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Final Assessment

The Mahomet Aquifer: Toward Sustainable Management

Introduction

To find cleaner water than that from the Mahomet aquifer one would have to melt ice from deep within an Arctic glacier (Panno et al. 2000). This aquifer, which underlies 1.26 million acres of east-central Illinois land, holds roughly 13 trillion gallons of water, serves more than 850,000 people daily, and contains some of the most pristine water in the United States (Uken 2009]). Sustainable management of this precious resource holds special challenges due to the technical knowledge required to understand its unique characteristics as a water source, difficulties in determining recharge rates and future demands, and the many overlapping local government entities vying for the resource (Larson et al. 2003). Recognition of these challenges first became clear as the result of the drought of 1988-1989 (Larson et al. 2003) and culminated with the former governor of Illinois, Rod R. Blagojevich’s filing of Executive Order 2006-01 on January 9, 2006 (Uken et al. 2009). The executive order was an attempt to create a comprehensive, statewide water supply planning and management strategy by beginning with the two areas in the state, one of which the Mahomet aquifer underlies, deemed to be in danger of the greatest risk of water shortage and conflict (About the RWSPC…[updated 2008]).The East Central Illinois Regional Water Supply Planning Committee (RWSPC), after a three year funding-shortened regional water supply planning process undertaken by the Mahomet Aquifer Consortium (MAC), was convened as a hopeful solution to regionally manage the aquifer (About the RWSPC…[Updated 2008]). To date, questions still remain as to how effective this self-governing advisory committee can be. Critics, including some within the committee, believe that stakeholder expertise in vital areas is lacking on the committee, that an imbalance in stakeholder representation exists, and that some rules of the committee are flawed (Berggren 2010). Some critics believe that the RWSPC must create tangible sustainability goals to replace the currently vague definition of sustainability established by the committee if the aquifer is to be effectively managed (Berggren 2010). Critics also claim that the lack of state laws to restrict water use and provide authority to a central governing body makes meaningful progress in the sustainable management of the Mahomet aquifer highly unlikely (Berggren 2010)(Wegman 2010). The water quality and supply in east-central Illinois and the health of the biological systems that depend on the aquifer may very well rest upon how effective the RWSPC is in fulfilling their mission. The purpose of this paper is to assess the current state of management and use of the aquifer, and to offer proposals to improve the structure and function of the RWSPC in hopes of creating an environment conducive to the sustainable manage of this essential resource. [image: image1.jpg]The Mahomet Aquifer Region





Figure 1 (Winstanley 2007)

Understanding the Mahomet Aquifer as a Water Resource
“’If sustainable development is to mean anything, such development must be based on an appropriate understanding of the environment—an environment where knowledge of water resources is basic to virtually all endeavors’. Report on Water Resources Assessment, WMO/UNESCO, 1991” (Alley et al. 1999).  Understanding the hydrological cycle and some of the many factors as they relate to the Mahomet aquifer is a necessary prerequisite to the sustainable management of this precious resource. These factors include, but are not limited to; knowledge of the climate, infiltration and recharge rate, flow, depth, distinction between confined and unconfined aquifers, discharge rate, withdrawal rate, and the sometimes unclear interplay between surface water and ground water.  Additionally, ground-water systems and circumstances of local development create situations that are unique in their social, economic, and legal constraints which must be accounted for when managing ground-water use (Alley et al. 1999). [image: image2.jpg]The Hydrologic Cycle
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Figure 2 (Wehrmann 2008)

Confined and Unconfined Aquifers
A confined aquifer is one in which a thick layer of clay or other relatively impermeable material known as an aquitard essentially seals the aquifer (MAC 2009). Historically, rain that  fell in Champaign County would begin a 3000 year journey to the deep aquifer, seeping at an average rate of <1 inch/yr, after which it begins its 7000 year lateral journey to the Illinois River (Panno et al. 2000). Such is the slow movement of this confined aquifer and the reason that the recharge of water for a deep aquifer, due to its overlying aquitard, takes much longer than that of an unconfined aquifer to replenish (Uken et al. 2009). Conversely, the unconfined parts of the Mahomet aquifer near the Illinois River have allowed for heavy irrigation use without permanent reduction in the local water table (Uken et al. 2009).[image: image3.jpg]Soll and
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Figure 3 (Uken et al. 2009)
Cones of Depression
Well withdrawal can profoundly impact aquifers. When groundwater has been pumped from a well, the result is a cone of depression. This is an actual depression in water level in an unconfined aquifer, while it is a reduction in the pressure head for a confined aquifer (Alley et al. 1999). The top of a well head or the level to which water will rise above the confined portion of the aquifer due to its pressure is known as the potentiometric surface. However, when groundwater flows downward from all around the well, a conical-shaped depression occurs where water is removed from wells, reducing the pressure and lowering the potentiometric level of the aquifer around the well. Because confined aquifers are generally much deeper, the cone of depression is much more extensive in the surrounding area than that of an unconfined aquifer (Alley et al. 1999). [image: image4.jpg]Impacts of pumping on water levels (head)

Mahomet aquifer ponpingpiregacirtesian) head

© Pump settings

~

High-capaciy el

Low-capaciy wel

Mahomet
aquiter





Figure 4 (Wehrmann 2008)

Figure 4 illustrates the cone of depression or drawdown of a high capacity well and its effect on a nearby low capacity well. The pump setting in the low capacity well requires that it be lowered to pump below the well head to remain viable. It is not uncommon as the result of an increase in competition for groundwater from the Mahomet aquifer to hear at public meetings the phrase, “Stealing my water,” whenever groundwater issues arise (Larson et al. 2003). Cones of depression also have adverse impacts on lakes, rivers, and streams, and consequently further adverse affects on important chemical exchanges.  Pollution becomes more concentrated as a result of the reduced flow of rivers and streams (Alley et al. 1999). Upwelling and downwelling in the hyporheic zone in rivers and streams perform essential functions and provides nutrients, dissolved oxygen and organic matter for microbes and invertebrates in the ecotone that interfaces groundwater and surface water (Boulton et al. 1998). The consequences of these disturbances cannot yet be fully appreciated for this important and little studied ecosystem (Boulton et al. 1998). Reduced water quality as the result of aquifer depletion should be a concern for human health and well being, and for those with ecological interests.

The Effects of Drawdown on Aquifer Flow

The largest regional user of community ground water from the aquifer is IL-American Water Company which uses about 21 million gallons per day (mgd) (Wehrmann 2008). Its wells have created a cone of depression that has essentially cut off the historical flow of water from the eastern portion of the aquifer to the west, and has now in fact reversed that flow by importing an estimated 3 mgd from Piatt county into Champaign county instead of the estimated outflow to Piatt county of 10 mgd that existed in predevelopment times (Uken et al. 2009). The cone of depression is expected to grow through at least the year 2050 (Uken et al. 2009). There is increasing concern for this growing cone of depression, most especially for those to its immediate west. Figure 5 below illustrates this flow reversal.[image: image5.jpg]Mahomet Aquifer Groundwater Levels
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Figure 5 (Wehrmann 2008)

Challenges to Determining Recharge Rate
Some hydrologists suggest that a predevelopment water budget can be used to calculate the amount of water available for sustainable use. This concept has become known as the “Water-Budget Myth” because it fails to take into account the many complications involved in groundwater use and recharge (Alley et al. 1999). Simply calculating Recharge = Pumpage + Discharge is problematic because much of the water that is not lost to evaporation and evapotranspiration in irrigation, for example, becomes irrigation return flow. That is to say with irrigation a significant portion may return as groundwater. This happens in other circumstances as well, such as the water used for cooling electric power plants (Alley et al. 1999). Once the power plant water is used for cooling, it again becomes available, though a little warmer, for other use. Further complications in determining recharge rates for the Mahomet aquifer are the result of the time principle (Dale et al. 2000) where by pumping decisions made today, because of the slow response of the system, will not reveal its full impact for many years to come (Alley et al. 1999). 

Climate

The Illinois State Water Survey (ISWS) has concluded that Illinois has naturally high climate variability, is difficult to model for global warming or future climate, and has wetter and cooler conditions from its average 50-70 years ago (Winstanley 2007). This indicates a large degree of unpredictability of temperature and precipitation, two primary factors in aquifer recharge. This is especially problematic when trying to create modeling scenarios. Additionally, in spite of being cooler and wetter historical data shows an average decrease in the potentiometric head of the Mahomet aquifer of 1.08 feet per year since 1930 (Uken et al. 2009). Future water availability is most obviously at risk if this trend continues. The potentiometric level of the heads of the aquifer near Champaign support the conclusion that the water levels have been reduced as indicated in the report by the ISWS and illustrated in Figure 6. [image: image6.jpg]Mahomet Potentiometric Heads near Champaign
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Figure 6 (Wehrmann 2008)

Population

The MAC has concluded that the population in the counties that the Mahomet aquifer underlies is expected to increase from 1.03 million in 2000 to 1.34 million by 2050, a 30% increase. It also surmises that if water use remains constant per person, then a 30% increase in population would result in a 30% increase in water demand (Uken et al. 2009). An intensifying of groundwater competition would expect to result in an increasing number of conflicts. Population increases underscore the necessity to promote water conservation measures. The degree of future success in promoting water conservation is difficult to determine. Currently, no pricing incentives for conservation exist and if established would need to be set by the Illinois Commerce Commission, according to Steve Wegman, the RWSPC stakeholder representative and IL-American Water Co. employee (Wegman 2010).  Currently, the price structure creates an economic disincentive to conserve for water companies. Nevertheless it is increasingly important for a growing population to embrace water conservation measures, most especially in a region where sustainability red flags are numerous and on the increase. 

Large Volume Users of Groundwater
Industrial and agricultural demand for water is growing in addition to the municipal and domestic increases. New ethanol plants, large new facilities for livestock, and an increasing trend in agricultural irrigation all constitute high capacity users that threaten to increase the stress placed on the Mahomet aquifer (Larson et al. 2003). Examples of new industrial and agricultural demands include Equistar, a chemical company that pumps 6 mgd from Bondville into a stream that carries the water to their plant in Tuscola about 30 miles south (Wehrmann 2008). Stone Ridge Dairy, a confined (or concentrated) animal feeding operation (CAFO) that pumps about 1.2 mgd near Bellflower (Winstanley 2007), a significant portion of this pristine aquifer water is used to wash cow manure into lagoons for future liquid application on nearby fields. Eight ethanol plants had been proposed in east-central Illinois, although it appears most will not now be built (Uken et al. 2009). One is operational and is located near Paxton. Water demand estimates for ethanol plants vary, but are generally placed at about 1.5 mgd per facility (Winstanley 2007). The cones of depression resulting from high capacity wells can impact nearby wells, create conflicts, and further threaten an already over-stressed aquifer.  

Illinois Water Law

According to Illinois groundwater law, a “landowner has the right to make any ‘reasonable’ use of groundwater as long as it relates to some beneficial activity on the overlying land even though significant interference might result to groundwater supplies of adjacent landowners. In practice, an affected landowner has the right to sue for damages or interruptions of supply and the court will decide on the reasonableness of use” (Winstanley 2007). The vagueness of the law makes it appear as if it were designed to create conflict. Steven Wegman stated that in practice, “There are no federal, state or local controls on amounts withdrawn or who withdraws it” (Wegman 2010). Oddly enough, at the public meeting of the MAC that I attended at the Tony Noel Agricultural Technology Center at Parkland College on September 30, 2009, a question was asked by a member of the public as to whether state law was in need of improvement. It was one of two questions that were dismissed that evening without discussion.

Overlapping Government Entities

A multitude of Illinois legislative and senate districts, overlapping resource protection zones, and 12 water authorities are contained within the counties in which the Mahomet aquifer underlies, all of which are vying for access in their own self interest. For example, “…Normal (Illinois) is one of the two largest (resource protection) zones….It overlaps Clinton’s zone as well as the ten-mile radius zone for Carlock, the four-mile radius zone of Gridley, and the township zones for Mackinaw and Minier. In addition to most of McLean County where Normal is situated, Normal’s protection zone includes parts of five other counties” (Larson et al. 2003). If in fact, intelligent environmental planning is impeded by jurisdictional fragmentation (Albrecht et al. 1995) (Dale 2000), then the current situation most definitely needs to be addressed. If sustainability necessitates that a systems approach be used to successfully[image: image7.jpg]



Figure 7 (Larson et al. 2003)

manage natural resources; it would be difficult to imagine how this could be accomplished under the present structure.  In fact, it appears that all the conditions are in place for a “tragedy of the commons,” whereby “(f)reedom in a commons (ultimately) brings ruin to all” (Hardin 1968).

East Central Illinois Regional Water Supply Planning Committee

Since the convening of the RWSPC in 2007 as the culmination of Executive Order 2006-01, many uncertainties concerning the aquifer and the RWSPC remain. The RWSPC mission statement is “To serve as the planning committee to consider the current and future issues of water supply and demand, and to develop plans that will be recommended to appropriate local, county and state units of government and others for implementation and action” (About the RWSPC…[updated2008]). The 12 member committee represents interests in agriculture, counties, environment, electric generating utilities, industries, municipalities, public, rural water districts, small business, soil and water conservation, water authorities, and water utilities, and the members are relatively geographically balanced across the region (About the RWSPC…[updated 2008]).  The committee has also identified six foundations on which to set guidelines for regional water supply planning and management which include:  self governance; sustainable water supplies; adaptive management; sound science; shared responsibilities; and informed public (Uken et al. 2009). These, I believe, are solid foundations on which to make management decisions. I will now assess the RWSPC’s structure and actions concerning each of these foundations identified as a guide in the planning and management of the Mahomet aquifer.

Self Governance

Self governance can only be effective if the authority to govern exists. Voluntary compliance for conserving the aquifer has essentially been the policy for the last 80 years and the potentiometric head of the aquifer has drop nearly 100 feet in that time.  A central authority with the force of law must exist to regulate and govern the use of the Mahomet aquifer if hopes to reverse this trend are to be realized. This central authority should receive recommendation from the RWSPC on how sustainability is to be achieved. The current situation can only lead to further degradation of the Mahomet aquifer, for without a central authority, each “…individual benefits as an individual from his ability to deny the truth even though society as a whole, of which he is a part, suffers” (Harden 1968). Therefore, a single governing body scaled to the size of the resource is necessary to replace the fragmented government entities that are at present pursuing their own narrow interests.  

At least three members of the RWSPC have state outright that no one is managing the Mahomet aquifer (Wegman 2010) (Berggren 2010) (Smith 2010). I know of no member of the RWSPC who disputes this claim. None-the-less, great reluctance by most members of the RWSPC to embrace updated water laws for Illinois persists in spite of the potential for modern water laws to protect against disputes and for the potential for modern water laws to institute water use guidelines that could assistance a governing body in attaining sustainability goals. Dwain Berggren and Steve Wegman both have stated that new Illinois water laws will likely be required if sustainable use of the Mahomet aquifer is to be achieved (Berggren 2010) (Wegman 2010).

 
In consensus building, fairly representing stakeholders is a necessary requirement for creating an atmosphere of credibility and trust (Derman et al. 2002). Berggren, the environmental stakeholder representative, has complained that serious problems exist in the fair representation of all interested stakeholders (Berggren 2010). He reports that no life scientists, biologists, ecologists, and the like were among the professional advisors on the committee. The committee should be represented from these areas by professionals, such as, nurses, doctors, veterinarians, public health professionals, botanists, biologists, ecologists, foresters, horticulturalists, fish and game specialists, recreation and park specialists, etc. (Berggren 2010). The expertise of these professionals and specialists on the committee is greatly needed and currently lacking.  Instead, the committee is heavily weighted toward industrial and agricultural interests (Berggren 2010). This situation is especially disconcerting in light of the fact that many environmental historians have concluded that quite often human communities, and particularly capitalist communities,  have been responsible for significantly undermining the health of the environments on which they depend (Cronon 1990)(Scoones 1999). Moneyed interests need to be balanced by the concerns of cultural, social, and ecological interests to avoid what Jared Diamond referred to as “environmental suicide” (Diamond 1994).

Berggren also has concerns for a committee rule he labels a “gag rule” in which a super-majority (two-thirds) can put opinions in the RWSPC report that presents the semblance of consensus when in fact the opinion is disputed. Berggren feels that this rule serves to silence proposals and opinions that are unwelcome to a majority and it undermines the purpose of the committee (Berggren 2010). “Finally, when a majority quashes a minority’s opinion, it not only silences and denies the minority an expression of its view in the committee’s proceedings but it also usurps the functions of the minority representatives and substitutes majority opinions for minority voices, falsely appearing to speak not only for the minority members but for their constituents as well” (Berggren 2010). He was in the minority when the rule was instituted and he has stated that he does not believe that a single case exists in which it was beneficially exercised (Berggren 2010).

Sustainable Water Supplies

There also exists great concern for the RWSPC’s reluctance to state outright that the Mahomet aquifer is being used unsustainably (Berggren 2010). The RWSPC’s report published in 2009 acknowledges that no consistent agreement on a definition for sustainable use or objective criteria for sustainable use had been agreed upon (Uken et al. 2009). Berggren expresses frustration with the RWSPC’s failure to address this basic water management issue and states, “It follows then that no resource, and no resource use, can reasonably be called sustainable unless it provides a credibly perpetual supply for a forecast level of perpetual use “(Berggren 2010). This reluctance in the face of sound science provided by the MAC to the RWSPC which clearly indicates that the potentiometric head of the aquifer has fallen on average 1.08 ft/yr since 1930, that some wells have run dry, that some shallow aquifers (such as the Glasford) are showing signs of depletion, that the historic flow of the aquifer has been altered, that a persistent cone of depression 10 miles in diameter exists and is growing, and that increased stress on the Mahomet aquifer is predicted through at least the year 2050 (Uken et al. 2009) has become, for at least one member of the committee, the elephant in the room.  Berggren quotes a phrase his mother used to use when he pleads for the RWSPC to, “Tell the truth and shame the Devil!” (Berrgren 2010).

Adaptive Management

The current structure, whereby the MAC with membership and support from the Illinois State Water Survey (ISWS), the Illinois Geological Survey, water authorities, industry, municipalities, environmental groups, and more, comprising upwards of 50 members (MAC 2010), appears to be well suited in supporting the RWSPC with research and information to effectively employ an adaptive management approach. In an environment with a high degree of uncertainty the flexibility and emphasis on learning as a process is particularly important (Smith 2006). In the event that the committee representatives are expanded to include stakeholders in areas such as life science, biology, and ecology the MAC may need to expand its informational support to the committee. Currently, the greatest threat to providing necessary information to the committee is posed by the lack of funding. Brad Uken, the Public stakeholder representative and chair of the RWSPC, reported that the 3 years of promised funding by the state that began with Executive Order 2006-01 for the completion of specific tasks by the MAC and the RWSPC was halted one year short. Former Governor Rod R. Blagojevich had cut funding to his own executive order (Uken 2010) leaving the MAC to curtail some of its work (Uken 2009). The current economic woes of the state only add to the uncertain future of the RWSPC.  It would be wise for the state legislative members to remembered that failing to protect habitat and environmental services today can have far greater economic costs in the future (Daily 1997).

Sound Science

Recommendations by the RWSPC for the collection of data, research, analysis, management and exchange of information should be conducted in cooperation with educational institutions, governmental entities, and other stakeholders (Uken 2009). A hopeful sign of cooperation and leadership has become evident in the exemplary conduct of IL-American Water Company, who according to Berggren, conducted research ahead of the work of the MAC, has provided strong supported for the MAC and the RWSPC from the start, and has been a model citizen in their cooperation with agencies such as the ISWS who they have voluntarily provided information and voluntarily allowed ISWS inspectors to peer down their bore holes (Berggren 2010). Their utilization of sound science aided in the selection of a site for their new well a few miles west of Champaign in an attempt to lessen local stress on the aquifer (Wegman 2010). It should be remembered, however, that as important as sound science remains, a technical solution alone does not exists to solving the problem of aquifer depletion. For a technical solution is “one that requires a change only in the techniques of the natural sciences, demanding little or nothing in the way of change in human values or ideas of morality” (Hardin 1968).  

Shared Responsibility

Recommendations by the committee encourages water supply managers and other stakeholders to review regional plans, make suggestions, modify plans where needed, and partner with other water supply managers and stakeholders (Uken 2009).  In this way responsibility is shared among the diverse water supply districts and other stakeholders. It is equally important that responsibility be extend to future generations with whom we also have a commitment. The true meaning of intergenerational equity “is to do nothing that will make future generations worse off than the present generation” (Smith 2006).  The discouraging reports on the Mahomet aquifer indicate that the current generation is not acting responsibly toward future generations, as it appears certain that we will be leaving them with considerably less water capital than we were left by preceding generations.

Informed Public

Education is one of the most common ways to influence values (Smith 2006). Uken has emphasized that the greatest challenge by the committee is education, and that it is not something that is checked off of a to-do list, but will be necessary for the foreseeable future (Uken 2010). As Garrett Harden eloquently expressed “Education can counteract the natural tendency to do the wrong thing, but the inexorable succession of generations requires that the basis for this knowledge be constantly refreshed” (Hardin 1968). Persistence in informing the public on the state of the Mahomet aquifer is critical. Quite often people’s values change at a snail’s pace, but occasionally values change quite quickly (Smith 2006). Therefore, it is important to create an environment conducive to change. It is important to allow the public to express their opinions during informational meetings, as people are more apt to be open to new information if they feel they are being heard (Smith 2006). A large part of educating the public is engaging the public.

Conclusions

After assessing the current state and use of the Mahomet aquifer, I have concluded that 6 proposals for change would lead to a significantly improved management of the resource and would appreciably increase the potential for attaining sustainability objectives as well.

1) A central governing body scaled to the size of the Mahomet aquifer must be created with the authority to manage and regulate the resource.
2) Modern state waters laws must be instituted that balance environmental, social, and cultural concerns along with those concerns for private property and profit.

3) Mandatory reporting of water use as a necessary step toward successful management of the Mahomet aquifer. By instituting mandatory reporting of water use the resulting data would provide for greater understanding of the unique functions of this resource and would provide greater accuracy in determining the state of sustainability goals.

4) A clearly stated and agreed upon quantitative description of sustainability for the Mahomet aquifer that enables managers to gauge the success or the failure of their sustainability efforts.

5) A more inclusive RWSPC that takes into account the wide range of stakeholders that water resources comprise. The stakeholders most obviously absent on the committee constitute those primarily in the wide field of life sciences.

6) An informed public, which may be the most difficult proposal to achieve. The reason being that water is at present readily available and seemingly abundant, except during extreme droughts, resulting in apathetic attitudes toward water issues.  Apathy toward the aquifer is particularly difficult to overcome, because the resource is not visible to the public.

We don’t know where the Plimsoll line exists for the Mahomet aquifer or for the other biota that depend upon it. What we do know is that “we cannot continue to exploit our natural resources indefinitely. They will eventually reach a point of no return and, when they are gone; we will be stuck with a permanently lower quality of life” (Simpson 1998).
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