
USES AND MISUSES OF AQUIFER DATA AND MODELS

carl E. NUlman
Layn(t.WeSfem Company, Incorporated

Mlnkm Woods, Kansas

Introduction

Many erroneous pre<lctlons have been made on the
avallabl:lity of groundwater. Errors have been made in
both over·esllmaling waler availability and grossly
under-estlmatlng the available supply Dire P'"edicllons
01 saltwater Intrusion have been made when, In laet.
no such concillan exlSlS_

Aquifer models are often very urveiableln the hands
o' t!'le inexpenerced. Many hydrogeologlsts do not
understand the variable nature 01 T and S,
transmissiVlty and storallvlty. or the Impact of aquller
boundary conditions

Many engineers look at observa.lon weillydrographs,
making future projections WIthout understanclng all 01
the tactors thal IflllJence water levels.

PublIc decisions regulatlng or restrietJng the use 01
groundwaler must be based on extensive hydrologic
s'udy with due consideration to all lnpu. parameters,
not fragmentary points 01 data thaI are unrelaled. The
appropriale data base Includes estimates o' total
anflJal pu/1llage WIth corresponding water level
measurements laken in a short period 01 tlme, over
several years, and Iong-Ierm water ~aity mor*oring
trom WftIlS of known COf'lCi!IQ(l. Even newly
constructed wells can be drilled near old abandoned
boreholes whose Iocatlon was lost In time and Qlve
uncharactenstic dala lor the area.

Aquller Yield

The yield available 'rom a stream-eomected ~Ier

may be grossly over esbmated. The conwnon
assumptIOn is that stream bed concll..lctMty Is a
conslant and will stay the same as 'RlIal test
conditions Rne sands and Si~ are Induce<! into the
over bed material by pumping activity, reducing the
stream bed conductance or permeability. Often
channel dams are constructed down-stream 10
increase the recl'large head. but nne sand and Sill
drop out Of ttte sireamllow. lurther decreasing the nver
bed conductance wlich req.Jires dredging 10 restore
the well field '{teld.
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In stream-conneded acpters. onen the Iong·term
streamllow charactertstics are not property OVUlated.
MflJal streamflow is gradually decreasing throughout
the coumry, especially In midwest and western stales.
Groundwater PUmpa911 from stream-<:onneeted
aqullers has elirJinated the slream baSIl now or
surplus groundwater discharge from natural
precipitation. Further. agriCultural soli conservat\ofl
practices are recilcing runotl lrom the I~~, low
Intensity Slomt systems. Tl'Mt construction of
reservoirs and watershed sllUCtures store /Unoff and
Increase evaporation loss 10 lhe atmosphere The
conSistency 01 slrearJilow lrom many of our nvers tor
water supply is now unreliable.

On 'he other $Ide 01 this issue. the availablly Of
groundwater can be underestimated. The ,nlia!
decline in grourdwaler Ievets due to pufl'lPlng are
otten very faPid. especially when lotal PU/1llag8 is
increased. The decline In head or depression 01 water
!evel Is necessary 10 IrtWce water flow through the
aquUer system to the PUmp3911 center. The rate 0'
trow through the aquiler 15 a tinear function in
accordance with Darcy's Law.

Howl!'Vet. an aqurfer camet be recharged until the
water leY&ts I'lave d8c1ned. Olh81"Wlse there IS no
storage capaoty available. 'Nhen large ~anhbes 01
waler are pumped trom aqJifers, such as eXIst in
Hinds Coumy. Mississippi. two things happen. One.
the cone of depression may expand untlileakage 01
waler lrom the shallow overlying equlfer equals the
average pumping rate Second, the ell&etive
coeffiCient 01 storativity Increases WIth drawdown,
red.rdng the rate 01 water leVel decine. The
tnwdown trends obseNed for Hinds County (see
r9Jf8 1) and vk:irity are nonnaJ to develop lhe
leakage and recharge to $tJpporl lhe area PJmp3ge

The U.S. Geological SUrvey conducted a regional
aquifer system analySis (RASA) 01 the Gu~ coast area,
Including Mississippi, in which the system was
modelled uslng regional water level data. PJmpag8
estimates, and 3lJJler tesl data It was found that no
major overdra1t of the aq.aIers eXIsted in the region
and thaI pu~ge and rech3J1)8 were In eq.Jilbrium
(Williams 1990). Increase In pumpage was capturing
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lrom the same formation on the lsiand. It Is easy to
1u"'P to alai,. concklsion when there is InsuffICient
Investigation.

The pumping rate and Induced cherrical aCllvity In a
well can cause a change In water quality. Water
enters Ihe weU bore at the beginning 01 turtlUJem flow
lrom the aquder opposite the termination of the pump
SUCtion or it Ioeated In the wei C3.S1f'9, tile pump
energy Is lransmtled downward until dissipated by the
10000000000n permeability or It causes the pump 10 bfeak
suction. II a zone 01 high permeabiity exists In the
upper part 01 the well, tittle or no water may be
produced 'rom Ihe botlorn aquilers open 10 the well
(Nuzman 1989). II In Ume the 1I0w lrom lhe highly
permeable zone Is re<1x:ed by calCilication or
baaenologlcal pLIOQ1ng, then a gn!IOJaI shift oillow 10
the lower portlOl1 of the acPfer wil occur. Should the
loWer portion ot the wei open to the ~er be of
higher sair'llty, a gradUal Increase in water sall'Ity wil
be observed from She pul11) discharge. This
phenomena was ObServed 10 have oeamed In a well
In the Fernandina Beach, FJonda. area.

Aquller Models

Aq.nler models are oIten very unreliable IrJ the han:ts
of the Inexperienced. One of 1M rmst (jfficult piece
of dala 10 obtaln II a reliable wallll' level or
piezomelllC head map of an area tor a given or known
condition 01 pufTlling OIten, pubnshed water level
maps are made Irom a composite of waler level
measurements made over a period 01 several years.
Then pumpage roost be estimated by some irwjrea
method based on population ivIng in the area Q{ other
methods. These dala may be bener than notNng but
can be very trisleacing. In a regional ~Ier

aimulallon model, a ;real deal ot lime and money
roost be spent In genlng representative data or
permeabi~ly or transmissivity, water level or
piezometric head data, and waler qualily lor each
aquifer layer present In the reg.on. Consistency an::l
(eUability 01 aquJlerdara is r&qJlred 10 corTeclly assess
the perennial aquJler )'Ield an::l Impact 01 luture

PU..."
Many h)'Orogeolo;ists do not Undersland the variable
nature of "1". the aquller tral'\&miSSivity. The
coemcient 01 IransmissiVity obtalned from a pu""ing
lest not only rellects lhe lormatlon permeability bUI
also may retlect weD losses we to drillng problems,
negative boUndanes we 10 I'lonzonlal Iimts of the
aquder, leakage from O....rtylOg or underlying aq,Jifers,
and recharge from a surtace water source. II one
InstaRs paus of observation wens around the test well,
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the up.oralienl web usually five slower than nonnal
.,.. vam and the dowr't-gradienl ClOservation web a
higher than normal .,.. va.ue due to the hydrauic
gradient across the sIla,

Usually the lima drawdown data colleded in Ule tirst
lew hundred trinutes 01 purTlllng besl lit the
lheoretical assumptions upon wtW:h the evakJatiOn IS

based.. A review of those assu/TlldOns lor the non
equiibrium equation or TheIs forrnJla IGloWs:

1. The water-beaflng formallon is unifOrm In
character and permeability In both horizonlal and
venlcal directIons,

2. The formation has uf'llorm lhiekness.
3. The formation has infinite areal elctert,
.. The tormation receives no recharge rrom any

""'''''.5. The lormalion has no hydrauk: gradent,
6. The pu~ well penetrates and rece...." water

lrom lhe luH thickness 01 Ihe wafer·bearing
lormal/on and is 100 percent ellident, and

7. The water removed lrom storage is diSCharged
Instantaneously With lowering 01 the head. II, lor
example, recharge is occurring lrom a suflace
soun:e, the PUf\'lPlng lesllransmisslvity value may
be~ the true vakJe lor the kmnalion. "the
itqWer is rnxleDed an::l the recharge boundary Is
again Ifllll'9ssed on the aquller, the computed
available yield may be more than twice the actual
yield available lrom the aqulter.

One or the more difffOJIl fealures to ldentily in a
PUf1lllng test IS leakage rrom an underlying or
overlying aqJller The leakage may be a direct:
ItJnctlon of lhe head d/terertiaJ and may not always
be apparent In the drawdown data. The, v.we
oblalned overestimates the lJ\Je va~e 01 the formation
and model resufls may be overly optimistic.

Conversely, laults or shilts in the aquUer lormatlon
may develop a pallial negative boundary thaI gives
GOl'I5erva\lve values lor I. A model analysls may
underestimate the peremat yield of the system.

ObvIousJy, several a<J.IIler tests neeet to be conducled
In the same hydrogeologic uri! to GOrrectly assess the
real value oltrilnsmlsSlVl1y and rormation permeabiily.

The coefficient 01 S10rallvity in a model seltlng Is a
mosl diUicult situation 10 ha~e Based on lhe
assumpllOns previously died, lhe ooelflQent WOIJId be
iI conslilfl. In actual praax:e, the coeftic::HHt of
storabvrty may be a variable. 88CiIIJS8 of this feature,
estimates of the average or apparent Sloratlvrty must
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map 'or a specilic conditlon of pumpage, then aquifer
models can uniquely calculate the boundary tlow
conctitions (aquifer recharge) for the hydrologic
system. Ca~bratlng the aquifer model '0 two or more
historic known conditions provides a reijable 1001 to
predlC1 the effects of pumpage management anct
regulation.

Summary

In summary. appropriate regulations on well
construction, welt re·placement. pump sening
standards. water use metering, regular water level
measurements. and periodic water quafily sampling
are all necessary data elements needed for proper
evaluation and management of groundwater source
aquifers.

Appropriate management mechanisms that allow
reasonable development and regulatipn 01
groundwater resources exist. Moreover, the
lechnology to properly evaluate the perennial yield of
grOtlnctwater basins e>rists. Some overdralt may be
desirable to 'ully use the groundwater resource for
beneficial purposes.
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