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In. 1927 an average of about 10,000,000 gallons of rratcr a day mas 
pumpecl from several groups ol wells situated in  the Passaic River 
Tallej, near Chatliam, to supply a number of suburban cornrnnnitics 
in northern Ferv  de~.sey. About 53 per cent of the water rvns pumped 
by the Commonacnlth Water Go. rrom a group of wells designated as 
the Canoe Brookfield, 37 per c ~ n t  from two well fields oE the East 
Orange 1I:ntt.r Department known as the Dickinson R I I ~  White Oak 
Ridgc fields, and the remainder Irom smaller fields. Judging Irom 
past rccortls 01 consumption by l D 5 Y  the total water rcquirernents in 
the  communities served Irom the well fields under consideration may 
be expected to  be nbont 2$,000,000 gallons a day,?;. Thc greater part 
oC this increase may be cspectcd in  Ihc requircmcnts of the Common- 
~vcnlth IYnfer Co. T l ~ r  purpose of this report is to eonsirler to what 
extent luture increases in cunsumption can be met by the develop- 
nlellt of a d d i t i ~ l ~ a l  supplirs aE ground water. 

The principal supply of ground water is obtained Irom bcds of 
sand aud g m ~ c l ,  u l  l'leixtor~e~lc age, which lic a t  a depth of approxi- 
mately 100 to 135 leet and which are euzlfirlecl t o  pre-glacial channels 
cut in the bed rock. Elsewhere ill the regio~  the bed rock, which 
consists oc red sandstone and shale nnd trap rock of Triassic age, is 
struck a t  depths as shallow as 60 to 75 feet, and the overlying mate- 
rial consists lal.gely of clay which yields Iittle or  no w t e r .  I n  the 
well fields that have been studied the w-xter-bearing formation is over- 
lain by relatively impervious clap and there i s  little if any recharge 
directly from rain in the immediate vicinity. An unsolved problem 
is as to whether elsewhere thrre is sufficient recharge to meet the 
present and future clmft. 

Since xbout 1899, when the first well was drilled in the region, the 
static bead has dropped 60 iect or more in t.he Canoe Brook field, 
about 2: feet  in the White Oak Ridge field, and lesser nmounts in 
the other fi~lrls. ClnrrFul m~asurements show that the hydrostatic 
Eiectcl on the nrnter ill the sand nnil g r ~ e l  fluctuates in accord with 
changes in thr rn te  of purnpi~lg i l l  near-by ~vells. Furthermore, changes 
in the rntc of puKping in thc Crtnoe Brook w ~ l l  field produce fluctua- 
tions in tlie h ~ a d  i n  the White Oak R i d ~ p  and Dickinson fields, and 
c o n v ~ r s ~ 1 y  c l~nr~prs  i r ~  the rate ol' pumping in either of these two fields 
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vi ABSTRACT 

affects the water level in the Cnnoc Brook field. A large part of the 
decline in head is due to the fact that the water mores to the me11 
fields in relatively constrict,ed channels in the bed rock with con=- 
quent loss of Elend due to friction. 

On thc basis of di:tnilcd obscr~ntions it is concluded that the maxi- 
mum possiblc rate  of p~rrnpir~g in the Canoe Brook Geld is limIted 
to aholit 10 million gallons a dny or les. This is bccause the draw- 
dorsll that call be attt~inctl to prorluce given ffome of water is deiiniteIy 
limited bg the dcplh of the n-fit~r-l)caring formation. The rate of 
yield of the Enst Orni~gc \yell firlds presuniably is aIso limited by the 
same factor. It may  be possihle to di.v~lop additional supplies of 
ground writer in othcr buried ehnnnrls in thr  bed rock. If this  is done 
further d ~ s e r ~ n t i o l i s  should he mnrlr to  determine ~rhether the re- 
chnrge of t I~r  Eornl:liio~l ir: suflicin~t to  meet any contemplated in- 
crcasee in dmft. 

The wntcr pumpccl l'ro~n t l ~ c  several well fields for public use is 
moileratel1 ~nillcralizcrl, rnl~girlg irom about 1*50 to  366 parts per 
million of total ~olids. Eowcvc~ . ,  sampIcs from several test wells, par- 
ticularlr in tho Diekin~on field, nrc more highly mineralized, contain- 
ing as mucll as 2.362 pnrls per inillion of totnl solids. The water of 
high minrmlization npprare to  came from the bed rock and not from 
the overl7ir.g beds of sand and gravel. 
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GROUND WATER SUPPLIES OF PASSAIC RIVER VALLEY 
NEAR CHATHAM, NEW JERSEY 

This report dzsrribes ground-water conditions in  the Passsic River 
Valley near Chatham. It is confined principal11 to n consideration of 
public supplies and especially of the Canw Brook well field of the 
Commonnenlth Water  Co. and the White Onk Ridge and Dickinsoa 
wrll fields of the East Orange Water Department, which lie from 
1% to  214 miles north and northeast of Chatham. Some information 
is giren in regnrd to the well fields of the Chntham and Madison 
Wxter Depnrtinznt, the Ks'wmandy llrater Co., and other public and 
private well supples. The nren coverecl by the report is shown on 
Plate 1. 

T l i ~  i~~rep t iga t io~ l  011 ~ l ' h i ~ h  the report is based is one of several 
uridertaken b?- the Kew Jersey Department of Conservation alid 
I_)cr~lopmrnt in cooperi~tio~l wi th  the United 3tntes Qeohgicnl Survey, 
to  determine, a3 nearly ns possible, the safe yield of the principal 
water-henring forrnntians in  different parts of the State-l 

'l'llese studies )!-ere made by the writer in consultation with wtl. 
unilcr. thc prne~x l  direction of H. T. Critchlo~r; at the time chief of 
thc tlirEeinn of rcTaters of the Se17 Jersey Department of Conservntiui~ 

' Ittlmrts l ~ n r e  xlrenrfy been prepnred by the writer ns follows : Ground-water 
siipl~lim of the Atlflntir Citp region ( S e w  Jersey Dept. Conservntio~l nild 
Deve lop~ne~~ t  Bull. 30, 1925) ; Ground-mnt~r suppllev in the viciliity of risl~rir) 
Fnrli : Groultd-writer supplies of Cnmden nnrl vicinity. Certain ],llases of the 
\\-or!< h n r f  been discussed in  the follo~vin:: papers: 31emorandum on illvestisn- 
tioil of quantities of groumd water arnilable for public and intlustriaI sul>lllics ill 
Nctv Jcrsey, in  Report of the Water Policy Commission to the Ser~:\te and 
Gcnrrnl Bsselnbly of the State of Sew Jersey, pp. 2SA-40A, February, J!Yx: 
Grou~td-wat~r  problems on the barrier beaches of Sew Jersey : Geol. Sot. 
.+111ericn Bull., rol. 37, pp. 43Wi4, 192F. 

This report is as  submitted for publication in 1929. Since it mns prcpnrpd adrli- 
1 io~t :~l  1rl.n ter supplies h:ire been rlereloped or rlw~naes in t h ~  methad of rccocerj of 
water l ~ n r r  heen made a t  c ~ r t n i n  of the well fields describ~d in t h i s  report. It llns 
not Ile~il pc~ssiblr to i~~cnrlmrnte in the report dptnlled informntio~l in r ~ ~ n r d  t ( ~  
thrse ~31nli:~s. I: is believed, however, that such changes do ]lot nrect 1 1 1 ~  
c~ ) i i~ l r i s io~~s  pr~srntcd  herein. 
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and l~caelol~ment,  and 0. E. JIeillzcr, grologist in ehtlrge of the divi- 
sion of ground ~ v a t c r  of the Vnitcd States Geological Surrey. In  the 
i l i v~s t ig~ t ion  of the region dc~cr i l~cd  ill tllc I ~ ~ L ' P C ~ I ~  report, Mr. Critcll- 
low, John K. Ilronl.;~, thril hyilraulic cilginccr of tllc Departmelit of 
Con~er~n t fon  and nercIol)~ncl~t, find t l l ~  late 11. IT. T1vitcT1eI1, a~sist;lrit 
Statc grulogist, collnl)ol*at~rl in the collection and diseu~sian of mucl) 
ol the  rlata rclnti!~p l u  crrtain tests. The  writer has bccn ably assisted 
nt  on^ tinlc 01.  ~no t l i c r  F I ~  F. 'I\'. I)orr-ns, formerly jullior engineer of 
the V ~ ~ i i e t l  S t i~t rs  I:rologicd S u r r c ~ ,  and R. C. Barkstlal~, then as- 
sistan t llydrnulic rnginccr of the Depnrtnlcll t of Conservntion and 
I)rvclopnicnt. 

XInliy of the d;it:~ uscrl i n  thr  report \r-cnrp farnisbcd by tlic oficials 
of' public w:itcr s,vstcms in the region. The ~r-ritpr is glncl to ncknowl- 
edgc the coopcratio~~ of Ro~wr l l  11. Roper, e~lgineer arid goncml mxn- 
ageel., and Gcoqr  13nrnett, of the l h s t  Orange IF'ater Bepnrtment; itr. 
I. Jlr:llnnc, rirc-l~rpsidrnt of the Corninonr1-ealth r a t e r  Co.; F. R, 
Ecrrg, cnginecr of the ~Imcr iean Waterrro~ks Electric CO., of ~vhich 
the Co~nrnonr~-rnlth ITntcr Go. is x subsidiary; the firm or Tribns 8 
3Iassn, consultf~lg c~~g inces s  for thc B o r ~ u g h  of IIadison ; the Kelly 
?'Tell Co., of Grarld Island, Xeb.; and all others who Ernve given infor- 
ma tion or assistm~re in the rourse of the inwstigation. 

ITATEX SUT'PTJIRS OF TIIE REGIOR 

TVithin thG nrpn s h o ~ r ~ ~  on Plnte r 1111 Al-erRjie of nhout 10,000?000 
ga1lo1ls of water a day is pumy~ed-all from TVP~IS-~O furnish the 
publir supply for several communitirs, Ll large p a ~ t  of this quantity 
-nnm~ly, that  purnl~rtl 1y the I h s t  Ornlig-0 Water Dej)nrtrn~iit a i d  
thc Cnmmonn.enlth 'Il'ntrr Co.-is used outside of the nrrp in which 
it is obtainccl. T ~ I P  FOIII'CPF: or 811pply OE the sevrrnl S ~ P ~ P I I I ?  A ~ P  

ifesrrihed briefly in the f o l l o ~ ~ j n g  pages, 

Porn n7,onlr~ealf IL 1Pn.lrr Co.-The l a r ~ e s t  system is that  of tllc Com- 
mon~~--mlth II7ater Co.. n s u h ~ i d i n ~ j -  of the American Wat~rrl-orks and 
FIrrtric Cn., which furnishes rratcr to t h ~  ton-nr of Summit, JIilling- 
ton, Stirlinp, Livingscon and Tea t  Ornnge, the townships of Spring- 
field (smnll pnrt of ), 3lillhurn (the larger part of), Nciv Proridenee 
n ~ t l  3Eaplewoni1, and the Borong11 of N c ~ r  Providence. 

T1w company has two well ficlrlc, known as ~ I I P  lRnltusro1 ~ n t l  Canoe 
Brook fields. The T3altusrol ficld, n l~ou t  a mile south of Snmmit, 
contains 16 ~i-ells. 4 to S inrhps i n  diamet~r and GO to 300 feet dcrp, 
which dpriw their water frnm deposits of Quaternary rigc nnd rcd 
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sendstoi~e of Triassic agc. The capacity of the field i n  dry seasons is 
abont 1,500,000 gallons a day. This field is not in the area co~ered 
by this report, &nil 310 further consideration is given to it. 

The Canoe Brook mell fieIcl lies along the stream of that name about 
2 miles north of Summit nnd ahout 1?4 miles northeast of Chatham. 
At olle time or another about 60 aeIls have been drilled in this field, 
scattered over an area of about 130 acres, but since 1927 only about 
15 of these have tleen in  useP1 The mells rangc in diameter from 6 to 
26 inches and in depth from 50 to 316 feet. BIost of the ~vells are 
not more than 10 inches in diameter and are equipped with slotted 
pipe For screcns. These rr~ells are purnp~d by nf lift, and the rvater 
flows by gravity from the \yells to a central pumping stream. Fonr 
of the wells are 24 to 25 inches in dinmeter st the top. Two 01 
these arc equipped j\-ith 16-inch L a p e  shutter screen, and the other 
two with 25-inch Kelly coilerete screen. Three of these \i?ells artre 
pumped by low-duty p~~rnps, ~vhich deliver water to the gravity col- 
lection pipe; the fourth pumps directlj* into the distribution main. 
In  additio~l to the wells meiltioned, about 20 test  holes have been 
driller1 in or near the mell field, but these Iiuve not been cased. The 
Iocntion of maiq of the test holes and wells is shown on Plate 1. 

The Canoe Brook wells have gielded at  a rzte as high as 8,000,000 
gallons R day for short periods, ancl 011 many days the total pumpngc 
has bccn 6,000,000 gallons. 

Summit is supplied principally lrom the Baltuerol well field, and 
thc other enrnmunities named, which are farther north, are supplied 
from the Canoe Brook rv~ll field, but both systems are interconnected. 
The distribution system is equipped with two balancing reserlroirs, 
each of which has a capacity of about 1,000,000 gallons. 

Ba.rt 0rmgs.-The ~r-ater supply for Emt Orange is obtained 
from two well fields; A tl~ird field i s  used For reserve: supply. The 
prineipnl rrcll fi~lci is near Uxnoe Rrook where i t  is crossed by Par- 
sonage Rill ronrl, about 255 miles northenst of Chntham. (See pl. I.) 
This 11.el1 field i s  sometimes knorvn as the Carioe Brook field, but to  
distinguish i t  from the Canoe Brook field of the Cornrnonli-ealth Water 
Co. i t  trill be rlesignateil in this report ns the White Oak Ridge field. 
This field contains 20 wells, S inches in diameter and 108 to 130 feet 

Since this report wns written the Com~nonwenlth Water Ca. has completed 
n reservoir into ~ r f i c h  wnter is pnrnlwd from Canoe Brook when there is snf- 
ficient flow in the stream. As Iong ns there is sufficient snrfnce water nrnilable it 
is nsed to a Inrgc extent, thereby reducing the drnft on the ground wnter reser- 
voir. A 23-inch well was nlso completed in 1929, the drnft from which is lim- 
ited by r~gulntion to 1.5 million gnllnr~s n dlty nvrraae for any month. 
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decp, most of which art? scattered over all a rm of Jess tllail 23 nc rc .~ .~  
T h e  cal~i l r i ty  of Ihe firld is h r t~vccn  4,500,000 n n d  3,000,000 gnllons 
R clay. 7'hc a c l b  aye j~uiupcd 11y suction. 

Tllc ~eruinci field, know11 as the  llirkinsnn field, is oil t l lr  east side 
nf t l ~ r  1':t~snic I t i r r r  nljont 11h mii r s  n i ~ r t l i  111' C11atli;nn o11r1 I l j ,  milcs 
nortli\r,e5t ~ ) f  thc  \Yl~itc 0:1li Hiclgrl puinpiug st:ltio11. Thi< iir~ld coil- 
t>1i11< 0111,v tl~rcca ~vclls,  nl' t1111 J~ : iy~ iv  tyl):~; 24 i ~ ~ v l ~ c q  ill ~ l i i ~ ~ r i ( l t c r  211, 
tllr toll aurl 16 ill(-hc:: nt tllc 11ottnnl ;~r ld  1:19 frrt drcl). Thr n+clls 
:ITY f '~ .on~  500 to ,900 frrt nllnrl. 0 1 1 r  of thrw ~vellh d r ~ l i v r ~ i * ~  l,.iO0,000 
ni~llolis 21 11ny, R I I ~  11112 t n t n l  yield 01' tli~l tlirrvb wrlla i~ tlhnut h?..iUO,OOO 
g;1l1011s 3 (1:1y. '!'lir> t r ~ ~ k ~ r  i -  11t1111~1t~l I)! t l i r b  Io\v-il~iiy ~ ~ I I I I ~ I ) ~  011 t h e  
w ~ l l .  lo ill(& iY11ita O i ~ k  Itirlg,*cb s t ;kt io~~.  II . I ICHI*II  I ~ i ~ l l - ~ l ~ l t y  ~ I I I I I ~ I : :  1100st 
i t  ~ I V P I .  S o ~ ~ t l l  > I ~ ) I I I I ~ : I ~ ~  to  t11c viiy. . . 1 1 1 ~  t11ir-d ~ ~ 1 1  /i~<Irj  f l y  f l l ~  ]<:l?i ~)l';il~go ~ V : I ~ ~ I I ~  ~ ~ ] I : I I ~ I I I P ~ I ~ ,  I ~ T I O I V ~  
, I<  I I I P  SIo11gli I<ronl< firl(1. is OII  I I W  I IOI - !  1 1  di11v or  t lw 1':1rm11;1yo 1 rill 
ro:!,l ,11)o11t S ~ ~ V P I I - ( ~ ~ ~ / I ~ ~ I <  ol' :I 1 1 1 i I t h  ~ ~ t ~ r ! I ~ ~ r w t  or  ~ I I P  \Yliit(b 0:ik lIi(l,qc 
~ F I I I ~ ~ I ~ ~ L .  s ln t io i~ .  ' I ' l ~ i h  liibl~l t r r ig i~~ :~ l Iy  ~ . n ~ ~ i l i r i ~ r d  nl)e,t~l '?O ~rr~lls, 8 
I I 1 i ; i  I - t o  2 0  t I I I i I Fn 
I !!?7 .  i r t  r~r( lvr  t o  o I ~ t ; t i i ~  I I I O I ~ V  ~ ~ l l i ( ~ i v ~ i L  o ~ ~ ~ ~ ~ ~ ~ ~ t i t ~ ~  v011(1it in115, lhth 4111i111- 
r l  i:~n~rhtcb~. ivrll:: n.rLrri ~~rp l i~ r . c r l  I I!. srYcr;ll 1j1' 1;11.p> (1 i;u~rtn. wl1ic.11 wr.r 
to  I ) P  ~ q ~ t i l i l i ~ f l  wii11 ( l c ~ ~ p - ~ v ~ ~ ~ l  i t ~ ~ * l j i ~ ~ r  p l~ i l i l~s .  '1'11~ yi~Icl  oI' t11ic Ii1.1d 
i~ I u ~ l \ ~ r ~ r ~ t ~  ';313.000 ; r l~d 1.fl00.000 gfillolls :I 11:ly. ' l ' l ~ i b  w i t ~ r  i c  ( ! P I  V- 

VI.CV~ 1 0  t l i p  IYII  it^ ();I k l : i ( ? p  1 I I I I ~ I ] > ~ I ~ :  st:ltin~i :iiiil ~ ~ I P I I ( . P  I>o0sitd 
orcr  So~r t l l  7ll0~11itt1i11. 'I'll11 ~rrll.: in t h r ,  SIongll T3ronl; f i ~ l ~ l  drrivr. 
tlicir wntrl. moatly I'lhom rnr.1;; tllnzr i l l  t l ~ c  c ~ t l ~ r r  i\vo f c l ( 1 ~  nlltnin 
\I , ~ t  (>r  I'YOIII ~ i k 1 1 ( 1  tt11(1 g r i i~ (> l . '  

(3hrrlkn:w.-Thr n n t c r  ~ n p p l y  for ('htltlianl is ol~tainr i l  fro111 6 
wells s i t u a t ~ i l  in t 1 1 ~  11-rst~r11 p r t  of t h c  to~vli,  a l ~ o u t  2.00 f e r t  r ~ o r t h  O F  
Jrair~ S t r ~ e t  (also cnllrtl lllorris Awr tip). (See pl. I .) Tlre ~vclls 
a r r  -1 to FI jnchcs in diametcr nnd 98 to  3'26 feet d ~ r p .  Wfitrr i s  takrn 
from the lreIls 11y direct suction nnrl pmnpetl into the clistribntion s!;.s- 

t ~ m ,  with  a s tnndpipe as ml cqurllixcr. The yicld of t h e  ~ ~ 1 1 s  in recent 
!cars i s  not k n o w  esrcpt that  onc 2vcll driIled in  1924 yi~l i le t l  260 
g~~llons a minute. 

Sinre this mnx ~ r i t t e n ,  t1lt-w lnrgc dinmeter (30 in.) ~ v ~ l l s  nf the RdIg 
type I ~ a r e  bprn put h l v n  lly Fhst O m ~ i ~ c .  The entire siippIp f m n ~  thc White 
Qnk Ridze field is now (1932) o1)tninpd from t l l ~ n e  npw r-vplls nnd t h e  old wells 
are not  n s ~ d .  H. Fl. K. 
' In 19:<1. ~ ~ r m i s ~ i r ) i l  writ; g i ~ ~ i l  E I I R ~  0r11:lxe to ~ P T P I O P  3 IIPW R I I I ) I I I ~ ,  no~t11- 

west of the I l i r l i i t i~o~~  field in the ao+mll~d Rmidllurn frld i n  FIol+hnrn Pnrk, 
wlipri= t l i r r~  1nrg.l. \ V P ~ I R  Ilnd been ( lev~10p~d. H, n. I<. 
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Jfndison..-The Borongl~ of 3Fadison ia supplied with n-ater from 9 
urells in a tract of about 6 5  acres, near the enstern edge of town, about 
1,000 feet northezst of Main Street. The wells are 5 to 8 inches in 
diameter and rang-e in depth from 80 to 265 feet. They are pumped 
by direct saction. The pressure on the distribukion system is eqnaIized 
by a standpipe. I n  n test of the well field on October 21, 1925, the 
yield was xboilt 1,180 gallons a minute (about 1,700,000 gallons a 

aasr. 
Sormand?y Water ED.-The well field of the Xonnandy Water Co., 

which s~lpplies Sormandy Reighta, is abont 21/. miles nor th~es t  of 
Madison and an equal distnnce east of llorristown. The field conl- 
priscs 27 ~vells mhich ranye in dinmeter from 4 to  S inches and in 
depth from 80 to 90 feet .  The wells overflow- natumll?, in tn  collect- 
ing bnsins, from rvhich the water is pnmpeci into the distribution s?;- 
tern h~ n centrifugal pump. Two standpipes provide s t o r a ~ ~  for nhoa t 
500,000 gallons. In  1924 nine rrelIs wPre in use ant1 yiclderl nhotlt 

576.000 gallons a day by natural flnn-. The cnnncity of the high-duty 
pzrrnp is about 550.000 gnlIons R day. 

Other TT'e1ls.-There arp n n u m h ~ r  of privrltclj- omnccl rvells in the 
r e ~ i o n  corered by this report. Dntn in reyard to  some of them h x v ~  
hem used in the study of certain probl~ms, hut no general compi t -  
tion of the data has been madr. Pertinent facts i n  rpgttrtl to the 
well fields of certsin public supplies n short distance outside of thn 
aren are cansid~red briefly in the proper place. 

Annwtl C'amzsumptien.-R~liahle statistics in regarc? to  consnmption 
of water from public supplies in the region are available only for 
the period since 1017. 
In 1927 the arerage d n i l ~  consumption in the area was n Tittle more 

than 10,500,000 gallons. 3rorr than 50 per cent of the rater mgs 
obtnincti from the Canoe Brook well field of the Cornmon~exlth r a t e r  
Co. Ahout 9,700,000 gallons, or more than 90 per cent of the total, 
rnmr from thftt field and the White Oak Ridge and Dickinson fields 
of the East Orange nmnter Department. These three fields lie nithin 
an nren of less than Z square miles. 
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Ir i  the 10-yen+ pcrioil I!ElS-1927 tllc totnI dnily consumption from 
the T P ~ ~ O I ~  incrcas~d more tllnn 100 llcr ecnt over the consumption in 
1 The gr~otrst inrrcnsr-937 per ccrtt-was in the consumption 
I'rom tElc C'ommonw~nltl~ IYntrr Uo.'s system. The ilrst grentcst in- 
crrn~r-15 k per c r i ~  t-rvna i 11 the cmlsmnption f rnnl the JIndison 
aystml. 'l'lw co11~111l)tiori froni the systems c d  Ertst Orange, Chntham, 
nlid thc Sol-nlnudy I'l'nt~r ('o, i11cre;l~ril IPQS tllari 50 pcr cent. 

The nrernp nnnnal rntc of increnw in cons~ui~~ption wns nhont 
.jG0,000 gnllnns x il:ly. Thr numljcr of p a r s  in wl~ich the active 
inrrcnsc wns 1 ~ ~ 4  than thr n r c r n p  n~ld in thr 11urnl)cr in which it was 
grw1tr-r wrrc equal. TTolrrr~r, in the lnst hnIf of the perioil thr in- 
crease ~ m s  lpss than the nvcrxgc in  only one year. There rrrns, t11er~- 
fore, a tendency for the consnmptioi~ to increme somemhnt more 
rapidly t l lml the nvemgr for the entire pericld. The average jncrc~se 
for tllp fin? ycnra, 19'23-l92T, n-na nhont 660,000 gnllons daily. Thc 
grenttbst part of t h ~  totnl inercasc from year to  p a r  has been due to 
Inrgr in~rcnsrs i l l  the ro~isnmption from the Commonn~xlth system, 
which n~rmgcd  for the 10-yrnr period ~bo l l t  410,000 gallons a clay 
m ~ d  fnr thr last fire years of that  p~r iod  morp thnil 500,000 gallons a 
1 ;I detnilrd xnnlysis of the prohnhle future inrrense in consump- 
tion ill thc region is not rvitl~in the scope ~f thi.; paper, but certain 
fact? mny bc pointed out. 

F?tlzcrc C ' o r ~ s ? v ~ t p l i o v  .-lf t h ~  ronirumption continues to  increase a t  
the Fnmc mtc ns the nveragc tor the 10 p a r s  1915-1927, the totnl 
dcmsn~d 011 the ~vell fieli[s untlcr conaidcratioi~ will be nbout IF,000,00b 
gdlo~ls  a day in 1031, aljout 22,000,000 j11 1947, nntl 2'i,000,000 in 
1 .  0 1 1  the ot I l~r  hand, i f  thr rntc is morP n ~ a r l y  like thc average 
for the years 1rl83-1927, the arcthnge will bc ahout 17,000,000 pllona 
n day in 1037, nbout 24,000,000 in 19-17, nud aboat 30,000,000 in 
l!)57. I t  is entirelj. possibl~ that the tonsumption mny increase a t  
a n  ere11 greater ratr thnn in tlw fire ypnrs 1923-1027. 

I €  the demand on the Commonwealth Il'nter Go.% smell field in- 
rrenecs at the xvcrage rnte for the five years 1023-1027, in 1937 it wilI 
be allout 11,000,000 galloils dny, in 1941 about 16,000,000, and in 
lnjr about 22,000,000. On the same bnsis, in 1957 the demand on 
the Enst Ornnpe system will IN about T,000,000 gnIlons a day, on 
the XIadison system only n little more thnn 1,000,000, and on the 
Chntham and Sormandy TITater Co."s systems considerably less than 
1,000,000. From these fiqlxes it is o b v i o ~ ~ s  that the greatest problem 
in providing for future incre~scs in consumption relates to the Corn- 
rnon\r.enlth Water Co.'s system ant1 the Ewt Orange systcm. 
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S GROUND \\',&TEE SUPPLIES-P:lSSLIIC RIVER VALLEY 

Pricats Ilrctls.-No data are available as to the consumption from 
privately owned wells in the region. Thore are no large industries 
here to use ground water, and the  water from private wells is used 
largely for domestic purposes a t  dwellings not within the arckc snp- 
plied by the different s~stems. It is believed that the consui~zption 
from private lvclls is not great, a t  most not over 100,000 gnllons a day 
and probably much less. 

.lforlthfy Trur~a'afion,~.--The fluctuations in arerage daily consnmp- 
tioil from month to month arc shown by the following table : 

These figures show only a slndl range. The g rea t e~ t  range between 
maximum and minimum c o n ~ u n ~ p t i o l ~  n . ~ s  ello~vn b~ the system of 
the Madison W a t ~ r  Department, although ere11 here the rnasimuln was 
only 26 per ecnt grcatcr than thc ~nfnimum. I n  the Common~calth ' 
Water Co.'s system tile masirnuin 11-2s 0111~ 116 per cent greatcr than 
tlic minimum. The s ~ i n l i ~ ~ ~ r  of 1921 IWS cool, and the prccipitation' 
wns nllove the normal, so that the summer conanmption 11-xs perhnps 
relatiwly less than u ~ t ~ a l .  ITn~r~cvcl., in 10?6. the differellee between 
the masimum and minimum for the Common~realth \I-ater Oo. was 
o n l ~ -  G per cent greater than in 1927. As the months of highest and 
Ion-est consumption in any one year arc not the same for all systems 
tlle difference between the ~nasimum and ininimum total daily con- 
sumption in the n~llole r~gion  is less than for tbe indMdua1 systems. 

Daily T7arklwn.c.-A point to be borne in mind mhen considering 
the we11 capacity that  must  be available in any we11 field is tl~fit, the 
consumption is not divided equally throughout the day, but  there nre 
certain periods when the rate of pumping is much greater tbxn in  
others. For  example, during a test of the Cornmon~realth vrells in 
June, 102'1, during the daylight hours the rate of pumping was as 
hig11 as 7,500,000 gallons a da?; but at night it fell as low a.s 4,000,000 
gallons a day. The total dailr pumpage was about 6,000,000 gallons. 
The highest pmpage  in any one day from the Canoe Brook me11 field 
of the Commonwealth Vater Co. bas been about 7,500,000 gallons, 
and the highest rate for a short period on such a day has doubtless 
been somewhat more than 8,000,000. 
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GEOLOGIC C O S D l T I O S S  . l Y I ~ E C ' l ' i S ~ ~  OEJI'URIIESCE OF 
GROUKD 'IIT:ZTRR 1 

The regiori described in this report is a part oi  the gcologic region 
known as tlie Picdmont Province. Its surface in gci~eral is that of a 
dissected plateau, with lolr Ilillq. The 1.l111i11g S ~ I ~ J ' R C C  of lairly lorn 
relief is broken hy sovcral high ridyes, locally ca l l~d  mountains, nrbirh 
trend in general northmst. 'I'lie nrea which contains t,he we71 iiclds 
described in this report constitutes p ~ r t  of a plain that  lies only a fe~v 
fect aborr! t h e  Pnssxic Riwr. T h i s  plain lips ngxinst o ~ l c  of tf~r high 
ridges known as Srro~td  W x t c h u ~ ~ g  h I o ~ r ~  ti1 i tr, or nlrrcly Secnntl _\Io~un- 
tain. (Scc  pl. 1.) -1 sllort (Iistzt~l~.r lartlicr sonthe:l.~t l ips  First 
Noun tain, mparateil I'rnrn Scr.ond 3lot111tn-n b~ a. long. narrow trough. 
Thc  altiturle of t l lu  lo l~land pilrt of thr: arza is froin  lout 175 t u  -225 
feet, and thc two ridgrs i~ruincd a t t i~ in  400 to 550 l'rct. 

I I J h 1 3  11ccl r(>t.k or  t 1 1 ~  rtbgidb~l ( , ( ~ t l ~ , k ~ -  1~ri11(. 1 1 1  i,v chi' I * I ~ * T  sl1:111, . I I I ( ~  

sand~tmir  of '1'1-i:issic: age. TIIF h i ~ l i  r i d p s  n rr cornpo~rtl of bnsal tic 
lava, ~vl~icli  js c o i r m ~ o ~ ~ l y  m1lrd l~.ap. Tllc tl.;~l) i s  mnrlt Ilnrdrr tllan 
the sandstone and shale and Ilas thcrclorc 1.csistci1 mm thering i ~ n d  
erosion ant1 forms thc ridgcs. 111 the area m ~ d e r  ronsirl~r:~tion, how- 
ever, the bctlmcl; crops nu t  grnerally only in the r i d p s ,  hi ng corr r ~ d  
on the lemlnnd 11g unco11~01idated deposits of sand, g r , ~ \ ~ c l ,  and calny 
of vnrying tlijrkr~r L... 

I n  the Pleistocene epoch the region was covcr~d by r h ~  grcnt ron- 
tinental ~ l a c i ~ r  that nlorcd do~vii f rom thp north. This glacier dapos- 
ited a large part of the nnconsolidated material that now covers the 
hrd rock and procluced other changes that ]nust bc consirlcrrd i n  con- 
nection  itla la thc groumd-water problems of the region. 

The configuration of the surface and t'le drainage of the basin of 
the I'nssajc B i ~ c r  bcforc the coming of tlie glacier \\-ere very d~ffercnt 
-- 

I Tllr dcscriprioth of tlic gcolngy of 1 Ilc ~:. inn is I,rrxtrI in ]lni-t o t l  dntn olltninrd 
in ~ I I C  field nnd in imrt on iniornlntion o l ~  ;~Inrtl it1 tllr follorr,i~lg 1.rl1ol.1 F of tIlc 
XPM- Jrtsry (:rologicnl Survey : hnuis, 1. V., tlrlrl ICiilnrnrl. 11. I t . .  Tllr gco11)~y crf 
Xcw Jersey; ltull. 14,  101;; Snlin\>nry. 11. I).. and n t h r r ~ ,  t l i ~  glncinl jirnlnyy 
of Xew ,Tcrsey : l'innl Ilrpt., vol. fr. IW1: S;~Iixl)ury. R. I)., Srtrfnrr grology. 
mporl of  proErcxs, i l l  State Ceolo~ist A~rll. I i ~ p t ,  for 1394, ex~~ec in l ly  I I I ~ P  of 
snrfncr lorlnntions of the m1le.v nnf the T';issnic, 199:. 
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GEOLOGIC CONDITIONS 11 

from those of today. In some places where the surface is n o v  near11 
lerel there were v~I leys  cut many feet. below the hills. The glacier 
pushed n grent quantity of dbbris ahead of it, and much rvns cnrried 
directly in or on the ice. When the ice mcltcd and ret~eated the 
dEbris was rlepositcd on the bed rock. The clerp r x l l ~ y s  were filled, 
and the tops of eomc of the hills were scraped off, so tha t  in gcnernl 
the surface mns lef t  more lcvcl than it was prior to the glaciation. A 
prominent feature lr lt hy the glacier rvns the great hcterogcnous maas 
of clnq; sand, gml-el, and boulders that  rvns deposited at  its front. 
This mass, 1vhic11 is known as n terminal moraine, Jlns x. very irregular 
surfnce, with numerous closed rlepreasioi~s that  are not drained. Be- 
hind thc terniinsl rnornint: the glacier also dropped much dBbris but 
the s r ~ r l n c ~  of this nlaterial is less ii.rcpInr than the terminal mornine 
and it is kt~own as ground moraine. 

Snlishury nnd Kiimnlcl hare presented widence that before the 
glncier moved snlthwnrd and corercd this region the p r i n c i p ~ l  drain- 
ngc line rlicl not follow the ge~lr ra l  direction of the present Passxic 
River but instead \vent southeas t~~nrd through a dcep gap in  Seconrl 
Rlountnir~ a t  Short Tlills, nnd throng11 First  lllountain by a similar 
gap a t  1CiIIbnrn.l 

Tbe Short 7Ii?ls gop in Second l lountain is partiaIly filled to  an 
altitude of about 380 feet above sen lerel by unconsolidntcd material 
comprising part oC ~ I I P  trrminal moraine. Well records show that the 
unconsolidxtcd material crt~ntls  t o  n considerable depth. In the gap, 
nrnr tFle Short Hills rnilrond stntioi~ the bet1 rock n-ns n n t  struck at 
an nltitude of 50 feet nbove sen level, and a quarter of a mile east O F  
the station, at the we11 field of the Short Eills Wnter Co,, the rock 
~ v a s  . i t  1.1tc.k at R C ~ I  1 i ~ ~ ' t ~ l . ~  ' ~ I I ( >  ~ l i l I l ) ~ i r ~ ~  K ; I ~  i t1 First 1101ii11nii1 is <till 
open, althongh p ~ r t . 1 ~  filled with glncial deposits, and the break m the 
trap ridgc is a conspicuous topogrphic feature. In contrast to  these 
coniIitio~ls, nt Li ttlc Fnlls, where the Pxssaic Eiwr now passes through 
Second JIolmtxin and the nest loit-est gap in thnt riclyr, the I~ril rock 
in the gap i s  between 155 and IS0 feet ahore sen le1,cl. Thc evidence 
inrlicatcs that tllc gnp in the ridges at Short Hills mns lower than the 

' Salisbnry. R. D., n ~ l d  Kiimmel, 11. B., Lake hssn ic ,  nn extinct dacinl Inkc: 
Sr.rr. .Jrrs~!: Stntc Geologist Ann. IIept, for  1%7, pp. 25 -325 ,  1LW4. Snlisbury, 
R. D., and o t l ~ e r ~  Tl~c  alacinl ~eoIo:y of SPW- Jersey : S e w  Jersey Stnte 
Gealogixt Finnl Rept., uol. 5 ,  pi). 1-17-lfi.1, 1902. Lewis, J. T., nnil lilirnmd, 
11. E., The reology of S e w  Jersey: Sew Jersey Geol. Survey 131111. 14, pp. 116. 
120, Inl:. 

'Salisb111.y. R. D.. 11nd Kiirn~ucl. IT. n., op. rit., pp. 2M-.W.;. 
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gap a t  Littlc Falls. Accordil~gly, in prc-gIncial time, the dsainnge for 
the area directly n ~ s t  of the Short Eills gap must ham gone through 
that gap. In fact, it is bdicrcd that the drainage of a l l  the present 
Pnesxic River Basin nbore Little FnlIs vent  through the Short IIills 
gap.' The supposed eoursc of the principal drninage lines is show11 
on Figure I. Detailed data in rcgard to the position of the pre- 
glacial drainage c l ~ a n ~ ~ c l s  just west of the Short IZills pap are given 
on ptlgcs 12-1s. 

' norings n t 3Iou1tt:tix1 T i r w  wliere tbe Pnnrl>t on Itivrr cuts t l l r o u ~ l ~  tllc ~~~~~~d 
trnp r i d p  shov- a drift-f i l l~d rock jinrzP, tlie I~ottom of wl~ich i? W feet above 
ti&. 1 I t . n ~  t ! ~  bmnch of the  pre-gl~cinl Pnswlc. n-lddl cut t l ~ n t  ,rror,~p rollEd 
not linre rscnped tlirough tllr Little I.':\lls ,"all (I>$ f ~ e t )  ns rras ~ f l l ~ l i ~ r  3s- 

xllnled, I)t.forc tliis dccprr l \ lo~ui lnin T'ip~v gal> IJ-:.~?; 1ri1on.n. 11, n. K. 

I a 5 roM11eS 

I'rr:unc 1-Slirtch ninp of I'nsmic Itivcr baain t;l!n\viilg prr-glncial rlminngc. 
ICtrl. S ~ ~ l i s l > u ~ - y  2nd otl>rl.w. 011. pit. (19U2). 111. RT. 
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GEOLOGIC CQSDITIOSS 1 :? 

.t the glarirr rnoccd soathwnrd, or ~ont l t i~~es twnrd ,  it bIockerl the 
 up a t  Li t t le  Falls, rrrld nny rlminnge t h a t  mny hnre gonc throu~gli that 
ggp ~ v a s e ~ \ ~ e n t . i n l l ~ .  dirrrtetl into the drriitngc sjstem tlmt went 
through thr  81-ort lIills gap. Y'llc glacier finally d s o  blocked thc 
Shnrt nil15 grip. I\'r.ct o l  Sccontl JIot~ntnin the glacier lnoretl only 
n short distnncl: ~~~~~~~~~rst of thr nrpn cowred b~ this r~port .  I ts 
.x~othr rn  limit. mnl.kcd the tclnlinal rnorninc, lies nenr the Drln- 
wilrr, Lt~cli;~wr-a~~nn k T r s t e r n  Railroad between Vorristown and Sum- 
sir it i t n d  t l ln~cc rutcl~cls throtlgh tlle Short nills gnp to  tbr soa thra~ t  
sirlr of J'irst l lountnin.  (See fig. 2.) 

I.I(:VRE ?.-3tnlt of the Punsnic River basin showing loratiou of t~l~nislri l  mo- 
rni~ir ~ i l l l  nrcn corered by Lnke Tnssnic nt time of maximum 
n r l v n n n  OE ylncirr, tirter Sn1isbur.r and otllers, 01). rit. 11W21, 
11. 10. 
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The terminal moraine is a t  prcsent broken for about 2 miles, where 
it is cut by the Pasenic River ncar Chatham. 

Il'hen the ice was a t  its point of maximum advance and the Short 
I-Tills g p  was blocked for a long time a lake ~vas formed, which has 
bccn caller1 Lakc l'assajc. IY11en the ice nlelletl a l ~ d  retreated the 
Short JTills gap was lcit blocked by the terminal moraine, Lake 
Passaic pers.stet1 unt i l  after the ice 11nd retreated beyond Little FaIls, 
~ v h ~ r c  n lo117 outlet was found mld the clrainagc was C R ~ I I ~ ~ I ~ S I ~ P I ~  
r~.<clitinlly as  it is at present. 

CHARACTER OF QLACIAL DEPOSITS 

da a result of the events described abovc, the inaterials that ovedie 
thc berl rorl.:-conll~o~ed of sand, gravcl, and clay-may be d i ~ ~ i d e d  
into several types, as folloivs : 

(a)  Locally there may be remnants of the pre-glacial soil and sub- 
soil, not wholly removed by wear of the ic,? sheets. S a n e  of these hare 
been identified. Jf prcscnt, they are likeIy to be buried beneath de- 
l~o'ir.: It~l'l 19. tllr plat.iv~~. -\. st~,upcst~rl nli 11:ig~ lfi. ecrtain S d s  of 
c k y  reported i11 we11 drilling may be of this type. 

(In) -Zlong thc main pre-glacial drainage channels there may be 
sm~d or gr:llhel bcds deposited by pre-glacial or gIncial floods which 
rvcre ovel.ridden by the ice nnd buried beneath Inter deposits. 

(c) I11 the part of the area covered by the ancient Lake Passaic 
lying south of tlie icr f ~ o n i ,  fine snnd and clay accumulated to  a con- 
siderable thrcliness, particularly in  the area known as the Great 
S~vainp. I n  tllc shnllower portions of the area covered by the lake, 
drpo.qits on thc lwtl rock a r r  t11i11. I11 I112 lower party of Ihc bnsin of 
Lake Passnic a1iel.c the remnants of thc lake persisted long after the 
jrc had mcllcd, there am ber1-c of water-lad silt and clap. 
(4) Thr trrininnl moraine and a Iargc part of the region north of 

i t  is corercd by till-that is unassortcd or poorly sorted stony anll 
s a ~ ~ d y  elny that was depositcil ns the ice melted. I n  places in  tlie tiil 
are bcds of s n r ~ r l  nnd gravel drposited t y  streams formed by water 
from thr laelting ice. 

Tho eu rfnrc dislriburinn of tl~ese types of material is very complex, 
but they h,~rc 11ctbi1 :ir.c~~mtr,ly m:~pl,ril 111 tllr Stntc! Gcologi~t  ni~rl his 
acsi.cf anis. TE~rir rrrticnl (1 istrill~~tion is also comples and ordi~~nsi ly  
cnnlint bc rlctcrlninerl crcrpt by drilling. Lensce of snnd and gravel 
nt' qrrntrr or lesser extcnt mny underlie or be interbeddcd with till, 
an3 r i c e  T P S ~ R .  Fortunntcly, many meIls have been drilled on lands 
onn r t l  ill(> Co~ninnn~rrnl i l~  Tnter  Co., and the city of' East Orange. 
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GEOLOQIC CONDITIOKS 

and these wells, with a ~ m a l l c r  number drilled elsewhere, nfford 
~alnitble information. 

Tlip ('il~jor liror~k ~r-rll field or the Co~mnoniveillth Jl'r~trxr Co., and 
t l~ r  I)ic.kinsc~n frltl  u l  tlie E ~ s t  O l n ~ ~ p c  ITatrr U t q m r t m r ~ ~ t  arc on lom- 
I : I I IL~~ ,  nloimra or Icss n~ i~r s l~ j . ,  tllnt (*~~i.<ti t l t te  the flood plain of the 
l'nssnic Xirt~r. Thr otllrr t no  welE fields o E  tlic East Orange Water 
Ilcynrtrnent. mil the well ficlds of the Chnthnm and 3Inclison wate r  
departments are a t  altitudes only 20 to 40 feet higher. 11 study of 
r l a t n  ml tlw depth to  bed rock in the nren sho~\-s that tllc prc-glacial 
surfncc urns much lower and had nmch greater relief. Plate 1 shows 
t he  iiltiturlu of  tltr bet1 rock abo\.e scn lerrl in  allout 70 aclls t~nrl, by 
hcnl~y contours, the shape of the pre-glacial surface in a large part of 
tllr xrex. In  thc prepnratio~l oI the map, datn nrrrt! nvnilnble for 
mnliy ~vells in addition to  those shorr-n. 

The rvclls are m o ~ t  numerous in the well ficld or the Commonwealth 
\\'nter Co. xild the shapc of the bctl-rock surfilcc is aroordi~igly best 
ilrtrmincil thcre. 'rhe significant fcnture is thnt  beneath the present 
nearly lerel surface thcre is P. well-defined rnlley cti t  in the bed rock 
allout tlircc-qunrtcrs 01 ,z mile wide wliich trends northlr7est. The bot- 
tom of i t  is 120 to 140 feet  bclow the present surface and 50 t o  80 
fert. bclow the rock divide on ench side. I n  the Dickinson T I - C ~ ~  field 
t1ipl.c is x sinlilnr rnllry which is of abont tho same rviclth nnd depth 
ant1 ]ins the  snme grncrnl trcntl-in fact, i t  is apparently n continua- 
tion of the ra1l.y belienth the C'nnoe ?<rook \\-ell f i ~ l d .  The data shorn 
thilt thrre is n rleprcssion in the general rock surlncu betwccn the two 
fields, but unfortunntclj r\-clls thnt  ~oulrl  sho~r. whether the clcep 
~ x l l r v  is contimious between the  two fields hnvt: not been drillctl at 
the criticnl locnlity, near the point where Pnssnie Avenuc crosses the 
t'assnic Rirrr, nt the $0-called lorrrr ('hnthnm Rriilgc. In  several 
we1Is dong the 1vc5t side of Passnic rlvennc t rap ~ v u s  found rnther 
near the sui-face. This nppnscntly is a buricd part  of x. trap ridge, 
k n o ~ r n  as Long I-Iill, that rises to  a hcjghlht of 46; f ~ e t  south of Chat- 
ham. Outcrops of trap farther northrnst, near Livingston, suggest 
t l l , ~ t  thr bnrjet:, rjilgc continues in  thnt direction. The strike oC the 
ridge i s  such t!~nt if it extended farther northeast it ~vould lie zbot~t 
whprc trap rnm strnck in t h e  wells mentioned. ~ l l t hough  data. are 
1:)cking a t  the critical point, i t  apprnrs very pmhnFlIe thnt t h e  pre- 
glnrinl rnIIey cuts through this tmp riiIge jtlst nbont where the river 
now crosscs Pxssnie Avenue. 
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16 GROGFD TTI~TEE SUPPLIES-P.1SS.IIC X1'I'J<Il T.1 TAT, I.:Y 

TI a stmig1:llt li11c is dri~a+n n1011fi thc rtxis of the rock valley in the 
nickinson and Canoe Brook mcll ticlds nrd continncd southeastward, 
it passes almost directly tllroug-h the pnilils at Short Hills where, as 
~lkoir.r~ 011 plgr 11 . I l l c  bcrl rut.!.; litbr \.PI.\ r l t ~ c b l l .  i ~ ~ i r l  :llsn I I J I - o I I ~ I ~  i,I11? 
n-idr: ope]) gap in First Jlountain, near I l~ l lbun l .  Tlris fnct indicnt~s 
beyond almost any reasonable duubt tbxt the valley beneath the two 
 ell fields had i t s  oullct through these tnTc, gaps in tile t rap  ridges. 

21 branch of the Innin rock valley eslcn!ls from a point near -the 
punipiiig plant of tlre Canoc Brook mcll G P I ~  northcastmnrd approsi- 
matfly benenlh Ciinoc Rrook. The wells of Ihc l\-I~ite Oxk Ridge field 
arc sitlmtcd _n this rallcy. Sort11 of that  field the m1lcy broadens 
sorncwhat. Data 11ot s11olr.n on the map indicatc that  at the JVliitc 
Oak Ridge pumping stalion the rr.cstrrn cdgc of the buried trap ridge 
that constilu tcs Sucoild 3Iou1itain riscs almost rertically to an altitude 
of 1'10 feet nborc sea Jerel within 500 feet east of Cnnoe 13rook.l 

Data arc not ~ ~ n i l i i b l e  to shorr the northenslwnrd extent of the pre- 
glacial vtlIley that  undcr1ic.s thc prcscnt Canoc Brook. As a large 
atrcilm a t  some earlier tjmc cut through thr trap a t  Little Falls, pre- 
snmxbly somc o l  Ihc tcrri tory irninediatelj? south of that place drained 
norlliward. l l o~re r r r ,  as the stream tllnt dra i~ lcd  through the Short 
IIills grip mn a t  ;L lower 1cz.d than thc onc nt Little Falls, its branch 
b ~ n r a t h  the prcacnt Canoc Rrook mxy l t r ~ ~ e  b c m  poivcrluI ellough to 
work somc distance to~vard Little Falls. 1I is entireIy possible that 
this stream extended as far north ns Canoe Brook does now. 

Tbe position of the prc-glacial sarlace i n  llic northern part of the 
I<ast Orange water rcscsvc is nnrrrtain. In rrell 4, nrnr Baldwin 
Pond, alsolit 2,500 l r c l  ~iorthenst of thr I'srsonage ILiIl road, the first 
rock, described as red shalr, is repnrtcd to nnvc hecn struck at a depth 
of 223 feet, o r  30 Sect below sea l c ~ e l .  (See fig. 4.) This is lower 
t l~nn the rock surface a t  any othcr point in the entire region, including 
tlle Short I-Iilla gap, and it raises a question as to  the possibility of 
the rock surface bcing really so lorv. Abore the ~ e d  shale was 82 feet 
of "sticky red clay," which is reported to :lare becn struck at 52 feet 
above sea level. It is the opinion of the writer that this altitude more 
nearly represents the true pre-glacial surface and that the red clay is 
really a deeply meathered phase o f  red s h d c  similw to that struck at 
a depth of 223 feet. Farther nortlleast, i n  lvclIs 1, 2, and 23, red or 
blue clay was struck from 25  to 35 feet above the first material called 
rock. In  view of the interpretation just: given as to the position of 

"Y~rmeule ,  C. C., East Orange wells nt lXYbitc Onk n i d ~ e ,  hfillburn Town- 
ship, Essex County: State Geologist Ann. Rept. for 1904, fig. 18, 1905. 
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the pre-glsci;~l surfarc in ~vcll 4, the question arises whether the top 
oE these rlnys, esperinlly the red clay,  doe^ not represent the olcl land 
surhcr ,  with a cnnsid~rable thickness of ~rcsthered rock above the 
r.c~~~sr~lirlizted Iicil rock. I I' this is true thr  r.11r1111irl Iw~trnth  nor lirnnk 
is not ns extensive northeast of Bnldrvin Pond as is shorn on P I R ~ ~  1 
lry t l~r  -LO-loot enntol~r t h a t  inilicntrs the hrtl-rock ~u1.Tnt.c. 

Southvest of the Cnnoc Brook pumping station there appears to  
lrr ar~cjthrr I~rnrn~cl~ ~nlley,  ns indicated hy the Gcil-rock ~uri i lcr  rrt nn 
altitnr'le of only 3-C fcet fiborre sen level io t,he Tnnderpool well, on thp 
south side of Morris zlrpnut nPnr the point  here it crosses the Pnssaic 
River a t  thc PO-CR~]C.(? upper CF~ntlznm Eridge, ant1 a t  an altitutle of 52 
fret j ~ i  n test ~ O I C  of the Uommonwcnlth 11-ntcr Go. about 1,800 feet 
nnr thea~t  or the bridgr. Unfortunntcly no \re11 dnta nre acailnblc that  
wnuld mnkt. it p o ~ ~ i h l e  to r l~ l imj t  thr  southeast side of this rnlley. 

.It C h n t h ~ m  bet1 rock was fotlnd ns low as  3.i r ~ e t  abort  W:I lrrrl- 
t h ~ t  is, nt about the snnlc al t i tudc as the bottom of the rock ralleys 
in tlir Cnnoe Hrook n ~ ~ d  Dirkinson ficlils. , l p ~ ) n r r ~ l t l ~ ~  the Jlntlison 
15.rll field nlso lies in a c h a r ~ n ~ l .  .\ qu~stEolr o r i ~ r a  ns to ~vhcther this 
cl-htlnn~l i* c~onilccted with any of t l ~ r  otlirrs (Trsc.ril~rt1. As r1rn11-11 on 
tlir l ias is  of the nrnilnl,lc dntn thc c.on tours ~upgest thnt the s o u t l ~ ~ r n  
I)rn~lr.l~ vnllcy j114t dr.si.rihei1 may  lrnil nortl~~rtast bcnmtli Chnthnm to  
tlw IIatl i~on f i c l ~ l  anrl h~yond. 1 T i t  dors thwc mnst he a cut through 
tlir trxp ~ ' i d ~ r  sirnilnr to the buried onr nenr the lolvcr Chnthnm 
Brid~p.  On the nthrr htunrl, the callr~.  a t  l lr tdi~on may extend north- 
~vnrrl 011 tllc u.cat s i d ~  nl' the b u r i ~ d  trap ridge and c o n n ~ c t  with t l ~  
volley thnt undcrlics the Dickinson well fi~lt.. 

On thr iunp showing the conjr~tnrnl  prr-glncial tllrainngc of the 
repion (fig, 1) the innin chnnn~l  of thr  prc-glacinl stream thnt went 
through thr Short Trill.. grip is shnml ns g o i ~ ~ p  nlnlost directly over 
thr Chnthnm and IIntlison ire11 fields. ,It the time nf Salsbury's field 
~ t n d i ~ s  nn ~vhich thc mnp n-ns bnsril no ~vclls that might have ~ h o ~ v n  
IIOI~: drep the rork lics at critienl poilits had bccn drilled, so far as 
thr  ~vr i tn .  en11 drtcrn~iltc from p~ iE~l i~ l~ r ( l  r~por t s .  The lines shown 
IVPI-c to n large extent ronj~r turnl .  The clntr: IIOW avnilnblc (see p1. 1) 
hmr out in n rcrnnrka1)lr manner the gcnncral fentmea of the con- 
jrr.tul.al mnp nnil ntlil ~ t ~ l ~ r n l ~ l c  inlormntion ns to rletnils of the collrpe 
of the rnllrys. On Fignrr 1 8 bmnch st~.rmn is s1io\c11 ns entering the 
main strrnrn from thr sntith~vest, j n ~ t  cast of Cllnth~m-that is, ewen- 
tinily t~Iong the p r r ~ r r ~ t  coursr! or thr  l'ns~nic River above Chntham. 
( ' o n s i r l ~ r i ~ ~ g  t l ~ c  p l - r~ent  nlnjor fcnturcs o f  this par t  of  thc ~rgion-  
namely, Seconrl AIountnin on the ~nlzt and the trap ridgc known ns 
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Long Hill on the west-there is little doul~t  that such a stream did 
exist. T11e area drained by this nncier~t stream presumrtbly was lirn- 
ited to the region betmccn the two trap ridges, but i t  mas probably 
larger than that  of the stream that came from the northeast past the 
site of the ITllitc Oak l i idge pumping station. 

DTSTRIJ!l'l'IOS OF \IrlTER-RE.ll<IXG BEDS 

General Stafe?nenl.-It wilI be noted froin Plnte  1 that  all the 
producing ntells oC the Coinrnon~r~nlth V'ntcr Co.'s Canoe Brook field, 
thc  IVhite Oak ltidge xnd Dickinson ficlds of the East Orange Water 
Department, the Jlacliaon well fields, and probably also the Chatham 
well field lie i n  arcns u~~der lx in  Ily pre-glacial valleys. The facts 
available show that the wxtcr-bearing beds actually are confined to 
t h ~  pre-glncixl clinnncls and that outside cnf these channels relatively 
meager supplics call be obtained. This problem is of special signifi- 
cance in  collnertion wit11 the question of the possibility of developing 
additionnl ~upplirw. 

Figure 3 shows the logs of several n,ells along a line from south- 
west to uortheast acrocs the Canoe Brook moll ficId and dong the 
western border of the IYbite Oak Itidge well field. Fign1.e 4 ~1101~s 
similar ~vell logs along a liilc from northrve3t to  southeast through the 
Dickinson and Cnnoe Ilrook 1 ~ 1 1  fields. 

Figure 3 shorn-s ttF~at the bed-rock surlacc rise:: from thr l ' n ~ ~ d ~ ~ r p i ~ o l  
well and forms a ridge south~vt.cst of the Cniloe Ilrook 11-ell field. The 
field itself, as prc~iously stated, is underlain by a deep, rather narrow 
ralley. Northenst of t l i ~  field is x l io th~r  buried rock divide, which 
lie4 south of t l i ~  Pwr~ourlge [T i l l  rnnrl. al~d I)i.yc~ll(l i t  thc I~cd rock s l n l w  
to lower 1 ~ ~ ~ 1 3  hcnenth the l ~ ~ a d w x t e r  p o r t i o ~ ~  of the Canoe Hrnok 
drainage Basin. ?'he line of the section as choseii does not show how 
the ancient valley Iies beneath the present Canoe Brook, but if other 
weIls had been chosen such a channel would be seen to connect the 
Canoe Brook and White Oak Ridge well fields. 

Canoe Broo?~ 1T'cll Field.-The logs of wells in the Canoe Brook 
field show that the material overlying the bed-roc]; surface con~ista of 
an alternation of beds of s a ~ ~ d ,  gravel, and clay and in places a mixture 
of all three or a mixture of an! two of them. I n  some wells boulders 
nre common. The n-ells 11ar~ been drilIed bp sereral different drillers, 
and different methods have been used. A study of the logs shorn that 
the use of terms hns nnt been unilorln, R I ~  the interpretation of the 
Iop  is uncertain. 
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horn 9 . M  of wellcr along a line dhmugh Canoe Rroolr nnd White  Oak 
Ridge well fields. 
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In the Canoe Brook field water is apparently obtainec? from threr 
principal horizons. In  some wells in this field water-bearing sand is 
strnck n t  n depth of 5'0 te 80 feet and extends for 10 to 20 feet, hut 
in ~evc ra l  wells no water-bearing material ~ v a s  reported a t  this depth. 
T h c  principnl water-bearing bet1 appears to consist of snnd and gravel, 
which g~nernlly lie just above the bed-rock surfnrr. The Iwrl is stlnuc.k 
at n depth of sbaut 100 to 180 feet and is from 10 to 35 feet or more 
in thickness. It is reported in all wells in the producing field except 
two or three, notably melIs 27 and 40. In  wells 35 and 41 sand or 
grave1 appears to  estenci continuously Proin the upper water-bearing 
bed, a t  a depth of SO or S5 fect, to the lo~ver one. There is some ques- 
tion, Iiorrcvcr, ns to the rclinbility of the drillers' logs in reporting 
snnd and qrnvel. In  mnny of the: logs clay is rcportcrl ns ocrurring 
with sand or gavel.  Snch a report wns mndc in t h ~  log of a test 
~vcll, but  subseqnently, when a large-dinmeter ~vcll (Kelly 50. 1) wn.; 
cnnstructeil xt the sanw locnlity I)y nlearis or rl clam-shell bnckct it 1rne 
Iout i~l  Ihnt in plxcrs rvhere y r x r ~ I  rvas r~por t ed  the material mas domi- 
11nnt1,v clay, with pcBljIes icnttcred througl~ it. T h i ~  material i s  
~rni lonht~cl ly  a g1:lnciill deposit, citlrcs the  unassortcti till o r  clay 
clcl~ositetl in Lake l'nssnic with p ~ b b l e s  tha t  werr! carricd out into t h ~  
lnkc 011 floating ice. It is probable thnt much of the m a t ~ r i n l  re- 
pnrtrrl as snnd, gravel, and clay, clny and g-rw~l, etc., does no t  hare A 

vc1.y grrxt water-bearing capacity. 
A number of the producing ~r-ells in the Canoe Urook field have 

hetn drilled to a depth of mow thnn 300 feet, of which 100 Ieet or 
more i s  in rock, in order to obtain the proper submergence for the 
air-lift pipes. In some of the wells some water is obtained from the 
rock. S o  clefinite information is avnflable as to  the relative yield of 
the bet1 rock and the sand md grarel beds, but it is believed that tbc 
grrntcr part of  he stippIy is obtained from the ~mconsolidateil beds 
;lk~nve tlw l)(>11 rwk. '1 '11~ 1)rit)vip:tI ~ v i ~ l ~ ~ i i c ~  s ~ ~ l ~ ~ ~ o r t i ~ ~ g  this iilri~ i s  thp 
fnct  that four of the wells of Iargcst yieId do not penetrate the rock. 

If tE~r water is obtained largely from the sand and gravel, and 
rspecinlly from the l o w ~ r  beds, below 100 fcct, the most significant 
fact shown by thz wrH 10:s is that tlir nwt~r-b-euring hccls arc confined 
to t h ~  ~)rc-glncid vnl le~s  indicated by the contours of the bed-mck 
surface. The areas in which ndditionnl ground mnter supplies can h~ 
ohtninrd are therefore limitctl. J t  is possiLc, and indeed probable, 
that additional crens cnn he developed, but considerable test drillin: 
will be npressary to fiird the h a r i ~ d  pre-ghcid valleys. 
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East Omnga Wel l  Fields.-Conditions in the White Oak Ridge well 
field of the East Orange Water Department arc in general the same as 
in the Canoe Brook field of the Comrnonmealth Water Co. in that sand 
a n d  gmrcl oecur at  tn~o horizons nbovc the bed sock.' 

The beds at the upper  horizon, Ilower~r, lie somelvhnt nearer the 
surface tlmn in  the Cnnoe Brook field-at a depth of onl!. 20 to 60 
feet. The lower sand and gravel, which in a large part of the field lie 
rlirectl.v or1 tllc llcd rock, from thc principal source of nnalcr. So a . r ~ l . ~  
in this  field penetrate the bed rock. Although the mclIs in n w  iure 
within only s few hundred feet of the pumping station, it ha.7 heen 
determined that the lower sand and gravcl extend for about 4,000 
feet rzorthn~est of the station. Beyond tha t  point they pinch out, ancl 
for  about 1,000 feet a tlrjck bod!- of  d a y  lies directly on the rock. A t  
a point a b o ~ t  5,500 feet northwest of the White Oak Ridge station 
along the Pnrsonage Bill road the first sand bed, which elsewhere in 
the well field is underlain by clay with more sand and gravel below, 
extends continuously from a Ierel within 15 or 20 feet of the surface 
t u  lllr l1(*(1 ~+c,ck at  a depth of nbont 75 fed. On the othrr I~n~irl, in n 
well abo11C SO0 feet farther w e ~ t  ( S o .  7 ,  pl. I$, 500 feet south of the 
Parsonage Hill road and 200 feet east of Slough Brook, no sand or 
gravel mns reported to n depth of 101 fcct. On Plnte 1 the contour 
lines i~~clicnting thc shnpe o f  the betl-roc]; ~ t i r l n c c  show ~rirlcl~ing nf 
the valley bzneath the present Canoe B~ook in the area north nnd 
~~ot . rhncs t  ol' thr IYl~i te  Oak I?id,rrc ~ re l l  firl(1. ,Is indicatcrl on pnpc 16, 
there is eome question as to the interpretation of mell logs in  this arcn, 
and the pre-glacial surface may not lie as low ns is indicated on the 
map. The logs of several wells in this area (wells 5, 7, 12, and 14, 
pl. 1) show no sand or gravel. Althouqh sand and gravel may be 
present in pwta of thc area rvhcre no drilling has been done, it appears 
that the real extent of such deposits is rather slight. Xo logs of wells 
in the nickinson mell field are arailabl?, but it is knom that the 
principal supply of water occurs in sand and gravel directly above tho 
bed rock. 

Chatham, ~lladfson, and LTormandy w d  fislcEs.-The nvailablc in- 
formation in regard to conditions in the vicinity of Chatham and 
Madison is c o n h e d  to logs of wells in t3e two municipal well fields. 
At Chatha= t h e  Iog of only one well is available. This sho~w the  
material to  be nearlj. all clay, or clay mixed with sand and grwel, 
and therefore probably not good water-bearing rnaterinl, to R depth 

* Vermvule, C. C., op. cit., pp. 375-263, fig. 1s. 
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of 12 feet. Prom that depth to the bottom of the well, nt n depth of 
90 Icct, the mxterinl i s  wholly sand or grarel except for I foot of clay 
a t  a depth of 75 feet. 

.it llndison the logs of nine lvells are a~nilahle.  These sho~v con- 
sirlcl-nblr rariatio~l in a djstanoe of about 1,100 fert. In  well 9, a t  the 
northnrert end ot  thc 1rt~F1 lirld, ~ n n d  or grmel extends almost con- 
tinuously from a depth oC about 28 feet to  the bottom, a t  147 feet, 
nlthough i n  two places some clay is mixed with these materials. On 
the other hrtnd, in welt 1, in the sonthcastern part of the field, in the 
totnl depth or 14s feet, ~ n n d  or grarel ~ r s s  found only a t  thc depths 
of 15 to I?' feet, 2(i t o  27 feet, 102 to 103 feet, and 109 to 1-13 Ieet. 
l\'clls int.rrmer1intc bctwrm the t w o  mentioned sho~v more or less of n 
grxdntion from the dnminxntly sand!. material to the rlorninantIy 
cla!+cp material. 

'I'l~e ;\ladison 11-cll field is only a ferv hundred feet north of the north 
hnse of tllc ternl i~lal  morainr. Thr Chathem wells arc situated somc- 
what similarly ~v i th  respect to the terminn1 moraine, although the 
chnracteristic topography 01 the morn i~~e  rippears to be nbsent, pre- 
sumably because the P ~ s s a i c  R i ~ e r  has eroded its ~ ~ l l e g  through the 
moraine. The well fields of the Normnnclj- Water Co., about 2% miles 
n o r t l ~ w ~ s t  of Jladi~on, also occupies a similar poyition near the bnec 
of the terniinal rnorajnc, on the side from which the ice cnrne. So 
information was ohtainrd in regard to the materials penetrated by 
thrwe wells, but the fact that they hme a fairly large yield by natural 
flow f;l~gg~sts thnt goocl rrntrr-benring beds are present. In ~ j e w  of 
the convcntionnl clcscriptjon of a terminal mornine as consisting or a 
hctcrog~ncons misturc of materials, the presence of so rnncl~ water- 
hearing materia1 nssocinted with thc glacial drirt on the iceivarci side 
of the mornine is sorne~vhnt unusual. I n  contrast, it  is rather com- 
mon to find g ~ o d  water-henring beds on the so-called outer edge of thcl 
moraine. for thc sntcr from the melting ice flows d o ~ n  the front of 
the moraine ailil carries with it some of the sand, pare l ,  and day.  
As i t  deposits this loat1 it sorts the mnterinl into coarse and fine nntl 
forms mhnt  is known as an outmash plain. Such a plain exists on t h ~  
~onthrvcst side of the tcrrninnl moraine 11enr C h n t h m  and Madison, 
sloping sonthrestn-ord to  the .so-cnllcd G r e a t  S~ramp. It seems likely 
thnt conditions nre fnrornble for the rIei*elopmrnt of gronnci-n-ater 
supp1ic.s b e n ~ n t l l  this outwash plain. 
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I\ qucstioa of rcal conc~rn relates to the source of the water that  

is p n m p ~ d  from the wrll fields u n d ~ r  co~~siclcrntiol~. Tbe 107p of 811 
rrells studied shorv a greater or less thickness of clay above the water- 
hearing beds. The water lnust g i l l  access to tho beds outside of the 
1 ~ 1 1  ficIrls. If thc natrr-l~rnring brds are r~c rynhcre  or nearly crrry- 
~ r l l ~ r c  orcrhin Ilp similzll. clay I ~ r t l ~ .  ~rhirh jlrr r~ln'circly i~uperrions, 
tllc rcrl~nrge of tlic I'ormation Inny I)c small ;IS compareil to the draft 
ori it. nl td  some of t l l P  Tr.atcl' tIlilt 1111~11lld 111fiy I)P ~ ~ l l l i l l g  fl'oll~ 
s tn~ :~gr ,  \v l~ic l~  will gra~111aIly I)P r ~ f l ~ ~ c ~ r l .  

. . I o snmmnrize 111.irflj thc gcoloyic cnnrlitiorls aff~frrting thc occur- 
rrllve of grom~d ~vatcr in the r~gion umdcr ro~~r i r l~ rn t ion ,  t h ~  hest 
h rat cr-l)carj~ifr beds are con f i n d  to tlic rrlntirt.Iy small arcas where 
t11r.r~ nrr n-rl1-derelopcd rallcys i l l  tlw p re~ l r i r i a l  surrncc. Farther- 
more, tliesc bctls ns R n-llolc lie just nbore t11c old siirTace, nnrl i11 moat 
or the rcgion no gootl s i~ te r - l ) c :~ r i~~g  n~ntwiiil i s  found n-Ethi~i 50 to 75 
1 '~ r t  of the snrfncc. Thr  pri11cil)al n~iciciit d l n n ~ ~ r l s  nrr one thilt 1111- 

der1ir.s thc I't~noc R ~ ~ o o k  and  I l icki i l s~~l  1ve11 l i~ ldr ,  oiic thxt undrrlirs 
the .\Indiso~i \re11 firlil. r l~~rl  mie t l i ~ ~ i  i s  ~~res:nnrd to csist b~111lnth tIue 
Pn~sxic  River, south nC Chathnrn. The mi( icnt vallry illat unrlel.lies 
thr presrnt rallry 01' C a n o ~  Rrook docs not a:)prsr to bc wry ~ x t t ~ t l s i ~ c .  
.I< shon,n below, tElc I 'il~-toc Rrool; ?\+ell field is dcvclopcd nhotit to its 
capacity, and if: is thrrrlore l~rlirrrtl that  furtlltlr dc rc lop~~~cn t s  shoultl 
hr s o ~ ~ g h t  En other parts nf t h ~  chnnrlrls in~nt ionrd .  

The quantity of wntcr that can Ije pump~rl  from n particulnr nrcil 
depends upon several fartors. including the estent of the intake area 
of the water-bcarfng formation-that is, the area wh~rt? i t  crops out 
ant1 rrrcives percolati011 from rninfnll-the extent of the formation 
in FO far  ns i t  servps as n rcsesvoir for  storing mnter, and the permen- 
biljty of the formation. In the area undrr discussion it bas not been 
po~sihle to determillc any of these factors by direct observntion. It is 
11ot Pven known where the water-bearing fonnxtion crops out, find 
ririlling to  P~IOIV the estrnt of the formation has been confilled to  II 
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compxratit.cl~ small arrn. I t  is not known, for example, whether 
the ~txter-bearing brds enconutered in the 1~11s  a t  Iladison and 
Chatham are the pame as those tapped in the Canoe Brook we11 Held 
of the Cornmon~vcnltll IVnter Co, n11d the IVl~itc Oak liidge and Diokin- 

. son fields of the Enst Orange Water D~pnrtrnent. However, certain 
obaerveil facts, discu~scd in part bclolv nnd rerrsonnble inferences rle- 
rivet1 tllerefrom lend support to the belief that the intake area ia 
sufficiently Ixr$ or thcvc is enough water in storage to supply the 
prcscnt consumptio~l and perhi~ps even an  ir~crensed consnmption for 
some yenrs to r.onlr. .xlsaulnillg t h i s  to bu true, until evidcnce to thc 
rolltlnnry jx l'uund, t hc>re ?rill wnlr~ i 1)s to brb cr~rrxictered the influence 
01' the pcrmei~bility ot' tllr ~r-;l tcbr-l)~i~ri 11p formfltion i n  determi [ling i ta 
nltimntr snlc y i ~ l t l .  

'The n~t~t/ lotl  I'oIlo~ving in the pnlarrlt stud! has  b ~ c n  to obscrre the 
rlYrrt?: of pmnl)ing a t  vertnin mtcs nnrl from thc obarrvations to esti- 
m a  tc t11c rfF~c.t of pumpi ~ i g  a t  sl;~tccl increasctl mks. This mcthori 
l1i15 tlw I I I ~ \ . R I I ~ R ~ P  tliz~t till: cffcrt ~~rotlucet i  1.~- primping at a certain 
rntc i s  thr c.o~nhinrtl result of  the inllncrlce 01 the dilterent factors that 
c.o~ltroI tllr yjelrI of the Solhn~irticl~i. It has the rlisailrautage that. 
because of t31u conl~~liciltctl i ~ l t e r i ~ r t i o ~ ~  of  the factors involver1 i t  r n q  
31e rliffio~~lt to rr .~lrl ;~tc corrrhctlj thtb iilflaence of each Inctor. It also 
11n1l tllr i l i x n i l ~ ~ l ~ t i t g t  t h a t  ~ I~ I IL ' I .~ I I I ,V  tllc opcmting c.nnrJitions cnn not 

r m ~ t ~ ~ r ~ l l r r l  its m~rcli a.i luily Ijr desired t o  determine the effect of 
;lux onr fnvtor. For ris:~mplrb. in t ~ s t s  which Are described belo~v it 
\ I . i lL 11ot possible to stop p ~ u n ~ p i i g  from the Canoe Brook well field 
lo l~grr  fllnrl n few hours, althong21 a shut-down of a dn? or more tlras 
dcq i~~b le .  Also the rate oC pumping hat1 to be changed to mset the 
ilemxnd, althougll it should desir:tbly have been kept consti~nt. Xercr- 
tl~rlcss, the tests h a r c  yielded results that are of much value. 

C ~ r t n i n  sl~ccial tests merc nlntle corering periods of several llonrs to 
~rreral dvs .  Dnring these tcats  mt.axnrumcnts of the depth to water 
wclv made a t  frequent iliterrals in scrernl 1r~el1s of the Commonwealth 
\I-rtter Compnny and the East Orange l'fiiter Depxrtmcnt, and the 
rntc of pumping in each field 1r7ns detemiilied. In addition, con- 
t inuous rccorcls of the water level in tn*o wells in the Canoe Brook 
firld and one in the White Oak Ridge field mere obtained by means of 
nl~tomntie ~r-attr-etage recorders. The wsul b of the investigation 
rnay b r s t  hp d~scribrd i l l  the cl~rc~~iologic ordcr in rvhich the tests werP 
 mad^. 
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Froin October 2 to 7, 1925, a test . r r 7 s  made to  determine whether 
pumping from the n7ell.s in  the Cnnoc Brook field of the Cornmorr- 
wealth Water Ce. affected n-ells in either t h e  Diekinson ficld or the 
M-hike Oak Ridge field 01 the Enst Orange Water Department, and 
rice \-ma. During this test3 at didercnt times, the rate of pumping 
in rach of f l ~ e  t11ree fields in turn was reduced to a miilimurn and 
then incrensetl to the maximum limit in order to produce aE widely 
cliffcrrnt cflccts as possible. 31ourl~. observations were made of the 
pumpagc from each field nnd, during the day time, of the depth to 
water in ahout 20 mclls, The fluctuations of thc \i7nter level in two 
1~11s (No. 30 thc Canoe Rrook fieli wld thr so-called "neutral 
zone" well nlout  rnidir2ly betsecn that i i ~ l d  and tllc White Oak Ridge 
field) was obtained by automatic \rater-stage r~corders. The profile 
of thc pieanmetric stlrface at  certain critical times is shown in Figure 
5. The chr3nologic rccorci of the fluctuation in rate of pumping in 
the tlirec fields 2nd  of the \r-atcr level in certain of the sbservatioln 
wells is shown graphically in Figure 6. I n  this diagram the record 
of pumpnge anti of the water lcrel ja two \yells equipped with water- 
stage recorders is eholvn for several daj-s prier to the test, t o  give a 
basis for comparison of conditions during the test with average con- 
ditions. 
In Figtlre 5 the profiles of the piezometric surface are not shown in 

their correct position for  their entire length because it was not possible 
to determine the water lerel a t  certain points. For example, in the 
Canoe Uroo:; field there are sereral pumping wells between wells 30 
n ~ l d  4, and t h e  piezon~etric surface a t  any time .rvm vcq- irregular, with 
concs of depression around each pumping well. Well 41, the only one 
in which the pumping Ievcl could bc determined, had a yidd about as 
,arcat ;as anp othrr \.ell in the field, and the head was presumably as 
low as a t  mj other point. The position of Uic pirzometric surface at  
thr point marked "Whitc Oak Ridge vell group" reprsscnh the alti- 
tude of t hc  water leveI in the pnmping wells as determined by 2 
vacuum gaye on the wction line. Actcallg there must hwe  heen a 
cone of depression around caclr well. .is the shapcs of these numerow 
individual cones could not be determined the proRIes have been con- 
structeiE by drawing straight lines betwr.cn thc points of observation. 

The  re~ults of the tests sho~v t h a t  the water level in  the observatioc 
w ~ l l e  ~i tnatc t l  npar pumping wells f n c t u a t ~ s  closely in accord with 
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fluetuntion of the pumpage from the near-by wells.1 Another fact 
that is not re].;,. cvide~lt on the ,ornph becnuse of the small vertical 
scnlc hut that is ~horvn on charts from the antomatic recordclrs is thnt 
there js .some lag ill the movement of the water level befsre i t  becomes 
flllly ntlj~tstcrl to  a givm pnmping condition. The charts from the 
recorder on 1 ~ ~ 1 1  30 in the Canoe Brook field show that the water level 
practically nrvcr reachccl n stable condition. Khen the rate of purnp- 
ing .*-ns inrrei~serl the 11-nter level continueir t o  drop tlntil the rate was 
reduced. Then it  rose until there IVRS another change in the mte. 

Figme G shows somc striking rs r lml)T~~ of the relntimlship between 
r t~ t r s  of p ~ n ~ p i i ~ g  nnd head in the ililfercnt fields. Attention is c~l led  
to  the fnl lo~ring;  dctnilcd sturly of the clingram mill sholv others, 

Prior to the period o l  the controlled test, about noon on September 
25 t11~re rvns n marked increase in the rate of pumping at the White 
Onk Ridge n ~ l l s ,  which continued mith some variation until about 
3 t ~ .  m., Septrmbcr 26. The water level in  th? page :eel1 in the neutral 
zone droppril betwen 5 and 6 Ieet, in spite of the fact thnt there wns 
a dirninishetl drnft i n  the Cnnoe Brook field mith a total shutdown 
from 10 to 11 p. m., on S~ptembr r  25.  :\gain, an  abrupt decrease in 
purnpjng n t  K \ l ' l b i t ~  Oal; Ilidgc lor  n 311or.t t ime on the nftcrnoon of 
Septcmbel. 2s \i.nq nr.cwmplish~i1 hy :111 nlrrupt rise in the p g e  ~vc l l ,  
1)urnping from the C a ~ ~ o c  Broolc welle hping ahout  mif for in. Since 
the gngP well in the nrnlml zoilc i r  ~ ~ e n r ~ r  to  the wells tha t  mcrc being 
pltmpril in t l ~ r  IVl~itr Onk Ridgc t l~nn  thosr in  thc Cnnoc Brooli field 
it  j:, not snrprjr i l~g that thcar r l ~ n l l g ~ ~  in thr watrr l r r r l  orcurred. 

On thcb ntlirr. I~nlltl, f he connevtio~~ I ~ c t  n-evil the pumping in Cmloe 
Rrnok rvrlls nni' thc hcight o l  n-atrr in thr  yiige 11-ell In tlic n ~ u t r a l  
zone is distinctly sho~vn nu Kial~tmil)l,cr SO, 1 to  -\ A. m., on Octnbcr 3, 
2 to 4 n. ni.,. and Octol>cr 3-4: 10 11. m. t n  C n. ]I>., 11-11~11 thcrr wcrc 
mnrkril ilrci.cnsc:: ill tlir p~ lnq>i~ lg  rate a t  thc Canoe Brook rrells, nnd 
slight nlt l~ol~gh disti11r.t r i ~ r s  in tllr Iirarl a t  t h ~  p a r  11-rll. 
-%bout m i d ~ ~ i g h t  of Octnljer thrrcb lrns r ~ t d t l r ~ ~  inr-r~nsc in the 
pnmpnye a t  $ 1 1 ~  ITliitr Oak Ridge \ivrlls, nllil nhont the snmp time a 
shutdo~r.11 r.o~nplctc or  partiaI for 8 honra a t  the Canoe Brook field. 
'l'hr hend rosr nbont 2 t'ect in tho gage n-cll in thc neutral zonc. I n  
this instnnce t h ~   hutd don-n in the Cmloc Xrook field had n greater 
e f f ~ r t  on the hc,lrl in tllc gwr! wcIl than did thc pumping a t  White 
Oak Rirlgr. 

' In s t ~ ~ ( l y i ~ ~ x  F ~ Z I I ~ P  6 i l w  r~:~(ler d ~ o t ~ I ( l  1 1 o t ~  tI1.1t ri~tcs of (1r:lft ill t 1 1 ~  \ v ~ l l  
fields is plott~rl  upwnrd from n hnxe of zr1.o. Tl~ercfnre, on thr grnph whrn 
t h r r ~  is R pirrn c l j n l i p ~  in llumpngc t i ~ r  11nrkn:ll r.l~nng+ in  ~novrmrl1t rrf tllr lillr 
rPPlnPWnt in* w n  trl' 1~vrl i.; i r l  the olq~crqil r 11il.pc.t irrr~. 
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Prom F i g r e  6 there i~ no clexr indication that pumping from 
either the G'ailoe Brook or the Dickinson :ield affects the -rater level 
in thr nther field. florrcrer, the profiles in Figure 5 indicate that 
such is the cape. On OctoFler 5, when there mas no pumping from 
the Dickin~on field, the pieaol~ietric surfnce hef~veen the two fields mas 
much higher tian on Octoller 3 and G, when wells 2 and I, respectively, 
in the  Dickinson field \\?ere operating, in spite of the fact that on 
Octobcr 5 the piezometric surface between the Canoe Brook field and 
the White Oak Ridge field mas lower than on the other two occasiom. 
The profiles atso sl~om how changes in the pumping rate in the White 
Oak Jiidge field affect the head in  the nearest part of the Canoe Brook 
field. Ry analogy it may be reasoned that if the pumping in either 
of the East Orange ~ r ~ e l l  fields affects the head in the Canoe Brook 
field, pumping in that field wiIl affect the head in the other two fields. 
The eflect resulting from any particular change in pumping condi- 
tion during the period of the test was not great, since i t  mas not pos- 
sible to rnain;ain any great difference in the rate of pumping for a 
long time. If greater differences could have been obtained, the effects 
mould have been correspondingIy greater. 

Obsen~ations were made on tlw effect of pumping a new well in the 
Canoe b o o k  ficlri on January 26, 1926. The well, known as Kelly 
KO. 1, drilled near the site of n-ell T 10, in the northern part of the 
n ~ l l  field, is 135 feet deep. The lower 75 feet of the well is equipped 
with concrete screen, the inner diameter of which is 25 inches and 
the outer diameter 32 inches. Sand is reparted throughout the section 
in whir11 the screen is set. IToiw~cr. clay is also reported at several 
depths, irlit.11 a total thickness of 30 feet, and the material< at sucll 
depths probably do not xield 111ucl1 water. During the test, which. 
continued from 10.53 a. 111. to 5.30 p. m., obserrations on the depth 
to water and yjcld of the ~vell  ac re  made every 13 minutes. The 
morenient oC the water level in n-ell 35, about 1,100 feet to the south- 
cast, mas chhscmed hy meails of a nrater-stage recorder, and frequent 
mrnsurcrnei~ts were 111atle of tlre depth to  n-ater in acreral other wells. 
The data for Kelly well 1 and i r~11  3.5 am shown graphically in Fig- 
lFrP Pi. 

I n  the graphs only a f c r  ol the inany readings on yield and water 
level during the test are shown. The points are so chosen, horrever, 
as to shon~ the general trend of conditions. At certain times the rate 
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FXGURE 7.-Grapl1~ nnowinr: yield of KpEly well I nnd nlovemertt of mnbr l ~ v e l  
in RelIy well 1 and well 35, Cnnoe Brook field, January 26, 1926. 
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of discharge apparently r~mnined c o n s t a ~ ~ t  for an hour or more, al- 
though probably there mas aetnal1;v a smnlI decrease-so srnn1l that  it 
coulcl not bc ineas~ired on the scale nscd in men~ur ing  the discharge 
o r w  a weir. For surh times the graph s11o1vs o~11,v thc first and last 
readings a t  a g i r ~ n  rate. 

During the first half ho l~ r  nt the test tlie yield of the n,ell csceeded 
1.650 gallon6 n mi nut^. LInrverer, it clecrrns~cl g r a d u n T l ~  throughout 
the t rst,  ~ n r 1   hen pmnpin? stopprtl thc yicld tvas only ahout 1,490 
gallons a millute. Tllc gmph inilicatcs that if pumping l l ~ r l  continued 
the yicld ~ r o u l ~ l  hnvr rontinucrl to (1cr.ren~e for a t  lcnsl  scrernl hours 
nlld prrl~nps for many hours. The declir-c in yiclrl W F I ~  accompxnied 
ly a gra.atius1 but  continuxl lo~rrl-ing o l  thr  wittrr level. .\s n mnticr 
ol' fnct, thr  (IrcIine in yielcl \r-ns prohnhl:; duc largely to the loss of 
hrnil in tIlc veil and snrromlding water-l~caring bcrla. It is n-orthy 
of note, howc~rer, t l ~ a t  alter the first llollr thr  yi~lci apparent l?  de- 
clinrd n t  n grer i t~r  rnle than the a-atcr lrwI in thc pumpcil well. 

During thc test tlw watcr l r r r l  in mcll 35 droppcd ilenrlg 10 feet. 
;\Tter tllr first hour the r n t ~  of droll was r s  rapid in 1vr11 35 ns in the 
~ ~ u ~ n l ' r d  well, i f  not inwc rnpitl. l'nrt of  the drop wan prcsumab1,v 
dnc t n  an increase in the pumpa.gc I'mn other \\vclls in the fcld, a ?  
rrrortls on the n-rll fnr sc~cra l  4Inys I)rlorr and aftcr  tllc test showcd 
a drop ol' 1 t o  i (vt  cluriiiz t l ~ c  tiny :~tlrl rl rise of nlmut as  mncli 
nt  ]bight. Pifor to t l i ~  b r p i n : ~ i ~ ~ q  or thr  test tlicrc linil nlrrady oec~~rrcd 
n ilmp ill I c ~ ~ c l  of about 11h fert 1)rcauqr nS thc inerrnse in pumpage 
duriii,rr tllc morrliilg hours. ITon-cr~r, to  jurlge from thr recorrls of 
othrs days. the (i>5 ]lour:: ol' p u n ~ l l i ~ ~ g  ~'I .OIII  tlir IirIly wrll c:iurrcl n loss 
of llcarl ol' fit Irnst 10 f r ~ t  i n  1rt.11 3.5. 

S u n ~ ~ ~ o u s  n~cnsiircrncnts on pcrcrnl oihrr n-ells in difft.~.cl~t parts of 
t Iir C:~not? 1l1-ook firIiI indicate tha t  durinq ihc pumping test the I I E A ~  
in t h ~ n l  was lorrrri l  from 1 tn 3 fcct or rnorr, the iu~nonnt drpe~iiliilg 
upon llic locn t ion of thr  s e l l  with rrcl-rr~t to tIir Kelly 1 ~ 1 1 .  111 well 4, 
ni thr rstrrlllr 110~tllenst cfll'llrl' of t11~ field, i l l  llrfid a p ~ l ~ a l ~ d  
io 11~' at  lcast 1 foot. 

T'cl.ll:~lw i l ~ c  111o.ct sirr~lifiennt fact r ~ \ ~ o a l c ~ l  I,? the t e s t  of the K ~ l l y  
WPII  is that  nt the mte of pmnpinq in cff~ct, a prriod of $ i s  honre is 
not snficieut to i l r t ~ r i ~ ~ i i l e  the trlle yie:d of thr 11-ell. The curre 
~lloiving tlic yirlil of  Ihc well (liq. 7 )  shon-P 110 incliilntiorl to become 
I~oriznntnl~ and expcrirnc~ in other regions shows that  the ~ i c l d  mny 
rlrrrracc for a t  Icrtsl s c ~ c r n l  hours mil J)J nil nmolunt that mny 11c ns 
much rip 100 g:111nns n minute. ny aiixlegous rras(~ning it is co~~cluded 
t l ~ t  the yi~-111 nf Ihr n-rl1 Rchl(1 u ~ i ~ l c ~ .  on! pnrtieulnr conilitions for FI 
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pcriod of ;L f ~ m  hours  can not be co~lsirtcrcrl to be the xield that  cn:] 
be mnintnincd during continlio~is pumping Ior sererxl days n t  a time. 
That this s t ~ t e m r n t  can s a f c l ~  be applied to the entire Canoe 13rook 
field is suggested by rccords from water-stage ~ecorrdrrs on wells 30 
and 35, RPhicb sllow t h a t  as Iong as a high rate of ptimping mas main- 
tsineil the water level continztcd to chop. 

I n  gccller;tl, ttlc obscrvalioes in tllc Cenoe Brouk ficlrl i~ldicntc thnt 
the heat1 on i l ~ e  ~ v i ~ t e r  Ilnutnates i l l  ncoordance with cllnng~s i t )  pump- 
~gr ,  but t h a t  t h ~ r e  is n Ing in tlic ino\-rmcn~ of tlie head, so thnt it 
docs not reach a stnhlc condition I'or n ccrtrtin ratc of pumplgc  until 
Sonw tinw nltcr the rate hns bcen cstnblished. 

From June 20 to 29, 1027, n prolongccl serics of ol~scrv;~t.ioiw of 
r .r t ' t~in ~vrll:: in tllc Uai~oc 13i.ook n11d \Thitc Oitk I : i ( F ~ r a  f i c k l t l - :  IY:I.: 

mnde. Thc tcst was inndr prirnnriIy for tlte pnrposc o l  i l c t c ~ ~ ~ i ~ i n i n g  
thc cflcct ur ~~un i l i i ng  I'rrrm lienr ~rcll, know11 as ICelly wrI1 %, j i l  tlie 
~lcrrhlicrtxtcr~l part ol' t l ~ c  Ciunoc Rrook 6rld. (Scc pl. 1. j '.l'l~c me11 
is 133 reek clccp, amid the lo~vcr  ";.i fcet is eqriipped ~vi th  n co~lcrrte 
scl-ccn, t l ~ c  irtsiiEc dinmctcr of ~r-hich is 25 inches nail the oatsiilc 
r2i:unctcr :I.! iitcl~cs. This ~ w l l  is cqr~ivped with n hig11-duty pump 
tvi1fc11 pumps rlircctly into the di.~triLution main of the Commonrvcnlth 
\\-ntcr CO. ngainst a high pressure. The discharge of the well is 
rccordcd by a TTentnri meter. 

During the test continuons rccords were obtained of the pumpage 
from the two well fields of the East Orange Water Depnrtment and 
the Canoe Brook field of the Comnlorlwcalth ll'ater Co. Water-stage 
rtcorders gave continuo~is rcccrrda on well 30 in tlie Canoe Brook field 
and on n !\-ell in the so-cxllcd neutral zone bet~vccn the ~ I V Q  well fields. 
(Scc pl. 1 for location of  ~rr1l.s.) The genernl trend of the matcr level 
i l l  tllc pun~prd 1vcI1s i n  tlie I\'llitc Oak iiidpe field lvns rletcrmined by 
hourly readings of the racnum oo the silrcticn line from these mells. 
Tllc depth to nPnter in Iiclly well 9 mas measured frequently during 
the day, but it wns not possible to do so nt njght. The essential dat;a 
ohtained during the test arc ehol\,n graphicdly in Figure S. I n  this 
diagrnm the ,al'npll indicating the movement nf the rratcr level in me11 
30 i s  shorvn nwrely as x. serics of straight lines connecting the highest 
arid lowest poin5s each day. The true line is not straight, for the 
wi~ter level changes fxstcr fit some times than at others, and also for 
short periotls it movcs in the oppositc direction to the gen~ral trend. 
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FIGURE P.-Gralrhs s11rruvirig rnt c of l)uli~~lin:: nntl flwr u : ~  t ion a f  w;iicr lpvcl in 
crrtniil \\+el19 in the Tl'i~iLc 091; Ridrr nnd G n o e  Rrook fields, 
JI I~P 20-29, 1037. 

The Rellg well 2 w a s  operated contirw)ual~ from about noon on 
J u n e  21 to  noon on J u n e  28, h u t  obs r r r~ t i ons  mere made for about 
36 hours be'ore m d  after that time to afford a basis for comparing 
the conditions produced by pumping tbe mcll with those when it was 
not in opera ti or^, As s110wn bg the graphs, the pumpage from the two 
fields fluctuated constant1~; in response to the demand, and it is prac- 
tically impossible to find ~IVCJ periods when coilditions were the snrnc. 
Furthermore, nrllen ille Eellg we21 was pumped, the draft on the other 
wells in the Crtllo~ Brook field mas reduced by an amouilt equal to 
the rate of pumping from it. As ,z result the center of d r d t  or lowest 
point of the piczometric surface in  the well field wns shiftccl toward 
t K c 1  1 1  For  thcsc reasons close c3lnpnrisons can not be made, 
a n d  only gcncml differences in collditinnj are of valnc in considering 
the effect of pumping the Kelly {yell No. 2. 

The yield of the Krlly mcll fluctuated more or less tllroughout the 
trst, with n saner from allout 1,700,000 to 2,100,000 gallons a d&j, 
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QVAETITY OF WATER hTAIT,.\RLE 3 .i 

(1,180 to 1,460 gallons FL minute). When Kelly well 3. mas tested on 
January 26, 1986, its ~ i e l d  declined for some hours after it started to 
pmnl) (scrb 11. :C-l 1 .  hut  no  s11cl1 ilrt.lint? in yirld wila l'uuiitl ill J<elly 
well 2. This is to bc nccounted for, a t  least i n  part, by the conditions 
under which the pllmp operates. When pumping directly into the dis- 
tribution mnin, as it did during the test, one of the fnctors that influ- 
enrrs thr jjcld nC liclly well 2 is the pressur? against which the pump 
is operating. II the pressure increases, the yield of the well decreases, 
nntl ricr rprsn. -1s the pressare fluctuates from time to timc i t  is not 
pnssihle to consider flnctuations in the ~ i e l d  of the well as due wholly 
to  conclitio~ls a t  the ~r-ell itself. T h c ~ e  is renson to believe, however, 
t h n t  the yield wouId hart dccrcased if the pressure had remained con- 
stant. This is wggested bx the fact that the water level in the Kelly 
well dropped far a t  least five houm after pumping began. It may 
haye dlroppctl even further, but  obsenrations mere not made during 
the night. It remnined at about the same level on the second day of 
pumping (June 22) as a t  the end of the first day, although the total 
pumpage from thc C s n o ~  Brook field was xr.nch less than on the first 
day. On the third and fourth days, when the total pumpage in- 
creased, the water lerel in the Kelly well dropped agnin, and it reached 
the low point o t the test  i n  the lnte afternoon of June 24. Thereafter 
i t  rose and reached i ts  highest lerel when the aeH mns pumped during 
the night of June 2G-27. The, rise in  water level undoubtedly oc- 
curred bccnusc the total pumpage from the Cnnoe Brook field was 
less on June 25, mhieh mas Sunday, than on any other day during 
the test. .A reduction in pumpage from the White Oak Ridge well 
ficld may also hare been partly responsible "or the rise in water lerel 
in the Kelly mell. 

The g n p h s  of water-level movement in the neutral-zone well and 
the While Oak Itidge wells show a trend similar to that of the move- 
ment in  the Kclly well. Thc graph J'or thc Vllite Ortk Riclg~ wells, 
h n ~ e r e l ;  s l ~ o ~ v s  certain irregulnrities t ha t  are trncenble t o  notable 
chai~gcs in pulr-pngc fmm those wells. The most marked irreguTarity 
nccmrci[ on the nftcrnoon and night of J u n e  26, mhcn, as alrcady 
1)ointrd out,  t h ~ e  nTns n great reduction in  pumpnge from both mell 
f i ~ l d s .  Anothc: noticeable irreguTarity occurred about noon on June 
24, n ~ h m  the T I ~ Q ~ F T  level dropped ~ e ~ c r a l  fcet  in responac to a sudden 
incrt.ase in purnpugr. 

.t study o l  the gmph lends to  the conclusion thnt the long pcriod 
of pumping Iron1 tllc Rrlly ~vr l l  Inwcrrd thrb hrnd on tllr n-ntcr in the 
Il'hitr 0:lk 1:idgp 11-r.11 firld nud, necnrdiny to thr principles of hy- 
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dl.anIics, mzlst hacc clu~laed a decline in the yield of the weus for a 
gircn "input" of ponrrr. This is sliolvll in pnrt by a decliiic ser- 
ern1 fcct i n  the malcr  l c ~ c l  ill both the 11'11ite Oak Ridgc ~r-clls and 
nrntrfil-xo~~e 1rc1l for 12 Elours or more after pumping of Kelly 
n.r.11 ~tartt&{l on J u n e  21, ~lthougl: hduinp that periorl thcrc ~ras no 
j~~vrefise j i i  the ncuragc rate of pluinping from tllc Wliite Oak Bidgc 
1 .  Fnrthennore, a t  that time the wafer Icvel in the neutral-zone 
wrl1 rcachctl s point about 3 feet lon7cr than on the p r rc~d ing  day, 
~ltllo11~11 tllc rate of pnmping was the same. Subsequentll, on Ju11y 
23. 4-1, nnrl 2.;. tlw w a t ~ r  lpv(.I i l l  tlirh~e two  ells dl-opprd crcu lo~ver, 
although there urns littlc jf an) il~crcasc i2 the rate of pumping from 
the ll'hitc Oak Riclge ~r-clls except for x pcriotl of a frm hours on 
.June 2 L .  11Vl1en the Krlly Gcll TTHS sI111t rl01v11 011 JIITIC 28 the n'xter 
l c ~ c l  in the neutral-aoi~c 1 ~ 1 1  rose Tor. ncarlx 24 hours, nIt110ugh during 
thnt tilnc thc pumpagc froin the White Oak Ridge wells ~1-1.xs slightly 
more than on the preceding day. 

.\lthougIl there is evidcl~cc tlmt the Kelly rvcll nffectcd the head on 
the water in t . 1 ~  IYIiitr~  OH^ Iiidgc fi~lcl, it i s  rliilic~~lt, for reasons above 
st:~ted, to evaluate tllr t ~ l l ' r h c l .  Co~i ( l i l i o~~s  ill ~ I I C  early 1);1rt of the t e ~ t  
~ l l g g - ~ ~ t  t h a t  i t  ]nay Ilnw Inrrerrrl tEip hcnd ns mudl  as 5 fcct, although 
this is not certi~in. 111 this connection it must be rememl-rered that  
~r.llnl the S<i:ll~- zw11 wns bcitig opcratcd, t l ~ e  ratc oil pumping from 
thc rcst of the field wws mnvh helon~ its ratrd capacity. If the other 
~vrlls  n-erc pumped to cnpacity nt tlze same time, tlie loss of bead in 
the White Oak Ridge fieId would have been even greater. 

I n  considering the capacity of the Canoe Brook field it must be 
hnrne in mind that  when the Kelly well i~ being pumped, tile y i ~ l d  of 
the other wells fox a given inpnt of powur is doubtless somewhat less 
t h a n  wlicn it is not pumped. Furthcrlorc,  the trst of June  20-29 
mas made in the early pnrt of the summer, before there lzad been any 
grcnt loss of 1 l c ~ d  due to seasonxl variations in the redlarge of water- 
hmring bctls. The rccharge is geaerally bast in the later part o l  the 
summer, find i t  is possible that in the dry season of tlie year tlle yieId 
of thc 11-ells will be less and the effect on thc White Oak Ridge wells 
will be greater. 

The test shomrd thnt the KeIlg well 2 has a large specific capacity- 
tliat is, its jicld is large in proportion to  the dra~vdown or loss in head. 
During the test the yield mas ncvcr less t'nan 1,650,000 gallons a day 
(nhout 1,14.? gnIlons a minute), and the maximum drawdown as corn- 
pnrctl to the static water level just before pumping began was about 
20 fect. The yield was tIlereCore fully 57 gallons a minntc for  each 
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foot of drawdown. Among the wells in Xem Jersey for which the 
writer has definite data there is onIy one tha t  has a higher specific 
capacity. This is A rvcll in the Puchaek Crcck field of the Camden 
Il'ater Departmcnt, which i n  a test on J lny  10, I D R Z ,  had n specific 
cnpacit! of 68 gallons a minute.l 

'Fhc specific capacity of Kclly well 1 in the Canoe Brook iield at its 
lorrest yirld in the test of Jnnnnry, 1026, mas 46 p l l o n s  a minute. 

Tlir profi1e~ of the piemmetric surface in Figure 5 sholvs a grcxt 
dcclinc in the Iqdmstntfc hr i~d  iron^ thc t ~ r t ~  I';RP~ O Y A I I ~ C  \re11 fi~li ls  
to the Cannc Brook field. It hns b e ~ n  shown on page - that there js 
gonil rcxsoil for believing that  n buried channel in the pre-glacial 
rock snrfncc I P A ~ S  from the vicinity or the Cnnoe Brook ficlcl south- 
enst~vard tlirougl~ the  Short Hills gnp. Presumably grolmd ~vnter 
mows n l o n ~  this chnnncl, find it n~ould be nntnrnl to expect a hy- 
draulic g ra t l i e~~ t  from points high in thc drainage area to lomcr points. 
T l ~ r  qucstiou A T ~ S P P ~  n - l ~ ~ f h e r  t h ~  10wrr hratl in thc Canoe Brook field 
rcs~ t I t s  f rmn tliii: ronditio~i or lrt~nl somc othcr C ~ U P C ,  ~ s p ~ e i ~ l l y  from 
pumping. 

Canoe RrooX. field.-FortunatcIy, rrt thcr tlefinite information is 
n~ziilablr tn  nnw-er. this qacstion. :\rcnrilinp to records furnished by 
E. 11'. SIc3lanc. or thc Cominonn-ealth Il'nter Co., thc Rrst rvcll (So.  
1) in tlir C'nnop Bmok tirld \\-as drillcil in 1899 to  a depth of 152 
feet. :it this d ~ p t l l  it taps t h ~ !  principrll I!-ater-bearing betls in tht? 
ficld. ITllrn thc \vrhll wns complrted n. lloec ivns nttachcd to the top 
of f l e  ensing, ant1 the  ~r.nter rosc ill it to a I ~ w l  30 feet xbnrc the 
enrincr. .\s tile ground nt this point is nbou t 173 Icet abort sen level, 
~ F I P  original san:ic ]eye1 must thcrclorc have bccn slightly more than 
200 feet nhorc sea Icrcl. A s  shown in Figure 5 the hend in October, 
1925, i l l  wells in this firlrl thn t  wrre not p~impetl (Nos. 4 nnd 35) 
Tras fro~n n l ~ o ~ t t  130 to 1-30 lcct above scn Icvcl. In  ~ I I P  25 years 
bctn-ccn 1899 and 1953 the llrnil therefore dropped GO fect or mom. 
Thrre is 110 (lonht that  this gsrat loss i l l  hmil has becn duc to pumping 
from tlic water-bearing Iomntion.  For  serernl ycnrs after the first 
wells were ilrilletl t h y  srem to hare ov~rflon-ed natnrnlly into n ''suc- 
t inn rv~11'Yrorn which thc clistribt~tioil pnrcpa drcw. Grndunlly the 
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water lerel n7as lowered as pumping increased, until it fell below the 
limit of suction lift. The time when this occurred is not definitely 
knorvn, but it n.ns probably about 1910, as in that rear nn air com- 
pressor mns installed on the pumping plant. 

TF'hife Oak Ridge Field.-No data are available as to the static head 
in the \'I!llite Onlr hlidge field when tlle first ~vell w w  drilled in the 
Canoe nrook field, in 1899. Vermeule states Urat when the White 
Oak liidgc Acld was dcvelopcd in 1903 "the static pressure on the 
group of wells near the pumping station was about 8 pounds per 
square illell [equal to R h ~ a d  of 13.5 feet) at the surface of tlie 
ground,"' ahicla n-ns n l~ou t  155 feet aborc sea I~I-el. The static lerel 
a t  tlmt time was tl~ereforc slightly more than 200 fcet above sea level, 
and in 1599, bcfore thcrt! ivns any pnmpi~ig in the Canoe Brook field, 
it mny hare becn considembly higher. I n  1923, when the TThite Oalc 
Ridge tvells were not pnmpcd, the water rose in thcm to an altitude of 
about  1% fret ahore sen level, or at lcnst 25 feet below the original 
head. IIomevcr, as shown hy thc graph o f  d ~ e  rvatcr lcvcl in the obser- 
vation ~ v d l  n m r  13tlldmin I'oncl on October 6 (fig. 63, if the wells had 
been shut off for a long period the water undoubtedly would have riser1 
several feet higher. 

Dickinson Field.-When the first wells mere drilled in the Dickinson 
field, in 1923. the bead ~ v x s  about lYG fcet above sea level. This is 
considerabIy below the head in the Canoe Brook field in 1899, and 
presumably at  that time the head was higher in the Dickinson field 
than in 1023. IIomerer, if there mas an outlet for the ground water 
farther down the Passaic Valley, the head in the Dickinson field may 
not Iln~vc becn quite as high as in the Canoe Brook field. No data are 
available to shorn whether this is true. 

.lfndism a d  Clmtham fiel&.-In 1898 the head in n. me11 drilled 
at the Madison waterworks was 199 feet above sea lerel, and that  in a 
\$-ell a t  Chxtl~nm mas ahout 2 feet lower. These heads arc so nearly 
the pame .u that  in ~vell 1 in the Carm Brook fieIB that they suggest 
that the water-bearing beds in the two localities are connected. 011 
October 21, 1925, the head on weIls in the 3Iadison field, af ter  all 
mclls had hceil shut down for about four hours, mas 192 feet above 
sea level. The data are not sufficient to show whether the head mould 
hncc risen Furthor i f  thr wells Ilnd htvn sl111t 011 lrn~ger. ,llso there is 
no informntioll to  shnu- dlc cnosc of tllc apparent loss ill lund below 

Tprmrule, C. V., Stntr  Ih010~ist ,Inn. 1iel)t. for 19M. p. 259, 1M5. 
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the original level-whcthcr i t  was from pumping in the irfadison field, 
thc Chatbarn field, or the more dis tant  well fields. 

TnterpreIatiolt of Ui,ferences.-There can be little donbt that n 
large part  of the declinc in  hcnd in the Canw Brook and White Oal; 
Ridge well fields is due merely to the fact thnt the water-bearing beds 
are confined to reIatively ~ ~ z r r o w  elongnted channels simulating con- 
duits. In  oriler to reat11 the pumping ~vells the water must flow 
through n cornparatirely srnnll cross section, with n greater ~elocity 
thnn if thc beds spread out in al l  directions, and consequently therc 
is a considernljle Ioss ol lleatl dne to friction. On thc otlrcr hnnd, some 
or the d t ~ r l i i i ~ ~  i~ h~x(1  mny I)c clue to n d r a f t  in esccss of recharge, 
with ro~isrqurnt w i t l ~ d r n ~ ~ ~ a I a  II-OIII storage. In order to determine 
whcther this is true it ~vould l)e ncccssary to  have observxtions on 
fluctuation+ nl' the htnrl in parts of the storage area thnt are not 
a f fec t~d  directly lly plunpiiiq \velIs. 'Cinfortur~ntely, no such observntions 
arc avt~ilable. Or some value, however, are the data in regard to  water 
level, on October 3 to 6, 71925, in wells Kos. 1 and 23 of the Fas t  
Orange Water Department, located respectirely near South Orznge 
A c c n ~ ~ c  anti near Korthfield Road. (See Figure 5.) Although the 
h ~ n d  irl tElrsc rvm.alla brfo1.e therc wnq any plirnping irk tlie region is 
not kironn, i n  1'125 it TrHs I\-ithi11 I-L few fret 01 the original head in 
thr C i i l ~ u c  Rrnok field. '1'11~ obs~rvntions on the welh in the hIadison 
~ ~ 1 1  Iieltl siinilnrly shcrm o ~ l l y  n rather small differract? betmcnl the 
originnl Ilrnd nllrl tlie I ~ ~ a c l  after tlw ~v,vclls Iinrl b c ~ n  shut  down for  
se\.urnl hour< in 1925. The value of the d a t a  in regard to this field is 
Ee~;;ent,rl, hawcrrr, by the fact that  it is not certnii~ illat the water- 
brnril~g heds a r p  connectrd with those in the other fielris. 

:\ lal-thcr significant Pact is thnt even in the Canoc Brook field, 
diere  the head l ~ n s  dcclincd thc most, the water-bearing formation is 
ecrry~vhcre saturated and the rvntcr uridcr artesian pressure except 
periinps within a fe lv  feet of pumping wells. When these are shut off 
the water rises n b o ~ , c  the top of the water-benring formation. Thcre- 
fore. it ma!. be eonsid~retl that tliere hns been no draining of the for- 
mation in thc well ficlils. If there has hem niiy actual \vithdrxwal 
from storage it has heen nt sonre distnncc rrorn the fields and there is 
presumnbly a considerable ~o lu rne  of water still in storqe. 
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SEASONJIL FLUCTGATIOS OF HEAD 

Water-stage recorders have been maintained on wells 30 and 35 and 
on the well in the sa-called ncutral zone bctrvcen the Canoe Brook well 
field of the Common~r.calth M7ater Co, and the White Oak Ridge well 
field since late in September, 3025. Unlortunatcly, bo~i~cvcr, the ree- 
ords from al l  thrcc ~ ~ 1 1 s  &re lacking f or mamy long periods, as a result 
of circumstanres that could not be controlletl. Tlic recorder installa- 
tion on well 30 was damaged by a caving of the ground around the 
~vcll, nnd it could no t  bc m e t  for x l on r  timr. IT'pll 35 could sot be 
renchtd for long  periods ~ v h c n  it was ~urroundcd by ovcrflolv water 
from tllc Passaic River. TIlc recortlcr on thr ~ r r c l l  in the ncutral zone 
has never ~ r - o r k ~ d  properly, lxrgcly I~ersutllpe of the small diameter of 
the well a n d  the nearness of the water level to the surface, which hin- 
ders the  frcc mnvement of the float nntl countcrtveight past e ~ c h  othcr. 

The r~corrl  of tho lo~r-cst writer l e v ~ l  renrlletl ench (lay in wells 30 
a u d  3.5, wilh tlic daily pumpayc from the C'anoe Brook liclrl, is &own 
~rapli ically in Fi,oure 9. The r~cortl  from thr  wrll i l l  thr  nrutra1 zone 
j s  s u  i ~ ~ c o ~ n p l c t c  tlrat i t  is not rcprorincrd. T l~ r  pumpage slio~vs con- 
sidernble rarintion from day to day, which is due to sccernl conditions. 
As co~nparccl to tlic fluctuation in consnmption bctwecn different 
senawls of t h ~  year at  certnin other locnlitirs in S'PW JCISC~, notably 
f11c shore resorts, the fluctuation here is ]lot great . I  3Iorc striking 
t.Ila11 any seasonnl increase in conaum])tion is a pratlual increase from 
FCRT t0 JCRI'. 

111 accord with tltc g l '~]dl  of C O I I S ~ I M ~ " ; O ~ E ,  tlie gmph showing the 
movement of thr  water level i l l  the obscrvntinn n,clls sflerrs 110 marked 
srasonrtl flnctuations but more or less f l~~ctuations from clay to day. 
A cornpfirisor of the pumpngc and water-lcrcl graphs s110n.s in general 
a fairly close correspondence in that  when tllesc is a sharp increase in 
thr consumption ihcl-r is a In11 in tlic r ratr r  l r r r l  i l l  tllr ~r-ells. The 
graphs thus fnrilisIl arlditional evirlrnrc ehalr.ing that tlic head of the 
11-nter fl~trtufitrs with the rntc of primping. 

' See enpec.iol!y Thnrnpwn, D. G., I:lhou tlrlxv:~- tar st~lllrlirs oC I hr A t l ~ ~ n t i r  City 
rpfiior~ : SPU- .;IPTRP~ D P I ) ~ .  Con%crvn tion 2nd Drrrlarl~mrnL Rr~ll. 30, figs. 1:j 
nntl 14. 792s ; nnd Groti~lrl-wnt~r f;upplios oC 1E1r , \ s I > ~ ~ r y  Pnrlt rr:.ion : Sew 
.Irvsr.y J)r] l t .  C'n~lui.r.v:~t ion nnd ~ P I . P ~ < I I I I I I P T ~ ~  Rull. 37. lig,ru. :! :~rltI 4 .  19::O. 
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QUANTITY OF 'IridTER ATT+iIL.WLE 41 

EFFECT OF FUTURE INCREASES IN PUMPBQE 

The data are not sufficient to  determine the mathematical relation 
between the rate of pumping and the head. 15 may be assumed, how- 
ewr, that under the principles of h~draulics goceri~ing the  flow of 
ground water as studied in other localities the L a d  fluctuates approxi- 
mately directly as the rate of flow. On this assumption the eflect of 
future increases in pumpage r n q  be considcrcd. 

During the pumping test of October, 1925, when the pumpage from 
the Canoe Brook field was a t  a rnte of about 5,000,000 gaIlons a day, 
the wnter leveI in well 41, which was being pumped, was about 90 feet 
I I i i  t i  I I I 1 i l l  (Stv 1 ~ 1 ) .  ?ri-:jO H I I ~ ~  

Fig. 6.) The loss of head nrns thus nbod 18 Ieet per million gallons 
of pumpnge from the entire field. As shonm by Figure 3, the top of 
the wntcr-bearing formati011 in ~vc l l  41 is at an altitude of 85 feet 
nbove sew lcrel or 115 feet helolv the originnl static level. On the basis 
of t l ~ r  figures just given, if the rate of pumping in the we11 field were 
incrcnsed to more than about G,:i00,000 gallons a dnj-assuming the 
drnft to  be distributed among fill the wells in the same proportions aa 
csistetl in 1925-the top of the formation i n  well 41 aould be drained. 
Thcrenftcr thc dircct rntio ~ ~ o n l c l  not be especeed to  hold, but for fur- 
ther incrcaacs in the rate or pumping the d w l i n ~  in head would be 
disproportionntdy great. 

During the pame test the lo\v\-cst watcr lcvols in wells 30 and 35, 
which were not bring p~unprd, were about $0 m d  60 feet, respectirely, 
below tlrr oripin~: static lev~l! and the loss i n  Ilcnci per million gallons 
r\-<-,ls 1 4  and 19 fcct, rejpectirrly. Observations mere not made on well 
42 daring subseqaent t ~ s t s ,  btlt the records for wells 30 and 35 mny 
nfford an opportunity to check the ahove estimates. During the tests 
of June  20-29, 192'1, when the pnmpxgc frorr~ the Canoe Brook field 
reached n rnte of nbout 7,500,000 gallons a clay, the water level in 
well 30 dropped t o  a point abont 75 feet below the originnl static level, 
and the loss of head per million gallons mas only 10 feet instend of 
14 feet, The head in well 35 dropped to  a pcint nbout 77  feet below 
the origi~lal static lerel, and the loss of head rvas a little more than 1 0  
feet per million gdlons. The loss of head in the two wells was not as 
great as during the test of October, 1926, and it mxs not in the same 
proportion. In  fact, the yield of the field mas greater than the limit 
.of 6,500,000 gallons just given, and the decline in head per million 
gallons Tas less than in October, 1925. This was pre.sumably because 
in the Inter test the increase in drnft was not divided between the 
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wells ill use ill I9?5 I)nt occurred in thc new Kelly ~r-ells, ou t l r ~  outer 
borders of the f i ~ l d .  Tbe difference I~et~veeii ~spec ted  anti actual con- 
ditions may possibly be due in part to the fact that the two tests vrcre 
made at different seasons of tlie yenr, whcn the conclitions of rcchargc 
of t l ~ c  water-bearing beds may be diffcrc~t.  Therefore, the conrlitions 
cxiinot be accurately compared. 

If only the lowest dcr.linc ill Ilclld ohserrrd i l l  either of  wells 30 and 
3+5 is used as a basis for  f n r t h ~ r  compntl~tien, nan~rly,  10 feet per 
millioil gnlloiis, i t  Is Cound tllnt tlie top of the water-henring forination 
in  non-pumping meIIs ~vould be nn~vntrred if thr rate of pumping mere 
incr~aserl to 10,000,000 or 12,000,000 g a l l u r ~ ~  a (lay, as.cmning the 
draft to Be distributed proportionally along the melIs operating as i t  
was dnring the test of June, 1!327. If il were clistributetl as during 
the t e ~ t  of October, 19.2.5, draining would occur nt  a. sligl~tlg loivcr 
rate of pumping. IIolr-crcr, these figures are for rvclls that are not 
pmnping. S i ~ ~ c e  the water lerel in pumping wells 1~011ld be a t  Ienst 
20 or 30 feet lorn~r  drnirling of the formntion rroulrl begin a t  much 
lower quantities than those! just stated a rd  niore n ~ n r l y  as in tllc esti- 
rnatc based on ob~ervatior~s on we11 41. It thercforc is questioiiable 
as to whether n rate of pumping of as mucll as 10,000,000 gallons a 
day in the Uniioe Brook Iielir could be rcachetl without excessive drain- 
ing of the formation. It should be rerncrnhered that this Iiinit is 
imposed by the permenbility of the formrrtiorl in the well field regard- 
less of conLitions of! recharge and storage elsen+cre i11 the under- 
ground drainage arcn. 

Even though the figures just given may be subject to some error 
there is no donl~t that t h r r ~  ti-ill be n consid~mhle loss in t11c head if 
the pumpage iincreas~a rer1 much anrl that the masimnm mtc! of pump- 
ing tbat  cx i~  l ) ~  atinined is l i m i t ~ d  1,y thc thicl ine~s n11d dcptll of the 
~vatcr-bcnring foimntion. Also, an increase in rate of pumping in 
thc Cnnor R1,ook field may be expected to cause somc loss of ]lend 
i l l  the near-l)y 1Yllit.e Oal; Riilge and Dickinson well fields. The data 
ohtninctl (Inring the test indicate that  the declirlc in Eicad in the IVhitr! 
Ofili Xidge fieIri \rill he only n verv Ecw feet for every millioll gallon* 
of additional plzmpnge in the  Canoe Brook field, and prol~ably the 
derlinr i11 h ~ d  in fha Dickinson field mill be even less. Presumnbly, 
increases in pumpage in the Dickinson or White Onk Ridge field will 
cause a loss of head in  the Canoe Brook field approsimatcly equal to 
the loss pr~ luced  in the respective fields by pumpage in the Canoe 
Brook field. As in khe Canoe Brook field, the extent to which the 
draft from the East Orange fields may be increased is presumably 
limited by t h ~  thickness ant1 depth of the water-bearing formation. 
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The loss of hcail in an?? of the well fields mill result i n  a decrease 
ill the ?.ield of the aclls for n given inpllt of power, and the cost of 
pumping will incrensc. In orticr to  maintain eficient pnmping co~ldi- 
tions, it may be necessar? to l o \ ~ e r  the air pipe in  ~rc l l s  purnpcrl I1.v 

comprc~scri air or thc pump bowla of turbi~le  pumps. One or t h ~  
other of these mcthocls of pumping is used in thc Canoe Brook nnd 
Dickiuson well ficlrl~, m ~ d  atljuatme~lts to n lo~vering of the head m a y  
bc lnfiilc wit11 co~nparntirc w e .  111 the IThitc Onk Ridge field, how- 
crcr, ivl i~re t t~c  wells nre pumpetl by suction, the head cnnnot be low- 
ered much more thml few feet lrithout hreakiilg the suction. If this 
occurs the ~vcll field can be nsed o n l ~  b?- inrtalling an air-lift system, 
Iift pumps, or :Ie~p-rvell turbine pumps. 

It mny be poinltecl out that in nny of thc well fields of the region 
the pumpage cnnnot be incrensed indefinitely, for the incrensc in 
q u m " t t ~  thnt ctln be pumpetl is limited hy the depth of the bottom 
of the ~r-atcr-henring stratum. If the wntcr comes principnlly from 
the allilvium thc head can not hc lowered below nn altitl~clc of 23 to 35 
feet nbow sea ;eve1 or nbout 70 feet below the pumping l ~ r e l  in w~1I 
41 during the tests in Octobel; 192Y. As a mutter of fnct the yield 
oE the wells ~vould doubtless decrense before that point rras reachprl. 

-2.: ~ ~ n i n t ~ d  out  on pny? 39, it is not ~ ~ r t a i n  nhcthcr  the mntrr- 

bcaring deposits in the Chntham nnil J Iad iso~~ fields are connected with 
the deposits in the other firlds. Ilowe\*er, eren if they are connected, 
it is belielred that  iilcren~es in pnrnpagc in the other fields will cause 
vcrv little if an? xdditionnl Zaps in thesc fields, because they nre so fnr  
from th'e other well fields and their loss in head belolv the original 
static Ierrl hns bee11 so small. 

J t  has hrr11 shown nil 1 ) ; y c  C2 t h a t  t l r ~  yirlrl of  t h ~  C ' a l l o ~  Brook f i ~ l d  
of  the Cornmonw~nlth Water Co. is limited by the depth to  rvllich the 
h ~ n d  mny bc lowerecl. The snme condition is nndonhtedl~- trne of the 
l\'hite Oak Ridge flnd Dickinson fields of the R ~ e t  O r ~ n g c  Writer De- 
partment; but as the consumption from those tn-o fields is much less: 
than thnt from the Canoe Brook field, nccording to the present rates 
of increase in consumption the capxcit?. cf those fields will not be 
reached nearly as soon as that of the Canoe Brook field. The question 
ririses n h e t h ~ r  ndiIitionaI snpplies mny be derclopeit in other localities. 

The r h a n n ~ l a  ill the bpi1 rovk tllnt ~ m d e r l i ~  t l i ~  Commnn~wnlth and 
Enst Orange fields donbtless extend for same distnnce beyond those 

NEW JERSEY GEOLOGICAL SURVEY



fields. The great expanse of relatirely flat land along the Passaic 
River northwest and north of the Dickinson fieId especidly suggests 
i t ~ r o r a b l ~  conditions Tor obtaining ~~drlitjorlal sul)plies. If the I)r{i-rwk 
channel there spreads out into a wide valley-and this is entirely pos- 
sible-doubtless R very large quantity of water is stored in the uncon- 
solidated alluvium that fills the channel. On the other hand, if the 
channel is ns narrow as it is in the Dickjnson and Canoe Brook well 
fields the qualtity stored is rery much l ~ s ,  and the opportunitjr of 
developing a large supply depends largelj- on the recharge at some 
distant locality and the permenbility of thc  alluvium filling the chan- 
nel. If the channel is relatively narrow the hydraulic conditions are 
much like those governing the rate of flow in a pipe line. Water will 
he Rorving tl~roughont the len,@h of the channel to  feed the well fields 
already situated along it--that is, the Dickinson and Canoe Brook 
iiclds. As the hydraulic head or water lwel nt ally point is aff ccted 
by the rate o! f l o ~ ,  the development of additional fields aloiig the 
channel will cause a 10~8 of heat1 ever!-where, including the fields non- 
in operation. Ohuiou~l!-, i t  wonld not be vise to llndertake any larze 
aclditionnl dc~eloprnents where it is definitely known that the rock 
c11:innel is narrow and p~tmping from fields now in existence has pro- 
dt~ccd a loss of head that approaches thc limit of safety. It is believe(? 
th:i t such co~lilitions exist in the bed-rock channel that undedies the 
pscsent Canoe Brook in and north of the White Oak 'Ridge i i ~ l d ;  and 
although somc additional supply may perhaps be obtained from that 
channel, it is doubtful whether any large quantity may be expected. 
On the other hand, it is uncertain mliether the chnnnel beneath the 
Pa~saic  River north and northn-est of the Diekincon field spreads out 
or is narrow. It ma! be worth prospecting there.' 

Reference hs been made to the possible existence of a more o r  less 
distinct buried rock channel bencath the iowlnnci along the Passaic 
River south o? Chatharn and perl~aps of a branch to the north~c9t  
toward Chatham and Madison. The position of the surface contours 
indicates that this cllalinel probably joins the main channel through 
the Short Pills Gap, a t  a point southeast of the Canoe Brook field. It 
scems likelj- that. the effects of pumping in the Canoe Brook, Dickin- 
son, and White Oak Ridge well fields are not communicated to the 
southwestern channel. ,4t least, the loss of head resulting from pump- 
ing in those fields has probabIy been much less in the southwesterrh 
channel than in the channel beneath the three pumping fields. There- 

' Since thEs =s written the nraidbnrn field of  E a ~ t  Orntim llaa been devel- 
npr*rf with mnrl;e3 succesr. H. R. K. 
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fore, the locn l ib  southenst of Chatham seems to be a favorable place 
for prospecting for ntlditional supplies. 

Tn considering the possibility of developing additionnl supplies thcrc 
mast br bol-nc in mind the fact thnt hns n l r c a d ~  been emphasized that 
the rcchwpc map not he suficient to permit rrng great increase in 
drlaft. In  order to  determine whether this is true, data should be 
obtnjned to determine the extent of the water-benring beds. Observa- 
tions also should be nnde on fluctuations o i  the water level in wells 
as far as possibe from the pumping wells to see if there is a progres- 
sive decline in the static head that is greater than should be expected 
from given increases in the rate of pumping. 

To determine the course of the buried rock channels fo r  further 
developments will: require the drilling of numerous test wells at con- 
sirlerablc espense. Possibly the snme result could be obtained more 
economicall?- by some of the newly iferelopecl gpophysicnl methods of 
prospecting, especially those in which variations in the electrical re- 
sistivity ol the different kinds of material are used. These methods 
have been used with a good degree of success t o  determine the boun- 
i l n r ~  h~trrrcn 1)c'd rork and or-erlying uncon.~nliiln t ~ r 1  sxndl grnrcl. and 
clay a t  dnm sites and c1semhere.l The conrlidons in  the P~ssaie River 
Balley seem t o  be well ndapted for determining the coursc of the 
hurieil rock channels by these methods. 

WSPP FTeophysicnl pmepccting, rt symposium of p t ~ p ~ r ~  and rliscussion pre- 
wntrrl nt meetings of the Am. Inst. )tin. and Met. Eny., eqwcinllg Crostlg, 
I. B., 2nd h~cnnnwlon, E. G. ,  Blecbricnl prospecting npplied to foundation prob- 
lems, pp. 109-2-210, 19%; also Gish, 0. H., nnd Roaner, IT. J., 3Iensuremcnt of  
reaiatiritg of lnme masses of undisturbed ~ n r t h :  Tprretrtriat 31ngnetisrn rind Bt 
motpherit Elcctrieitp, voI. 30, pp. 161-193, 1925. 
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. \ ~ ~ n l ~ s r s  or firr sr~ii~]~lrs OF n-ntrr fmm u-r-rlla in the P n w a i c  River 
l b l l c y  ncrlr Clinthn~n are pireil in the f o l l o ~ i ~ i ~ ~ g  table : 

.\S\'IT,I-SI.:S OF \ V l T l ? l t  FIIOM IVEK.T.9 IS TlIE I'.\SS-l1F RIVER KlLLEY SE.IR 

CII.iTII.\Jt (+IS.\T,T%EI) l lY C. $. HOi\'.\IiU. COLLECTED 

DCT. (i _\SD 7 ,  10T.3. P.iIITS PER I ~ I ~ ~ L I O T )  

1. IVpll 41, Ca~loc  13rooli field of Co~na~~n i~wcn l t l~  Water Co. Del)tll 303 feet: 
rlny a r ~ d  s:11111. L Q X  fwt  : P : I I I ~  B I I ~  CMVCI.  8:+1:33 feet : Trii~ssic sflrid~tai~e, 
139-'%3 fecc. 

9. COIIII )OP~~P snmple fro111 20 \\-PIIS. \Thitc Oak Ridcc ficld of East Orange 
Water n ~ l > n r t r n ~ t ~ t .  I )~pt l>s  100 to 1'2.7 fvct; *In, 311d sni~d in upper part, 
grnrvl ill Imrcr psrt. 

3. L ~ ~ I L P  \w11 I, Dickinsn~t firlrl a€ Enst Orange T a t c r  Department. Depth 
13.5 f w t  ; mostly rln);, @-I0 fert :  salld 100-1x5  fort. 

4. I J : ~ y ~ ~ ~  1 ~ ~ 1 1  8. T)i~kit~s(~ii  lield of I h t  Or;lnnc! n 'n tp~.  D~pnr tn l r i~ t .  Rp],tll 
135 fert : mostty clay, fl-3(15 f ~ t ~ t  : sand, lo:--14: foci. 

-7. Mixed snnlplc from surrml ~ ~ - ~ l l q .  IVPII j i~ ld  of I%omugll nE 3hdisos. 

I 1  I T  
Piliv:~ (SiO,) .......................... 1 2 2 I 1': 

The f i n a 1 . v ~ ~  shoir- that t h e  mii~er:~l  c o ~ l t r i ~ t  of n t l  thc antel- is mod- 
emtc. Thr: preilominatin~ cn~rstitlt~cnt is calciual carhollate esrept in 
sn111plc -1, i n  which i t  is rnlcium ~trlpliatc. ,111 the nsters m n y  be con- 
sidcrrd good for doiil~stie use, a1 tliougb they are someaEiat hard, 
especially S o .  k They nrc only fnir for boiler use, bscmise some scale 
u-iIl be formed. 

The most hi$11~- mineralized sample is XO. 4, 1~11ich contains 366 
parts per million of total dissolved solids and 199 parts per million 
of hnrdness. This sninple is from Lnyne rr-ell 3 in the Dickinaon field 

.... Iro11 (Fr l ..................... .. 
Cnlciu i~~ (C:1) ........................ 

...................... bIng~lcsiurn(hIg) 
Sorliu~n : ~ n d  lrotnssiom 4 S n i l < )  (c:llen- 

Intcd) .............................. 
................ 

-31' 
37 
4.5 

I3 
C : l r b n n a t ~ m r l i ~ l ~ ( C C I , I  0 

.(1SI .0' 
33 

-7.7 

F.1 
O 

32 
.>.I 

11 
C) 

............ nicnrhonatp n~dicle ( I  ICO,I j 131 107 
................. Sall,l,ntr rildi<-l~ ( S O . )  \ :Ui 13 

110 
25 

................... Cl~Turidr m d i r l ~  (('1) 1 C.4 ! 7.0 I 5.0 
? i i t r , ~ t ~  ~ ( l i r l ~  (SO,) .................. -20 1.0 .B 

................... Totnl disrulivnd o l i d i  / licl (155 (11S 
'1'111:11 I I ~ ~ ~ I ~ I P - s : I s C : I C O .  ~mlcn ln t rd )  .... I111 IlOti 1101 
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of the I h ~ t  Orange Wn'nter Department (well 21-3 on pl. 1). Prior 
to the il~stallation of the three pump wells in this field several test 
wells were ilrillprl, nrid pnrtinl nnnlyses of the water from them were 
made. The writer from some of these wells mas much more highly 
mineralized than those for which nnalyses are given above, nnd the 
qunlity rhnnged considerably within a short clfstancr, For example, 
in test we11 ci, only 600 feet northeast of Lnyne re11 3, n sample eol- 
lcrtctl Torcmbcr 93,  19.2.8, corltaincrl 2,369 pxrts per million of total 
solids nni l  !IS5 pnrtr per nlillioil of hordnrss. In nnotllcr 5nrnple from 
thc mnlc sell co1:rctrd I"ehrlnr.y 19, 1923, the total solids were 2,541 
n~utl the hnrrlncss wna 1,134 parts per million. I n  1 ~ 1 1  3T3, nbont 600 
feet soothn-rst 01 Lnyne n-rll 3, the totnl soliils were 2,196 and the total 
hardnesc TI0 parts prr million. In  rrcl1 lR,  ahout $00 feet northwest 
of Lxync rr.t.Il 9 ,  tlit! totnl solicls irl two snmplcs 11-erc 1,596 and 1,F30, 
ant1 the totnl hnrilness i n  earl1 rrns 763 park per million. In  two 
snmplcs from test ~t-ell 5, about 1,100 Ecet  lort then st of Lnyne well 1, 
the totnl soliils m?re 025 nnd 060 xnd the total hardncss 440 nnd 466 
parts per million. In  several otl~cl* test rrells the concentration rvns 
much Icsa, ~ n c l  the ri-atcrs are obciousTy of abont the same composition 
ns tliosr slinlrn i l l  ~ F I P  tnljlt, nrl pilpr -16. 111 sr iaki~~g tlii ~ ~ l > l i ~ ~ ~ : j t i ~ > ~ l  r ~ r  
the hjg11 concentration of the water from certain wtlls it wns found 
t l ~ n t  nlE ~ I I P P P  n-rblla werP drilled -!O feet or marc into the hcii rock, 
n-her~ns those in :vhirh tIlr rnincrnl rontrnt  (11 the ~r-ntcr mna moderate 
~ w ~ ' c t m t r i l  the r t~ck only n re? Pew f e ~ t .  It therefore appears that 
t l ~ r  liix11 1uinr1.111 rtultc~it i~ rIrlp t n  sonlc c . o ~ ~ ~ t i t ~ ~ r i i t . ~  o I  tllc I,t*rl rotdk. 
This i n l ~ r r n r e  is rur t l l~r  supljortcil 1 ) ~  thr Inr t  tlut~t the water from 
thc ~ \ ~ l l ?  of  the Slongl~ Hrook field of the E n ~ t  Orailge Water Depart- 
nlr~lt .  i l l  wl1ic.11 t l ~ c  ~ul,l,ly is all ol,tainrtl f rom Iwtl r.oc.k. is snit1 to IN. 
of poor quality. It is thrrcfore obciouslg- not d~sirnble to drill for 
water far into the rock. IIowerer, the quality of thc w t e r  in the rock 
r n q  prrlunps improve, nItrr  thc  ir*clls h ~ \ - e  been pumped for some 
time. This  is eugge~ted hy the fact that  the ~r-nter from well 42 
( S ; ~ I Y J ~ ~ ! ~  1 i ~ j  tlw t i ~ l ~ l p  OII  11, If;) i ~ i  tlw C'>IIIOP Hrook fiel(1 of the  
Co~nmonwcnltl~ Ivatcr Co. is of gooti qualit!,, although the well pene- 
trl~tes thr h ~ d  rock for more than 160 feet. 
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I. The supplies of ground water that have so far been developed 
in the Passaic River ValIey near Chatham occllr i n  beds of sand and 
pra\.rl overlain b~ clay thnt  lie in xilcicnt chnnnels cut in the l)pd rock. 

2. It is bcIicred that  not more than about 10,000,000 gallons of 
water n day can be pumped from weUs in the Canoe Brook field, and 
the maximum possible rate of pumping may be even less. This is 
becnuse of the limited thickness nnd depth of the water-bearing for- 
mation which does not permit the dr t t~down r e ~ u i r e d  to  obtain Iarger 
quantities of water. 

3. An! considerable increase in the rxte of pumping in the Canor: 
Brook field will probably cause some decline in head in the neighbor- 
ing White Oak Ridge and Dickinson well fields. Conrerselg; any 
consiJerabIe increase in rate of pumping in either of the East Orange 
well fields may be expected to  cause some decline in head in the Canoe 
Brook field. 

4. Water-bearing beds may exist in other buried channels in the 
bctl rock t h a n  t l l o ~ e  that hare already heel l  discorer~d nncl n d d i  t ional 
supplies of water can perhaps be developed. laowever, if additional 
supplies are developed careful observatjons should be made of flue- 
tuations of the water level to determine whether or not the recharge iis 

sufficient to meet a large additional draft on the formation. 
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