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Crisis management:

Groundwater in

the 21st century

Continued population growth in both urban and rural USA has brought
about a major change in the way water supplies are managed

By Michael Campbell and David Campbell
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lean resources are depleting and water costs are
Cincreasing as high-cost, low quality surface water

resources are brought online. Developing, maintaining
and protecting groundwater supplies over the past century
began by drilling a hale in the ground and pumping water to
the surface via an engineered system. New technology was
neither available nor needed.

Over the past 30 years, however, significant population
growth hasoccurred inboth urban and rural US and the relatively
shallow, cheap groundwater resources have been seriously
depleted in areas of high population growth. The dwindling of
groundwater resources has far-reaching consequences beyond
increased pumping costs. For example, years of pumping in
aquifers consisting of compressible, unconsolidated sediments
can lower artesian pressure and cause land subsidence.

A paradigm shift is now required if the rate of population
growth is to be maintained without major disruptions in
systems throughout the world. Programmes will cost more to
operate as new types of managerial systems and technology
are required.
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The internet is lessening technical isolation in the
groundwater supply industry. Case histories and related issues
are now available throughout the world, and US federal and
state regulatory agencies are providing important technical
and financial assistance online. This rapid acquisition of
information is one of the major reasons we may be able to
respond to and meet the pressing need to change old ways
of using groundwater. It is no longer “well” water but ground
water obtained from a common aquifer of great aerial extent
deep underground away from surface contaminants.

Many state, county, and city agencies in the US often
resort to old engineering thinking such as building dams to
supply surface water. We have come to realise groundwater
is characteristically a high quality, low cost resource,
while surface water is a low quality, high cost resource
requiring considerable treatment and protection. This is
why groundwater has been so aggressively developed in
recent years around the world. However, the old thinking has
resurfaced as cities and counties attempt to meet the water
demands of the approaching 30 years.

The cost-benefit analysis of groundwater versus surface
water strongly favours the former over the latter in most cases.
Groundwater supplies are less costly to develop and are less
susceptible to contamination than surface water. In large cities,
water is usually supplied via a network of underground pipes
either from a surface reservoir or a system of high-capacity
water wells. As suburbs have expanded into rural areas, water
wells often coexist with nearby oil and gas wells, landfills, mines
and similar industrial operations. Coexistence is a necessity in
today's society and planning issues can be resolved without
resorting to litigation, often perceived in the US as a solution
to diverging opinions.

The process of deciding between a surface water or
groundwater source depends on many faclors.

Geographic factors

In regions where the land surface is hilly or has some relief, a
surface source of water can be developed by damming a river
or large stream, or by sculpting a reservoir aut of lowlands
that receive regular runoff. Such projects are promoted on the
basis of multiple use: a reservoir would not only hold a supply
of water but also would be used far fishing, boating, and
swimming, as well as serve as a focal point for the development
of surrounding residential subdivisions.

Hydrogeologic factors

Groundwatersuppliesare usually available everywhere. Regional
variation in water quality depends on the local makeup of the
subsurface rocks and sediments within the aquifer produced as
a water supply. In high rainfall areas, the depth of water will
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Groundwater resources are more cost-effecti

be minimal, usually less than 6m below the surface, depending
upon the time of the year. The top of the groundwater reservoir
is known as the water table. It varies in elevation over the
year and adjusts to infiltrating local rainfall. During droughts,
the water table declines. During years when rainfall is above
normal the water table will rise, sometimes high enough to
create a temporary bog or swampy area. If this happens on a
reqular basis over the years, a wetland may develop.

The water table is a dynamic surface, in constant change.
Even in so-called "hard rock” desert areas of the western US
and in northern Africa where groundwater is present in joints,
cracks, and permeable fault zones, substantial volumes of
potable groundwater are available for use by local towns and
villages if the well is maintained and the area sounding the well
is protected from sources of pollution. However, well depths of
30m or more are advisable to avoid contamination often present
in shallow groundwater in urban and agricultural areas.

Contamination factors

Surface water is vulnerable to widespread contamination from
industrial and agricultural processes. Bacterial contamination
from leaking drain fields of septic tanks of homes built around
the reservoir can also infiltrate the water supply.

Groundwater is not as vulnerable to widespread, rapid
contamination from surface spills as surface water. However, it is
subject to subsurface contamination from oil and gas wells (both
abandoned fields as well as operating fields), from old and new
mining activities, from state and county agencies' road-salting
activities, and from leaking underground storage tanks from
nearby gasoline stations. In rural areas, sources of contamination
include septic tanks, the proximity of farm animals, and other
agricultural pollutants. Large municipal water wells are usually
unaffected by these issues because they are dug deeper and
designed to minimise problems commaon to shallow water wells.

New groundwater treatment programmes
In the water chemistry area, the typical chlorination treatment
process naturally creates unwanted by-products called
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trihalomethanes (THMs) and other constituents. New treatment
methods such as ozonation, radiation from various sources, UV
treatments and other approaches are under develapment and
some are in use today. The reporting of case histaries, sticcesses
and failures on the internet will allow technologies to develop
according to their merits rather than advertising claims. In any
event, rural water supplies in areas of definable high risk should
be treated to eliminate bacterial contamination of the drinking
water supply.

The new road

Technology is suddenly changing very quickly in an industry where
progress has been slow over the past 50 years. As the value of
drinking water resources increases, and with continued assistance
in technology development and water resource monitoring from
federal, state, county, and city agencies, the water supply industry
is bringing a new level of efficiency to create a healthy water
supply for the public. This transition will involve resources from
groundwater, surface water, or an optimised combination of bath
including reuse and recyeling. In any case, the cost to the consumer
will certainly increase if progress is to be made in this vital area of
human health and development. B

Michael D Campbell is principal instructor at the US Institute
of Environmental Technology and principal hydrogeologist at
MD Campbell and Associates. M David Campbell is Program
Manager at M. D. Campbell and Associates
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