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Introduction

Many erroneous prediclions have been made on the
availability of groundwater. Errors have been made in
both over-estimating water availability and grossly
under-astimating the available supply. Dire predictions
of saltwater intrusion have been made when, in fact,
no such condition exists.

Aquifer models are often very unrefiable in the hands
of the inexperienced. Many hydrogeologists do not
understand the variable nature of T and S,
transmissivity and storativity, or the impact of aquifer
boundary conditions.

Many engineers look at observation well hydrographs,
making future projections without understanding all of
the factors that influence water levels.

Public decisions regulating or restricting the use of
groundwater must be based on extensive hydrologic
sludy with due consideration to all input parameters,
not fragmentary points of data that are unrelated. The
appropriate data base includes estimates of lotal
annual pumpage with corresponding water level
measurements taken in a shor period of time, over
several years, and long-lerm water quality monitoring
from wells of known condition. Even newly
constructed wells can be drilled near old abandoned
boreholes whose location was lost in time and give
uncharacteristic data for the area.

Aquifer Yield

The yield availabie from a stream-connectad aquifer
may be grossly over estimated. The common
assumption is that stream bed conductivity is a
constant and will stay the same as initial test
conditions. Fine sands and silt are induced into the
river bed matenal by pumping activity, reducing the
stream bed conductance or permeability. Often
channel dams are constructed down-stream to
increase the recharge head, but fine sand and silt
drop out of the streamflow, further decreasing the river
bed conductance which requires dredging to restore
the well figld yield.
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In stream-connected aquifers, often the long-lerm
streamflow characteristics are not properly evaluated.
Annual streamflow is gradually decreasing throughout
the country, especially in midwest and western states.
Groundwater pumpage from stream-connected
aquifers has eliminated the stream base flow or
surplus groundwater discharge from natural
precipitation. Further, agricultural soil conservation
practices are reducing runoft from the frequent, low
intensity storm systems. The construction of
reservoirs and watershed structures store runoff and
increase evaporation loss to the atmosphere. The
consistency of streamflow from many of our rivers for
water supply is now unreliable.

On the other side of this issue, the availability of
groundwater can be underestimated. The initial
decline in groundwater levels due to pumping are
often very rapid, especially when total pumpage is
increased. The decline in head or depression of water
level is necessary to induce water flow through the
aquifer system to the pumpage center. The rate of
flow through the aquifer is a linear function in
accordance with Darcy's Law.

However, an aquifer cannot be recharged until the
water levels have declined, otherwise there is no
storage capacity available. When large guantities of
water are pumped from aquifers, such as exist in
Hinds County, Mississippi, two things happen. One,
the cone of depression may expand until leakage of
water from the shallow overlying aquifer equals the
average pumping rate Second, the effective
coefficient of storativity increases with drawdown,
reducing the rate of water level decliine. The
drawdown trends observed for Hinds County (See
Figure 1) and vicinity are normal to develop the
leakage and recharge lo support the area pumpage,

The U.S. Geological Survey conducted a regional
aquifer system analysis (RASA) of the Gulf coast area.
including Mississippi, in which the system was
modelled using regional water level data. pumpage
estimates, and aquifer test data. It was found that no
major overdraft of the aquifers existed in the region
and that pumpage and recharge were in equilibrium
(Williams 1990). Increase in pumpage was capluring




sdditoral recharge and intercepting some of the
discharge from the aguiters cuicrop and subcrop areas.

Agufers have tremendous yeld potential from the
siorage of water in the pore space of unconsoldated
peciogic matenials (sits, sands, and gravel). For
exampie, in the Ogaliaia aguier n southwesiem
Kansac during the 1560's, water kevels decinedg 2 10
3 test per year for many years. Both the number of
wells pumping increased, as od the areal influsnce:
sxpand N mors recent years. emigaion pumpage has
giabiired and the cosificerd o sioratvity has
inCreased with delayed dranage !rom aguder SIO/age.
The result ks that waler levels gecline ises than 1 fool
pér year or even recover dunng years of above
normal pracipitation due 10 reduced pumpage.

The sama scenario was observed lor the Ogallaia
Aguiler in tha 36,000 squan mile area of the Texas
High Plains in the panhandle of Texas. Il was recently
calculated that the agquiter contains 417 million acre
feat of water in 1990, This volume is 32 milion acre
faet more than expected, based upon compuler
models operated by the Texas Water Developmant
Board staff in Austin (Anon 1681),

in aguilers of large areal exiant, whan the specific
yigid of an aguifer reaches 15 parcant. pumpage in
@mcess of natural recharge can exist lor many
decades belore senous dewalsning occurs. In the
case of the Las Vegas valley aguifer, Dy the 1940's,
groundwaler wihcrawals sxcesdad the perennial yleid
(Momos and Katzer 1990). For the decade prior 10
1571, the rale of decing ranged betwsen 10-12 feal
par year; since then 1he rale has siowed to sbout 2-3
feat per year with reduced pumpage from the basn
The siorage component of an aquiler can support an
over draft sduation for 50 years and =il maintain &
wiabis water supply

Water Cuality

For fresh water 10 ocour in an aguiler, there must be
@ source of rechange, an area or place of discharge,
and a circulation of fluid through the system. The
velocity of ground waler movameant may vary from a
faw teat par year 1o a lew hundred feet par yaar under
nalural gradianis.

The age of frash groundwalir varas with the recharge
mechanism and circulation system. Age of waler
refers o the alapsad time waler was precipitated from
the atmosphera 1o being withdrawn from the aguiter
and may wvary from a lew days fo 3 few thousand
years in most aquifers.

more detailed investigation of the well construction
and formation log revealed these waells wam
constructed by cable ool drilling agquipment with no
cement groul and penelrated an inlermediate
formation of low permeability containing bane of

In another situation on an island along the Flonda
Panhandle, a municipal waler supply wall was drilled
and fested and found lo be of acceptable qualty,
Alter a low weeks of pumping, (he chioride contan
axceaded 350 mg/. Atter much fumbling around, an
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from the same formation on the island. It is easy to
jump to a false conclusion when there is insufficient
investigation.

The pumping rate and induced chemical activity in a
well can cause a change in water quality. Water
enters the well bore at the beginning of turbulent flow
from the aquifer opposite the termination of the pump
suction or if located in the well casing, the pump
energy Is transmitted downward until dissipated by the
formation permeability or it causes the pump lo break
suction. If a zone of high permeability exists in the
upper part of the well, little or no water may be
produced from the bottom aquifers open to the well
(Nuzman 1989). If in time the flow from the highly
permeable zone is reduced by calcfication or
bacteriological plugging, then a gradual shift of flow to
the lower portion of the aquifer will occur. Should the
lower portion of the well open to the aguifer be of
higher salinity, a gradual increase in water salinity will
be observed from the pump discharge. This
phenomena was observed to have occurred in a well
in the Fernandina Beach, Florida, area.

Aquifer Models

Aquifer models are often very unreliable in the hands
of the inexperienced. One of the most difficull piece
ol data to obtain is a refiable water lavel or
piezometric head map of an area for a given or known
condition of pumping. Often, published water level
maps are made from a composite of water level
measurements made over a pericd of several years.
Then pumpage must be estimated by some indirect
method based on population living in the area or other
methods. These data may be better than nothing but
can be very misleading. In a regional aquifer
simulation model, a great deal of time and money
must be spent in getting representative data of
permeability or transmissivity, water level or
piezometric head data, and water quality for each
aquifer layer present in the region. Consistency and
reliability of aquifer data is required to correctly assess
the perennial aquifer yield and impact of future
pumpage.

Many hydrogeologists do not understand the variable
nature of “T, the aquifer transmissivity. The
coefficient of transmissivity obtained from a pumping
lest not only reflects the formation permeability but
also may reflect well losses due to drlling problems,
negafive boundaries due 1o honizontal limits of the
aquifer, leakage from overlying or underlying aquifers,
and recharge from a surface water source. If one
installs pairs of observation wells around the test well,
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the up-gradient wells usually give a lower than normal
“T" value and the down-gradient observation wells a
higher than normal "T" value due to the hydraulic
gradient across the site.

Usually the time drawdown data collected in the first
few hundred minutes of pumping best fit the
theoretical assumptions upon which the evaluation is
based. A review of those assumptions for the non-
equilibrium equation or Theis formula follows:

1. The water-bearing formation is uniform in
character and permeability in both horizontal and
vertical directions,

2. The formation has uniform thickness,

3. The formation has infinite areal extent,

4. The formation receives no recharge from any
source,

5. The formation has no hydraulic gradient.

6. The pumped well penstrates and receives waler

from the full thickness of the water-bearing
formation and is 100 percent efficient, and

7. The water removed from storage is discharged
instantaneously with lowering of the head. If, for
example, recharge is occurring from a surdace
source, the pumping test transmissivity value may
be twice the true value for the formation. If the
aquifer is medelled and the recharge boundary is
again impressed on the aquifer, the computed
available yield may be more than twice the actual
yield available from the aquifer.

Cne of the more difficult features to identily in a
pumping lest is leakage from an underlying or
overlying aquifer. The leakage may be a direct
function of the head differential and may not always
be apparent in the drawdown data. The “T" value
obtained overestimates the true value of the formation
and model results may be overly optimistic.

Conversely, faults or shifts in the aquifer formation
may develop a partial negative boundary that gives
conservative values for “T". A model analysis may
underestimate the perennial yield of the system.

Obviously, several aquifer tests need 1o be conducted
in the same hydrogeologic unit 1o correctly assess the
real value of transmissivity and formation permeability.

The coefficient of storativity in a model setting is a
most difficult situation to handle. Based on the
assumptions previously cited, the coefficient would be
a constant. In actual practice, the coefficient of
storativity may be a variable. Because of this feature,
estimates of the average or apparent storativity must




be mada for moded analysis. This phanomanon was
first recognized by Hantush and Jacob in 1955 and
fater improved upon by Hantush (1284), About this
sama time, Boullon (1963) identifled the typical sag in
the time drawdown curve as delayed yleld from

storage.  Curve fitting procedures were given o
evaluata this leakage eflect from aguifers.

The signilicance of the coefliciant of storativity Is that
this value greatly aflects the drawdown over time from
the aguiter. Since this coefficient is essentlally a
variabla, estimates ol average valug should be mada
for specific increments ol time. For example, in a
confined aguifer of tertiary sand or similar formation S
= 0007 would be a reasonable valua for the Ingtial
pumping for about 15% drawdown ol the initial head
above the aguifer. The value may then Increase o 5
= 001 for the naxt 50% decline in head. S can in-
crease 1o about S = .01 for the next 25% of the head
decline above the top of the aquiter. Al this point, the
coafficiant makes the trangition to specific yiekd or that
porion of the aguifar that will drain water by gravity
flow. Specilic yield for graded sands (of varable size
particles) is approximataly 0,15, or 15 percent of the
aquifer mass, to 0.20 or more for a coarse gravel or
uniform size sand particles. The effect of this
phenomena |s that as drawdown in an aquilar occurs,
there is an aver increasing volume of water released
from the internal storage component of the aguifer
Thersfore, aguifers must be modalled In time
drawdown segmenis to realistically predict the yield
from agquifer sforage. A water lable aguiler, once
dewatared, will assume a near constanl value of
specific yleld for subsequent recharge and discharge
cycles,

Well Hydrographs

Many engineers look al absarvation well hydrographs
{see Figura 1) and make future projections without
understanding all the lactors thal influence water
levais. When a seres ol wells are axamined in a
regional area with a decline In water level of 80 to 100
tesl over 50 years, the straight fine- projection
assumes thal iIncreases in pumping rates will confinue
info the fulure in the same manner as tha past. When
avarage dally pumpage increased from less than 5
mgd to neary 17 megd in the past 50 years in the
Hinds County planning area (Waggoner 1390, then
pumpage should increase 1o 29 mod average day by
the year 2040 with an additional 80 1o 100 fest of
water lavel decling (Iinear projection). Water lavels
would still be well above the top of the Spara
lermation al all cbservation pelniz shown in the repon.
Should pumpage nof increase due 10 water
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conservation ellors, then the increase In slorage yield
and lsakage from overying aguifers would show a
laveling off trend approaching equiibrium with the
system. | pumpage increased faster than the
historical rate indicated (expotential projection), then
the rate of deciing would increase unlil pumpage
slabilized al a new lavel

Water level decline can occur rapidly in an area whare
walls are closaly grouped and pumpage excesds the
fransmission rate of flow of the aguiter. This
phenomena has occurred In the Prattville, Alabama
area whera the city wells and an industrial plant’s
walls all pump from the same aquifer (Gordo) in cloze
proximity. Interestingly, when drawdown reached the
top of the aguifer, waler level daclines leveled ol but
less waler could be pumped from the wells. The well
construction used in the area with small diamaier
screens prevanted further kowering of the pumps and
the aguiter became sell regulating.  Additional
groundwaler supply was readily available Irom the
aquifer with additional wells localed 2 1o 3 miles away
trom this pumping centar.

Publlc Relatlans

Laws governing groundwaler withdrawals have been
adjustad 1o rellect the desire and need 1o pravent
resource deplation and confiict among users. Cours
today are inclined lo regand groundwater more as a
shared public resource that is subject to management
and regulation than as private proparty with rights of
unfimited use (Bowman 1990), Siate legislatures ars
passing comprehensive ground-water-managemeant
statutes 1o provide appropriate fechnical evaluation
rather than relying on the Courts o sattle dispulas.
Ground-waler-managemeant areas are one of a
rumber of means of addressing groundwater supply
problems and, in some cases, groundwaler quality
probiams.

Public decisions regulating or restricting the use of
groundwater should ba based on exiensive hydrlogic
study with due consideration o all inpul paramelers,
nol fragmentary poinis of dala that are unrelated.
Inventory of all pumpage from each aguiler on an
annual basis must be made. MNon-pumping water
levels in walls must ba measured In a relailive shon
period of tima (1 week) al approximately the same
fime [usually in the winter) each year, The aguifer
geologic deposition charactedstics should then be
comectly identified (aquiter transmissivity). This may
require saveral pumping tests throughout the aguiler
Given the field distibution (lransmissivity), the
poteniial distnbution, plezometric head or water level




map for a specific condition of pumpage, then aquifer
models can uniquely calculate the boundary flow
conditions (aquiler recharge) for the hydrologic
system. Calibrating the aquifer model to two or more
historic known conditions provides a reliable tool to
predict the effects of pumpage management and
regulation,

Summary
In summary, appropriate regulations on well
construction, well re-placement, pump setting

standards, water use melering, regular water level
measurements, and periodic water quality sampling
are all necessary data elements needed for proper
evaluation and management of groundwater source
aquifers.

Appropriate management mechanisms that allow
reasonable development and regulation of
groundwaler resources exist. Moreover, the
technology to properly evaluate the perennial yield of
groundwater basins exists. Some overdraft may be
desirable to fully use the groundwater resource for
beneficial purposes,
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