e  sol.s -sc . . i’:eu o;..y xu:. ic.c-rer.i:ic’.so lInes-s-Il. cb. u,rIr’,1 the per_I-c -In’
r’,, ’.h,sh ’s-c , .. Hc-s :c’, it. Is c-s-t i ns- l e a  Iso_I f _ n  T o-s-c c Is-Ic-, a rcg.,ls .tc’ r
Ih. ..c s - 1 1s-Os-b c-fss u n-lag l~~

’-’ w .,~,I-u ha-se re:’- .It.ecr in a s- s is - s -’ s - loe , s  ..sosy .’e:.
Ic c-i ..,.nlc.g J..1y I’r..-sc, ‘ .s ss :css. 0 . 1.0 t .r,sc. as- c. ’ s , t r h~~’sc- ,I s_Id , a ps-c-
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71. Is-ole ‘., :n’c--: . ’O, , i: ta:.,.lar I :-s:. ‘ S rc- c : st iss - c. iS,es- .  c r . s i . c . g € r o

Is: d cc: .  I c c  .. .. :‘;ygf cs  r e su l t  lc .g I r a-t o a s-c-g ..Iotc-.. fl ow s- I ’ -11070- c-f:: or .or s s. c~
a I -s’s I. os , :c-a.r simIlar to 1957. Ic . sirc-uld be csssLc.c_niZed tc .at ‘.ne

valu e-s  g I’,’cr.  I:. Ta_I f a s_n c c- os. ’. iso_I e~ ccl l;si l’ : a’:co-as- ’c.’ ’s- .:  Is:. 5 - d l i
be ..:tai:;ec- If sacss-iec- were ta~-:en coo, a c-art l: ,  c . .::. I ass: . Jons~~-,.cr-
:i.:Ie ‘.‘s-rlatl ,’s. an’.u:.d ti.sL: s_sc-rage- c-say 0cc-ar -..c-~ -escs1s ,; c.r . tsse time
of OI.:e ~s- ..sg’ . P.r e.’:as:.ple , rot less-’ Caoc t,Ic- a rr.c.s-’e sot + lot os-sc.

c-b c- s- so lved  scs.ys-e: . ic.a I. oc os ,s- -au c --ic og c-es- lair .  ~‘ _Ic :c-s- cf ‘s.c hi 1€ or c-ay .

Hess cc , the -‘c-is solved °°~l- ge-s. at ‘toc eg,Ic: r. Is .g of Au..’.mc’ t cc ~bd ras,s-ce

I_n.m 2.5 is-cs to ...0 ,~.rsc: with as. e:.tir.sa’sed avers-ce at ~~~~~~~ ppm s.l,ich

is ‘toe “aloe ss,o-wr . is’ I_I Ic- 6. The c’s-s-re proc-c-dc-ru s-ps- 1ies s-c all

stations sI’cos-’ss in Pious-c 7 and Is_tie ‘1. i’s -o r ‘s-n e aot,.aI ‘:ab,.es of

ti’:e s-arIa’s-ic-s. around one aces-age , see Idle 15, Far’s bE . As. b . c - r e - a s - c -
In d o s- c i n c h  os’sy5ce:c w i_ I  occ,c.r tts-o ’ug:.out ‘soc es tuary  e:-sce’.ct at the
::e-~ Castle , lie-Is-sc_ne static-sc s-here a decrease -.oihb occur . Tl’cissc de-

crease cs-sc Ice at t r i c c uc ed  is. par t to toe- increased ‘os-ac-el ‘sine s-c-
S.Iti:c b f t-am ‘she ccn:tasct tIcs’ of 4 _IT-C c-Is ss-’hic:. t r a n s-t o rt s  opsbreasso
water  t o  this- station at a more rapid rate than that  ore s-ic  mc to  floss
reg. :lat icr . . There fo re , I:.e stat ilizatlors- of organic matter wscioh ps-c-
vio .m sly occurred at the upstreasss stations - ass’ occur s tc-r’.oer down-
stream . The argao.ic matter Is- cc’s the s_ps -to-c-an s ta t ion  sisI c- 5,00 s.a ’s-’e

s-c-fficler .t tine for  its c- .,r,s-le’oe s ta toib iza tlor . . ;,c- sum s-Ic-to o :.  of
thIs sta :il lcratbo:c toes, -ac -ours  at tne do”.- sc oots-ears :‘ssatIcoc ‘,-s ,.t”. a sub- —
se os s.er.t s-cIsc-t i  or. in diss_Ic ci -a.-.1:s-.eco os-er tha t  e-xc scr i ec, c e - st ore’.’iss siy .

73. In s- s-cc-t i -os ;  of Pbs-core 5, b :.ululcal.e: that dc-rIng a l~c-s-- ’
c a,mllsao’ to Is.c a-ce-s-as-c year for bl..7’ — 1955 ‘00cc dtoosa-I’,e -l cs:-s:. s-es’.
:.ct be s -t I c - s -t e a .  lIne- re - .~,atb oc.:s.I:.s- Inadb oa t .c-d  Is. Pb . us-c- 7 are s-c-lure-
s-e n t ice  of a its-; flow ce-ar sm i th  a fs -oc s .c s .c -c  c-f cc ss . orrc -: .c -c of s-Is

‘s-’ ‘ ‘ .the sa os’ -.s..n ussc s-cc -rage -  - .. sass-’: ~,_ o’ss • ,s-,s.e a :.c -s-ease- c-c’. average
s-s-ill: -ab s-sub -‘cc. ‘s ;- :ygerc ~.c-ris.g ye-a.ru w . ’.h tIcs-: re-sines l.r . t .erne bira ’se
s e ts - sec- c ’.  t- s, . S c  rot 1957 s-s.d toe a-cc-- s- -a -c Ices-,:’ f o r  lc’-~’9 — 195- 5 c-sill pro-
:,a :I’s’ ‘is- c- less. He - soc - c , as toe I’..os-c:.sc-sscl bet s-s-sec -so the s-es-slated floss
of .,J0 I cf’s as s’. tr.e mbs.bss.nso f_cs for  art y giver. year 1cc-one: smaller ,
s-ne e f f e c t  a t  a s-es-.,Isscc c .. fIns-s of -s-C- a l -:fs’ cr. the -  -dIscs ’b’ s - e .i ;XI’Jcn
s-Ill be Tess ~s- .s-O iOc -C~. n,til the toioiss..s-uc. flow e;’sceesi s- -_I, s . 1 c-Is a’s
ws,j c :. tIme n . c-flc’ct -on dl:.: ,I’.ed -o s-’ . ‘c-s ‘will ~e s o t - I e s .

L~ .~~~
_ .L. ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TABLE

EFTFCI OF REGULA~~ D ~~ OW OF 4060 cf’s
OB DISSOLVE D OXYGEN*

Rasge of isverage Daily Dissolved Oxygen (p~~~)
To ’s-s-cs-dale Be -f-ore Regulation After Regulation

Jcal~ 3.6 - 3 .2 3.6 -
3.2 - 3.5 4.4 - 5.1

S ec t .  : .5 - 4 .6  5.1 - 4 .1
Oct.  4 .t  - c .4  6.1 - 6.9
I_ I ’.’ . ro .4  - 8.c 4 .9 8.0

Ben.7. F’s- scoakIin
s- s-a c-m o e

Joohy 0.0 - 0.0 0.0 -

Au g .  0.0 - 0.0 O.~4 - 1.4

Sept . 0.0 - 0.2 1.4 - 2.4
Oct.  0.2 - 2.1 2. 4 -

::~~s-~. 2. 1 - 4 . 1’s- 2 .14 -

Dec. 14.4 - 6 . 1- 4.4 - 6.4

:-laross Bock

0.0 - 0. 1.. 0.0 - 1.2
Ic-s-I . 11.4 - 1.4 1.2 - 2 .2
Oct .  1.4 - 3 .~ 2.2 - 3.5
::o-v. 3.2 - 4 .8 3.5 - 4 .9
Icc .  4 .8 - o . 2  14.9 - 6.2

::e-~s- Castle

Aug . 14.4 - 5.0  4.4 - 4 .9
Sept . 5.0 - 5.5 4.7 - 5.1
Oct.  5.5 — 5.7 5. 1 — 5 .3
Nc’s. 5. 7 - 5.7 5.3 - 5. 5
Dec. 5.7 — 5.3 5.5 - 5.3

*Estbss ’sateoi effects dari:sg future year s with ~uahity and flow conditions
s_I-s-liar’ to those ps-c-sailing in 1957.

lobe: The values given in th is  Table are estimated daily averages. Con-
doles-aisle vs-n at-icr, ar-os-n d these figures can occur ’depend.ing on
t bnc time of tide or day . For actual variatioss values , see Table
17. Par t B.
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‘11 . a l c l s - s . s a . i t i s  s - o t  lis:-ss -te- u t h a t r’ s - a s -  bieI’ s-o” re I i ’ s c - .r

si b- - c e  t i r e  s- .~:oIsrs” .s- r’e Ss-. crt e l i n e  cisc mcc’s’s - ’. ‘ rn ih ss . o..,:€- - i xy en w i l l

o s - c - sc’ stO- a rec’ sri. t s-f t . 5 c -  r’e.- ’:i’ s- ’c- .r i l - s -c , icai . i s .  c s ’s - s- c- i c c  r ’e t sat i ’;el y
.ssc:ilL -cr ’s - e r a s’ :0 os-it InI .5 ppm . As : t r r I : . ’s o s - t eo , t he  r e In ’s - t e d  f I ’ .-’s;
w I  lb p r o s - i  r o e  ‘s dec ’~’e’~so cc i r s -  s - I l  ssolve . t cc:-s ~~ cc ,  as ’ ala - Q~ ~—o . ppcs ir.
1.e-I o zw c s - r’ e . Ls ,c . e v a lu e ,  a: sisc .s-y s are sss -b , - e - - - s -  a - c - -s o s- er - . r c - s ’ s_I ‘sari—
ut ion si l t c : s - o S ’Is i t  is  i c l u e s - c O  th a t  toe ic - c’ of m a g r o t ’ s md e  Is c orrect. 

se c -e r , ts :e- ise :;e-s’i ts as well a: toe  Jeas’ o r .es ,ta l  e f f e c t s  - .1’ tr;c -ss-e

c-hors : . es- s-ce m a in l y in t a s cv i b l e  cs- sOc -c ’ ts!e OOas-O Ci ’s’ flow res-nis-tion .

In s - t r i e r  wor d: , t h e  l r , s - ’r ’s- ’- s- . e is : dissolved axs -’r ’ec . - s - . s- ‘c- ~ s.c 010s r ts c- l ine
is s .c ’s  ss ’sft’icierst to w’ - rrssi s ’t s-o’~ c - h ’ s - s - c - ’  c_n ,s€- fso’c’als- in ttre’ de s-c-es
of waste t r c - s - t r s : ec r s- re : rare:: by t:.e dt’,tes sac’.-i I s  code-I , I- ~rt hc -m - , it
is obvioo:s th’:s- t sc-s l’s- :- or’ the ltc:te s-of Del-mo m c- is-s its o’- - rr c’ec’s. e: , no de-
fe rs - s I or chs ics,oc- ic c’s- - i r s -h  a’s--, c cc - t r e a t n er . t ‘se a ’s u rea  ( e . g .  ts,e- s-_I-

s ti  tot_ In of l oss- flow :‘~ s-; i’s - t i  s - i .  f  s - c - sean s .chs -ry c rc-o’0’:,eoct) could
p o s s i bl y ‘be made . ‘i rate -e l , ci: was i ss cti c - :s-te’i cr c-- s- so -s-sI’:, -c-i.rw.ane doe-s
s . .~ t a t this tis..e I _Icc : to cc - s- is is -c -  a su e s - rca of t s-eatc ::ec . t . 1 her ‘s oc_n.

c r ic cc - ,sr .y, is- u t  ma’o as-s-lI ‘ss -  .se.t tj ..- do so If  ss --l-c10 tioc scs -I os r s c t r e’os -.so, pol—
1 ._ I o n  icc t c ’s s - s sJ so.s’ ts - .so auwn tc’e~s-rn , ‘I ’s-ever , “Ice l e cr e s - s - . oe  in cas-sIlty
w Ic is - :’:c will be experien-a -s- s b y 1-c- I- s - -. r c -  result c rass- Ic- so a s -c - .’ , I s - t ’c  - s f_ Ic -s .
of 00 ,0 ci: is cc believed ~so be ‘s-es-c t c - s . c  u s - ’ :. a; cs- r ”ai s ,t  s u c h  or stion
cc i. th i s  t i n e . c’ -’scc. c s-sin g t !, s - s s - s . ,  tsre c’c. ’:rs. s-s -: o in s - se gual ty DI ’ ‘0 .c - s -
estcr-; ’ s-os-- c c-s-ru t c-on:~ -s- ’s~’e--t to be s - c f ’ f l _ I  to r e o ,c l is i n  s-say ‘0 .s - s .  -In Ic
‘rcescefits .r o’- . s t s - s , P s - t ’ ,s-c r , .t O r sc-dc -v e t  I n s -’ I - s ‘sr ,c - e”sis:re es-t sar ’.’
a ne t  ir . t o c c ’ its- Le b e ne f i t  wi l l  o c c O r ’ vhs - s -re ‘0 cc- ‘ . s ’ s c r o c r o c -  i s’s s’s-saLty
ab a-s-s-c - the State i ’.c ;e w c s _ I m  ou t ’ s - e - l s -’s- I nc  c b s - c r c - a :  ‘~ cr ’s u_u .a Lt ,y b e l o w
‘0:,e State line.

75 . C o : s o i t b o n o  a n  2010 Par t Es t r s - J .~~cs - e J  f s ’r aa  s- Ice c o t s - I  pcI-
lot i o n  load l’s- t h e  c-It s-ary in 2010 a s_ . u i d  b~ ‘e s- s-~~s -r . ~C’1 , ~bsC bc

ar ’ s— i . , - - , # 0 0_ I s - l a y .  l’s eoe estimates- s-ri re:ulInng .es-eI
,. ‘cream quality are subject t o  cc s’.si-derctr la var ’s- s-rta cn se-ices.dis.r on
sos_ny f-ict’,rs as pointed -u t  in Part B. Pecas-s-e- of to ss , the est ’sc ’sra-
t i c s ,  of quar.t i ’ s at i s - o e  concecctns -s- 5In-;:,s of d±ss -ol v s-s- d oxvger . wlc sich m s-is-
s-e r - u i ’ s  fr a nc ~ re - _ I - s- tel flow of Li- , ‘~ cf:  a” ‘Is-c-n ’s -cs-cc is’s- 2010 scold
ice 0±’ lottIe ‘ialae, Oo’.-;es-s-er, some s-’ ce-ral st s --s-Incsses’tm c-an be made .

4
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s - I , s- s - , s s - o  s - s I - .’’ s - t s - : s-.: is- : .  Sic ‘s - s i -’ O s - s .  O s O i ’ € 5 O s -  C IL l o i s - .  - - ‘s- ‘ c-s-

r i  -s - as ‘ ra e s- s  toss-ny I c -  c s . t h i s -  j : ’cs - s - € ’s ci, : n l c s t r r ocr, cn, , c s : s , , c  - 1’ 2 , _I - s- c - f : :
t o  a rs- .L’ , ts - : sc . omairr s ss - ss , or’ L i - , - c t .  irs l -o 0 will re.s ;l~t Ic. a

ma I - s - c  I ce_ I .’ c-stall l r : - - s ’ e - - s  s- I r a di:sobv’cd oxys- ’c- ’ . tIns -s-cc tt,e Itate line

s c :cd am : to ’ s-c- . cc:s-Iler s c - - s - c ’ s - -o s e is.  d. is - s- so I s - i c - s - a  o :y- s - c c.  below s e
l i c e .  A i t s :ou gt c  b . c lit s- sr i. i s - s I p s _ t a . :  t : .sol. t s.e r u u c s - l i t y  of ts ,c - ’  e s c . o s - m - y

1:5 , - ,~ls1I- a- i ’  : e  a sts--s-r s : -s- t  I c-’ , s t s . ’ s- . a t  preset ’s, it is be l ieved  t s at

t i .e f u rth e r  Ic-crease 1:, s - s-. :1 ’s - c c  r f l -us- - f i n  cs. — c O  t - s- 0720 ‘s-sill no t
re-  .1. irs a t ’ .s- c ’ t s . c - s ’  : i gc . tf i cant  i s ’ s - r e a r s  e icc -Ins-so lves-  s-’~y;e c .. Ins-n
it  is b - c - l i e - c c - s  tha t  1 € ’  s-r s - Jd it_ I : al ir ’ sor ’s-s s- s-- e icc i’m - c - h wa te r  in f low
w i l l  suis -.cs. I1’Ie ’cs -s , ’sl~ -i c-c r ea se  I s - r ’ s s s a s r ’  t I .e s-s -l a - e s s  s - s- si- ‘es-c 1.es-s-’e ..s- sc--
low the sitate Ibsce . 1 os - c s . c - n , it  is ri-at s - a n t a r s ip s -s-te - , t :,ec , ts . os -t ‘sc .c-
i s sc -r esao e  irs :‘s’esh ‘s - - s t e m ’  f l-os au s-.gsser ;tat b o o .  w i l . s -  cob - os - : .. s-a tc ,e d,iss ,,l-:ed

cs-I -ge -cc levels icc the  e s_ I s-n y  ‘o- ~ suc h. ass c-,’: t e s s - t  t ha t  ars--ol it iona l  sc-s-ace
t c- ec ’st cc,es .t :‘ - s - s -,s La t  I c - s - s  c .si,sc c c -  s-1c-s- :’s - s - s’ re s- c :. Arc ‘~o” r s  po is;tesl -a- ,tt  in P s_ m t B ,
ts;e quai l  b y - c ’s t s ,e c-st -u .s-ny c-as , b e -  r cra or :ta icc €-  1’ ‘sot least ‘ s- i. os -co es - .es , ’s

levels .- c , l c  i v  s- sic st t s - s .t i a l  l s . cne’ s- : s- r o i s ,  a s - s t - c  t rc -os-tssr eo ,t  5cc-s-s-u .s-cs-.
s ss-_I ’ubcce tl ,y, t he ss- . s i lt i s sr  of 1-v  f lo w  r — s - l a_ I on will - - ‘ s . c - l e s o s - - c  the

‘s- s - s - s t e  ‘sc-c-o s- I s : : - s . t  p s-s-gr oom s, ..t it J,s cu t  icr r ’-,r ’ s e - l  t s ,cs - i. ‘s ne sa dl y - o f  t : ,e
est::am”: w il l  no ’ b e  a.1~~e s’mss - s ’ss-ater lcs- i iv icy  t c s - s - s -  s-:u.Otes ,tat t-,s-O -of l :ss-

fl-ow:. A tas.moi,ble sr-s-crc-tory ‘benef i~ . c -s - s .  sca t s- _ c s-~ ’ s - 5 ’ s-re be a,os-ii :ecl to

t c s - e  bos. s-cr e s-,ss-.s- i t ’s f l u ’ s - , alas s- 4 h  s - s ic , t..ass ’ihle ssapp les:.esct sI b e n e fI t
::rco oa ld be recogn i ze-os .

7 ( .  ls -uc . - u I  Incas beo -or :J 2 . 11  As : us - s i rs - ’ no large scorle ires:,k —
thr - o- -u ; ’h in ‘scres’s:s:s-s ssetl:::d.s of a ’s-at e  ‘sc ’s-a.tsc ,ec t , :~t o s  estimate.: t h o c - .

‘s:.e to I s - i  - ‘ I -ass-I I sad to t oss-, ems ’, o.r : or -si s-re - o su esc i , - 2010 wil l  c .- : . t I n , - s-e
t. , isc o’ r coa .s s - .  I-ow fl-o w .ms -:ccss-e’,ts-ticn cnay the-c; assure a sc:s-re irs- c s - c s - i .  ‘ ‘ 0

s’~ Ic- irs ts.e cs.s-s-s-cr: te: . s - s . c - c -  -: f c - s - a ll ty  - ,, f  t h e  es t s-u ar ’,s- , si c-- ic ; c o t a b I ’ s l  su n
af eves . his -Is-er s-f-- ri-ce -cc cs-f tre’;°ss.ss-s.t r:s’~,’: tb-sen pos-slisly ‘rse I s -r e s - ot a l l e d
f- .r a pc-s-is-cl of ‘d cc c- . However , it stool-si Le rec - s - ’s’size-; as’s- in t s o s - I
o s-sLit_ I-c-s below ~.5,c- L t ’ s - t s -  l in e  may - l e - t s - r i s . r o r t s -  eves. I ’~~s -t s . c -r  cs-sb s i c i u

cray r e su l t  in ‘s - c - need for irccre - s-a .s - e- oa t r a s -c t s ’ s-s .t ocr Dc-is-s-s-s_re -s_n s’s s-c--
c u l t  -f  - - c -  s -cor s- os,e:,t os - t iori - .1 1- s-c si los-cs. V h s - s - b . c - c -  the ‘is a l,ance r e ’ s- eec,
the se  ‘0w-cr f’s - s - -c s- - wild . he I - s- v - s - a’s-i is- -c r’ -,sn la- --ors-c,s-le is c-cs-i r’ecely dif—
f i c - s - l s -  to .ae t e : ’r rd s s - e  s-i, this s - s ’~.e- i’hi a det er’scu . n a t i u n  ssroul s-,u e cc . - . Sc

at the  ‘r r s ’ r ’ r r ’ i s-, ’sc ‘s155:e Ir a  the f s ’ 0 o s r e  so s isal , the long i” s- -, e ef l e-_ I s
,:f i.c.c ii-:ssc .preic es . i’-ce P. -r c-c c - c. ic - c-va lor ’s-ted co. ’s-c- ps-es-sc ocr : .
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LOSS Alt Ii

‘1s-~~ s- I ’ s - s - l l s - s - s -  L : s- s-
1 cl e I ’Irs -it Loris ire cnol s - - I c - c l  i s - ,  - - s--c s-c c- ts-~. assist is- a

c.ett cc’ rc :s-icr’sats s ra di sr a s- I’ t he  terminology used in t l ~s - I c -  r ep - s - c t .

Al 5 ’s-ce . - P r imi t i ve  a oac s -t i c  ~ l c s - s . t s - t i c s  u t i l i z e  t i c - j r  food
by t l s-e  process  - - F  pho tosynthes i s .

Alkal init y .  - The capaci ty  o s -f  a water for neutr ss-bi zissu acid ds-s-e
to the pre: :es. s-:ce- of s- ’ s- r hu s :o s -te , b u s - a r t  c s s ’  s - t e  arc- cl h ’s’ciroxide los -c - .

Biochemical Oxyg e s - s  Demand. - The :-oacrtity s-:af O’-y-I c- s- utilized
in the b loc -he - c_ Is - s- i]. oxidation of c-r cac si c  mat ter  in a spec i f ied
time and at a specI f ied  temperat ure ;  a measure of th e  amount
of ox idi zable mater ial present.

Chlorides.  - Chemical  ooc npo s- : . - .a:: of tice element chlor ine  with
arsothe~ element or combination of elersec:t:; sodium chl oride ,
calcium s-s lur ide and ms_ s- cs-c-sc- s’s - su m chlor ide s-cc - our  most f r e ou e s . toly .
In water , these compounds c o n t r i b u t e  to t h e  t o t s - il c011s-11t 1, ,

ColiiInrcca Bacteria . - A - roup of ors - -urai sms indicating p-c s-s-lis le
fec-al pollution and the potecctial presence of disease rs - i~~ s-Sc -ins-
bacter ia .  N s-r r r s s_ l ly expressed as the mos t  prs-cb-:s-b’Le s-cuber (s-IBIS)
of crgcs-cc isn’s per 100 ml.

Correlation Coe f f i c i en t .  - A measorrs-s- s-i the a .s-ocs -s-sst of variation

is’s observed data exp lained b y an a’s ‘s .- c r~ d c-sos-ties-c-s_tic-al re-I- s-lion-

ship; hence a measure of the validity of t s s - e  assumed relat ion-
ship.

Hardness. — A c h ar c c s ’t n n i st i c  -of w s - t~ s-r due chic-fly t o  ti,e e:’sist-

c-ra ce of the carbonates and sulfates of cal’s i’s- a s - and scsci s- s- , e

Odor Thress-holao . - The po’sr;t at s-tsuc.h altec’ successive dia.ss-tuons

with s - s -.lcs-rbess water , the od:,s-r of ts-e vs -st e - c ’ cs- s_mi le c’s-ri 5 :oc-t be
detected. Expressed quantitative ly by tt .e- n r c - i c r  of t imes the
sample is s- il l -s - tess with the odorless- wat er- .

- 
.
~~~~~ ~~~~~~ 
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a t c s -s- s :’ s- ry  (c - s - c

0>sy ’ec s. - Dissolved - b x y r I e - c s  dissolved in sew s_ s - -c- , w at e r  - .-r
t l r e r  l iquid  expressed in part sc per million -r

percent ; s s - l s i c ” s - t  s c s .

Sag C u r v e  ‘ lic e profile of dissolved -oxy s- -er. c-ante-s .f
a1o r o~-; t h e  cs - s - o s - r o se of a o:treas-cr re-s’s l_Ing Fr ocr deoxy-

s- ’ens_tion a:s:coiatc-d with s-s - i s - s - s - i c c - m i s - c ’s - I  oxidat ion of
- - rganic mat ter  and r c- s-s-er --s t  b u s - i  t a t  - s-i- , t . the alcr sorp-
s - i s - c s -  of s- r tn so s - -p heric ox’s - s - Ic c : and throus- -I’; biological

phot n as-ycs t t s -e s i  I s .

Satura tion  - The- maximum quarstity s-c- f dissolved
oxygen that a 11 s-’ulci expose-si to the atmosphere
can co-rat - s o bs - c it a giver; tessspers-ture and pre :cure.

obs-per saturation - A c-crsditi on ic ’ s water wher by
dissolved ox- ,’ ers c o n t e s t s  are - ‘re-rater than can
phys ically be aissolved by expos ure of the water
to the otccs s -.o’c.s-c;erc- . Csoally cs-os-ed in streams by
the pi’rs - . t;— os- ’, r a t h e t i c -  ac t ion  of s-ls- ’ae.

Phenol. - A s-co lor less  or p i n k i s h  or ’. os- t I n s - l i n e  ss - s -t s tacc ce  C s- cR c- OH
produced by the distillation of c- s-any organic sobs_ Is-s .c-es, suc h
as wo-:-d, c- os-s- 7 , tar , etc. Wne~, dissolved , i t  is cs-cs-s-m o s s -by cal led
carbolic ac id .

Pho tosynthes i s .  - The fs--rmat is-n of c-o~ p 1e~ s-organic  c- .cops-- :ca-’s-i:
and oxygen from simp le ir ’ss-cs-rs-Iaruic compounds under the stimulus
of light and t h e  presence sc- F cts -losrcprry hi .

Re -aeration . - The abses-rp _Ion of s- oxyge n by a l i ou l d , the dis-
solved oxygen Content of which has beer: deplete -cl.

P:’ps-rlation Equivalent. - (1) The calculated population which

would normally contribute the same amount of BOD per dray; a
common base is O. iu 7  pounds of 5-day bOf- per cap i ta  per day .
(2)  F:sr industrial wastes , the es ± imated number of people

s-
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Gloss ary (C- s-’ 5 t . )

re - -.r iu ’ ed to o - cs- t r i bu t e  c-es-as - c -  equal irs - stres . 5 to tlse is - d o s-ct-

rial wss- :te .

Statistical Sis-s -r r i f ica r ’s-ce . - The percent c i s --c . s - e or “odds ” t ics_ f

a calculated resul t  of the test  of as-a i sy p su t h e r s i s  isc due t

s-irs_ crc-c- alone . Five peroec:t or iica3~ levels are c .mm os-s-ly s - u:  ed.
For 5%, the odds s-s-re equal to or less- than 5 out -o f’ 100 t ha t
tise result is due to ct.s -rcsce s.s-,loc:e,

‘I’reatctresct. - Primary - Usual ly sc-s-ee-ring and ses-iiments-cticr, of

s—es-a c- whict; resca-oves a high percecctas- e -of sus-
pended matter Lot little colloidal or dissolved

s-sca t ter .

Secon dary - After pr imary t rea ts-eat , the treat-
ment of Sc-wa s-Ic- by i d o l s - c -s- , ic-al ccaethods to rercoc’ss-e
colloidal and. dissolve-of matter .

‘Turbidity.  - A suspension of In s-s e v i s ib le  co ol ers ’s- s-b Which pre-

vents tc’se pas:age of light tioccuicl, ts ,e- loqoid.
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1101-- Il Cs-i~’ ’c’’InC T’c- So 0 s - , I’LI ,.ISP}’IIl

- - -‘ s-s- c-’ Ill. Ic:2i Ifs-SI il ss-CIIs-ll,’T..

,L .  be : ,s-roI ‘b - bc  ., s ,-,s-cc ,’c s’ - s-.,s - s -alc;s- s-s- ’Irss-’ ,r. ’s ,~~~’ - s-c -ys - ca- s-.s- ’s-~ :rs- :f

0s-”, s ” ’~~~5 ~f c c . - s - T i c s - s - c s  .f Cs- .r I r~. ,  ~~c ’~ Je’ r~ c , ,
s- s- s r 1-s- .. s s - , s-~ ’ - s - s - s . c  t 5 s - e -  ls , ’ er s - ’t ’ ’ s- Cs . :s.s-s. .~~b , cs - c-n c-sri s-- -~~~bs - ar e  P I v i r

5 : _ s - s - s  c O t .i  ‘tb . c-s a t e - c -  co, -,s ’--”a.os, e b’s - s - c l i I ’ l s - - r ,  I soc ’ I s - . ci’~l -s .r,,.s - . s-s o c-,s:..._’, , , ij s-  ( ,

s-cr . In c’ s,s-s, ,~~L s - l~~s-, .  ‘T e  ~ ,o s  r e -  s - .’ ‘coo s . ’s-’ e c s - t s - r io c-s - c -  s - s - - c ’ s - s - i c  a
es- s - I s o  p r c~~c-~ s- ’s-.s_t . ca . t c ,e .,s e s-s-c a s - s o c - c - e s - ,  - ‘ ‘ c  s - i s - s - - sos-b s .f  c -c s- - ‘..~s-’cer c .  - I
t c.e I s - _ ss- ’,, ’,~. s -  R I v e r  c s - c s- :. Is-a r io-s  -‘ s-u o s _ s o s’s- is s-o acc asc .sra ’. s - s - :,- o s - e - s e - . c b c c~
ftc .rc sceeos.s ass-cc o s ’ss,s . - s - c  :;ec ecc c’ ss-.ry ‘I: :s- , ais ,t ,s-s- i r. :r,as’sors .,,cs. ~,s- ,1c :o.t:cs, si-f
rc ‘c c - c c _ I s_ b  i s s_ 000  re - r c c - s -rLe - , :

2.  Is-dusts-lal. water s-se ass-I ’s-, ac-ac- cosI s- c- cal f’arc silitdcs are s-os
ifs -se -sc c - I s - s - s - c -  ‘cisc coll i e- c-ti c s- s. c- s-i bs- .oIvb: : , sr , I s -bo os-s-lab -sbata ass-s- c- ;ro’-Ilc’s- :a ..
or, ci ,e c-oscs,a itcsses;t that the s-ala a s ; ,ir: c:s--t c-cc r e -b e - c s - c - s - s c  os-cu ass- i c ; c I ; - .’sj s-. so_I

bass-Is.

~~~. The i.’;cs.s- oc aoecos-._I ~o-r . 5  s . r s - - ,-si ms- . te ’] :,’ L ls-~ of ts.e p c -p s - I s_ t i c s -
of the .sIs- .s- war e R i c er  c - ac - I s .  i-se-roe- : h-c c c-s-m o’s- Its- t cpe’ ’s-cs-s-’cet as;: s--os-s- ’.€

i’a .cIIs-itbec . l-_I-.b cb i , c s - .s - i t i e s  s- I c r ’ s  s- . s- .srie c ’.ec- p- . y s- _ a t l so s . s  sc - s-h be ’s-s ti.a’.
5-0 I s- were s .c-a ljss’ted s;or a€ s - c’e cc-s-:c-,,-.,b’ .s- , .,. ‘s-as-let; ‘., s., tls-css-’s-s- ’,, s-s e-s- er :-‘css,

~rr-~ s-d valor ros s -s-c-c-si and s - s .c - c ,  cc- cr iop sa c- s-In ts.e:r wes-te s-s-s- s-er to grs-~~.s -s-
:-:~ s-e c.etall€.d data c-us- ‘t he as-s-Icr as;’: ass-ste f aci li tie s  of all c:cco,csca.t:es
are s-s- -ca lls_I be is’s t ics-c- r e ’s - sobs - s - -b y  ps -0 .bc - s , eb  ira-ves tcrles- of Is-e- I ,i h a ’
Ses”,’bce .  lic e ‘sork s-’e ; o ’ - o e - - s -  on Is-i O hs-s s-

~~~~~e-e pars-s of s-t i c s  Ap ’cscr. dbx C_Id
bo s-s -e’:es -I s - c - l ’ s d c -  all s-us .belp_I as,: - ‘ ,o ’s’crba l facI lIt ies  of sos - s - c r  s - -..rpI-
ar, -c, asass t e -sob s-p .: ass _ I s-

It s--s-Il .,. be rscstto c, s-s-~ es -cr. es-s-cr1 is ],i : t s - ah, s - o s . , :  er a r ss-r ’cic .s-Lar
was -er  c . ,Lrr i s -e- Or ’s ::.  s - I s - l o u ,  is- . elti,s-s-r’ s - s - a - u s - s  aS s - s -er  or  os-to s -_ Ic I ’~ is. abc--char s- s-s- s
‘s-s acs - s .c - s  . Some cros-s-s..s-s- .bt ies are SIc-ted s - s u e ’  Las_ cs s - s - C s -. -.sess s- s ac-c rc cs-s-s 11sc-ir

- .rc-c- of s - a s - c - il. or ,ps-s slc’st of co lscscarge ‘c c  tne ss- ’s s-’e s-cs-u- = .s- costs  - 111. 1:-
e o’.s:. es - ,t  Lbs-es- bis ts.c s-— ar t  ] s -  - ,s-ar s’s]’s-s ca’r , .  Under  c-ac - i s  cs - s-e -cam s- c - c s -c c - i s - C  c-re--
I_ s ’ s - os  the -  s-csc -,ccsuc-s - i . . I cs  s-s-s- c ’s- s-as-lb as I s-ac - c s . ’cc r i s - ,p  tr it.,e ’arl~ aa as-, asbaicic .  -s - i s - er
cs-s-s-c,sos -b tIe -s-s 55; s-c s-c c - ’oca t Es -ss .
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5. Details-.: s t e s -  c c ,  s- s .l~c’:,..

( a )  Is ’s-, f or  the f’Irs- t ‘clams- , a.rc- listed e it h e r  a ccmm s-uccui ty ,
s r S I s - *  as’-: , r a -  Lr~~-cate os-.sss-anb- wad s-b. services comascr.,tties
, r s - a s - i ,  S O s - _ e S  f s’ss. - s- a gs-oscp of c o c m s - u n b t l e c s  for pair —

-r s-cater s - c s - sIlls- ’ or ~-as-te di,cporaI . Under each
sire-ass- ir e-scaling , ta t  es ,t r l e s  are listed in accord,ac;ce
with dic-tas.ce from the mosotb of the stress-r i.

(b ) Source , Fl-s- er  I-Idle - For tat stream heading, Its-c-
dbor t as’.ce Is, mile s- from the mouth of the stream at
which point tne entry (except for tributaries) with-
mu-as-s water . (See par a~~’aph a).

(c) Is-reatm ent - The principal wa ter treatment features are
does-tilled acccr Is-s-s-s to the code listed below . Is-i
s-c-s-eras-, the symbols are arranged in the order in which
treatment occurs.

A - Ac-ratIos.
C - Ctsemlcal dosage for coagulation or softening
D - Dlsinfectioc,
F - Filters
K - Chc-iaical dosage for corrosion control or

water stabilization
14 - I_Ixi rr s-’c device or tank
II — Ammoniat ion
F, - Fc-carb crs-at icn
S — Sc-dimes-station
I - Chemical taste and odor control
V - Fluoride ad ,j rxstcnent .

(d )  Population served , 1955 - The estimated ,1955 population
-in t i c - c - s a nds served Is-— the water facilities of the entry
listed.

(e) Use (mgd), 1955 -- The esttmated 1955 average daily use ~~
mil l ion gallons fsc-r day provided to the distribu tion
Sis-oss tea by tb .e water facilities of the entry listed.
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(f) Population served , 1958 - See note (a).

(g) Use (mg d) 1953 - See note (os) .

( h )  F s-I o a_ It ’ [on  se - s -’v e--T s-, 1958 — ifs-se’ estimated ls-s5~ Ps-s-Pu,Lat. los-s-
in ‘.5 ’s CU sas-l c ccls c-ec- ’a’es-f b-a ’ the s’s-ate s_ i c -I - s -as - a l  faci l i t ies  of
the ent ry  li st ec  -

( i )  ‘Flow (mg d ) ,  1958 - The estimated 1958 average daily flow
dischar ged to the water course b y s-he waste outlet or
treatment fac i l i t i es  of the s- cn t r l ’  listed.

( j )  Treatment - lIce 15:-inc-It s-s_ IL waste treatment fac il ics-ies  are
SIentified, ao cors -bb s -ug to the code listed below , Ic general ,
the symbols are ‘arrange-i  in the order of s e w c r s~c’ flow , with
siuci ase tr eat cnesst  s 1ncuhols following thereafter .

is- - les-s-s-c c- sa n
B - Slud s’e beds
C - Settlirrs -c tars-as
C - Di gester , separate sludge
E - Chlorination
F - Filters
G - Go-it chambers-

: H - Sludge storage tanks (not  second stage
digestion units)

I - Sewage application to land
K - Ilaemical treatment
I - Lagoons
0 - Grease removal or skimming tanks - s-c-I

cs u s--iclent,al to settlings tanks
S - Screens

- Sludge thickener
V - Mechanical sludge dewatering
Z - Sludge conditioning 

,., -.‘-,_ -~~ 
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‘ ( k )  Population equiv aler s-t - The erstimated pollution load
discharged in terms of an equivalent amount of people
in th &, sicsaj cds . Computed on the basis of 0.17 poundB of
biochemical c-xygeus deman d per person per day . (See
Glossar y for definltia.s- ’ s-) .

(i) Discharge, P-iver ~4lle - For the stream heading, the
distance in miles fr om the mouth of the stre am at wh ich
point the entry discharges waste water . See paragraph Es- .

o. River mile desi s-~r soIt1os - , A l l, r i v e r - miles along the  Delaware
River are referred to the mosith -of Delaware Bay s-os. 0.0. River miles for
tributaries are referred to Lice confluence ~ith t y ~c- nrc-cm stream or other
tributary as 0.0.

~

., .,.
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CC , C, ,C’ I,,Cs . Y , ’ a O C)C.I’1~ ‘C :Ce —CC ’ C ’c l e  ‘.arlatior5, this

ec I Iae1CC. CC)) of t’ ,€C fCC-C. :
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1as ~“4 C C I c - , C t a ( ,t  LpUai to the aCapDitude of ts.e-

seasonal  variation of quality variable, Y
t5 = tlr:ie of year sample was collected (days)

= phase al-Idle of seasonal cycle

p5 = period Cf seasonal cycle

Obviously, additional and/or different cycles could

have been osed. Huws’~’ex- , fur purposes of this analysis, the above
three cycles were chosen as representing the major portion of the

varIation observed )CC a particular stream quality variable.

~~~. The periods chosen were as follows :

Pt = 12- -oo hours

Pd = 2~-~.OO hCoirs

ps = 3uo days

11e value of Pt represents the average length of a tidal cycle ir5
the Delaware estuary - 3CC days for the seasonal period was chosen
in order to allow for tne leap year which occurred during the

9 years of samples which were analyzed. The difference between
a period of 3’~ and ~h6 days is negligible . A daily period of
2# .OO hcCsrs is obvious.

~~
. The form of e~juation ( i )  is not amenable for solution

since the various constants and phase angles are unknown . Hence ,
a t r l fonarC)etric substitution is utilized , e. g. for the tidal cycle :

( i i )  
~at S I C s  t~~~ot = Yat (sin t cos tot) - 

~att

(~~~~s L sin tot)

Su b s U t l C ) t , l r , ) ,~ ,o i~ idcrst i ty in equation (i) yields

( i i ’~ ) ~~ = L4 + ,~~- sin 
~~ + 

~2 sin + y
3 

sin ~
Pt

+ YL~ cos t~ + Y cos td + y cos

~~~~~~~~~~~~~ — - - “-- - “-—-
~~~~~~

‘ ~~~~~~ ~~~~~~~~~~~~~~~
, ,~~~~~~~ ~~~~~
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A2-5

1 Y Y mN + Y 1 Z s in t
t + y l S i f l td

÷ 1 sin t5 + 1 cos t-

+ 1 1 1 cos tU ~~~~~

Ps

Similar differentiations can be performed with respect to the
remain ing  cons t ant s  1

1
. The end result is the system of

seven equations shown in Table A2-l

c3 . An examination of these seven equations indicates that
the constants I and 1~~ , can be obtained by simultaneous solution of
tha system . All known values are in terms of the observed data, i. e.

the actual value of I and the times tt, td, and t5 are known . If
equation (a) of Table A2 - 1 is solved for Yr51 it is seer. that this
constant is equal to the predicted value of the mean and further ,
is equal to the arithmetic mean of the observed data if the samples
had been taken at regularly spaced intervals . This follows from the
fact that if t is equally spaced across the period p and the
s’loCmat:or5 is for a fill period or multiple thereof, then :

1 SiC’) I = 0 = I cos t
p

iCCere f’Cre , I,. tend: to compensate for sampling done p: imarily durlrid

~ae Se ‘ne:.t ~f a time f ’e r i o c  For example, the arithmetical average
(11) of dissolved ,., CC 5-,- ,-en samples taken primarily during the summer
wIll t.e ‘.“ , : ),sierici:,’ lower than the value 1m determined from an
appllcati’::’C Of ~. ‘ .is arCalyois.

. Ti’e ‘C.Cever elpiations shown in Table A2-l can ‘be solved
f-:,r t:.e c c C a o I ’ C , t C  by a variety . .,f means. For purposes of this study,
$ IdbS speed .,- mp1)tir,,- tec C ,Cs i”C oes were used both for the computation
.1’ the -,-r

~r :  ~~ .‘ C r ’ s s s  p r’ ) o o ct s  and the sums thereof and for the actual
sol CCI . . : . , , ‘ ,, ft r,e sys ’

- - - - -‘ - -,~--
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SC OICC:C.  CC) L ,C~’LI nS C I •C)C , ’C

= a ,,
:: +I’ lcSI:, a)÷I:~SIo c S - - C CL .SCC o)

+ 1 , (I’ :s a) + I ( los  1 )  + l, L~ J C,

L~1 SIC,  a) = La (
~~ 

a,’ + 1-~~ 
1S 1 , ’ a) + L ’~S1:.  a d l : . ~)

- - -  - (—  - 4—
+ ~~~~~~~~~~~~ Cs C- C_~ C ) + L~~~~CC .,C, a CC). 0)

+ I-~~~SI ,~ a CCC. C - )  + 1 : 5 ( 5 1’ . a

- ( C )  (i’ Si:, ’2 ) = I, (El:, i ) + 1 1 ( S I C O S I ’ l b i = Y ; ’ DI,.’ I )

+ ILCC(SI C, ‘C Si:’. c~ ± D I (S IC .  C, C 0(2

-4- o~~~~~~~~ :, $1 CCI I 2 )  -4- C , ,, ~Slo , 11).

(Ii) L \ d 0 4 C C C ’~~~~” 
o)  ± d~~~(S’IC . a Si:. + ‘i- SIC C CC,1

+ 1~~~’~SI:.i’o i + 1CC~ SlCI C’ C.CC U ;’ — II’ CI)

+ I L~ 5ln 0 Coo  C ,.

( c .  i(i  los a)  = ICC I( CC :  o~ ± ICC. -,S~ a C - C E  a) — C I C ) )

± 5-1(51:. o C:C a )  + I’~ l C C ’ C - a, ~~ I~~~~~ 1 C  a C: -~
+ ) . ,~~~~~CCS ~ CC)

‘ )  1(5 los ‘o; = ~~~~~~~~~~ 
I) + 111’(Sl:. a C:.s o , ± Ti-I 51.. 5 los

± 5 1 ( 3 1 C C  C CCC s)  + 5 L(Cos  a ICC C )

+ 1~~~( C0s ’ C ’C )  + I,:~~~~C C s  C ICE

(
~ ) :(a los c) = I~~~~’(CCs o )  + 5~~L \ EIC , a CC)  o )  ± Y.~~, ,ln - l’os

÷ I’.I(SICI :‘ ICE o )  + a Cot

+ I C~ s Ccs .‘ (  ±

Is I C C  C C , JC’C1( . tC)’ of time s C Is
a = t:~ (tidal, c OCCrO’ClEnt)

— , — ( “ .~~, “ ( 2 .

= / T~
an .C 1 , C- 111 CC ,,C ” . ,.,,‘ 1121 cc’nC ’CUC . ’Clr ‘ 11 CC C C5imEC C1) : ’ .

4 
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‘ C - I C .4-0 ,
I C)sCCj’C, (~~.:~~) 1 0  C C - C ’, ’, C. ( i )  :.‘ . ... re .C)C,€ OC o IoC’::.I:.e ‘

~~. . €  val .e

I ,~ I C  CC’ es .,o ’ iCr. ( 1)  C O t  , C C C ) I € S  0 . 0  s c , _ ,,t I , : ,C CI

€‘ ,. . C t i’CC) - ( l i l a)  0,1 , . . (l ’: i ’ C )  D, .:~~,e:’ to : s ta i: 11.4-,- a.’: .:,d_, CC,ic-C 2) , ’).

C, C 0,. C C s T .

11. 11,0 C I  CC.IC’C..C , ’.’€ ci ’ CoO O , C ,,CsOIC ;C. ~~, ) C . CI. I’ , ‘).c ro.o 1 2

‘ ) ‘ . € “3o,C’,CC).C.  5 0 1 1 1, 4- COl a . as ‘~,c1I an t : , € -  C’ 1, ’C,:f’;car.C’c- :f
€24 - IC C.  !‘. ‘CC C C , i C , s ‘,ime ’CC ’;C’lo ,.‘ ‘ ,,,‘. CC .CC1000.i-, , 00 ,  :o ’ a ‘ ;ar let ’ . :1
I’l l’ IC,, S C C C C S L ~ 2a1 ICC’) .) . , “CC ,. C , . . IC,e IC IC C ’L hCC. roa,,t of OCCOEC

:1:0! I€:o: are ‘t..e a,,,imitle dC000iEC )_ IC)’. ‘)C ,,e ’)C).Io:eat 001)

C OOC, CC1’C e:’~ar-s of ‘COO CC:,, - ta:’,ts 
~i- - TIle :C. ’CCC I-ole o:f :e.CCI_oi0

C , ai’fIcle:’,’o III ...f oal ,c in I0000:CCIC.inC the overall fit of ‘IC:,e EC_aIICO C

to :,.e C ’: EIC’ .,0 0  , :CCCs . , , C e  C C E f f _ C I E C , C I  1,.erei ’ o re can ‘Ce  o c ed  to
€ v a .1CC€ t:,e 2 ) C . ,:, l ‘ $1 ‘:lC’IOT ICn 1: ...~~ ‘,‘o.i co i,as ieeo, rea :’.e.:
C ’’  ‘IC.C , CO _ I C C , t ,.Cn of ‘ICC 0 1 2 1 €  S1).,CO.I 1~~~C1 ao,a1;sis. 111cc , t, ,c

‘, C , E  COrrc-_ a C I C :’.

O r’ C : C C , , c nt  J€ ICC’C, IC CO tIE CC’..alsti’:al cldColfIoa,Ice of COlE e : .L i re

e .,a ’) IC-s .

DC) .  d . C  C-’t~~~0EC-’C error of CC .e O COSOO C I LS CC taI:, e ’ v , ’ ’ C :’.e
a: 0l C, ’ l )  C C C I : ,  € €C’C - CC . I C .&’C UCCI tC o ’ ) c - o  E ’ I O I IEC CCO I Iy  t o

1e ’ era~~ ,-s tl.e CC . ’ -,’.if .~~:’o . .~ of cay : ,  CC:,010r,t .  Ioa: is t l c ad  sI~~niflca,”)ce
0€ ‘CC 1 , 4 C o ’C ’ ’ € - C . I  prCCaCi titC ’  trial a C aI’t_ co1aC’ res C11, Is

1. C C . CC- .C€ 0.1’~~ ,C . SO C  EO’ ,2 )C,~ .1C , a 20’~ so~ :,ll c:ance n :_ c a ’C € a
,,C .at ~ L’ _::e~ CO t 01 J,’J~ CI ,_ .’:.CC 01,0 rC0)~~t C C t C s _ : , C C )  _ S  ‘CCC 00

~ od ~s~~t CC 1 t ~ an ~~~ -p 3f e

— 1 -  2 .11’ p. ’Co . , :Es  of ‘I.C.C a C C ~;c a:’ ,a l- ’CCs , a 
~
.y _. c ;c 1

2 0 5 0  0C)E . 12,.oC ) . auci ) ‘ 4sCC1t ) j ’,-CItI’. ~~s’II Is Creator 11,2),
120,1. II~~~

’C ‘CC .CC C .iS1)’€I C s ’:atlstloall’: ins .. f:._f_O2)Ct. 0C.at IS ,
times aol of  103 I.e :‘ cs, ,lt (C.LCO’)1n05 ls nc’f doe to CC .2)CL’C€ alo:.e.

WIt :, a,’ CCI),) bach 11 trido s’O C , C , One soga~~f1oa:’ ”e of c -acm ‘t Ime’ C’CO C 10
O Cs1, 00 CCeter0~,. L.eQ arC those IC~~LC12CE w It : ,  de eds of f C ’E .UICC ‘ILI aC. ~~‘I

ar- c, elI”,iaa’rc,.’s 10001 fInal CC,CalC)Ofl.
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.‘s C O ’ €  OC ’~ 0.00 ,’ aclltlonad stat IslI: al tests and
112.00 :ses  Cs:.l ‘ C . C ISC , 0€ . IC r’) ’ oC)’ :: .c’o cr~ toe results oltal CC4 - d  ‘L~ ‘InC

slooc, load a:,a1C sls - out a cc-tolled descrIption of tOe use of

O Y CC5 .~~ 10 )10 Is C - C C - I C C  l:,s, olo po ol’ ta lc discussloCC

15. W I t : C  the peoera.L equation anc the stat ist ical  factors
IC’s’OCC,IOC the iso of the ecoation, an accurate desoriptlor- of  11Cc’
c ,~a 1t ~, of the est~~ar’: can 10Cc-CC be made.

- Tables 11?-~ ,3 and ~ present tOe results of’ analysos  of
t oe al:’,’e C,et:’.u ’o of toe data :,,Ilected fr 1C. toe Delaware ~ i” er

est:ar-’. I:CC’nCct0or , of Ta’Lle Ad- I .ind,~cates toaC a hign oecree of
corre lation and slgnlf cance was o:.ta lned for all toe temperature
and d i s s olv ed  CC:yyen (ppm ) results. Tuese varlaales oao e Leerl used
as t:Ce crI:C:ary IC:dlcato” C s of duality cor C CCO t , , or Cs Zr. toe es1,~ar,
In mar.y cases , t~~e reoolts sC Ctainecl for toe otrser varlaCoes tested
were stIll sorn~~f~~

-caat : :.Cwe- .’er , ti’iese results lave not bee:. used

c’oe to eitoer (1) incons1stency w t h  what is kaow’.’. to ‘oe true , or
(2)  incc .r.sister5c:’ C f  1~es .~1ts w ithlr. any part ic.CC)al v~~~Iable . For
C.-.osrC).Ie , ai’t :solgn OLC Ior COLeE Csc re sIgnIfIcan t in all oases , tr,e
a,op :Iooe s and p:.ase an~, ies of toe seasonal perIod were not con-

slster.t wCC1’I ,-C:.Lwr, ~~~~~~~~~~~~~~~~~~ pr.erCCrflenOr5. It is kr,owr. that in
tOe v I o n~~ty of ’ salt wa le r  cocroaonment , chloride conceatrat ions
are l’c-1a :”ely oonstar.I oCrI: .J :roCC of the year sod only durIng
ICC ’S fresh water Inflow d~o the c:ncentrations follow a sInu soidal
patter lC . The recults ‘ottalried from an analysIs of the BOD

data were not used J~ c, to ‘ ICc - b in~’Cor5 sI s te nc ’~ . In ten of tne
tCCer.t’) ’ - se ’ .’cn analyses perfcr::,ed on tOe BOD data, the results
were nat. s’IElCIfioar.t at. the 5% level. It was felt therefore ,
that the re’oClts cotalnea dI:~ not warrant extensive Interpretation.
It is tclle’ved trCat these i noons is ten c i es  are due In part to

the relatIvely large varia’tIdot;.’ of the BOD test. klthougb
tr.e :oC- rC1atCor.  coe ff .  cie:’.ts obtained from the analyses of toe
DO in pc-C- ce nt . saC oratior. are a.,:oe~~:Cat lower than those ot,ta~ned

f: ’o::, toe tem2era: I:’e and DO (tin ppm) analyses , stat is t ical
slg,nioloaoce was n000tal:’,eQ irC .“~ll cases except one . The v a ria tio n s
in 1:15 DO expreo:cd an percent saturation appear to be greater ~~~~
thoo~ of the t cu:.rera’I .~’:’c coup led with the DO expressed in parts per

~~~~~~ 4 ‘•

-— a~~~~~Ls.., ‘ s 04- ° _‘,JC),ll i~~~~~ -~’ • 1~~~,’ , C )5221~~~~ ’ 
- ~~~~~~~~~~~~
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TABLE E€sI

I ’ .CCIPLE COIZRLLATIOC COEFFIC~~~1TS P11D SIGNIFICANCE OF FINAL PESULTS

Cl Temp . DO DO 301)

(pp ) (c c) (ppm ) (% Sat j  (pp:- .)

111t8 Eurlio[tc.:’. Bristol En d -c

do- - of S2)C.L ICS 111 lol’ 135 131
‘ D C C  C~’:c’ .1_at1~ :. CC ’ t ,ffIyIent .c,d -9 r- .0: .1,1 .01,

Si3alfIoa:.Ot~ CC’ desolts* ~~ ~~~~ <1% <1% <5 %
do. of Sar-.r.les 307 322 335 4-2 1 SIrE

Ic ’ t~u’ Co~’rclatio:, C~,c-ff i’o ie:,t .63 .98 .8-.
SigoIflo~ - .. ’c ’ of Se:ults ~~~~ ~~I% <~% 4i7 <1’;~
:11. of Sa~o Ic-c lid 113 il l 100 99

La~~t Co.r ’€laoioo imefflclent ~-ll .° b’)’ .39
So 1C.I fooao ,

~€ o f 3eso lts  ~~I% 41% <1% 4I% >;(1
11,13. -~ Torresuale,

It. of Sa,r.ulcs 1,iil 5o1 99
l lC’re1aCio rC C:effbcie:Ct .50 .98 .81 . ‘

~~~

SIgC ’.lfIcar,o€ of Essults ~.i% 41% <1% <1% <~1%
No. of Samples ,~o5 3-~� CCI 3,38’

‘lI.lCr CorreIa’IIoC. Coefi’I:I~ :,t .‘o.O .90 .85 .5~ .
~~~~~

SI~~nificaC. ’co Ees,llts 
~~~~~~ 

<1% (1% < %  <1%
do. of Sso~ Icc 100 106 100 99 113

51111 Coy’ :” ~I,aCbo’r~ Cc’eff lcier,t  .3,2 .97 .8-. C , (a, )
S1:C,If lcaoce of Eleso it s  ~~i% <~ % <1% 41% -

103.1 LehI~~h A’:e:.C,- e

do. of S~~.5,.es 113 101 102 161 111
5-01; CCCrc-1a:Iu: Co.eff ivie),t .50 .98 .87 .11.. .~S

SI;:nii’lco,,. :c 111 Ees,Lts 41% <1% <1% ~~l% < r f

do - ~f Samples 295 333 SOc. 303 303
Ie ’Ies’ 3~~’ — 1a~ im- CCC:fIoIcot.  .5 1  .98 .3’S

SI .111 ~a:..’e of Eel - C ItE ~~I% <1% 41% <1% ~~i%
5:. of Sao1CIes 98 99 132 99 101

11001 Cc~~”, latlco, C,,.’ef f icj, e:. t .51, .98 .b’,. -75 _ I,l
- o Ecoults <1% <1% <1% <1% ‘~i%

- . - -

~

,C 
-

. -..- .-— 
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TABLE Al~ -1’ (COSTIN JED)

Cl Temp. DO DO 961

~~~~ (°c ) (ppm ) ( ‘
~ 

s ot . )  (tam )

10111, Ben:1001C, Ehaorl ,CO, B:’ _ .. . c.
:t .  of S2)C~ Ies IL 111 12., 1~I I~ ’~

WCC: 0yl’:’L latII.C, C.,llo’IcIe:,t .~~1, .d8 . ;  .71 .17
SO ;C II COC. .C C of F,~~c~~111 41% <1% 41% 41% > 1’d
5.., .  of S ”:.~ I.’..s 35 0 3:3 , C .

C~~.:ei- CCO ’reIat I_ C, Co’e’ I’l’Ioleot .-~o .98 .8’7 .78 .3 ,1
SI C.If I’Oa .’ . .’e ~f Eeoults 4 1% (1% (1% <t% <1%
11. of S’SC C.I. .,O S  11’- 107 i1’2 101 101

E~~~t C.,:’:’eIa:,LCI CIel’lt . ’ lent  . .~~ .98 .88 .81
SI, ’. .b fboo- ,:e’ of Eec .lI:c <J% ~~I% 41% <I% <5%

93.1, Woartc’ :. Street
do’. of’ 3CSC:.~~~&C -.U~ tI’ 113, 103 iSlE
f ,’ ”. ’re- a:Ion (tefl’I~’1e:,t . 4 - 1  .98 .8~ 78
5 C I t  10, 04 - o f  E~~~,,Ito 4 1% 4l% < .,% <1% ,> . %

191 319 COo 309 -0.1

I er I :‘:“.~~at 1 ’::. Iotf f :o1c,:.t ~~l, .96 .8 .79 CCI
CC CCC ’ ‘ C <1~ 41% 4I/~ <1% 4 1%

.0 .  CCC 12)..: . 14- 103 103 101
LC’re _ ’ C O I_ u .  f . . , 4 - I C C,’ I t 0 , C  5,~ .~~b .6i.~ (~) 59

Sl ..1f ’aI . . ’ , : S t . ’ l, , I :C 41% 41% ~~I% - 41%
lard

C) C..Cl1 ., - . 101 111o 10.1 111 lG,,C

‘I.’Irr~ IaItI - Cyc:fI ’ _ C ILr.t .-. ‘ ‘5 .8-~ .77 .20
S10 C.l: ’ . .’~~:ce Cf I’~~..’ CItc <1,~ <1% 41% 

— 
41% >5%

CC ’ 12),,: I a CL_ I, 
~- . 3 3o.i 3o0 386

- e r I~~rre1ar , C . G.,’CCb1 .’ZC: .t  .02 .8 . 79 .25
CC lfL :o.,oe ,~I .OE CC 11IO 41% 41% <...% 41% 41%
:1. of S2),.51CC 95 Iu~ 101 101 101
ICO ’:’4- lat !CII C :e f f l . I IC:Ct  -~8 .98 11. .70

.01 d,tCCI’ E <...% 4 I ~’o 41% 419 4~~.8 ELm 1111.0

Samt.I:. o ‘ 101 102 102 161. - 1.01
West C, C’ ) ’C 10 ’ lox. Cm . i..’1,’ 1o C .t  -72 .98 .81 .71 .17
— 

S ,l,’C .l: ’ ,csoce  CC’ ~,e~~u1ts 41% (1% 41% 4i% > 5%

E~ - ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ‘~~~~~~~ ,.: -~~~~~~
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~~~~ 
( )  (1 ba’I.) ( 5iom)

.CC-  3,7~ o - :

. ‘ 4-
~~~L~~~~L I.,” C I C C I _ t C ,  - 0 —  - C ’0 s~~ ’ - ‘ C

1’ l . r - ,l : ’ , ’~~:o ~ 
C~~~~~~~~ 1 

~~~~~~ ~~ I% 41% ~~of C C _ r I o :  - “. 1u~ Ia., 101 102

S Ia. ‘ 1 . 1 ’ ’ _ , ~o l_ .:, 1_ c - f f 1 : I 4 -~~t - . .. .t .8- . ,, CCI
5 1 , f : a . -l’ o f 2c. , .lts < _ % 4 1% (1% (1% ~~5%

12’ , 121
. 1 .;5 .8~ 

C 4 I ,~ 41% 41% 4 1% ~~~%
. 1’ LOC. ; -. o  : C  ~~~~~~

Ic,:’, ’. ’ Cm’reIot l C . C. ’,I’o’ l ’ .lan’ .5~ 118 .8~.
. 1 :~~~~~ ,01: 4 .5  <1% 41% <1% <~ %

1 .  ~t ’ dooI’.s _ l7 I_ I. 10 - 108 119
1001010 C e i o ’ _ o Ic-:I’t t” .~ 8 .8.i, .14

-. ~~~~~ <~% 4 %  < - %  4 1% >,,~~
C.’ , ‘ ‘7

2 c-~~~~ _ 2 4- , . .  ‘. 2 .CCs .27’ .0 2  .

- :  I c :  <_ %  <~ % 41% 4_ %  <1%
_ 0 CC CI I’ - i:l aC . C

7 . 11 S~~r ‘ . 1  71 “1 ‘72 70 tO

C ’ . . I .,,C ’l’ 2 _ . 0 ’,..2.. CCe::~~’ I€:,’I .5~ . 5- .71 . .. 015
C C ,. _ f~ .”_ . c e . : o ~~C ,l;: < 1% 4 1% <1% ~~~

:: . ~f SC_-1 : _ ’Io .‘ . ‘.‘ 11 .12—

C . , l ’ f  rI-lull ~:1 C D Cf C C ’ 0 m 0 .~ .51 .95 - ‘:1 - ‘ C

4 2 %  41% 41% <CC <1%

_ , 0 1 ’_, C ’ O 1 , 1 01 ,2; .0. 1555 C t : . cC’C. : _ s C  n~~t c 2

‘ = 0 1 . 1
11,. . .f’ . ._  ) S: S l , . 2ar , .’ ra. c for .. -.f’I.,i’rlo:.

) :‘ s I ’ ,, I1’1oa, ,~~ -
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ALLE A. -3
~D-IEt.CCIll~L ‘.‘1L-.Lll:0::3 :‘

-~,I C , ,’ 0 E  S :ocooa _ .&. _ L l ._ O C .

5- _ .  :1111 11 .0CC :4- ’ Prc-d loteo T l-oe of Time of
1:1111, 10,0 Cr,,,ss* . 0  Gran d i- CC . . l1~ .’,. Len

_______________ 
Sc ‘lion Sam1les A’,’era. e lLC. . J - ~a:’: . (Days) (Do,.:) 7 1  -

22CC: W e st  I-~ l— .3 CC-f ~o.8 1: 2 03-
o 0 ’ _I:CJ t l O . — O I ’ I ) lC -_  Ce : ’, oe : ’  1122 1013 l.~ ~~~~~~

East 113, .1C- 5- CC, C C -  25. _ .13 115
1,11.4 dc - s t  5 - CC I-... 1. -’ .,o.; 29 III

Gerber -‘o 11 .2 ,4- .L ~~
, ‘ .f 20

110 ILl ~~~~~~ 19.: 25
d c -s t  III I...o ICC 27 .2

1~~,,I,:1’. A ;eo . ..e CCr.~ c:- 013, 1015 1.7 Io.3,  CC 119
1 .3 ,  11.; 2-0

E t C .  Era:,~C1Ir. Cc- nbc: ’  052 13.4 1.7 I . .1 2: Ill

East IC- II. ’ 0.1
.t st lul~ 11.9 -CCI. 2— .5 29  _ II

10110”tom St~~ee: 101101-’ 4-09 11.1 Co -I 2- . . 9 ~~~~ 211”
11001 ..0..’ 11.~~. ‘ - .2  . 1 ’ .  - 22

_ c =  0011 1’ .~ 22 .8  4

3 , 0 4  lIt ‘I’ .O 1~~.’2 CC
oacl- _ ‘02 _,901 9 . 0  2 . 2  42

CC::, IC-I l c . ,~ 017 1017 1_ I
I . 01 . C .0  O e r t e o ’  E7 L_ 13 .5  1.1 l c .0  10. 212

102 _ — . .  C C -  b .c. o f

0 ’ - ’ 0 0 1  123 CC.’ CC- .  2 :m ’ . ~ CC

20 19 Cc :oter -0-I I- .l •1.~ .m. -, 09
~~~~~~~~~~~~~~~~~~~ ‘ 4 - 5 ’ . 0 .  ‘ ‘ ‘ :0.

110111  ,, ~~.L 2 . 1 2’ ,,
, 1

________ - a te : - 15. 1 3 .9 . 7 
-

11 Co: ’._ e C’ - -; i;.I 1 
, ,~~~ 1 1-

010 so-c Co .: :or fc:e O’nIl: - .or .1:~~s ob hor’5C IOO r.c1o -l
‘
~~~

‘ 11r,e 1r. aC m:. a :le : ’ C:.aC- ’.I: ...SC f l o o d  corrent 1. 11” , - ’

*— E:ttcz. ‘.0 .  C ’  Il.
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,O.’: ’. . &  I’ll ,. . - . , C C - C C  l or e CC-~a1 Variati-::.
f 111€’ .: ‘ T I:oe cf lIne .f

‘1. . 1. .,.,.. ::~ - . ~~~~ 1l~ .’..
C C .  ‘ I d . t, , 

~ 1 u : ~ ’~ ( i ::) ~~~~~~~~~ ( L ,rJ CC ,r~~)

2 - ._ 15.; :. - . I: .. :,..,t sIcc:if lcant
. 1  1’ 1 ’ ::If’l,”~~’ b ’  1o7 9.6 3 .3

:101 EIO C ’.b f Ioont

21.9 not si, r.ificaat

2 5 . .  15 .5  9.:
__________ 

01. C I 1 C  01 1... n o t  s lOOif IcaC’.t

o ‘ ~io::b:’jca, t :.o t s i ,abftca : ’.t
1011 Im- ’ CC 2.1

01. 1 ‘:101111:0:11 13,.: 1-. .’: :11 2.1
- :i . ’ : . l f lo n:m. I4- .2 I— .0 1 .3 ,  3.1

I. . ‘ I-..5 2015 11.8 13 .1 11 .3. , 4 -  3.1
o _ _ o  01 ., 2
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APPENDIX D

FLOOD DAMAGES

1. SCOPE. This appendix delineate s principal areas subjec t to
flooding and reports on results of flood damage surveys and 8tudies .
It presents supporting data used as a basis for estimating flood dam-
ages and gives typical basic data , computations and curve8 to permit
an understanding of the procedures used in the determination of aver-
age annual flood damages.

2. AREAS SUBJECT TO FLOODING. There are two distinct areas sub-
ject to flooding in the De laware basin , the upper or non-tidal area
which includes the main stem and tributaries of the Delaware River
above Trenton, New Jersey , and the lower or tidal area which includes
the Delaware River and Bay from Trenton to the Delaware Capes. Floods
in the upper area are caused by storms which traverse the basin; while
floods in the tidal section are caused by flows emanating from the up-
per river , spring tide s resulting from tidal fluctuations , wind tides
produced by hu rricanes or storm ac tion, or from a combination of two
or more of these phenomena . In this report the limits of tidal influ-
ence on flooding are considered as Burlington , New Je rsey ,  on the
Delaware River , Fairmount Dam, Philadelphia on the Schuylkill River ,
and Wilmington , Delaware , on the Christina River. These limits were
determined from high wate r profiles , flood f req uency studies , and
flood damage field surveys , utilized in connection with the investiga-
tion by the U. S. Army Engineer Dis tric t , Philadelphia on the effec t
of hurricanes on flood stages in the Delaware Bay reg ion. The extent
and charac ter of flooded areas are discussed in subsequent paragraphs ,
as are urban damage centers which have experienced sufficient flood
damages to warrant investigations for local flood protection projects.
All damage values presented in paragrap hs 3 .to 13, inclusive , are
based on August 1955 price levels. Detailed descri ptions of flooded
areas in urban damage centers are given in table 1. Plate 1 shows the
loca tions of these urban damage centers.

3. Delaware River. The area subject to flooding in the upper
reach of the river from Hancock , New York , to Port Jerv is, New York,
consists of an extremely narrow valley with little development along
the banks of the stream . Property damage resulting from flooding is
relat ively m inor in this reach , and occurs generally to a double track
line of the Erie Railroad, one major highway, and to the cities of
Port Jervis , New York . and Matamoras , Pennsy lvan ia , which lie in the
flood plain. The reach from Port Je rv is to the De laware Water Gap
flows throug h a wider valley having a flood plain averaging 1 , 200 feet
in wid th. Flooding in this reach is confined to scattered residences
and summer cottages on both bank 3 and to se’.~~rai small communities in-
cluding Shawnee-on-Delaware , Pennsy lvania. The remaind er of the 
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non-tidal section from the Delaware Water Gap to Trenton , New Jersey,
has a flood plain averaging 1,600 feet in width. The 1955 flood
losses in this section exceeded 85 percent of the total damage for the
main stem of Delaware River , and occu rred pr inc ipall y at the damage
cente rs of Belvidere , Penns y lvania , Phillipsburg , New Jersey, Easton ,
Pennsy lvania , Riegelsville , Pennsylvan ia , New Hope , Pennsylvania ,
Yardley, Pennsy lvania , Trenton , New Jersey, and Burlington , New Jer-
sey . The extent and character of the area subject to flooding in the
reach from Port Jervis to Trenton are shown in table 2. Flood damage
along the main stem of Delaware River amounted to approximatel y 40
million dollars in August 1955 , two-thirds of which occurred in urban
damage centers .

4. East Branch Delaware River. The East Branch Delaware River ,
at the headwa ters of the Delaware River basin , drains 840 squa re miles
of mountainous area in southeastern New York State . Substantial flood
losses have occurred at the damage centers of Margaretvil le , New York,
loca ted just below the confluence of Bush Kill and East Branch Dela-
ware River; at Livingston Manor , New York , located at the confluence
of Little Beaver Kill and Cattail Brook with Willowemoc Creek ; at
Roscoe , New York , located on the right bank of Willovemoc Creek about
1/4 mile upstream of the confluence of Willowemoc Creek with Beaver
Kill ; and at Rockland , New York , located on Beaver Kill, about one mile
north of Roscoe . Flood damages along the steep sided streams in the
wate rshed are minor except at these damage centers. Pepacton Reser-
voir , construc ted by the New York Board of Water Supply and comp leted
in 1955 , is located on the East Branch Delaware River approximately
two miles above Downsville , New York. Since water supp ly is the pri-
mary purpose of this project , it provides only incidental beneficial
effec ts on downstream flooding .

5. West Branch Delaware River. The West Branch Delaware River,
locat ed in the headwaters of the Delaware River basin , drains 664
square miles of mountainous area in southeastern New York State . The
narrow valleys of the watershed are sparsely populated except for a
few scattered towns , and flood damages are comparatively minor.
Cannonsville Rese rvoir , under construction by the New York Board of
Water Supp ly ,  is located on the West Branch Delaware River approxi-
mately two miles above Stilesville , New York. This water supp ly proj-
ect will provide onl y incidental beneficial effects on downstream
floodin g.

6. Lackawaxen River. The Lackawaxen River drains an area of 588
square miles in the extreme northeastern part of Pennsylvania , where
numerous glaciated lakes and steeply sloping watersheds contribute to
f requen t flash flooding . Flood plains along the Lackawaxen River vary
from narrow gorges to narrow valleys having widths up to 1/2 mile.
The towns of Honesdale , Pennsylvania , located at the confluence of
Lackawaxer’. River and Dyberry Creek , and Hawley, Pennsylvania, loca ted

D- 2



at the junc tion of Middle Creek and Lackawaxe n River a suff e red damages
amounting to $415 ,000 and $900 ,000 , respec t ively, from the August 1955
flood . Several villages and seven townships located in the lower
reaches of Lackawaxe n River have residen tial , coninercial , utility ,
highway and othe r developments on the flood plain , and experienced one
and one-half million dollars in flood damage in 1955 . Two flood con-
trol reservoirs are now unde r the jurisdiction of the Corps of Engi-
neers ; one , under construction , near Prompton , Pennsylvania, on Lacka-
waxen River , and the other , compLeted , above Honesdale , Pennsylvania,
on Dyberry Creek . A stream channel rectification project at H.onesdale
and a local protection project at Hawley constructed by the Pennsyl-
vania Depar tment of Forests and Waters together with the two flood
control projects unde r the jurisdiction of the Corps of Engineers will
virt ually eliminate flood water damage along the Lackawaxen River from
the dam sites to Hawley, Pennsylvania . In addition , seven flood water
retarding dams p lanned by the Soil Conservation Service , three of them
now under construct4.on, will  subs tant ially reduce f lood damages on
five small tributary streams entering the Lackawaxen River between
Honesdale and Hawley . Flood damages on Wallenpaupack Creek , a tribu-
tary of Lackawaxen River, amounted to over two million dollars in
1955 , most of which occurred in Greentown , Newf oundland and Sout h
Sterling, Pennsylvania, and in adjacent townships . Flooding in the
lower Lackawaxen River below Hawley and downstream on Delaware River
was considerably reduced by the opera tion of the Pennsy lvania Power
and Ligh t Company ’s hy droele ctric dam on Wallenpaupac k Creek approxi-
mately two miles upstream from its confluence with Lackawaxen River.

7. Neversink Rive r. The Neversink basin l.a thinly populated.
About 85 percent of the basin is mountainous woodland , unsuited for
agriculture . Its valley is re latively narrow with steep side s except
in the first 10 miles above Port Jervis , New York , where it widens to
about 2,000 fee t to form the major area subject to flooding on the
Neversink Rive r. In this lower reach , some 10 farms~ several small
communities of summer cottages and about 150 residences located at
Myers Grove are subject to the hazards of flooding . Minor flood dam-
age also occurs in the vici nity of Deer Park , about 14 miles above the
mouth of Neversink River. A major highway and an abandoned railroad
bed, located in the flood plain of this reach , are subject to only
minor flood damages. The Nevrr~ink Reservoir, located about 41 miles
above the mouth , dive rts part of the streamf low for New York City
water supp ly. Since flood control was not a feature of this develop-
ment , the reservoir pr ovides only a l imi ted mecoure of protection
agains t floods . Flooding along Neversink tributaries is extensive ,
especially in Monticello and South Falisburg , New York , located on
Tannery Brook and at the head of Pleasure Lake. respectively.

8. Brodhead Creek. Brodhead Creek en ters the Delaware River
from the west approximatel y two miles above Delaware Water Gap . In-
cl uding its principal tribu tar ies , McMichael , Poc ono and Paradise
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Creeks , it drai ns an area of 285 square miles mostly in Monroe County ,
Pennsylvania. Railroads and numerous highways traverse the area, fol-
lowing creek banks in many instances , and are subject to severe flood
damage. Over 40 highway and railroad bridges were washed out during
the 1955 flood which was by far the most extensive and destructive
known in the history of the Brodhead. Twenty-five lives were lost in
Stroudsburg and East Stroudsburg , Pennsylvania , thirty-seven people
lost their lives at Camp Davis, a sunnier camp for children just above
Stroudsburg , and eight lives were lost in other parts of the basin as
a result of the flood. Flood losses were extremely severe in the bor-
oughs of Stroudsburg , East Strou dsburg ,  Canadensis and Tannersville ,
Pennsylvania. Flood damages in 1955 at Stroudsburg and East Strouds-
burg amounted to over 6 million and 4 million dollars , respectively .
A local protection project, currently being designed by the Common-
wealth of Pennsylvania, will protect Stroudsburg and East Stroudsburg
from a flood of the August 1955 magnitude . Canadensis , located in a
narrow valley on Brodhead Creek, 22 miles above the mouth , had damages
amounting to $304 ,000 in 1955. The August 1955 flood damages at Tan-
nersvi].le , located on Pocono Creek about 10 miles upstream from
Stroudsburg , exceeded $330,000.

9. Lehigh River. Flood heights and damages will be reduced sub-
stantially by three flood control projects under construction by the
Corps of Engineers and one flood control project recently completed by
the Commonwealth of Pennsylvania on the Lehigh River. The projec ts
are : (1) a flood control reservoir located near the mouth of Bear
Creek , which will reduce flood heights on the Lehigh River from the
dam site to the mouth, (2) a channel improvement project, near comple-
tion, at Allentown , Pennsylvania, (3) a local protection project at
Bethlehem, Pennsy lvania , and (4) the completed local protection proj-
ect at Weissport, Pennsylvania. The flood plain of the Lehigh River
is narrow and steep sided above Lehigh Gap, 35 miles above the mouth.
Flooding in this upper reach has occurred in the towns of Jim Thorpe,
Lehighton , Weissport , Parryville , Palmerton and Bowmanstown , Pennsyl-
vania. Weissport has been subject  to the greatest amount of flooding
wi th about 45 acres of the community inundated to an average depth of
five feet by both the May 1942 and the August 1955 floods. Below Le-
high Gap both the river and flood plain widen. Highways in the basin
are generally located above the flood plain. However , the ra ilroad
beds , frequently located in the flood plain , and the 44 railroad and
highway bridges spanning the Lehigh River are subject to recurring
flood damage. The Lehigh Navigation Canal , which extends from Jim
Thorpe to Easton, Pennsy lvania, was inundated at numerous places by
the major floods of 1902 , 1942 and 1955 , with accompany ing extensive
flood damages. In the reach from Lehigh Gap to Allentown , Pennsyl-
vania , approximately 225 acres lie in the flood plain , including about
90 acres of industrial and rebidential area located in the towns of
Northampton , Hokendauqua and Catasauqua , Pennsy lvania.  In the vicini-
ty of Allentown some 380 acres are subject to flooding, including ~uO
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acres occupied by commercial and industrial establishments and 80
acres of residential area. In the vicinity of Bethlehem and Freemans-
burg, Pennsy lvania , the flooded area consists of approximatel y 540
acres including 150 acres of Bethlehem Steel Company plant, and over
100 acres of residential area , public parks , railroad yards , and main
line tracks. The extent of flooding at West Easton and Easton, Penn-
sylvania, depends not only on the flows emanating from the Lehigh
River, but also on the Delaware River flows. This condition is illus-
tra ted by a comparison of the 1942 and 1955 floods at Easton. Al-
though these floods were similar in magnitude on the Lehigh , as m d i-
cated by stage and discharge records at Bethlehem , flood heights at
Easton were 10 to 15 feet higher in 1955 than in 1942. This was due
to backwater effect on the Lehigh caused by the extreme flood of 1955
on the Delaware.

10. Schuilkill River. Due to the steep slopes and narrow val-
leys of the Schuylkill River and its tributaries , the flood plains are
generally limited in extent throughout the basin. On the main stem,
from Philadelphia to Port Cl in ton , Pennsylvania , the flood plain is
estimated to average 500 feet in width , and above Port Clinton to vary
from 200 to 300 feet in width . Upstream from the gap where the river
passes through Blue Mountain , the headwaters region is traversed by
three branches: West Branch Schuylkill River , Schuy lki ll River, and
Little Schuylkill River. The greatest flooding in this region in Au-
gust 1955 occurred in the Little Schuy lkill bas in, with exceptionally
severe damages at Taxnaqua, Pennsylvania, located at the confluence of
Wabash Creek and Panther Creek with the Little Schuy lkill River. A
large part of Tamaqua is built in a narrow valley and the streams,
which flow through the city , are generally inadequate to carry the
flood runoff. The 1955 flood damages at Tamaqua amounted to more than
$930 ,000. Approximately 5.5 miles below Tamaqua at Reynolds , Pennsyl-
vania , the Atlas Powder Company experienced extremely heavy flood dam-
age in August 1955. A watershed work plan , pre pared by the Soil Con-
servation Service under Public Law 66, proposes three flood water re-
tarding structures above Tamaqua, Pennsylvania, one flood water re-
tarding structure above New Ringgold , Pennsylvania , on Koenig ’s Creek ,
and local channel work in the vicinity of Reynolds , Pennsylvania. On
the West Branch Schuy lkill  River f l ooding has been infre ’iuent and only
minor flood damages have occurred at the towns of Schuy lk il l  Haven ,
Pott sville and Port Carbon , Pennsylvania . From Blue Mountain down-
stream to Reading, Pennsy lvania , the flood plain is generally unoccu-
p ied between centers of population because the sterile mantle of culm
and silt covering the soil has greatl y red uced the value of these
agricultural lands . Flood damages in this reach are also experienced
at Kutztown , Pennsylvania, where the area subject to flooding extends
through the borough along both banks of Sacony Creek. Below Reading,
the floodway is occupied nostly by commercial and industrial interests
which suffered about 70 percent of the total flood damages in this
area in August 1955. The greatest degree of flooding in this reach is
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experienced at Reading, Birdsboro , Pottstown, Norristown , Consho-
hocken , t~1anayunk and Philadelphia, Pennsylvania. The 1955 flood dam-
ages at Reading, located on the left bank of the Schuylkill River op-
posite the mouth of Tulpehocken Creek, about 60 miles upstream from
Ph iladelphia, amounted to $223,000, and occurred in a low area of in-
dust r ia l  and residential proper t ies .  The 1955 flood damages at Birds-
boro , located on the right bank of the Schuylkil l  River , 63.5 miles
above the mouth , and at Pottstown and South Pottstown , located on the
lef t and right banks of the Schuylkill River at the mouth of Manatawn y
Creek , amounted to $82,500 and $342 ,000, resp ectively. Although the
1955 flood was not particularly severe on the Schuylkill River at
Norristown , there was considerable flooding by two local tributar ie s ,
Stony Creek and Saw Mill Run , which fl ow through the city. The area
inundated at Norristown in August 1955 included 40 acres by the
Schuylkill River , 70 acres by Saw Mill Run, and 85 acres by Stony
Creek. The area subject to flooding by high flows of the Schuylkill
River within the city limits of Philadelp hia extends from Manayunk to
Fairmount Dam. Although only Fairniount Park in Philadelphia had flood
damages in August 1955 , large sections of low-lying residential , corn-
mercial , and industrial properties in Manayunk and East Falls would
have been seriously damaged by flood stages only slightly higher than
those which occurred.

11. Secondary roads within the Schuy lkill River flood plain are
subject to inundation and occasional interruption of their use by de-
josits of silt and debris. Generally, rail roads and main highways ,
including bridges , have been located and constructed so that they will
not be seriously threatened by flooding ; consequently flood damages to
railroads and highways have been relatively minor in the past. Flood
damages on most of the tributaries of the Schuy lkill River have been
of infrequent occurrence and small in amount. Along some of these
tributaries, as well as the lower reaches of the main river , summer
cottages are located close to the riverbanks and are subject to flood-
ing and damages from extreme floods . A culm removal project carried
on jointly by the Commonwealth of Pennsylvania and the Federal govern-
ment was completed in October 1954. Although this project has con-
siderabl.y improved the channel and water quality of the Schuy lkill
River , its value in reducing flood stages is localized and quite lim-
ited.

12. Christina Rive L. The Christina River has developed a wide,
flat valley in the lower three-quarters of its length, while in the
upper quarter the valley is narrow. The flood plain , over a mile in
width in the lower tidal marshes , narrows to 100-200 feet above
Newark , Delaware. Flood damage along the Christina River proper is
usually not extensive . However , some flood damage , ordinarily due to
high tides, occurs at Wilmington , Delaware , near the junction of
Christina River and Brandywine Creek . Brandywine Cr eek , the principal
tributary of the Christina River , has a drainage area of about 300
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square miles , mostly in Chester County, Pennsy lv~in ia . The Brandywine
flood plain includes some agricultural land affected b;’ flooding plus
urban flooding in Wilmington , Delaware , and Coatesville and Downing-
town, Pennsylvania. Virtually all of the are3 subject to flooding at
Coatesville, located 35 miles upstream from Wilmington , is occupied by
the Lukens Steel Company ’s plant which experienced approximately 1/4
million dollars flood damages in August 1955. Downingtown , located on
the East Branch Brandywine Creek , which flows through the town , expe-
rienced approximately $170 ,000 flood damages in 1955. A comprehensive
plan f or developing the water resources of the upper Brandywine basin
has been developed jointly by the Soil Conservation Service , the Penn-
sylvania Department of Forests and Waters , the Pennsylvania Fish Com-
mission , and the local people of the Brandywine Watershed. This plan
proposes six single-purpose flood prevention dams , four multipurpose
dams with flood prevention storage , and a channel improvement project
on Sucker Run in the western section of Coatesville . Flooding at Wil-
mington results from flood flows emanating in the upper reaches of
Brandywine Creek and from hurricane effects on tidal fluctuations in
the lower Delaware River and bay areas. Although flood damages in
Wilmington were relatively minor in August 1955 , the area subjec t to
inundation is extensive and serious losses would result from floods of
greater magnitude . Flood damages resulting from the August 1955 flood
on White Clay and Red Clay Creeks, two other tributaries of the Chris-
tina River, were also minor . The greatest flood of record on White
Clay Creek occurred on 5 July 1937. This flood was caused by a local
storm covering an area of approximately 25 square miles southwest of
Wilmington . According to U. S. Geological Survey Water Suppl y Pape rs
the maximum stage at the gage downstream from Newark , Delaware , during
this flood was about seven feet hig her than the 1955 flood. It fur-
ther states that the gage was probably affected by backwater from the
Baltimore & Ohio Railroad br idge , approximately 300 feet downstream,
which has since been raised and widened. Most of the damages from
this flood resulted from high flows in the tributary streams and local
f looding associated with intense r a i n f a l l .

13. Smaller Streams Tributary to the Delaware River. The flood
plain areas along most of the smaller t r i bu t a ry  streams of the Dela-
ware River are relativel y narrow and generally sparse Jy populated.
Consequently, most of the flood losses are rural in character , with
some urban flood losses occurring at damage centers located in the
narrow valleys . Frequent flooding experienced along the narrow valley
of Paulins Kill has resulted in considerable damage at Blairstown ,
Newton and Branchville , New Jersey. As a result , the. Department of
Agriculture has developed a work plan for Paulina Kill which includes
f l ood protection projects at Blairstown and Newton . Flooding at
Branchville in 1955 was caused by the f a i lu re  of two dams above the
town and will  not recur. Frequent flooding on Neshaminy Creek causes
damage at the rapidly developing residentiai areas in the boroughs of
Langhorne Terrace , Parkiand , Hulmeville , ~k-wportvi1ie , and Chalfcnt ,
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Pennsylvania . Urban dai iage centers located on the smaller tributaries
are also described in table 1 and shown on plate 1. Other flood dam-
age centers exist in the basin , particularly in and around the subur-
ban areas of Trenton , New Jersey, Camden , New Jersey , Philadelphia ,
Pennsylvania , and Wilmington. Delaware . These centers are not well
defined in many instances and have been omitted from this discussion
since they will not be affected by any proposed flood control proj-
ects. The character and extent of flooding of rural areas along the
minor tributary streams is discussed in Appendix R which outlines the
role of the small dams and reservoirs in the comprehensive plan for
the development of the water resources in the Delaware River basin.

14. FLOOD DAN.AGE REACHES, The Delaware River , its principal
tributaries , and some of the minor tributaries have been divided into
convenient stream reaches. For planning purposes and for use in de-
terinining justification for flood control structures , the reach limits
were selected so that damages within each reach could be correlated
with stage-discharge and discharge-frequency relations for a reference
ba~e in the reach. The reaches were also selected so that they could
be readil y grouped to define adequately damages that would be modified
by the several pz~ jects in the proposed water resources development

~)lan . rhe damage reaches selected f or study are shown on plate 2 and
are described in table 8. Minor tributaries and extreme headwater
reaches where flood losses were insignificant or where no flood con-
trol projects were contemp lated were not included in the evaluation of
average annual flood damages. River mileage , used in describing reach
limits , is measured from the mouth of each stream , except mileage on
the Delaware River which is measured from the Capes.

15. Delaware River. The reaches of the Delaware , beginning at
the confluence of the East and West Branches near Hancock , New York ,
are designated in a downstream order and extend through Burlington ,
New Jersey . Flood damages in the reach below Burlington are due to
tidal fluctuations , and were not included in the evaluation of average
annual damages which could be prevented or alleviated by upstream
flood control measures.

16. Lehigh River. In order to simplif y the analysis , the
reaches along the Lehigh River combine the zones used in connection
with previous economic justification studies made for Bear Creek
Reservoir , for the Bethlehem , Pennsylvania local protection project ,
and for the Allentown , Pennsylvania channe l rectification project.
These reaches cover the length of the Lehigh River from Easton, Penn-
sylvania , to just above Bowmanstown , Pennsylvania. Reach 1, located in
Easton at the confluence of the Lehigh River with the Delaware River ,
has been included in the Delaware River reach , C-2a.

17. Lackawaxen River. The Lackawaxen River reaches or zones
above Hawley, Pennsylvania.  are the same as those used in connect ion
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with the previous economic justification studies made for the Prompton
and Jadwia flood control reservoirs. A reach extending from Hawley
to the mouth of Lackawaxen River was added for this report.

18. Schuylkill River. The Schuylkill River reaches are numbered
in an upstream order from the mouth. Reach 0, which is affected by
tidal fluctuations , includes a portion of Philadelphia from the mouth
of Schuylkill River to Fairmount dam . The uppermost reach extends to
just above Middleport , Pennsylvania , on the Schuylklll River.

19. Other Tributary Streams. Damage reaches were designated on
other tributary streams where field investigations indicated flooded
areas with moderate to high damage potential . These reaches are also
shown on plate 2 and described in table 8.

20. CLASSIFICATION OF FLOOD DANA~ES. Flood losses or damage8
are designated by classes and types of damage indicated in paragraphs
21 to 24 inclusive , and were developed in accordance with terminology
contained in paragraph 1-72 of EM 1120-2-101 1/ and paragraph 3 of EM
1120—2—112. 2/

21. Tangible Dama.~~~~ The average annual damages which might
result from future floods were determined for the damage reaches de-
scribed in table 8 and shown on plate 2 and reflect the tangible re-
curring damages determined from field surveys of flood losses. Tangi-
ble damages are considered as follows : (1) physical damages caused by
inundation , (2) emergency losses or costs incurred in anticipation of
or fighting the flood , termed ‘flood fighting costs” in this report ,
and (3) business or other financial losses resulting from decreased
production , profits and wages, and increased cost of normal operations
and living . The elimination of such damages constitutes primary bene-
fits. Tangible damages were determined in the field surveys for the
following classes or types of flood losses:

Residential damages include inundation losses to nonfarm resi-
dences and contents thereof , appurtenant buildings , and grounds . Res-
idential business losses refer to rental of other living quarters and
to increased cost of meals and other services while away from home due
to the flood . Residential flood fighting losses , the costs incurred

1/ Examinations and Surveys - General Procedures, Department of the
Army , Office of the Chief of Engineers , Preliminary Engineering Manual
for Civil Works Construction , Part CI, chapter 1, change 3, 28 April
1958.
2/ Examinations and Surveys - Terminology of Economic Evaluation,
Department of the Arm’,- , Office of the Chief of Engineers , Preliminary
Manual for Civil Works Constructions , Part CI, chapter 2, 10 September
1957.
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iii anticipation of and in fighting the flood , are included in esti-
nates of tang !ble flood damages.

CommercLal damages include losses to all those properties used in
commerce , business , trade , servicing or entertainment as distinguiahed
from other properties used in industry, manufacturing , mining , naviga-
tion , public administration , utility production and service , and trans-
portation. Physical flood damages to commercial property and facili-
ties incluue damages to land , buildings , equipment , supp lies, merchan-
dise and other items used in the conduct of the business. Business
losses , sustaine :~ by commercial activities as a consequence of floods ,
result from net losses of business income and loss of wages to employ-
ees. Net loss of business income includes losses resulting from de-
creased production , loss of sales or services normally required by the
consuming public , or the loss of a net profit to the owner of a busi-
ness. Losses of wages to employees of a commercial establishment were
considered when such losses were not compensated for by employment in
emergency activities during the flood and rehabilitation period. Loss
of salaries paid to owners of commercial establishments was normally
included in the estimate of net profit loss of the business. Commer-
cial flood fighting losses ;.aclude those costs incurred in anticipa-
tion of and in fighting the flood.

Industrial damages include inundation losses to properties and
facilities for extracting , producing , manufacturing and processing of
commodities , wherein labor or materials create new products and new
wealth . Business losses and flood fighting costs to industry are es-
sentiall y the same as those listed in the paragraph above for commer-
cial establishments , and vary principally in the economic magnitude of
the goods and services involved.

Utility damages include inundation losses to all utilities , other
than railroads , such as gas , electric , water and telephone plants ,
transmission lines and other similar facilities. Business losses to
utilities include loss of sales or revenue , wages and increased costs
of operation or substitute services. Flood fighting costs are also
included in estimates of tangible utility damages.

Public damages include inundation losses to public buildings ,
parks and other facilities including equi pment and furnishings owned
or operated by Federal , state , county or local government units. Dam-
ages to church properties were included in this group. Public busi-
ness losses include losses in sales or revenue , loss of wages , and in-
creased cost of normal operations . Tangible public damages include
flood fighting costs as previousl y defined.

Rural or agricultural damages include inundation losses to farm
dwell ings and f urnishings , barns and other appurtenant buildings and
their contents , including equipment , stored crops and feed , livestock

D- 10

~4i~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~ ~~
. . .



and poultry , land and crops , fences , lanes , br idges and other farm
facilities. Rural business losses include loss in product ion or sales
not covered under physical damages and increased cost of normal opera-
tion . Rural flood fighting costs are also a part of tangible dame,s
estimates.

Highway damages include inundation losses to roads , streets ,
pavements , sidewalks, bridges and other highway structures , goods in
transit or stored in terminals , supp lies and equipment. Highway busi-
ness losses include loss to the public caused by rerouting of traffic
due to road or bridge damage plus other abnormal operating costs due
to flooding . Again , flood fighting losses include costs incurred in
anticipation of and in fighting the flood .

Railroad damages include inundation losses to tracks, structures ,
right-of-way , goods in t rans i t  or s tored  at terminals , supp lies and
equipment. Railroad business losses include loss of revenue due to
reduced traffic and cost of substitute services due to flooding .
Flood fighting losses similar to those previously discussed are in-
cluded in estimates of tangible flood damages.

Emergency aid and relief includes the cost of protective and
other wo t k essential for the preservation of l i f e  and property , such
as clearance of debr is and wreckage , and emergency repair or temporary
rep lacement of public f ac i l i t i e s .  Aid and relief activities inc~.ude
two general categories: (...) that furnished to the individuals and f am-
ily units directly a f fec ted by a f l ood , and (b) that furnished for
emergency rehabil i tat ion of communities and cities rendered help less
by the f lood.  Aid to individuals and families is generally f urnished
by public and private social and welfare groups , and by the national
disaster relief organizations . Assistance to communities and ci t ies
is largely the concern of state and Federal agencies whose functions
include emergency aid and disaster operations.

22. Intangible Damages. Intangible damages are those losses
that cannot be given a monetary value , such as loss of l i fe , health ,
security and the detrimental e f fec t  of floods on national defense . If
these losses were assigned values they would become tangible damages.
Intangible damages were not used in project evaluation studies.

23. Damages to Fish and Wi ld l i f e  Resources. It is recognized
that floods may cause damages to fish and wildlife habitat. However ,
these types of damages do not lend readily to monetary evaluation as
stated in the following paragraph f urn ished by the Department of the
Interior , Fish and Wi ld l i f e  Service .

“Habitat for  fishes may be severely damaged as a result of the
scour ing e f f e c t s  of f loods on aquatic food organisms and streambank
cover . Erosion of stream margins and heavy depos ition of s i l t  are
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also damaging to s t ream l i f e .  The impact of floods on other wildlife
is somewhat less clear , although direct damages undoubtedly occur to
wildlife species. On the other hand , the occurrence of floods on
flood plain wildlife habitat discourages the development of cultural
features which would encroach on tha t  h a b i t a t . ” 3/

24. Recurring and Nonrecurring Damages. Recurring flood damages
are those items of probable fu tu re  damage which can be reduced or pre-
vented by properly planned flood control measures. Noncecurring flood
damages are those items of previous loss which , although once experi-
enced , are not likely to recur ; for example , the destruction and non-
rep lacement of a bridge , or rep lacement in such a manner as to avoid
or minimice future damage . Nonrecurring flood damages are not in-
cluded in the tangible flood damage comp ilations utilized to determine
average annual flood damages for the stream reaches.

25. Direct and Indirect Flood Damages. In the past it has been
the general practice in the Corps of Engineers to classify flood dam-
ages as “direct and indirect. ” “Direct damages” are those damages
caised by the flooding action itself , that is , the physical damage to
pr)perty by inundation . “Indirect damages” are those damages other
than physical , such as business losses , delays , flood fighting , and
other adverse effects traceable to the flood. Flood damages previous-
ly reported as “direc t” and “indirect” have been reclassified in ac-
cordance with EM 1120-2-112 as tangible damages under the following
classifications: (1) physical losses , (2) business losses and flood
fighting costs , and (3) emergency aid and relief costs.

26. PRIOR FLOOD INVESTIGATIONS AND REPORTS. Prior investiga-
dons pertaining to flood damages and flood control measures have been
made under congressional authcrizations . The River and Harbor Act of
21 January 1927 authorized eight investigations in the Delaware River
basin under the provisions of House Document No. 308, Sixty-ninth
Con-gress , 2d Session . The Emergency Relief Appropriation Act of 1935
authorized six flood control investigations and a stream pollution
study in this area, and the Flood Control Acts passed between 1935 and
1946 authorized seven additional flood control investigations . In ad-
dition to those investigations authorized by Congressional Acts , reso-
lutions adopted by various Congressional Coimnittees have required the
preparation of eight review ceports . Additional information pertain-
ing to these authorizations and investigations is given in Exhibit C ,
Pcior Water Resources Report, of Appendix A , History of Investigation .
The reports from which the earlier flood damage values originated are
irdicated in the notes to table 3.

3/ Letter dated 9 February 1960 from Regional Office , Fish and Wildlife
Service , Boston , Mass., to the U. S. Army District Engineer , Phila-
delphia District.
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27. Results of Prior Investigacir us . Flood damage estimates
contained in prior reports for the Delawar’. Ri~ :~r b~ s!r ~-rt~. summarized
in table 3. Examination of the deta shows that t h~~ie ~~~~~~ s~ r’reys
covered limitaJ portions of the ba5in and tha t the res~~ ts are onl y
incidentally comparable with the total damages obtained by the basin-
wide field survey following the August 1955 floc~~. 1i-~- earlier damage
surveys represent only a portion of the total damages that were expe-
rienced during the floods ; that is , danige estimates ~‘ere made only
f or areas of primary interest . However, data contained in the earlier
reports were used to supplement the 1955 flood damage data. In such
cases the earlier data were escalated for changes in price levels and
increased by a factor indicative of normal growth and development.

28. SURVEY OF AUGUST 1955 FLOOD DAMAGE.~ The Augu.st 1955 storm
produced the largest flood of record generally throughout the basin
and prov ided an oppor tun i ty  to secure data necessary to e s t a b l i s h
stage-damage relationships on a large number of streams not covered in
earlier surveys. During and immediately following the 1955 flood ,
preliminary reconnaissance and aerial photogr..iphic surveys were made
of the flooded areas in the basin . These were followed by a detailed
field survey made during the period October through December 1955. In
addition , a report was prepared by the U. S. Army Engineer District ,
Philadelphia, detailing Federal expenditures for emergency aid and re-
lief measures performed during and af ter the flood of August 1955. A
supplemental survey of the August 1955 flood losses was made in August
1958 for the purpose o securing additiona l flood damage data through-
out the basin in order to define more ad uat-~-l y tho stage-damage re-
lations for various river reaches and dcnna~ e c-snter~ These surveys
and reports are discussed in more detail in paragraphs 29 to 31 inclu-
sive. Photographs, taken during and shortly after the flood of August
1955 , are included in the back of this appenuix . The~~ photographs
indicate , generally ,  the extent and magnitude of flooding and damages
throughout the Delaware River basin.

29. Field Survey Immediately Fol?owing tF~ Fi od, Th the survey
conducted from October through December 1955 data were obtained , for
the entire Delaware River basin, on flood damages resulting from the
floods following hurricane “DIANE” on 18-20 August 1Q55 Subsequent
to this flood , field survey teams interviewed owners of pioperty , in-
dustrial , commercial and utility interests , publir officials , and rep-
resentatives of State and county highway depar~ments and ra~ 1road
lines which had experienced flood damage . F~ aii da -a c*~~lscted in-
cluded estimates of tangible damages for the 1955 floo’i and also for
stages three feet higher in the sane flooded are3 A Ltn~ ugh sampling
techniques were used in some residential areas , the August 1955 flood
damages were obtained princi pall y from field iute~ viaws Flood height
marks were established and designated togethet with the extent of
flooded areas on U. S. Geological Survey quadrangle s’~~~’s wh ich are
in the Philaddphia District Office files. A summary of the 1955
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recurring and nonrecurring flood damages collected during this period
are shown in tables 4 and 5.

30. Supplemental Damage Survey. A supplemental field survey
made during August and September 1958 was used , primarily, to augment
the 1955 flood damage data obtained in the ear l ier  survey.  Addit ional
field data collected consisted of: (1) estimates of flood damages in
areas not covered by the initial 1955 survey , (2) estimates of damage
to s tructures constructed within the flooded area since the earlier
survey , (3) estimates of reduction in recurring damages due to reloca-
tions and other protective mea~.ures, (6) damages that would have oc-
curred f or stages three feet higher than the 1955 flood in adjacent
areas beyond the areas inunda ted by the 1955 flood, and (5) damages
that would have occurred for stages six feet higher than the maximum
stage of the 1955 flood on the Schuylkill River. Data from both flood
damage surveys , including survey for ms , maps of flooded areas , high
watermarks and all other supporting data used to define flood damages
in the Delaware River basin , are on file in the office of the U. S.
Army Engineer Dis t r ic t , Philadelphia.

31. Emergency Aid and Relief Survey. The relief furnished by
the American Red Cross , costs of assistance to communities by the
states and local agencies , and costs of emergency relief and rehabili-
tation performed by the Corps of Engineers are c lass i f ied  as emergency
aid and relief costs . The emergency relief measures performed by the
Corps of Engineers under Operation NOAH were initiated on 23 August
1955 by direction of the Federal Civil Defense Z~dministration . These
emergency relief activities were authorized under Public Law 875, 81s t
Congress , 2d Session , whi ch provides for authorized Federal agencies
to engage in d isas te r  relief operations . The final report on Opera-
tion NOAH in the Delaware River basin , completed by the Philadelphia
District on 31 January 1957 , is a record of the activation , mobiliza-
tion , administration , expenditures , and the general location of disas-
ter relief operations . The American Red Cross and Operation NOAM
costs were generally reported as lump sum amounts for political sub-
divisions such as states , counties , townships and metropolitan areas .
Essentially all of the emergency work performed through contract serv-
ices under the direction of the Corps of Engineers was completed by 30
July 1956. iSisaster and relief work on state , county or local levels ,
with costs reimbursable by the Federal government , was completed by
10 December 1956.

32. EVAJ..UATIONS OF 1955 FLOOD DAMAGES. The damage reports ,
sorted into appropriate damage centers , local township areas , river
ceaches , watersheds , and by types of property damage , were reviewed
for errors , omissions or duplications . Corrections were made , and
additioual information was secured in the field when necessary . Util-
ity, ra il r oad , kighway , and emergency aid and relief damages reported
as lump sum estimates for large political subregions were prorated to
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the damage centers and reaches as indicated in paragraph 33 . Damage
estimates were made f or business losses and emergency costs based on
methods discussed in paragraph 34. Changes in dollar values were con-
sidered , and the escalation factors developed for adjusting the 1955
damage estimat~ s to 1958 and 1959 values are shown in paragraph 35.
The procedures discussed in paragraphs 33 to 35 inclusive were used to
develop damage estimates for the flood of 1955 and for the hypotheti-
cal flood three and six feet higher. Table 6 illustrates the calcula-
tion of total recurring flood damage for typical damage reach .

33. Distribution of “Lump Sum” Damage Estimates. Flood damage
estimates for large utilities , state and county  highways , railroad
companies , and emergency aid and relief measures were reported as lump
sum expenditures for large areas such as states , counties , metropoli-
tan areas, and service areas . It was first necessary to prorate the
lump sum estimates among the damage centers and reaches on an equita-
ble and consistent basis. The lump sum damage estimates for utili-
ties, highways, and railroads were prorated on the basis of inundated
miles of roads , tracks and service lines indicated within each damage
reach by high water profiles and flooded area maps . Corps of Engi-
neers ’ emergency expenditures f or specific damage centers , along with
other supporting data from the report on Operation NOAH, were used to
prorate the reimbursable state , county , and local agency lump sum
emergency aid expenditures. Red Cross expenditures reported as lump
sums were prorated to individual damage centers and damage reaches in
proportion to the amount of included residential damages.

34. Business Loss and Emergency Cost Adjustments. Business
losses and flood fighting costs as well as Red Cross expenditures re-
sulting from the August 1955 flood were reported in the original sur-
vey for class , or type , of damage and classified as “indirect” flood
damage. Railroad, highway , and utility business losses and emergency
costs were general ly reported as lump sum estimates for large areas,
while residential , commercial , industrial and public losses were re-
ported for individual properties. In no case were these losses ob-
tained in the original survey for a flood three feet higher than that
of 1955. To account for all losses of this type , percentage relation-
ships of business Loss and emerc~enty cost to actual phys ical damage
were developed from the 1955 flood damage data obtained in the Dela-
ware and adjacent watersheds . These relationships , obtained from the
New York , Baltimore , Washington and Philadelphia Districts of the
Corps of Engineers , together wi th similar information computed for
commercial and industrial damages based on the supp lemental damage
survey , are shown in table 7. Based on these re la t ionships, percent-
ages were adopted for estimating business losses and emergency costs ,
including Red Cross , for each class of flood damage as indicated in
table 7. The adopted percentages were used to compute the business
losses and emergency costs for the 1955 flood as well as a flood three
feet higher . This resulted in more consistent relations of business
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losses and emergency costs fo r  the two floods than were obtained using
the surveyed “indirec t” damages for the 1955 flood and adopted per-
centa ges for the 1955 flood height plus three f ee t .  The 1955 flood
damage lose in the basin is not significantl y altered by using the
percen tage method of der iving business losses and emergency costs .

35. Escalation of Flood Damage Values. The June 1958 price lev-
el was used as the common basis for the integration of all flood dam-
ages used in preliminary planning studies . The flood damages surveyed
in 1955 were escala ted to 1958 price levels and incorporated with dam-
age data collected in the supplemental survey of 1958. The Building
Cost Inde x, published in the ‘Eng ineering News-Record” and the Consum-
er Price Index (all items), published in the “Monthly Labor Review,”
were used to develop the ave-rage escalation factor , 1.085 , which was
used to escalate 1955 flood damage values to 1958 values. In order to
compare annual damages prevented and annual project costs , which are
based on January 1959 prices , it was necessary to escalate the recur-
ring flood damage estimates to 1959 price levels. The average escala-
tion factor for increasing 1958 to 1959 price levels is given in the
following tabulation .

P ESCALATION FACTORS FOR CONVERTING PRICE LEVELS

Source of Index Ratio Ratio
Information Aug 1955 June 1958 Jan 1959 1958/1955 1959/1958

Building Cost Index 478.03 521.09 536.23 1.0901 1.0290

Consumer Price
Index (all items) 114.50 123.70 123.80 1.0803 1.0008

Factor-Average
Ratio - - - 1.085 1.015

The difference between the B.C.I. and the C.P.I. is reflected in the
year selected for each as a base from which price levels are measured.
The base for the B.C.I. is 1913 and for the C.P.I. it is 1947-49.

36. DIS TRIBUTION OF DAHACES BELOW 1955 FLOOD CREST. Detailed
stage-damage data from prior studies were limited to the Lackawaxen
and Lehigh Rivers and a few isolated damage centers. Stage-damage
curves developed by the office of the U. S. Army Engineer Distric t,
Philadel phia , in these areas were used where possible in this report.
Damages £ or specific floods prior to 1955 on the Schuylkill River , to-
gether with flood damages for the August 1955 flood , the 1955 flood
plus three feet , and the 1955 f l o od plus six feet were sufficient to
define stage-damage curves for the various reaches used on this
stream . For the main stem of the Delaware River and the remainder of
the tributaries , recurring flood damages below the 1955 flood stage
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were distributed vertically according to emp ir ical  ru la t~ onshi ps of
depth of flood versus percentage of total flood damages. Vertical —

distribution of damages between the 1955 stage and the 1955 stage plus
three feet , or above the 1955 stage plus three feet , was not necessary
as these two flood damage values adequately defined the upper portion
of the stage-damage curves.

37. The relationships for distribution of damages below the 1955
stage for various classes of damages are discussed in paragraphs 38 to
43 inclusive . These relat ionships were tested by application to the
May 1942 flood damages on the Lehigh River and to the flood damages
for the 1955 stage plus three feet on the Schuylkill River. The de-
rived damage distributions at stages below these flood crests were
then compared with the established stage-damage curves for the reaches
tested. These tests showed that the summation of individual damage
distributions based on the empirical relationships gave stage versus
total damage curves which compared favorably with the existing curves
f or the reaches.

38. Residential ~Damages. Generalized residential damage tables
had been developed by the U. S. Army Engineer District , Baltimore , in
connection with flood damage studies on the Susquehanna River. The
tables gave the relationship of physical damages to depth of inunda-
tion by type and class of residence . Since the Susquehanna and the
Delaware River basins are in a similar economic region , and the same
general type of residences are found in both flood plains , these
tables were used as a basis for distributing residential damages in
the Delaware River basin. For this study, new tables were prepared
based on percentages instead of dollar values . These tables give, in
terms of percentages of total damages at known maximum depths of
flooding , the damages for each successive foot of lesser inundation
for one and two story residences , both with and without basements.
The percentages were applied to the total physical damage to each res-
idence caused by the August 1955 flood and the dollar damage for each
foot of depth below the flood crest computed. Damage values for each
residence for the 1955 depth of inundation and for each lesser foot
below the 1955 depth were summed up by reaches and damage centers , and
were later combined with other classes of flood damages to give the
depth-damage distributions . In the procedure used , and described
above, it is assumed that in any reach flood profiles at various
stages above the zero-damage stage for the reach are parallel. This
assumption is substantiated by f l ood profiles of record for the Dela-
ware River and principal tributaries.

39. Commercial and Industrial Damages. Damages at stages be-
tween the 1955 crest and the zero-damage stage for each property were
determined in accordance with a linear type distribution . For
example , the flood damage for a commercial establishment , flooded to a
depth of five feet above zero damage in 1955 , is reduced 1/5 or 20
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percent per foot of lesser depth o~ Lnundatiuii below thc crest. Tabu-
lations were prepared showing the distributi uii o. damoges per foot of
inundation for each individual cunt~crcial a id industrial establishment
and summarized by reaches u~;d uamagu centers

40. Highway, Utility. i’~b1ic and Rural Dant~g~ s, In general , the
depth of flooding was not indicated on the survey data forms for these
types of damages , and in some cases the 1955 damages were listed only
by broad areas or systems , Since the physical damages in this ~roup
are somewhat similar to those occurring in residential , commercial ,
and industrial classes , the generalized relations used for these cate-
gories were used as a basis for distribution of the damages for this
entire group. Summaries were prepared of the total residential , com-
mercial , and industrial physical damages in each of the individual
reaches and damage centers under consideration . Percentage distribu-
tions of these combined damages per foot of depth of inundation were
calculated for each of the reaches. These percentages were then ap-
plied to the total of the highway , utility, public and rural damages
for each reach and damage center to obtain damage distributions in
feet below the 1955 flood crest.

41. Railroad Damages. The damage data forms from the field sur-
vey listed railway damage along the Delaware River for Reaches A, B,
and C in August 1955. Examination of available profiles and maps
shoving railroad Locations indicated that the average depth of flood-
ing was about five feet in Reaches A and B and greater than that in
Reach C. Railway physical damages in Reaches A and B were distributed
vertically within the five--foot depth on a linear basis. Railway dam-
ages itt Reach C were distributed verticall y on the same basis as high-
way damage in Reach C. Railroad damage data for most of the tributary
areas were listed as lump sums which were prorated to the appropriate
damage centers and reaches on the basis of field data , personal knowl-
edge acquired by field investigators and judgment. Approximately the
same distribution by feet below the crest of the 1955 flood was ap-
plied as along the Delaware River.

42. Business Losses and Costs of Emergency Measures. These
Losses were determined for each class of property as discussed in
paragraph 34. The percentage values determined from the residential ,
commercial and industrial physical damage distributions , and previous-
l y used for distributini, highway , utility , public and rural phys ical
damages by feet below the 1955 flood crest, were -used to distribute
all business losses and costs of emergency measu~es except railroad
loss. The percentages used for vertical distribution of railroad
losses were the same as those used for railroad physical damage .

43. Federal Em-’rgency Expenditures. Expenditures of this type ,
as listed in the report on Operation NOAH for the 1955 flood , were
distributed verticall y by the same percentages as those used above for
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business losses and costs of emergency measures. The values obtained
were then inserted in the appropriate vertical distribution summaries.

44. Summation of Dis t r ibu ted  Damages. All of the recurr ing darn -
ages (physical , business and emergency losses) for each of the various
classes were determined and summarized for the August 1955 flood stage
and each foot of lesser inundation below this flood crest for each
reach and selected damage center .  From these summaries stage-damage
curves were prepared in which stage was referenced to feet below the
1955 flood crest. The stage was then converted to elevation in feet
above mean sea level or gage height by referring the 1955 flood crest

V 
to a nearby reference point or stream gage.

45. DETE RMINATION OF AVERAGE ANNUAL DAMAGES. Stage-damage,
stage-discharge, and discharge-frequency relations were developed in-
dependently for  the various reaches and damage centers throughout the
Delaware River basin. These relations were correlated to develop

-: damage-f req r~~ncy curves which were used in the determination of aver-
age annual recurring flood damages.

46. Stage-Damage Relations. The procedures outlined in para-
graphs 34 to 44 inclusive, gave damage data for various flood stages
in each of the reaches or damage centers under study. In most cases,
the stage-damage relations were developed from the flood data for the
August 1955 flood, the anticipated damages from a flood of the 1955
stage plus three feet and, on the Schuylkill River, the damages antic-
ipated from the 1955 stage plus six feet. The stages corresponding to
zero damage were determined from information secured during the course
of the original and supplemental damage surveys. Plate 3 shows a typ-
ical stage-damage curve for Reach C-l on the Delaware River.

47. Stage-Discharge Relations. Most of the damage reaches and
centers were so located that it was possible to use exist ing U. S.
Geological Survey stream gaging stations as reference gages. In the
few reaches where existing gages were not applicable , peak discharges
for reference points were derived f or the floods of 1936 , 1942 , 1952
and 1955 based on the recorded discharges at nearby gages. These re-
corded discharges together with flood profiles and/or high waterutarks
were used in develoDing rating curves at the reference points . Plate
4 shows a rating curve fo r  the De laware River at Belvidere , New Jer-
sey, which was used for  Reach C-l.

48. Discharge-Frequency Relations. General data on the develop-
ment of discharge-frequency relations for the Delaware River basin in-
cluding procedures for the determination of regionalized frequency
curves at reference points other than establi8hed gaging stations are
presented in paragraphs 68 to 88 , inclusive , of Appendix M. A cotupar-
ison of frequency curves developed by regionalized methods with sta-
tistical frequency curves determined from the station records ,
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generally throughout the basin , showed that the former did not diverge
mater ia ll y f rom the statistical curves. Accordingly, and in the in-
terest of uniformity for the gaged and ungaged damage index stations ,
the reg ionalized frequencies were used for all damage-frequency re 1-~-
t ions . Spot checks sh owed that the use of regionalized frequencies in
lieu of statistical frequencies based on reasonably adequate observed
data made insignificant changes in the estimates of annual damages ex-
cept in the case of Brandywine Creek at Chadds Ford , Pennsylvania
where the actual frequency curve , based on 44 years of stream flow
record , was used. Plate 5 shows a regionalized discharge-frequency
curve for natural conditions and modifications for the effect of ex-
isting reservoirs and reservoir projects under construction for the
damage Reach C-I. Modification of natural flood frequency curves for
the effec t of existing reservoirs and reservoir projects under con-
struction is described in paragraphs 90 and 91 of Appendix M.

49. Damage-Frequency Curves. Damage-frequency curves were de-
veloped by the correlation of stage-damage , stage-discharge , and
discharge-frequency relations for each damage reach or center. As a p
cypic~~ example, plate 6 shows these relations for damage Reach C-l
plotted as curves in separate but related quadrants . The damage-
frequency curve constructed therefrom is shown in the lover right
quadrant. Plotting points for this curve are derived by converting
the stage corresponding to a selected damage value into discharge , and
then converting this discharge into its associated frequency which is
plotted against damage . Normally these four curves are constructed on
separate sheets with larger scales in order to provide a more accurate
definition of the damage-frequency curve . Enlarged damage-frequency
curves for Reach C-I under natural conditions and for conditions modi- p
fied by existing reservoirs and reservoir projects under construction p
are shown on plate 7. The total area under the damage-frequency curve
is in effect the summation of the average annual damage expected at
each frequency and represents the total average annual damages. The
average annual recurring damages thus obtained are summarized in table
8 for natural conditions and for resulting conditions after modifica-
tion by existing reservoirs and reservoir and local protection proj-
ects under construction where applicable. The average annual recur-
ring damages in this table are for those reaches of the Delaware River
and t r i b u t a r y  streams where detailed evaluations were needed to fully
develop flood control measures in connection with the comprehensive p
plan for water resource development in the basin.

50. TRENDS OF DEVELOPMENT. Studies were undertaken to modify
the current. average annual flood damage estimates to reflect the in- V

creased potential average annual flood damages throughout the 50-year
Life of the proposed projects. This was accomp lished through estima-
tion of the expected “normal” trend of flood plain development in
those areas f or which damage r e d u c t i o n  measures  are being proposed.
The at ~dy was undertaken in recognition of the fact that by the year
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2010 continued “without-project ” tiood plain development could siguLi-
icantly modif y the current picture of i~ouge potential . The following
paragra phs presont an analysis of the Delaware River basin ’s histotic
flood plain development , the methods explored to estimate future
trends of flood plain development , a detailed description of the
adopted method , and the resu l t s  of the cpp lication of the adopted
method in the measurement of the basin ’s probable flood plain growth .

5]. . For the y- rposes of this phase of the study, the following
three major river - ~c~~es were selected because of the significant
damages suffered in these areas in the 1955 flood :

Delaware River :~~ ch : Riegelsville , Pennsylvania to Tren-
ton , tew Jersey, inclusive

V Lehigh River Reach: Bowmanstown, Pennsylvania to Easton,
Pennsylvania , inclusive

Schuyl k i ll  River Reach: Reading , Pennsylvania to Norri stown ,
Pennsylvania , inclusive .

The physical characteristics of the flood plains in these reaches are
discu ssed in paragraphs 3, 9 and 10, respectively. Despite the rela—
tive narro~~ess of the flood plain , there exists a high degree of
physical development , atte~ vcd by the magnitude of the August 1955
flood damages as shown in table 4. Of the total  damages in the Dela-
ware Rive r basin for the 1955 ficod , 50 percent occurred in the com-
bined area covered by the above river reaches.

52. While the relatively narrow valley widthc and the high
degree of present development indicate only minimal future flood plain
development , the pressure of social and economic factors , already ex-
erting their influence in the Del aware River basin , may serve as
forces which will accelerate a more intensive use and redevelopment of

p the flood plain in the f u t u r e . .‘hr~ cnph~ sis on urban redevelopment
coupled with trends of population growth will result in new develop-
ment along the flood plain . An ranrnple of this is at Trenton, New
Jersey, where a multimillion ~~11ar houning development is presently
contemplated on a flood plain area now occupied by older , less valu-
able btructures.

53. A number of geographic and social factors may be related to
flood plain development. A recert study completed by the Department
of Geogra phy at the University of Chicago ~ / indicates that a rela-
tionship exists between flood plain occupancy and general population

~ / Ch anges in Urban Occunancy of Flood Plains in the United States,
Gilbert White , Wesley Calef , et al., University of Chicago, Department
of Geography, Research Paper No. 57, November 1958.
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growth. Another factor that may i i t~ luence futu re trends in flood
plain development is the Federal hLg~way program In New Jersey alone
three Federally supported interstate highways are proposed which will
pass through flood plain areas at Trenton , Philli psburg and Columbia.
Additional forces that niny also inlluence future development and po-
tential flood damages are such ft~ctors as f l o od plain zoning , intro-
duction of new building standards designed to minimize flood damages ,
flood insurance , and 1~- proved forecai~ting and flood warning systems .

54. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Recognising
the nature of the lii-iiting pstx o~~ toru to flood plain development , as
wall as the effects of various factors mentioned above , several
methods of measuring future trends of flood plain development were in-
vestigated. Azeong t1~ -- ~, rious evenuen c f  approach that could be ex-
plored for es t imat ing  ~kv ul opnie nt  tren d: ; , the three folloving bases
w.~ro considered to bo within the p r a ct i ca l  l imits of report objec—
tivea :

a. Historical and projected overall economic growth.
b. Actual flood plain developuient determined by field sur-

vey.
c. Measurement of changing patterns of land use in the

flood plain.

55. Historical,  end Protected Overall Economic Growth. The first
method involved an analysis 01 the historical and projected trends of
overall economic growth based on changes in population and personal
income for each problem area . The Office of Business  Economics , in
the Economic Base burvey, Appendix B, provide d adequate historical and
projected growth data for the De)aw.tre lUver service area and its
eight subregions . These data could be used to measure future trends
of flood plain development for flood problem areas distributed by
counties. However, while the overall growth patterns developed for a
county or a group of counties , covering the river reach under study,
would be valid for the general locality, t here were no methods readily
available for determining if such trends would also be app licable for
the specific portion of the county or cc-unties lying within actual
flood plains . Field reconnaissance ~tu~’ies w re undertaken in the
Allentown-h1ethlehe:~~Easton , Pennsy lvanlu and Trenton, New Jersey areas
in order to determine the feasibility 01 this method . In the
Allentown-Bethlehem-Easton area it was ~scerta 1ned that over a 20-year
period there had been little flood p lal; development in Easton and
only moderate incteascu were recorded fur Bethlehem and Allentown .
During a similar period population for :he genera l  area was increasing
at a rate of app oxiitnte l y one percent per year . At Trenton , very
significant increases in flood plain d~velop;~ent have been noted dur-
ing the last 20 to 25 year;; and populaL Ion growth within this metro—
polite;, area has avcr- .~ - V c 1  about 1-1/2 )ereent These studies did not
indicate that there ei.1~~ted any iieauurobl e relation shi p between poou—
l~~iion growth and flou t p l a i n  deve1opii e~ t fur the b Lj ~~~~~~!C areas studied.
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56. Flood Plain Development Determined by Field Survey. The
second method under consideration would involve making the following
studies: (a) sample field surveys within each reach under study to
exp lore all available records relating to flood plain development such
as building permits , tax rolls , city directories , channe l encroachment
pe rmits , etc.; (b) supp lementary interviews with local officials and
citizens to obtain any future plans for development within the flood
plain ; and (c) a detailed study of the sample area in order to deter-
mine the amount of land available for future development and what
no rmal changes in land use nigh t be expected.  In contrast  to the
first method , this procedure concentrates entirely on changes within
the flood plain proper with field survey data secured from the sample
areas within each reach translated into growth factors and applied to
each individual river reach. Several problems inherent in the use of
this method precluded iLs adoption for the determination of trends of
development. For example , in the reconnaissance survey made in con-
nection with the first method it was found that not all cities , town-
ships or boroughs kept consistent records from which the pattern of
historical flood p lain development co-ild be derived. For some areas
such records were found to ic nonexistent. 

V

57. Measurement of Changing Patterns of Land Use. The approach
using the changes in land use from nonurban to urban during a specific
time period as a measure uf historical development within a flood
plain area was adopted for use in the final determination of future
trends of development in the Delaware River basin . The method of in-
terpreting aerial photographs for appraising various land uses was de-
veloped by the Soil Conservation Service ~ / in connec tion with the New
England-New York Inter-Agency Committee ’s study of the effect of flood
control dams on land value enhancement. A detailed description of the
application of this method is given in the subsequent paragraph .

58. Aerial photographs obtained from the Commodity Stabilization
Service , U. S. Department of Agriculture , provided coverage of the
three river reaches described in paragraph 51 . A set of aerial photo-
graphic mosaics for the years 1938 and 1958 was utilized for the Dela-
ware and Lehigh Rivers . The earliest set of aerial photographic
mosaics available for the Schuy lkill River was for the year 1942. The
flood plain subject to the 1955 flood was delineated on the mosaics
for the Lehigh River from maps of flooded area and stream profiles.
Due to the relative narrowness of the flood plains on the Schuy 1~ ill
and Delaware Rivers , described in paragraphs 2 to 13 inclusive , ari d
the scale of the photographic mosaics , the delineation of the flood
plain proper on the mosaics for these two river reaches did not em-
brace areas of sufficient magnitude to permit interpretation . By

5/ Henry W.  Dili , Jr .  - “Pho ~ Interpretation of Flood Control A p—
praisal , ’ Photogransoetric Engineering, March 1955.
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widening the area delineated on these mosaics to a width of not more
than 1/2 mile from the center line of each river reach to include not
only the flood plain area, but also areas ininediately adjacent to it,
it was possible to undertake a meaningful aerial photograph analysis
for the Delaware and Schuylkill Rivers. While the wider area in some
instances included portions of land outside of the flood plain , no
adlustment was necessary in the overall land use pattern to reflect
growth on the flood plain itself. In those adjacent areas included
within the analysis of land use changes , it was assumed that growth
had been generally similar to that on the flood plain proper. Prelim-
inary aerial photographic map studies revealed that several broad land
use cla sses could easIl y be identified , and further , that these
classes were sufficiently inclusive to be used as a basis for measur-
ing the historical development. The classes are as follows :

a. Urban areas including residential , cour~ercial , industri-
al, and public development.

b . Npnurban areas including crop and pasturelanda , fores t
lands , brush and open undeveloped areas .

c. Transportation areas occupied by railroad facilities ,
highways , bridges and canals.

Land use in the flood plain and adjacent areas in a river reach for a
given year was determined by dot count using a transparent dot grid
superimposed on the delineated area of the aerial mosaic . For each

F river reach the total number of dots .talling within the boundary of
the delineated area was counted. The clot count was then segregated on
the basis of the type of land use directl y under each dot . Based on
tested sampling techniques , emp loying the use of the dotted grid , it
was possible to determine the historical land use pattern within a
delineated area. For instance, on the Lehigh River in 1939 it was
found that about 50 percent of the total flood plain delineated was
under urban and transportation development. By 1958, more than 54
percent of the flood plain studied was developed for urban and trans-
portation use , relative increase of about 8 percent. Historical land
use patterns for each of the river reaches for each pair of years in-
vestigated are shown in the following tabulation .

D -24

_ _ _ _ _ _  - - - V  -~~~~~~~~~~ V- V - —- - - -— ~~~~-- - -



- 

- 

_ _ _ _ _  

V

LAND USE PATTERN - LEHIGH, SCUUYLKILL
AND DELAWARE R IVE R FLOOD PLAINS

V (as percent of flood plain and adjacent area)

Lehigh River !2.~2. 1958

Flood plain , total 100.0 100.0
Nonurban 50.0 45.7
Urban 26.0 27.6
Transportation 24.0 26.7

Schuvlkill River ~~~~~ i2.~~

Flood plain & adjacent, total 100.0 100.0
Nonurban 57.1 48.7
Urban 18.5 23.0
Transportation 24.4 28.3

Delaware Rive,~ 1938 1958

Flood plain & adjacent, total 100.0 100.0
Nonurban 68.0 63.5
Urban 14.6 18.6
Transportation 17.4 17.9

59. Protections of Trends of Development. Projections of future
trends of development in the flood plain and adjacent areas for each
of the three river reaches were obtained by a straight line extrapola-
tion of the historical pattern of development d.scribed in the previ-
ous paragraph. Adoption of straight line projections was governed by
consideration of the overall economic growth of the areas in and
around the flood plain and the physical potential of the flood plain
to sustain additional urban and transportation development over the
next fifty years. Consideration was given first to the historical and
projected pattern of economic act ivi ty within those broad areas
through which these three river reaches flow. These are the
Allentown-Bethlehem-Reading and the Philadelphia Metropolitan Areas.
In the forme r area the population is expected to increase over the
next fifty years at an average annual rate of more than 2-1/2 times
the annual rate evident over the last 25 years. In the Philadelphia
Metropolitan Area the projected population growth rate is expected to
exceed by close to two times the historical population growth rate ex-
perienced between 1930 and 1955. In 1955 about 6 percent of the total
land area of the Bethlehem-Allentown-Reading subregion and 18 percent
of the land area of the Philadelphia Metropolitan subregion were in
urban development. By 2010 more than 20 percent of the total land
area will be in urban use and nearly 65 percent of all land in the
Philadelphia Metropolitan Area will be utilized for urban purposes ,
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greater than a threefo ld  increase in each area. These estimates were
developed f rom data contained in Appendix G - Irrigation and Rural
Water Use, prepared by the U. S. Department of Agriculture . While the
above factors seem to indicate that urban development on the flood
plain should grow at a rate somewhat in excess of its historical pat-
tern of growth , consideration given to the physical limits and present
utilization of the i ood plain reveal that accelerated growth is not

V warranted. As shown in the tabulation of land use patterns , about
half of the flood plain and adjacent areas studied are currently in
urban and transportation development. Substantial modification of
past flood plain growth to reflect the population and land use changes
projected for the broad metropolitan areas discussed above would con-
ceivabl y exhaust the flood plain ’s potential for new urban development
well before 2010. The narrowness of the flood plain in presently non-
urban areas as well as the existence of major transportation facili-
ties extending throughout broad reaches of the flood plain in both
urban and nonurban areas prohibits major land use changes over the
next fifty years such as those indicated for the two broad metropol-
itan areas . The impact of measures to limit further flood plain de-
velopment , such as flood plain zoning , although unprojectable in the
fu ture , were also taken into account as factors mitigating against the
use of increased growth rates to measure future trends of development.

60. In light of these considerations, it was felt that a projec-
tion of future trends of flood plain development for these three river
reaches could best be estimated by a continuation of the past growth
into the next fifty years . Employing a straight line extrapolation of
past growth , it is expected that urban flood plain development in the
Lehigh River will increase from 54 percent in 1958 to 66 percent by
2010. On the Schuylkill River , urban growth on the flood plain and
adjacent area will grow from 51 percent in 1958 to 79 percent by 2010.
For the Delaware River , urban flood plain growth will increase from 37
percent in 1958 to 48 percent by 2010 - Projections of future trends
of flood plain development in terms of equivalent average level of de-
velopment in 1958 are shown below for the years 1980 and 2010.

12~
Lehigh River 100 109 122
Schuylkill River 100 123 154
Delaware River 100 113 132

61. Application of Trends of Development to Average Annual Dam-

~~~~ Average annual damages on the Lehigh River, Schuylkill River
and Delaware River and their respective tributaries were increased by
the trend of development growth factors to reflect the potential dam-
ages in years 1980 and 2010. It war assumed that new developments on

V 
the flood plain in these years would be subject to flood ha7ards simi-
lar to those reflected by the average annual damages computed for 1958
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levels of development.  With respect to stage , fu tu re  or additional
developments would, on the average , be distributed in the same propor-
tion as the 1958 development. The trends of development used herein
are cons iderably lower than the trends projected for the overall urban
development of the basin. It is therefore considered that sufficient
wei ght ha s been given to the ameliorating e f f ec t s  of f lood damage re-
duction measures (such as zoning, flood warning and design criteria
which would tend to make bui ldincjs less su sceptib le to flood damage)
in app ly ing the tren d of development factors directl y to the average
annual flood damages if such measures were not considered , it would
have been necessary to u~e a modified trend factor to apply to the
average annual damage estimates. Prospective average annual damages
foL the three river reaches in terms of 1980 and 2010 level8 of physi-
cal development are shown below at the January 1959 price level.

1958 1980 2010

Lehigh River and Tributaries $1,183,800 $1,290 ,300 $1,444,200

~chuy1kL11 River and Tributarie s 1 , 349 , 500 1 , 659 , 900 2 , 078 , 200
Delaware River and Tributaries 3,420,600 3,865 ,300 4 ,515 ,200

62. SUMMARY. Estimated values of recurring and nonrecurring
flood damages throughout the Delaware River basin sec ured from the
f ie ld  survey following the 18-20 August 1955 flood totaled
$104,716 ,000. These values were increased to reflect the level of
development in August 1958 by (a) the addition of new structures with-
in the flooded area constructed since the survey , and (b) the escala-
tion of 1955 prices to 1958 levels. These revised flood damage values
for the entire basin amounted to $123,500 ,000 , and the recurring flood
damages in all reaches and damage centers investigated in this study
ainoun-ted to approximately $86,725 ,200 or 70 percent of the basin
total . A portion of the 30 percent not included in this total is at-
tributable to the elimination of nonrecurring damages and the remain-
der are damages in the headvater reaches of the streams. These latter
damages are considered in studies pertaining to the feasibility of up-
stream reservoirs reported in Appendix R. The average annual damages,
for the 1958 Level of development, were $9,223,900 based on the Janu-
ary 1959 price level . Existing flood control measures and flood con-
trol proJects under constr iction will eliminate $3 ,126 ,000 of the8e
damages , resulting in a net average annual damage of $6,097 ,900. The
net average value of annual damages, modified by the effects of pro-
posed flood control structures with adjustment for future trends of
development , is used as a basis for the determination of final flood
control benefits. These modifications are described in Appendix V.
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De lawa re River — — - - - - - V - - - —
goat  3r.no h — — - - 11.4 2/  “~~.5 2/ 17 . 9  2/ 1/  . 2/ 1~~lVl) 1/ - —
Anal Roanc h — . — - - - - — 

9 9 4 . 2  2 /  4 0 . 5  2 /  - —
lIanreok to Port Je r o l e  — - - — - 2 . 5  2/  60 .4  2 /  - — —
Port Jenie — Koat ol , — — - — — _ — 3 *  / 7 - — —
(aston to trenton — 121 -° !/ — — - - — — 7 / 2  - 9  2, - — —
Trenton - Ph i ladel p hia — - - - - - - - 50.0 2 - -

Port Inrole — - 300,0 1/ _ - V -
t rent o n — - 31,0 3 20 .0 3/ - - — - 22 .3 4; - - —

83.0 2,
Horri en ti l . — — — — — - — — 72 . 5  3/ - — —

La~lsawa~.n R iver - - - - - - - - 608.0 V
* - -

Preieptoo - - - - - - - - - —
Snolyvili. - - — - — - - — - — —
Hooe.dalo — - — - - — 211, 7 V~ 2.6 - - —

White Kil l .  — — — — — — — — —
Hawley - - - - - - - - - - -
Roral - - - - - - - - - - -

Nc,r-rvink RIver — — — - 1 1 7 . 5 2 /  — — 12 . 1 2 /  b.~~ 2/ - - —

rhl 6~, R1,cr 3 ,100 .0 5/ - — — V - . 800 ,5 11/ 1 , 6 2 7 . 6 —

Oortbaisp ton — 8.3 4, - - - - 66.5 11 .- 26.2 11/ 7~ -. 1 - - —
2 . 8 I-

Allen town — 577.0 7 — — — - 364 .4 17/ 246 . 7 11/ 138 7 ~~ - —
2~..0 V

Bethle h ea — — — - — — 1 ,028.7 11/ 1 ,012. 1 11/ 7 V — —
35.0 1/ 38. 0 2 /

Fr eeoave bwrg — 10 .1 9 , — - - - 9 .0 7j,V 5 1  U/  1.6 h - - —

- - - - - - 121.6 15/ 166 .9 j 1~ 54.8 .8  Ti - -
Cata.aaqa’. & Hokeod.s oqoa - — - - - - 46 .9 11 33 . 6 11, 2 2 . 0  iT - . —
Tr el oh ier s & Ce000t on - - - - — 10.9 U/ 3.3 11 - - .8 iT - - —
Sl ’. t l ng tv n ,  & A~h 0 -- s - ’  - — — — — — — 16 .. 1 7 /  5. 0 l u  . 2/ / 7 , . — —
Pa7~~ rtoo & Rownoontown — - — - - - 15.2 ~~~ V 7~ ) 55 . 1~~~11 - - -
W eleoport - - - - - — 12 7 11/ 22 . 3  11/ 2 5 . 2  7 1 , - —
Lehi ghton — - - — — - 7 .3 ~Tj 1 4 _ h 11 2 0 . 7  11 - -
Kaocb Chonk - - - - - - 21.8 11/  V 11, .. - - -
Sti l ltiee

to A.l3.nntown - — - — — - 18.2 11/ 30.4 11-  19.2 • - V

Above Allento wn to 
— —

‘ V c h i 4 7 f l l O O  — — — — — — 2 5 V ’~ 11~ 16.5 7~~ V • 3 7  _ _ —
A6OVO ,n,,1v?, to,, to

~ S~~~ V • ‘~,ven — — — — — — 38.5 11; 7 . ’ I S V ’ 135.8 IL —
? w r r v , L , l e  to 40,0 , thank - — — — — — -
Poor Chock to and 12,. 1

4lhlte Haven — - — — - — — — - - - —
Mooch Chock C r . (M i o ch  C h.rnk ) - - - - - - - - - - - —
Block ,.reek (Weotherl y )  — - — — - - - - - - —

Hincocas Creek - - - - - - - - - - — —
M oont Holly - - - - - - * - 5 . 0  7 .  4 33.0

Schoy lk i l l  River  — - - - - — 1 ,799.0 41 - I~, 0 . - - —
Reading . - - - 60 5 . 1  13/ 7 1  1~~ -
7 / , d v / , , r V  — — — . 127 .5 13/ — 1.2 1) — - —
pottotewn — - - 12 0 .0 13 V 

- .5 5 5 :  - - —
S .P v t t o t v w n  & 101 1;v , .r -, — - — - — — O S V V• 3 ~ - * —Spring C It y  — - — * — — 2-, .4 13~ - - —
Reynrolord  — — * S — — / 7 . 0 iT! - .2 ~~ - - —
Ph onnlxvtl ln — - — - 19.8 131 . - - —
NoO rlOt000 — — — — — — 121,6 1.3, — 2.1 ii. - — —
B ridgeport - - - - — - 152.2 13/ - 1.5 H’ - - —
Corokvhn ken - - - - - - 15 .7 13/ - .2 1,, ’ - - -
-l.ooaycnk - - - - - - -.8 .0 13/ - - - - -
Folroeant Park - - - - - — 31 .4 13/ - - - - —
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, , v , v  F,oa1V i~~0’ ion , lel000 re RIv e r , /4  001 V I , ~ V H O  1/9, 7 3d h, 0,. , 2d Sy nc . 2/  , , , .- - . 5, 1 ~~ l- . R iver ~~~ I/ I. , -‘ - Ci V it Bethlelnv,-, . hi .. 4 Hay

~ / Fr.I1.ieary ixae,leat iOfl . c t o., c ‘ 1 0 1 . 2 R.ir - .30. /n I  p oblilhe d . 79th ~~~ -~~~, lee,,
~/ .°r.- i I . . i  n m 0  r 0 0 0 , , , a  i , . .  - S , V l a w a r ,  ‘. H , ’ 1- in n, at  .5-, so v Ic inity of l l n r r l n , - I I l e , 9 /  b O n c o , tohi gh 12. at n,- .-- V . r ,sb  , - rn. , 4 7 V i - - V V - H.D

h- - b ,  I n o n t y ,  / 4 . .  28 ) . I V  .0 - No, pobuehed. l/~ S-ornny, l
~~
hS gh 1 . at Lanl o ,~, Pa ., 6 P.1 ‘h/P Rev, , - 5 / ,

o / / , r v n ,. De l ,onrr  R .~ 15 Jon 1941 . lAo p v b l t o h n d .  I L  h a r v ey ,  D e l a w ar e  R . (l~’hI4 h) , 5 V , 1,, . l j , D .  .p • V V~ l n  Coa~~
iT P r o H - , . , v , - ,  Soons, ~a ion . v h l r l . / V V V , . v . ,  25 Sn , ,  1 931. ((.0. 2 4 / , l Z d  hnnp. , lot n - s . 7/ /0m ev . D e l a w a r e  0. ‘ l v ,  Li . 0 5 V l~ ) 1 2 m b  0~~,. (4.0. 11’ , 90th
4 /  v,r ,.- . / _ ~ . / 5 ~~ 7 C,. it Hvr(hanpton , V~ - Avg I Ll? . RevIc e d  In 8 .0. S C / , - -n h Cong., 15/ /arvvv , S v h v v l ,  Ill Isv, - , - 5 2.,, 193/ . 12 0 .  03 , 3OL~ V~v g . .  (4

ld Seen .
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- ~~~~~~~ 24 Avg 1 hop 20—2 3 Hay
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~2I In. :.‘ 17 V5 2/ I’  2/ 141.8 2/ * - — . —
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— 
~u .3 Ti - . 0 . 5 2/  - - - -

- - 2.5 2/ no . 4 2 ,’ - - - - -
- - — ~94. 7 1 J  - — * — *
- V - / 71H 2/  - — — * -

- - 50V 0 _ 2
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- * - * -

8 3 . S  3,
V — 7 2 _ S  

~
,‘ . — * — *

- - 088.8 ~ / °  - - - — 6 ,202. 5 12/
- * - - * - * 103.5 12/

- — * - * — * — 2 1 1 . 0  12/— — — 2/1 .7 0/ n i  2 .6 .. n-i — — — 3 ,97 6 . 5  Vj •~
7

V - - - - — — 22.0 12 /

* - * - - - 1,085 .0 12/
- * - — — — — 804.5 12/

2 - - 12.1 2, b...5 
~

/ - - - * -

1 ,025 11/ l ,627.b 11_ /  i /I.. I - — — — 10 ,406.8 11/
/ 5 . 8 2 /

- 68,5 1 1 -  .7 6.2 11/ 7 V .~ 11, ’ — — - — 2 1 5 . 7  11/
2.8 6/

1-. ., 11 / 268.7 1/ 138.7 2 ,’ — * — 986.4 11/
2 4 . 0  1 .

- h v .1 11 . 1,5 12 1 11, 34—. .5 11, - — — * 5 , 537 71/
35.0  .7 10. .’ 2 ’

* 9 .0 ii 5.1  1 1 , 1.6 (iT’ - - - * 196.3 11/
V S  9 /

- 12 1 . 6 11, 44 /5 U! 5,9 . 6 11/ — — * * 298.7 1.1/
- .6.9 Il 1 . 0  11 2.70 11 . - * — — v24 .8 11/
- io.o iT: ,~~~ it 5 ( 4  7 5 V  - * — — ) —

- Is. . 17 it. 1 V U ’  - * — — ) 1,32 5 .6 11/
- 1/ I lL 7 . 2 U 1./ U - - - - ) —

- 11i IL 1 2 . 3  17 . 5 5 . 2  iT! ‘ - — — 1 9 5 . 5  11~
- 1 . 3  1/1 14.6 11 20 .1 iT - * - - io~~ 11,
* 2 1 (4 ii ’ . 4 11. .4 iT- - * - — 138 .7 17

- 13.2 11/ 384 17 19.2 !i’ - * - - -

— O s . . 11,1 16.5 II’ ~~~~~ iT! - - — * —

— 10.1 11, 7 .1 11/ 1 /1. 8 11/ — — — * —
— - * - - — * 762.6 11/

— * * - - - - - 716.u 11/
— - — — — * — — 34 .7 1.1/
— - - - - - * 9.2 11/

- - - si - U 2 1 . 7  h, 3 3 . 0 2/ 128 .94/ -

- 19 . 4 V V  — - * * —
- 6 6 5 . 1  . 3 ,  - 2 . 1  17 /  - - . *
* 12 1 . 5  I L  * .2 * - - - -
- ~~~ - * * -
- . 3 . 1 1 ’  - - - - - -
- .-. - — 13/ - * . . — — —
* - .2 13/ - - * - -

7 3 . 1 15,  - — — — * — —
- 7 2 2  6 1 3  - 2 . l~~ 3,’ - - - -

- 152.2 iT - ‘ - 5 i T~ 
- - - - -

- L . 7~~~ - .27 .’ - - - - *
- .8 . 1 1 ,  — — * - - —

d See n . SI S,,rve’ - ‘, ‘ionr and 11. , . - o v C r .  at Bethleh en . i/i ., - , Nov 1 0 3 8 . Rev .  8 .0. 587 ,
h/nh 2-n , . . Li S r - s t .

in’,/ - ,, ‘1 fi ,, roro , / .  / . us h  0 . at 0 re m -/v o n 6 cg , Pa .. 4 log 19 37 . Rev. , 5 . 53 . 587 , 0,5 Coop . , 2d Sena  -
115 / ,r..o -, , :. -,.~ h A . a t  laiton , Pa ., 8 Feb 1938. Rev ., S.D. 597 , 21, 6 -‘nv ., ?d so nv.

00 , ,’ 8 . ~, - 15 900 II,,,. (1.0. 58/ , ;- ‘ j, Cong. • 2d Set ,
Se,,, 2/ ,,,.,yy , 10,00v rm 0 . 5 0 .  I- , _ , s , v ) , 1 JIIOC II’.’.. II I, 110 . 90th Cong., i t t  Se~~~.

9 t 0  o g . ,  )j/ ’~.r- ;o-- - Sc! -  ‘. 1 5 / V  8 lnnr , , . 1 . , ,  1(3/ - 1 . 2 .  1R3 , 7656 ov g . ,  le t Sean .
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‘L(’.NGIBLE DAI’IAGES
DELAWARE

_____________ _______________ __________________________ __________________________ __________________________ ____________________ (All

State County Residential Co~~ercial Industrial Utilities

__________ ______-— Physical Business Physical Business Physical Business Physical Business ,~~~~~

~ew York Delaware .3 14.8 .9
Sullivan 185,3 2.2 257.6 155.3 28.6 6.5
orange 462.8 12.0 410.0 304 2 6.0 8.2 49,3 2 5
State Total 648.4 14.2 682.4 460.4 34.6 14.7 49.3 2.5

New Jersey Camden 2.0 10.5 5.2 5.5
Sussex 277.0 202.0 27.0 55.0 4.0 15.5 3.0
Gloucester 31.4
Warren 1570.6 1.2 788,4 228.0 245.7 78.5 322.2 6.5
Hunterdon 437.7 1.1 737.0 180.6 1037.0 598.3 156 .0 4.0
Mercer 1551.8 7.2 904.0 276.2 241.5 304.8 45.0 2.0 2~
Burlington 159.3 

_________ 
219.1 57.0 15.7 28.3 3.0 

__________

State Total 4029.8 9.5 2861.0 774.0 1594.9 1013.9 547.2 15.5 4(

Penna . Wayne 355.5 2.7 647.2 291.0 65.0 99.1 266.4 . 1.0
Pike 371.3 ,9 .1,54 7 135.5 46.5 22.0 575.2 S 162.3
Monroe 2983.5 - n b . ~. 3373.9 854.4 2464.0 2538.4 934.8 70.3 2~
Northampton 1857 .3 -..2 2,1+46.0 865.2 3766.0 10122.1 740.5 45.7
Bucks 2780.1 -n3 .9 1204 .0 415.1 811 .5 212 .9  165 .7  18.0 2~
Philadelphia 186.1 80.4 84.7 5~
Montgomery 107.9 318.3 27.4 239.4 171.6 187.6
Delaware 1.~7.l .4 .1,Q2~~~ 57.4 638.6 190.8
Lackawanna 6,7
Carbon 125.9 22.3 42.1 99.0 67.8 104 .0 6.0
Luzerne 3.6 22.5 2.0 37.5 21.2
Lehigh 141.2 .2 760.0 236.1 1574.9 1146.0 56.6
Chester 11,2 20.7 4.3 363.1 526.0
Berks 8.5 8.6 2.1 22.8 16.0 1.8
Schuylkill 113.0 

_________ 
362.2 102.2 825.0 125.0 31.5 

__________

State Total 8953.8 98.7 10042.6 3034.8 11139.4 15339.3 3148.8 303.3 15~

Delaware New Castle 
________ _________ ________ _________ 

84.0 33.0 
________ _________ —State Total 84.0 33.0

BASIN TOTAL 13632.0 122.4 L586.0 4269.2 12852.9 16400.9 3745.3 321.3 20(

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘ - ‘a, -- -.,



TABLE 5

TANGIBLE DANAGES FOR THE FLOOD OF 13-20 AUGUST 1955 BY COUNTY AND STATE
DELAWARE RIVER BASIN - SURVEY OF OCTOBER - DECEMBER 1955

_______________ 
(All  values th thousands of dollars - 1955) 

__________________ ___________________ ______________________

__________ 
Sub -Tota ls

— Utilities Public Rural Highway Railroad Physical Business
Physical Business Physical Business Physical Business Physical Business Physical Business Damage Loss

15.1 .9
9.1 642.3 60.0 1122.9 224 .0

49 .3 2 5  12.8 1.1 10.0 
_________ 

_398.5 25.0 
_________ __________ 

1394.4 353.0
69.3 2.5 21.9 1.1 10.0 1040.8 85.0 2487.4 577.9

5.5 49.9  15.0 67 .9  20.2
15.5 3.0 1.8 244.9 12.0 708.2 6.5 1504.4 52.5

13.1 2 .0  46.5
322 .2  6.5 80.3 1.3 303.0 13.0 1125.3 114.5 423.0 157.0 4858.5 600.0
156.0 4 .0  5.0 154.3 15.0 65.5 101.0 2 5 9 2 . 5  900.0
45.0 2 .0  240.4 2 .0  9 . 7  5.0 2992 .4 597 .2

3.0 
__________ 

69 .1 
_______ _________ _________ 

48.8 10.0 
_________ __________ 

515.0 95.3
547.2 15.5 409.7 3 3  702.2 40.0 2009.4 252.0 423.0 157.0 12577 .2  2 2 6 5 .2

266.4 1.0 .8 49.3 2 .0  1084.3 24.0  2468.5 4 19.8
575.2 162.3 313.4 14,0 1962.7 215.9 649.1 155.0 4372 .9 705.6
934.8 70.3 262 .3 2 7 . 7  396.9 19.0 8824.8 589.1 2893.0 682.0 22133.2 4827.3
740.5 4 3 . 7  72.1 18.7 840.3 151.0 1396.9 417 .5 11137.8 11605.7
165 .7 18.0 257.3  12.4 54.5 1542.5 623.0 6775.6  1325.3

84.7 532.5 165.1 1.0 14.0 982.4 81.4
187.6 88.1 6 .5  1.0 93.1 2 .0  56.0 1096 .9 202.0

168.2 54.8 3.0 15.0 1405 .9 251.6
6 .7

104.0 6.0 7.4 335.1 36.0 24. 0 6.0 717 .7  157.9
1.2 65.8 23 .2

27 .5  112.9 9.0  670.1 182.7 3343.2 1574.0
13.0 7 2 . 3  480.3 530.3

1.8 .8 280.1 1.0 14.0 336 ,6 19.1
31.5 

_________ 
139.3 

_________ _________ _________ 
917.1 8.0 756.0 

_________ 
3144.1 235.2

3148.8 303.3 1570.5 40.1 839.3 
- 

36.0 16285.1 1663.0 6488.1 1443.2 58467.6 21958.4

_________ _________ ________ _________ _________ _________ _________ _________ ________ _________ 
84 .0 33.0
84.0 33.0

3745.3 321.3 2002.1 44.5 1551.5 76 .0  19335.3 2000 .0 6911.1 1600.2 73616 .2 24834 .5 -
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U-
_________ 

Sub-Totals 
___________

~ 1road Physica l Business Emergency Grand
Business Damage Loss Loss Total

15.1 .9 16.0
1122.9 224.0 2 7 2 . 5  1619.4

_________ 
1394.4 353.0 171.7 1874.1
2487.4 577.9 444.2 3509.5

67.9 20.2 17.5 105.6
1504.1+ 52.5 44.3 1601.2

46 .5 .6 47.1
157.0 4858.5 600.0 250., 5708.6

2592.5 900.0 209.3 3702.0
2992.4  597.2  1134.0 4723.6

__ _________ 
515.0 95.3 38.7 649.0

157.0 12577.2 “
~

‘
~~ 5.2 1694.7 16537.1

V 
2468 .5 419.8 373 .4 3261.7

155.0 4372.9 705.6 240.0 5318.5
682.0 22133.2 4827.3 1505.9 28466.4
417.5 11137.8 11605.7 570.2 23313.7

6775.6 1325.3 1052.4 9153.3
982.4 81.4 1063.8

1096 .9 202.0 146.9 1445.8
1405.9 251.6 17.3 1674.8

6.7 2.0 8.7
6.0 717.7 157.9 17.5 893.1

65.8 23.2 1.4 90.4
182.7 3343.2 1574.0 62.9 4980.1

480.3 530.3 11.6 1022.2
336.6 19.1 35.5 391 .2

— 
3144.1 235.2 89.4 3468.7

— 141+ 3 . 2  58467.6 21958,4 4126.4 84552.4

_________ 
84.0 33.0 

__________ 
117.0

— 
84.0 33.0 117.0

— 
1600.3 73616.2 24834.5 6265.3 $104716.0

TABLE 5
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TABLE 7

BUSINESS LOSS AND COST OF EMERGENCY MEASURES -
‘‘

~~~

AS A PERCENTAGE OF PHYSICAL DA~1AGE

Comparison of values computed for four districts
from the flood damages of August 1.8-2O~ 1955

- 
Philade lph ia 

—

a Supplemental Survey
I’s I’4 I’J .-4Cla ss o o Os c~~~’. _ _ _ _  

1958 
___

S -, I 44

-‘1 “-i ‘el ~0 If ~ 44 --I •,~ ‘5\ .
~~ 

0.
4.1 .~~ O O 5 ~~Oo II )’ . - 4 U C ’~ 72 .-lU 0

5) .-S CI~ ,,-4 ~ ‘-4 0 5~ 0) 55 I ~~ .4 50(5 ‘50
Z CS CS 5.I IQ 0 4 5 )  ~~~~ o ,-l o~ ~

_ _ _  
0 ‘-t 54 O a ,~~~ —

Residential 20 * 1], 30 * 13 * 15

Commercial 33 * 43 * 23 * 48 * 35 * 35 * 40 * 37

Industrial 25 * 123 * 116 * 119 * 34 * 48 * 47 * 45

Utility 4 * 37 * 51 9 * 10

Public 50 227 * 21 44 * 34

Agricultural 10 15 5 * 10

Highway 60 60 8 * 25

Railroad 50 * 21 * 2 * 23 * 23

* Based primarily on re ported damages .
~~‘° Includes Red Cross expenditures in Philadelphia and Baltimore Dist r ic ts

Adopted percentages are also considered to include these expenditures.

New York District - With the exception of agricu ”~tura1 and public classes ,
the percentages are based on actual damages fQr 807. of the damage in the
Dist r ic t .  Agricul t ural and public va lues are based on sample determination s.

Baltimore Dist r i c t  - Residential percentage is based on a table previously
developed . The highway value is estimated . Other values are based pri-
marily on actual reported damages.

Washington. District - Residential , commercial , industri al , and railroad
percentages are based primaril y on reported damages. Other values are
es t ima ted .

Philadelphia District - All percentages  are  based on actual reported
damages.

TABLE 7
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TAB LE 8
DAMAGE REAC1U~S - )~~ L~ O\ RE RIVER L0 4\.D i~~

DESCRIPTION AND AVF “.~~~~U o o i . DAMAGE

(Annual values are based on r e c u r r i n g  damages as of 1958,
escalate d to the-  January 1959 price level)

MAIN STgM DELAWARE RIVE R

Mile Aver .  Annual
Reach From To Descr ip t ion  Damage

A-la 331.0 277 . 7 Hancock , N.  Y . to the mouth of
the Lac kawaxen River $30 , 100 1/

A-lb 277.7 273.0 Mouth of the Lackawaxen River to
below Bar ryville , N . Y . 12 , 100 1/

A-2a 273.0 262.4 Below Barryville , N. Y. to
Knights Eddy, N. Y. 13,000 1/

A-2b 262.4 253.6 Knights Eddy, N. Y. thru Port
Jervjs, N. Y. 210,600 ii

B-la 253.6 226.9 Below Port Jervis , N. Y . to the
mouth of Bush Kill 97,200 1

B—lb 226.9 218.4 Mouth of Bush Kill to Tocks Is. 15 ,000 1;
B-2a 218.4 213.0 Tocks Is. to ~j th  of Brodhead Cr .  20 ,300 ~
B—2b 213.0 19 7 . 2  Mouth  of - i ~ he~~d Cr .  th ru

Belvider U • J. 191,000 1!
C-l 197.2 186.3 Edow Bel!~~-~ -~~~, N. J. to

L1axinosa. Pa. 185,800 ~
C-2a 2/ ~86.3 182.0 Paxinosa , P~ . thru Easton , Pa. 272,400 1
Reach 2 - - (See Lehi’-~ ..:o~ -r description) 144,700 1’
C-2 b  182.0 174.0 Below E a s L - ’;~ , Pa . ~ iru

Riege1s~ s I 1 e . Pa . 121 ,000
D 174.0 131.5 l’dow Riege 1~- - ’. i L 1 e , Pa. t hru

Trenton . N.  ,J . 855 ,000 1
E 131.5 116 .5 Below T r en t - - I 1 . N . J. to the mou th

of the N ,~s . e oifly L’~~. 391 , 2C0
F 1,16.5 0.0 ‘iouth of ~-] ; ‘ - 1rni~ r.

- Cr .  to the Capes 
__________

2 ,559 , 400

1/ E x c l u d e s  damages elirniiiareJ by :ese,- -,’ o Lr  s t o rage  pro jects exi still
or under  c o ns t r u ct i ii .
2/ Inc ludes  area previc ’. .11~’ d~ :.  i i a t c ’c~ ~s R - - s c h  1- Lehigh Riv -r

‘r~ h1e 8 -- She~~’

-.5--— w— — --’--~~ - - -  - 
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TABLE 8 (Continued)
DA~’I kGE REACHE S - DELAWARE RIVE R BAS IN
DE~ ~IPTI0N AND AVERAGE ANNUAL DAMAGE

(Annual values are based on recurring damages as of 1958 ,
escalated to the January 1959 price level)

MAIN STEM SCHUYLKILL RIVER

Mile Aver. Annual
Reach From To Description Damage

0 0.0 8.7 Mouth of Schuylkill R. to
Fairmount Dam, Philadelphia , Pa. -

1 8.7 12.8 Fairmount Darn to City Line Bridge ,
Philadelphia, Pa.

2 12.8 18.4 City Line Bridge , Philadelphia,
Pa. to Spring Mill Rd.,
Conshohocken , Pa. $410,400 3/

3 18.4 21.3 Spring Mill Rd., Conshohocken , Pa.
to Ivy Rock School

4b 21.3 32.6 Ivy Rock School to the mouth of
Perkiomen Cr. 288,500

4a 32.6 37.0 Mouth of Perkiomen Cr. to Black
Rock Dam 8,200

5 37.0 64.0 Black Rock Dam to the upper
limits of Birdaboro , Pa. 437,400

6b 64.0 76.1 Upper limits of Birdsboro , Pa. to
the mouth of Tulpehocken Cr. 131,200

6a-2 76.1 85.6 Mouth of Tulpehocken Cr. to the
mouth of Maiden Cr. 12,200

6a-1 85.6 88.2 Mouth of Maiden Cr. to the upper
limits of Leesport , Pa. 3,000

7 88.2 100.6 Upper limits of Leesport, Pa. to
the mouth of the Little Schuyl-
kill River 1,400

8 100.6 129.3 Mouth of the Little Schuylkill
River to just above Middleport ,
Pa. 3.200

Total 1,295 ,500

3/ Incl ude s reaches 1, 2 and 3.

TABLE 8 - Sheet 2
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TABLE b (C-j
DAMAC t~ REACHE S - D~~~~WAAL R1VER BASi:~
Dr~~CRI PT i~~, A~ D AVERAGE ANNUAL DANACE

(Annual  va lues  are  based on recurriug damages us of 1958,
escalated to the January l9~i9 price level)

~‘1AIN STEM L~~jIGF! RIVER

Mile Cver. Annual
Reach From To Dc~ c~~~p,t ion Damage

2 5/ 1. 0 2 . 6  Nor th  s ide uf 1., -~~j g h River f rom
S u S j L i ~~~Lor1 b r id ge ( J e f f e r s o n  St .)
to the upper  l i mit s  of West
Easton , Pa . $53 , 000 1/

3 2 .6  14.0 BOL h s ides  f rom the up per  ]. imi t s
o~ West  Eas ton , Pa. thru  Free-
mausb irg  and Beth lehem , Pa . to
the ups t ream c i t y  l i m i t s  of Beth-
L eh e m .  m ci - ides  areas along the
Momocacy Creek af f e c t e d  by hack-
-wa te r  f rom the Lehigh River 635 , 700 1/4/

4 14.0 2 6 ,4  Both -s ides f rom the ups t r eam c i t y
l i m i t s  of Bethlehem , Pa. th ru
Allentown , Ca tasauqua , and
Hokendauqua to Dan 5 (S la te  Dam) ,
near Laurys , Pa. Inc ludes  areas
along Jordan Creek and Little
Lehigh Creek in Allentown af-
fected by backwater irom the
Lehigh River 267,000 1/4/

5 26.4 ‘0.6 Both sides of the Lehigh River
from Dam 5 thru Treichiers ,
Walnutt ’-t , Slatington , Palmer-
ton , and Bownansiown, Pa . to Dam
2 (Parryville Dam) 79 ,800 1/

Tota l  l , 03~~, 500

1/ Excludes damages eliminated by reservoir storage projects existing
or under construction .
4/ Excludes damages e l i m i n a t e d  by local  protec t i ’) n works ex i s t i ng ,
under constxuction , or authorized.
5/ Affec ted by backwater from Delawa re River.
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TABLE 8 (Continued)
DAMAGE REACHE S - DELAWARE RIVE R BAS IN
DESCRIPT ION AND AVERAGE ANNUAL DAMAGE

(Annual values are based on recurring damages as of 1958,
escalated to the January 1959 price level)

LACK.AWAXEN RIVER AND DYBERRY CRE EK

Mile Aver. Annual
Zone From To Description Damage

A 22.4 23.2 Honesdale, Pa., below 4th St. $11,200 1/
B 23.2 24.6 Honesdal e , Pa . , bet ween 4th St.,

mouth of Dyberry Cr. and lower
limits of Zone £ 50,600 j

~JC 0.0 0.7 Dyberry Cr. from mouth to Henwood
Ave . Bridge , Honesdale , Pa. 13 , 600 1/

D 0.7 10.8 Dyberry Creek, Henwood Ave. Bridge
to the Dyberry dam site 1,200 j j

K 24.6 25.0 Honesdale, Pa., Maple Ave. section 2 ,400 1/
F 13.0 14.1 Hawley, Pa., along the Lackawaxen

River 9,600 1/
G 
~
j 0.0 0.3 Hawley, Pa., along Middle Creek 6,200 j

~
j

H 14.1 22.4 Rural areas between Hawley, Pa.,
25.0 28.1 and Protupton darn site 17,900 1/

Below 0.0 13.0 Mouth of Lackawaxen River to jus t
Hawley below Hawley, Pa. 31.300 1/

Total 144,000

i/ Excludes damages eliminated by reservoir storage projects existing
or under construction .
6/ Affected by backwater from Lackawaxen River.
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TABLE 8 (Continued )
DAMAGE REACHES - DELAWARE RIVER BAS IN
DESCRIPT ION AND AVERAG E ANNUAL DAMAGE

(Aunual values are based on recurr ing damages as of 1958 ,
escalated to the January 1959 price level)

SU)O(A&T OF AVERAGE ANNUAL DANAGES IN THE REACHES STUDIED

LEHIGH RIVER BAS IN $1,183,800

SCHUTLKILL RIVER BASIN 1 349 , 500

LACKAWAXEN RIVER BAS IN 144,000

DELAWARE HAS IN (excluding above) 3.420, 600

DELAWARE RIVER BASIN - GRAND TOTAL 6 ,097 , 900
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APPENDIX E -

SECTION 1 - PURPOSE AND E -Jk 1 )i STL’Di

1-01. The objective of the studies cove-red by t hu1. —,I-12~ IdjX is
to determine the need for improvements in the i n tere s t s  of nav~ g~ tion
on Delawa r e Rive r , wi th  pa r t i cu la r  emphasis on the r e . i ch o s  above
Trenton , New Jersey . The studies included an anal y s t s  of exis t ing
navigation projects and their relationship to p iT c sc i t t: and prospec C ~ve
mari t ime commerce , and an investigation to dctermin-~ the d’-si r i .i l ity
of modif ying existing projects or providing additional improvements.
Information was obtained from commerc ial statistics , prior reports , and
contact with local interests. -

SECTION II - HISTORY OF NAVIGATION

2-01 . ABOVE TRENTON - Prior to the construction of railroads and
canals , Delaware River above Trenton , al though difficult to navigaLL ,
was an important highway of commerce, Early navigation was confined
to small craft , or to log rafts which were brought down during spring
and fall freshets, some from as far upstream as Hancock , New Yor l ’.. The
boats first used were flat-botcomed scows which were floated downstreCln.
with the current and poled upstream . In about 1:50, round-bottomed boats
were introduced,and used extensively up and down the Delaware , naviga t ing
as far upstream as the Lackawaxen. These boats , known as “Durham ” boa ts
because they were first built at Durham Village , ten mi les below Eas ton ,
carried about 20 tons of freight , and drew about five feet of water.
In about 1810, flat-bottomed “arks” were introduced to bring coal down
the river. These were merel y re ctangular pine boxes with drafts of ‘nJ y
about two feet . Upon arriving in Philadelphia , the ar-ks were dismantled ,
the lumber sold , and the iron-work sent overland to the headwaters , to
be used in constructing new arks. Commerce by river boat.s and arks de-
creased rapidl y when the Delaware Division of the P~nnsyivan ia Canal
opened in 1832, and practically disappeared with the comp let ion of the
Belvidere Delaware Railroad in 1857. Log rafts , howover , continued in
popular use for many years.

2-02 . With the development of the coal industry i.n the upper Delaware
Ri er Basin , an extensive system of canals was constructed between 1825
and 1860 to transport coal between points in the 1)nlavarc watershed ,
and between the Delaware and Hudson River watersheds. Co,a -iorcc i  on these
canals reached its peak about 1860, and de c l ined stead i l y until abou r
1900 , when canal navigation activities practicall y ceased a~ rail cor.-
petition increased .
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2-03 . BELOW TRENTON . From Trenton to the sea the Delaware is a
tidal estuary, and is one of the pr inci pal nav igable wa terways of the
United States . Henry Hudson visited the lower reaches of the Delaware
in 1609 while searching for a route to the Indies . In the .Uowing
year , 1610 , Lord de la Uarr , who had bee--i dispatched from England to
govern the English Colony at Jam estown , Virginia , is said to have entered
Delaware Bay , and it is his name that the river bears today. The early
history of the Delaware is a mixture of Dutch , Swedish , and English in-
fluences. These three groups of early colonists feuded to control the
river . In 1655 the Dutch drove the Swedes from the Delaware , and in
1664 the Dutch were in turn supp lanted by the English . Extensive grants
of land were soon made by the English , and large scale colonizing schemes
were started . The river assumed a new importanc e following the estab-
lishment of William Penn ’s colony at Philadelphia in 1682, Philadelphia
rapidl y became the grain and lumber mart of the Atlantic Coast. In
1735 the number of vessels which arrived and cleared the Port was 427.

2-04. In 1834 the Delaware and Raritan Canal , which was construc-
ted by a private company , was p laced in operation . The canal provided
a connec tion between Rari tan River at New Brunswick , N. J. and Delaware
River at Bordentown , N. J., via Bound Brook, Princeton , and Trenton ,
a distance of 44 statute miles. It had 14 locks and wap nine feet deep
with a bottom width of 50 feet . A feeder canal 23 miles long , with an
intake in Delaware River near Raven Rock , N. J., provided the canal ~:ith
the necessary water supply. The greatest draft permitted in the canal
was seven fee t, and the greatest vertical clearance was 50 feet A max-
imum speed of 4½ miles per hour was allowed , and the theoreticai ~ime
of transit from Bordentown to New Brunswick was 14 hours. The car1al
was leased to the Pennsylvania Railroad in 1871, which operated it un-
til 1932. It was closed to navigation in 1933 , and its ownership traris-
ferred to the State of New Jersey . Since acquisition , the canal has
been rehabil itated by the State for the delivery and sale , to in.Austries
and publ ic suppl y sys tems , of water diverted from Delaware River in
accordance with rights approved by the United States Supreme Court.

2-05. Delaware River below Philadelphia in its natural  condition
had a channel 175 feet to 600 feet wide and a controlling dep th of 17
feet determined by numerous shoals and sand bars. In its original con-
dition the section of river above Philadelphia , to the head of natural
navigation at Trenton , was obstructed by shoals and navigable b y a narrow
and circuitous channel having a depth of three to six feet at mean low
water over some of the shoals. Delaware River has been improved for
naviga tion by the United States from its mouth to the head of tide at
Trenton. The earliest improvements in the interest of navigation were
the construction of ice harbors and breakwaters to provide safe havens
from ice and storms. The earliest and most notable of these structures
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was a massive stone breakwater located at Cape Henlopen , Delaware . Work
on this structure was begun in l82~~. During these early times the vessel
traffic on Delaware River consisted of sailing ships plying between for-
eign por ts, and river and cana l barges using the many tributary streams
and canals that terminate in Delaware River. Some of these tributaries ,
for examp le the Schuylkill and Christina Rivers , still are of major im-
portance to the economic and industrial development of Delaware River ,
and their do~I1ns tream reaches have been developed and improved for navi-
gation.

2-06. The advent of ocean-going steamships made prearranged

~~bedu1ed sailing a reality, and started the race for larger deeper-
draft vessels. This , along with the continual increase of water-borne
commerce , resulted in the need for improved navigation conditions . The
first comprehensive project for the improvement of Delaware River for
navigation wa~ started in 1885, Subsequent to completion of this pro-
jec t, further improvements in Delaware River were authorized , culminating
in the present 40-foot project. The modifications to the original pro-
ject have been made to provide navigation facilities and a safer, more
adequa te channel extending far ther upstream , to accommodate the increasing
number and size of ships carrying the growing volume of commerce trans-
ported over the Delaware River .

S~’CTION III 
- PRIOR REPORTS

3-01 . Pertinent prior reports are reviewed in the following sub-
paragraphs:

a. There have been a number of prior reports on proposed
projects in the interest of navigation on Delaware River above Trenton .
The first Federal examination on the subject was authorized by the
River and Harbor ;‘.ct of 1372 . \ plan was presented for improving the
river between Easton and Trenton for raft navigation by removing boulders
and ledge rock , dred ging bars , and constructing wing dams. There is
no record of any approp ria t ion having been made to carry out this work.

b. A preliminary examination report on the Delaware between
Trenton and Port Jervis , N. Y. was printed in the annual report of
the Chief of Engineers for 1884. The report was unfavorable , concluding
that only the rapidly declining lumber industry would benefit by improve-
men ts , and that the section of river below Easton was already adeauately
provided with transportation facilities such as canals and railroads .
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c. A preliminary examination of Delaware River between
Trenton and Easton was authorized by the River and Harbor Act of
22 September 1922. The Distric t Engineer pointed out that considerable
tonnage migh t be attracted to an improved waterway extending to Easton ,
that would not otherwise use the wdterway , if the improvement were
extended above Easton up the Delaware and Lehigh Rivers for short dis-
tances. It was concluded (I) that the success of such a project would
be doubtful without the additional tonnage which might use it as a
feeder to the prop osed New Jersey Ship Canal connec t ing Delaware River
and New York Harbor ; (2) that under no conditions should the upper
Delaware improvement be pr ov ided pr ior to construc t ion of the New Jersey
Ship Canal; and (3) that development of water power in connection with
any navigation improvement was of little importance. The report , with
an unfavorable recommendation by the Ch ief of Engineers , was sent to
Congress in 1924, but was not printed.

d. House Document 245, 72nd Congress , 1s t Session , is a
preliminary examination report (“308” report) on Lehigh River , Pa.
In the navigation phase of this report discussion was made of a plan
for canalizing Delaware River from Trenton to Easton and beyond , with
a branch extending up the Lehigh to the vic inity of Siegfried. The
Chief of Engineers concluded that improvement of Lehigh River for naviga-
tion would not serve a usef ul purpose except in conjunction with the
improvement of Delaware River above Trenton , to be cons idered in a
later report to be submitted on Delaware River .

e. House Document 179 , 73rd Congress , 2nd Session , is a
preliminary examination report (the Delaware River “308” report) on
the Delaware River watershed above Trenton , N. J. Al though the report
considered all phases of water resources development , only the naviga tion
phase of this report is reviewed here . The report presented a p lan
for ex tending barge naviga t ion above Tre nton , by means of a proposed
waterway designed to accommoda te tugs and barges wi th a loaded draf t
of 10 feet. It would extend from Trenton to Martins Creek , Pa. about
seven miles above the mouth of Lehigh River , wi th a bra nch ex tending
up the Lehigh to Siegfried , 24 miles above its mouth . The plan provided
for 14 locks and dams on Delaware River and nine on the Lehigh . The
proposed wa terway was found to be economically infeasible. In his
review of the en tire repo rt , the Chief of Engineers concluded that
no addi t ional improvemen ts for  nav igation , power development , flood
con trol , irr igation , wa ter supp ly, or any comb ina tion thereof , should
be undertaken at that time .

f. Cross Jersey Ship Canal

House Document 219 , 73 rd Congress , 2d Session described
a plan for the New York Bay-Delaware River Section of the Intracoastal
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Waterway . The p lan called for  a ca nal generall y paralleling the route
of the Delaware and Raritan Canal , with a project depth of 27 feet
and bottom width of 250 feet . The single pool would have an elevation
of 10 feet above mean low water and would be formed by the cons truc tion
of two dams with movable crests , one in the Delaware near Bordentown
and the other in Raritan River near Sayreville . House Committee Document
93 , 74th Congress , 2d Session, is a repor t on a study made to deter-
mine the advisability of constructing the waterway . A special board
repor ted on the proposal , and recommended the plan be changed to pro-
vide for a small dam in Crosswicks Creek and a pumping plant instead
of the expensive damn in Delaware River . Senate Document 139 , 79 th
Congress , 2d Session is a repor t on a stud y made to determine the
advisability of constructing a waterway of lesser dimensions than dis-
cussed in House Committee Document 93. The Chief of Engineers recommended
a ship canal generally in accordance with plans set forth in House
Committee Document 93. No project for a cross Jersey waterway has been
adopted .

SECTION IV - EXISTING PROJECTS

4-01. The existing navigation projects having authorized depths
over 25 feet are listed in table E-l which shows the name of each projec t ,
the da te of the la tes t authoriza tion , the authorized dimensions , the
projec t length , project cost to 30 June 1959 , current status , and commerce
carried during calendar year 1958. The existing projects having author-
ized depths less than 25 feet are listed in table E-2 which shows the
name of each projec t , the da te of adop tion or the la tes t modifica tion ,
the authorized dimensions, the project length , current status , date
completed , and commerce carried in 1958. Inactive projects are not
listed. Plate 1 shows the locations of the streams listed in tables
E-l and E-2 .

SECTION V - ADDITIONAL STUDIES AUTHORIZED

5-01. There are several additional studies authorizad with a
view to modifying existing projects or adopting new projects on both
the main stem and on tributary streams . The presently funded studies
which are pertinent to the considerations of this appendix are described
in the following subparagraphs.

a. A study of Wilmington Harbor (Christina River), Delaware
was authorized by two resolutions of the Senate Public Works Committee
adopted 18 March 1953 and 14 February 1955. Prior reports were reviewed
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to dete rmine the advisab i l i ty  of increasing the depth and width of the
channel in Christina River from its mouth to the Lobdell Canal , a dis-
tance of about 0.8 mile. Views of local interests  are discussed in
pa ragraph 7-Olc . Reports favorable  to deepeni ng the waterway to 35
feet have been made b y the Dis t r ic t  and Division Engineers and the Board
of Engineers for River and Harbors. Formal comments of Federal and
State interes ts are being ob ta ined prior to transmission of the report
of the Chief of Engineers to Congress.

b. A survey stud y of chan nel dimens ions and anchorages in
Delaware River between Philadel phia and the sea was authorized by resolu-
tions of the Committees on Public Works , of the United States Senate
and House of Representatives , adop ted 1 and 16 March 1954 , respec tively.
An interim report covering modification of anchorage areas was submitted
to Congress , printed as House Document 185, 85th Congress , 1st Session 1
and the modifica tions recommended therein were au thorized by Congress
in the River and Harbor Act approved 3 July 1958. Survey investigations
are under way to determine whether any modifications of channel dimensions
and anchorages are advisable. Views of local interests are presented
in paragraph 7-01 b.

c. A survey stud y of Delaware River to consider a branch
channel in the vicini ty of Delaware City, Delaware , was au thorized by
resolutions adopted 13 July 1954 and 28 May 1958 , respectively, by the
Committees on Public Works of the House of Reprasentatives and the United
States Senate. Investigations are under way to determine the feasibility
of construction and maintenance of an additional branch channel connect-
ing with the present main channel at points both north and south of Pea
Patch Island , near Delaware City, Delaware. Views of local interests
on the proposal are presen ted in paragraph 7-Ole.

SECTION VI - TERMINAL AND TRANSFER FACILITIES

6-01. PIERS , WHARVES AND DOCKS. There are 396 p iers , wharves and
docks on Delaware River and its tributaries between Trenton , N. J. and
the sea. These are listed in the Corps of Engineers Port Series No. 7,
revised 1955 , “The Port of Philadelphia , Pa. and Camden and Gloucester
City ,  N.  3.” and Port Series No. 8, revised 1955 , “The Port of Wilmington ,
Delaware and Ports on Delaware River below and above Philadelphia , Pa.”
Fifteen of the above piers are owned by the Uni ted States , four by the
States of Pennsy lvan ia , New Jersey and Delaware , 49 by municipalities ,
55 by railroad companies , and 273 by other private interests. The p iers
are located as follows: 169 on the waterfront of Philadelphia ; 77 in
the corresponding reach of Delaware River on the New Jersey waterfront
which includes Camden , Gloucester City, and several small communities;
35 are above Philadelphia , and 115 below Philadelphia . The public and

E-8

9414



-~~~~~~~~~~~~~~~--- --~~~~-— ~~~~~--- - --~~~~~~~~~~~~~~~

railroad p iers are open to public use , some free and others on payment
of charges. Most of the piers wh ich arc equipped to handle general cargo
have direc t rail connections with the three railroad systems in this area .

6-02. WAREHOUSE AND STORAGE SPACE. The warehousing faci l ities
include 27 dry cargo warehouses having approximately 13.6 million square
fee t of covered storage area loca ted direc tl y on the p iers or wi thin
1 ,500 feet of general cargo piers. In addition , over 9 million square
feet of open storage space is available adjacent to the waterfront . There
are seven cold storage warehouses with 11.9 million cubic feet of refrig-
erated storage space. The port area has oil storage tanks with a capacity
of more than 35,000 ,000 barrels and add itional facilities are under con-
struction . The three Trunk Line rail carriers maintain classification
and storage yards with a combined capacity for approximately 35,000 cars ,
in addition to their port terminal facilities.

6-03. HANDLING FACILITIES , The Philadelphia port area has ore
handling equipment on three railroad piers having a combined unloading
capacity of 6 ,600 tons per hour . In addition , the Uni ted States Steel
Corporation operates a new facility at its Norrisville p lant tha t is
capable of unload ing two ships simultaneously at a combined rate of 2 ,200
tons per hour . The port of Philadelphia has two grain elevators with
a total capacity of 4.7 million bushels. Vessels are loaded with grain
at the rate of 150,000 bushels an hour . Three coal piers are equipped
with mechanical dumpers having a combined rated capacity of 3,450 tons
per hour . Two thaw houses with a combined capacity of 100 cars are avail-
able for handling frozen carloads of coal. Fixed and mobile cargo-hand ling
equipment include stiffleg derricks having lift capacities of from 5 to
100 tons ; floating derricks with lift capacities up to 108 4 ons ; 7 to
30-ton gasoline crawler cranes; 25 to 60-ton diesel crawler cranes , 12
to 35-ton steam locomotive cranes; 45 and 50-ton diesel electric locomo-
tive cranes; 5 to 75-ton electric traveling and revolving gantry cranes ;
and bridge cranes up to 35-ton capacity. A 350-ton crane at the Phila-
delphia Naval Base is available to private interests if circumstances
warrant it.

6-04. ADDITIONAL SERVICES . Various shipyards are located on
Delaware River . These yards are capable of cons t ruc t ing  or handling any
size or type of ship for  major  overhaul and repair . Bunker and chandler
services, cui~toms brokers , freight forwarding and export packing services
are all located close to the waterfront .

6-05. ADEQUACY OF FACILITIES . The existing terminal facilities
permit full utilization of this water route for the existing commerce.
Facilities are constantly being modernized and expanded to take care of
the demands of prospective commerce.

E-9
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SECTION VII - fl’IPROVEHENT DESIRED

7-01. VIEWS O~’ LOCAL InTERESTS

a.  To obtain the views of local interests  on needs for
improvement for flood control , wa ter supp ly ,  hydroelectric power , navi-
ga t ion and all ied purposes in the Delaware River basin , four public
hearings were held by the Distric t Engineer in January 1956 in connection
with the Delaware River comprehensive review . The hearings were held
at Port Jervis , N .  Y.  on the 6th ; Strou dsburg ,  Pa. on the 13th ; Trenton ,
N.  J. on the 20th ; and Philadel phia , Pa. on 27 January 1956. During these
pub l ic hearings local in teres ts  did not comment on navi gation needs .

b.  A public hear ing was held in Philadelphia , Pa. on 12 June
1956 to obtain the views of local interests  concerning proposed modifica-
tions in the exist ing channel d imensions and anchorage areas in Delaware
River . Local interests indicated that they would accept , as an interim
arrangement , the p lan for improved anchorages presented in House Document
185 , 85th Congress , 1st Session , (see paragraph 5-Olb), and recommended
that the exis t ing projec t between Philadelphia and the sea be modified
to provide for a channel generally 50 feet deep and 1 ,000 to 1,200 fee t
wide. No opposition was expressed to the proposed modification .

c. Views of local interests concerning improvements desired
in Wilmington Harbor were obtained at a public hearing held in Wilmington ,
Delaware on 17 October 1956. Local in teres ts  s ta ted that the present
channe l is inadequate , and proposed tha t it be deepened to 35 fee t and
w idened to 600 fee t for an approx imate dis tance of 4 ,400 feet from the
mouth of Christina River to the Lobdell Canal. No objections were made
at the hearing to the improvements proposed.

d. A public hearing was held in Wilmington on 20 October 1958
for the purpose of obtaining authoritative information and views concern-
ing the feasibility of constructing a salt-water barrier in Delaware River
in the vic ini ty of New Cas tle , Delaware. The primary purpose of the
structure would be to provide a source of fresh water for the future needs
of the State of Delaware. Navigation interests expressed opposition to
the barrier because of the detrimental effects it would have on navigation
in the Delaware. A full discussion of the proposed barrier is contained
in xppendix S.

e. An add itional branch channel in Delaware River in the
vicinity of Delaware City, Delaware was the subject of a public hearing
held at Wilmington on 14 January 1959 . The proponents of the project
desire a branch channe l 40 fee t deep and 400 feet  wide , ru nning from
Delaware Ci ty  to New Cast le  and between Pea Patch Island and the Delaware
shore. They foresee substantial benefits from the proposed improvement ,
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based on the prediction that the channel would (1) open for developmc~t
approximately 4 ,000 a c ie s  of ideal Ln dus tr i a l  land ; (2) attract an
est imated 20 large i n d u st r i e s  to the l o c a l i t y ,  w i t h  a t tendant  increases
in popula t ion , tax reve nue , retail tiadc , numb er of auto i iobiles in the
l o c a l i t y ,  e t c . ;  (3) inc rea s— ~ the  value  of land abu t t i ng  the r iver ;  and
(4) make navigation of the river sa cr. ~-Iony local r es idents  and groups
opposed the improvement on the grounds that (I) the influx of industry
that could be expected would result lo the degeneration of the presently
residential area; (2) residential property values would decrease; (3)
the proposed channe l would be harm7ul to fish and wildlife in the vic i-
nity; (4) recreation areas at and just below flew Castle would be destroyed ;
and (5) New Castle uould lose its status as a significant historical spot.

f. In December 1953 th e. Distric t Engineer ~ent out letters
of inquiry concerning the neod for navigation improvenents upstream from
Trenton , N . J. The inquiry was directed to the members of the Delaware
Basin Survey Coordinatthg Committee representing the States of Penn-
sy lvania and New Jersey , and the Ci ty of Philadel phia ; and to the Delaware
River Basin .‘~dvisory Committee . The a dvisory Committee carried the in-
quiry fur ther by contacting others. Comments were received from the State
of New Jersey , the Commonwealth of Pennsy lvan ia , the City of Philadel phia ,
and commercial interests. The opinions expressed in these replies in-
dicate that no significant need or desire cxists for navigation improve-
ments north of Trenton. Most of the individuals and organizations contacted
expressed little or no interest in the s’-bject , and indicated that they
were not aware of any others who might have particular interest in the
matter. Bethlehem Steel Company had no comment regarding the need or
lack of need for  navigat ion improvements on Delaware River above Trenton ,
but suggested that  if such a need were es tabl ished , consideration be given
to extending the improvements up Lehigh River. The Lehigh Coal and Navi-
gation Company stated it knew of no present need for navigation on the
Delaware and the Lehigh , but urged that careful consideration be given
to future needs in view of the economic growth of the region.

7-02 . VIE ’S OF ~V-~’Y DEPARTMENT . The Department of the Navy was
invited to comment on the need for additional improvements for navigation .
The following views were expressed by the Commandan t , Fourth Naval District ,
in a commuiiication sent to the Chief of Naval Operations 18 March 1959
in refere nce to f 1-~ ser of th e comprehens ive survey of water resources
of the Delaware ~ iver ~as in o f gcnera!. interest to the Navy : - (1) Navy
seap lane opera t ions  -~oui~ not be fe a s i b l e  on exis t ing  or proposed reser-
voirs  in the Delaware  :~iver basin . In addition , current p lans do no t
contemp late the assignn-?nt of seaplanes at Naval Air Activities in the
Fourth  Naval D i s t r i c t , so tha t  the  use of reservoirs  would not be required
for  that  reason . (2)  The cos t s  of i a inta in ing  naval , vessels berthed
at the Naval Base h- -~ -o be~ r~ comparable to ~:!iose at any f resh  wat or  p o r t .

E -l l  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - , ~~~~~~~~~~~~~
--

~~~~~~
- - —~~~~~~—~~~~~~~~~~- 

j



---~ -~ -—~ ~~-—— —.--~ -

Periodic t e s t s  have shown that the d-~g:ca oT salinity in Delaware River
and t r i bu t a r i e s  above ‘, ?llmi ~it t or has decre aaci i to the maximum acceptable
for the effective control of ~crcJ~ s and -: ‘tiicr an ne growths which flourish
in brackish water . It is not believe d -that additional fresh water in
Delaware River would i-csu~ t in any apprcc ia~ le sav ing to the Navy in the
present cost of i-iainteriance , (3) T~-e proposed Cross Jersey Ship Canal
mi~ itt be considerc i b y the Navy for the 1!5O of mine sweepers , pa trol and
other small crait rcduiring passage vie the 1 rotected intracoastal water-
ways f rom Nor fo lk , Virginia , to Or- .com , ~-~ars . (4) The deepening of the
Delaware River charn -~ Traai the :-ntb ~ r izcd - .~ -~,th of 40 fee t to 50 fee t
as desired b y local i n t e r e s t s  is not O S S C n t i a  f o r  the current  naval re-
qui rement s .  h owever , th is the priOr’,- of the Navy Department to encourage
and fur ther such projects wbco-rvrr they will enhance naval logistic sup- 

Jport capability; hence thr n~ cd for Luch port developments is recognized
in the l ight of the continuing t~ and in develop ing deep-draft commercial
vessels. (5) f. review will b-a ira-J r of all factors pertaining to naval
operations with tho proposed urrter in the Delaware estuary, and recom-
mendations wi l l  be made , after receipt of the recommendations of the
Corps of Engineers in i ts report on the s u b j e c t .  (See appendix S . )

SECTION VIII - CO~~~ RCE

8-01. ABOVE TRENTON . Is a result of s tudies  made in 1932 in con-
nection with the “303’ report  on the Delaware River basin (see paragraph
3-Ole.)  it was est imated tha t  at that time there was a potential tonnage
of 1,039 ,000 tons annual ly  for  improved waterways on Delaware and Lehigh
Rivers , and 2 ,065 ,000 tons annual l y for  the proposed improved waterways
on Delaware and Lehigh aivers , combined with the Cross Jersey Ship Canal.
The principal products involved were coal , cement , sand and gravel , and
iron and steel. The report concluded that , in view of the cos t of the
improvement , the potent ial tonnage , and the prospective savings , a navi-
gation projec t  was not , and probabl y would not  become , justified .

8-02 . Invest igat ions  made in 1953 for  the Delaware River corn-
prehens ive review have indicated that there is at present no waterborne
conutierce above Trenton , and that there is little likelihood that any
s ign i f ican t  amount of waterborne coi nrorce could be developed in the
foreseeable future.

8-03 . BELOW TRENTON , The foreign and do~iiestic waterborne commerce
of the Philadelph ia t o r t area includes the following principal commodities ;
(a) Inbound : crude petroleum , iron ore , raw sugar , lumber and wood pulp ,
industrial chemicals , and miscellaneous general cargo ; and (b) Outbound :
pe troleum produc ts , iron and steel , coal , wheat and other grains , machinery ,
and miscellaneous manufactured products. Eighty-three percent of the

I
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total  foreign and domest ic  c onunerc o dur ing  calendar  year 1958 was
accounted for by two industries. 72 percent  by the petroleum industry,
and 11 percen t by the iron and steel industry. The magnitude and grow th
of c ommerce on Delaware River and fts t r ibu tar ies  are shown on table E-3 ,
which lis ts the tonnagcs for  nine calenda r years between 1938 and 1958,
for every fifth year f rom 193 8 to 1953, and for each year from 1953 to
1958. Tonna ges lis ted under the “main s tream ’ column include those on
Delaware River, Schuylkill River and Wilmington harbor; tonnages lis ted
under “minor t r ibutar ics ” column include a l l  the rema ining tributaries .
Data for the “ma in s t ream ” column were obta ined by sub t r ac t i ng  c otmnerc c
on “minor tributaries ” from the tota l commerce on Delaware River. A
s teady increase in commerce is noted between 1938 and 1957 except  during
the war years , represen ted by the 1943 da ta . Commerce declined slightly
during calendar  year 1958. The table shows tha t commerc e on Delaware
River and tribu taries has increased 183 percent  during the 21-year period
1938 to 1958.

_TABLE E-3

COMMERC E

DELAWARE RIVER ANT) TRIBUTARIES

TRENTON, N. J . TO TI- hE SEA

(Short T~~g)

Calendar Minor Tributaries
Year Main Stream (1~) (Approx.) Total Commerce
1938 33 ,552 ,354 650 ,000 34 ,202 ,354
1943 23 ,253 ,943 570 ,000 23 , 823 ,943
1948 55 ,880 ,990 1, 130 ,000 57 ,010 ,990
1953 72 ,222 ,038 1,210 ,000 73 ,432 ,038
1954 73 ,377 ,731 1,130,000 79 ,507 ,731
1955 85,878,624 980 ,000 86,858,624
1956 96 ,344 ,341 990,000 97,334 ,341
1957 102,686,891 890 ,000 103,576 ,891
1958 95 ,819,472 923,000 96,742 ,472

(1) Includes commerce on Delaware and Schuylkill Rivers, and
Wilmington Harbor, Delaware
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8-04 . The princ ipal port  on Delaware River is Ph i ladel phia , located
abou t 100 miles above the Capes at the Delaware Bay entrance. Sizable
p o r t s  a rc  located on Delaware River a t  Camden , N.J. across the r iver
si- on Philadel phia , and a t Trenton , N. J. abou t 33 miles above Philadel-
phia , and on two tributaries : Schuy lkill  River , which empties into Dela-
ware  River  a t  Phi ladel phia , and Chris t ina River , which emp ties in to
Delaware River a t  Wilm ington , Delaware , abou t 29 miles below Philadelphia .
Many smaller por ts are located on Delaware River and on t r ibu ta r i e s  which
empty in to Delaware River or Delaware Bay. Table E-4 lis ts the majo r
por ts where the princ ipal ac tivities in genera l port commerce arc con-
cent ra ted , and their location above the Capes a t  the Delaware Bay entrance.

TABLE E-4

MAJOR PORTS

DELAWARE RIVER AND TRIBUTARIES

Dis tance Dis tanc e
above Capes above Capes

Port (Miles) Port (Miles)

De laware City , Del. 61 - Pau lsboro , N . J. 90

Deepwater Point , N , J , 70 Philadelphia Nava l Base 93

Wilmington, Del .  71 Gloucester , N. J . 96

Claymont, Dcl. 77 Philadelphia , Pa. 100

Marcus Hook , Pa. 80 Camden, N. J . 100

Chester , Pa , 83 Penn Manor , P a .( U .S . Stee l )  126

Billingsport , N. J. 88 Trenton, N. J. 133

E-l4
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3FC TION IX -- \‘Et~ El. T1t FF1C

9-01. ABOVE T:?Jb j’~-N . Cor-aucrcial. vessel  t r a f f i c  above Trenton has
been of little consequenc e since aL-rut lTO0 , when cana l navigation activi-
ties practicall y ceased . Local intc-rrs ts have indicated neither a desire
nor a need for naviga t ion  ii ip:avci.~rnts ab ove  Tren ton , and it is cons idered
that  the re  is no s i gu i l i c a n t  j - o t e n t i a l  t r a f f i c .

9-02 . 3ELO’~ ThENTON . The size rod type of vessels using the chan-
nels and ports below Trenton are listed in table E-5 , wh ich shows the
recorded movements of ves sel s  ( in fore ign and coastu ise  t r a f f i c ) on De laware
River between Trenton and Lbo sea for  the year 1958 . In tha t  year 2 ,463
deep-d ra f t  vessels di-awing 30 fe et  and over comprised 16 percent  of the
total trips in the foreign end coastwise traffic . Tankers make up 34 per-
cent of these vessels with drafts of 30 feeL and over , indicating the size
and volume of the pe t ro leum i n d u s t r y  in port  t r a f f i c .

SECTION X - FLOY REGULATION

10-01. ThE MIN Th~UM FLOW S AND THE ADDITIONAL FLOW S EXPECTED .
Records are ava i lab le  fron s tream gages at many locations along Delaware
River and 1s  t r ibu t ar i e s .  Flow data are presented in table  E-6 from gages
on Delaware River at Ricgelsville , iT . 3., Lehigh River at Bethlehem ,
Schuy lk i l l  River at Philadel phia , and Delaware River at Trenton . The gages
at Riegelsville , Bethlehem and Tr en ton have been in cont inuous  service
since the year they were established . The gage on Schuy lk i l l  River at
Philadel phia was in service between l - L f f  and 1912 , and then in continuous
operation since 1931. The minimum mean monthly d ischarge da ta were ob tained
from U .  S. Geological .  Surrey tabulations . It is estimated that additional
water could be released to augment the flow in Delaware , Lehigh and Schuy l-
bill Rivers when the basic p lan of ii~p :-ove1Jent , as out l ined in Append ix Q ,
is in operat..on . The f igu re s  in the las t  column in table  E-6  represent
the minimum c-egu iao - -d flows exp ected by the year 2010 in the Lehigh River
and Delaware firer above Trenton , and ti-ic Schuy lkill River aed Delaware
River below Trenton.
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T .BLE E-6

MINIMUM FLOWS EXPERIENCED AND EXPECTED

DEL\WARE blb’ER ‘..‘D -TERGIIED

Drainage Minimum mean Nin.regulated
Year area monthly discharge flow expec ted

Sta t ion  e s t ab l i shed  (sq.  ~ui.) Month Year (cfs) (cfs)

Lehigh River
Bethlehem , Pa. 1902 1 ,275 Sept. 1932 374 725

Delaware River (1 ,250
Riegelsv il le , N . J .  l9U6 6 ,323 Sept. 1908 (2 ,320* 4,610*

Delaware River (1 ,440
Trenton , N. J. 1913 6,~ C0 Sept . 1932 (2 ,410* 4,700*

Schuy l k il l  River
Philade lphia , Pa. l~, 7 f - l 9 l 2

and
1931 l , f93 Nov . 1910 229 550

* A f t e r  complet ion of Cann onsvil le  Reservo ir and wi th  operation
of the New York Board of Wa ter Supp ly reservoirs in accordance
with  U.  S.  Supreme Court decree of 1054.

10-02 . EFFECT OF PLOY REGULATION ON NAVIGATION . There wi l l  be a
small amount of regulated flow provided by the comprehensive r~ an as shown
in table E-6 , and the effect of this flow regulation on navigation is ex-
pec ted to be negl igible , as discussed below .

a. Above Trenton. The investigations have disclosed neither
need nor demand for  extending navigat ion above Tren ton .  The small amount
of low flow enhancement would not alter this situation .

b. Cross-Jersey Ship Canal. Studies made in 1946 indicated
tha t  the wa te r  requirements of the proposed Cross Jersey Ship Canal would
be 803 c f s , of which 36 c f s  could be obtained from local su r face  water
f low , and 27 c f s  from ground water  i n f i l t r a t i o n.  The remaining 710 c f s
would  have to be ob tained by diversion .?rom other sources. The flows from

E-l7 
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the reservoirs  proposed in the bas in  p lan could be used for navigation
onl y at the sacrifice of w a t e r  supp l y and stream quality improvement
benefits. There is no current demand for the Cross Jersey Ship Canal ,
but cons ideration can be given to  providing the remaining 710 cfs  from
feas ib le  s ites  in the Delaware watershed when the need arises.

c .  Below Trenton. Delaware River below Trenton is t idal .
The volume of r iver  discharge is small compared to the volume of t idal
flow . Stream discharges at Trenton 1-iave l i t t l e  e f fec t  on s tages in the
tidal portion of th e river except in the upper reaches during period of
extremely high runoff. Additional fresh water released during periods
of low up land discharge would  tend to raise the normal water eleva tion in
the river above Trenton during those periods . However , this increase in
discharge would provide no benef i t  to navigation as its e f f e c t  on river
stages would be of l i t t l e  consequence for  purposes of navigation below
Trenton . In addi t ion , it is believed that  there would be l i t t l e  reduction
in channe l shoaling below Trenton because of the upstream release of fresh
water  from reservoirs proposed in the  comprehensive p lan . These reservoirs
might  re ta in  some small amount of mate r ia l  which is presen t ly being re-
moved during the course of ma intenance dredging. However , it is believed
that there would be little change in the cost of maintenance dredging in
the Delaware River channel between Trenton and Philadelphia because of
f low regula t ion .

d. Schuylkill River. The amount of regulated flows to be pro-
vided by the comprehensive p lan on Schuy lkill River is very small. The
e f f e c t  of this  f low on navigation in the t idal  port ion of this stream is
neg l ig ible .

SECTION XI - DISCUSSION

11-01. Navigation with r a f t s , barges and other sha l low-draf t  ves-
sels  once p layed an important role in the economy of the Delaware River
basin above Trenton , but interest in this form of transportation declined
rap idl y with the advent of the railroad and the motor truck . Delaware
hiiver in this section is character ized b y r e l a t ive ly steep gradients and
swif t currents, and consists of a series of shallow pools separated by
rap ids or r i f t s .  Improvement to provide suitable navigation faci l i t ies
would be d i f f i c u l t  and cos t l y .  There is , at present , l i t t l e  indication
of ei ther need or desire f or navi gation improvements above Trenton, and
there appears to be l i t t l e  prospect  that  this  s i tuat ion wil l  change . It
is considered that the contemp lated p lan for  development of water resources
in the Delaware basin wi l l  not create  a significant demand for navigation
above Tren ton , but that the plan will not prejudice future navigation if
a need or demand thcrefor develops.

E - l8
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11-02 . Delaware River below Trenton is tidal ai-id well-suited for
navigation improvements. It has developed into one of the most ii.portant
navigable waterways  in the United States. The river and its tributaries ,
along with appurtenant navigation facilities , have generall y kep t pace
with the needs of iaaritimc interests. Indications are that navigation
in this section of the river will become increasing ly important to the
economy of the region . C ommerce on many of the t r i b u t a r y  streams has been
adversely affected by motor trucks which are able to prov ide faster ser-
vice and door-to-door service. h owever , much of the recent economic growth
in the lower Delaware val ley  is dir ect ly related to the provision and main-
tenance of adequate navigation facilities in Delaware River and its major
tributary streams and ~iarbors.

11-03 . It is ant icipated that vessel traffic in Delaware River
will increase consistent with the industrial growth of the Delaware valley
below Trenton.  It is recognized that  the increase in vessel t r a f f i c  w i l l
resul t in increased pollution in the river and bay . Existing Federal laws
are considered adequate for the control of this problem .

11-04. The advisability of construc ting a New York Bay - Delaware
River section of the Intracoastal  Waterway was considered in prior repor t s .
The proposed projec t , known as the Cross Jersey Ship Canal , would require
a fresh wa ter supp ly, with approx imately 710 ci b coming from the Delaware
River watershed or other sources. Consideration can be given to modifica-
tion of exis t ing p lans and pr oject s or develop ing other feasible sites
for this purpose if and when further study of the canal project is under-
taken .

11-05. Flow regulation which would be provided by the basic p lan
for develop ing th’~ water resources of the watershed would result in in-
significant benefits to navigation . Augmented low flows above Trenton
would not improve the economic feasibility of navigation in that reach ,
and additional fresh water flow which iight be provided below Trenton
would have little effect on river stagc~s for navigation and would not
reduce channel shoaling or the cost of maintenance dredging .

11-06. Consideration has been given to the construc tion of a salt
water barrier in Delaware River near New Castle , Delaware . Any comp lete
closure of the river in this reach would have a profound effect on navi-
gation. This , and other considera t ions in conne cti on w ith the propos ed
barrier , are discussed in Append ix S.

E -19 
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SEOTION XII - CON CLUSIONS

12.01 . It is concluded that the improvement of Delaware River
above Trenton for navigation is not justified at this time .

12 .02. It is further concluded that below Trenton , in the tidal

reache s of the r iver , the interests of navigation are being adequately

served by the existing projects and the additional studies which are
author ized to investiga te chang ing requirements and conditions .

E-20
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DELAWARE RIVER BASIN SURVEY

APPENDIX F

POWER MAiik~.ETS AND VALUATION OF POWER

F-Cl PURPOSE

The purpose of this study is to determine : Ci) the past

and estimated future electric power requirements of the Delaware

River Basin Service Area; (2) the magnitude and characteristics

of the markets which could absorb the output of potential hydro-

electric projects on the Delaware River and its tributaries; and

(3) power values or benefits associated with power installations

at these projects.

F-02 SCOPE

The study of the power requirements of the Delaware River

Basin Service Area includes a review of past requirements and

develops estimates of future requirements to the year 2010. The

estimates are based on a detailed analysis of growth of each of

the principal classes of electric utility service and an extension

of the indicated trends and rates of growth of total requirements

to the year 2010.

The marketability and value of the hydroelectric power

F-].
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potentialities of two multiple-purpose projects, Tocks Island and

Hawk Mountain included in the basin plan ,are treated. in this

Appendix. Other potential hydroelectric proje cts consider’~d for

development in the basin are discussed in “Appendix T - Hydro-

electric Power .”

F-03 FACTORS AFFECTING UTiLITY POWER MARKETS

a. General The growth of power markets is affected by many

economiu and technological factors. Important among these are:

the gr~~ th of population and number of households; expansion of

industrial production and of activities associated with service,

trade and professional establishments; widening application of

known processes utilizing electrical energy; and the development

of new uses of electrical energy in the home, industry and other

fields of human enterprise . Under the impact of these influences

the market supplied by the utilities has grown steadily ovex a

long period oi’ years in the past. Except for the effect of

unforeseeable deterrents to its growth, this market may be

expected to continue expanding for many years to come .

Considering the magni tude and characteristics of their power

requirements, utility customers can be grouped into several classes

of service. A brief review of each of the principal classes of

utility service and of the factors affecting the growth of their

F—2
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power requirements is presented Tin ~he fcl low~rLg paragraph~~.

b0 Farm Service Th15 ri~ ss 3! ner~~ -~e !n:Ludes trie requ~.re--

ments of utility customers re~1I1 - g ar~ zura~ ar€- a~ and depenthng

upon agriculture for the ma n or p-: z~t-~ - n  c~f t i e i  ~n- -:-me - Farm

customers utilize electr~c erie: F ~n tii~~ir rnTm-- a~ ~eit as i:. ~~n1F-

of their farming operations .~ ~~~~~~~~~~~~~~~ of  tn-  iarn~ ro~ -ctE- .a1

brought to the farming po~u a t ~~ fl m~~ v ~ - iut o: ;-~ ar~c-. - - :: ‘ue~:’i~~~ .

including labor savings .- entertainment 9 improved samt-u~~ conditions

and many other advantages~ Th-~ eff icien :”  ara e o r ~omy cf mcoerr;

dairying~ poul try raising arid e~ n iroduc~ ~- r i  c~epend cc~ the

extensive use of e1ec~ r i :  ene~~ -; Gth i~r ype-s ~ - ~~~~~~~~ are

also beginning to expand tne use of thi~ form a~ energy ann -

siderable progress in t-b i~ i~u-e:ti:~ e~~~~~ en~ U.tnler

favorable economic cond3.t-~o~s in the- i~~u:~-~ ‘~se of e1ectr~~ en~x gy

will continue to expand ri__n :nan~’- tarmir:~- opera ’~~r s -~r i -i ~r. pr~cessir1~

agricultural products on the t ar-rn-

c., Non--Farm Resadentiai Servi~e This class of servine

includes~, by far~. the larne~~ number of customers - mos+ ot ~~~ -:~~

live in urban and suburban areas~ Triey ‘se -:1E -~t-r energy f ;.T

lighting~ heating -. cooking. refrigeratior.~ and the ~: ~ i. i c ’r - c’f

numerous other household de’rice-~ and appiiar.~ e~ ~ Th’~ n~~~r~~er

customers in this class ox ’ serv~ice ~ u d~ v~~ t rti~~ Li on tO tfl~~
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number of families or households. Annual energy consumption per

customer is increasing steadily as the use of known appliances expands

and new appliances are developed and marketed . Many domestic appli-

ances have been in use for a long time and have already reached high

degrees of saturation. Others have come into use only recently

and will take some time to find wide acceptance. Still others are

in the development stage and will stimulate annual use per customer

in the years to come, Generally, this class of service is least

affected by adverse economic conditions. Combined, the farm and non-

farm domestic service group is sometimes identified as the Rural and

Residential Class.

d. Commercial Service Commercial energy sales include

deliveries to wholesale and retail trade enterprises~, professional

and personal service establishments, places of recreation, financial

institutions and other business concerns0 As population increases,

there is greater need for the services provided by these establish-

ments. Generally, commercial consumers utilize electric energy for

lighting, air—conditioning and the operation of a great variety of

appliances and equipment. Better lighting has proved very effec-

tive in stimulating business and improving the efficiency of trade

establishments, Air—conditi oning is fast becoming essential in

depar~..rtent stores, theaters, restaurants and other competitive

_•5.. _~~‘~~~ — -- 
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enterprises. Llectrjfication of office, st-ore and shop equipment

r3sults in higher efficiency, labor savings and lower operating costs.

Under these influences , the com~ercial service can be expected to

continue its growth for many years to come.

e. Inuus~rial Service The i~idustrial class of service

includes all energy sold to manufacturing and mining establishments.

Electrical energy has been very effective in expanding industrial

production, lowering costs, increa~ing efficiency and rais±ng the

productivity of labor. For the purpoces of this study, estimates of

the ~rowth of enc:gy use by inQu:~trial c3tabU sh-nents are based on

the assumption that favorable economic conditions would prevail over

the period for -;hich the esti aates have been made and that short-

period fluctuations in business conditions would not cause material

changes in long~-term trends . Tne estimates do not take into account

:.:y unforeseeable changes in po~er utilization by industries, nor

the advent of any inventions or •nethods of production of goods whi ch

:-lay radically change -.~he knot-ni industrial uses of energy. Under

these assumptions, inuu~ triai power requirements of the market under

consideration will increase as existing industries expand their

operations and new industries find it advantageous to locate in the

~-ea. Generally, the growth of inoustrial activity and of electric

energy uze by industries in the lielaware h.iver Basin Service Area

-~~~-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~——- ~~~~~~~~~~~~~~~~~~ ~~~~- --—--- -



can be expected to continue over an indefinite period in the future.

f .  All Other Services The “All Other ” classification includes

sales to government establishments, military camps and depots ,

government warehouses, public schools, hospitals, libraries, municipal

water supuly systems, street and highway lighting, railways and rail-

roads , and various miscellaneous customers not included in other

classifications. The activities of government establishments can be

expected to expand with population growth and the increased need for

public services • Better lighting and electrification of service

equipment in public buildings can also be expected. This is par-

ticularly true in the case of public schools and hospitals where the

level of illumination is being steadily raised and where electrified

-equipment is more widely employed. Growth of population brings about

greater demands for water and correspondingly increases the use of

energy for pumping. With higher densities of population, street

lighting level s are raised for traffic safety and crime prevention .

Highway li.~-hting can be expected to expand in the future as networks

of roads become more extensive and complex. All of these factors

will contribute to increased future energy sales onder the “All

Other ” class of service.

g. Total Requirements The expected growth of energy use by

the various classes of service will result in greater transmission
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and distribution losses. Added together~, sa es to ultimate cor~

suiners and the accompanying losses determine the total ene:’gy wku. ch

utilities must provide by install ing and operat~ng adequate power

supply facilities0

F—014 POWER R~~~UIREMEN TS OF THE DELAWAHE }tIVER SERVICE AR1~A

a. Delineation of Area The Delaware River Service Area was

delineated for the purpose of this Survey in considera(.cn of the

economic and other factors which must be taken into account in a

plan for the comprehensive and most advantageous utilization of

the water resources of the Delaware River and its tributaries0

Estimates of the area ‘s future electric power ret~uirements are of

great importance in the formulation of such a plan, particularly

insofar as the utilization of the area s water resources of elec~.ri~
power generation and as condensing water for +l~rmaJ plants are

concerned

As delineateth, the area does not coincide with any -~‘f ~~~~~~

Power Supply Areas designated ~~r the Federal Power Commission for

its studies of the Nation-s electric power supp~y and requx Lr-emen~s.

The area selected for this power market study approximates the

Delaware River Service Area and includes aU of Power Supply J~— ’e~

14 and approximately 70 percent of Power Supply Area. 5~ Pi~ t’~ F- 1

shows this area as well as the principal utiL~ ties serving it,

F 7
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b0 Energy Requirements The estimates of the area ‘s future

power requirements were prepared in consideration of expected

economic and technological developments in the demand for electric

power. Past data were assembled and analyzed to determine signifi-

cant trends and rates of growth. Estimates of future requirements

were prepared for each class of utility service for the period 1960-

1980 on the basis of data on future population, number of households,

and expected industrial developments in the area as discussed in the

Economic i3ase Study, Appendix B, prepared for this Survey by the

Office of Business Economics of the United States Department of

Commerce. Estimates of total utility requirements for the period

198S—20l0 were made by extending the indicated trends of growth over

the peri od 19140—1980, inclusive. Table F—i and Plate F-2 show the

past and estimated future utility requirements in the area for the

entire period 1950-2010 , inclusive.

It should be noted, that the estimates do not include allow-

ances for uses of power which can not be properly evaluated at the

present time, even though they may become quite appreciable in the

distant fu ture. On the other hand, it is realized that many known

uses of energy will reach high levels of saturation long before the

end of the estimating period. It is recognized, therefore , that

estimates extending so far into the future as those presented in
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this study should be reviewed at regular intervals , r as soon as an

adequate evaluation of the impact of newly introduced uses of electric

energy can be properly carried out .

c. Load Characteristics Future utility peak demands were

determined by relating the estimated annual energy requirements to a

series of future load factors. The annual load factors of utility

systems are expected to improve gr~dual1y as a result of a expected

greater use of electric energy by domestic and commercial customers

and the expansion of automatic and r~~otely controlled operations

in industrial production .

As estimated, the utility peak demands of the area will in-

crease to a total of 314 million kilowatts in 1980 and to 96 million

kilowatts in 2010. Compared with l95~ , the estimates represent a

growth of over 300 percent in 1980 and over 8140 percent in 2010.

The high levels of future peak demands are also a measure of the

generating capacity which the utilities of the area will need to

have in operation to supply the area ’s need for pow er.

F-OS MARKET FOR POWER FROM TOCKS ISLAND PROJECT

a. General The Tocks Island Project is located on the main

stem of the Delaware River about 6~ miles above the Delaware Water

Gap . The project site lies in the service area of the General

Public Utilities Integrated System consisting of four subsidiaries

F-9
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( two each in Pennsylvania and New Jersey) operating as a single

system. In turn, GPU is a member of the well-known Pennsylvania-

New Jersey-Maryland Interconnection . This large power pool is

comprised of the following eight utilities: Public Service Electric

and Gas Company, Philadelphia Electric Company, Pennsylvania Power

& Light Company, Baltimore Gas and Electric Company, Pennsylvania

Electric Company ( GP U), Metropolitan Edison Company ( GPU) , New

Jersey Power & Light Company (GPO), and Jersey ~entra1 Power &

Light Company (GPU) . In addition, several other private utility

systems and industrial generating plants are included in the closely

coordinated operations of the interconnection. Altogether, they

supply nearly 99 percent of the utility power requirements in Power

Supply Area 5, considered to be the market for the To cks Island

Project in this study.

The principal power generating stations and transmission lines

of the utilities forming the interconnection are shown on Plate F—3.

b. Energy Requirements Electric utility service in this area,

as in most other parts of the Nation , has grown from a rather modest

beginning in the early part of the century. The first systems were

small, with limited transmission and distribution facilities, and

their service did not extend over very wide areas. With the growth

of demand for electric power, particularly for domestic and

F-b



industrial use , arid the progress made in the field of power genera --

tion and tr ansmission, electric utility service began to expand

rapidly. Interconnections betwc r. systems were followed by mergers

and consolidations which evei.tualiy formed the present larger utility

systems.

in 19140 the utilities in Power Supply Area 5 supplied their
customers with a total of cJ~r 15.1 billion kilowatt—hour s of energy~

By 1957, their requirements increased to almost 148.3 billion kilo~-

watt—hours, representing an over-all growth of over 218 percent in 1 7

years of operation. ln the same period of time the combined non-

coincident peak demand of the utilities increased from 3,026 to 9~l147

megawatts. Table F—2 , shows the grow th of utility capacity and energy

requirements in Power Supply Area 5 over the period 19140-1980, in-
clusive. Table F—3 show s the distribution of past and futur e utility

energy requirements by class of service. The p- and future ut~1ity

total power requirements are also shown on Plat ~— 14.
The percent distribution of utility requirements by class of

service over a long period of years reveals, generally, the

characteristics of the market, prevailing long-term trends , and

some indication of developments that are likely to take place in the

future. The following table summarizes the percent distribution

for the utility market in Power Supply Area 5.
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Percent Distribution of Energy by Class of Service

19140 1950 1957 1905 1970 1950

Rural and
Residential 16.14 19.5 2~~.2 28 ,7 30.2 33,5

Commercial 114.8 15.0 16.14 15.9 16,2 16.2

Industrial 148.0 146.6 141~ 0 141,7 140.2 36,9

All Others 9.9 8.14 5.0 3,9 3.L~ 2,9

Losses 10.9 10.5 9.14 9.6 10,0 1005

Total 100.0 100.0 100.0 10000 100.0 100.0

The estimates of utility energy requirements are based on

certain assumptions and considerations regarding past trends and

expected developments in the future., Minor -Jev±at~ons from

expected trends should affect t rese  estir~~tes only to the extent

of ei ther advancing or retarding s1ight 1~. the time wh~~ the

indicated levels of energy requirement s will be reached ,

c. Load Characteristics The examination of the utility

market in Power Supply Area 5 has concerned itself thus far with

past and futur e energy requirements. 1’~o less important is the

magni tude of the highest one-hour integrated demand which the

utility power supply facilities are called upon to furnish.

This maximum annual demand plus required reserves determine the

dependable generating capacity which the utilities mus t have to

insure aciequate and, reliable services,
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= The monthly pattern of sy~; te;i peak de~;lands must be taken into

account in plarin~~ an adequate power supply, in addition to

- 
supplying the actual peak load each iaonth~ consideration must be

given to capacity out L’or maintenance , forced outages and errors in

- load forecasting. .~etting up a su~ ta bde  maintenance program is a

- complex proceuure, e specially for a L~ - 1~ ’ci group of coordinated systems

such as constitute the Pennsyivanll--hew Jersey—Maryland Inter—

connection e There Las been a distinct change rn the variation of

monthly peak loads expressed as a percent of annual peak. Whereas in

past years there was a pronounced valley during the sui rlmer ;-ionths

~~ which was of great help in scheduling n~ eded maintenance. Utili ties

in general can no longer depend on this and m~ist conduct thear

maintenance operations throughcet h-he year. ~~e increased use of

air-conditioning and other cr~an~~s in living habits af f e c t - u i r  the

consumption of electric energy have caused summer peaks to a- - -roach

~~ the winter ones in ma~~ ituce . £r . consequence, the ~~p art an e of the

actual time of occurrence of annual peak has been reJ-~ced to some

extent , and the required capacity on a month~ i~~~rre nth basis f’or

peaic loads and total reserves for all purposes ~.s sub~-ect to ess

variation than formerly. For tne purpose of this stL.dy the estanate-i

• future annual peak demands ar~- consi .e~~~ - -~ to occur in the evening

J 

during December,

I 
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The non—coincident peak demand of the utility load in k~ower

Supply Area 5 increased from 3.03 million kilowatts in 19140 to 9.15

million in 1957, an increase of 202 percent as compared to an in-

crease of 219 percent in ener 1y req uirements. As estimated for the

future , the utility demand is expected to reach 1L~.314 million kilo-

watts by 1965 and 26.1 million by 1960. Table F—2 shows the past

and future demand requirements in the market area over the period

19140—1980.

The ratio of average to maximum demand is the load factor and

reflects to a degree the composition of the utility load. Over the

period 1~140-1957, the annual load factor for Power Supply Area 5
fluctuated considerably, varying as much as almost 10 percent from

year to year, and reaching a peak of 614.9 percent in 19145. During

the war years, intensive industrial activity with multi—shift pro-

du ct~cn schedules and long work weeks brought about a considerable

increase in the ratio of energy consumption to peak demand, resulting

in load factors which may not be equalled for many years under peace-

time conditions and normal 140-hour work-weeks, However, the expected

growth of average annual consumution per cus tomer in the rural and

residential and commercial services, and the increasing use of

energy in automatically and remotely controlled indus trial operations

should raise the overall utili t.y annual load factors gradually. 
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It is estimated that the ‘.nn we i ~~~~ factor cf the utility load in

Power Supply Area 5 w=ill rea’~h t3 percent by 1980.

d. Power Supply

1. 1~xisti~g Generati~~~~’acilities There are 38 utility

systems in Power Supply Area 5 which operate power generating

facilities. Of these, 13 are part of the Pennsylvania-New Jersey—

Maryland Interconnection and accoun t for over 98 percent of all the

power supply in the area~ ra:~.e F-..14 lists the installed capacity of

all utility systems in the area~ by type of prime mover, as of

December 31, 1957. -

The percent d,istributi-jn of total utility capacity and

generation by type of prime mover in 1957 is as follows:

Net Generation
~çilow5±~ 5 Pernent Million Kwh Percent

Hydroelectric 710. 355 
- 

7,0 2,670 5.6

Steam-electric 9,363 591 92.5 145,281 914.2

Internal Combustion 50,302 0.5 91 0.2

Total l0,1214 214~ fl- (I.C 14t,0142 100,0

In size, the uhi lity p~ arLT s  ~n Power Supp iy ~u-ea 5 vary

over a wide range . The lergesr nydr~-electr ~ c plants are

Conowingo (252 ,000 ki1owat-ts~ and j axe  Harbor (230,555 kilowatts)

both located on the Susquehanna River .. The larcest steam—electric
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station is the Burlington plant of the k~ubl:c Service Electric and

Gas Company at h’urlington, New Jersey, witn an installed capacity

of 1490 ,000 ki lcw~ tt s , and the Sewaren and Linden plants with 1470q000

and L6O,~-UC’ ~d,lowatts, respectively. The Philadelphia ~1ectric

Company also operates two of the largest steam~-e1ectric planLs in

the area. Th~ T are, the Richmond plant with 1450,000 kilc watts, and

the Delaware plant with 1436,250 kilowatts, both located in

Philadelphia. The principal utility generating plants in ~c..’er

Supply Area 5 are listed in Table F--.~ .

The name—plate rating of a generator is not always the true

measure of its load carrying ability anj many factors must be con-

sidered in determining this important characteristic. In general,

large modern steam—electric units are conservatively rated and are

capable of outputs in the order of 110 to 120 percent of their name-

plate rating under normal operating conditions, -~n the other hand,

older, smaller generators with low temperature/pressure levels must

often be operated at less than their installed rating, thereby off-’

setting any gains in dependable capacity from newer units..

The dependability of hydroelectric capacity is a function of

those factors that affect its utilization. Among the more important

items which influence power output are~ load factor and load curve

shape of the absorbing system; hydraulic criaracteristios n-..ich as
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head, flow, and available storage; external limitations imposed by

other water uses such as navigation, water supply, and operational

requirements of other plants on the same stream.

For the utilities of Power Supply Area 5, the installed and

dependable capacities are shown in the following table:

installed and Dependable Capacity of Power Supp~y Area 5
December 31) 1957

(Kilowatts)

Installed Dependable

Hydroelectric 710,355 obb,60

Steam—hiectric 5 ,363~~p -  9,7145,950

Internal Combustion 50,302 149,0o5

~‘~ta.1 1C,l214,2148 lO,1461,t95

2. Retirement of ~xistipg Capacity Data on retire-

ment of utility generating units indicate that 140 years is a

representative period of service for fuel-electric facilities ~~~

that no specific period is used for hydroelectric installations.

While instances can be found of steam.~electric units being

retained for peaking or reserve capacit~y after 140 years of

service, there are also numerou s cases of capacity having been

retired earlier. ~stimates of expected retirements of fuel—

electric capacity over the period l965-1~80 have been compiled

-
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and are shown in Table F-6. As estimated, over three million kilo-

watts of fuel-electric capacity will be retired before 1980 to make

way for more modern and efficient units.

3. Scheduled Capacity Additions Capa city addi tions

definitely scheduled for installation in the immediate future are

reported periodically to the Federal Power Commission by all electric

utilities . The latest reports indicate that 2,737 megawatts of

generating capacity will be installed by the end of 1960, and that

an additional 1,9147 megawatts will be installed by the end of 1963.

This gives a total o 14,o614 megawatts of capacity expected to be in

F operation and serving the area load by the end of 1963.

e. ~~ture Capacity ~teguirements In determining the capacity

which will have to be installed by the utilities in Power Supply Area

5 in addition to that def initely scheduled, consideration is given to

the e~c1sting power supply, the estimated future load and reserve

requirements, and expected retirement of obsolete and inefficient

fuel-electric capacity. The reserve requirements for the utility

systems in Power Supply area 5 are estimated at 10 percent of the

peak demand . This estimate was arrived at by a study of the reports

of the Pennsylvania—New Jersey-Maryland interconnection submitted to

the federal Power Commission for a number of prior year s and by

giving consideration to the degree of interconnection and coordination

F—lb



among the systems in the area and the size of generating units in

future installations.

Table F—6 sh’~w~- the additional dependable capacity required

to supply the future utility load in Power Supply Area 5. As

estimated the utilities of the area must install an additional

l,9o3 megawatt~s of capacity to meet their requirements in 1965.

During the next fifteen years~ iUJc~o .i9bO, further load growth and

retirements of existing facilities will require the additional

installation of over 16,500 megawatts of capacity~
In view of the magnitude of the fu ture capacity requirements

of Power Supply Area 5 it is evident that the output of the Tocks

Island project , upon its completion, can be readily absorbed by

the utilities serving the area.

F.-06 UTILITY MARKET r’OR P0W~R FROM HAWK MOUNTAIN PROJECT

a. Delineation of Area The market area considered most

likely to absorb the output of the Hawk Mountain project is the

service area of the interconnected System of the New York State

~lectric ana Gas Corporation. The area encompasses some 20

counties in the central portion of the State of New York, ranging

as far south and east as Sullivan County and as far west as

Wyoming County.

b. Energy Requir ements Table F—~7 shows the past power
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requirements of this market during the period 1950—1958 , and

estimated future requirements for the years 1960—1980, inclusive .

As shown in this table the energy requirements have grown from

1,921 million kilowatt-hours in 1950 to 3,178 million in 1958, an

increase of over 65 percent in the eight-year period. During this

same period of time the peak demand increased from 1426 to 613

megawatts, an increase of almost 1414 percent, while the load factor

increased from 51.6 to 59.2 percent.

Table F-8 shows a breakdown of the total energy requirements

by individual classes of service.

As estimated, the utility requirements in the Hawk Mountain

market area will total 9.6 billion kilowatt-hour s by 1980. The

energy requirements by class of service from 1950 through 1980 are

shown in Table F-8. The past and future utility total power require-

ments are also shown on Plate F—5.

The percent distribution of past and future total requirements

by class of service is shown in the following table :

F-20
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Percent Distribution of ~nergy by Class of Service

1950 1955 1958 l9ôS 1970 1980

Rural and
Residential 32.14 33.8 35.3 37.3 38.5 140.14

Commercial 15.7 16.5 17.14 17.8 lt.5 19.8

Industrial 31.3 2 9 . 2  26.6 214.3 22 .5  19.7

All Other 5.b 6.7 6.8 6.9 6.8 6.6

Losses 114.8 13.8 13.9 13.7 13.7 l3.~

Total 100.0 100.0 100.0 100.0 100.0 100.0

c Load Characteristics

1, Demand Requirements The peak demand of the utility

load in this market increased from 1426 megawatts in 1950 to 613

in l~i56, a growth of 11414 percent in the eight-year period. I~

is estimated that the peak demand will reach 900 megawatts by

1965 and 1,779 megawatts by 1980. Table F-? shows the past and

estimated future demands for the entire period 1950-1980,

inclusive.

d. Power Supply

1. i~xisting Generating Facilities AU generating

capacity in the area is owned and operated by the New York State

~1ectric and Gas Corporation . The Interconnected System of this

utility operates six steam—electric and five hydroelectric power

plants with a total installed capacity of 609,720 kilowatts.
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Table F-.9 lists each plant and it-s installed -~nO. deperdath —

capacities as of December 31, 1957..

The hydroelectric -slants at the area are :eiat’ve .iy small ,

the largest being the Seneca Falls with ~ -~OO0 k z - ~~~b~-~ The

largest steam-- electric plants are the Greenidge 3 tat-ion a~

Dresden , New York , with an installed capaciLy of lOu 000 k i i o w a -t t 5 ,

the Goudey Station at t3ingnamton ~it-~ l~~’,~OO ki~o~za~;t5 ar~ the

Milliken plant at Ludlowville ~.iith 135 000 i~ wat-ts .

2.. Retirement of Existi a~~cit~ On the basis of an

average service Li fe  of 140 year s and u~ cons ideration ~. f pa-s e

trends , it is estimated that 21,000 kilowatts of ~ti~~ity generating

capacity in this area will be retired by 1965 and a total of

714,000 kilowatts by 190u.

30 Scheduled Capac~~y J ç~dition.~ Of the new capacity

scheduled for installation , a new 13 000-k ilowatt  steam lectric

unit was completed in t~,e fall of 1958 at the Milliken Station in

Ludlowville~ and in addition a new unit of 135 000 kilowatts is

scheduled for installation in 19W at a plant in Somerset..

e, Required Additional Capacit or Carrying Future Loads

The requirements for additional capacity were determined in the

same manner as was done previously for Power Supply Area 5 - except

that the reserves for this market were ta~ eo at 12 percen t of the

annual peak demand,
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Table F--b shows the do, u—rations of the additional capacity

requirements.. By 1960 the installation of 26 megawatts of capacity

in addition to that already scheduled will be requirer~. By 1980,

the requirements for new - : apac.i ty will increase to nearly 1,100

megawatts . ln view of the indicated futur e capacity requirements

in the area it appears that the output r’f the Hawk Mountain project ,

could be absorbed reacilly by its growing electric power requirements..

F-07 VALUATION 0? POWER

a, General In m~~ t. engineering studies9 the economic

feasibility of a propos~-d development is tested by cost com-

parisons with alternati:e me~ -i - -oo of performing the same, or equi-~

valent functions.. The value of power at a proposed hydro -~ie~:tric

project is measured by the cost of provIding an equivalent supply

of power for the market :jccler consideration from the most likely

alternative source -- Le v~~~~~~ii are usually expressed in dollars

per year per kilowatt ci depend.abie capacity and mills per kilo~

watt-hour of average annaal t-rier~y.. They include the annual fixed

and incremental costs of power production at the alternative source,

the difference in annual transmission costs associated with the

proposed project and it5 alternative and all necessary adjust.—

ments for any inh.iren~ advanLage~ of one source of power over the

other.
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b. At—Site and At-Market k’ower Values The value of power

from potential hydroelectric developments may be determined either

at the markets to be served, or at project sites~ in determining

economic feas:bility, at-site values are usually compared with at—

site costs .

At—market power values are based on the cost of power from

the alternative source, plus the cost of transmission far ~iiities

to the principal load centers of the market area with appropriate

adjustments. These values, reduced by the cost of transmitting

the output of the proposed project to the same load cen ters, give

the value of power at-site.

c. Alternative Sources of Power

i. General As developed previously in this appendix,

the growing power requirements of utilities in Power Supply Area

5 and the Interconnected System of the New York State ~lectric

and Gas Corporati on in Power Supply Area 3 constitute the markets

for power from the proposed Tocks Island and Hawk Moun tain projects .

The New lork State k~1ectric and Gas Corporation and nost of the

utilities i.n Power Supply Area 5 are privately owned. Emisting

generating capacity is predominantly steam—electric and current

expansion programs call for the additi on of considerable amounts

of thermal capacity to meet their future needs. xi~eference is
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made to Tables F— Li and F—9 showing the installed generating

capacity as of December 31, 1957 by type of prime mover.

For this study therefore, privately owned, steam—electric

plants of a size and characteristics likely to be used by utilities

in the area are taxen as the source of power alternative to the

Tocks island and Hawk Mountain projects.

2. ~~~~o-Steam Power Value Adjustments When applicable

the power value adjustments referred to previously, consist of a

capacity credit and energy credit, or debit, applied to the at—market

cost of power from the alternative steam--electric source. There

are certain advantages with respect to system reserve require-

ments, operating flexibility, service availability and other

factors often associated with hydroelectric power when compared

with fuel-electric power. The enerc’y value adjustments are usually -

made when there is a substantial difference between plant factors

of the proposed project and its alternative steam plant. In view

of the amount of existing and planned future steam-electric

capacity compared with hydroelectric capacity in the two areas,

the widespread dispersal of generating stations, transmission

systems linking power suooly centers and load centers that permi.t

the controlled movement of large amounts of power with reliability

and flexibility, coupled with the high degree of integration and

F-29
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coordination of operations, no adjust~nent of at-market cost of

alternative power is considered warranted in this study.

3. Location and Capital Cost of Alternative Steam-

Electric Plants Among the factors considered in selecting the

sites of alternative steam—electric plants for Tock~ Island and

Hawk ~-1c-ur t~t in  projects ~-ere the location of each site in relation

to load centers and existing generating and transmission facilities

in their respective -iarket areas; current system planrdng of new

facilities in each area; condensing water requirements; and fuel

economies as governed by type , heat content, availability, and

cost. Generating units employed were or a size co~~atible with

system needs and practice of the particular utilities in whose

~ erv~ cc ai-ea the alternative steam—electric plants are assumed to

be located.

There is wide v -=r ~ a t i o n  in th~ c- r i s t r uct ior .  costs of new

stea.’i—eiec~ r~ c :e r e r at ir ir  cap acity thr o~..ghout the country, Labor

• - ; and fte~ -ki t charges on station equipment and construction

-i~ ter ial~ -k end on locat cn , Jt .her factors th:~t affect the

cap i t - i i ir ~ve~ t-~ent are: (i) site acquisition costs ; (2 )  unusual

c-~r t -ru .~t T c u  difficulties, particularly with regard to foundations;

(3) type o ” s~~r - c t u ~ -e~ whether ~ut i oc -r , partially outdoor , or

fully enclosed ; (1k ) design characterist~ cs such as tem perature,
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pressure, reheat, auxiiiar-r eQuipment~ etc..; (5) condensing water

system; and (6) fuel handling facilities.. Generally speaking,

otLer conditions being equal.. tne unit- cost (dollars per kilowatt)

of new capacity decreases as tbe generating unit sizes increase..

Optimum operating econor,w is us~iaiiy achieved with the larger units ..

The Tocks Island site on the Delaware River is about 10 miles

upstream from Metropolitan Edison Company s new Portland steam—

electric plant in Pennsyl miania.. The initial Portland unit of

150,000 kilowatts was placed in service in 1958, A second unit of

250,000 kilowatts is scheduled for completion in 1962.. Therefore,

for the purpose of evaluatiug i~hs Tocks Island output an alterna-

tive steam—electric plant in the vicinity of Portland, cons:isting

of three conventional coal—burzung generating units of 250,000

kilowatts capacity eacn~ is assumed ,, The capital cost of these

units is estimated at ~i7O per ~ii~watt-, based on July l~ 1958

price levels..

Power from the proposed Hawk Mountain project would be

utilized on the Interconnected System of the New York State

Electric & Gas Corporation.. The ;-ruiect site is about 25 miles

southeast from the company s Jennison steam plant at Bainbridge.

New York0 The size of lar~e~ t , units presently ;~n operation cr

planned for t,he future on the sy-3tem is 135 .000 kilowatts. There--

fore) for the Haw~ I untai r~ ur ~ct , ar. alternative steam—elect.ric
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plant near Bainirid~-c is assuIk ed. The plant womlu have t re f- u-

ventional, coa1-~burning genera ting units of 150 000 ~~~~~- - w a t L s  e-s h

The estimated capital cost of these uruts , based. on July l~ 1958

price levels5 i~ ~iO0 per kilowatt,

d0 Annual Costs of Steam—Electri c Power

1. General It is customary in the anaLy sis  of sT,e .i--

electric power costs to divide the total. annea .~. ex~~~~e~ into fixed

and variable components . Annual fixed or r- apacity costs ccn-sis t~ of

fixed charges on plant investment, interest on investment in reserve

fuel supplies, and fixed fuel, operation , maintenance 9 adrranistrative

and general expenses,. The remaining costs are the variable fueL and

operation and maintenance expenses which are a function of the

energy generated, and hence are known as incremental energy costs,

2.. Fixed Charges Fixed charges on the investment in a

steam—electric station consist of several components as discussEd in

the following~

Cost of Money Capitalization structures and return

requirements of private utilities seldom remain s t .atm c fur extended

periods. These factors also ~ar~ from system to system.. Ihere is,

therefore, no precise method for arriving at an exa:~ figure of the

ccst of money for a given area as a whole.. howe er reasomabl e

estimates may be made on the basis of a~~3 i i a t - ie  reccr’is - C-~:ren

— :~~~~~~~~ —s- ; ~~~~~~~. 
-
~~--- - -



information i:~ icat-~s that a rate of o.O0 percent is representative

and reasonable.

Depreciation The ourpose of annual depreciation

cnarges is to accumulate by the end of the service life of the

facility under construction an amount equal to the or-ig~na i. invest-

ment, less salvage value, in economic studies, it is convenient to

employ sinking fund methods . ~ii~e depreciation rate is then a func-

tion of the service life of the facility and the rate of interest

on depreciation accumulations. Studies of steam-electric plant life

expectancies indicate 35 years as a renson~- - le depreciation, or

amortization period for modern stations operating an average of ~a5(~C

hours per year over their lifetime, although they may actually be

retained in service beyond that time. To recover the or~,inal

inve sumaent in such a station over its useful life, requires a yearly

annuity with interest coripoundea at the going rate. ~iaseo on b.L

percent interest and a 35—year service life , the annual decreciation

is 0.90 percent of the capital investment.

interim_Re~1acements Since the sinicln( fural •~ethod

of depreciation followed in econc-nLc studies does not cover th~se

proper ty elements rmaving life spans of less than 35 years, annual

provision must be made for their replace.-ient . in t I e  pr~~p - i -at i on

of cost estimates, an allowance over t.h’- 35— ear life of ths plant

i-’- 2~-
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of L .35 oercent of the total investment is considered reasonable in

recovering the invest~ent in such short lived units of property .

Ins crance The yearly cost of insurance for a typical

steam-electric plant varies from 0.10 to 0.35 ~ercent of the total

investment. For the purpose of this study, 0.25 percent is con-

sidered representative .

Taxes Privately owned utilities, like any private

enterprise, are subject to federal, state and local taxes . The

tax component of annual fixed charges includes all taxes chargeable

to electric operations. Paxes fall into three general classifi-

cations; federal income, federal miscellaneous, and state and local,

~~om an accounting standpoint taxes are considered as operating

revenue deductions, and only property (ad valorem) taxes are a

direct function of plant investment. Income taxes are related to

taxable income , it has long bc-en the practice, however, in power

studies to relate total taxss to plant investment. As with the

cost of money, there is no simple method for computing tax

deductions suitable or proper for general application. Therefore,

provi sion for taxes is based on studies of actual taxes paid.

Following are the latest available average tax rates as per-

centages of investment in electric plant for the two utilities

whose service areas were chosen as appropriate locations for the

F-JO
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alternative steam plants to be employed in this study.

Tax Rates in Percent of Investment
Federal Income State and I~cal

Utility (1955—57) (1957)

Metropolitan Edison Company 3..69
New York State Electric &

Gas Corporation 2.81 2.38

An average of 0.1 percent of the total investment- is adopted

to provide for those miscellaneous taxes levied by the Federal

Goiernxnent such as old age and unemployment and various excise

taxes.

6. Suanuary of Fixed Charges Estimated average annual

fixed charges in percent of capital investment as of July 1, l 9 8~
for privately financed steam-electric plants alternative to the

Tocks Island and Hawk Mountain projects are as follows:

F—3l
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~~nual axed Charges 

-

~~~

(Percent of Investment)

Steam—electric k~Lant IU t ecnat lve  To
Tock~ Island Hawk Mountain

Cost of Money 6,OO~

Depreciation (35 year s.f..) 0.90 0.90

Interim Replacements O..35 0035

Insurance 0.25

Subtotal 7.50 7,50

Taxes

Federal Income 3..b9 2 8~

Federal Miscellaneous 0.10 0.13

State and Local l.,OL~ 2.38

Total Taxes L~,83 5.29

Total Fixed Charges 12.33 12.79

3, Interest on Investment in Reserve Fuel Stocks In

order to assure the uninterrupted oper a tion of fuel—electric

generating stations, it is common procedure among operating

utilities to maintain adequate reserves of fuel as a protection

against the disruption of fuel deliveries through proauct.ion or

transportation contingencies. Analysis of available data indi-

cates that current practice is to have on hand sufficient fuel

for approximately 90 days of normal operation.
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:~-:e annual cost of the investment in such fuel stocks is a

part of trie cost of ~x oducing power. The fac tors that enter into

the dcter.~ination 01 this charge are: (1) net plant heat rate;

(2) ~v~-ra ~ e annual hours of operation; ( 3)  cost of fuel; (ii ) number

o o;~rating days provlied for by fuel reserves, and (5) the pre-

v : l: n :T cost of money to the particular system maintaining the fuel

reserves.

~~~. 
Operation and Maintenance Costs The fixed and

variable components of total annual expenses incurred in the opera-

tion and maintenance oi steam-electric generating stations , although

a function of station size and amount of energy produced, are sub-

ject to wide variation and some times difficult to relate directly

to plant ciiaracteri~.tics. Among the influencing factors on such

operation and maintenance expense are plant location, system policy,

labor and ~at rials costs 9 type of fuel burned 1 and the age and

capacity factor of the plant.

The values recommended for this stud~ are based on the

continuing analysis of annual operating costs :f  a large number of

steam-electric plants with a wide range of units installed over a

long period of time. The figures are for the selected standard unit

sizes in three—unit stations with an assumed service i~~ e of 35

years; avir n~e annual 1:ifetime operation of ~,5O0 hours, and dis-

tribution of fixed and variable components of cost in the prc ::c-rUon

F~.33
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of 65 and 35 percent, respectively.

The fixed and variable elements in the total annual operation

and maintenance expense for the coal-burning units considered in

this study are as follows:

Operation and Maintenance
Unit Expenses Exclusive of Fuel

~~~abili~~ Fixed Variable

~ailowatts) (~/Kw) (Mills/Kwh )

150,000 1.90 0.23

250,000 1.65 0.20

5. Fixed and Variable Fuel Costs The total fuel con-

sumed annually by a steam-electric plant may be segregated into two

components, fixed fuel and energy fuel. Fixed fuel is that part of

the total fuel burned in a given period which is required to main-

tain the plant during no-load periods plus fuel equivalent to

spinning reserve requirements. All other fuel consumption is the

variable, or incremental component, and varies directly with station

net generation.

Any allocation of fuel consumption into fixed and variable

components takes into consideration the machine rating (including

any seasonal limitations thereof), net plant heat rate and plant

factor. Studies indicate that for estimating purposes the fixed

fuel component represents 10 percent of total fuel consumed for

coal-burning stations.
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of fuel used by a utility in Oc ~~~th:ction of

e1~~-r: lc cne~~y depends in general on its availability and cost as

r - ’ other kinds . Coal is burned exc lus~~ c1y on the sys tems

L OflS l J  - i~~ J for alternate steam plant locations in this study. The

ost cC coa l on July 1, 1958 at Portland was approxima tely 36 cents

p~~ n i l l i o n  Btu and a~ Ba inbr id ge 34 cents .

6. ~dmiuis tr ative and Genera l Expeiis~~ There are

c::~air T fixed expenses of an administrative and general nature that

atc p : pcrly charged to various phases of ut il i ty  operations . These

~o’~cs ~~ic i~~~d~~ wages and expenses of office:s and ~ffiee employees,

cffi - . - -‘ supp l ies , legal expenses , we l fare and pens ion funds , etc .

Analy s i s  of available information indicat:i s that a representa tive

allo~~~ce of this expense allocated to steam-elec tric power pro—

du.-: c ica  is equal to 25 percent of fixed operatIon and ma intenance

exp~iuL1i - , not inc luding fuel.

7. Swmaaly ~f Annual. Gests of A1tsrnatjv~ S team-elec tric

Power $u~~tsrizin g the forego ing, t~-~ costs of power a t  the low-

m m  bus—bar ct the att ernati ’,n steam-elec tric p lants are $24.80

pc i- il-~-’~itt a~I 3.2 mills per kilowatt—horn.- for Fortland ; and

- .~- - .~~:- ~~‘: I-i~--wu tt and 3.1 m1l 1.~ p i~ kilowatt—}uI’ c rc- : Baimbrid ge.

i . : i - ~ ie-i in t1- --~ a . ’~~~ a p a ci t ;  -~a i ”  ai’ - I i ~ a 1, Stat.~ and local

t . r -  ~~io’~~ i i ;  ?8.2C’kilowa ~t— -y’a’ fr’. ~i- . £r’~-’wr and

1 )
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~~~~~~ ~~~~~ .r l : r  the 1- it t~~r . Derivation of the ~c’ot f

alternnti~~ ~~~~~~~~~~~~~~~~~~ :-: wer ic sho~m in detail in L~ -~ F~-i l.

0. ii i  ,~~~~~r L i’ i~~ and Alternative Steam—Electric fr~ n -  ~sion

Roqulremc~r1ts It - - ~~~~~ of the hydro power output at thc hi -i

tension side of tne project~s step—up substation is generall y ~quu1

to the cost of i t  s - .z ~L c~11g an equivalent supply at an a1t5err .~ t ive

plant p ~~~~ the animal costs of a step—up substation and trans-

mission lu t -~s to narket,, less the annual cost of the tran~ :ru ss~ ort

lines required t -~ deliver the hydro project output to the sane

market.

A~ t-: e aii~~: r iative steam—electric plants the size of L-arl5--

formers required f~~r handling capacity equivalent to the depend—

able capacities ci’ the Tocks Island and Hawk Nountain pro eo ~-s

would be 2~ ,MCO and 12,500 kilovolt—amperes, respectively. Ir.

bo th cases , t - t i n ~~c capacities would represent relatively s:~a i - I

portions of considerably larger substation installations. T~ e

prorated capital costs of the required substation capaci ties are

~lIt6,OOO and ~p - o ,9O0 , respectively. The annual fixed char~c5a.

based on c~ ~‘ate financing, would be 12.33 percent for the Portland

o5t b a t a l - i - - n  a n t I  12. “Q ttt ~~-~ent - for ~ainbridge. Operat ii ~~ . t ta int  ~~
--

r a t e cr ~ L -~rn i d  t - ’~ .~i - .2 2  pc~ t- kilovolt—ampere. An al ~~ -t ,; n - o  C~~

the art nr5 - t  r~ f a ~ adi tn t r ,~ t~~;e anc general e x j n n ~ -s ~‘n~ ri-n nt Je

F- 3~
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to transmission facii~ties is taken at 20 percent of the annual

operation and maintenance expenses. Estimated capital and annual

costs of step—up substations at the alternative steam--electric

plants are as follows~

Por tland Bainbridge
( Tocks_Island) (Hawk Mountain)

Capita.l Costs $llj 6,000 9 000

Annual Costs
Fixed Charges Ih~o0O 8~600
Operation & Maintenance ii 000 2 9 800
Administrative k- ~r m l  2J 200 600

Total n .r~~ l ~~~~~ 31 - : 0  -~~2~000

The Tocks Island project is only a few miles upstream from

the assumed location of its alternative steam --electr ic  plant0

Therefore, the transmission distance- for delivering the output fc-~r.i

either source to an approjriate poin t on the Power Supply Area 5

network would be about the ttari”~, The fu~m and non--f irm outpn t of’

Tocks Island would require a do :oIe cir c iit~ wood~-poie , i 1 - --k ~

line about 25 mile-s in leng~~- wth-~eas ‘or ‘ hr- a~ temnati~re p ant ~

a single circuit line of tt~e same ~-~~ 1or ~r i  -: hacac t e -rj  ~t~j c - ~ is

considered adequate.

The Hawk Mountain sit- a j r the :~:otheastern cor:~e.r of the

service area of the Ne~ York S’at-~ Ele. tn - & (ia~ C or p ~.r a t t o . -~~ .

interconnected system0 This area is consideres~ to he the lom;Lcal

market for -the output from the Hawk Mo~ r t a i n  p.l~nt --  At t h&
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and from other n oon  i lntoi nt -  steam—electric plants by means of a

ll~—kilovolt tra~.nnin-$ Lon network . The Hawk Mountain I .  o~ j - iO f lt -

would r e ; i n r e  the nntx tct . iOn of a new single circuit, wood pole,

115—ky line nt out ]~~‘ -~ l n ~ in length to deliver its out ~i nL  to an

exis t~ no line a t i  ni i--inn to she Hazel substation. For h e  a~ tj e r—

native plant , t-hc transm±as.ton line to the same network would be

about 16 ruIns h i  lc~-~~~L ,

~~ r 1 5di :o n t : -- cf t,ransmissicn lines are made up of t-no same

components as fo~ nusnsations , namely; fixed charges, operati on

and mai nt-o t - - -c , and admini strative and general expensen. fhe

fixed charges consist of interest, depreciation or am or t inot~ -n-n ,

interim rep l acement-s and insurance. Private financing at 6.C

percent interest rate was assumed for lines associated wj t L  the

altemnot - 
- :omer plants; federal financing at 2.5 percent for

lines sco”~ r~g the Tocks island project; and non—federal pohlin

financing ~it  h 5  per ost  for the H awk Mountain traris u i n  l ine.

Capital -~co1 anriu~n i  cas t s  ol’ transmission lines ar e as fol l ows:

is- ~~
_
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Aiu4uaj Co~t~ _____

a~pita1 interest Fixed 0&N
-
~ ~-c Cost hate Charges 8dm. & Gen. Total

Tocks Is oad 1132 ,000 2.5 !~2 ,lO0 b ,~ ’o  50,600
i lternative &jO,000 6.0 79,tiO0 I ,U(JU 8L~,LjO0Steam

a~il< M o u n t a i n  ~j i ,0OO L~.5 13 ,900 .I , I 00  17, L100
Idternative 370,000 6.0 146,200 5,200 51,1400
Steam

f. Atl o t e  Power Values (kr i €1h Tension Side of ~ydro Substation)

Power vai~ os at the high tension side of the step—up substation of

the hyor o projects are obtained by adtiiri g to the annual costs of the

alternative steam plants (Table F—il), the annuaa costs of steam—

electr ic transmission facilities less the annual cost of the hydro

transmission lines with allowance for losses. The latter were found

to be r~iatively small and approximately equal for both hydro and

ala: -her  eltr e were riot included in the calculations. ~~ the

above so s~ s i -  
~ at-site power values applicable to the dependable

capaci t~ 
rn - rer age annual output of the proposed Tocks Island and

Hawk hnt : r i i  a i r  projects togetner with “taxe s foregone ” are as follows:

At- . Power Values (Hi gh Lerision Side ~ tep~up Substation)

Tocks Island Hawk Mountain

t 5 ~c~ t -~ -! a t - ~ ~ 2b~ i)i~ r~w/ ~ . -~2l .70/ Kw/ nr .
rdi~~j v v  V a l u e  3.2 m.i l1s/r~wh 3.i mills/Kwh
01/50:, is~)rc r?or ~n ,p .15/ri w

;pJ~~j  h ~::u Ciflt’l .- , IUN $

n - i  Into or : I a plan t i the cu:rt ~~1ts ir. ;ce - and most

F. ~~~
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ar1vaxisaoe~~~~~ 1 r l L u n t,~ e t  ‘af t h e  wet-er resourees ol thi~ iielaware

River and its tributaries must necessarily take into account the

various ~n or5 noU c , technological and o tue r factors ui the area which

would be af f u c  ted by such a plan . Th1~ appendix presents a study

of several of t~ese factuns , including the demand for and supply of

elect-rio power ru the affected area , the marketability of power

from potenti al r :~droeleotric power sources in the basin and the

values of ouch power in terms of the cost of an equivalent supply

from aat-ronriatc alternative sources. The conclusions are as

follows:

1. The area which would be affected by any plan for the

Delaware River and its tributaries contains one of the largest

concent5rati ons of population and industry in the country. The

electri ’ power requirement-s of this area exceeded 55 billion ki].c -

p watt~-hour s in 1957 with a peak demand of 11.1 million kilowatts.

Over toe period of the next 50 years, these r~~ u t i e ”  o t s  will in-

crease n ear I~~ nine times the present level and will require a

nearly equivalent expansion of the area’s power supri l y :t-esources,

A~ie-:1101t ,e supplies of water aii be essential to the develnp ient-

au~ economic p -r iurm an ce  al the required additional ~-n.iu ating

c- - n r a -  - c t ~~~

2. The out-put n i t  t~:e  Tocks island proje t cc- ~.I ho readily

i t i l i z e i t , r ~~~~ u tilities of Power Supply Area ~~, par t icul arly by
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N - C  a t~ ca l ina  - or in sy - au r a  - u~~a J o r ; n : ,r -~- 1ar - iar lu inter c onnection .

This group of ‘atr ilt ies will re ,:nI~~~ toe instalLation of over 16.5

m i ll ion kilowatts of capacity by 1980 to take care of their expected

ad in i h ~~t ye~ . r

3. ihe c- S t -pu t  cc ~e iia~~ i : :  airi pz-o~ect would find a

r ead y market Or: Sc -ce Thuerco~iriected ~iyat~em of the ;~ew lork Soate

n~lec tr .rc  & --ias 1c-c-c-c’ro ’.~ o- . To nice c i t s  future load this system

c-c-i ii r ccc i c - I C  the r ic~ cc-ulo Li  ni of nea ’  1 ~ c-rn ilion k~lo~ia of new

- -erc er ato ng capacity between 11960 and l980~

i~~. The at site cc - )~enr vajues or oe f-i t -s a± T~ck~ Island a~c-

r~awk Mountain ur-c:~ er to  were uet-ercur:u-:I fr-em , t h e  cos t -of -u-od-: ing

-~- 1c1i~-a 1ent supplies of power by s1~~o-::- ~ ‘t rc’: plants at Portland ,

Fc-orc sylvaru a mu ~ar r ~br i -:i c-~~. i- - n  : p i U S  toe cost of steam train s-

-iission facilities less tIu~ coo: inI ’ t~-:-a required hydro t-raa srci’ ssion

lines. Based or nco~tal sr~d anc: 5-0 . o- 3 t5  as of - JuL y 1, i9Pb the

uni t- aL- sr t-e ooc:er i!in j -ce s  a-c coo co~ c 1 - r : a n  Dii s~~cie -of the hydro

f l j i  ~ect ~ suh i t -~
-
~ cor ~ 4~ ~ ‘ c- . - -~~ -. - 1 ~~~~ c~f nep er 5on: :e cc5p ac- : ~y

- a c - B  3 . - c :c~~i l s  o~-1O ? i i -~w 9 t - L - - 1l( ir ci a - ‘ t - : - ~ i n - c l  e r ~ - - for c u e
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TABLE F-i

PAST ~dfl) ESTIMA TED FIJTURE UTILITY POWE R REQUIREMENTS IN
______ 

DELAUARE 5.IVER c~ EItVICE AREA
1950-2010

Ene~~~~~for Load Pea~c ~~~~~~~ Load Fpc tor
(hrij l l ioi1s of Kwh ) (Thousands of Kw) (Percent)

195o 311,u20 7 ,403 54 .1

1955 !o ,027 10,145 55.2

1957 55 , 142 11,106 - 56.7

1960 66 ,600 13,440 56 .4

1965 88,100 17,490 57.5

1970 113 ,900 22,230 58.5

1975 144,500 27,720 59.5

1980 180 ,400 34 ,000 60.4

198 5 222 , 100 41 ,500 61 .3

1990 270 ,300 49 ,600 62.2

1995 32 5 ,~ O0 59 ,000 63 .0

2000 3 9 9 ,000 6 9 ,500 63.7

2005 461 ,200 82 ,000 64 .3

2 - :  10 5 , 3 , -ISO 9ô ,000 64 .8
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TABLE F—2

PAST AND ESTIMATED FUTURE UTiLITY K)W~ic- R~~ 
- 

~d2€ N’I’S 10
POWER SUPPLY AREA f

191i0.-l980

Year Energy for Load Peak Dem and Uoac Eac~ ar
(Millions of Kwh ) (Thousands of Kw) ‘~7T~1- -

l9LiO 15,liai 3~026 552

l91i5 22,182 3,903

1950 30,cic — 6,020 57-0

1955 02 ,lSLi 6 556

1957 Lib ,2b5 9,lLi7 60,2

1960 59 ,~i0O 11,300 60.0

1965 76,500 iLin 3liO 60,9

1970 96,000 17,760 61,7

1975 118,800 21 720 ~-11~

1980 iLji i,100 26 l00
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TA13LC~ j ’..7

PAST M~D I~sTnIA’r~~ ~JTUR~ UT 1L 1T~ L~OW~R E~ UIk~E1-i t1~NTS IN
MiU~K~T ~~~ HAWK I-~uU~ TA1N ?~UJ~CT

19~0-19L-O

Year ~~er~~’ for Load. Peak Demand Load Factor
(~~11ions of Kwh) ~~.cgawatts) C~ercentJ

1950 1,921 L~26

1955 2,6L~9 568 53.2

1956 2,632 575 56.1

1957 3,013 18 56.2

1958 3,178 613 59.2

1960 3,oLO 690 60~O

1965 L~,77O 900 60.5

1970 6,150 1,150 61.0

1975 7,Th0 i,1~L~O 61.5

1960 9,600 1,773 62.0
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TABLE F’—9

CAPACITY OF GENERATING PLANTS OF INT~~ CONNE ~CT~Jj SL~ TIN OF
NEW YORK STATE ELECTRIC & GA.~ OOh?OF~AT iuN

December 3L 19~ 7
(Kilowatts) 

-

Installed
Plant Location Steam Hydro ~~~~~b Le

Colliers Colliersvifle 3,560

Goudey Binghamton 1137,500 1 ~ O0~-

Greeni dge Dresden 160 ,000 20&- 000

Hickling East Corning 70 000 90 000

Jennison Bainbridge 60,,000 76 000

Keuka Keuka 2 ) 000 2 000

Nilliken Ludlowville 135~000 1~ 0 000

Riverside Elmira 2l~ 50O 2i MOO

Seneca Falls Seneca Falls 8~ C’.,,o ~~~~~

Seneca Mills Seneca Mills

Waterloo Waterloo 
_______ 

1 920 
- 

L ~OL

Total 5913-~Ooo 15~ 720 732 - ~~O
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TA -LE F- -~~~~~

ESTIMATEI) LOW—TENSION BUS—BAR COST OF STi~L’.N- ~LECTR~ C P0.iEP,
July 1 195B

A ~~t-~~ax~ n~.~ - r.r~c’
x-~~ .n ; S~~~~’e  

____

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

A. ~~~posed Project Tc-ck --~ ~si-~r-i Hawk ~‘1~~

B. Basic Assun~ptions
1. Unit Size Kw 250 000 150 000
2. Unit Cost ~/Kw 170
3. Life of Plant Year s 35
13. Ave . Arm. Opera. Hour s L ~O0 it 500
5. Fuel Type Coal Coai
6. Fuel Cost

(Per Million Btu) Cents
7. Reserve Fuel Supply Days 9o
8. Total Net Heat Rate BtujKwh 9~ 30O 9 ~~
9. Incremental Heat Rate Btu/Kwh b~ -i’ -~
10. Total 0. and N. ~/Kw/Yr. 2~~5
11. Fixed 0, and N,

(Percent B-b )
12. Adznin. and Gen.

(Percent B—il) 2~
13. Financing Type PrA vate
113. Fixed Charges

a. Cost of Money ~ ,0O o.O0
b. Depreciation

(35 Yr. S.F.) 0-90
c. Interim Replacements 35
d. Insurance O~~ 5 0 . 2 5

e. Sub-total 7,50
f. Taxes

1. Federal Income
2. Feder al Misc, 0~~0 0,10
3. State & Local ,oi~ ~~ , ~~i

13. Total La - 8~
g. Total Fixed Charges i f - -  ~~ ~~
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TABLE F—Il (Continued)

ESTIMATED LC.-~ ‘EI~~J iN BUS-~~R CU~T OF Si’ N—i~L .GThl C POWER
July 1, 1958

Alternat2ve Steam-Electric
- Plant Site

-
: Unit Portland,Pa. Bainbridge, N.Y.

- 

Tocks Island Hawk Mt.

C. Annual Capacity Cost
- 

- 1. Fixed Charges
a. Cost of -:oney ,

Depreciation, ~~terim
£~eplace~scnts and

- - Insur ance ~/Kw/Ir . 12.75 12.00
-- b . Taxes .~/Kw/Lr. 8.21 6.136

c. Total 4/Kw/~r. 20.96 20.136
2. Interest on Reserve

Fuel Investment ~/Kw/ir. 0.22 0.21
3. Fixed Operating Costs

a. Fuel ~/Kw/Yr. 1.51 1.1313
b. 0. and N. ~/k~w/~r. 1.65 1.90
c. Admin. and Gen. ~/Kw/Yr. 0.131 0.138
d. Total •/Kw/Yr. 3.57 3.82

13. Total Annual Capacity
Cost

a. Calculated ~p/Kw/Ir. 213.75 213.139
b. Use ~/k~w/Yr. 213.80 213.50

— D. Varia ble Operating Costs
1. Incremental Fuel Mills/Kwh 3.01 2.88
2. 0. and ~~ Mills/Kwh 0.20 0.23

- 

- 3. Total
a. Calculated Mills/Kwh 3.21 3,11
b Use ~-a1ls/Kwh 3.2 3.1 

-—--
~~~~~~~~~~ i

- 
—~~~~~~ -~~~ --
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D E L A W A R E R I V E R  B A S I N  S U R V E Y

PRIN CIPA L ELE CTRIC UTIL IT Y SYSTEMS IN THE
DELAWARE RIVER SERVICE A R E A
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* SI- lADIN G O€’ .IGNA TES SERVICE AREA OF UTILITY SYSTEM I -

UTI LIT IES T ’ ~CW ’s ‘N ‘J EW YORK ARE IN POWER SUPPLY 4 r
ALL OTHERS ARE IN POW ER SUPPLY S

• . S • S BOUNDARY OF UT I L ITY SE RVICE AREAS INCLUDE D IN STUDY

~~ ORANG E & ROCICLAND ELECT RIC COMPANY AND ROCKLAND L I G H T  N POWER
COS~PANY MERGED INTO THE ORANGE AND ROCK LANO UTILITIES , INCORPORATE D -~
IN FEBRUARY , 958
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PRINCIPAL UTILITIES *

RIC.IMONO

I CENTRAL HUDSON GAS A ELEC CORPORATION

ptPC~~ CONSOLIDATED EDISON OF N.Y. • INCORPORATED

3 ELLENVILLE ELECTRIC COMPANY

• ii ( 4 )  FREEPORT MUNICIPAL

• : LONG ISLAND LIGHTING COMPANY

(
~) 

ORANGE a ROCKLANO ELECTRIC COMPANY Lt

- — - 
. 7 PATCHOGUE ELECTRIC LIGHT COMPANY

—: ROCKLANO LIGHT & POWER COMPANY LL

0 
— ROCKVILLE CENIPE MUNICIPAL

- - 
- 

ATLANTIC CITY ELECTRIC COMPANY

II DELAWARE POWER a LIGHT COMPANY

JJ~ J JJ JERSEY CENTRAL POWER & LIGHT COMPANY

Q~) 
LANSDALE MUNICIPAL

METROPOLITAN EDISON COMPANY

15 NEW JERSEY POWER a LIGHT COM~~ NY

PENNSYLVANIA POWER a LIGHT COMPANY

,
ll /~ PHILADELPHIA ELECTRIC COMPANY 

_________________________________

PUSLIC SERVICE ELECTRIC a GAS COMPANY ~~~~FEDERAL POWER COF*iISSION
NEW YORK REGIONAL OFFICE

VINELANO MUNICIPAL DECE~~ ER— 1959
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