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Elements of an Arkansas State Groundwater Quality
Protection Strategy

I. INTRODUCTION

Groundwater contamination within Arkansas was not addressed
in the initial 208 State Water Quality Management Plan. Since
the initial plan was written and submitted, a growing
awareness of the importance of protecting and managing our
state's groundwater resources has surfaced.

In response to that awareness, the Department of Pollution
Control and Ecology included a plan for the development of a
groundwater quality management strategy in its 208 Continuing
Planning Process for Nonpoint Sources in November of 1980 and
the plan was funded in fiscal year 198l1. The various parts
of the plan were assembled between 1981 and August of 1985
when the final draft of the strategy was written.

During that period, attention to groundwater has increased as
its use as a source of drinking water and irrigation grew
both in Arkansas and in the nation as a whole. Questions of
quality and availability were raised and publicly debated.
Nationally, the depletion of the Ogallala aquifer in the high
plains states caused growing concern and produced an
immediate threat to Arkansas as Texas looked longingly at the
seeming abundance of water across the border. Quality issues
were raised by the publicity given to Superfund sites that
contaminated groundwater both here and elsewhere.

Such concerns caused EPA to issue its own groundwater related
projects that became available to the states under Section
106 of the Clean Water Act in fiscal year 1985.

The Arkansas strategy is to some extent the product of these
forces. It incorporates aspects of the EPA protection
strategy and has blended elements of other groundwater
related programs such as Superfund into its framework. It
also utilized the help and data of other agencies with an
interest in groundwater (these agencies were represented on
the Groundwater Quality Protection Strategy Technical
Steering Committee whose members are listed on the adjoining
page).

Hence, the final product is the result of a number of
different agencies, both state and federal, consultants, and
contractors. The staff of the Water Division coordinated the
work of all of these people and ultimately put together the
final product.



The strategy is designed to be open—-ended, subject to change
as situations warrant adaptations. Such flexibility is
especially important with groundwater since our understanding
and concerns are changing rapidly. The strategy then is not
meant to be the final word but the beginning of a protective
approach.



Strategy Objective and Activities

As stated in the Arkansas Department of Pollution Control and
Ecology's (ADPC&E) Water Quality Management Workplan, the
objective of our groundwater strategy is:

To formulate and recommend a management strategy to
protect the quality of Arkansas' groundwater resources.
Under this objective the following activities were
involved.

ACTIVITIES

l.

10.

11.

12,

Establish a committee comprised of representatives of
state and federal agencies having responsibility for, or
interests in, groundwater.

Compile a summary of available groundwater data and
information for the state.

Summarize groundwater quality criteria/guidelines by use.

Summarize known and projected groundwater pollution
problems.

Classify, by quality, Arkansas' groundwater resources.

Recommend a comprehensive interagency data acquisition
and management system.

Summarize the existing groundwater monitoring network and
recommend improvements.

Analyze existing legislation; make recommendations
regarding needed legislation.

Compile and develop criteria for the determination of the
relative groundwater pollution potential of selected
sources of contamination.

Delineate and rank areas of the state according to the
degree of safeguards required for groundwater protec:ion.

Provide cooperative groundwater training with state and
federal agencies.

Recommend optional management strategies to control
groundwater pollution.



PRODUCT

A feasibility report addressing Activities 2, 3, 5, 7, 8 and
12 presenting the steps necessary to protect Arkansas'
groundwater quality. Activities 4, 6, 9, 10 and 11 will be
within reports produced under separate cover.



Groundwater and Aquifers: Definitions

The term groundwater is usually reserved for the subsurface
water that occurs beneath the water table in soils and
geologic formations that are fully saturated.

All water beneath the surface is referred to as subsurface
water. The equivalent term for water on the land surface is
surface water. Subsurface water occurs in two different
zones. One zone, which occurs immediately below the land
surface in most areas, contains both water and air and 1is
referred to as the unsaturated zone. The unsaturated zone 1is
almost invariably underlain by a zone in which all
interconnected openings are full of water. This zone 1is
referred to as the saturated zone.

Water in the saturated zone is the only subsurface water that
is available to supply wells and springs and is the only
water to which the name groundwater is correctly applied.
Recharge of the saturated zone occurs by percolation of water
from the land surface through the unsaturated zone. The
unsaturated zone may be derived usefully into three parts (or
subzones); (1) the soil zone, (2) the intermediate zone, and
(3) the capillary fringe (see diagram a).

The upper part - which differs in thickness from only inches
thick to a depth of several feet - is referred to as the soil
zone. The soil zone is the zone that supports plant growth.
It is crisscrossed by living roots, by holes left by decayed
roots of earlier vegetation, and by animal and worm burrows.
This zone tends to have a higher porosity and permeability
than the underlying material. The soil zone is underlain by
the intermediate zone, its size is dependent upon the
thickness of the soil zone and the depth of the capillary
fringe.

Moving to the lowest part of the unsaturated zone, the
boundary between it and the saturated zone 1is occupied by the
capillary fringe. The capillary fringe results from the
attraction between water and rocks. As a result of this
attraction, water clings as a film on the surface of rock
particles and rises up small-diameter pores against the pull
of gravity. Water in the capillary fringe and in the
overlying part of the unsaturated zone is under a negative
hydraulic pressure - that is, it is under a pressure less
than atmospheric. The water table is the level in the
saturated zone at which the hydraulic pressure is equal to
atmospheric pressure (see diagram b).
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The "uppermost”™ aquifer encountered below the surface is
usually referred to as an "unconfined"” or alluvial aquifer if
it is associated with a stream or river sometimes referred to
as the "principal aquifer” (see diagram d). Aquifers have
been defined in different ways but the applicable definition
for the purpose of this study is from the Federal Register,
40 CFR 146-146.03:

"Aquifer"” - geological formation, group of formations,
or part of a formation that 1is capable of yielding a
significant amount of water to a well or spring (same as
40 CFR Part 122.3 definitions).

Each Federal program has adapted this basic definition to
suit its purposes, as for example the following definitions
from the Safe Drinking Water Act.

"Underground Sources of Drinking Water” (USDW) - an
aquifer or its portion (1)(i) which supplies any public
water supply system or (ii) which contains a sufficient
quantity of groundwater to supply a public water system;
and (A) currently supplies drinking water for human
consumption; or (B) contains fewer than 10,000 mg/1l
total dissolved solids; and (2) which is not an exempted
aquifer.

"Public Water System” - means a system for the provision
to the public of piped water for human consumption, if
such system has at least fifteen service connections or
regularly serves at least twenty-five individuals.

"Confined (or artesian) aquifer” - Groundwater which 1is
under pressure significantly greater than atmospheric,
and its upper limit is the bottom of a bed of distinctly
lower hydraulic conductivity than that of the material
in which the confined water occurs (see diagram c).

A more complete list of definitions is included in the
appendix at the end.

Arkansas Physiography

On the basis of the land surface and differences in the
underlying rocks, Arkansas is divided into two areas of
nearly equal size. The northwestern half is part of a
physiographic division known as the Interior Highlands, and
the southeastern half is part of the Gulf Coastal Plain.
(Includes the Mississippi Embayment.) These areas are shown
in Figure 1.

The land surface in the Interior Highlands is hilly to
mountainous. The Interior Highlands is divided into the
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Ozark Mountains, Arkansas River Valley and the Ouachita
Mountains. The altitude ranges from about 250 to 2,800 feet
above sea level, averaging about 1,400 feet. The valley of
the Arkansas River crosses the Highlands in a general
southeasterly direction.

The bedrock in the Interior Highlands consists of interbedded
shale, sandstone, and limestone. The rocks are relatively
old geologically, and they have been compacted and cemented.
North of the Arkansas River in the Ozark Mountains the
formations generally are nearly flat lying and show little
faulting or folding. South of the river in the Ouachita
Mountains they have been extensively folded, faulted, and
jointed.

The differences in topography between the Interior Highlands
and the Gulf Coastal Plain are caused in a large part by
differences of earth materials underlying the areas. The
geologic formations also control, to a large extent, the
occurrence and availability of groundwater in the two
regions. Figure 1, also shows the approximate productive
areas of the most important water—-bearing deposits in
Arkansas.

Nearly everywhere in the Interior Highlands region, wells
will yield a few gallons of water per minute, and good water
is available for domestic use. However, in most of the
region wells will not yield as much as 50 gallons per minute
except in northwestern Arkansas there are several formations
which, at places where conditions are favorable, may yield
between 50 to 500 gallons per minute to wells. At present
only very general statements can be made about these
formations, either because at present they are tapped by only
a few wells or because information about wells is not
available. The formations are in ascending order (oldest to
youngest) the Gasconade Dolomite, the Roubidoux Formation,
the Cotter Dolomite, the St. Peter Sandstone, the Boone
formation, the Batesville Sandstone, and the Hale Formation.

The Gasconade and Roubidoux Formations are tapped by several
wells in northwestern Arkansas. The maximum reported yield
of any well is 450 gpm. These wells range in depth from
1,000 to more than 2,000 feet. These formations do not crop
out in Arkansas, but they underlie a large area in
north-central and northwestern Arkansas. They are relatively
undeveloped but may be the most important potential source of
groundwater in the area where they occur.

The Cotter Dolomite and Boone Formation are the surface rock
over a large area in north-central and northwestern Arkansas,
respectively. They are the source of water for numerous
springs. There is a wide range in the yields of wells

11
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tapping these formations, depending on the local thickness of
the formation, the height of the locality above streams, and
particularly the number and effective size of fractures and
solution channels penetrated by the well. A mantle of chert
debris formed by the weathering of these formation is
important in much of the area; because it tends to check and
hold the runoff from precipitation, and wells obtain water
directly from the mantle or from the fractures and solution
channels which it feeds.

The St. Peter Sandstone, the Batesville Sandstone, and the
Hale Formation crop out in irregular, relatively narrow,
east-trending bands. They yield water to wells at places
where they have been fractured and where they have not been
cemented or where the calcareous cement has been leached out,
leaving a porous sandstone.

The deposits of alluvium in the valley of the Arkansas River
are a potentially important source of groundwater. At
present this source has not been extensively used. Existing
records show that at some place wells can be developed with
yields of 500 gallons per minute or more. Elsewhere in the
alluivum, the maximum yields are considerably less. The
quality of the water from the alluvium is generally suitable
for most uses. However, there may be a considerable
difference in the quality of the water from place to place.

Nearly all the Gulf Coastal Plain region is underlain by one
or more deposits that will yield fairly large amounts of
good—-quality water to wells.

Formations of the Cretaceous Age are outcropped in south
Arkansas in a general east-trending band. They dip in a
general southerly direction. Some of these formations will
yield good water in sufficient quantity for domestic and
small industrial or municipal supplies. The yields of all of
the known wells are less than 500 gallons per minute. The
water is of acceptable quality in and near the outcrop areas
of the water-bearing formations, but a few miles down dip to
the south it is mineralized and is unsuitable for most uses.

In northeastern Arkansas there is an important water-bearing
deposit of Tertiary Age, which is known locally at Memphis,
Tennessee, as the "1,400-foot"” sand. The sand occurs at a
depth of about 1,000 feet in northeastern Arkansas and
reaches a depth of 1,900 feet in the east-central part of the
State. Water from the sand is of good quality, and it 1is used
extensively for municipal supplies in northeastern Arkansas.
The 1,400-foot sand extends into western Tennessee, and it is
tapped by numerous wells in the vicinity of Memphis.
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The water is under artesian pressure and originally it flowed
from the wells. As the number of wells tapping the sand was
increased and there was an increase in the amount of water
used, the artesian pressure declined so that it is now
necessary to use pumps to get water from most of the wells.

The Sparta Sand underlies a large area in southernm Arkansas.
It is the most important source of groundwater in
south-central Arkansas, where it is used extensively for
industrial and municipal supplies and in the oil fields.
Important centers of pumping are in the vicinity of E1l Dorado
and Magnolia. The Sparta Sand is present, at a greater
depth, in southeastern Arkansas, but the water tends to be
mineralized and is not suitable for most uses.

The Sparta Sand extends into northern Louisiana and western
Mississippi. A large amount of water is taken from it in
these states, particularly in northern Louisiana.

The Cockfield Formation underlies a large area in
east-central and southeastern Arkansas. The formation is an
important source of water or industrial use in the vicinity
of Pine Bluff and for municipal supplies in most of the area
in which it occurs. Water from the Cockfield Formation is
pumped for irrigation from about 20 or 30 wells in
east-central Arkansas, chiefly in the Grand Prairie region.

Deposits of Quarternary age occur in a large part of the Gulf
Coastal Plain in eastern Arkansas and in the valleys of the
Saline, Ouachita, Red, and Arkansas Rivers. They are
relatively young and are everywhere exposed at the surface.
They are generally less than 200 feet thick. The upper part
consists of silt and clay and is relatively impermeable, and
the lower part consists of sand and gravel and generally
yields water to wells.

These deposits are by far the most important sources of
groundwater in Arkansas with respect to both presently
developed supplies and undeveloped reserves. The largest use
of water from these deposits is for the irrigation of rice
and other crops.

14



Bibliography and Summary
of Available Groundwater Data
and Information

Activity #2

The best source of a quick review of the quantity and quality
of groundwater in the state is in the ADPC&E publication,
Nonpoint Source Pollution Assessment Summaries, 1979, for
each of the five major river basins in the state. This can
be supplemented with the groundwater section of ADPC&E's,
Arkansas Water Inventory Report, 1982, which also summarizes
recent reports issued by the Soil and Water Commission, the
Unites Geological Commission and the ADPC&E. The State Water
Plan of 1975, produced by the Arkansas Soil and Water
Commission contains much information on municipal water
supplies. It is currently being updated and the new plan
will have an expanded and improved groundwater section.

For groundwater quality, the best source is the Chemical
Data, 1982, released by the Arkansas Health Department about
every ten years. It includes chemical analysis of samples
submitted by public water supplies every three years. Similar
chemical analyses are done by the University of Arkansas
Cooperative Extension Service for farmers who turn in
irrigation well samples to their county agents. A computer
printout of these analyses is available from the UA Extension
Office. Further chemical data from the sampling stations of
the USGS is presented in their, Water Resources Data, 1981.
These analyses are also placed in the federal computer
system, STORET, and printouts are available from ADPC&E.
Water quantity data is published by the USGS on a yearly
basis. Well levels from their statewide monitoring network
are given along with figures on consumption for each county
and each significant aquifer.

There are relatively old but valuable groundwater use and
quality data scattered throughout the numerous reports
published by the USGS and Geological Commission. The Arkansas
Water Resources Research Center also publishes studies
dealing with all aspects of groundwater - most of which deal
with the Ozark region. Lists of the reports of all three of
the above agencies are available.

A summary of some of the major potential threats to
groundwater is the Surface Impoundments Assessment published
by the Arkansas Soil and Water Commission in 1979 under
contract from the ADPC&E. Metroplan, a council of 1local
governments, mainly Pulaski and Saline Counties, made use of
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this report to study local groundwater conditions in their
area and issued a more site-specific examination which
involved water quality samples from 12 local wells.

The Underground Injection Control program of ADPC&E has
sponsored several studies relating to groundwater, including
a summary of the major aquifers underlying eastern and
southern Arkansas and the quality of the groundwater in each.
A series of maps of these aquifers including areas of high
and low concentrations of total dissolved solids,
potentiometric surfaces and outcrop areas were produced. A
complete list of these studies and their major conclusions is
published in ADPC&E, Underground Injection Control, Primacy
Application class I, IIT, .IVi-and V.

Several regional reports of the USGS and Environmental
Protection Agency include Arkansas (c.f. Summary Appraisals
of the Nation's Groundwater Resources - Arkansas - White -
Red Region, USGS #813-H, 1976, EPA, Groundwater Pollution in
the South Central States, 1973).

Also, the regional Southwest and Texas, Water Works Journal
frequently has articles related to Arkansas (see Arkansas
Special Issue, April, 1983).

Most of the items mentioned above are available to the
public. These and many more are included in the Groundwater
Library of the National Water Well Association which will
under take bibliographic research for a fee.

The most recent bibliography available has been published by
Geraghty and Miller - Fritz van den Leeden, Groundwater
Bibliography, Syosset, N.Y., 1983.

The Environmental Protection Agency has published a large
number of studies on many different aspects of groundwater.
These can be found in its bibliography, EPA, Reports
Bibliography, for 1973-1980. More recent reports are listed
in EPA, Quarterly Abstracts...EPA also published specialized
bibliographies, such as, Pollution: A Selective Annotative
Bibliography. There are similar ones on Subsurface Waste
Injection, Saline Water Intrusion, and Percolation from
Surface Sources.

Some of the material on groundwater published by EPA is
listed below:

Hampton, N.F.,Environmental Monitoring Series, 1976

600/4-76-023, Monitoring Groundwater Quality; Methods
and Costs

600/4-76-045, Monitoring Groundwater Quality; Economic
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Framework and Principles
600/4-76-019, Monitoring Groundwater Quality; Data
Management
600/4-76-026, Monitoring Groundwater Quality Monitoring
Methodology
600/4-76-036, Monitoring Groundwater Quality;
Illustrated Examples
EPA 1979, Handbook on Water Quality Control
Information System, STORET
EPA 1983, Groundwater Guidance for Owners and
Operators of Interim Status Facilities
EPA 1976, A Manual of Laws, Regulations and
Instituwtions for ‘Conitrol of
Groundwater Pollution

EPA-600/4-73-001a (NTIS #PB-232-116/461) Groundwater
Pollution Features of Federal and State Statutes and
Regulations, by Fritz Van der Leeden (Geraghty & Miller,
Inc.), July 1973.

EPA-600/4-73-001b (NTI#PB-232-117/WP) Polluted
Groundwater: Some Causes, Effects, Controls, and
Monitoring, by Harvey O. Banks, Geraghty & Miller, Inc.
(James J. Geraghty, David W. Miller, Nathaniel M.
Perlmutter and George R. Wilson) David C. Klienecke,
P.H. M. Tinlin, David K. Todd, Edward J. Tschupp, and
Don L. Warner, July 1973.

EPA-680/4-74-001 (NTIS #PB-235-556/8WP) Polluted
Groundwater: A Review of the Significant Literature,
David K. Todd and Daniel E. McNulty, March 1974.

EPA-680/4-74-002 (NTIS #PB-241-078) Polluted
Groundwater: Estimating the Effects of Man's
Activities. by John F. Karubian, June 1974.

EPA-680/4-74-003 (NTIS #PB-241-402) Rationale and
Methodology for Monitoring Groundwater Polluted by
Mining Activities, by Don L. Warner, June 1974.

EPA-680-4-75-008 Monitoring Disposal - Well Systems, by
Don L. Warner, July 1975.
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Materials Related to Groundwater in Arkansas
Published after 1975
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Open-File Report 77-402, p. 166.

For material on the State of Arkansas, published before 1975,
the best source of bibliographical material is in R.T.
Sniegocki, Bibliography and Selected Abstracts of Reports on
Water Resources and Related Subjects for Arkansas through
1975, USGS Water Resources Summary Number 10, Little Rock, AR
1976. The material related to groundwater compiled and
abstracted in this work is listed below.

Groundwater in the Lower Arkansas River Valley, Arkansas, U.
S. Geological Survey Water—-Supply Paper 1669-V, 1964, by M.
S. Bedinger and H. G. Jeffery.

Geology and Groundwater Resources of Bradley, Calhoun, and
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1779-v, 1964, by H. N. Halberg and J. E. Reed.
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of Arkansas, Institute of Science and Technology, research
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GROUNDWATER QUALITY AND USE BY RIVER BASIN

INTRODUCTION

Arkansas is endowed with an abundance of fresh underground
water. This water, commonly referred to as groundwater, 1is
stored in and yielded by waterbearing formations called
aquifers in every part of the state. These aquifers occur
from near the land surface to depths of several thousand feet
below the land surface. The combined rate of water yield to
wells from all fresh water aquifers in Arkansas in 1981 was
4,300 billion gallons per day. Of this yield, about 937% was
for agricultural use, 2% for industrial use 2% for municipal
use, 2% for rural domestic use and 1% for thermoelectric
energy. These aquifers, in their areas of outcrop also
discharge water to major streams of the state at one time of
the year or another. Awareness of the importance of
groundwater to the state has grown along with its increased
use. From 1975 to 1981 groundwater use increased from 2.6 to
4,3 billion gallons per day, a 60 percent increase (Hall and’
Holland, Water Use in Arkansas, USGS Report #84-4070).

Groundwater problems in Arkansas are localized and include
contamination, poor natural quality, overdraft, and low
yields. Contaminations of shallow domestic wells by human
and animal wastes is the most prominent problem as evidenced
by high nitrate concentrations. Some surficial aquifers
appear to have been contaminated by industrial wastes which
include both heavy metals and organic chemicals.
Contamination of fresh groundwater by saline water has
occurred in several places due to large-scale pumping. The
most prominent include the Sparta Sand Aquifer in
Independence, White, Monroe, Lincoln, Desha and Chicot
Counties, and in areas adjacent to the Arkansas River.
Continued, large-scale pumping has the potential to increase
these areas of contamination. 1In some areas the occurrence
of saline water appears to be of natural origin and not the
result of human activity. Some saltwater contamination in
south Arkansas 1is due to oil and gas exploration, production
and disposal practices.

Groundwater levels are declining in large areas of the State
where pumping rates exceed recharge rates. Groundwater
levels in the Sparta Sand aquifer have declined as much as
320 feet in the vicinity of E1 Dorado, as much as 225 feet in
the vicinity of Magnolia, and as much as 60 feet in the
vicinity of Stuttgart. Water levels in the alluvial aquifer
have declined in western Craighead, Cross, Poinsett Counties
and in eastern Jackson and Woodruff Counties. The greatest
decline in the alluival aquifer has been in Poinsett County
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where water levels at one point are almost 120 feet below
land surface - a decline of some 70 feet since the early
1900's when it was first used as an irrigation source (Bryant
and Others, Groundwater Problems in Arkansas, USGS Report
#85-4010).

Low yields of groundwater in the Interior Highlands prohibit
large-scale groundwater development. Over most of the
Highlands, yields to wells are less than 25 gallons per
minute (GPM). Exceptions to the low yields are the Arkansas
River alluvium which yields 300 to 750 gallons per minute and
the Roubidoux and Gunter Sandstone aquifers in northwest
Arkansas which yield as much as 450 and 500 GPM,
respectively.

Potential groundwater problems are found statewide. A large
number of waste impoundments, landfills, and open dumps pose
potential threats to groundwater, especially those located in
moderate to high aquifer recharge zones. Contamination from
waste impoundments and dumps has occurred and the potential
for more to happen is a probability. Hazardous substances
transported by pipe lines, vehicles, and trains as well as
storage tanks containing hazardous substances are sources of
potential contamination. Groundwater use, major aquifers,
availability of groundwater and known contaminants are listed
in the following tables. For purposes of convenience and
consistency the tables are organized by the same river basin
segment used in other reports issued by the department.

Because of the wide variation in the quality of the
groundwater within each segment, no general statement about
the quality in the segment was possible. The tables do
indicate which aquifers are being used and how much water is
available which is a general guide to finding water of
sufficient quality and quantity for most purposes. Specific
quality determinations, however, would have to be determined
on a site-specific basis.
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Groundwater Resources

ACTIVITIES 3 and 5

Introduction - Quality Criteria

Quality criteria for groundwater are primarily related to
drinking water which is the most important use to which
groundwater is put. The recommended standards for drinking
water are set by the Safe Drinking Water Act and are adopted
by most states. Arkansas is no exception. The Arkansas
Department of Health uses the National Primary Drinking Water
Standards in setting the standard to which public water
supplies must adhere. These criteria are set forth in Table
#2.

Irrigated agriculture is by far the largest consumer of
groundwater in Arkansas. About 90%Z of all groundwater use is
for irrigation. Table #3 lists the EPA recommended limits
for pollutants in water used for irrigation. These criteria
are only guidelines and it is up to the individual farmer to
aquaint himself with the criteria and use them as he sees
fit. The University Cooperative Extension System will test
the farmer's irrigation well for a fee, with arrangements
made through the county agent.

Industrial use of groundwater was estimated at 2.2% in 1981.
Industrial users are usually tied to municipal water supplies
although some have their own wells. Some have specific
quality needs, as, for example, those industries that use
boilers need to have water with a sodium level of less than
200 milligrams per liter o r excessive frothing will take
place. Other limits are suggested in the EPA Water Quality
Criteria handbook, but since the industrial users are so
varied in their needs, it is impossible to adapt a table that
will be of use to any but a relatively small number of
industrial uses. Table #4 is an example of the kind of
criteria that apply to a few industries.

Classification of Groundwater - Principles and Goals

The classification of groundwater in the ten or so states
that have a system in place usually revolves around drinking
water standards. Sources of drinking water are given a
priority rating in the classification of groundwater. The
basic idea of the classification process is to identify
aquifers or aquifer segments that are either being used as
public drinking water supplies or are potential sources of
drinking water. Beyond this, the state may choose to
identify and classify groundwater according to either use or
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quality, the two being closely related since quality in most
cases will determine use. Usually the designated use is "the

highest and best use of the groundwater resources”.

A parallel and equally valid conservation principal is that

high quality water should be used only when a lower grade
cannot be tolerated by the user. The principle leads in two
directions; one towards the reuse of wastewater for
nonpotable purposes,and the other towards the identification
of aquifer segments that may be unsuitable for drinking water
but is perfectly acceptable for other purposes. It may
determine that the only use of an aquifer that yields poor
quality water may be as a repository for the injection of
hazardous waste.

The objective of groundwater classification, then, is to

provide a systematic approach to the implementation of a
statewide groundwater quality protection strategy by formally
designating the use of and water quality goal for, the
groundwater resource. The resource can then be protected
through appropriate land management. It may also be used as
the basis for the implementation of best management
practices.
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Table 2 —Primary drinking water standards

[From U.S. Environmental Protection Agency, 1977])

Selected _ Maximum contami-
constituent . nant level (milli-
grams per liter)

BrseRTC S o BU ST et v ohi o iaiois oieim 6% s 616 906 516 0 ie 106 165" 608 8 86 68 0.05

BaTIUM sasnensenomessseseenssesssssssedesieossssseesm 1.00

Cadmum "o i e s 55 6o e 5 s noeissinms esessmsessse Sx55-5u5 RTS8 56 0:010

ChIORIAM oieie s s o oieinsessseeseresssanossesssessss s sose 0.05

LR (oi0i0555 08 5060 a1e s e 000 eieie spws s @ s sioLs s, 6 s oy 8107 & 65706 @56 0.05

METCULY o oies o voioe s aessesossessss sasesssigee s sarseses 0.002

Selendum ssississsnessssnivesssseois 5 @5 E B d & ¢ @rove 0.01

SIIVEE cuiwevsinmesnssssdsonnsisesseessssesnesysssssen 0.05

Fluoride s sessspmeloes siemesie on 8 & e okeie b ws wTels w s Weislslole e 1.4 - 2.4 depending
on average temperature

Nitrate as Nliuueuieuieeinerueeeneenennannennnonnns p— 10.00 mg/L

Coliform bacteria. sssercesssss ssecessssssssssssssscs @) For standard samples

(100 ml) the arithmetic
means of all samples
examined in a compli-
ance period shall not
exceed one colony.

b) When less than 20 samples
per wmonth are examined,
not more than one sample
shall have a coliform
count in excess of &

per 100 ml.
TUrbidity csssccssssvsi’essrsssissssapossbosssensssss 1 turbidity unit
ENAIifl seveescsnnnssnnsnmsosssssneosssssesesssssseds 0.0002
Lindane cssessnemosscnnssoassssesesssveceesesseessess 0.004
MethoXychlor cecososecssssssessssccsossscnsssscsosnssss 0.10
Toxaphene cesessscsscsvessssssessssssssessossosessess 0.005
2,8 = D Gississssae it oo esensiedes e seeeeee e 0.10
2,4 ,5=TP (SilVeX) ceeesccccccssecsscssscsascsccscnsos 0.01
TTHM (total trihalomethanes) .ceceesee. P 0.10
Conmbined Radium - 226 and radium = 228 ..eeecececcces 5 pCi/l*
Gross Alpha Particle Activity ceececesscssososssscass 15 pCi/l

(including radium-226, excluding radon and uranium)
Beta Particle and Photon Radioactivity
from manrmade radionuclideS.eccecesses B I Average annual conc. shall

not produce an annual dose
equivalent to the total
body or any internal organ
greater than 4 millirem/vear

Tritium (tofal body) sessesssionnss wis lekore: o 53 (o3 850 rai 5) 3120 20,000 pCi/l

Strontium-90 (bone marrow) ...... 90 10 105) 31 10 o s e o) 1 . 8 pCi/l

*pCi/l = piocuries/liter

IThe maximum contaminant level for nitrate applies to community and noncommunity
water systems. Other inorganic chemicals apply only to community water systems.



TABLE #3 RECOMMENDED LIMITS FOR POLLUTANTS IN WATER USED FOR IRRIGATION*

TRACE HEAVY METALS

Long-Term Use
(mg/1)

Constituent

Short-Term Use
(mg/1)

Remarks

Aluminum

Arsenic

Beryllium

Boron

Chromium

Cobalt

Copper

Fluoride

Iron

Lead

*From EPA-600/8-80-036,

5,

0

+10

.10

.75

.50

5.

Guidelines for Water Reuse
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20.0

2.0

0.5

2.0

1.0

5.0

5.0

15.0

20.0

10.0

Can cause non-productivity in
acid soils, but soils at pH
5.5 to 8.0 will precipitate
the ion and eliminate toxicity

Toxicity to plants varies
widely, ranging from 12 mg/1l
for Sudan grass to less than
0.05 mg/1 for rice.

Toxicity to plants varies
widely, ranging from 5 mg/1
for kale to 0.5 mg/l for
bush beans.

Essential to plant growth,
with optiumum yields for
many obtained at a few-
tenths mg/l in nutrient
solutions. Toxic to many
sensitive plants (e.g.,
citrus plants) at 1 mg/l.

Not generally recognized as
essential growth element.
Conservative limits re-
commended due to lack of
knowledge on toxicity to
plants.

Toxic To tomatoe plants at
0.1 mg/1l in nutrient solution.
Trends to be inactivated by
neutral and alkaline soils.

Toxic to a number of plants
at 0.1 to 1.0 mg/1 in
nutrient solution.

Inactivated by neutral and
alkaline soils.

Not toxic to plants in
aerated soils, but can con-
tribute to soil acidification
and loss of essential
phosphorus and molybedendum.

Can inhibit plant cell growth
at very high concentrations.



TABLE #3 RECOMMENDED LIMITS FOR POLLUTANTS IN WATER USED FOR IRRIGATIéN*

TRACE HEAVY METALS

Constituent

Long-Term Use
(mg/1)

Short-Term Use

(mg/1)

Remarks

Lithium

Manganese

Molybdenum

Nickel

Selenium

Tin, Tungsten

Vanadium

Zinc

Constituent

2.5

0.01

0.2

0.02

2.0

Recommended
Limit

2.5

10.0

0.05

2.0

0.02

1.0

10.0

Tolerated by most crops at
up to 5 mg/l; mobile in soil.
Toxic to citrus at low doses
-recommended limit is 0.075
mg/1.

Toxic to a number of crops at
a few tenths to a few mg/l in
acid soils.

Not toxic to plants at normal
concentrations in soil and
water. Can be toxic to live-
stock if forage is grown in
soils with high levels of
available molybdenum.

Toxic to a number of plants
at 0.5 to 1.0 mg/l; reduced
toxicity at neutral or
alkaline pH.

Toxic to plants at low
concentrations and to live-
stock if forage is grown in
soils with low levels of added
selenium.

Effectively excluded by
plants; specific tolerance
levels unknown.

Toxic to many plants at
relatively low concentrations.

Toxic to many plants at widely
varying concentrations; re-
duced toxicity at increased
pH (6 or above) and in fine-
textured or organic soils.

Remarks

pH

Fecal Coliform

4.5-9.0

1,000/100 ml

37

Most effects of pH on plant
growth are indirect (e.g.,
pH effects on heavy metals;
toxicity described above).

Irrigation waters
this limit should
hazard to animals
their use or from

at or below
pose no

or man from
consumption

of raw crops irrigated with

the waters.



Recommended
Constituent Limit

Remarks

DS 500-5,000 mg/1

For water used continuously on all soils.

Below 500 mg/l, no detrimental
effects are usually noticed.
Between 500 and 1,000 mg/1,

TDS in irrigation water can
affect many crops, and care-
ful management practices should
be followed. Above 2,000 mg/1,
water can be used regularly
only for tolerant plants on
permeable soils.

For water used for a period of up to 20 years on fine-textured neutral or

alkaline soils.
*From EPA 600/8-80-036, Guidelines for Water Reuse.
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TABLEA
Water quelity requirements—mg'L*
————
Frocess Waler by Industny
Cooling W ater Bo'lied '
Boiler Ferdwater Once Through Makeup tor Pulp FN:“;U" ‘ C:::r: l
<933 hPa <1024 kPe Circolatior Recircuistior and |Chemical | Coa! Primary | Food Soi:
Characienstics |<150 paig {<1500 psig! | Fresk |Brackish | Fresh |Brackish | Textiie Lumber Paper |Producs | Products Meta! [Canning | Drinks lT.nn:ny
Gilice 1510, =30 & 0.3 5 25 | 50 25 50 s | e 50
Aluminum [Al} 5 003 01
iron {Fel 1 oo 0% 01 03 01 1.0 0z 03 50
mManganese [Mn) 03 0.5 oo 01 01 0.2 0.05 02
Coppert (Cu) 0.5 0.01 005
Calcium (Ca| . 200 520 0 420 20 70 75 100 0
Magnesium [Mg) ” 12 20 3
Sodium and po
tassium [Natr | 230
Ammonia INH,) 01 07 40
Bicarbonaie
|HCO,I 170 b 600 25 130 480
Sullate SO, 880 2700 | 200 2700 w00 60U 250 500 25¢
Chionide (Cl] 600 500 200 500 3 500 250 500 250
Fivoride IF 800 18 000 500 1€ 000 5 12 ! 1 ;s
Nitrate (INO,] I 10 ! | 1w |
Phosphete (PO, | | i '
Dissoived salids 700 04 1000 35 0Ol 500 35000 100 | 100 1000 {1000 ] 1500 | 500
Suspended sohids 10 (1] 5000 2 500 100 100 5 <3i.mn 10 5 43 00 0 |
diameter | | t
Hardness (CaCO,! 20 0.0° B850 6250 130 6250 2: 475 250 asu ! 1000 | 250 1 1 15t
Alnaliniy | | |
(CaCO, 140 o 500 1ns | 20 115 123 504 |20 | 2s0 T
Acidiny (CaCO,) ™
pH 8-10 BB-82 5-8.3 6-B 5-0 46-94 55-9 6-9 5-9 Iﬁ.b-ﬂﬁ 6-¢
Color=—uni+ 5 10 20 2% [ s 10 5
Orgenics
MEAS 1 0 | |
cc. : 1 ! R
coD 5 | [ sy s | s | | ‘ i | : ‘
Disstives tanvger <y 0- | <L H
Jenpria wie—5 & 4 LA e I A= 4 " 3 3°
\°F - ze, (k¥4 (100 (12ev 1100 {1120, 1704, | oo,
Turtndiin— 10 0 0ot 5000 J 100 j 1 J [ | J ] | ‘

These guidelines apply to either ground or surface waters, treated or

*Deierm.ned by ireatmeni ol olher constituents

untreated, from, Journal AWWA, July, 1983, p. 353.
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Groundwater Quality Classification - Definitions

What follows is based on the classification system described
in EPA's Groundwater Strategy. The main emphasis in the
classification system is on the protection of drinking water.
An underground source of drinking water (USDW) has been
defined as an aquifer or its portion:

l. (1) which supplies any public water system; or
C1d.) which contains a sufficient quantity of
groundwater to supply a public water system;
and
(a) currently supplies drinking water for human
consumption; or

(b) contains fewer than 10,000 mg/l1 TDS; and

2. Which is not an exempted aquifer.

An aquifer or portion thereof which would otherwise meet the
definition of USDW may be exempted from protection by the
Director of the Arkansas Department of Pollution Control and
Ecology after public notice and opportunity for public
hearing upon final approval by the Administrator of EPA. An
aquifer or portion thereof may be exempted if it does not
currently serve as a source of drinking water (as specified
in 40 CFR Part 146.04).

Groundwater Classification

Class I - Special Groundwaters - those aquifers or portions
thereof that are & source of the base flow or water levels
for an ecologically sensitive system that, if polluted, would
destroy a unique habitat, or serves as an irreplaceable
source of drinking water for at least 3,000 people.

Criteria

1. Dissolved oxygen As naturally occurs.

2. 0il and grease None other than of natural
origin.

3. Color and turbidity None other than of natural
origin.

4. Coliform bacteria per Not to exceed a monthly

100 ml arithmetic mean of 1 or, more

than 4 in any individual sample
collected.

5. Taste and odor None other than of natural

origin.
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Class 11y All other groundwater that is used as an existing or is a
potential USDW, e.g., any groundwater with total dissolved solids less
thgn lQ,OOO mg/l. These aquifers are to be protected according to the
criteria suggested above but would not be given the extra protection
afforded to special aquifers in terms of landfill siting criteria and
other possible polluting activities.

Class III - Groundwater that is not now or is not
considered possible USDW sources - groundwater with total
dissolved solids of greater than 10,000 mg/l, or those
aquifers or portions thereof that are exempted for
consideration as USDW's for other reasons.

Explanation

While some aquifers and geographic areas fall clearly into
one classification or another, the task of determining
whether the groundwater in a specific location fits the
criteria for Class I, II, or III will ultimately have to be
made on a site-specific basis as part of the permitting
process.

In the following list, an attempt has been made to group some
of the most-used aquifers in the state into the
classifications that seem most appropriate for them. Class I
groundwater, the breakoff point for groundwater that served
an irreplaceable source of drinking water for a significant
number of people was established as 3,000 persons. Also, all
limestone aquifers that outcropped in the interior highlands
were considered sufficiently sensitive ecologically to
warrant Class I classification.

The quantity and quality of the water in an aquifer varies
considerably within different portions of the same aquifer.
The Midway Group, for example, yields a significant amount of
water only in a small area in Saline County. Otherwise, the
Midway is unproductive. Also, some confined aquifers in
Arkansas eventually become too mineralized downdip from their
outcrop areas to be considered USDW's and at that point
become Class III aquifers. A Class I aquifer may shift into
Class II at the point where the mineralization process
exceeds 1,000 mg/1l but is less than 10,000 mg/l TDS. The
classification of an aquifer is valid only for the portion
under examination. The major aquifers of the coastal plain
have been mapped so that the areas where their water becomes
usable is known. Most of the aquifers of the interior
highlands have not yet been mapped. The aquifers listed on
the following page are classified according to their highest
and best use.
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Since Arkansas falls naturally into two major geologic
regions, the coastal plain and the interior highlands, the
classification system is divided accordingly. And, as the
aquifers of the coastal plain are far more productive and are
therefore used much more extensively than those of the
interior highlands, much more is known about them. Hence, we
are able to classify them with greater specificity, and the
tables which follow reflect that. Many of the formations of
the Interior Highlands are used only for domestic purposes
with an occasional small public or community well.

Therefore, rather than list all of these formations we have
grouped then under the category of "Surficial Paleozoic
Rocks"” and have identified only the major or especially
sensitive formations by name.

CLASSIFICATION OF MAJOR AQUIFERS

INTERIOR HIGHLANDS

Class 1

Quarternary Deposits

Big Fork Chert

Arkansas Novaculite

Roubidoux Formation

Gunter Sandstone Member

Paleozoic Age limestone and dolomite formations (e.g., Boone,
Pitkin, Fernvale, Cotter, and Jefferson City Formations).

Class II
Surficial Paleozoic Rocks ( e.g., Hale, Atoka, Batesville,

St. Peter, Prairie Grove, Powell, Everton, Savahanna
Hartshorne, Jackfork, Stanley, and McAlester Formations).

COASTAL PLAIN

Class 1

Quarternary Deposits

*Cockfield Formation

*Sparta Sand

Cane River Formation

*Carrizo Sand

Wilcox Group

Nacatoch Sand

Trinity Group

*These three constitute the Memphis Sand in NE Arkansas

Class 11
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Jackson Group

Cook Mountain Formation

Midway

Other limestone, marl, and sandstone formation of Cretaceous
Age

Class III
All remaining formations and those portions of all aquifers
that are below the fresh and saltwater interface (defined as

10,000 mg/1l TDS)..

Ecologically Sensitive Groundwater Supported (ESGS) Areas -
Class I

The following ESGS areas have been identified by the Arkansas
Natural Heritage Commission as habitats for endangered
species:

1. The Cave Springs Cave - Ozark cavefish habitate and gray
bat habitat.

2. Logan Cave - Ozark cavefish and gray bat habitat.

3. Civil War Cave - Ozark cavefish habitat.

4., Hell Creek Cave - Cambarus zophonastes habitat.

5. Castle Cave - southern cavefish habitat.
6. Marble Falls Cave - Ozark big-eared bat habitat.
7. Blanchard Springs Caverns - outstanding cave cosystem and

grey bat habitat.

8. Gap Creek - high-quality upland headwater stream.

9. Mammoth Spring - largest spring in Arkansas and habitat
for the Ozark hellbender.

10. Queen Wilhelmina State Park Spring Seeps - habitat for
Stygobromus montanus.

11. Hot Springs National Park - thermal springs.

12. William Tate Spring Run - habitat for the Arkansas darter
and least darter.

Other ESGS areas, such as wetlands and streams that provide
habitat to threatened or endangered species whose base flow
is provided by a hydrologic connection to adjacent
groundwaters may be specifically listed as entitled to Class
I protection as soon as enough information is available.

The major aquifers are classified accoring to use on the
following page. Maps of some of the aquifers of the Gulf
Coastal Plain highlighting their ares of usability are also
included.
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IV. GROUNDWATER PROBLEMS IN ARKANSAS

The importance of groundwater to America and to Arkansas has
only recently come to the attention of the general public.
The plight of the Ogallala aquifer in the nation's high
plains brought the first media attention to the subject. The
aquifer was drying up and since the economic life of many of
the people in the high plains area was dependent on that
water, concerns were expressed about how and why this was
happening and what other states were similarly threatened.
Arkansas was only indirectly affected as a border state that
might be called upon to deliver water to Texas if the plans
could be worked out and the costs were not prohibitive.

Meanwhile, the drought of 1980 brought the attention of
Arkansans to problems closer at hand. Our citizens learned
that wells could run dry and cause considerable trouble and
expense to communities and individual farmers who ran out of
water. Water that had been taken for granted in a state
blessed with an abundant supply, suddenly, or, so it seemed,
was caught short.

And, not only was the supply in question, the quality was
uncertain as well. Boiling orders went out to several
Arkansas communities during the drought and the number of
farmers turning in water samples that were high in salt from
their irrigation wells began to concern state officials.

About the same time, Arkansans began to learn about

hazardous waste and the effect it might have on their water.

A fishing ban was placed on Bayou Metoj; dioxin had been

found in the fish. Arkansas, the natural state, was finding

out that it was not immune to the unnatural effects of modern
industry.

Groundwater is important to the people of Arkansas, 437 of
whom are dependent on groundwater for their drinking water.
Small communities in the state are especially dependent on
groundwater; 75% of all public water supplies use
groundwater. The cities of Pine Bluff, Jonesboro and El
Dorado are some of the larger communities that get their
water from groundwater.

Irrigated agriculture is by far the state's largest user of
groundwater, consuming over 90%Z of the over 4 billion gallons
per day that were used in the drought year of 1980. The rice
industry accounted for over 807% of that use, and it is the
availability of that water which accounts for the fact that
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Arkansas 1is number one in the nation in rice production.
Agricultural irrigation is also responsible for the dropping
water tables and potential shortages that threaten the
farmers of the Grand Prairie.

Other industries, such as paper mills and chicken processors

are large water users. One paper mill, for example, will
consume as much water as a city of a million people. O0il
refineries and food and mineral processors of all types are also
major consumers.

All of these water consumers have water criteria that must be
applied in determining whether the health of the people, the
growth of the crops, or the operation of machinery will be
affected. Like people, the health of plants and some
machines is, to some extent, determined by the quality of the
water.

These are some of the reasons why groundwater problems are
receiving increased attention from both Federal and State
regulatory agencies and from water users. Although Arkansas
is blessed with an abundance of good quality groundwater,
problems are fairly widespread in the State. Most
groundwater problems in Arkansas can be grouped into four
categories: pollution, overdraft, insufficient supplies and
poor natural quality.

The recent expansion of Arkansas' urban population and its
industrial and agricultural productivity has put additional
strains on its water supply and increased the potential for
ever—greater contamination problems. As water use has grown,
water quality problems have been made worse. This is
especially evident in areas where saltwater intrusion has
been a problem.

For example, extensive pumping in Monroe, Lincoln, Desha,
Miller and Lafayette counties has already caused area of
saltwater intrusion into the fresh groundwater to increase in
size and concentration. Water levels have dropped
dramatically under the cities of Pine Bluff, E1 Dorado and
Magnolia and saltwater problems threaten the latter two.

The threats to groundwater in southern and eastern Arkansas
are especially significant as these are areas of almost total
dependency on groundwater for drinking supplies and
irrigation. O0il production and agricultural activities have
made many of the streams in the delta and southern coastal
plain unfit for most uses.

Indeed, for a large part of the southern and eastern sections
of the state there is only one source of drinking water, the
Sparta Sand aquifer in the south central part of the state
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and the Cockfield in the east. The uppermost or alluvial
aquifers in these areas are, for the most part, unfit for
drinking without extensive treatment, and the lower aquifers
are too salty. Recently, both the Sparta and Cockfield have
shown trends toward increasing salinization.

Fortunately, the northwestern part of the state where the
consolidated rock formations yield far less water than the
sand formation of the delta, there are more abundant and
relatively purer surface water supplies. In both areas,
northwest and southeast, there is some exchange between
surface and groundwaters. Stream flow in the dry summer
season in both areas consists to varying degrees of seepage
from aquifers into the stream bed. In the flood season, or,
when the rivers and streams are high, the groundwater is
recharged from the surface water. Contaminants may be passed
from one to the other in the process. Since the surface
water throughout the state has been increasing in dissolved
solids, this trend can be expected to eventually affect the
groundwater.

Acid rain is a suspected contributor to this process of
increasing dissolved solids in the state's ground and surface
water. Water that is more acidic will dissolve more minerals
than less acidic water as it percolates through the soil into
the aquifer below.

While no studies of the effects of acid rain on groundwater
in Arkansas have been made, studies from Sweden show that
there is a potential for damage to the quality of groundwater
from acid rain. (0din, Sweden, 1968, and Hultburg and
Wenblad,Sweden, 1980).

Perhaps the most revealing fact about the arrival of Arkansas
as an industrial state is the increasing amount of hazardous
waste being generated in Arkansas. In 1982 we generated
slightly over 59,000 tons in the state. By 1983 that figure
had jumped to 127,000 tons (ADPC&E Files).. The figures do
not reflect the true magnitude of our problem for those who
generate less than 2,200 1lbs. (regulation changes reduced
this figure to 220 in August of 1985) of hazardous waste per
month are not required to report their tonage to the state,
although some do voluntarily. The only exception to this is
a special category of "acutely hazardous waste” such as, the
pesticide parathion. Mandantory reports are required
whenever more than one kilogram per month is generated.
There is a possibility that some unreported waste may go
illegally into dumps and landfills or end up dumped on roads
and fields without regard to the potential damage to water,
human, and animal life.

What happens to a pollutant entering groundwater is not
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always understood. Some pollutants tend to be adsorbed by
rock materials, especially by clay and organic material.

Some pollutants are changed by oxidation and bacterial action
in soil zones and the end product may be less hazardous. It
used to be assumed that all organic materials were adsorbed
by soils, other organic material, and rocks, and would not
enter an aquifer. Recent studies however, have shown that
some soluble organics enter aquifers without undergoing
changes (Roberts and Others, “The Movement of Organic
Chemicals in Groundwater”,Journal AWWA, 1982).

Keeping abreast of these new chemicals is a full-time job.
There are about a thousand new ones created each year. Some
of these have caused enormous problems for those who protect
our water supplies. Among these, the so-called
trihalomethanes have received much public attention,
especially since they were found in the drinking water of the
City of New Orleans. The trihalomethanes are formed by the
combination of organic chemicals in the water with chlorine
used to purify the water to produce the suspected
carcinogens. Other organic chemicals, however, like the
nemacide, ethylenedibromide (EDB), dioxin, benzenes and
phenols have been found in groundwater in Arkansas in wells
near industrial sites.

Of the wastes that are considered hazardous, the largest
quantities generated in Arkansas are spent solvents including
the nation's most common groundwater pollutant,
trichloroethylene (TCE). Over one million pounds of these
spent solvents were generated in Arkansas in 1983. These
solvents, especially those like TCE that are known as
volatile organic chemicals (VOCs) have caused considerable
problems in other states.

Most of the waste generated in the State of Arkansas is not
officially listed as hazardous, even though it may do a great
deal of damage. Brine, for example, which is pumped up with
0il from deep below the earth's surface, while not on the
RCRA hazardous waste list has an extremely high salt content
that can be devastating to fish and vegetation and can make
water unfit for irrigation or drinking.

Thousands of acres of south Arkansas have been rendered
useless by brine spills and many of the creeks and streams
run high in chlorides from brine runoff and the continuing
seepage from past spills. Groundwater also has been affected
in Miller, Lafayette and Union counties. Underground
injection of brine back to the deep formations from whence it
came has relieved the problem somewhat on the surface but has
introduced a new potential problem of contamination from
below the pressure is built up in the lower formations due to
these injections. The same theoretical problems exists with



the use of injection wells for the disposal of industrial
waste. Also, there are additional dangers from leaking and
abandoned wells that could serve as conduits for waste or
leak directly into freshwater formations.

The concentration of the 0il industry and related chemical
industries in south Arkansas has given that section of the
state more potential problems than any other. According to
EPA records, some forty sites in south Arkansas contain
hazardous waste. There are about 1,200 saltwater disposal
wells, 6 industrial waste wells, and 55 spent brine injection
wells. Union County alone generated 602,043 tons of
hazardous waste in 1984, some twenty times more than the
second largest generator, Lonoke County.

The high recharge potential of the land surface combined with
the large number of abandoned o0il and water wells adds to the
possibility for groundwater pollution in the area. A portion
of the recharge areas for both the Sparta Sand and the
Cockfield aquifers, two of the major sources of drinking
water for both this area and northern Louisiana, are in the
areas described, the Cockfield outcropping in Union County
and the Sparta further to the west. Many of the communities
and rural dwellers are 100%Z dependent on these aquifers for
their drinking water.

Monitoring wells around some of the more hazardous sites
indicate that some of these chemicals have already

penatrated the Cockfield. Chlorides above SDWA standards
have been found in both the Cockfield and the Sparta. Sodium
levels have also been trending upwards in municipalities
using these aquifers. (See the table and map on sodium on
the following pages. See also, Chesney, Clay, "Surface
Impoundment Assesment, State of Arkansas, 1979).

In 1978-79, an attempt was made to locate and assess the
potential for contamination of all of the major liquid-waste
holding impoundments in Arkansas. The study, known formally
as the pits, ponds and lagoons study, located some 7,640
agricultural, municipal, mining, industrial and oil-related
impoundments, and assessed 518 of these according to the
severity of the threat to the groundwater in the vicinity of
the impoundment. Those with a rating of 15 or above have
been plotted on the summary map in the USGS problems study on
which this summary is based.

In addition, the report details several cases of

contamination stemming from these impoundment. The majority
of these stem from brine spills and seepage in south

Arkansas. Most of these brine pits did not have liners and
some were intentionally dug so as to allow the brine to seep
into the ground so that the pit could be used more frequently.
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While liquid waste impoundments are one of Arkansas' most
obvious potential sources of contamination, most communities
in the state are more directly concerned with solid waste
problems. Many of the larger communities have relatively
safe permitted landfills that are supervised by trained
personnel. However, there are still over 300 open dumps in
the state and many of these could be leaching all manner of
contaminants into the groundwater. Many of these dumps are
being closed by the state, but in some areas, especially
those with no convenient permitted landfills and no organized
waste removal programs, the practice of open dumping
continues.

Arkansas geology is such that its groundwater is less
vulnerable to contamination in some places than in others.
Hard clay is considered a good barrier for most contamination
and is sometimes used as a liner for landfills. Sandy soils
are most permeable and will allow water to percolate downward
to recharge aquifers. Limestone may be turned into solution
by water and direct channels into the groundwater may be
created. The same factors that will allow water to recharge
aquifers will also allow some contaminants to enter aquifers.

Hence, in northwest Arkansas, where the karst topography has
allowed the formation of sink holes and disappearing streams,
nitrates have been found in many shallow wells. Also, the
sand soils of south Arkansas has allowed brines and other
contaminants to percolate down into the groundwater.

On the other hand, the clay caps that keep out many
contaminants also may prevent sufficient recharge of the
aquifer to meet the needs of those who use it. This is the
case in many of the rice-growing areas of central and eastern
Arkansas, the hard, clay pan which holds the water on the
rice fields also serves to prevent the aquifer below the clay
to recharge itself. The result has been that farmers have to
drill even deeper and more expensive wells to reach the water
below their fields. The clay cap over the aquifer 1is
beneficial in retarding the entry of pollutants, but is also
a hinderance to the extent that it prevents the recharging of
the aquifer.

This summary and the accompanying, more-detailed report by
USGS has illustrated known problems and potential problems.
More information is needed about the condition of the
groundwater in several areas of the state to allow a better
assessment of how serious those problems are. Homeowners in
rural areas with their own wells are most in need of quality
control. Many of these wells draw water from the uppermost
aquifer which is the one most likely to be contaminated and
these wells are not tested on a regular basis. We also have
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little knowledge about the quality of water used in
irrigation. Samples from irrigation wells need to be taken
and analyzed for potential contaminants that could enter
nearby drinking wells or could be taken up by plants which
are eaten by humans.

There are neglected aquifers in the state that could possibly
serve as water supplies, especially in northwestern Arkansas.
These need to be sampled, mapped and analyzed so that they
can be utilized, if needed. Act 1051 of 1985 has provided
for such assessments to be made as part of the state water
plan being produced by the ASWCC.

New chemicals are introduced at a faster rate than they can
be analyzed for potential health effects. The Environmental
Protection Agency has been trying for three years to expand
the number of organic chemicals to be included in drinking
water standards. So far, only six pesticides and the four
major trihalomethanes have made the list. Nine more organic
chemicals are included in revisions to the Safe Drinking
Water Act that have passed both houses of Congress. There is
no was of predicting how many more new chemicals may be added
to the Arkansas environment in the meantime. The state
could, however, begin testing for chemicals according to its
own understanding of the potential dangers to its water
without waiting for EPA. These are only some of the more
obvious steps that could be taken.

Whatever action is taken, hopefully it will be based on a
forthright, realistic evaluation of the problems that are
threatening our water supplies. This report is meant to
bring those problems to the attention of all of the state's
consumers of water.

Sodium Trends in South Arkansas

As the following table illustrates, some towns in Arkansas
have been experiencing increasing levels of sodium in their
drinking water. The exact cause of such increases is
unknown. There does, however, seem to be some relationship
to increased pumpage which has the effect of drawing saltier
water into the cone of depression established by the pumping
of the well. Other possibilities include, downward migration
from surface impoundments, leaking injection wells and upward
migration through faults, cracks and abandoned wells. The
data listed below has been taken directly from the wells
whenever possible. Sometimes, however, only composite
samples from the tap were available. Also, occasionally,
data from new wells were given under the same number as the
old wells, and the numbering of wells was not always
consistent. Hence, there are weaknesses in the data that are
inherent in the record, and therefore, what follows is meant
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to be only an indication of trends and not a precise

scientific study. Where multiple wells were used,

reading was estimated (see maps,

Figures 6 & 7).

an average

The following towns draw their water from the Cockfield

Formation.

Town Year Sodium mg/l** Town Year
Elaine 1971 285 Lake Village 1978
1975 285 1981
1982 290 1984
Eudora 1971 52 Wilmot 1975
1975 96 1978
1980 190 1983

Sodium mg/1

105
130
160

120
215
220

The following town draw their water from the Sparta Sand

Formation.

Bradley 1972
1977
1980

Felsenthal 1976
1982
1985

El Dorado-Well #12
1971
1981

225
286
250

153
300
220

132
140

Huttig 1975
1982
1985

Sparkman 1977
1981
1984

1.35
260
185

157
300
258

**The readings from sodium are in milligrams per liter (mg/1l).
There is no Federal standard for sodium although the Federal
government advises that people on a salt restricted diet do not
consume water with over 20 mg/l.

a salt warning at 100 mg/l.

56

The State of Arkansas issues



7

Water Sypopd

7

High Sodium Leve

ure 7.

ig

I.‘

Aug vonosunp
r um.E_Sr 0 Iﬂ:!‘m:.g.ml .-|. :o.mﬂzﬂ» T .._
c._o_u:mm_ : |eyiuasjay 11 uopuon) _ >c_ ige Y, _
» ey @ MBN @ opeloQ |3 .
{ Ness0Ig N o ngioo A 7 “
onoL ' abojiA oot m:EE._: 0 ¢ Py, | Momn o..r - ou_!s _
leAly sue) g ) :2?.5 A3 HSY S _ —— | vanniy - f A ‘
pueg yosoweden ) \.\ 4 : - y lanoyoewg | 1 / :.:::_ : _
pueg glieds ¢ /) ..., 109K h __o:uf:' ‘r_ﬂ ﬁ q »J,J ¥m |
PI8t®203 - o :m_c__tonﬁok f | eiordwey [~ ‘ onoT 3 :zl“__l..:..m.;?-dir
Asunmnp ¢ . W ® s || 7 nosaly M buliag 7 .
_ ] i v : .
Jojinby hayRgd A M40 Mw o o el YLMIMO ‘ i ‘ _u._wﬂ___..‘ I VTS !
) o N AL | | ~ny
810W 10 1811 J8d B 00| ,\ , { ™~ b =y / _ \ 1 _
J0 Buipees wnipos Buimoys sumo j ) wian ; * |\ uswjsedg o N | Gvausanm \ Bl
¢ o~ i N Y, el 3 (
\./ ..; ' G- _ aNYTIATT) _ ‘ 5 \ i ﬁ _
m <w Z ) - k S—— basmyy  qugas m - S \,l‘ _
,,.,...r.j ¢ \ % 4 | L | m
LUTLTET] ! ] _ - | d | ouvmon _
ﬁ. ‘e { _ _ _ ONIHdS LK _ % S— .
il a. , .emnzo 8 : NOSHI4437 : _.z}o P i 4 : ‘
3!:3_ § SYSVHHY | H_. - -__ ] S8 ﬁ _ | !
. }aani N s | - 1 _ ﬁ _ \
u:a_uﬁ Sdi TN ) _ gy ¢ ; by | , k oo o . ¥104 !
1 ’ =y f ONY THYD - -
¢ m _ o lopuaepy | _\ L ww ] - 1 _
eluey o " _ _ _ ﬁ i i [ piojue !
P j - o._os.f 308non | own wovia ] = _ _
a\ ‘1 i ﬁd 1 | ol ‘ k_ Hox _
\ , i i _ ua_::_, - - -iais00p NTEr i f . | _
_J _ | uewH w« S S, { . . ] :
I _ SIINYHA 1S 7 L d81iqueein ( , eEh T3 guyzetely - _
i 4 \
I~ i f | } N " - '
_ r f : | 4 @ ey ]
r 14NHO0OM m.g | ewiov __ _ i voo1 .. N Asvas \
—pagped 1L | L (
) 5%:541 §50%) M J %m“ﬂ. b= | _ P oy M _ [ N J }
P A A A
J 7 B % | ﬁ | _, 9 ﬂ
J ! i ! , )
ﬁ L1ISNIOd _ | _ H|ux‘=\:mm.4.u1 F\ .‘zm%m z:_u e Hzmu‘ : NOSNHOF ‘ z;‘zqf_, —— /
! zongu‘ﬁa..r \ ﬁ .. n __ e G _ = . |
3 _ S DRI : i p [ /
P i 4 3 [ P INOLS | \ ! 1
) QY IHOIYHD ) SR ﬂ. ) : | i, |
q 1d4ISSISSIM . resif ; i { = e [ I
43»1 _ .|...|.|...|..\ 2 . N p-— X NOLMIN | % 1
aynpe ‘EE 0O 0o ' THIRYY _ " h ﬁ N - I : I - | L. NOSIgvm xPoZ:.,;._.,, . ,
¢ g ] T L ¥V % B _ # _ I, ¥ :
. IITH0 , T L S e b , | f
/70| oy ] ] r _ 7, i ‘ | .
Aemusalq) | j | i k | |
EEM _ L | MABGAmEY g _
Egu.ﬁ e Egggggz /z NoLN iyafﬁFgﬁ%w“.gﬁ ; ,éﬁ!iri|?ﬁgﬁ|iL
.rl yun e S B e —




"2103819N 8[FJ WIWp adjwmpunoan ‘S§9S Y1 uj 2ae HE[]9m yone 10] e1¥p ayl jJo smog
PuU¥ B21EBI11JU AQ A[150m PIJjEUjWEIUCD B][IA DJIE3WOP MO[[BYS 21¥ Iaoqe dem 3yl U0 PIpnIduUj Jou O8[Y

.HWﬁ“h:dZU
Aem pue .-wu_:—:._ -._.L—..u ddleA 10 umCEt..._.._: 243 jo h——ﬂsu: B} 8adiNnos Qnﬂ—._u wWoaij EO-HHC—E.NHF_OU

‘payonojun saajjnbe paujjuod 1amo] aawaj

‘WO01 JUAFIFIINE JO WOu] a0j dewm Ejy) U0 papnyouj
10u a1e suoode| pue spuod *sijd ‘s|jjpuv| ‘sdunp uado ‘syuw) djides ‘suojiviado Bujpaaj [vEjue Wo1) UOJIBRUjWERIUCD palladsns Jo BEALY FLON

BaJ)JAFION plafy
-110 10 dujujm JO A8NEJAQ E15JX2 [¥]Iuslod %
UO}IBUNEIULD YBY J1ayA sBILE paldadsng

(69117A108 8, ,usw y3noayl
padaejua Inq ujdjio [eaniwu jo A[jaewjad) ~
UOJIBUJWEIUOD 12I¥A JUJ[¥E JO BE3IE UMOWY

NOILYNV1dX3

tion.

Figure 8, Saline Water Contamina

58



GROUNDWATER MONITORING NETWORK - RECOMMENDATIONS

Activity 7

In the introduction to the groundwater strategy narrative, we introduced
several definitions for the term aquifer and gave a rough explanation of how
aquifers developed. In that section we distinguished between ''confined"
aquifers, those that are confined between two relatively impermeable layers,
and the uppermost or "unconfined" aquifer whose upper level becomes the water
table. Unconfined aquifers, because they are nearest the surface, are the most
susceptable to contamination from surface activity. For the same reason, they
are the most easily monitored. We can, for example, measure the concentration
of leachates from landfills and other sources through the use of electronic
conductivity measurements without digging monitoring wells. Most discussions,
seminars and strategies for monitoring deal with the unconfined aquifer. Our
approach will be to deal with the unconfined aquifer first and proceed down-
ward, through the intervening layers, with each successive aquifer.

The emphasis at each level will be on protection and prevention. As the ''Manual
of Laws, Regulations and Institutions for Control of Groundwater Pollution"
(prepared for EPA by the National Water Well Association, June, 1976) says:

A polluted stream may be '"cleaned up" by vigorous enforcement of laws
enacted after the problem is recognized. A groundwater source, on
the other hand, in effect may be permanently spoiled if pollution is
not prevented. (II-1, underlining added)

Control measures and a groundwater protection program in general must be 'pre-
vention-oriented" if the program is to be cost-effective and substantially

deal with the problem of groundwater quality degradation. This prevention-
orientation also suggests the need for a strong, carefully-conceived monitoring
system in order that groundwater pollution occurrences may be detected early

so that protective measures can be taken. This need for early detection creates
further difficulties, however. The EPA Manual states:

A state agency can monitor the streams of the state to determine where
surface water pollution is occurring and can place limits on dis-
charges into these streams. A similarly direct monitoring and
limitation of groundwater pollution is not possible. Groundwater
pollution can occur almost anyplace, it can occur much more secretly,
and measurement of its impact on groundwater is usually impossible
within the time in which action must be taken to avoid permanent
damage.

Thus, since it is extremely difficult to develop a monitoring system to detect
groundwater pollution when it occurs (and, perhaps, even more hazardous to
depend upon such a system), any potentially successfuly protection strategy
will most likely be based upon the principle that'... the most effective method
of groundwater quality control is protection from pollution." (p.I-55)

Although technical difficulties and an inadequate understanding of groundwater
pollution processes and phenomna have plagued past efforts to develop a sound
prevention strategy, the administrative design of such prevention measures is

now much more viable due to a plethora of recent research. We now understand that
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designing a monitoring system fo r the diversity of the pollution sources requires
a different set of approaches for each activity. Non-point agricultural

sources, urban runoff and timber harvesting all have to be approached dif-
ferently from such point source sites as; industrial waste impoundments,

municipal landfills, and brine pits. The latter can be readily monitored once

the terrain is surveyed, the groundwater flow charted, and well sites selected,
The problem lies with the large number of such sites and the limited funds
available for monitoring. Fortunately, industries are becoming more aware of

the potential costs involved in a suit for damages resulting from groundwater
contamination and are, hence, more likely to do some of their own monitoring.

But only a few of the largest industries have done any systematic monitoring
(the STA study of 130 industrial sites found only 9,77% had monitoring wells).
Municipalities are less likely than industry to have monitoring wells (only

1.47% according to the SIA study). Agricultural sites had no monitoring wells at
all.

Hazardous waste treatment and disposal sites are monitored more closely than
anything else (17 RCRA sites are required to have groundwater monitoring. 1In
addition, one permitted facility, the Pine Bluff Arsenal, is also required to
have groundwater monitoring for two of its units; a landfill and a surface
impoundment). The methodology of groundwater monitoring is quite clearly
spelled out in the EPA Groundwater Monitoring Guidance manual (OMB No, 200-
0423; 1/31/84). 1In this manual, owners of such facilities are told precisely
what to monitor for, how to dig the necessary wells, how to obtain the necessary
hydrological information to determine where to dig and the number of wells
needed. Sampling methods, record keeping, and methods of determining the extent
of contamination are all laid out.

While directed at Interim Status Facilities under RCRA, the manual contains
information that could be of use to all industries that have reason to believe
that their activities could have some effect on the quality of groundwater in
their vicinity. Also, the monitoring principles could be easily adapted to
municipal, agricultural, or any other large producer of waste products that

is concerned with maintaing the quality of the groundwater,

Monitoring by itself can be of value through the information it provides and,
hence, the protection of the public that can be a by-product of that infor-
mation. However, since prevention of pollution is the agreed upon goal of most
strategies, given the difficulties and expense of cleanup, then,

monitoring by itself is not enough. A complete system may have to model the
"cradel to grave" protection designed by EPA for hazardous waste, the main
elements of which are as follows:

Siting criteria design.

A system of permits.

Compliance and enforcement mechanisms,
Emergency and remedial capability.
Local land use.

v s wNh -

To be effective, such a system would involve monitoring (i.e,, supervision
and regulation) at every stage.
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Siting Criteria

Under Activity 9 and 10 a series of reports were produced by the
Wright-Pierce Firm of Topsham, Maine covering the siting of landfills,
surface impoundments, and land application systems in the State of
Arkansas. These guidelines, along with State and Federal regulations,
are currently used in the permitting of hazardous waste sites in the
state. To help in the site selection process, a series of maps were
produced by Wright-Pierce which provide some guidance in finding ap-
propriate geographic areas where these facilities could be sited safely
according to the geologic structure of the underlying soils. The maps
could also serve as guides for the siting of a wide range of other act-
ivities that could impact the groundwater.

Permits

Once a facility is in place, the main concern of a pollution control agency
is the waste produced. The permitting process dovetails nicely into a
system where the potential pollutant is easily detected and measured. The
permit is granted with the expectation that effluent limitations will not
be violated, monitoring devices are installed and the permit may be with-
drawn if the standards are violated.

With groundwater contamination, the whole business becomes more complex.

The effluent is not easily detected or monitored. Awareness of contamination
may never happen unless someone's well is affected and the source is de-
termined. Then, too, the problem may not be a dramatic confrontation with

a plume of highly toxic waste, but a gradual increase in nitrate or sodium
levels that ultimately affect only a small percentage of the population

that is sensitive to higher levels.

Monitoring in the first case is covered adequately in the EPA Groundwater
Monitoring Manual mentioned earlier. Wells are drilled around a suspected
source and the area is sampled on a regular basis. 1In the second, the source
may easily be in practices that are implicit in the agricultural activity

of the people, nitrates, for example that are spread on the ground as part

of the fertilization process may work their way downward into the drinking
water. Those affected are not in a position to exert a great deal of
political pressure and have only a marginal economic status. Their wells

are not monitored at all, except for occasional surveys done by government

or university personnel.

In the first case there is a clear and sueable violator and the permitting
process described above is directly transferable. In the second, however,
the entire community may be responsible to the extent that they are in-
volved in agricultural activities and the entire community has to cooperate
to protect the aquifer. For example, the states of Massachusetts and
Vermont have suggested plans which involve entire communities in develop-
ing protection strategies for their water. Most of these strategies in-
volve zoning laws which restrict the use and number of septic tanks, limit
the application of fertilizers on some land and at certain times of the
year, and restrict the number and location of feedlots. This approach to
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groundwater protection is specifically applicable to rural northwest

and northcentral Arkansas where high nitrate levels have been detected
in rural wells. This shifts the permitting and regulating burden to the
local level.

Community protection of its water resources makes sense for all Arkansas
communities. It is much easier to monitor and regulate surface activity
than 1t is to clean up groundwater contamination after it has occured,
whether it is a point-source discharge or a generalized, non-point con-
tamination.

Compliance and Enforcement

If protection is the goal, enforcement is the problem in groundwater
protection. While detection can be both difficult and expensive for
point source discharges into the groundwater, at least once the problem
is detected, responsibility can be ascribed. For non-point contamination,
the fixing of responsibility can be impossible and, indeed, it may rest
with the whole community. Hence, compliance and enforcement proceedings
when they have been enacted at all, have been directed at point source
contamination.

Voluntary compliance with advocated Best Management Practices have been the
only lever by which non-point pollutors have been approached, Farmers and
timber companies have responded to BMP requests according to their finan-
cial ability and their interest in the enviromment, So far, these programs
have only indirectly been concerned with groundwater, and, since they have
been all voluntary, there has been no enforcement. But, were compliance to
be undertaken, the logic of having the local communities enact and enforce
protection ordinances against non-point pollutors has much to recommend it,
The local citizenry are, after all, the ones who are to drink the water
they are protecting.

Emergency Response

Despite the best precautions, spills and other emergencies will pccur, and,
hence, some provision for responding to emergencies and providing for
remedial action needs to be taken.

ADPC&E shares responsibility for responding to emergencies involving hazard-
ous substances with the Health Department. Generally, this has meant that
the Health Department treats those who have been exposed and has the
responsibility of appraising the danger to public water sources from a
hazardous waste emergency, notifying the public and monitoring the source,
if necessary. ADPC&E monitors the cleaning up of the hazardous substance,
or preventing it from spreading. Some attention has been paid to the idea
that hazardous waste spills on the surface can percolate into the groundwater
but the major concern has been with surface cleanup and containment. De-
cisions as to the potential impact on groundwater needs to be made for each
spill and the recommended monitoring and/or groundwater restoration clearlv
defined. This i1s especially important for aquifer recharge areas,

Local Land Use

Monitoring in its broadest sense involves a whole range of activities
on the surface since most surface activity involves, in some way,
the quality of the water beneath the surface, So, too, is the case with
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surface water. Most surface water ultimately interfaces with ground-
water, sometimes directly as in the case of losing streams that become
part of the aquifer that it merges with or indirectly as when secondary
streams enter major rivers which recharge alluvial aquifers. Monitoring
of the surface water is, in that sense, a way of monitoring what goes into
the ground.

The very nature of unconfined aquifers, thus, makes it imperative that a total
environmental approach to preventing contamination be attained. Community
involvement and public participation must be a key component. Some under-
standing of how vulnerable groundwater is and what steps need to be taken

to protect it needs to be imparted to the public at large if sufficient co-
operation is to be forthcoming.

To that end, the State of Massachusetts has put together a handbook called,
"Groundwater Quality and Protection: A Guide for Local Officials" that in
simple and forthright terms with ample use of illustrations describes the basic
hydrology of unconfined aquifers and the measures that need to be taken to
protect the water from contamination. It includes examples of zoning laws
related to groundwater and lists towns that have enacted them. It also
provides guidance through the maze of state and federal agencies that can

aid local communities in protecting their groundwater.

A guide by itself, however, is of little use unless local communities are
interested in protecting the quality of their water. The State of Vermont

has addressed the problem of apathetic local communities by promoting the
surface monitoring of what it calls "aquifer protection zones". These

zones are in that area which roughly corresponds to the wells' area 'radius

of influence" or that area from which the well draws its water. In a way, it
is a community extension of the old farm idea that you do not build your privy
too close to your well.

Within that protection zone, no potential pollution source is allowed and
septic tanks are limited to one per acre. The area can also be zoned for
recreation, forestry or agricultural use. Only 197 of the groundwater systems
statewide have attained this level of protection. Vermont's goal is to
encourage as many municipal water suppliers as possible to attain this level
of protection.

The goal in most states then has been focused on protecting drinking water
drawn from the uppermost or unconfined aquifer. Many cities in Arkansas,
however, have already been forced to drill deeper wells into confined, lower-
level aquifers. In Arkansas, the Sparta Sand is the most important source

of domestic water for much of the southern and eastern part of the state.
Contamination of the alluvial or unconfined Quaternary aquifer is the usual
cause of deeper drilling.

For these deeper, confined aquifers, monitoring can only be done by using deep
wells as electronic resistivity tests will work only for an unconfined aquifer
close to the surface. Thus far, there has been very little monitoring done

as the expense of digging water quality monitoring wells for the lower aquifers
has proved too great. Hence, we only find out about the problem with these
aquifers after they have been contaminated.
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Since the aquifers are far below the surface, and they are confined by
relatively impermeable barriers, contamination from the surface usually

will only impact directly on these aquifers in their recharge areas.

However, contamination can reach the lower aquifer if the layers between the
aquifers are pierced by unplugged, abandoned, or improperly constructed oil or
irrigation wells, or by faults or cracks.

Similarly, contamination from saltwater or brine from the lower aquifer

can be drawn upwards as pressure is lowered by excessive pumping of the upper
aquifers. The combined affects of municipal, agricultural and industrial
pumping out of the Quarternary and Sparta Sand aquifers have already caused
concern about drinking water quality in some areas. Monitoring for trends
toward higher sodium or TDS concentrations is one essential way to determine

if pumping has exceeded safe yields - that maximum that can be pumped without
causing excessive drawdowns in the wells which would in turn cause deterioration
in water quality. TUnderground injection into the lower aquifer can cause

cones of impression, increasing pressure and the possibility of upward movement.
El Dorado is an area where there exists both an extensive cone of depression
caused from public water supply withdrawals and cones of impression caused bv
injection wells in the area.

Connate water, seawater left behind and trapped in rock formations by changes
in the earth's geology, can also penetrate fresh water layers through faults.
The rate at which this happens can be affected by pumping. Such seems to be
the case around Bald Knob in White County. Since intrusion by connate waters
seems to occur along the dividing line between the Ozark Highlands and the
Mississippi alluvium, it might be possible to monitor for it. At any rate,
once detected in the freshwater aquifer, the connate plume should be monitored,
its source tracked, and the possibility of grout injection, or other methods of
halting its spread, should be implemented.

How to detect and track contamination in the lower aquifers before it appears

in drinking or irrigation water wells, given the immensity of the expense in-
volved in digging monitor wells, is the biggest problem in groundwater monitoring.
USGS now has only twenty-six water quality monitoring wells. While the number
of wells needed to monitor groundwater quality need not be as great as the
number monitoring on the surface, twenty-six wells is far from sufficient.

There are over 500 wells which are used as public drinking water sources and
have chemical data sampled from them by the Health Department. This source is
the best supply of quality data on the groundwater of Arkansas. Since, by the
time contamination 1s detected it may be too late to protect the public, or save
the aquifer as a drinking water source, some more effective method needs to

be devised. A network of strategically placed monitoring wells upflow from
municipal wells might help. Such wells could also serve to help guide com-
munities in the drilling of new wells.

The most important aspect of groundwater monitoring, then, involves preventing
potential surface pollutants from entering the groundwater, especially in recharge
areas, and, secondly, preventing the intrusion of brine or seawater from pol-
Iuted lower aquifers. To do that, a monitoring network which both looks at
surface activity and water quality on a periodic basis needs to be established

and maintained.

Because of the diversity of the activities involved, a measure of cooperation
in sharing data, taking responsibility and enforcing required regulations.
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would seem to be imperative. State and local agencies need to cooperate and
share information along with federal agencies. Municipal water well

monitoring data from the Health Department needs to be integrated with USGS
data from their monitoring wells. Data from RCRA sites, University Cooperative
Extension tests, and from private laboratories, all can add to the needed data
base.

The greatest need in the development of a monitoring system is in the area

of water quality. With the exception of the Health Department's monitoring

of public drinking water supply system, water quality has not been the pre-
dominate concern of most of the monitoring that has gone on. USGS, for ex-

ample, devotes most of its time to the measurement of water levels from over

400 monitor wells scattered about the state. The resulting potentiometric maps
are of great use to farmers who wish to know the best place to drill a well.
Farmers concerned with the quality of irrigation wells can turn to the University
Extension System that will test their well for a small fee. While the information
accumulated in the process can be of value, it cannot substitute for a systematic
monitoring system,

A vital step in setting up a statewide systematic monitoring system would
probably involve the introduction of some basic agreement on minimum standards
for quality control and a basic set of parameters that all would test for.
Similar standards for well construction, sampling frequency, number of sampling
points, etc., would be needed. Consistent policies for the collecting and
reporting of results would also seem necessary. Such a system would generate

a large number of valuable pieces of information that would need storing in

the manner recommended in Activity 6.

It is hard to estimate the expense of such a system. While greater quality
control and an increase in the amount of sampling being done would certainly
increase expenses, some advantages and savings should accrue from the central-
ization and standardization of the data collection process. David Miller of

the consulting firm of Geraghty and Miller has estimated that monitoring systems
can cost anywhere from $100,000 to $1,000,000 dollars depending on the needs

and wishes of the state, the extent of industrialization, and the status of
groundwater as an issue in the public mind.
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Groundwater Specific Monitoring Proposal

In order to determine the extent to which groundwater quality criteria

are being violated, extensive monitoring will be necessary. Presently,

the majority of the groundwater monitoring in the state is being done by

the Health Department which monitors public drinking supplies. Some ir-
rigation wells are tested by the University of Arkansas Cooperative Extension
Office on a demand basis. TUSGS monitors five of twenty-six wells on a yearly
basis. About twenty industrial sites have groundwater monitoring systems set up
according to RCRA requirements. Some twenty landfills are similarly equipped.
The most dependable data on water quality is that generated by USGS, followed by
that of the Health Department.

The result is that there are many gaps in the collection of groundwater quality
data. These are:

Unmonitored geographic areas

Unmonitored aquifers

Ummonitored domestic and irrigation wells
Ummonitored contaminants

Unmonitored contamination sources

LW

1. Unmonitored Geographic Areas

To £fill these gaps, monitoring wells would have to be drilled into those
areas where there are no municipal wells. This would be especially im-
portant in such areas that are also recharge areas for aquifers that
serve as drinking water sources and/or are up gradient from public
water supplies.

2. Unmonitored Aquifers

There are also neglected aquifers which could be but are not cur-
rently in use as drinking water supplies. Aquifers used only for
domestic water supplies tend to be neglected. But, in an era of water
scarcity, even aquifers that are not as productive as the major water
supply sources, should not be overlooked. They and their users need
monitoring and protection from contamination.

3. Unmonitored Domestic and Irrigation Wells

If they are willing to pay the costs, farmers and domestic well users
may have their drinking water and irrigation wells analyzed. Most do
not unless there is some reason to believe that contamination exists.

By then, it may be too late. Concern about well levels has resulted

in a number of monitoring and safe withdrawal schemes in farm areas.
Increasing salinization has also provoked studies. So far, no solutions
for either problem have reached the implementation stage. It would seem
that one natural solution to the problem would be to have the wells

that are sampled for water levels be sampled for water quality, or at
least those that are in or near critical areas. Drinking wells could

be sampled at the same time,
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Sampling for domestic wells not linked to irrigation farming would
have to be tested according to the aquifer protection strategy in
the area in which the well was located.

Unmonitored Contaminants

Contamination may now go unnoticed because no one looks for it. The

most dramatic illustration is with the many new organic chemicals that
have been developed since World War II. Of special concern has been the
so-called '"volatile organic chemicals (VOCs)". One of these VOCs,
trichloroethylene, has been of particular concern. Widely used as an
industrial and dry cleaning solvent, TCE has caused major contamination
in a variety of cities. According to ADPC&E records, 294,094 1lbs. of TCE
was generated in Arkansas in 1982. Some 3 million 1lbs. of halogenated
solvents including sludges and still bottoms were manifested as being
transported in the state.

According to Federal drinking water standards, Arkansas must scan
municipal wells for trihalomethanes, but is not required to look specifi-
cally for TCE. TCE and other VOCs may be added to the Federal standards
in the near future.

New pesticides are also not included, although the older now banned
pesticides, such as DDT, are. Some toxic pesticides in use in Arkansas
like Aldicarb have never been monitored in the state. Because nitrates

are not harmful to most crops, the UA Cooperative Extension Service does
not monitor farm samples brought to it for this parameter, even though high
nitrates can contaminate domestic wells.

In addition to specific potential contaminants that go unmonitored,
there are some major unmonitored potential sources of groundwater con-
tamination. These are surface impoundments and underground storage
tanks.

Unmonitored Contamination Sources

There are some 7,000 surface impoundments in the state, most of which
contain brine brought up with oil pumping operations. Although state
regulations now require linings under these pits and that they be used
mainly as backup for underground injection wells, many still remain
from the unregulated period and are not lined.

No one knows how many underground storage tanks there are in Arkansas.
Most farms, and many factories have their own gas tanks and chemical
tanks, in addition to the thousands of service stations that cover the
state. Leaks from such tanks have threatened water supplies in several
Arkansas towns.

Large storage tanks and major impoundments could be monitored in sensitive
areas by the state in the same manner that RCRA industrial sites and land-
fills are monitored. However, most of them would have to become the
responsibility of local govermments as part of their local water supplyv
protection programs to be developed with the aid of the state.

67



The Underground Injection Control Program (UIC) is relatively new.

The inspection, permitting, and program coordination has just been
worked out. Thus far, the program calls for the periodic inspection of
the mechanical integrity of the injection wells, the recording of the
volume and content of what is injected and the pressures maintained

in the course of injection. Not all categories of wells have been
inspected.

Monitoring needs in this program are currently under review by the
Federal government and new groundwater monitoring requirements may be
established.

Similar problems can be found in the RCRA monitoring program. Only a
small percentage of sites have a groundwater monitoring system. Ex-
pansion of this program to cover only the bigger and potentially
hazardous sites would cost much money.

Mines, both abandoned and active also do not maintain adequate ground-
water monitoring.

COSTS
The costs of such a program are almost impossible to estimate. As it

is now, the costs are being born by several agencies most of which are
mentioned above.
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Specific Recommendations - (Listed in order of priority.)

k.

That monitoring systems be developed for cities using groundwater for public
water supply. That this system involve the placement of monitoring wells
updip from the wells currently in use so that contamination may be detected
before the public supply is affected. That the cities be selected according
to need and number of people served.

That area-wide protection systems be established on a basis of need and use
similar to that devised by the State of Idaho, (cf., A Proposed Groundwater
Quality Monitoring Network for Idaho, USGS Open-File Report, 79-1477).

For smaller communities and rural domestic users, it is recommended that the
department set up an aquifer protection program that would involve public
officials and citizens in a program to help them protect their own under-
ground water supplies. This would involve the development of a hand book
for public officials, training courses, and other educational materials to
aid in making communities more aware of the need to involve themselves in
groundwater protection. State personnel would be trained as teachers and
advisors.

That special attention be given by the state and the federal government in
protecting recharge areas of aquifers that are extensively used for public
drinking water sources, in this state and neighboring states. This may
require a special permitting and licensing arrangement for such critically
important recharge areas. Activities which might result in damage to the
water might be managed differently. Landfills, storage tanks, and industries
using or generating hazardous materials would be given careful scrutiny before
being permitted to operate. Since land use and zoning legislation may be
required in especially sensitive areas, local and county governments would
need to be involved in the overall planning for the protection of such areas.

That all surface impoundments assessed with a hazardous rating above 15
and on sites not already monitored under RCRA or Superfund, be monitored

for groundwater contamination.

That a groundwater monitoring handbook for local officials on groundwater
protection be developed.
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ELEMENTS OF AN ARKANSAS STATE GROUNDWATER STRATEGY
Activity 8

Groundwater in Federal and State Law

No comprehensive federal groundwater law exists comparable to the legislation
covering surface water or ocean pollution. This may reflect a federal view
that groundwater quality problems are susceptible to local or state resolution
and do not affect "interstate commerce' as directly as do surface waters.
Federal measures for the control of groundwater pollution are scattered
through several different laws that are not primarily concerned with ground-
water. These are:

Clean Water Act of 1977 - congressionally delegated authority to the
U.S. Environmental Protection Agency over surface water and groundwater;
however, the scope of EPA authority over groundwater pollution has been
ambiguous - partly because of the phrasing of Section 309 which refers
to ''mavigable waters" - limiting its applicability to groundwater;

Safe Drinking Water Act of 1974 - protects groundwater through its
Underground Injection Control Program; sets limits on some substances

that may occur in public water supplies;

Section 1424(e) The Gonzales Amendment

Provides state agencies with a legal mechanism to protect the recharge

zones of special or ''sole source' aquifers. In such areas, federally -
assisted projects which are found to endanger the quality of the water

as set forth in the maximum contaminant levels set by the Safe Drinking
Water Act, could have their funding halted by EPA.

Once designated as a ''sole source' aquifer, then section 3004 and

4002 of the Resource Recovery and Conservation Act (1976) comes into
play which allows state agencies to prohibit facilities in the recharge
areas, require a leachate monitoring system, design specification for
landfills, surface impoundments, basin and land farms. Thus giving the
state legal support in restricting severely or prohibiting waste
facilities within the recharge zone;

Resource Conservation and Recovery Act of 1976 (RCRA) - through which
the EPA recently promulgated approximately 2,000 pages of regulations
involving the classification, handling, testing, and disposal of
hazardous substances. It sets standards for the construction and
monitoring of RCRA sites, including the digging of monitoring wells;

Toxic Substances Control Act of 1976 (TSCA) - which overlaps with RCRA
in some respects, also deals with toxic substances, particularly

polychlorinated biphenyls (PCBs); and

Surface Mining Control and Reclamation Act of 1977 - which deals with
the release and disposal of mine water.
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National Environmental Policy Act - forces consideration of the effects

of federal action on groundwater in the writing of environmental impact
statements. The federal reservation of water rights doctrine has been
expanded to include groundwaters (1 Harv. Env. L. Rev. 173). 1In Cappaert

v. United States (426 U. S. 128, 1976), the U. S. Supreme Court held that
"since the implied reservation-of-water doctrine is based on the necessity

of water for the purpose of the federal reservation....the United States

can protect its water from subsequent diversity, whether the diversion is

of surface or groundwater.'" The court cited no cases to support this holding,
relying instead on two National Water Commission publications and simple logic.

In August of 1984, EPA released its long awaited groundwater protection
stragegy. Consistent with its past pronouncements on groundwater, EPA's current
stragegy lays the burden in protection on the states. It calls upon them to
build their groundwater programs using existing appropriations. New funds are
to be used mainly for "information gathering and planning," with implementation
reserved for those states who have completed their basic planning.

To assist the states, EPA established an office of groundwater to coordinate
programs. New regulations concerning the formerly unregulated underground
storage tanks and surface impoundments will be promulgated along with further
specifications for the protection and cleanup of aquifers.

The EPA strategy suggests that aquifers will be protected according to their
"highest and best use', according to three classifications:

1. Special aquifers -- those that are vulnerable to surface contamination,
i.e. karst formations, sand and gravel aquifers. Those that are de-
fined as ecologically vital, irreplaceable, or essential to the public.

2. Drinking water sources - currently used or potential sources.
3. All other aquifers.
This system was utilized in the classification established in Activity 5.

Special aquifers should receive special attention; i.e., Superfund sites over
special aquifers will be cleaned up first, more stringent regulations for the
storage, and disposal of chemicals will be applied over special aquifers, and
special casing will be needed for disposal wells that are drilled through them.
Further rules for land applications of nutrients and for new facilities over these
aquifers will be applied.

Drinking water sources will have the same protections now in place. If a
contaminant enters an aquifer used as a source of drinking water, it will be
cleaned up with the best available technology, or, if that is not possible, the
contaminant plume will be managed and confined.

Aquifers too salty or otherwise deteriorated to be used as drinking water

sources will be managed so that as little contamination as possible escapes
from them into cleaner aquifers that are or could be used as drinking water.
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EPA's has promised to develop a strategy for groundwater monitoring to be
released in the near future.

EPA also promised that landfills, surface impoundments, and leaking storage
tanks would be given special attention through programs designed to study the
threat to groundwater presented by these sources of contamination. The first
study which is to deal with leaking underground storage tanks is already
underway

under the direction of the Office of Pesticides and Toxic Substances (OPTS).

Most of the actions to be taken by EPA involve the further use of existing
regulations listed above, such as; FIFRA, the Federal Insecticide, Fungicide,
and Rodenticide Act, which will be used to control pesticides that may leach
into the groundwater, TSCA, the Toxic Substances Control Act, which will be
used to regulate new chemicals.

2. Groundwater in State Law

The power of the state govermments to take measures necessary to protect
groundwater through zoning laws and eminent domain jurisdiction have

been consistently upheld by the Federal Courts. In a Florida case involving
the right of the state to impose minimum lot sizes to limit the number

of houses built over a vital recharge area, the court held that 'the
inclusion of ecological considerations as a legitimate objective of zoning
ordinances....is long overdue'" and held '"that preservation of the ecological
balance....is a valid exercise of public power...."

The courts have also held eminent domain rights of the state and municipal-
ities over riparian rights of individuals when environmental protection is
at issue. States and individuals have had increasing success in holding
polluters responsible for damage done to groundwater. Examples of the
above cases are too numerous to list here but an excellent summary

prepared by Geraghty and Miller is on file at ADPC&E.

Two other cases have enormous implications for Arkansas in its relation-
ship with water scarce states on its borders. In disputes between Texas
and New Mexico and between Nebraska and Utah, groundwater was defined as
subject to the provisions of the interstate commerce provisions of Federal
law and therefore not subject to state laws banning the export of water.
But, in neither case have envirommental questions been at issue.

Hence, the general thrust of the courts has been to allow the states
to protect their enviromment and to seek equity from polluters but not
to treat water differently from other resources shipped out of state.

Groundwaters are generally subject to the same treatment as that given
to watercourses and it follows that the Arkansas positions, with respect
to groundwaters, conforms to the riparian doctrine. Therefore, ground-
waters also come within the framework of the reasonable use theory as
applied to watercourses. Disputes over water have generally been de-
cided according to a reasonable use test which allows each owner to use
the water for his own purposes having due regard for the effect of that
use upon other riparian owners and on the public in general.
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The following criteria test the '"reasonableness'" of a given use:

1. The purpose of the use must be lawful and beneficiial to the user
and suitable to the stream involved;

2. The social utility of a proposed or existing use should be
considered;

3. Use of the water must be made on riparian land (uzed by the
riparian owner on land adjacent to the stream or Iake);

4. The quantity of water diverted to the exclusive use of the
riparian user must be viewed in light of the total flow;

5. The use must not pollute the water so as to signi¥icantly harm
lower riparian users;

6. The manner of flow must not be appreciably altered.
Specifically, the Arkansas Supreme Court has declared the following
general rules and principles with regard to the reasonzble use of water

which is subject to riparian rights:

a. The right to use water for strictly domestic purposes —-

such as for household use -- is superior to many other
uses of water -- such as for fishing, recreation and
irrigation.

b. Other than the use mentioned above, all other lawful uses
of water are equal. (Some recognized lawful uses are
fishing, recreation and irrigation.)

c. When one lawful use of water is destroyed by another
lawful use, the latter use must yield or it may be
enjoined.

d. When one lawful use of water interferes with or
detracts from another use, than a question arises as
to whether, under all the facts and circumstances of
that particular case, the interfering use shall be
declared unreasonable and, as such, enjoined, or whether
a reasonable and equitable adjustment should be made
having due regard to the reasonable rights of each.
Where different lawful and reasonable uses are inherently
mutually exclusive, the prior in time will prevail and
the latter must cease.

3. Case Law

A leading case which deals with questions of groundwater use, Jones V.
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0Z-Ark-Val Poultry Company, 228 Ark. 76,306 S.W. 2d 111, 1957, was a case

of conflict between the industrial use of groundwater and domestic wells.
The Court held that industry interference with the groundwater was unreason-
able and an injunction was issued to prevent excessive pumping by the
industrial users. The Court applied the ''reasonable use doctrine" to re-
solve the conflict. The Court recognized that under our law, the domestic
purposes of groundwater purposes prevail. The Court further stated that,
where two or more tracts of separately-owned land join with a common under-
ground reservoir, each owner has common and correlative right to the use

of the water on his land if the common supply is sufficient. However, if
the supply is limited and one use interferes with another use, then each person
is limited to a reasonable share in order not to hamper the use of the other
party.

The Arkansas Supreme Court has not rigidly defined reasonable use. The
Court has ruled "that we are not necessarily adopting all the interpretations
given it by the decisions of other states, and that our own interpretation
will be developed in the future as occasions arise. Harris vs. Brooks,

225 Ark. 436, 283 S.W. 2d 129 (1955). Clearly, the definition of reasonable
use is evolving as the court addresses more complex water problems. The
court recently reversed a previous ruling requiring riparian owners to

use water on riparian lands and demonstrated a willingness to adapt to
changing needs. In Lingo vs. the City of Jacksonville, 258 Ark. 63, 522
S.W. 2d 403, 1975, the court ruled that the city of Jacksonville could
legally buy land, drill wells, remove the water to a distant point and sell
it to its customers. The Arkansas high court has consistently tried to
guarantee maximum beneficial use of the State's water resources. The

court concludes:

"In all our consideration of the reasonable use theory, as we
have attempted to explain it, we have accepted the view that

the benefits accruing to society in general from a maximum
utilization of our water resources should not be denied merely
because of the difficulties which may arise in its application."
Harris vs. Brooks, 225 Ark. 436, 283 S.W. 2d 129, 1966.

Domestic use is preferred over other uses of ground and surface water. In
times of scarcity, surface water use is allowed in the following order:
(1) sustaining life, (2) maintaining health and (3) increasing wealth.

The correlative rights rule (giving overlying owners a proportionate or
prorated share) governs groundwater use during times of scarcity.

The courts decide which uses are reasonable or unreasonable on a case by
case basis as conflicts arise. The Arkansas high court has modified the
common law on several occasions in order to allow maximum beneficial use
of the state's water resources and seems willing to make further changes
as needed.
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To summarize, Arkansas water law is based on a riparian/reasonable use
rule for both surface and groundwater (whether percolating or flowing).
Riparian owners are allowed to make reasonable beneficial use of the
water "with due regard to the rights of others similarly situated".

Legislation and Regulations

Arkansas Department of Pollution Control and Ecology.

1. Act 472 of 1949 as amended; Arkansas Water and Air Pollution
Control Act

Under the authority of Act 472 of 1949, the ADPC&E has broad
powers of regulation and enforcement over 'waters of the state',
both "surface and underground'". Hence, it follows that all the
kinds of monitoring, classifying and regulating that have been
done for surface water, can be done for groundwaters (given, of
course, the physical limitation imposed by geology).

2. Regulation #1, ADPC&E November 1, 1958 and Order 1-58, October
13, 1958 and Order 1-59, June 29, 1959.
For the Prevention of Pollution by Saltwater and Other Field Wastes
Produced by 0il and Gas Wells.

This attempted to prevent brine from the o0il fields from polluting

the "waters of the state". Provided for underground injection wherever

possible and outlawed holding ponds over porous or gravel soils.
Supplemented by SDWA's UIC Program.

3. Regulation #2, ADPC&E as amended, November, 1984
Arkansas Water Quality Standards

Deals primarily with surface water. However, the courts have ruled
that where there is a significant hydrological connection between
ground and surface waters, existing surface water standards apply
to the groundwater. Also, since many Arkansas streams are composed
of seepage from groundwater during periods of low flow, the stand-
ards are currently being applied to what is primarily groundwater.

4. Regulation #3, Underground Injection Control Code, March 1982.

Adopts, by reference, most of the Federal regulations dealing with
the construction and control of injection wells.

5. Surface Mining Act, Act 134 of 1979 as amended by Act 647 of 1979.
The program, in regard to groundwater, consists of a permit system

which would allow for the assessment of the effect a mining activity
might have on the groundwater resources, either quality or quantity.

6. The Arkansas Open Cut Land Reclamation Act, Act 336 of 1977, as amended

by Act 824.

Regulates reclamation of land disturbed by open cut mining; requires
a permit for open cut mining.
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7. Arkansas Solid Waste Management Act, Act 237 of 1971

Requires proper and permitted disposal of solid waste; requires
all municipalities to develop solid waste management plans; authorizes
county courts to provide solid waste management systems.

Arkansas Soil and Water Conservation Commission

1. Act 217 of 1969 authorized the Commission to develop the Arkansas
State Water Plan that would serve as the state water policy for
the development of water and related land resources in the state
of Arkansas. All reports, studies and related planning activities
were required to take the State Water Plan into consideration. 1In
1975, the first State Water Plan was published. In 1980, work on
revising the 1975 plan began.

2. Act 1051 of 1985 outlined many variables that needed to be quantified
or delineated and included in the State Water Plan, expected to be
released by mid 1986. Some requirements of the Act were: (a)
current and projected needs of public water supplies, industry and
agriculture, (b) define and quantify the safe yield of all streams,
reservoirs and aquifers, (c) quantify requirements of fish and wild-
life, navigation, riparian rights and minimum stream flows. 1In
addition, the act authorized interbasin transfer and non riparian
use contingent upon guideline development by the Commission and re-
quired all groundwater users to report the quantity of groundwater
withdrawn on an annual basis. The Commission will now collect and
compile of groundwater use data in addition to surface water use
data and surface water allocation that was authorized by Act 180 of
1969.

3. Act 417 of 1985 will provide incentives for construction of surface
reservoirs in the form of a state tax credit not to exceed 507% of
the total construction cost or $30,000 over a 10 year period. Any
applicant that converts to surface water from groundwater sources
may receive a tax credit equal to 107 of the total conversion cost.
Persons seeking eligibility for the tax breaks must apply to Arkansas
Soil and Water Conservation Commission for evaluation and acceptance.

Arkansas Geological Commission - Act 16 of 1963, charges the Commission
with the collection and dissemination of data regarding water and other
natural resources. This Act also specifically states that the Commission
will engage in cooperative agreements with the U.S. Geological Survey to

perform investigations concerning water resources, which includes quantitative

and qualitative analysis of groundwater.
Arkansas 0il and Gas Commission - Act 105 of 1939.

This program consists of a permitting system for the underground injection
of any industrial waste into existing aquifers. The permits are considered
on a case by case basis in regard to means and level of injection, quality
of water injected, use of groundwater in area, etc. An informal agreement
exists between this Commission and the Department of Pollution Control and
Ecology which indicates the Commission will deal with all impacts from the
well head down and the Department of Pollution Control and Ecology will deal
with problems related to surface water pollution (this in carrying out of
the Department Reg. #1). The Department of Pollution Control and Ecology
will, in instances of hazardous waste inspections, work with potential
subsurface impacts.
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E. Arkansas Health Department - Act 402 of 1977.

The program pertains primarily to the permit of waste treatment systems
for individual dwellings, with limitations being the quantity of waste-
water treated. Permits are considered on a case by case basis, with the
exception being that certain requirements are particularly applied to
certain areas of the State to protect groundwater sources specifically.
The Department has authority to prevent and/or stop groundwater con-
tamination sources by declaring them "public health nuisances.'" The
Department is also authorized by Act 71 of 1973 to control septic tank
pumpers and the disposal of said sludge. Septic tank installers are

also permitted by the Health Department. The Department not only con-
siders septic tanks but any accepted method of waste treatment. Numerous
alternatives are available and considered by the Health Department whenever
physical conditions and economic justifications warrant.

F. University of Arkansas - Act 737 of 1977, calls for septic tank research
funds to be appropriated for research to be conducted on septic tanks
design at the University's Agricultural Experiment Farms. This work
is ongoing and is currently funded as a line item in the University's
budget.

G. Water Well Construction Committee - Act 641 of 1969 as amended by Act
783 of 1985 gave the Committee the authority to issue water well drillers
contractors licenses, registration and rig permits. The Committee
insures that proper construction and abandonment standards are followed
and investigates complaints against drillers. The Committee maintains
files on completion reports submitted by drillers. Act 822 of 1985
extended authority of the Committee to include wells drilled for the
purpose of obtaining or exchanging thermal energy for use in groundwater
source air conditioning and heat pump systems.

Recommendations

Sufficient authority exists under the current statutes to regulate groundwater
quality to at least the extent to which surface water is now being regulated.
Additional funding may be required if an expanded groundwater program is to
develop.

Most states maintain both a structural and theoretical separation between the
parts of government that deal with quality issues and those that deal with
quantity. Arkansas is no different in this respect. Legislative measures
directed towards the water supply problem have been closely associated with

the Arkansas Soil and Water Conservation Commission. Quality issues have been
given under Act 472 to the ADPC&E. Despite this legal situation the two issues
are joined in nature, as has been amply demonstrated in the problems section

of this document, and, hence cooperation between the two agencies has been
necessary.

For example, the groundwater strategy has been coordinated with all agencies
involved with groundwater through the Technical Steering Committee developed
through Activity #1. Other areas of overlapping concern and jurisdiction have
been worked out through informal meetings where cooperation has been stressed
and duplication avoided. MOU's detailing the functions of each agency in areas
where quantity and quality issues are involved may be necessary.
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In addition to the recommendations made above, the following are courses that
could be considered.

1.

The establishment of a tax on groundwater users to pay for
hydrologic and other studies that may be necessary to protect ground-
water.

The introduction of state supported PALS (Protective Alert Levels)
levels below the maximum contaminant levels established by EPA which
could be used as a basis to trigger an alterting mechanism what would
allow the state to take measures before contaminant levels become
dangerous.

Many interagency agreements and MOU's are needed to coordinate the
use of groundwater data and to establish monitoring responsibilities.
Inter—-agency cooperation could result in considerable savings to

the taxpayers to the extent such cooperation resulted in the more
efficient use of labor, space and equipment.

The establishment of a water conservation and protection curriculum
in the schools.
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MANAGING GROUNDWATER AT THE LOCAL LEVEL

TASK 8 and 12

As has been emphasized throughout this report, prevention of groundwater
contamination is the wisest policy in most cases. Whenever local com-
munities have had to try to clean up contaminated wells, they have found

the operation to be difficult and very expensive. Hence, many have chosen

to focus on preventative measures available through existing local authorities.
Currently, local governments have the authority to protect their groundwaters
through:

Zoning

General Bylaws or Ordinances

Subdivision Regulations

. Board of Health Regulations

. Wetlands Bylaws

. Local Input into State and Federal Programs

AU W

The table below compares the procedural requirements and is followed by a
discussion of each.

Statutory Who Adopts Required Vote
Authority
Zoning Amendment 55 County Quorum Court Majority vote 2/3rds
(Arkansas City Council vote of all members
Legislative Code Town Council city/town council.
#173801)
Local By- County Quorumm Court Majority vote of all
law City/Town Council members city/town
council and majority
vote of town meeting
unless otherwise pro-
vided by ordinance, by-
laws or chapter.
Subdivision Arkansas County Planning Majority vote of entire
Rules and Legislative City/Town Council membership.
Regulations Code #173801
Zoning

Deriving from the police power vested by the state's consititution, zoning

has long been used as a means for communities to manage growth,

Towns may

enact zoning restrictions protecting local groundwaters for the following

purposes:

to conserve health, to prevent overcrowding of land, to facilitate

the adequate provision of water, and for various other environmentally-
related goals provided their is no conflict with Federal and State

authorities.
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Since zoning is a means of regulating land use, any regulation placed upon land
may be looked upon by the landowner as a ''taking' of one of his property
rights. In such challenges, the courts look at the positive value of the
community at large versus the loss of the particular use of the land to the
individual. When an ordinance goes beyond the scope of just limiting uses and
into the deprivation of property without just compensation, the court would
rule in favor of a landowner. However, a bylaw which has gone through the
democratic voting process will generally be upheld unless the party bringing
suite can establish the burden of proof necessary against the bylaw.

Zoning to protect ground and surface waters has been more common in the dry,
arid western states until recently when years of lower rainfall coupled with
groundwater contamination has limited community water supply and towns have
begun passing bylaws.

Elsewhere the most prevalent zoning approach prevents contaminants from getting
into water supplies by regulating activities and land uses which might generate
contaminants in the area that feeds or recharges the underground water supply.
The other approach permits all uses as long as thev meet specified performance
standards, e.g., discharges do not exceed specified water quality standards.

The system 1is similar to a stream feeding into a lake. There is no way to
keep the lake free from contaminants if someone continues to discharge con-
taminants into the stream. Thus, the "aquifer recharge' area is one of the
most critical areas to protect as it is the source of an aquifer's water.

Recommendation for Zoning Ordinances

Groundwater or aquifer protection zones/districts should be added to the

zoning ordinances of cities and towns. These bylaws are usually some type of
"protection district'", either Aquifer Recharge, Groundwater, Water Supply,
Water Resource, Watershed, etc.. Occasionally, groundwater concerns are
incorporated into wetland overlay districts. Commonly, these zoning ordinances
are prepared as "overlay districts', areas superimposed on the existing zoning
map with provision that the rules of the underlying district continue except
where overlaying district is more stringent.

Most zoning ordinances regulate uses and activities, and several also rely
heavily on performance standards. Some towns only list prohibited uses, with
the remaining uses subject to zoning in the underlying district. Others only
list permitted uses with specific requirements attached to those uses. Most of
the others also include a special permit, either for listed uses or in order to
receive an exemption from the prohibited uses or added requirements.

There is little consensus on which local board should be responsible for plan
review and approval, special permits and enforcement, or, even whether it
should

be at the town or county level. Town and county agencies used include the
Board of Health, Building Inspectors, Conservation Commission, Fire Chief and,
most frequently, the Planning Board. Some towns require a site plan to be sub-
mitted with the permit application, and also require a listing of hazardous and
toxic materials and their use, septic system approval and certification of
underground storage tanks.
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Aside from solid waste disposal, towns differ on whether a use should be
prohibited or allowed with a special permit. The types of zones protected

also vary from a radius around a municipal well to an entire watershed feed-

ing a reservoir or a well field. This difference in the breadth of area
protected could account for the choice of a special permit requirement rather
than a prohibited use. Generally, the most narrowly defined protection zones
(i.e., those immediately surrounding the well zone) are more strictly regulated
than the broader watershed protection zones. Furthermore, towns with more than
one zone will often prohibit a use in the aquifer zone but issue a special permit
in another zone, Similarly, uses requiring a special permit in the aquifer zone
may be allowed in another zone.

For those towns issuing special permits for certain uses or as exemptions,
criteria for granting special permits generally address the quality and
quantity of the water resources. The concerns are both to perpetuate the
recharge, thereby maintaining the groundwater yield, and to prevent degradation
of the water quality. Some use drinking water standards and others use the
current water quality as the measure.

Thus, while there are many different approaches that local govermments can use
in adopting zoning bylaws, there is much consensus. Most use overlay districts
and supplementary written descriptions to identify the area. There is general
agreement that hazardous and toxic materials, petroleum products, waste dis-
posal, septic systems, excavation, construction of impervious surfaces and,

in certain communities, agricultural uses are potential sources of groundwater
contamination and need to be regulated within these districts. The variation
in bylaws is most evident in the specifics: whether or not to allow uses which
generate hazardous wastes (as opposed to manufacture, storage, use, etc.);

how much and what type of discharges to allow in septic systems; what depth
above high groundwater level to allow sand and gravel extraction and which town
agency should administer and/or enforce the regulationms.

A second zoning approach used by a number of towns has been to institute large
lot zoning of water supply protection and other conservation purposes. Several
of these zoning ordinances have been tested in court. A bylaw allowing only
two-acre lots was upheld on the grounds of protection of public health because
each lot had to have a well and septic system. The relationship between the
bylaw and water supply was clear. In another case in the court would not
allow 2.5 acre zoning because the town wanted to keep the land in its natural
state. To use large lot zoning for groundwater protection, the relationship
between the bylaw and the protection of health, safety and general welfare
must be clear.

Thus, both good technical information on groundwater location and flow direction
in the town and a clear relationship between the bylaw provision and water

supply are essential to a strong bylaw which will hold up if tested in court.

Specific Recommendations for Arkansas Local Governments

Since potential sources of contamination are too many and varied for any state
agency to handle by itself, local participation aimed at protecting local sources
of groundwater to be used for drinking, irrigation, industrial and municipal uses
is essential to the success of any groundwater protection strategy.
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This has even more significance in communities located over special aquifers
that once contaminated are irreplacable, or, are essential to the community
that has no alternative source of surface water. This situation exists in most
of the communities of southern and eastern Arkansas. They are 1007 de-
pendent on groundwater for drinking water and 857 dependent on it as a

source of irrigation. No uncontaminated sources of surface water are
available. The state agency needs to contact these communities and involve
them in the protection of their water. We intend to begin with the education
process to convince people that what is proposed is in their best interests.
If they are involved in the planning they will know the reasons for ground-
water protection activity.

To do the job right, the state needs the funds to implement the coordinating
activities that will be necessary if the strategy is to succeed. Local
geologic situations will have to be studied. Monitoring sites, special
protection zones, and water needs assessments will have to be made. All
this technical data will have to be translated into language that the
citizenery can understand.

Local governments are the only units qualified to invoke and enforce building
codes in aquifer recharge areas, to limit paving to avoid interfering with
the recharge process, and generally look after the area's natural vegetation.

While the State Board of Health generally supervises septic tanks in the
state, there is room for local initiative in the management of septic tank
cleaning and maintainance programs.

But, in order to do any of the above, local governments have to be convinced
that the expenditure of time and monies is necessary. Then, once convinced
that groundwater protection is a good and necessary activity, technical help
in setting up ordinances and programs, in doing geological surveys, and
generally explaining the hows and whys of groundwater protection, has to be
made available on an ongoing basis.

Budget

1. Public Relations. TTees s s s esesssssssssssess
2y PLANNCE LTy s esmems s s s o e s s ssees s s e
3. CGeologist.iceussenssssssmnnnssaessnsenesessspe
G ONE SECTELAYY ¢ s 5w e o6 is s 656 & 0 8816, 5.50 & & 086,56
Proposal

Request funds to develop and publish a manual on "Groundwater Quality:
Protecting Local Supplies'" to act as a guide for local officials. Funds
would be needed to research, write and publish the manual. It would then

be used by the team previously described whose function would be to convince
local officials of the need to protect their water supply and offer guidance
as how that could best be done.

Researcher/Writercvenowsnsssnssss o w6
PEANEING COSES ¢ oo vimmioinmeomiowssis o nmeonsessisnssisss
Lay out/photOgraphy..ceeeeeeseeeeseeennsenennnens
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OPTIONAL MANAGEMENT STRATEGIES

Task 12

Under Task 8 concerning state and federal legislation it was found that

ADPC&E has sufficient authority under existing statutes to install practically
any program to protect groundwater that it can get funding for. The Federal
government has funded several source-specific programs, such as RCRA, the

UIC program, and Superfund, all of which have had some bearing on groundwater

protection. Any state strategy that is recommended must take these programs
into consideration and build upon them.

Within that general framework, numerous approaches have been tried. New Jersey
emphasizes the permitting of discharges into the groundwater. Connecticut has

a well-defined groundwater classification system. Arizona emphasizes ground-
water use management. Vermont established aquifer protection zones around

every municipal well. No one approach seems to work any better than another.
Each state seems to have to work out its own approach based on its own particular
needs, problems, and goals.

However, certain guiding concepts have emerged that seem to encompass the
framework for a successful groundwater protection strategy. These are:

What happens on the land surface may determine groundwater quality.
Most sources of groundwater pollution, including those caused by
overdraft are not controlled by Federal and State regulatory programs.

Traditional approaches to groundwater protection have involved
management of individual pollution sources through permitting and
enforcement programs. This fails to recognize the broad range

of "nonpoint" sources causing groundwater pollution and the ir-
reversibility of contamination once it occurs.

Current trend is toward preventive programs aimed at protection
of critical recharge areas through controls over land use and
human activities.

Recognition of different aquifer uses and the fact that not all
aquifers are of equal value are key policies underlying realistic
groundwater protection programs. Anti-degradation policies can
be a stumbling block.

Protection involves regulation of groundwater as a resource at state
and local levels. This requires changing rules of water rights
(e.g., groundwater is a "water of the state," not the overlying
property owner's).

Groundwater protection requires coordinated management of surface
and groundwater resources.

Controlled degradation and plume management may be more cost ef-
fective than statewide enforcement of strict groundwater standards.
Recognition of existing degraded areas justifies more stringent
controls in high-quality, high-yield or sole-source aquifers.
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Some problems are regional in scope and will therefore require interstate
cooperation for resolution as some aquifers underly several states. Re-
charge areas, also, do not respect state boundaries. Regional and Federal
cooperation is needed to address these areas.

A strategy that is designed to deal with the broad range of non-point pollution
sources must enlist the support of a wide range of businessmen, industrialists,
farmers, consumers and politicians who must be aware of which aquifer needs
protecting, how to protect it, and what their role in its protection is.

In that sense, the role of local governments seems vital to a successful
groundwater strategy for it is at the local level that the citizen is faced
directly with threats to his drinking and irrigation water. Hence, local
programs need to be encouraged to do the following:

Local governments may wield greatest power in protection programs.
Local authority extends to any land use or activity that can be

seen to threaten public health, safety, and welfare by impairment of
groundwater quality.

Land-use zoning may require minimum residential lot sizes of 1 to 4
acres to protect groundwater from nitrate released by septic systems
and lawn fertilizers in humid regions.

"Overlay" zoning may be used to impose performance, standards, prohibitions
of certain activities and water quality impact analyses on development
in recharge areas without changing underlying zoned uses.

Zoning affects only future uses of land. County and local ordinances
and health regulations have no grandfather clauses, and control existing
uses.

Local ordinances actually in place in other states require registration
of storage facilities for all quantities of toxic and hazardous materials,
testing and replacement of underground gasoline storage tanks, and bans
on consumer products containing toxic and hazardous materials.

Efforts to accommodate industrial development without jeopardizing

groundwater quality lead to direct involvement of local authorities
in plant management and housekeeping practices. Local requirements
typically exceed State and Federal programs in scope and stringency.

It was toward the end of interagency coordination and cooperation within the
general goal of protection of groundwater resources that the groundwater

strategy steering committee was created. Each agency has their own perspective
on groundwater problems and their own data files which relate to that perspective.
The Health Department has a wealth of chemical data on the quality of municipal
water supplies and a set of standards that each supplier is required to main-
tain. The University Cooperative Extension tests farm irrigation wells and has

a wealth of chemical data from samples submitted through county agents. USGS

has its own network of wells that it monitors for quality and quantity and
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has its own network of wells that it monitors for quality and quantity and
stores its data into its own WATSTORE computer and into EPA's STORET system.
The need to pull these reports together to give as comprehensive a view

of underground water quality was the motivation for Activity #6 which developed
a data management strategy.

There are also other areas where cooperation provided not only better per-
spectives on problems but more defined and coherent mechanisms for dealing with
problems. Thus, for example, the State Water Plan now being drawn up by the
Soil and Water Commission has a groundwater component that will be coordinated
with the groundwater strategy. Soil and Water's traditional concern with water
use overlaps with and affects ADPC&E and the Health Department's concerns with
quality. Legislative plans for developing a state Water Code incorporated

all three perspectives, and Activity #4, which called for an assessment of the
state's groundwater contamination problems, contracted by USGS, also involved
the cooperation of all these agencies.

Other states are also moving towards such cooperation and coordination. New
Jersey, for example, has developed an Integrated Groundwater Monitoring strategy,
that will coordinate scattered monitoring programs to both assess groundwater
quality and track compliance in their permitting program. New York has developed
a cooperative problem prevention strategy for groundwater management to be
jointly sponsored and coordinated by the New York Department of Environmental
Conservation and the New York State Department of Health.

Some states have experimented with the consolidation of power and responsibility
for specific functions within one agency. New Mexico has placed its groundwater
protection policy in the New Mexico Environmental Improvement Division while

the State Engineer's Office has authority over water rights, both ground and surface
water, water development, and protection of the state's waters from over-use or
contamination. Activities of the two offices are coordinated through the New
Mexico Water Quality Control Commission. Colorado has a similar system except the
responsibility of administering water rights is shared with seven district water
judges throughout the state. In Kansas, water planning is centralized in the
newly created Kansas Water Office. Texas had placed its data collection, planning
and surface water allocation authorities in its Department of Water Resources,

but has recently decentralized some of these functions.

Whatever direction Arkansas chooses, it is certain that some contingency planning
needs to be done in advance. Other states can offer some guidance in such
planning. Indeed, such planning may soon begin.

Act 1003 of the 1985 session was passed to authorize the Joint Interim
Committee on Agriculture and Economic Development to conduct a study on

the management, regulation and use of surface and groundwater. The Joint
Interim Committee Agriculture and Economic Development has voted to conduct
a study to determine the various state and local agencies and commissions
having authority or responsibility for managing and regulating surface and
groundwater and the various uses of water, both quality and quantity. The
Committee may determine the extent of the authority and responsibility of
each of those agencies and commissions, and identify the amount of State
funds spent for these purposes. The Committee may also determine the
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feasibility of reallocating and controlling the authority and responsibility
for administering, managing and regulating all surface and groundwater

(both quality and quantity) and the beneficial uses of water, and other
related environmental pollution control activities in the State in order to
avoid overlapping and conflicting water uses of various agencies regarding
administration, management, regulation, enforcement, and use of water. In
addition the Committee may make a determination of the desirability of
creating a separate coordinating agency to manage and regulate water and
the use of water for all purposes, both quality and quantity, and related
pollution control activities.

The existing State and local agencies and commissions having authority with
respect to the administration, management, regulation, enforcement, and use of
water in the State shall cooperate on a pro rata basis with and assist the
Committee when requested to do so by the Committee and shall provide staff
assistance and appropriate data to the Committee to the extent that the budget
of the various agencies permit.

We know that the same aquifer can be used for different purposes. The
Quaternary and the Sparta, both for example, are used by farmers, self-
supplied industry, domestic and municipal water systems. If the priority
is to be the maintenance of these aquifers as sources of drinking water,
then some method of regulating uses for other purposes has to be determined.
If the drilling of o0il wells and irrigation wells through aquifers used as
drinking water supplies threatens the quality of the water, some means of
regulating drilling has to be effected.

As it exists now, a farmer can drill a well anywhere he wants on his own land
and use as much water as he can afford to pump provided he drills the well
according to the specifications outlined by the Arkansas Water Well Construction
Code and no one takes him to court. A similar situation exists regarding the
drilling of oil wells. The welfare of the aquifer affected by the drilling

and the effects of pumping on it are not even considered by the Water Well
Commission and are of only recent concern to the 0il and Gas Commission.

No one yet has taken a serious look at what the effects of all that drilling
has been. We do have a few studies of the effects of overpumping of irrigation
waters and some recommendations as to how to arrive at "safe yields" for some
aquifers. We do not have any mechanism for enforcing either the limitation

of drilling or the distribution of shares of "safe yield" components (the
federally-funded Underground Injection Control program, however, does regulate
all types of injection wells).

A sensible aquifer management strategy would, then, have to look at all real
and potential threats to its integrity in the classification it has received.
Hence, the recharge area of a Class I aquifer needs special protection from
surface pollution, whether from urban, agricultural or industrial waste.
Pumping must be limited to a ''safe yield" that does not exceed the aquifer
recharge rate. Monitoring of the aquifer, particularly, in those places where
contamination is likely, needs to be done on a regular basis (Task 7 addressed
this problem in particular and made specific recommendations regarding it).
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Data from monitoring sites need to be collected and organized so
that trends can be spotted and analyzed before the problems become
too severe to deal with economically. Prevention of pollution 1is
universally recognized as the most effective method of quality
control (Task 6 was designed to address the problem of data
acquisition and management and make specific recommendations
regarding it).

The question this section addresses is that of managing the
monitoring and data collection systems that are recommended and
coordinating the results generated by each. For example, if the
problem areas that are assessed and monitored indicate a priority
problem is emerging, how is it to be handled?

In the introduction we set forth four basic management strategies,
each with an ascending order of activity and expenditure. The
first, or baseline strategy, called for a continuing series of
activity at the current level with no new public policies. This
would assume that groundwater quality monitoring would continue at
its present level, that no new legislation to regulate withdrawals
would be passed and that expenditures for permitting, inspecting,
planning and all other groundwater related activities would
continue at about the present level. The expected result of such
a "baseline” strategy would be that present level of degradation
could be expected to continue. That is, we could expect to see
continue increases in the level of nitrates in the uppermost
aquifer and continued increased in the levels of sodium in all of
the aquifers used for municipal supplies in southern and eastern
Arkansas. At some point, the result would probably entail major
health problems in both area.

There are some problems, such as, the anomalously high levels of
chlorides in areas around Brinkley in Monroe and Lee counties, in
Chicot, Desha, Independence and Lawrence counties that, since we
are not sure of the cause of these outbreaks, are unpredictable.
Hopefully, USGS studies of these areas currently under way will
allow us to predict what will happen with these.

A baseline approach to water use in places like the Grand Prairie
is far easier to conceptulaize. Studies are under way that will
allow us to predict fairly accurately how far water levels will
drop given a certain level of withdrawal for municipal and
agricultural use. Right now we can be reasonably certain that
water levels will continue to drop given current levels of use
although by unpredictable amounts depending on precipitation rates
and government policies.

Contamination levels due to industrial contamination is also hard
to predict given the current level of protection. Information
even from the most publicized contamination sources is sparce and
unreliable. Groundwater monitoring has, so far, been limited to
hazardous waste sites covered by RCRA and some permitted municipal
landfills. Without an adequate information base it is impossible
to predict the effects of continuing at the present level of
protection. From the areas that have been studied, however, it is
a safe assumption that without further protection, contamination
from industrial sources will continue to grow.
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Management Strategy #1

This strategy calls for the use of voluntary action to improve water
quality through research, education programs and incentives to consider
alternative practices not under current use in the baseline condition.
These would include the following:

1. 1Increased advocacy of "Best Management Practices'", especially
in vulnerable groundwater recharge areas.

2. More research into actual and potential problems.

3. Increased public education.

4. Encouragement of conservation and recycling projects.
Management Strategy #2

This strategy adds supply augmentation to the voluntary efforts of #1. These
would include the following:

1. Diverting surface water to shortage prone areas.
2. Storing rainwater and floodwater in surface impoundments.

3. Groundwater recharge efforts using municipal wastewater or
other readily-available treated water.

4, Desalination of otherwise drinkable water.

5. Vegetation control to reduce evapotranspiration, balanced
with revegetation to control erosion.

Most of the above have been considered and rejected as too expensive in the
earlier, more water-excess days. Only when shortages and declining quality

are matters of national concern would they become economically-feasible alternatives.

Management Strategy #3
This strategy introduces some mandatory programs of a regulatory nature in
addition to the voluntary efforts described in Strategy #1 and the augmentation
efforts of Strategy #2. For groundwater, a minimum program would probably
include the following:

1. State, county, local zoning laws to protect recharge areas.

2. Limits to the allowable nitrate loading of sensitive areas.

3. Limits to the allowable salt loading of sensitive areas.

4. Limits to the allowable population in critical areas.
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5. Expansion of required industrial and municipal monitoring.

6. Limiting of discharges into the groundwater similar to that
which now applies to surface waters.

7. The limitation of withdrawals from aquifers with declining
water levels.

These are all efforts at conserving the quantity and quality of the state's
groundwater. However, these efforts may not be enough and efforts at adding
to the supply of water might have to be made.

Costs

As mentioned on p. 63 in relationship to groundwater monitoring, costs for
groundwater protection are impossihble to predict. There is no way to know in
advance how extensive the problems we have are or how much of an effort is
needed to maintain adequate protection. Our recommendation is to begin with a
monitoring system and assess costs as more data becomes available.
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Specific Recommendations

In addition to the general management alternative framework laid out above, a
number of specific recommendations arose from the process of conducting the
activities conducted as part of the strategy development process, These are
listed below in the order in which the activities are listed in the FY81 workplan.

Activity 1. The Groundwater Steering Committee,

This committee proved to be an invaluable tool for fostering communication
between the representatives of the various agencies that participated on the
committee. The committee should continue to meet to resolve strategy im-
plementation problems as they arise.

Activity 2. Groundwater Data Summary and Bibliography.

The data summary for this activity became a part of the biannual 305(b)
Water Quality Inventory. This should be updated for each new report. The
bibliography should be updated on a regular basis and kept on the Water
Division computer file,

Activity 3. Groundwater Quality Criteria.

As in Activity 2, these criteria need to be evaluated and updated periodically.
It should be done on an ongoing basis as new information appears. These should
be placed on the Water Division computer as soon as they are made available.
These criteria are based on maximum levels for specified uses and are the

basis for the aquifer classification system recommended in Activity 5.

Activity 4. Groundwater Problem Summary.

This summary will be the basis for the report included in each 305(b) inventory
and will be updated accordingly. It also should be made into a pamphlet for
distribution to the general public, complete with photos from the groundwater
slide show.

Activity 5. Groundwater Classification,

This classification would need revision as new chemical information about the
aquifers becomes available, MOU's with USGS and the Geological Commission
need to be formalized as to how these aquifers will be mapped and updated
accordingly.

Activity 6., Data Management System.

This study recommended that STORET be the main storage system for the state's
groundwater data. It also recommended that a users group be established to
coordinate data storage activities (the groundwater steering committee seemed
the logical basis for that group). The report also recommended hiring an ex-
perienced systems analyst and a program analyst to implement their recom-
mendations. The purchase of new computer equipment was also recommended.
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Activity 7. Monitoring System Recommendations.

Changes in this survey would also be included in the 305(b) Report. Recommended
approaches to monitoring are as follows:

a. That a monitoring system for public supply wells be set up that
would alert the public to potential contamination before the water
supply became unusable.

b. That area-wide monitoring systems be set up according to need
similar to that set up in the State of Idaho. High need areas
in Arkansas would include Lonoke and Union counties and those
domestic water users near oil and gas drilling sites, or animal
waste sites in a karst topography.

c. That the ADPC&E establish a local monitoring project that would
aid communities in the state that wish to protect their own

groundwater supplies.

d. That special consideration be given to monitoring in recharge
areas of major aquifers.

e. That surface impoundments with a hazardous rating above 15 be
monitored.

f. That a handbook for local officials on groundwater quality monitoring
be published and distributed.

g. That MOU's be developed with all agencies involved in the collecting
and use of groundwater data.

Activity 8. Recommended Leglisation

Federal legislation and administrative procedures are changing rapidly. 1In the
course of one year, three different versions of the EPA National Groundwater
Strategy were released. Revisions to the Clean Water Act which would affect
groundwater were in both the House and Senate committees.

There has been a good deal of activity at the state level also. Although a
comprehensive state Water Code failed to pass the state legislature, two
related Acts did. These were:

Act 417 of 1985-will provide incentives for offstream storage and
conversion from groundwater to surface water sources.

Act 1051 of 1985-authorized interbasin transfer and non-riparian
use of such water primarily to supplement those basins with a water
deficit or where increasing dependence on groundwater or surface
water has or will exceed the safe yield of the systems.

Generally, both ADPC&E and the ASWCC support policies which are directed towards:

(A) Research - Conservation - Education, (B) Alternate Supplies and (C) Quality
Control and Regulation. Towards these ends both organizations feel that water
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management districts should be authorized and established in
critical use areas. Critical use areas would be defined as areas
where the safe yield of an aquifer, stream, river or river basin
is currently or projected to be exceeded. The district would
allocate surface and groundwater in the area by 1ssuing water
rights, consulting and advising all users as to the availability
of water resources and the most practical methods of water
diversion, development, conservation, storage, well spacings, new
well installation, utilization and maintenance of water quality.
Authority of the district would be vested in a board of directors
consisting of a composite of local people in proportion to the
categories of water use in the area. Technical assistance would
be provided by the ASWCC but local people would have input in the
decision making process concerning water management in view of the
current problems within their critical use area.

Continued cooperation between state agencies should assure the
development of a groundwater strategy that would ultimately result
in an adequate supply of high quality water to meet the needs of
the people of Arkansas. All state and federal agencies involved
in the water resources will have to use every approach currently
available to accomplish this common goal.

Additional specific legislative recommendations are as follows:

a. The establishment of a tax on groundwater users to pay
for hydrological studies that may be necessary to protect
water supplies.

b. Legislation requiring the introduction of Protective
Alert Levels (PALs). These would be standards below EPA
Maximum Allowable Concentrations which would be used to
trigger an alert mechanism that would allow the state to
take measures to protect the water from further
contamination before the situation became dangerous.

c. Establish a curriculum for the understanding of the
principles of water conservation and protection within
the state's schools and universities.

d. Legislation establishing incentives for local governments
who establish groundwater protection ordinances, for the
introduction of groundwater conservation practices, and
for the reduction or curtailment of potentially
threatening land uses.

92



Definitions of Selected Groundwater Terms

The following definitions are presented for clarification and consistency of
use. Many groundwater terms can be confusing or their use can be misleading.

This list should not be considered complete in any way; however, it does
provide the definitions of those terms that a community is most likely to
come in contact with as it begins to understand its groundwater reserves.

The majority of these definitions come from the U.S. Geological Survey Water-
Supply Paper 1988.

Terms
Aquifer: A formation, group of formations, or part of a formation
that contains sufficient saturated permeable material
to yield significant quantities of water to wells and
springs.
Artesian: (1) See: groundwater, confined; (2) a second meaning,
as used by well drillers, refers to any well terminating
in bedrock.
Capillary The zone immediately above the water table in which all
Fringe: or some of the interstics are filled with water that
is under less than atmospheric pressure and that is con-
tinuous with the water below the water table.
Cone of (Or drawdown cone): a roughly conical concavity (or
Depression: dimple in the potentiometric surface around a pumping
well.
Confining A body of "impermeable' material stratigraphically ad-
Bed: jacent to one or more aquifers. Synonyms: aquitard;
aquiclude; and aquifuge.
Diffusion: The process by which dissolved substances move from a

Dispersion:

region of higher to one of lower concentration.

The act of spreading or distributing a dissolved sub-

stance from a fixed or constant source; or the process
by which a dissolved substance spreads out from a con-
stant or fixed source.

Groundwater, Groundwater which is under pressure significantly

Confined: greater than atmospheric, and its upper limit is the
bottom of a bed of distinctly lower hydraulic conduc-
tivity than that of the material in which the confined
water occurs.

Groundwater, Unconfined groundwater separated from an underlying body

Perched: of groundwater by an unsaturated zone. Its water table

is a perched water table.
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Groundwater,
Unconfined:

Groundwater
Divide:

Head, Static
Head:

Homogeneity:

Hydraulic

Conductivity,
K:

Hydraulic

Gradient:

Hydrologic
Cycle:

Infiltration:

Isotrogzz

Intrinsic
Permeability:

Leachate:

Water in an aquifer that has a water table.

A vertical, imaginary, impermeable boundary which in an
ideal, symmetrical groundwater system coincides exactly
with the topographic highs which represent surface water
divides from which water flows in opposite directions.

The height above a standard datum of the surface of a
column of water (or other liquid) that can be supported
by the static pressure at a given point. Head, when used
alone, is understood to mean static head. The head is
proportional to the fluid potential; therefore, the head
is a measure of the potential.

The quality or state of having uniform structure or
composition; in hydrology, this term describes an ideal
fluid.

If a porous medium is istropic and the fluid is homo-
geneous, the hydraulic conductivity of the medium is the
volume of water at the existing kinematic viscosity that
will move in unit time under a unit hydraulic gradient
through a unit area measured at right angles to the dir-
ection of flow. It can have any units of length per
time suitable to the problem involved.

The change in static head per unit of distance in a
given direction. If not specified, the direction gen-
erally is understood to be that of the maximum rate of
decrease in head.

The continuous circulation of water between the ocean,
atmosphere and land.

The entry into the soil of water made available at
the ground surface, together with the associated flow
away from the ground surface within the unsaturated
zone.

That condition in which all significant properties are
independent of direction.

A measure of the relative ease with which a porous medium
can transmit a liquid under a potential gradient. It is
a property of the medium alone and is independent of the
nature of the liquid and the force field causing movement.

The liquid derived from the leaching of buried refuse
in sanitary landfills and dumps by percolating water
derived from rain or snowmelt. It frequently contains
large number of inorganic contaminants, high values
for total dissolved solids, and may contain many or-
ganic contaminants.
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Perched
Water Table:

Percolate:

Permeability:

Piezometer:

Plume:

Porosity:

Potentio-
metric Surface:

Recharge:

Recharge

Area:

Recharge,
Artifdicial:

Runoff:

Saltwater
Intrusion:

The occurrence of a discontinous saturated zone with

an unsaturated zone above and below. This condition is
commonly caused by layered geologic materials with dif-
fering permeabilities.

Water moving by gravity through pore spaces unsat-
ured geologic material.

The capacity of a porous medium for transmitting water.

A nonpumping well, generally of small diamter, which
is used to measure the elevation of the water table
or potentiometric surface. A piezometer generally
has a short well screen through which water can enter.

A relatively discrete body of contaminated groundwater
originating from a specified source(s) and influenced

in its movement by such factors as the local groundwater
flow pattern, specific gravity and solubility of the con-
taminant, the subsurface geology within the zone of sat-
uration, and the influence of pumping wells.

The ratio of the volume of small openings in soil or
rock to its total volume; it is usually expressed as a
percentage.

A surface which represents the static head. In an aquifer
it is defined by the levels to which water will rise in
tightly cased wells. The water table is a particular
potentiometric surface.

The entry into the saturated zone of water made available
at the water table surface, together with the associated
flow away from the water table within the saturated zone.

That portion of a drainage basin in which the net saturated
flow of groundwater is directed away from the water table.

The addition of water to the groundwater by activities
of man at a recharge rate greater than normal.

(1) That portion of precipitation which does not return
to the atmosphere through evapotranspiration nor infil-
trate the soil to recharge groundwater, but leaves the
hydrologic system as streamflow; also (2), that portion
of percipitation delivered to streams as overland flow to
tributary channels.

(Seawater intrusion): The migration of saltwater into

freshwater aquifers under the influence of groundwater
development (pumping).
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Saturated
Zone:

Safe Yield:

Specific
Capacity:

Specific
Retention:

Specific
Yield:

Storage

Coefficient:

Unconfined
Aquifer:

Unsaturated
Zone:

Vertical Flow

Potential:

Water Table:

Watershed:

The subsurface zone occurring below the water table
where the soil pores are filled with water, and the
moisture content equals the porosity.

The amount of water that can be withdrawn annually from
a groundwater basin without producing an undesirable
result. Undesirable results include depletion of
groundwater reserves, intrusion of low quality water,
contravention of water rights, and others, such as
depletion of streamflow and land subsidence.

The discharge from a pumping well (the pumping rate)
divided by the drawndown in the well; it is a measure
of the productivity of a well.

The ratio of (1) the volume of water which the rock
or soil, after being saturated, will retain against
the pull of gravity to (2) the volume of rock or salt.

The ratio of (1) volume of water which the rock or
soil, after being saturated, will yield by gravity to
(2) the volume of the rock or soil.

The volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per
unit change in head. In an unconfined aquifer, the
storage coefficient is equal to the specific yield.

An aquifer having a water table.

The subsurface zone occurring above the water table and
the capillary fringe where the soil pores are only par-
tially filled with water, and the moisture content is
less than the porosity.

The vertical component of the hydraulic head in a three-
dimensional groundwater system. The installation of

two or more piezometers next to one another, each open
to a different elevation, are needed to determine the
vertical component of groundwater flow.

The surface on which the fluid pressure in the pores of
a porous medium is exactly atmospheric. It is the level
at which water stands in a shallow well open along its
length and penetrating the surficial deposits just
deeply enough to encounter standing water in the bottom.

The area of contribution to a surface water body. It
is defined by topographic high points.
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