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S™ULATED DRA WDOWNS, 1972-1995, IN THE PL:EISTOCENE 
BURIED-VALLEYAQUIFERS IN SOUTHWESTERN ESSEX AND 

SOUTHEASTERN MORRIS COUNTIES, NEWJERSEY 
. by . 

Jeffrey L. Hoffman 

ABSTRACT 
. A request for an additional0.5 million gallons perday (mgd) of ground-waterpumpage fmm the Chatham Pleistocene 

buried-valley aquifer in southeastern.Morris CQunty, New Jersey, necessitated an evaluation of the pos&ible impacts of 
the new diversion on ground-water levels. A previously developed ground-water drawdown model was updated with 

· 1972to.1985 pumpage. This modei was then used to simulate drawdowns from 1986 to 1995 attributable to additional 
demands from anticipated population growth and the requested 0.5 mgd additjonal pumpage. 

Population increases in Morri~ and Essex CQu~ties are assumed to result in a 15-perceitt increase in ground-water 
demand for the period 1986 to 1995.The model indicates that In some sections of the study area.this pumping increase 
will result in a total dewatering of the buried~valley aquifer. The simulation indicates that a 15% pumpage increase, 
where possible, from 1986 to 1995 .will create drawdowns fromO.5 to 7.1 feet at 11 obsetvatio.n wells. An additional 0.5 
mgd in pumpage in the ChMham buried-valleyaquiferwiHresuU in an additional 2.5 feet ofdrawdown 0.5 mile from the 
pumpage site and 0.4 foot 3.5 rnjles away. . ' 

CQmparison of previously developed estimates of sustainable yield with current pumpage rates and total allocations 
indkates the buried valleys of Northern Minburn, Slough Brook, and Canoe Brook are overpumped. The Southern 
Millburn buried valley is overallocated but not yet<>verpumped, whereas the Eastffanover apd Ch.atham buried valleys 
have unallocated ground-water resources, The values for the: buried valleys are summarized .below: · 

Buried 
yaJJey 

EastHanovei' 
Northe.rn Millburn· 
Southern Millburn 
Chatham 
Slough Brook 
Canoe Brook 

1985 Pumpage 
(mg<J) 
4.87 
2.96 

10.97 
4.11 
0.78 
.2.62 

Allocations 
(mg<J) 
10.65 
4.80 

18.98 
6.73 
1.00 
4.00 

Sustainable 
yjeJd (m"1) 

13. 
0.7 

14. 
12. 
0.06 
1.3 

A ground-water model is one tool by which to estimate the effects of any additional allocations. It must be used in 
conjunction with other decision-making methodologies to weigh the total benefits of an allocation against any detrimen-
tal effects or competing water uses. Inaccuracies in this model's formulation and calibration indicate that its results 
should not be the sole basis for a decision on whether or not to grant a request for additional pumpage. 

INTRODUCTION 
Ground-water use in southeasterri Morris and 

southwestern Essex Counties, New Jersey, has 
grown ste.tdily. Pumpage has. increased from 
roughly 5 million gallons per day (mgd) during 
1900s1929 to 26.5 mgd during 1985. The con-
tiguous parts of these counties · form the study 
area, shown in figure 1. Requestsfor increased 
withdrawals have, at times, met with opposition 
from existing ground-water users. · · 

The New Jersey Department ofEnvironmen-
tal Protection. (NJDEP), Divisi,:m of Water 
Resources (DWR) is the regulatory agency 
charged with managing ground"water resources 
of the State. Major ground-water users (those 
wth 100,000 gallons per day of pumpage or more) 
must receive an aUocati()n permit · from the 
DWR, which sets a maximum monthly pumpage 
rate along with other limiting criteria. The .per- Figure 1. Location of study area 
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mits are for a specified length of time. The iriter~ 
ference effects whi~hl wou'd be_;cause~ ~Y:11-.ew 
pumpage · on established wells 1s one. cntfihon . I , . " , ,, 

used in determining whethtjr to aµow or limit!the 
location, volume and tluration ofinew pu~piitg. 

In 1986 the DWR rdceive<l a re~uest r6t J h~w 
ground-water diversion frpm Linpro· li'lqrµliun 
Park Land Ltd. (Lindro). 'fhe abplica,tfori iridi-
cated .that water wolild be pumped front .the 
unconsolidated . PleiJtoce~e sah.d a11d gra~el 
dep_osit te~med_ th~ I Cha~ham I burief ~alley 
aquifer. This aquifer 1s one of a networ~ pf 111~er-
connected buried vallbys cdllectively terhied1 the 

' I . I I '•' .,··,•::, ' 

buried-valley aquifer (fig. 2). ' , 1 ' ., 

. I · ! 
, I . . 

MILES 

' i ,' 

Meisler (1976) defined six buried valleys (fig. 
2) in the study area, ba~ed partially on the 
~eqr,ock-contour map of Nichols (1968). Table l 

;~gure 3 show, for each buried valley, the 
1985 pumpage values and the total allocation for 
the p~rveyors included in the study. 

Ai;,part of the r~view process, the DWR invited 
co~ents from othef allocation-permit holders 
in ~he ~rea, as well as from !nterested groups and , 
citizens. The numerous coinments received indi~ , 
cate!i the need to define possible effects of the 
proposed pumpage on other users. To address 
the issue, the New Jersey Geological Survey 
(N.JQS), ill the role of teclu#cal advisor.to the 

Figure 2. Distribution , f bm/ied valleys ( modified fro in Meisler, 1976) 
! 
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_ OWR, was -requested to estimate -interference 
effects. ··-+ · · ' · 

The United States Geological Survey (USGS) 
had previously developed a gr~µnd-water model. 
of the buried~valley _ aquifers in the -study · area 
(Meisler, 1976). This inodel p:roduced estimates 
of the_ sustainable •grotiri'd-wate(,:yield. S~s- .· ·-
tamable rield\¥as defined as the amount.ofwater ·· 
available for·. pumpage i:Q.definitely with water 
levels 30 feet above the base of the aquifer; The 
model was · limited by' the_ fact that it did :not 
directly accouµ~ for the bedrock ·aqµifer unqer-
lying the burieci~valleyaquifers; Additionally, it 
was calibrated by .,cornpariri.g·.predicted draw-
downs to observed· 4rawdowps. Actual water 
levels.were not closel}'"siinulated: · 

'' The USGS grouniwater ~oqel of the area 
was updated in this study to include 1972 to 1985 . 
pumpage. Predicted drawdowns were then co'm.-
pared ,to drawdowns measured in• observation 
wells to determine the accuracy ofthe model. . 

The updated model then w~s used tQ estimate 
possible impacts ofadditionalpiunpage on near-
by ground-water levels, A-15°percent increase in 
. ground-water-. use was assumed, based on es-
timated population.growth· froiJi 1984 to 1995. -
Drawdowns from19~to 199,5tnthe study.area. 
were simulated by first assu~ing no pumpage at 
the Linpro site, and then withdrawals of 0.3 and 
0.5 million gallons per day; Additionally, es-
timates were made of drawdowns assuming no 

Table 1. 1985 pumpage, allocations, and sus-
tainable yields by buried valley (mgd) 

Buried wney 
East Hanover 
Northern Millbum-
Southem Milib~m 
Chatham• 
Slough Brook 
Canoe Brook 
TOTAL 

1985 Pum:page 
- (mit<I) 

4,87" 
.. _.2.96 

10.97 
- 4.11• 

0.78. 
2.62: 

26.31 

Allocations 
(mi.td) 
10.65 
. 4.80 
-18.98 

6.73 
1.00 · 

46.16 

Sustainabl~ 
yjeJd (mltd) 

13; 
0.7 

14. 
12. 
0.06 
u 

41. 
1 As IIS!lmatec:I by Meisler (1976). The number of significant figures deter• · 

mined by his rasults. 
' 

puinp~e at the Linpro site,.but including maxi-
mum al16wable pilmpage elsewhere in the study 

. area. 
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Resources Division (Trenton office) in prepar--
ing the update of.his original model. His sugge.s-
tions, descdption of the ·original work, and the 
card detkused in his work were invaluable. Ad-
ditionally, Mary Martin of the same office 
providedsignifkan( suggestions on proper 
simulation analysis t~chniques .. -

GEOµ>GY . .. ... . . 
Bedrock in tµe study area consists of shale, 

siltstoqe,mudston¢, sandstone and basalt of Tri-
assi~ and Jurassic age 0--yttle and Epstein, 1987; 
Nichols, 1968). The bedrock is a productive· 
aquifer-_ but was riot included in the model. in -
areas where it is overlain by the Pleistocene 
buried-valley. aquifers.· 

Pregladal stream . channels incised into the 
bedrock are now filled witlt sand, gravel, silt and 
clay. Most• of these unconsolidated materials 
were deposited during the most recent glacial 
episode Qf the Pleisto~ne epoch (the Wiscon-
sinan) .. Some surficial mater~al was deposited in 
postgladalJakes or by streams. The glacial sand 
and gravel deposits form the major aquifer in the 



study area.and make up th~ burl¢d:v~lley 
·. aquifers. the greatest groun~,watej". ~qpply 

po··.·t. en .. ti.al. gener···a· .llyl e· .. · .. ~is. t.s· .wh···:.er ... ·e.t~ .. e ... ·;,.:~ ... ;•11·•r·,.ie.d stream channels are deepest ~d stratilied,.gla-
cial outwash depQsits are thicke,st. . : ): 

The. deposition~ ~stofy ha~ led t&ta :iery 
heterogeneous UJCcm1solidlated.: ;~quifer' 
dominated • by sem~-confined,I wate~rk~~rin~ 
sand and ,gravel dep~sits.\ Glacial till)~~~ ~11e- . 
~ained glacial lake-bed sediments s¢:rve as an 
11pper confining uni~. Th~ sand and gf ~vel ap~ 
peai:~ to bein hydrat{ic c9nn~ct~on wjt~ifhe 1111-
. derlymg bedrock aqlifer ~t places. , , · · · 

I I '. 
PRE~OUSWORK : i . , ,'"1, 

MeIS. ler ( 19.· .76) .deielo .. p~d a . f. ·o. -d1111~ .. n .. '. s ... ~o.,n:11 computer model of ground•water drawdown m 
· • I • .. · · • I.• ,:, ·.,,,. · .. • 

the studyarea's bunef-vallpy aq~1fe~sy~f¢~.:f11s 
~odel u.sed Tr~s~ott 1s. verF10n of Pmd~r'.~: ro-
d11nens1onal fm1te"chfferencel groun,~.•\Vater 
model (Trescott, 1973; Pi~der, ~970). [he •cur-
rent study u.sed thd Tre'~coUlinde~tHiir~on 
111odel, an update of the 11rescott mod~l (Ti-es• 

-· 1. , ',' .. -,,-;_1:·.-:· ··.:.: 
cott and others, 1976). .. ! 11t O: < ·· 

. . . ·.·· I . . ·• . ,. if ;: 
the model dev.elo. ped byl Metsler us~~i5~ by. I· . . , . . . ,., ... ,., . 

52 grid of nodes. The inner 46 by 46 ~id: used 
node spacings . of either.·· 59() or ! 1000 {~it.• 1.'he 
outer 3 nodes on eachlside used ~uch la.rgefgrid 
spacings, up t? 20,000]feet. jfhisltrger {)~t~(i-1.ng 
was used. to msure that·. tlie model bound~nes 
were at least 5 ID,i}¢s •·frqtn th~ .buriec:l~valley 
aquifers being modeled. . ,I '1 . · · ·. · \: · · 

, . . . I •· . ··. . ... ·, ... 
·.•· The model assumed]thaU,he aqpiferw~S:a ~ll.e-

layer system under•. trans~enl · cpnditiop.~., 'rhe 
buried"valley aquifersiwer~ modeled as'. z<>p~~ of 
higher hydraulic conductivi~y. Nodes oµtsid~1~h~ 
buried-':aliey aq11iferslwere

1 
as~i~ed val~e~t6:P~ 

r. e ... ··.s·····e·. nt·a .. t.1v. e .. :.o·•·.f. ·.t. h.··. e.·····.·b· .e·~·· ... ' ?.· .··c···.·.k ..• ·.a· q•.· .. u.···· 1···.£···e .... · ... · .. r .. ; ... · ... ·A .. ·. t.·t·h···.,.·•··~ •.. •.··· ..•. ·•·····l .. ·a ... · .. t·,•e. ' .• · .. •.f•a··.·.l· . edges of the model 1mpermeable boundaf:les 
were assigned by· s • tting[ trankmissh/ity an_d 
hydraulic ~onductivii v~lufs eq1aJ to (!;o .. , •: . 

_ ~he !'~~1ed-valler a~1ufefs were ~ocI:9le~ as 
bemg m1tially sem1-cqnfinecl bu~ withJµe pos-
sibility of converting tp wat~ r-tah~e. co11µ1ti91;V> if 
thewater levelfell below the toi:>iof the a9~ifer. 
A value of 4.0 X ~o [:3 ft~s wai used t{ °'r itJie 
hydraulic ccmductivit~ in tµe Chatham lb11r~ed-

.. valley aquifer while . in all! {){hel burie<;l-y~Uey 
aquifers.3.0 x 10~3 ft/~was iused.\'I'he tr~*$mis-
sivity was,. calculated• .. by multiplying·)1tjµif er 
thickness ( derived froth puHlished maps 9r inter-

.. · . I·· . : · . -. ,-._ ii·,·•.::·'· pretedfromavailable data)l,y theihydraulic co. n-
. ' . -._' ,·· . ·t ·: . ..._, :.·:"•. ' 

4 

c~ . • . 

d4Jtivity. J-\spedfic storage value of_4 X 10-6Jf\ 
wM ~pplied to all nodes w~cbfell in a buried.-
yaJl~y aquifer.The specific storage wa~ multi~ 
plie4 . by the . thickness of the. buried-valley 
iiquifer in each node to gjve the storage coeffi-
cient. Ayalue of 0.16 was used for the specific 
yi~Ic,11 and applied to those buried-valley nodes. 
whi9h experienced water~table conditions. · 

;;-,(·•' . ' ' . 

~•$eini-confming unit was defined as overlying 
. _ J~eqµried-valleyaquifers. This unitw~sassigned 

, thickness ranging front JO to 80 ff based on 
#'vailable geologic data, '.rhe values of hy draulic 

·· coflcluctivity used ranged from7.0 x 10-8 ft/s to 
4.?,.i .10"7 ft/s. The. hydraulic conductivity as-
sigpe.d ~oeach nodewas.multipHed by the frac~ 
ti?µ:.or t~at _node actually covered by a 

· sjl11face-watersource .. A constanfwaterJevel of 
2CJO'f t was assigned to all Water bodies over the 
}emitconfintng unit. ·The code used (Trescott 
ap.~,others, 1976) h<>ldstlte leakage rate constant 

~ater levelin the aquifer falls below the top· 
.pf th¢ aquifer. · · 
' :,,,: '_'· ,'' " 

: •.. f~lbedrockaquifer,w.as assumedtobe11nder 
"'atei-table conditions at, all times. Tltis aquifer 
· is inacle up Qftwo_ clistinct rock types, sedimen-
t.µ-y •. and igp.eous. The· sedhnentary rocks were 

· a~signed a transmissivity value of 2AX 10~2rt2 /s 
~ndJhe igneous rocks a value ofl.8 X 10~2 ft2/s 
in,~r~as not bordering the buried-vaHeyaquifors. 
ln thdse nodes actually bordering the buried~val-i~y aquifer the transmissivity of sedimentary or 
igq~ous rockwas set equal to 3.0 xl0"2 ft2/s. This 
hi@ier value was used to provide a transition 
z,one between the .• bedrock. and ... burfod-valley . 
~qWf ers .. The. hydnmlic cond11~tivity for th~ 
betir9ck aquifer was calcqlated Jjy dividing the 
ti-ail~lllissivityvalue by50ffft. A vah1e of 500ft is 
11se4 t.o acc9uptforthewater•bearingproperties 
<>(the,hedrock aquifer. A value of 0.1.2 was used 
for the specific yield of the bedrock aquifer. 

J\· more complete·descr1ption'of·the model 
parameters is given by Meisler. ( 1976); 

.•. ¥¢isler ui;ed ground-water pum.page f~~. the 
pet~od l900s197l to simulate gr<>und-water · 
l~veJsausing .~. ground•wa~er flow.model..· A. flow 
ip?dM . simulates.· ground.water. levels . that are ·. 
cbm.pared to. observed water levels. When·· the 
. ~iiriil~teci: and observed levels match satisfac-
. to#Iy the 111odeHs calibrated. Thistypeofmodel 
can. be used to determine actual flow pathi;. 
}M¢isler was unable to satisfactorily reproduc~ ... 
observed water.levels, The .111odelwas, hQw,ever, . 



successfulin reproducing observed changes in 
water levels: This. type of model is referred to as 
a drctwdown model. Its ,ccuracyisjudged by how 
closely it reproduces water-level c~ges ( dra,w-
downs) in re~ponse to ·pumping. changes~ A · 
drawdown model can be used . to estimate 
changes in ground-water elevations an,d predict 
impact$ of increased pumping, but not actual · 
waterlevels or flow paths. · 

. Totaldrawdown in ~rParticular well is calcu-
lated for any specific tiiu.e by s11btracting the . 
water level at that timefronia constant, set base 
level. The prepumpage (static:}water level is 
often used as this. base foveLDetining the base 
level can be somewhat ~bitracy; The incremen-
tal drawdown is a more C9nvenieqt measure for 
computer drawdown .• models,·.Tpe.u1cremental 
drawdownis calculated by s11btractingthe wat.er 
level at the end of a piuµpitig period from lhe 
water level at the beghming. of· that period. A· 
positive·. incremental dra\Vd9wnfodicates a 
cline in water levels, a negative value indicates. a 

. rise in water levels. Aclrawdown model is cali~ 
· brated by comparing meas~ed to predicted in-
cremental. drawdowns. When th~se match 
satisfactorily thert the model is considered to 
accurately. repr9duce water-level .. changes dur-
ing the modeled time period. 

The .. factJhatthe actqal ground~water flow in 
the study area was not s11cc:essfully repi:oduced 
by Meister's modelind~cates that soine aspect of 
the hydrpgeology is no(accurately represented. 
The difficulty may liejn tµesimplifieqrepre~en-
tation of the geol<>gy1 imperfect charc1cterization 
of aquifer character.istics, ii;icorrect pumping 
values, or some other factor. However, Meisler . 
feltthat thediawd9wn.model would ac:purately 
reproduce changes .iti .water levels caused by 
increases or decreases in pumpages in the East 
Hanover and Southern · Millburn. buried-valley 
aquifers (Meisler, 1976). . 

Table 2 (p. 7) shows .total drawdoWl1s and in-
cremental drawdowns as simulated bythe;model 
using Meister's data, D.rawdowns. are .. shown :at 

. thell observation wells (fig.4) for which mea-
sured drawdowns ate available. Because pre-
pumping water levels are i;i<>t knoWll, the. total 
drawdown and drawdowns for the fiist'pumpi11g 

. period are calculated fromahassun1ed initially 
flat prepumping potentiometric surface at 200 
feet above sea level. 

The amount of error in· the SU11ulated total 
drawdown . and incrental drc1wdowns prior to 
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1952 is unknown due to the lack of observation 
well data:·• ,The !i$Sumption of. an initially flat· 
piezometric sQtface probably. introduce.s · some 
error into tlte simulation; however the amount is 
unknown. Meisler f.ound an acceptable calibra-. 
tlori benveen available observedwater levels and 
simulated incremental drawdowns. 

bne problem becclllle apparent when compar-
itJ.g the results of the current st11dy to. Meister's 
original work (Meisler, 1976). His originalvalues 
CC>uld not be exactly reproduced. Meisler also · 
noticed this (Hwold Me~for, USG$, 1986, oral 
communication); .After· his original work, he 
added putnpage for the period 1972-1973, He 
could not exactly reproduce his original· work 
and was unable to determine the reason; 

This pr.oblem highlighted in table. 3 (p. 8). 
This tableshowstotal incremental drawdown for 
1953-19'71 as simulatedbyMeisler.(1976) and 
tl:tls study for each well .. Tlie difference between 
the. simula\ed incremented drawdowns for each 
wellis shqwn in'the rightmost column.The dif-
ferences b¢tween the simulated incremental 
drawdowns · ~e less than l.O feet in S wells, be-
tween 1.() and 2.0 (eetin 5 wells and 4.8 feet in 
oriewell., 

Also shqwri for eachweilis the annual absolute 
difference for l>oth studies. This m1mber is cal~ 
culated by dividing the differe'tlce between the 
measured and· simulated inc1emental draw~ 
dowris by the number ofyeiu-sfor which ohserved 
waterlev¢1s are available. Thisvalue can.be used 
in oomparative statistics between wells bec.ause 
it has been corrected for the actual period of 
datafor eacli well.At the bott<>m of thetable the 
average and standard deviation of the annual 

· · absolute differences · are shown. The original 
Meisler modelshC>wed an average annual abso-
lute error <>f 0.2 feet over the time period 1953-
1971 .. This study,. wheri updating the same. time 

•. period, .showed an average .annual absolute error 
of0.4ft. · ·. · · 

1'1ie . actual incremental drawdowns used hy 
· each study ~e ·different. This is due. to the pro-
cedure·. by which iricreDlental drawdowns were 
measuredfromgraphs of observed water levels· 
(fig 5, P• 12). This differenceis not significant, 

SUSTAINABLlfYIELD 
Meisler (1976). estimated a· sustainable 

ground-water yield for each.buried valley based 
on the results of his model. The estimates are 



I 
i I 

based on 61 hypo[tliet~cal }Velis fPfea.d 
throughout the study area at the deepestpart~ of 
the buried valleys. Al each of · these wells· t.he 

'. . I . : water levelwas held constant above the bottom 
of the aquifor. Mei~lei then talcula(etl'the 
volume of ground watbr which would flow to. the. 

I • . : .,, . ·., , 

wells based on these levels. [!'his ~olume ~f \\'11.ter 
· was interpreted to be 1

1

the sustaiqable yield (tpe 
volume of water availfble ipdefinitely); J'able 1 
3;11d figure 3 p_resent ~he S)!Stainable yi~kls fS-
ttmated byMe1sler. I 

1 
. 1

1 

'i '. ·••• 
One major assumpt+on could ihtrodu~~ ,error 

into the. estimations o~I s.us. t~. · nab.· ·.1~. yield'.• :.1. t i·.nvo .. I~ 
ves the source of the wattrr pumped from,' the , I .. , 

1- Green Acres 
2- Sandoz 
3- Clemens 
4- W .B. Driver 2 
5- W .B. Driver 1 
6- Morristown Airport 
7- Briarwood School 
8- Esso 6-inch 
9- Madison 4 

1 O- Canoe Brook 
11- Neutral Zone 

0 
MILES 

I i 

L. -~ -

I . : I .• 

Figure 4. Distribution rf ob!,e~on wek 
i 
I 

aquifers. The calculation ofsustainable yields as-
sumed that water levels in the buried-valley 
aquifers were at steady state; that is the ground-
water levels were~ at equilibrium with the 61 
hypothetical wells. Under these conditions sur-
face waters (streams and wetlands) are the 
sour~ of recharge to the wells .. This assumption 
is discussed in more detail below in the section 
"Limitations of Model." 

... The sustainable yield results were also based 
on keeping the water level in the production 
~e}Jsset at 30 feet above the aquifer base. Meis-
let''. analyzed the sensitivity of the ·sustainable 
yid~ ·· estimates on the fixed water levels. He 



found that if the levelswere lowered fo 20 feet 
above the aquifer ba.sethat the sustaiµable yield 
would increase by approximately 3%. · 

ALLOCATIONS 
The Division of Water.Resources (DWR) is-

sues allocation permits to grbund-water users in 
New Jersey pumping 100,000:gallons per day or 
mote; The permittees are restricted to a maxi0 

mum monthly pumping volume, which is 
referred to as their tot~l monthly allocatlon. The 
actual volume ptimpedis usually smaller thanthe 
total monthly allqcation except during peak 
demand periods. · · · 

The. total allocations for each purveyor were 
obtained from DWR files. The allocations were 
converte<i to an equivalent dailypumpage rate, 
assi~ed to each buried V!Uley, and then totaled 
by buried valley. Table 4 shows the total daily al-

. location for the ground-water users in the study 
area. Figure3 andtable;L list the total daily al-
locations for the buried~valley aquifers. 

GRO~D-WATER WITHDRAWALS, 1972-
1985 

The earlier ground-w~ter model simulated 
drawdowns for the period 1900-1971 (Meisler, 
1976). Meisler· tater updated. the pumpage for 

Table 2. Simulate.d total and incremental drawdowns, 1900-19731 

• 2 A) Total drawdowns (ft) 
Pumping period 

Observation 1900- ·1930_ 1946- 1953- 1960- 19660 1969- 1972-
Well· ·1929 1945 1952 1959 1965 1968 1971 1973 

Green Acres 0.7 1.4 23 3.8 6.5 6.3 8.2 8.5 
Sandoz 1.8 3.6 6.3 9.2 13.0 14.6 · 23 .. 8 31.0. 

Clemens 1.8 3.8 6.4 9:3 13.2 14.9 24.1 31.8 
Driver2 2.5 5.3· 8.1 11.9 17.2 19.3 29.1 35.9 
Drtverl 3.Q 6.4 9.6 14.2 ·20.s 23,1· 31.4 36.2 

13rianvoodScho()t . 7.8 15.5 ·. 23.4 3();() 36.1 40.5' . .46.6 47.0 
Morristown Airpcnt 23 5:f . 7.2 10;1 14.5 15.8 20.0 20.9 

Esso6Inch 4.0 8.2 11.6 16.6 24.8 27.4 32.6 34.0 
Neutral Zone 25.7 44.2· 46.0 55.2 63.0 57.7 58,2 62.2 
· Canoe Brook 17.0 26.2. 32.8 44.3 .55.5 53.3 ··56.l• 58.5 

·Madison4 9.2 17.l 22.9 30.8 41.7 43.3 48.2 48.7 
.. 

· ·B) Incremental drawdowns3 (ft). 
Pumping period 

· Observation 1900~ · 1930- 1946- 1953 1960- 1966~ 1969- 1972-
Well. 1929: 1945 1952 ·• 1959 1965. 1968 1971 1973 

Green Acres 0.7 0.7 0.9 1.5 2.7 -0.2· 1.9 0.3 
Sandoz 1.8 1.8 2;7. 2.9 3.8 1.6 9.2 7.2 

Clemells 1.8 io 2.6 2.9 3.9 1.7 9.2 7.7 
Driver2 25. 2.8 2.8 3;8 5.3 2.1 9.8 6.8 
Driver 1 3.0 3.4 3.2 4.6 6.3 2.6 83 4.8 

Briarwood School 7.8 7.7 
.. 

· 6.6 6.1 4.4 6.1 · 7.9 · 0.4 
Morristown Airport 2.3> 2,8 2.1 2.9 4.4 1.3 4.2 0.9 

Esso6Inch·. ·4,0 4:2 .. 3.4 5.0 8.2 2.6 5.2 1.4 
NeutralZolle · .. ·25.1 18.5 1.8 9.2 7.8 -5.3 0.5 4.0 
Canoe Brook · 11.0 9.2. 6.6 · 11.5 11.2. -2.2 4.8 2.4 

Madisoll4 9.2 7.9 ·5.8 · 7.9 10.9 1.6 4.9 0.5 

1 Based on Meisler's (1976) model using data provided by Meisler (Harold Meisler,USGS, written ~mmunication, 1986). 
2 Prepumping levels assumed to be 200 feet above sea level. 
3 Positive numbers indicate a decline in water levels. Negative numbers indicate a rise in water levels. 
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th~ years 1972~ ~97~ l(Harpld Me!sler! USGS, 
written commumcabon, 19S6), 1"h1s st'1dyadds. 
pumpage for the year~ 197~-1985 to th¢ m~del. 
Pumpage values arel bas~d onf the quattedy 
reports from the Di'ision :or W~ter Resources 
and represent the ,ost . reliable est~a.te of 
ground-water withdrawals µi the area. ~um.ming 
quarterly pumpage vdlues yielqe~ yearly totals, 
Missing pumpage valves were. es~imate~ o.n the ··• 
basis of an. average of available data. Ptinipage 
for 1985 is shown in dble 4ifor each user .. ·• 

Fi':e pumpage periods were established to 
reflect trends in the pumpage for 1974-1985; 
Th¢se periods are 1974-1976, 1977-1979, 1980, 
1981.:l.984, and i985. For each pumpage period 
the yearly totals for each well wereaveraged to 
obt~ an average annual withdrawal rate. This · 
set of pwnpages (table 5) is terinedthelOO-per-
cent,of-recorded-pumpage values .. The average 
ant1µalpumpage raes were use<;{ in the model. 

I· . I . ! 

I 

Se~eral well fields covered more than a single 
cell:pf the computer model. This required dis-

. . I , . .... . . . . 
. ' ' i < : ' ' ' '1.. ' ' ' ' ' ' ' ' 

Table 3. Comparsion of increm9ntal drawq~wns (ft) from,tWs study and Meisler (1976) for 1953 to 197l 

]. Weit j 11lcr~mental This Meister's Difference 
(p~ 

1
iod dfdat~) ••·• 'drii\Vdown st114y · study 

Green Acres I · actual · o;o 1.2 
(1969-l9l) ' . : ~mtulated · l.9 l.8 

I · · • .• · atUiual cUff erence 0:6 -0.2 
Sandoz : · I ·. '!) actual · · 9;4 10.2 
< .. 1 .. 969

1

·. ~i.9··· 7 .. i
11

l. ). ' .· / : supulated ~p 10;8 . I , annual difference · 0.1 · -0.2 
Clemens 1 

• ·•· ''actual 10.0 11.3 
(1969"19711) I . . , simulated Q.2 11.0 

. . I : • annual.difference Q,~ 0.1 
Driver 2 1 i · , ' actual 13.0 13.5 
(19($-19~1) I . i si,n1dated 11.9 ll.8 

I I annual diff~rence 6.2 0.3 
Driver 1 , \actual 11;0 .10.7 
(1966~197\1) simulated 10.9 10.8 

] .. : iannualdifference 0.02 ~0.02 
Briatwood School < actual 7.4 6.5 
(1966-19Jl) l siniulated 10.9 6.1 

I . . . i annual difference .o,6 · 0.1 
MorristO\yn Afrport , actual 4,'.7 · 5.5 
(196(M971) . 1, . ... . simulated • 9.9 8.8 

I . • ! l annual ~ifference -0.4 · ~0.3 
Essd 6-inch i . , , actual . 3.0 5.0 
(1969-19'i1) . 1 ·• · ii.• sifilulated . .5.2 4.8 

! i I annual difference -0.7 0.1 
Neutral Zone . '! (actual 23:8 24.0 
(19513-1~1) . . simulated 12.2 .13,6 

. I l ! annualdifference · 0;4 0.4 
I 

' Canoe Brbok I : : .••• i actual 24:3 ' 21.5 
(19516-19~.1) i .: siµiulated ~-3 22.7 

1 11 d'f£ .· , .0.1,. • -0;1 I , i annu~ 1 erence 
Madison 4 ! : </ actual ' Q.6 
(196p-19~1) I • }sipiulated 17.4 

I , i annu~J d,ifference -(t6 

8 

12.3 
16.2 

· ~03 

0.2 

0.1 

-1.8 

· 0.1 

0.1 

4.8 

1.1 

0.4 

~1.4 

0.6 

1.2 



tribution of total pwnpage from the well field to 
inore than one cell. If the quarterly reports 
provided' .pumpage inforination for individual 
wells· this information., wa:s us~d. ·some users; 
howe~r, reported only the tQtal plll11page for 
the entire .well field .. In these cases the average 
withdrawal rate for the well field was divided by· 
the number of wells in the field to derive ari. 

. average rate per. well; Eacll cell ·w~. assignecL· · 
pumpage proportional to its nu:tit~er of wells .. 

CALIBRATION AND VERIFICATION 
Developing and using a ground-water com~ 

puter model. involves four steps: 1) design, 2) 
calibration, 3) verification, and; 4) projection. 

Table 4. Withdrawals and total allocations, 1985 

Permit 
Purveyor ·.· nuJ11ber 

Southeast Morris County MUA . 
Black Brook 1; 2; Normandy . 5299 

Florham Park Borough 5214 
East Hanover Township 5072 
Sandoz, Inc. 2118P 
Suburban Propane · 10015W 

'.,,: 
.i0088W AMAX Speciality Metals 

. Livingston Township 5074 
Commonwealth Water Company 

Canoe BrookWell Field 5008' 
Passaic River Well Field .5008 

East Orange. 
Braidburn Well Field 5041 

. '. ''· .. 
East Orange . . . 

Dickinson Well Field 5041 
Canoe Brook Country Club 10162W 
Orange Products .Inc. 10155W 
Chatham Borough 5046 
Madison Borough ·. 5069 
Exxon Research & Engineering .2339P 
Morris County Golf Club ' 2025P 
Allied Chemical 2117P 
East Orange ... 

Slough Brook WeUField- .. · $040 .. 
Canoe Brook Well Field 5040 

Total 

9 

· ·Model design consists of discretizing the study 
area (dividing it into cells) and assigning to each 
cell the value of all relevant hydrogeologic 
par:ameters; All ofthe parameters used by Meis-
ler (1976) were also used in the current study. 

The second step is calibration. The model is 
. used to simulate 'Yater levels ( or drawdowns) 
which are then coi:µpareci to observed values (fig. . 
5; p;ti)'. Thehydrogeologic parameters are sub-
sequently·Dlooified (withinreasonable bounds) 
until the simulated· values · satisfactorily match 

· observed data. If a considerable period of ob-
served data is available us~y only part of it is 
used in the calibration step. 

Puinpge (mgd) 
·•1985 · Alloca.tion Buried valley 

. 2:69 . 4.61·••. 'East Hanover 
0.86. .· 1.75 East Hanover 
0.92 1.69 : East Hanover 
0.39 2;40 East Hanover 

··0.01 0.10. East ·Hanover 
0.00 0.10 East Hanover 
2.96 4,80' Northern Millburn 

. . . ' 

4.oo· 7.38. Southern Millburn 
. 0.96 3.0<r .Southern Millburn 

3.19 4.20 Southern Millburn 

2.79 '·4.20 •. Southern Millburn 
,• 

0.02 0.10 Southern Millburn 
0.01 0.10 · SouthernMillburn 
1.12 1.61 Chatham 
1.78 3.50 :C~tham 
0.39 0.33 Chatham 
0.01 ·0.22 Chatham 

·.·.·0.81 1.01 ·Chatham 

0.78 ·1.00 Slough Brook 
2.62 ·4,00 Canoe Brook 

~31 



....... 
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Table 5. Simulated pumpage, 1972-1985, used in 100-percent-of~recorded-pumpage scenario 

1972- 1974 1911 1981- 1mi 1974 1m . 1981-
Production well row col 19731 1976 1979 1980 1984 1985 Production well row col 1973 1976 1979 1980 1984 1985 

1/12 Commonwealth canoe Brook 36 39 0.54 0.47 0.33 · 0,49 . O.St 0.43 Livingston T~shipll 19 34 0.17 0.23 0.14 0.24, 0.20 0.17. 
1/12 Commonwealth canoe Brook 36 41 .. 0.54 0.47 0.33 _ 0._49 __ . 051 ___ 0~4_3______ _ ___ LMngs1-on_T~shipl2_ 12._4L_ _0.00__ 0.00_ _o.oo __ 0,10 _ 0.20 _0:21 _ 

--- ~,1z-c:ommcimmiltliCincieBioolf ---3li 42 .-1:-6'1 --u2-- 1.00 . 1.46 153 1.28 · Black Brook l(SEMCMUA) 22 12 0.77 0.96 0.85 0.78 1.03 1.10 
2/12 Commonwealth Canoe Brook 36 43 1.10 0.95 0.67 0.98 1.02 0.85 Black Brook 2 (SEMCMUA) 24 12 0. 77 0.81 1.11 •0.74 1.21 1.47 
3/12 CommQnwealth canoe Brook . . 37 43 . . l.64 l.42 . 1.00 l.46 _ 1.53 _ 1.28 1'1<>rtlllll1d)'(Sl;!MCMU~) -'-"- ·--· _-. JLJi __ 0.03- O.Q3_ 0.03 ~o.oo __ o.07 ___ 0.11 __ 
2/12 Commonwealth. canoe Brook -~38-43- --no~-o.9s---- 0.61-- · 0.98 1.02 0.85 Florham ParkBorough t 29 18 0.31 0.00 0.00 0.00 0.00 0.00 
Commonwealth Passaic River St 43 37 0.89 0.87 0.32 0.9S 0.90 0.66 Florham Park Borough 2 26 17 0.48 _ 0.30 0.34 0.36 0.35 0.29 
CommonwealthPassaicR.48,SO ·.,·· .. ·. 44 38 l.78 U4 0.64 1,90 l.79 l.32 . florhamfarkBol'Ough3 _ . 26 20 <0.00 ., 0.30 Q.34 0.36 0.35. 0.29 , aBt :i'•····· ·a i .i:ru• l"li'I!i; ·!,~i ... · · JT5fiir. ~:: .. ~~if elf: i]S. !::. 
East Orange canoe Brook 1 30 4S 0.29 0.65 052 0.49 0.43 · M7 Madison Borough A · 4S . 26 . 0.25 · 0.36, 0.37 0.38 0.34 0.36 
East Orange Canoe Brook 2· 27 4S 0 .. 79 0.65 052 0,49 0.43 0.47 Madison Borough B 4S . 25 0.4S 0.36 0.37' · 0.38 0.34 0.36 
East0rangeCanoeBrook3 24 4S 0.1S. 0.65 052 0.49 0.43 0.47 MadisonBoroughC 40 17 0.32 0.36 0.37 . 0.38 0.34 0.36 
East Orange canoe Brook 4 22 4S 0.81 0.65 052 0.49 0.43 0.47 Madison Borough D. 41 19 0.32 . 0.36 0.37 0.38 0.34 0.36 
East Orange canoe Brook S,6 19 46 .0.00 0.30 052 0.32 0.63 0.46 .M11dison Borough E 4S 27 0.4S 0.36 0.37 0.38 0.34 0.36 
East Orange Braidburn 1 ,,·. _31 30, 0.85 . ml .· 1.06, us 1.24 1.03 Chatham Boroughl,2,3 . . 46 30 0.98 0.99 0.99 1;01 .. 0.93 U2 
~t.0range_Braidburi12- . 30-30 - R90- . LOl. - 1_,06 ' us; 1.24 ' 1.03 CanoeBrook:CoimtryClub . - 41 43 .. 0:00 @2- ,,0:02, ,0:04 :0,02": 0.02 · .. t:~i!~:~:~::c,1-:~~ .. •·-·-'····· :;lt~r,, ·:U!.- -·-·.~:: ... .. }lt-.J::.•. t::,,. ,~,,_, ·-·~~i~~;~~.f~~~ri~g- ~-- 1; -· g::-:,·-.. ~~rf.':git·:gii: '.'g:~i~i' l~r···• 
East Orange Dickinson 2 34 33 0.22 · 0.92 0.93 1.02 . 0.98 .1.00 Sandoz 1 16 13 0.01 0.21 0.19 0;1S 0.08 0.08 

. East Orange Dickinson 3 32 34 1.38 0.92 0.93 1.02 0.98 .· 1.00 Sandoz 2 17 14 0.08 0.21 0.19 O.lS 0.08 0.08 
Livingston Township 1 8 38 .0.14 0.11 0.08 o,m 0.09 0.00 · Sandoz 3 18 1S . 0.40 0.21 0.19 O;tS ,0.08 (1.08 
LivingstonTownship2 7 40 0.23 0.23 0.18 0.10 0.18 0.00 Sandoz4 19 1S 0.49 0.21 0.19 O.lS 0.08 0.08 
LivingStonTownship3 9 27 0.35 0.42 · 0.6 0.71 0.44 0.87 SandozS 20 13 0.62 0.21 0.19 0.tS 0.08 0.08 
Livingston Township 4 · 13 42 0.28 0.19 0.31 0.31 0.19 0.22 Pfizer 6 4 0.00 0.00 0.00 0.21 051 0.27 
Livingston Township 5 10 28 0.4S 0.40 0.69 0.30 053 · 0.41 Allied Chemicall,2,4 33 5 0.23 0.33 0.67 0.79 0.65 0.61 
Livingston Township 6 14 32 0.15 0.17 0.16 0.10 0.12 0.09 Allied Chemical 10 31 S 0.00 0.00 0.00 0.00 0.16 0.20 
Livingston Township 7 1S 27 0.36 0:31 0.25 0.18 0.20 0.10 Allied Chemical 35 34 0.06 0.00 0.00 0.00 0.00 0.00 
Livingston Township 8 18 34 0;38 0.27 0.34 0.24 0.23 0.25 Surburban Propane lS 8 0.01 0.00 Q.00 0;00 0.01 0.01 
Livingston Township 9 14 27 0.00 0.19 0.31 . 059 0.47 0.42 Amax Specialties Metal Corp. 23 14 0.17 . 0.00 0.00 0.00 0.08 . 0.00 
Livingston Township 10 lS 41 0.00 ~.17 0.12 0.02 0.10 0.14 Orange Products, Inc. 34 38 0.11 0.00 0.00 0.19 0.11 ' 0.00 

Llnpro 34 8 0.00 0.00 0.00 0.00 0.00 0.00 

.TOTALS 28.44 28.11 29.93 30.74 28.41 .26552 
1nata from Harold Meisler, U.S. GeoJogical Survey, 1986 . 
2ooes not equal total 1985 pumpagefrom table ldue to rounding 
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Verification· consis .s of µsing 1
1 the ~ilkt#ted 

model to simulatevaltlesforthat partofthtfdata · .. 
not used during the dwbration stage. If :d1¢Jhis-

. torical data record is ro! long en;ough:~# .~~pply 

suffici.ent.· .d. ata,. the r. eri. fibatio~ ste~.·.;.,~ .... :·.··.•·• ... ·~ .. ·.:.: ..••. Y ... ·.• .. ·.•·:•b·. e bypassed. .. . I 1 \ : /'' . 
. The fm~ step, ptolctior, m~plves 11ffli¢i ;the 
model to. slDlulate. the hy~ologi~ syste~:~aer 
anticipated or simt1lat9d conditiPM,; for 
ground~water model this usually 1entails \~lt¢fing 
the pumpage values. [ . : i . : .1; )! 

Meisler did not h~ve a i suffif ient:~(~fo#bal 
tecordnfobserved water le:vels to botbcali~rate 
andverify •his _model. [~e cplib~a~ed t~;¢j ~~4el, 
andthe!1 used it to prepict spsta~D!abley1~,Wjfr;9m 
thebuned valle~. Mefsler ipo?~~d t?t: p~YfWal 
parameters of his mddel durmg calib.-abon to 
better Diatch the obsetved drawd.owns'. I I i h : i\ i i 

This study beganl witJ a·· v~rific:Jtfb1~\ :of · 
' f ! ,1: . ,._,.-1::-·1,·i;:',','. 

Meister's modeLNone of the hydrogeoJq~fal 
characteristics set by[ Mei~ler \Vere· alter~d; to 
provide a floser fit .of the observ~4 and Pl1~4i~t¢d 

· drawdowns.>Updated pun1page was '.j.1~Mi to 
· simulate drawdowns Fere\hen c9~:l?~f pd 
to observed drawdowns for. 5 pumpage;~~rrq~s, 
Years \Vhich had sin{ilar ,otal pumpage ~~re 
grouped together for modeling puq:)~s~.~ :to 

. ' ' '' . ' • I ; . . l . ' i. ' : ·' : ; j_, "_:~ ·,:' '.; 

dec!ease . comp~tab1nal e_ffort .. Dr~t~~o/ns 
durmg each peno,d · Jere ~imul~ted • ~~~efl ;o~ · 
reported; pumpage ( ~able 15). The· re~fili~ ...• pb~ 
tamed usmg these PUfpagfs are1 refer~7~: to, as 
the !'100-percent-l· f-re·cord~d~pliipp.t~e 
verification scenario.,,•· I .. i . ·. ::::; i .· 

T~e accuracy of the. this .rerifi~ti~~ift#~*o 
wasJudged by comparmg snnulat~d tnc~~m~Nal 
· drawdownsto obse,rv~d dr~wdo\\(lls in lil 9bser~ 
vation wells (table 6) inthe study area/: ;:>: 

Table ?presents totkl and incr~ment~W4~~ 
·· down for the U · <>bser7atio~ wel\s. a.s ~1,~~J~fed 

by .the 100-percenttof-r~corded•p11qtl),age 
verification scenado'. 'Jfable $is ad analy~is:qf the . 
difference·petw~en· obfe1:7e;d,inc~emen,t~l·:~r~}"~ 
downs and the simulated mcremental dr~wdo~ 
fot ea~h pumpage p9riod.)It · p~es~n\s\; ,+I, 6.b- . 

. servedmcremental drawdowns; 2) simulated1n-1·· '_· .·.· ' -:.'.i-•:1:·[.l.'1-,· 

crementa~drawdo"jn, aµd; 3~ thei[~~iiNal 
absolute difference betwee.n thei obse~ed :and 
simulated values. Inctemental drawd9ijsi ,are 
shown only fo,rthose ,ens.and pumping~.edods 
for.which observationaldatia areiavailable( The 
number of years in· ~ach lpumping peri~d is 
mown at ilie top of thl mb1f' I · · 

I 
I 
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·. • difference·· between the observed and 
siµi,ulated vaJ,ues of incremental drawdown was 
4Mci.ed by the number of years in each pumping 
~~riodto yield.the annua1 difference. The annual 
differ.ence Js used to compare the results of 
~~~ping periods of varying duration. If the an-
n~~:clifference is negative thenthe simulated in, 
¢t¢jental drawdown over that pumping period 
"'.afgreater than the observed value. A positive 
nutnber indicates the reverse. . 

.· Jlthe rightmost column indicates, for each wen, 
\li~ :!',yerage of the absolute values of the annual 
differences in incremental draw downs. The ab-
splµl~. valuejs used to indicate total differences. 
If the absolute annual incremental drawdown 

were not used then positive and negative vaJ,~e~ would cancel. out• leaving. the impression that11 i.pn average; the .simulated incremental 
draidownswere closer to observed values than t~e :data indicate. . 

· t~( bott<>m row shows, for each pumping 
p~ripd, the average ofthe absolute \'alues of the 
. arinti~I differences . in incremental drawdowns. 
t\.g~n, the absolute value of the annual differen-
ces1s1usedto prevent positive and negative dif-
fe;~~~fes from canceling ea~h other out. 
• ··:1~ble 8 can be analyzedinthree different ways. 
First,Jhe body ofthe table can be searched for 
tf~i:i~ either in a given well or in a given pump-
~i,p~riodi Second,· the average annual differ-
~*c~s,can be examined by well (the rightmost 
Fplqi;nn). And third, the average annual differen-
~s ip,J pumping period ( thehottom row) can be 
examined. 

i ;p~rusing the bodyof the table doesn't yield any 
~()ti¢eable patterns, The annual differences do 
npf:appeartobe systematic. The annual dif-
fe\:-¢i:t¢es arenot·consistentlypositiveor negative, ~r: qf 'Similar sizes either in a given weU or in a 
p~°"'#ing period; Wells which are physically 
~lq~etogether (for instance, Driver l and Driver 
2;br Neutral Zon~. and Canoe Brook) tend to 
~~ve. anp.ual ·differences of the same •sign but 
othetnearbywells ( Clemens and Sandoz, for in-
stance} do not show this correlation. . 

. 1Th~rightmost coluinn shows the average ofthe 
absolute annual differences for each well. The 
qie1118ns well shows the most difference, with an 
~~erage of 2.0 feet difference between observed 
aiid simufated incremental drawdowns. Tlie 
Gr.een Acres well shows Jhe least difference at 
0.6 feet. No pattern is apparent. 



Table 6. Buried-valley observation wells 

Observation 
well 

Gr~enAcres 
Sandoz 

Clemens 
WBDriver2 
WBDriverl 

Morristown Airport 
Briarwood School 

Canoe Brook 
Neutral Zone 

Esso 6-Inch 
Madison4 

Well node location 
row column 

7 19 
19 13 
20 12 
24 13 
25 16 
28 7 
27 25 
35 41 
31 45 
31 13 
45 26 

USGSID1 

27-0006 
27-0005 
27-0004 
27-0003 
27-0002 
27-0015 
27-0012 
13~0013 · 
13-0014 
27-0014 
27-0017 . 

Buried valley 
East Hanover 
East Hanover 
East Hanover 
East Hanover 
East Hanover 
East Hanover 
Southern Millburn 
Southern Millburn 
Canoe Brook 
Chatham 

·Chatham 
1Identification number assigned by U.S. Geological S~rvey, Water Resources Division, West Trenton · 

Table 7. Simlllated total and incremental drawdowns b&sed .on 100-percent-of-recorded-pumpage 
scenario 

A) Total drawdowns1 (ft) 
Pumping period 

1974- 1977- 1981-
Observation well 1976 1979 1980 1984 19&5 

Green Acres 9.2 10;8 11.5 11.5 · 11.1 
Sandoz 32.6 34.1 32.3 33.2. 33.2 

Clemens 33.1 34.9 33.0 34;7 34.9 
Driver2 38.2 41.8 39.3 43.8 44.5 
Driver 1 38.9 42.5 41.1 44.3 44.3 

Briarwood School. 50.0 54.9 ·56.3 56.3 56.0 
· Morristown Airport 23.0 26.3 26.3 28.6 29.0 

Esso6-Inch 36.9 40.2 40.2 41.4 41.2 
Neutral Zone 67.6 68.5 70.4 67.7 65.1 
Canqe. Brook · 58.3 61.0 63.1 57.9 52.7 

Madison4 50.3 53.4 54.4 51.5· 50.1 

B) Incremental drawdowns2 (ft) ( 

Pumping period 
1974- 1977~ 1981-

Observation well .1976 1979 1980 1984 1985 
· Green Acres 0.7 1.6 0.7 0.0 0.2 

Sandoz 1.6 1.5 -1.8 0.9 0.0 
Clemens 1.3 1.8 -1.9 1.7 0.2 
Drjver2 2.3 3.6 -2.5 4.5 0.7 
Driver 1 2.7 3.6 -1.4 3.2, 0.0 

Briarwood School 3.0 4.9 1.4 0.0 s0:3 
Morristown Airport 2.1 33 0.0 2.3 0.4 

Esso6-Inch 2.9 3.3 0.0 1.2 -0.2 
Neutral Zone 5.4 0.9 1.9 -2.7 -2.6 
Canoe Brook -0.2 2.7 2.1 -5.2 -5.2 

Madison4 1.6 3.1 1.0 -2.9 -1.4 

l From prepumping conditions to end of pumping period. 

2 Positive numbers indicate a decline in water levels, Negative numbers indicate a rise in water levels. 
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Table 8. Analysis of difference between actual and simulated incremental drawdowns (ft~, 100-percent-of-recorded-pumpage scenario. 

Observation 
well 

Incremental 
·drawdown 

1946- 1953- 1960-
1952 1959 1965 

1%6- 1969-
1968 1971 

1972- 1974- 1977-
1973 1976 1979 

1980 1981-
1984 

1985 

2 3 3 1 4 1 Average of the: 
annual absolute 

Years in pumpin~ period 7 7 6 3 3 
Green Acres actual 0.0 -1.2 2.0 1.2 1.6 -0.2 1.6 difference for 

simulated 1.9 0.3 0.7 1.6 0.7 0.0 0.2 each well 
annual difference -0.6 -0.8 0.4 -0.1 0.9 -0.1 1.4 0.6 

Sandoz actual 9.4 -1.6 1.4 1.8 2.6 4.8 3.6 
-------------------------cimulate-'------------------'l.2-----'1~2--1~6--t;y--~ts- ---0:9--0:01-------'------------

annual difference 0.1 -4.4 -0:1. _ 0.1 4.4 1.0 3.6 
Clemens-- - actual - - - - --10;0 - -~2;0 - 2:6- t.8 ----,1.4- -r.2 -- -•-

_simulated 9.2 7.7 1.3 1.8 -1.9 1.7 
----- - - annual-differenoo-- - -- -- 0.3- ~4.8- 0.4- 0,0 -~6.3---0;l --- -r 

actual 1.8 11.2 -2.8 5.0 2.6 4.0 3.6 1.0 Driver2 
simulated 2.1 9.8 6.8 2.3 3.6 -2.5 4.5 0.7 

annual difference -0.l 0.5 -4.8 0.9 - -0:3 6.5 -0.2 0.3 
Driverl actual 1.8 9 .2 -2.8 6.0 1.6 

3.6 
-0.7 · 

simulated 2.6 8.3 4.8 2.7 
annual difference 

Briarwood School actual 
simulated 

annual difference 
Morristown Airport actual 

Esso6-inch 

Neutral Zone 

Canoe Brook 

Madison4 

simulated 
annual difference 

actual 
simulated 

annual difference 
actual 

_simulated 
annual difference 

actual 
simulated 

annual difference 
actual 

simulated 
annual difference 

10.0 
1.8 
1.2 

Average of the annual absolute 1.2 
difference for each pumping 
period 

18.4 
92 
1.3 
6.5 

11.5 
-0.7 

1.0 

2.5 
4.4 

-0.3 

11.4 
7.8 
0.6 

15.2 
11.2 
0.7 
9.8 

10.9 
-0.2 
0.4 

-0.3 0.3 -3.8 1.1 
1.0 6.4 -4.8 4.6 
4.8 6.1 0.4 3.0 

-1.3 0.1 -2.6 0.5 

7.6 
4.9 
0.9 

0.5 1.7 -0.3 0;1 0.1 
1.3 4.2 0,9 2.1 3.3 

-0.3 -0.8 -0.6 -0.7 -1.1 

-6.0 
-5.3 
-0.2 
-1:b 
-2.2 
-0.1 
Q.2 
1.6 

-0.5 
0.4 

3.0 -1.2 
5.2 1.4 

-0.7 -1.3 
0.0 -2.0 
0.5 4.0 

-0.2 -3.0 

2.2 
2.9 
0.2 
1.4 
5.4 
-1.3 

Il 
2.8 
0.8 

u:8 -8.1 
2.4 -0.2 

-0.8 -2.6 

0.2 
3.3 

-1.0 
-2.2 
0.9 

-1.0 
-1.7 
2.7 

-1.5 
-{[4 
4.9 

-1.8 

~6.0 
0.5 

-3.3 

1.0 1.0 
1.6 3.1 
-0.2 -0.7 

0.6 2.7 0.8 0.7 

-•. 4.4, 
-1.4 
5.8 

-0.4 
1.4 

-1.8 
1.6 
0.0 
1.6 
4.0 
0.0 
4.0 

-3.2 
1.9 

-5.1 
0.0 
2.1 

-2.1 
1;2 
1.0 
0.2 
3.5 

5.8 
3.2 
0.6 

-1.8 
0.0 

-0.5 
-0.1 
2.3 

-0.6 
4.0 
1.2 
0.7 

-5.8 
-2.7 
-0.8 
-9.0 
-5.2 
-0.9 
-3.0 
-2.9 
-0.0 
0.5 

2.2 
-0.3 
2.51 
0.0 
0.4 

-0.4 

2.8 
-1.4 
4.2 
2.1 

1;9 

-2;0--

1.7 

1.8 

1.3 

0.7 

1.3 

1.5 

1.1 

1.2 



The bottom row shows the average of the ab-
solute annual differences for each pumping 
period. The years up to and including 1971 were 
used by Meisler in his original model. He later 
added pumpage for the pumping period 1972-
1973. This study added pumpage for 1974-1985. 

For the five pumping periQds prior to 1972, 
three had average absolute annual differences of 
less than .or equal to 1.0 feet.· The remaining one 
is based on values in only one well, the Neutral 
Zone. For the six pumping periods after 1972, 
three had average valuesless.than 1.0 ft while the 
remaining three were all over 3.0 ft. This indi-

. cates. that the simulated values of incremental 
drawdown, while not significantly different from 
the observed values during the period 1972° 1985, 
do differ more than those simulated for the 
period .1946~ 1971. While the model's ability to 
match observed incremental drawdown is ac-
ceptable for the later tinie period, it is not as 
good as was observed by Meisler. 

One important note about the average ab-
solute annual differences for each pumping 
period. The years 1980 and 1985 each were simu-
lated by a single year. This was done to reflect 
changes in pumping values which were sig-
nificant enough to warrant treatment as a 
sepan1te period. The calculated annual absolute 
differences for these two years were 3.5 and 2.1 
feet, respectively. The only other value this large 
was 2.7 feet for the period 1972-1973, a two-year 
pumping period.All other average values were 
less than or equal to 1.2 feet. 

The model appears to· have some difficulty 
matching incremental·. drawdowns• over a short. 
time· period. During . these shorter periods the. 
transient effects due to· changes in pumpage 
rates are more impbrtant~ The magnitude of 
these transient effects are governedto a large ex- . 
tent by the storage capabilities of the system. The 
fact that the shortertime periods have the 

· greater differences appears to indicate that the 
values used for storage coefficient in the model 
may not be as accurate as could be desired. 

On~ reassuring point is that the lransierit ef-
fects, being dependent upon storage values, do 
not affect the steady-state simulations. The es-
timates of sustainable yield for the buried-valley 
aquifers were made under steadysstate condi-
tions. Thus any errors associated with imperfect 
characterizations of the storage· in. the aquifer 
systems will not affect the sustainable yield es-
timates. 
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One other possible source of error lies in the 
pumpage values used. If the reported pumpage 
values are greater or lesser than the amount of 
ground water actually withdrawn then the 
predicted incremental drawdowns · will be less 
likely to match observed drawdowns: In an at-
tempt to evaluate the effect of possible errors in 
reported pumpage, the pumpage values were 
varied and then used to predict incremental 
drawdowns. 

The reported pumpages are termed the 100-
percent-of-recorded-pumpage values because 
they represent no change from ( or 100% of) the 
values reported to the DWR. These values were 
reduced by 25 percent, producing the 75-per-
cent-of-recorded-pumpage values, and then in-
creased by 25 P!!rcent, the 125-percent 
recorded-pumpage' values. Table 9 presents 
1985 pumpage for all three sets of recorded 
pumpages. The hvo additional sets of recorded 
puinpages were used in verification scenarios. 

Difficulties were encountered during the 125-
percent-of-i:ecorded-pum page verification 
scenario. The increase of25 percent in pumpage 
caused water levels throughout the eastern part 
of the study area to fall below the bottom of the 
aquifer, which halted the simulation. To 
proceed, all withdrawals in the Commonwealth 
Canoe Brook, East Orange Slough Brook, East 
Orange Canoe Brook, East Orange Braidb'urn, 
East Orange Dickinson and Livingston wells 
fields were held to the values used during the 
100-pereent-of-recorded-pumpa$e verification 
scenario. 

Tables 10 and 11 present the analysis of the 75-
percent-of-recorded~pumpage verification 
scenario. Tables 12 and .13 show results for the 
125-percent recorded~pumpage verification 
scenario. 

Analysis of tables 11 and 12, and comparison 
to table 8, indicates the pumpage values used in 
the 100-percent-of-recorded-pumpage verifica-
tion scenario yielded, on average, the lowest an-
nual differences between observed and 
simulated incr'emental drawdowns. The 
pumpage values used for this scenario do repre-
sent th¢ .best available estimate of pumpage in 
. the study area. 



Table 9.1985 pumpage (mgd) for 100-, 75-, and l25~percent-of~recorded-pumpage scenarios 

Percent of recorded punipage · -Percent of recorded pumpage -
Production well 100 75 125 Production well 100 · _ 75 125 

1/12 Commonwealth Canoe Brook 0.33 0.25 0.33 Ltvmgston Township 11 0.17 0.12 0.17 
• 1/12 Commonwealth.Canoe Brook 0.33 0.25 0.33 Livingston Township 12 0.21 0.16 ·0.21 
3/12 Commonwealth Canoe Brook 1.00 0.75 1.00 Black Brook 1 (SEMCMUA) 1.10 0.82 _1_.38~--------

------·271rcommonwealth-CanoeBrook 01;7-· -030---_ -0:07·-~--~~Black Broolc2 (SEMCMUA)-_ -- 1.47 1.10 1.84 
3/12 Commonwealth Canoe Brook 1.00 0.75 1.00 Normapdy (SEMCMUA) _ 0.11 _ .0.32 0.54 

---2/I2CommonweaUli Canoe-Bfoolc~- 0~6T - ---0.30 - --0.67 - -· ~---Florham Park llorougli 1 - ·o.oo - --- O]X> 0.00 -
CommonwealthPassaicRiver51 0.32 0.24. 0.40 Florh:,mtParkBorough2 0.29 0.22 0.36 

--- ~------ · - eommonwealth PassaicR 48;so- - 0.64-- -- O:.JS ~- --o:so-- -~- -~-- Florham Park-Borougn3~~ - 0:29- --:-o:iz---- --o:36"- -----------
East Orange Slough Brook · · 0.19 0.15 0.19 Florham Park Borough 4 0.29 0.22 0;36 
EastOrangeSloughBrook; 0.19 . . 0;15 0.19 ._ East Hanover Township! 0.00 · 0.00 - 0.00 
EastOrangeSloughBrook Od9 · '0;15 0.19 EastHanoverTownship2 ·· 0.46 0.35 0.58 
EastOrangeSloughBrook__ 0.19~ 0;15 · 0.19/- EastHanoveiTown:shipS.::.-·0.46 .• ::c, ..•• :.co.35 0.58 

East Orange Canoe Brook 1 0.52 · 0:39 0.52 Madison Borough A 0.36 027 0.45 
East Orange Canoe Brook 2 . 0.52 0.39 0.52 Madison Borough B 0.36 0.27 0.45 
EastOrange Canoe Brook 3 0.52 · ·. 0.39 0.52 Madison Borough C 0.36 0.27 0.45 
East Orange Canoe Brook 4 0.52 · 0.39 0.52 Madison BoroughD 0.36 0.27 0.45 

East Orange Canoe Brook 5,6 _ 0.52 i 0.39 •--- 0.52 Madison BoroughE -- 0;36 0.27 0.45 
_ EastOrange Braidburn 1 1.06 0.80 1.06 · Chatham Borough 1,2,3 1.12 0.84 1.40 · 
East Orange Braidbum2 1.06 · 0.80 · 1.06 Canoe Brook Country Club 0.02 -0:01 . 0;02 
East Orange Braidburn 3 1.06 0.80 1.06 Exxon Research & Engineering 0.39 0.29 0.48 
EastOrangeDickinsonl 0.93 0.70 0.93 MorrisCountyGolfClub 0.01 0.01 0.01 
East Orange Dickinson 2 · 0.93 0.70 0.93 · Sandoz 1 0.08 0;06 0.10 
East Orange Dickinsoi13 0.93 _ 0.70 0.93 Sandoz 2 0.08 0.06 0.10 -

Livingston Township 1 0.08 0.06 0.08 - Sandoz 3 0.08 0.06 0.10 
Livingston Township 2 -0;00 0.00 0.00 Sandoz 4 0.08 0.06 0.10 
Livingston Township 3 0.87 0;65 0.87 . Sandoz5 0.08 0.06 0.10 
Livingston Township 4 0.22 0.17 0.22 Pfizer 0.27 0.20 0.33 
Livingston Township 5 0.41 ·- 0.31 · 0.41 · Allied Chemical 1,2,4 0.61 0.45 0.76 
Livingston Township 6 0.09 0.06 _ 0.09 Allied Chemical 10 0.20 · 0.15 . 0.25 
Livingston Township 7 · 0.10 0.08 · . 0.10 Allied Chemical 0.01' · 0.01 0.02 
Livingston Township 8 0.25 0.18 -- 0.25 Surburban Propane 0.00 0.00 · 0.00 
Livingston Township 9 0.42 0.32 0.42 Amax Specialties Metal Corp. 0.00 0.00 0.01 

Livingston Township 10 0.14 . 0.11 0.14 Orange Products, Inc'. 0.00 0.00 0.00 
Linpro - -

TOTALS 26.55 20.14 29.57 



Table 10. Simulated total and incremental drawdowns based on 75-percent-of-recorded-pumpage 
scenario 

· A) total drawdowns1 (ft) 
. Observation 

well 1974-
··1976 

, Green Acres 7 .9 
, Sandoz 26 •. 3 

Clemens 26.7 
· Driver 2. 31.0 

Driver l 31.9 
Briarwood School 42.0 

Morristown Airport · 19.3 
.. Esso6-Inch . 30;7 
Neutral ZOrie 55.3 
Canoe Brook 47'.0 

Madison4 41,4 

B) · I11crementaJ··c1rawdowns2 (~). . 
Observation ···· 

well 

Green Acres 
· Sandoz 
·cfomens 
··Di;iver2 
Driverl· 

Briarwood School 
Morristown Airport 

. Esso6~Inc:h 
Neutral ZOne 
Canoe Brook 
. .Madison4 

-4.7 
~5.1 
.,;4_9. 
-4.3 

· -5.0 
~1.6 
-3.3 
-6.9 

-11.5 
~7.3 

Pumping period 
1977- 1981,-
1979 · 198() 
8.7 9.1 

26.4 . 24.8 
·. 27.0 25.2 

32.3 . 30.1 
33.0 31.6 
43.0 43.4 
20.6 20.3 
31.4 31.0 
5:Z.6 53.4 
46.7 . 47.9 

·. 41.4 41.7 

•1984 
.8.7 
24.7 

· 25.8 
32.5 
32.9 
41.1 . 
21:2 

.30:8 
495 · 

. 42.7 
38.2 

Purilping period 
1977- . 1981-
1979 1980 1984 

0.8 0.4 
0;1 -1.6 
o:3 ~1.s 
1.3 -2.2· 
1.i -i4. 
i.() 0.4 
1.3 · -0.3 
0.1 ~o:4 

-2.7 0.8 
· -0.3 1.2 

0.0 0.3 

-0.4 
-0.1 
0.6 
2.4 
1.3 

~2.3 
Q.9 

-0.2 
·-3.9 
-5.2 
-3.5 

1985 
8.9 

24.7 
. 25.9 

33.1 
33.0 

. 40.4 
22.5 
30.8 

· 47.3 
38.5 
37.0 

1985. 

0.2 
d.O 
0.1 
0.6 
0.1 

-0.7 
1.3 
0.0 

-2,2 
-4.2 
~1.2 . 

1From prepumpirtg conditions to end of pumping period. . • 
2 Positi~e numbers indicate a faU in water levels. NC?gative numbers .indicate a rise in water levels. 
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Table 11. Analysis of difference b~tween actual and simulated incremental drawdowns (ft), 75-percent 0of-recorded-pumpage s~nario 

Pumping· period 
Incremental 1946- 1953- 1960- 1966- 1969- 1972- 1974- 1977-

P . . . d ( f ) 7 7 6 3 3 2 3 3. 1 4 Average of the umpUig peno no. o years 1.·6 annual absolute 
Green Acres actual 0.0 -1.2 2.0 1.2 -0.2 · difference for 

Well · drawdown 1952 1959 1965 1968 1971 1973 1976 1979 1980 1984 1985 

simulated. 1.9 0.3 0.7 0.8 0.4 -0.4 each well .. 
~--------~--------~,annual-difference,_•~---~~-~-~-~ · .. 0.-7----~~---~ 

San oz • act 
- -simulated - -- -- . 

annual difference 

annual difference 
Driver 2 'actual_ -

simulated. 
annualdifforence~ 

Driver 1 actual 
simulated 

annual difference 
Briarwood School actual 

simulated 
annual difference · ' 

·Morristown'Aifport · · 0 ••· ·actual-.:-
simulated 

annual difference 
Esso 6-inch actual · 

simulated 
annual difference 

Neutral Zone actual 10.0 
simulated 1.8 

annual difference 1.2 
Canoe Brook actual 

simulated 
annual difference 

Madison 4 actual 
simulated 

annual difference 

Average of the annual absolute 
difference for each pumping 
period 

1.2 

18.4. 
9.2 
1.3 
6.5 

11.5 
-0:7 

1.0 

1;8 
2.1 

-0.1 
1.8 
2.6 

-0.3 
1.0 
4.8 

-1.3-- . 
:cos 
1.3 

-0.3 

11.4 -6:0 
7,8 -5.3 
o;6 -0.2 

15.2 -2.6 
11.2 -2.2 
0.7 -0.1 
9.8 0.2 

10.9 1.6 
-0.2 -0.5 
0.4 0.4 

9.2 7.7 
-0.3 -4.8 
11.2 - ~2.8 
9;8 6.8 .. 
0.5-- -4.8-
9.2 :C:2.8 
8.3 ·- 4.8 
0.3 -3.8 
6.4 -4.8 
6;1 .:0.4 
0;1 ,a2.6• 
1.7 -0.3· 
4.2 · 0.9 

-0.8 ~o.6 
3.0. -1.2 
5:2 1.4 
0:7 -1.3 
0.0 -2.0 
0.5 4.0 

-0:2 -3.0 
5.2 0.8 
2.8 2.4 
0.8 c0.8 

-0.4 -6.0 -
4.9. 0.5_ 

-1.8 -3.3 
0.6 2.7 

.2.3 
-------~-- ------~------ --

-5.1 -1.8 
2.6 6:2 2.4 

_·5;0·> __ 4:0. 
.4,9 , 1.3 --~2.2 

. .-33~-- OA-c •-'--6;2:- •:-2;0::''--
6.0 1.6 4.4 

-4.3 l.l ~1.4 
3.4 0.2 5.8 1. ·.2.1 
4.6 7.6 -0.4 -1.8 

- -5,0:••-1;0 0.4 -2.3-
3;2·:>2.:t• -0.8- · O;l 1.6 
0;1 0.1 1.6 .:--.0 0;1 

-1.6 1.3 -0.3 0.9 
0.6 -0.4 1.9 -0.3 0.7 
2.2 0.2 4.0 .. 4.0 

-3.3 0.7 -0.4 -0.2 
1.8 -0.2 4.4 1.1 1.6 
1.4 -2.2 -3.2 -5.8 

-6.9 -2.7. 0.8 -3.9 
2.8 0.2 -4.0 -0.5 1.4 

~8.1 -1.7 0.0 -9.0 
-11.5 -0.3 1.2 -5.2 

1.1 -0.5 -1.2 -0.9 0.8 
1.0 1.0 1.2 -3.0 

-7.3 0.0 0.3 -3.5 
2.8 0.3 0.9 0.1 1.5 
2.2 0.5 3.3 0.5 



Table 12. Simulated total and incremental drawdowns based on 125-percent~of-recorded-pumpage 
scenario 

A) Totaldrawdowns1 (ft) 
Pumping period 

1974- 1977~ .1981-
Observation well 1976 1979 1980 1984 1985 

Green Acres 9.9 11.9 12.9 13.0 13.3 
Sandoz 38.3 413 ·39,6 40.8 41.0 

Clemens 39.0 42.4 40.6 42.9 43.5 
Driver2 44.9 50.8 48.2 54.9 56.8 
Driver 1 45.2 50.8 49.7 54.2 55.4 

Briarwood School 52.1 58.6 60.6 62.1 62.0 
Morristown Airport 26.4 31.6 32.0 35.7 38.5 

Esso 6-Inch 42.0 47.2 47.6 50.0 50.6 
Neutral Zone 69.5. ·71,9 74.4 . 72.4 70.0 
Canoe Brook 60.7 64.9 67.7 62.2 56.6 

Madison4 56.0 60.9 62.3 59.7 58.4 

B) Incremental drawdowns2 (ft) 
. J>umping period 

1974-· 1977- 1981-
Observation well 1976 1979 1980 1984 1985 

Green Acres 1.4 2.0 1.0 0.1 0.3 
Sandoz 7.3 3.0 -1.7 1.2 0.2 

Clemens 7.2 3.4 -1.8 2.3 0.6 
Driver2 9.0 5.9 -2.6 6.7 1.9 
Driver 1 9.0 5.6 -1.1 4.5 1.2 

Briarwood School 5.1 6.5. 2.0 1.5 -0.1 
Morristown Airport 5.5 5.2 0.4 3.7 2.8 

Esso6slnch 8.0 5.2 0.4 2.4 0.6 
Neutral Zone 7.3 2.4 2.5 -2.0 -2.4 
Canoe Brook 2.2 4.2 2.8 -5.5 -5.6 

Madison4 7.3 4.9 1.4 -2.6 -1.3 

1 From prepumping .conditions to end.of pumping period; 
2 Positive numbers indicate a fall in water levels. Negative numbers indicate a rise in,water levels. 
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. Table-13~:Aliaiysis of difference.between .actuahnd .siinulate4 fucreme11tal drawdowns (ft), 125-per<:ent-()f~tecorded~pumpage:scenario .. 
. ' ,. . ' . . . . ·-

wen·· .. · 1nc;reniental : . 
·-- .. drawdown'·· 

.:1966-' 1969~ .1972- · 197~ 1977-' , 1981"'. 
1968 1971 · · · l97f · 1976. ·. 1979 : 1986 . 1984 1985 Average of the 
3 3 . ·· 2 • 3 · 3 1 4 1 annual.absolute 

·. Green Acres actu . -0.0 · -1.2 ·20 1;2. 1.6 ,;-0.2 .-·· ·. 1~6 · diffen:ntcfot 
· · ··. · sinudated 1.9 0.3•. L4 2.0 1.0 : (fa 0.3 . · each well . 

annwil difference · -0.6 . . . -0.8 0.2 :.(13 0,6 · -0.1 . · 1:3 ._ • · 03 ·. 
aiia,oz 

;· 
· ,actu ·· ... 9.4 · -1.6 1.4 : · 1.8 . . 2.6 · :4.8 3.6 .· .. · · · 

~ulated · 9.2. · 1.i 13. · 3;0c · · sl,7.. -~ 1;2 · 0:2 ·· · 
· ~~7ial <iitterence . · 0.1 · ·4.4 -2.0 . -0.4 · - 4.3 0.9 · 3;4 • 2.2 .. ·_ · 

::Iemens · ·. •actu . ·. . .· 10.0 · · ~2.0:, 2;6 1.8 · 4.4 . 12 . . 

---- ~- ~~=~""§E .·· >_ . ~c-ii--ili ~•~··•··· .· 
--==~~; . fi-¥•-·!~~:.;(ftit;,.·.; ........... . -.... 
Drwer,t .. · 

. . . · 'simulated . 4.8 6.1 0.4 ··_• 5.1 . . 65 . . . 2.0 21.5 . -0,l 
~ual difference -1.3 0:1 ~2.6 : -0.2 . 0.4. -2.4 -5.8 . ·2;3 1.9 

. .. · c. l. · ·-03 :. O,l ,. 0;1 . 1.6. ·. -O;t:. , o.o .• • 
. . 4.4- ·1.3 < 4.2 . 0:9• ·•55 . 5.2 0;4: . 3,7' : 2~:. .. . . 

Esso.6-10,_ 

-.. · Neutral Zone 

acuson. 

··simulated: 
.· annualdifferen; 

actu 
.· •. sWwated 
annual difference 

actual .10.0 
siriiulated · · 1.8 · 

. · ann~J-difference · 1.2 · 
, .· __ actu"'."" 

.. . csimulated 
annuahltff~rence 

·· actu 
·simulated 

· annualdifference 

~verage of the :annual absolute 
.. 'difference. for 'each',pumping .. period .. ·. 

~- ~:-=.: .,..o~,;. :. ,.-OlL. · .. :o.-0.6 c .11L C, fj,; · / tL : ~:uL=-.- :;,2R i;, l.2~~, . 
3.0· · -1.2 .2.2 0.2 4.0 .. 4.0 

. 5.2 .· 1.4 . 8.0 ... · 5.2. · 0.4 · 24· 
-0.7 . · ·-1.3 ~1.9 ·.-1,7 3.6· 0.4 

~-o-·-o.o--:- -:-. -2.0 • 1.4: · -2.2 ·-3:2 . -'5.8 
, -53 · 0.5 , 4:0 ·. 73 · · 2.4 · 2.5. . s2.0 

-0.2 · -0.2 .. -3;0 · ~20 · -ts · -5.7 -0.9 
· · -2:6--.:- -:- 5.2 .· - o:s -8.1 ·. :.1.1 · 0.0 · -9.0 :t . 1~{ :1t· ~! .... _!: . t~4. ~1t· : ~i! .... .· 

0,2 --0;4 -6.0 1:0 1.0 1.2. -3;0 2;8 

1.6 

1.7 

1.4 

10.9 
-0.2 

1.6 · 4.9 · -'0;5 , 73 -4.9 1.4 ~ ~2.6 ,-13 
·-0.5 ~1.8 · ~33 ·_ ~2.1 <~1.3 · ,0.2: . ~.1 -4.1J is ·· 
. 1:6 1.1 ·. 3.6 1.0 -



PUMPAGE-GROWTH SCENARIOS 
The purpose of this phase of investigation 

was to predict the effects of additional pumpage 
on water levels. Additional pumpage was 
divided into two categories. The first is based on 
an assumption of growth in the ar~awith a.cor-
responding increase in grou~d~water use.· The 

· second assumes a newallocahon at the proposed 
Linpro site. Four pumpage-growth seep.ados 
were investigated using the ground:water model. 

The first pumpage-growth scenario, termed 
the base-growth scenario, assumed that an· al-
location was not granted to Lin pro. All. other 
pumpage in the study area was increased 15 per"' 
cent from the values reported for thel981-1984 
pumping period .. This · incr~ase is ... ?ased · on 
projected population growth m Moms County 
(below). It is a conservatively high estimate of 

Population 
County July 1; 1984 Julyli 1995 · 
Essex • 841,500 794,500 
Morris 417,100 ·· 479,900 · 

Percent 
change 

-5.6 
+15,l 

Source: NJ Office of Demographic and Economic Analysis, 1985 

population growth as the two largest ground-
water 11sers (Commonwealth.and East Orange) 
serve primarily Essex County. The ,increas~ ~as 
applied at the beginning qf the pumpagf pen~d · 
1986-1995. Pumpageis shown as scenario BG 1n 
table 14. · · 

DuriJ1g the modeling of the l>ase-growth 
scenario··. it was necessary to restrict the Com-
monweaith Canoe Br<>Ok, East {)range Slough 
Broqk, East Orange Canoe Brook, Bas~ ~)range 
Braidburn, East Orange Dickinson, L1vmgston 
and East Hanover well fielqs to1981-1984 
pumping rates. The. computer inodel predicted 
that if the pumpage at these wells was mcr~~sed 
by 15percentthew~lls wo1dd go dry. Add1tton-
ally, the 15-percent increase was applied only to 
municipal water purveyors; industrial pumpage 
was held a.t its 1981s84 level. Industrial pU1npage, 
is assumed not to respond to population changes . 
in the area. 

Predicted total and incremental drawdowns 
for the base~growth · scenario at the observation 
wells are shown in table 1$. These values are as-
sumed· to indicate the effect of expected in-
creases in. pumpage · to meet increased demand 
by current users in the area. Any effect of addi-
tional ground-water users in the are;t was calcu-

21 

lated· as the. difference from this base-growth 
scenario. 

Geonics(1986) reported that Linpro proposed 
pumping between 0.3 and _o.s (mgdl ,from. the 
Chatham buried-valley aquifer. Of this amount, 
03 mgd was for consuniption onsite and .an ad-
ditional 0.2 mgd was for possible transfer to Flor-
ham Park Borough. To consider both scenarios, · 
pumpagesof 0.3 and 0.5 mgd (table 14) were 
added to the base-growth scenario. . 

The first Linpro pumpage'-growth scenario as-
sumed that in addition to the pumpage applied . 
to the base-growth scenario, 0.3 mgd was 
withdrawn from the Linpro site. The second 

· Linpro pumpage-growth scenario assumed that 
· 0.5 mgd was pumped from the Linpro site. 
Predicted total and incremental drawdowns for 
these.two Linpro pumpage-growth scenarios at 
the end of the 1986-1995 pumping period are 
shown in table 15. · 

Comparing the resultsof the base-growth and 
two Lifipro pumpage-~owth scenarios indicat~s 
ihe estimated effect on water levels of the add1-
tionalLinpro pumpage.At the Neutral Zonepb-
servationwell ( approxilllately J.5 miles from the 
Linpro site and situated near th~ Common° 
wealth Canoe Brook well field) the mcremental 
drawdown calculated by the base-grnwth 
scenario is 4.7 feef If Linpro pumps 0.3 mgd.the 
modelpredicts an incremental drawdown of4.9 
feet · or an additional 0.2 foot of drawdown. If 
. Linpro pumps 0.5 mgd, then the model predicts 
5.1 feet of incremental drawdown at the Neutral 

. Zone well, of which 0.4 foot is attributable to the 
Linpro pumpage .. 

At the Esso 6-inch observation well (roughly 
0.5 mile from the proposed Linpro pumpage 
site) the incremental drawdown pre~ictedb!t~e 
model directly attributable to the Lmpro site ts· 
1.5 feet at 0.3-mgd additional pumpage, and 2.5 
feet at 0.5-mgd additional pumpage. 

As a check on the grouncl 0water resources of 
the areaaUpumpage was increased to the max- · 
imum allocation amount as shown in table 3. This 
is · the maximum-allocation pumpage-growth 
seen.ado. Puinpage at the .comrrioriwealth 
Canoe Brook weU field as well .as at all East 
Orange, . Livingston, East Hanover Township 
and Sandoz wells were held at the 1981-1984 
rates. Ifpumpage at these wells increased while 
all other pumpage increased to the maximum al-
location, then these w~ll fields showed excessive 



Table 14.Simulated pumpage values (mgd) for pumpage-growth scenarios 

Growth scenarios Growth scenarios 
. Production well BG1 BG+ 0.32 BG+ 0.53MA 4 Production well Ba1 BG+ 0.32 BG+ 0.53 MA 4 

1/12 Commonwealth Canoe Brook 0.43 0.43 0.43 0.43 L=--ci:-Vl.-. n-gs-t-on-=T=-own-,.-s--:hi-:-. p----=-11=----------::o'""'.20=---=-o.--;;20-=---co""".2""'0=-------=o=.20-=---
:l/l2 Commonwealth Canoe Brook 0.43 0.43 0.43 0.43 Livingston Township 12 0.20 0.20 0.20 0.20 
3/12 Commonwealth Canoe Brook 1.28 . 1.28 1.28 1.28 Black Brook 1 (SEMCMUA) 1.19 1.19 1.19 1.60 
2/12 Commonwealth Canoe Brook 0.85 0.85 0.85 0.85 Black Brook 2 (SEMCMUA) 1.40 1.40 1.40 1.60 
3/12 Commonwealth Canoe Brook 1.28 1.28 1.28 1.28 Normandy (SEMCMUA) 0.08 0.08 0.08 1.60 
2/-12-Conunonwealth-Canoe-BcooL0.85_______Q.85_._o.85_· -.-0.8.~5-~~Eo.-ham-l!a.-k-Bo.-ough-1 ----0.00-0.00-0.00- -0.<:J0~~--
Commonwealth Passaic River 51 0.76 0.76 0.76 1.00 Florham Park Borough 2 0;40 0.40 0.40 0.58 

_CommonwealthPassaicR.48,50. __ 1.51 ... 1.52 __ 1.52 __ 2.00_ __FlorhamParkBoroµgh3 _0.40 _0.40_ •0.40 .. _0.58 
East Orange Slough Brook 0:18 0.18 0.18 0.18 Florham Park Borough 4 0.40 0.40 0.40 0.58 
East Orange Slough Brook 0.18 0.18 0.18 0.18 East flanover Township 1 0.00 0.00 0.00 0.00 

·---------- --East-OrangeSloughBrook---- -o;t8 -~-o;18" -0.18- --0.18~ -- ·Easr-Hanovet-Townshlp2- -0.61 --0:61- -0.61- 0~61~ 
East Orange Slough Brook 0.18 0.18 0.18 0.18 East Hanover Township 5 . 0.42 · 0.42 0.42 0.42 
East Orange Canoe B.-ook 1 0.47 0.47 0.47 0.47 Madison Borough A 0.39 0.39 0.39 0;70 
East Orange Canoe Brook2 0.47 . 0.47 0.47° · 0.47 MadisonBoroughB 0.39 0:39 · 0.39 0;70 · 
East0rangeCanoeBrook3 0.47 0.47 0.47 0.47° Madison Borough.C 0.39 0.39 0.39 - 0.70 
East Orange CanoeBrook4 0.41 0.47- ~o.47 0.47 Madison BoroughD 0.39 039 0.39 030 
East Orange Canoe Brook 5,6 0.46 0.46 0.46 0.46 · Madison Borough E 0.39 0.39 0.39 0.70 
East Orange Braidburn 1 1.03 1.03 1.03 1.03 Chatham Borough 1,2,3 1.07 1.07 1.07 l.75 
East Orange Braidburn 2 1.03 1.03 1.03 1.03 Canoe Brook Country Club 0.02 0.02 0.02 0.10 
East Orange Braidburn 3 1.03 1.03 1.03 1.03 Exxon Research & Engineering 0.39 0.39 0.39 0.32 
EastOrangeDickinsonl 1.00. 1.00 1.00 1.00 MorrisCountyGolfClub 0.01 0.01 0.01 021 
East Orange Dickinson 2 - 1.00 1.00 1.00 l.00 Sandoz 1 0.08 Q.08 · 0.08 0.08 
East Orange DickinsonJ 1.00 1.00 .l.00 1.00 Sandoz 2 · 0.08 0.08 0.08 · 0.08 
Livingston Township 1 0.00 0.00 0.00 0.00 Sandoz 3 0.08 0.08 0.08 0.08 
Livingston Township 2 0.18 0.18 0.18 0.18 Sandoz 4 0.08 0.08 0.08 0.08 
Livingston Township 3 0.44 0.44 0.44 0.44 Sandoz 5 0.08 · 0.08 0.08 0,08 
Livingston Township 4 0.19. 0.19 0.19 0.19 . Pfizer 0.51 0.51 0.51 1.70 
Livingston Township 5 0.53 0.53 0.53 0.53 Allied Chemical 1,2,4 0.65 0.65 0.65 0.80 
Livingston' Township 6 0.12 0.12 0.12 0.12 Allied Chemical10 0.16 0.16 0.16 0.26 
Livingston Township 7 0.20 0.20 0.20 0.20 Allied Chemical 0.00 0.00 0.00 0.00 
'Livingston Township 8 0.23 0.23 0.23 0.00 Surburban Propane 0.01 0.01 0.01 0.10 
Livingston Township 9 0.47 . 0.47 0.47 0.41 Ama,rSpecialties Metal Corp. 0.08 0.08 0.08 0;10 
Livingston Township 10 0.10 0.10 0.10 0.10 Orange Products, Inc. 0.11 0.11 0.11 0.10 

SCENARIO 
1BG 
2BG+~.3 
3BG+0.S 
4MA 

: base growth pumpage + 0.0 mgd Linpro pumpage 

: base growth pumpage + 0.3 mgcl Linpro pumpage 

: base growth pumpage + 0.S mgd Linpro pumpage 

: maximum allocation pumpagc + 0.0 mgd Linpro pumpage 

Linpro 0.00 0.30 0.50 0.00 
TOTALS 29.61 29.91 30.11 36.76 

The base growth pumpage assumes a 15-percent increase in pumpage over simulated 
1981-1984 rates for all ground-water users in the study area except the Common• 
wealth Canoe Brook well field and all East Orange, Livingston, East Hanover and 
private industry wells. These users were held at the 1981- 1984 rates. 

The maximum-allocation pumpage was applied to all ground- water users except the 
Commonwealth Canoe Brook well field, and all East Orange; Livingston, East 
Hanover, and Sandoz M:11s. 



· Table 15.~ Simulated-total and increme11.tal dr11wdo~ at obse~t,ion "'.ells from pumpage"'.growth · ·· · · · scenarios. · · ,. · · · · · · · · · · • .. 

A) Total drawdown 1~86-1995 (ft) .. · 

. Scenarios: 

Observation well 15~percent growth ~narios · 
Ba1 '., ·.·. BG +0,32 . ]3G i0,53 

Green Acres 'Iii · 12.2 · · 12.3- · 
. Sandoz 36.6· : . 37.1 · 37.5 
Clemens . 38.5,. ~9.J . . . 39.5 

'• t)river·2 .. · •• · 49;2, 50.2 · so;s 
··oriv'.er 1 49A •.. · · 50.4 ·.· · 51.1 

Briarwood Scho<>l 59.2 59.7 .60.l 
M.orristown Airp9rt '3u) •. •. 33.4 . . 34.4 
· Esso 6 Inch 4S.5 · · 47.0: 48.o· 

Neutral Zone . 69.8 70.0 70,2 .· 
Canoe Brook · 59.8 . 60.0 60.l· 
. Madison 4 55.4 . 56.1. · . 56.6 

· ,1B? : base growth pu~P;8~. t ltQ,:tn~ l,.inp1'flP,~]8~ f ,·:: ; .. • ·.·· 
'2aq+.0.3 : base growt!1. ptrnipllge + 0;3mgd Unpropumpage . · . 
3BG +O.S : base growth p~mpage + Ci.5 mgd Uripro pumpage 
4Mji : maxitrtum ~locationpumpilge + 0.0 mgd ~riP!<>.i>u,i,tpa~ · ,• 

Maximum' 
allocation 4 

. J3'.~ •·· 
47.4-
51.4 

. 72.5 
,··. 7L8 

613 
.' 53.i . 

65'.1 
76.9··· •M.1.· .. ·· 
]4.8 

·•The base growth pumpage assum~s a 15-pe«ent increase in purilpage over simulated 1981-1984 rates for all ground-wa\er users 
. iii, the study area ~cept th~ q,Dlntoriwealth.Canoe 13rook_ well fie)li a_11:d all:E!is~ C>range; f,.Jvingst_<?~, East llan9V_l:r ;md private .. 

· industrywc:lls.TheseUf1Crswereheldatthe.1981°1984rate~;: _: .: , · · ... '. ' · '.' .· :·. i.' .•··•• ... · ' .,, ,.· . 
• • Th~ maxirltuin-allocation pumj>age was applied to ali grou~d- water users except the Commonwealth Canoe Brook well field; 

arid a~ East Orange, Uvingston; East Hanover; and Sandoz wells. . . . . ·. . . 

· ch:awdo~ and the m~del predicted· that ~~ter .. 
levels would fall belO\y the bot~om 0£ the 'aqwfel'. '.;: .. 
No pumpage was.: sim.ulatecf at the prop~~~di_,< 

. Lin pro well fo ... the ,Diaxim1un~allocatfon · .... 
pumpage~gt'Owth s¢enario. ' ,,, · \ ···•·· ...... -~ . : ' 

Under the m#illilllll.;_allcication J>.Um,P&ge- :. ,,, 
grnwth sc;enario the 1'leutl'a.l_ Zonewell: showed 
· 11:s feet of incrementatdiawdt)\w arid thi 13s~.o .. •· .. 
6-:io:cb well, 24.7 feet at the end of the period · .. ' 
1986-1995. . . 

.•·,· ,· ,· . · ... : ·' .. :.· . -.··,4 . 

. ,~lMITATIONS OF MpDE~< ·. · .· ,i · .. ···· 
.. · . :; A,,pplication a.rid int~ryteta.tion·pf a :e:omputei::: 
. :)n,gqel · requires in.any .assUlllp!i0~; :'I'hese · as, . 
. :sumptioils lilllJ,t the· accu,t~cy aµd appljcability of, 

. . ~e model. Four major. assumptions affect this· 
modeli 1). ~ourid-watel" (low is' limited.-to two · 
dimensions;,:2).Me~sler's,niodelwas calibrated to. 
a ·th~tt-ti~e· period; :3) pump.age· must be: . 
ayetaged'fo"spa¢e and.time to fit the mqdel, ~d;. 
~) the streams ap.d wetlands ~e able to supply 
an infinite vtilui:Iie of water to .~e .llquifer. · 



· · The first limitation· involves thb hydr6geol9gy 
of the area. The mcidel simulates the , unci>h~ 
'solidated overburdenl incltiding !the b~ied~va1~ 
ley aquifer. In the areas ibetween the buried 
valleys the b~ru;ock aquifer, ~rop~ out at ~hi s~r-
face and this 1s reflected m the modeh· The 
model, though, does riot s~ulate the stibslirfl!-ce 
extension of the becl-ocklaquif¢r ben~~tl1!!fie 
buried-valley aquifer.I 1 ! , \ 1 , ! 

· · · · · • · I . i. \' i . ···• 
·. Meisler ( 197~~ asswred t~at•wi;der norDJ.al, ~-
stressed conditions, gi:-ou~d water flowed up-
ward from the be~rocl,c aqqifer into the 
buried-valley aquifer J This wouJd in";r~~se ~he 
sustained yiel~ of the ~uri~d~v_all;ey aq1er: ~.. . . 

The underlymg bedrock aquifer, thou$fi; 1s. the 
source of water for rilany Wells ~lirougho'ut the 
area. Ground-water I flow inayj in pl~c¢s,!'be 
downwa~ds, from thel overpurddln into tl>.e :~rd~ 
rock. This would dectease:the amount ofwater 
available as sustaina~le yi~ld fr?m the; bµrJed~ 
valley aquifer. An a9uifer test in, 1986 ~f the 
'Linpro site showed. that· the water· level· in' the I I . i ' I 
buried-valley_ aquifer r7as 1~ feet '

1
high~r t~~n the 

water level m the ~edro~k (Geome&, Wa6). 
Under these conditipns ~roun~ ~ater thcives 
downward from the iurie~-valley aqujfef into 
the b~drock aquifer .. Dur~ng . t~e ~quifef · ~est, 
pumping fro~ the bu 1ed-~alley !qmfe!Ipwered 
water levels m the bedtoc~·aquffer. Dady, fluc-
tuations in water le+:ls v.iere 9bser,vedj~ ithe 
bedrock a_quifer; pet?ap~ caufed by1 ~e,rby 
pumpage Ill that aqrfer'. These fluc~uatlpns 
were also noticeable, but muted~ in th;e .buried-
valley wells. Clearl~, th.e two aquifers ·are 

I ' I ' I ' 

hydraulically connected. , i . · 

It is not known wh~tlier: the lJ.edrock. aquifer 
consistently increasesior decreases the sustaitied 
yield of an overlying burieo-valley aquifer, 6r if 
these interactions eiet"t a 1

. major influeh~e. on 
water levels. HowevJr, th~ interactions should 
not.be ignored. A mor1e thoroughistudyis ne~~ed 
to define how pumpiJg in qne aqhifer affects, the 

ot.he. r. An. accurate r 1

1

epre~.ent~t~o .. nwo.·u···l·d· c.'on .. -sider the system as a whole, and predict a sus-
tained yield of the compinecl

1 

bedrock and 
buried-valley aquifer systems. • , • · I ··. j I ·,, 

.. The second liinita.tion to the model is • the 
calibration base. Meisler'.s model Was calibrJted 
using a short historical peribd. Four of th~ obser-
vation wells had 3 yeJi:s of historical water~l~vel 
data available, four ~thers 6 years, twO had 12 
years and two had 19 years. Model parameters 
were adjusted durin, Mei~ler's study to match 

I I I 
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predicted drawdowns to observed drawdowns in 
tlud.2 calibrii,tion wells. This was not done during 
the ¢11rrent study. 

;: .1;h~ model.was subsequently used in the. cur-, 
r.e'n(study to predict drawdowns for the 14-year 
ij~riod 1972-1985. Six pumping periods were 
use,~ .to represent the general increase of pump-
ing .d,µring this period., In all but two cases, the 
DJ.odd is thus being used to predictdrawdowns 
f pr an interval greater than the original calibra~ 
tion pedod. This is undesirable and increases the 
uncertainty of the model Also, because pumping 
rates were increasing, this study · used .higher 

· fates than those used duringthe original caljbra-
ti<>n:pedod. This also is undesirable, because all· 
in.od~ls display greater .uncertainty as input 
parameters extend beyond ranges observed 
~ur~g the calibration period. · 

:l'he third major assumption deals with how 
pumpage was represented in themodel, Many of 
the. purveyors in the study area report 
'withdrawal data summed for·an eritire weUfield 
f9r a three-month period. Sev.eral of the well 
fields in this study extend over several nodes. To 
represent withdrawals, the reported pumpages 
for each well field were divided by the number 
of :wells in that field, and the average assigned to 
ea~h well. A more accurate result could . be 
a<ihieved by accurately defining the pumpage for 
each,well. Such well-specific adjustments could 
alter drawdowns as predicted by the model. 

/ The pumping periods were also appro1Ci.mated. 
Based on yea:dy pumpage values, tlie j:,~rfod 
1974~1985 was divided into five shorter intervals. 
Repo,rted pumpage in each period was averaged 
for each interval. This average was then used in 
the ~odel. Thus the model correctly represented 
the· total volume of water withdrawn from the 
a:q'uifer during each pumping period, but 
snioothedit out over the period. This assumption 
r~~ultsin an average drawdown over the period. 
Peaks in pumpage and resulting temporary 
drawdowns are not represented. This approach 
may account for some of the differences between 
predicted and actual drawdowns. 

' ' . 

•·•··The fourth major. assumption deals with the 
source of water to the:; model; Unde.r steady-state 
conditions, as was·· as.sumed to· exist when cal-
¢ulatirig the sustainable yield, allrecharge to the 
buried-valley aquifers, ·comes ·rrom surface 
waters: streams and wetlands. 



The Passaic. River and its tributaries ~rry 
more than enough water to recharge the buried-
valley aquifers if a dire.ct connection exi,sted be-
tween them. The Passaic River at Chatham (in 
the·center of the study area and.roughly at the 
intersections of the Chatham and Southern 
Millburn buried-valley aquifers) carried an 
average · of i26 million gallons per day · during 
calendar year 1986 (Bauersfeld arid others, 
1987). This volume is significantly greater than 
the estjmated yields of all of the buried-valley 
aquifers in the study area. 

The estitnates of sustainable yield· assumed 
that sufficient water can leak through the semi-
confining unit overlying the buried~valley 
aquifers from .the channels of the Passaic River 
and its tributaries and from wetlands in the area. 
If the semi~confining unit is more .restrictive than 
assµmed by the model, or a significant portion of 
the wetlands at the surface are drained, then the 
estimates of sustainable yield may b.e too high. 

.. • During low~water periods, when river flow and 
the areal extent ofwetlands are reduced, the 
. amount of vertical recharge may be diminished. 
During thes.e tiD1es . the water available to 
recharge the buried-valley aquifers may be lower 
than the predicted aniounts. 

OBSERVATIONS ON SUSTAINABLE 
YIELD AND PERMITTED ALLOCATIONS 

Comparison of 1985 pumpage figures with 
Meisler's estimated sustainable yield (tab,le 1) 
sh<>ws that the J\loithemMillbµrn, Slough Brook 
and Canoe . ~rook: buried valleys are being 

pumped a:t rates exceeding the sustainable yield. 
The results of the 125-percent-of-recorded-
pumpage ·. verification scenario support this 
observation. It was impossible to run the model 
with any pumpage greater than 1981-1984 levels 
without simulated water levels in the Common-
wealth, East Orange and Livingston well fields 
falling below the bottom of the aquifer. 

,According to Meisler (1976), the Northern 
Millburn,Soutbern Millburn, Slough Brook, and 
Canoe Brook buried valleys are overallocated. If·· 
all users in these valleys were to pump at their 
permitted allocation rates the current model 
predicts that excessive drawdowns would occur, · 
reducing production of water from these buried 
valleys. Moreover, .the allocation for the East 
Hanover buried valley is close to . its estimated 
sustainable yield. 

These conclusions are supported by the results 
of the maximum-allocation growth-of-pumpage 
scenario; All well fields held constant in the 125-
percen t-of-recorded-pum page verification 
scenario wei:e ·also· held constant in the maxi-
mum-allocation growth scenario. Additionally, 
trial-and-error adjustments showed that if two 
users in the East Hanover valley (East Hanover 
and. Sandoz) were to pump their full allocation 
then one of East Hanover's .wells would go dry. 
This implies that eitherMeisler's estimate of 13 
mgd sustainable yield. in the East Hanover 
buried valley is slightly high, or that the East 
f,lanover and Sandoz wellfields are located too 
close together for each to puqip its total alloca-
tion; 

CONCLUSIONS 

The process of updating pumpage in the Meis-
ler model provided information on possible im-
pacts ofa proposed diversion request. This study 
also provided some insight on the accuracy of 
Meisler's modeland its applicability to situations 
beyond the original calibration period and con-
ditions; The major conclusions of this study are: 

1) Comparison of simulated and observed 
incremental drawd.owns at the observa~ 
tion . wells for . the • pe~iod .1972-1985 
shows that the model's simulations be~ 
come increasingly different fr.om ob-
served· values with time and the errors 
are not systematically high or low. 
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2) The proposed 0.5-mgd diversion would 
produce approximately 2 feet of addi-
tional drawdown from 1986 to 1995 at 
the nearest observation well ( the '.Esso 
6-inch well) and roughly 0.5 ft at the far-
thest well (Neutral·Zone well), assum-
ing a 15-percent growth rate in other 
munidpal users, according to the 
modeL 

3) The model does not account for 
· hydraulic continuity with the underlying 
bedrock aquifer. This may accc:nintfor 
some of the error observed. Recalibrat-
ing the model fo take into account field 
investigations since Meisler'~ work may 
increase the model's accuracy. 



4) The ~odel sh?1. d not be Jsed as the so.le 
baSis for dec1S1ons pn th~ grounds'V!lfer 
resources of tbe area. However, in cob.-
junction with bthel\ sour¢es of inftjrma-
tion it is ~n a<,tequ~te to;q\i f~r 
decision-making by planhersan.d t>ther 
officials if the limitations ,bf the data and · 
modeling reJults iu'e r'cognized and 
understood. ' · 

' ' 
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5) Further updating of the model is not ad-
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. pumpage in both aquifers, as well as the 
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their recharge and discharge areas, 
should be developed. 
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