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Abstract 

A key concern for the United States Army is the vulnerability of military 
installations to critical resource issues. In recent years, military installations have 
been impacted by conditions of increasing demand and decreasing supply of high 
quality fresh water. Urban growth adjacent to installations has combined with 
prolonged regional droughts to place key military missions at risk due to limited 
availability of this vital resource. Regional competition for water threatens 
continued availability of adequate water both on post and in adjacent urban 
areas. A series of recently completed studies comprise the first comprehensive 
review of long-term installation water sustainability. National watershed 
assessments provide a means to classify installations based on the health of the 
associated watersheds. Regional assessments provide the specific information 
necessary to formulate policy measures that can support a sustainable water 
future. These analyses – completed on a watershed level and projected over a 30 
year time frame – include estimates of both installation and regional water 
demand. Assessments were completed for twelve Army bases across the United 
States and for three overseas installations. Results depict a range of installation 
water sustainability conditions that reflect the larger picture of water 
sustainability across the United States and around the world. The Army is 
applying the results of these studies to develop policies that will support 
sustainable long-term water supplies. 
Keywords: water security, regional sustainability, water budget, water supply, 
water demand, water projection, climate change and water resources. 
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1 Introduction 

Fresh water is a fundamental requirement of life on earth. Though 70 percent of 
the planet’s surface is covered in water, less than 3 percent is fresh; the rest is 
undrinkable seawater. Most of the fresh water is contained in glaciers and ice 
caps. The uneven global distribution of fresh water leaves one in six (1.1 billion) 
people without access to this necessity [1]. Water is such a critical resource that 
it was included in Millennium Development Goal 7, which is to “halve, by 2015, 
the proportion of the population without sustainable access to safe drinking water 
and basic sanitation” [2]. As world population grows – estimated to reach more 
than 8 billion by 2030 – the urgency of water security will multiply. 
     Increasing demand, degraded supply, uneven distribution, and aging 
infrastructure are a few of the issues affecting water security – the capacity of a 
population to ensure that they continue to have access to potable water. Global 
climate change is projected to affect both water supply and distribution. Most of 
the large non-renewable reserves of groundwater are shared by neighboring 
nations and almost half of the Earth’s land surface lies within international river 
basins [3, 4]. The world’s water is a collective resource and the potential for 
conflict is real. 
     The U.S. Army is vulnerable to the same issues of water supply and demand 
that jeopardize water security globally. Providing the required amount of clean 
fresh water in the location where it is needed is increasingly difficult. The 
conditions that exacerbate water availability are the aging condition of water 
infrastructure, generalized population growth especially in regions containing 
key Army installations, increased water demands for energy, and uncertain but 
generally agreed upon regional impacts of global climate change. The 
complexity of water compacts, treaties, and agreements is another challenge for 
Army installations. In the coming years, the impacts of water scarcity will be 
more severe in certain locations and this will be reflected in increasing costs. 

2 Background 

Department of the Army installations used over 219 million m3 (58 billion 
gallons) of potable water at a cost of $57.6M in fiscal year 2009 [5]. Water 
resource availability varies regionally and seasonally placing some Army 
installations in positions of water scarcity. Although water scarcity is a critical 
issue for drier regions, localized droughts are becoming more prevalent and 
extending for longer time periods. By the year 2015, it is estimated that 36 states 
will face serious water shortages [6]. A recent Army study [7] found that nearly 
100 of the 411 installations included (23 percent) lie within watersheds that are 
highly vulnerable to water crisis situations. 
     Although individual studies have been completed as a result of localized 
threats to water supply, a comprehensive review of water sustainability at Army 
installations has not been previously performed. This assessment was 
accomplished in two phases. First, the national assessment identified categories 
of installations based on the “health” of the associated watersheds. This allowed 
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regions to be prioritized for detailed analysis. Second, regional assessments 
evaluated total water supply and demand in regions containing installations 
projected over a 30 year time frame. This analysis was completed on a watershed 
level and includes estimates of installation water demand based on operational 
tempo, mission, and population. Regional assessments addressed the uncertainty 
inherent in water supply and demand projection by developing several plausible 
future water scenarios. 

2.1 Federal water conservation policy 

A complement of Federal water efficiency mandates have been promulgated in 
recent years. The Energy Independence and Security Act of 2007 requires 
comprehensive building audits, water efficiency retrofits, and measurement and 
verification of savings [8]. Executive Order (E.O.) 13423, also issued in 2007, 
mandates a 2% reduction in potable water consumption intensity through the year 
2015 [9]. In 2009, the 2% annual reduction in water consumption was extended to 
the year 2020 by E.O. 13514, requiring an overall 26% reduction gained through 
water use efficiency and management [10]. E.O. 13514 also calls for the 
identification, promotion, and implementation of water reuse strategies that reduce 
potable water consumption, as consistent with State law. In addition to reducing 
potable water consumption, E.O. 13514 requires a 2% reduction annually, or 20% 
by the year 2020, in industrial, landscaping, and agricultural water consumption. 

2.2 Increasing demand 

The driving forces and pressures on water resources include both naturally 
occurring and human actions. Anthropogenic driving forces include population 
growth, demographic change including migration from rural to urban areas, 
increase in standard of living, competition between users, land-use change, and 
pollution of water resources. The natural variability of climate-induced 
distribution and occurrence of water make it difficult to predict the resource. One 
forecast presents a “business as usual” demand in 2030 of 6,900 billion m3. This 
compares to current global use of 4,500 billion m3 and is 40 percent above 
current, accessible, reliable supply [11]. 
     The United States Army is also experiencing unprecedented growth, 
undergoing the largest organizational change since World War II. It is expected 
that fully one-third of the forces will be restationed by 2011 impacting 380,000 
soldiers and family members. In addition, total Army strength is growing by 
74,200 troops. This transformation is triggering 743 new building construction 
projects at a cost of $66.4B [12]. 

2.3 Decreasing supply 

Water tables are falling on every continent. Aquifer depletion is a global problem 
that has emerged in the last half century. It is only during this time period that 
the pumping capacity has existed to deplete aquifers. The size of the world water 
deficit – the amount of over-pumping in the world – using data for India, China, 
the Middle East, North Africa, and the United States – is estimated to be 
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160 billion tons of water, which equals 160 billion cubic meters [13]. The United 
State’s portion of the water shortfall is about 10.2 billion m3/yr (2,700 billion 
gal/yr), about 7 percent of the total. 

2.4 Climate change 

Water resources are also subject to the impacts of global climate change. Climate 
change is projected to have a variety of effects on water resources including 
supply reliability, flood risk, health, agriculture, energy and aquatic systems. The 
main climate drivers that affect water are changing temperature and precipitation 
and rising global sea levels [14]. Specifically, increasing global temperature has 
the immediate effect of producing higher evaporation rates, thereby drying soils, 
increasing irrigation requirements of agriculture, and reducing reservoirs of 
surface water. Aquifer recharge will also fall, accelerating groundwater 
depletion. A range of changes to weather patterns are anticipated. These include 
both increased flooding and drought, sometimes within the same region, as storm 
events become larger and more seasonal. Coastal freshwater supplies are 
expected to decrease and become vulnerable to salinization. Reduced snowpack 
and glacier melt is expected to diminish water availability for seasonal demands 
[15]. In addition, earlier snowmelt will reduce surface water availability for late-
season agricultural needs. 
     Water resources in up to 70 percent of U.S. counties may be at risk due to 
climate change. More than 1,100 counties (one-third of counties in the lower 48) 
are at high or extreme risk of water shortages by mid-century as the result of 
global warming. That is, demand for water is expected to outstrip supplies at an 
accelerated climate-driven rate if no action is taken [16]. 

2.5 Energy and water 

Approximately 40 percent of water use in the United States is used for energy 
production. This is largely non-consumptive cooling water for power generation 
plants. The total consumptive use is 3 percent. Trends away from once-through 
cooling and toward closed-loop cooling reduced the ratio of total water 
withdrawals to energy produced from 238 m3/MWh (63 gal/kWh) during 1950 to 
87 m3/MWh (23 gal/kWh) in 2005 [17]. 
     Renewable energy is one solution for increasing energy demand, concerns 
over imported oil, and the climate impacts of burning fossil fuel. Solving one 
resource problem can impact another if all implications are not considered. 
Examples of conflicts between renewable energy and water are not difficult to 
find. Exploiting a fault line beneath the Salton Sea in California to produce 2300 
megawatts of geothermal power requires pumping water from the over allocated 
Colorado River [18]. Production of biofuels from irrigated crops can consume 15 
to 30 times more water than it takes to produce a gallon of gasoline [19]. 

2.6 Water infrastructure 

There are 240,000 water main breaks per year in the United States. Estimated 
water loss from distribution systems is 64 billion m3 (1.7 trillion gal) per year at 
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a cost of $2.6 billion per year [20]. The American Water Works Association 
targets 15 percent as a typical figure for unaccounted for water [21]. The 
American Society of Civil Engineer’s Infrastructure Report Card gives drinking 
water a “D-.” ASCE further identifies an annual shortfall of at least $11 billion 
needed to replace facilities at the end of their useful life and to comply with 
existing and future water regulations [22]. 
     The USEPA’s Gap Analysis estimated that if water system investment 
remains static, the funding shortfall could exceed $500 billion by 2020, $263 
billion for Drinking Water capital costs [23]. 
     Water system losses also carry a heavy energy burden. Southern California 
Edison estimates that energy savings in the range of 1,020,125 MWh/year are 
possible by addressing water system leaks. That amounts to about 26% of 
California’s power generated by thermoelectric coal plants in 2008 [24]. 

2.7 Water law 

Allocation of water in the United States is determined on the state level and is 
often based on decisions made during times of more plentiful supply and lower 
demand. These decisions are now considered overly optimistic, especially in 
light of coming climate change. An example of how these historical decisions 
play out in the 21st century is the Law of the River, a set of collective agreements 
that divide the rights to the waters of the Colorado River among seven states. 
The main provisions were established in 1922 and currently allocate more rights 
than there is water available from the river.  
     Disputed water is becoming all too common in the United States. Over 95 
percent of available freshwater resources in the United States cross state 
boundaries and are affected by compacts. Although there are 39 inter-state 
freshwater compacts in the United States, some areas, such as a part of the 
Mississippi River Basin, do not have compacts in place [25]. 

3 National screening 

Army installations are widespread, located in a wide range of geographies and 
climate regimes. These studies examined water sustainability at twelve enduring 
Army installations in the United States and at overseas installations in Germany, 
Italy, and Korea. Many of the installations have experienced or are experiencing 
the challenges that accompany force transformation initiatives. In addition, each 
is subject to a unique set of regional stressors that affect water sustainability. 

3.1 Screening for watershed sustainability 

The national screening for watershed sustainability identifies watersheds that 
may be “at risk” for water supply or quality issues. Screening ranks watersheds 
by their relative vulnerability to such problems and flags those highly rated and 
that contain critical Army installations. Screening allows comparisons between 
regions through the use of national color-coded maps. 
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     Hydrologic data was obtained from the watershed application of the 
Sustainable Installations Regional Resource Assessment (SIRRA) tool [26]. 
SIRRA contains 17 indicators related to water supply and 10 indicators related to 
water demand. SIRRA calculates a rating for water demand, water supply, and 
overall watershed health. These ratings are mapped along with the 27 individual 
indicators. All indicators relate to the HUC8 watershed and that score is then 
applied to any Army installation lying within the watershed. Figure 1 shows the 
10 United States study installations on the SIRRA map of overall watershed 
health. Eight of the 10 study installations are located in watersheds rated high 
vulnerability, vulnerable, or moderate vulnerability (Figure 1). 
 

 

Figure 1: Study installations on map of overall watershed health. 

 

3.2 Selection of study sites 

The Army’s initial regional water assessments were conducted for key 
installations that were projected to experience growth due to a series of Army 
transformation initiatives. Fort Bragg is already the largest Army installation by 
population and Fort Bliss is expected to triple in population by 2013. Both 
installations are critical to Army operations. It was also desirable to conduct 
studies in both arid and mesic regions, and in states with differing water laws. 
     Installations were selected for the follow-on study to achieve a diversity of 
geographic region, hydrologic parameters, primary military mission, and Army 
Major Command. An initial list of 20 installations was developed. Additional 
data was collected and analyzed to reduce this list to 10 final study installations 
in the United States and three overseas installations. 
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4 Regional assessments 

Installation water scarcity was assessed by applying methods for preparing a 
regional water budget. Regional water budgets identify sources of water supply 
and demand for the water resources used by Army installations. The product is 
an input-output model of regional water supply and demand. Model variables 
were altered to produce alternate future scenarios and evaluate the potential 
impact on availability of water for these Army installations. 
     The Installation Water Demand Model was used to develop water use 
estimates projecting at least 30 years into the future. The model includes 
installation-specific data about historic water consumption and existing and 
planned building stock to project future demand. Regional water demand is 
calculated using historic regional water consumption data, existing and planned 
water conservation measures, and projected population changes. 

4.1 Regional model 

Water budgets work on a spatial and temporal scale, both of which are 
determined based upon the level of detail required by the study. The spatial scale 
of the Army’s water budget studies are regionally unique and are determined on 
an individual basis. As an example, the spatial scale of the region selected for the 
Fort Bliss-El Paso water balance includes the entire Rio Grande Aquifer System, 
that is, the Rio Grande River along with the two aquifers that are hydrologically 
connected to it and each other (Figure 2). The Mesilla Bolson and Hueco Bolson 
aquifers are labelled, as are the Rio Grande Project area, the water districts, and 
the dams and reservoirs that are components of the compacts, laws, and treaties 
that govern the region’s waters. 
 
 

 

Figure 2: Fort Hood-El Paso regional assessment: definition of a region. 
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     Regional water budgets consider surface and groundwater supply along with 
total regional water demand. The interactions between hydrologic systems are 
identified when developing the regional water budget. These interactions are 
complex and in some cases can be difficult to quantify, especially in regions 
where little hydrologic data or studies are available. Additionally, larger trends 
that affect regional water budgets are identified; these include land use, climate 
patterns, and water management practices [27]. Due to the uncertainty inherent 
to these trends, a number of different future water scenarios are developed for 
each region. 

4.2 Installation model 

The Installation Water Demand Model uses customer disaggregation as the basis 
for projections. The key drivers for the water model are the installation building 
stock, permanent population, commuting population, industrial tempo, 
deployment tempo, rainfall and evapotranspiration data, and planned 
construction. Customer classes are residential, schools, industrial and 
maintenance, medical, administrative and moderate users, community and 
commercial, storage, high water use facilities, pools and vehicle wash facilities, 
irrigation, and losses. Sectoral demands were developed based on typical water 
consumption values and were calibrated to the installation footprint, population, 
and tempo of operations. 

4.3 Scenario planning 

Adopting a scenario-planning approach for the Army water assessments not only 
aids in problems of uncertainty, but allows for the creation of water budgets 
which are more useful to a wide variety of users. Different scenarios can be used 
to test the effects of diverse water management approaches or different climate 
change models. A standard set of scenarios can be applied across different 
installations that allow comparisons to be made between installation/regions. 
Each of the installation assessments included a climate change scenario. 

5 Fort Bliss case study 

Fort Bliss is a major Army installation covering 1.1 million acres on the edge of 
El Paso, Texas. Bliss’ air defense artillery training ranges extend north into New 
Mexico. The installation is undergoing transformation that will increase its 
military population from 9,330 to 37,494 soldiers by 2013. The Fort Bliss-El 
Paso region is located in the Chihuahuan Desert ecosystem. Rainfall is seasonal, 
falling largely in summer, and averages 10 inches annually. 
     Fort Bliss is close to El Paso with a population of over 700,000, and its sister 
city of Ciudad Juarez, Mexico, home to 1.4 million residents. El Paso is the 
nation’s third fastest growing metropolitan area and is a regional focal point for 
trade and development. By 2050 the projected population for El Paso County is 
estimated to reach 1.5 million [28]. For Ciudad Juarez, which draws on the same 
water sources, the population by 2050 is expected to be over 3.2 million [29]. 
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     The water sustainability assessment projected regional supply and demand 
and installation demand from the base year of 2000 to 2040. Scenarios that were 
modelled are climate change, increased Juarez pumping, induced recharge, 
desalination, worst case scenario, and desalination absent climate change. 

5.1 Water system 

Fort Bliss is self-supplied through its own wells that draw on the Hueco Bolson 
Aquifer. El Paso Water Utilities serves as a back-up supply for the installation 
drawing on the Hueco Bolson, the Mesilla Bolson, and the Rio Grande River. 
Juarez also draws on all three water sources. The waters of the Rio Grande 
originate in Colorado and are appropriated through a complex web of interstate 
compacts and international agreements, stretching nearly 1,900 miles and serving 
as the border between Texas and New Mexico before discharging into the Gulf 
of Mexico. El Paso Water Utilities retains rights to the Rio Grande, as does 
Juarez. Fort Bliss is entitled to withdraw water from the Hueco Bolson according 
to Texas state law; aquifers may be pumped by anyone owning land over which 
the aquifer lies. 

5.2 Regional water budget 

Regional water demand in El Paso County is expected to grow by about ½ 
percent per year by 2040, to a consumptive use of 390 MGD (1.47 million m3) 
with total withdrawals reaching 650 MGD (2.46 million m3). The number of 
households in the region is expected to grow at the same rate as the population. 
Industrial uses are projected to remain constant. Agricultural uses are adjusted 
downward each year by 1/8 percent of population growth due to loss of 
agricultural land to residential construction. 
     Regional water supply has a number of drivers. Flow in the Rio Grande is 
affected by dam releases, flow losses, El Paso Water Utility water rights, and the 
rationing of Rio Grande water during drought years. Water availability in the 
aquifers is based on the level of water recoverability and the change in storage. 
All water sources are affected by the projected impacts of climate change. 
Climate models of the southwestern United States show general agreement 
regarding anticipated climatic trends. As a result, more information is available 
regarding the impacts of climate change. The weighted average results of 17 
global climate models [30] were analyzed to show an expected increase in 
temperature as well an estimated 12 percent decrease in precipitation (although 
this may range from 10–20 percent for the region). 

5.3 Installation model 

Fort Bliss’ baseline water use for 2008 is 4.88 millions of gallons per day 
(MGD) (18.5 km3). This is projected to increase to 9.4 MGD (35.6 km3) by 
2040, due to the increase in population and related construction of new facilities. 
Through a public-private partnership, Fort Bliss and El Paso Water Utility 
constructed a desalination plant to tap into the tremendous stores of brackish 
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water in the Hueco Bolson, about 85 percent of the total. This plant is rated to 
produce a maximum capacity of 27.5 MGD (104.1 km3/day) of fresh water. 
There is currently room for another 3.5 MGD (13.2 km3/day) expansion of the 
plant, for a total of 31 MGD (117.3 km3/day) plant capacity. The plant is 
expected to double the effective life of the aquifer. 

5.4 Fort Bliss findings 

Fort Bliss’ water future is tied closely with that of the El Paso/Juarez region. 
This region is already arid and probably will receive even less precipitation 
under global climate change scenarios. While scientific estimates of aquifer 
longevity differ, the aquifers are declining and are a limited non-renewable water 
supply. Existing El Paso Water Utility wells in the Hueco Bolson, Fort Bliss’ 
source for self-supplied water, have been capped due to salinity and, the effect of 
pumping from new wells is unknown due to the complex subterranean structure 
of the aquifer. Fort Bliss’ back-up water sources, through El Paso Water Utility, 
are the Mesilla Bolson, which is also declining, and the Rio Grande River. 
     Implementing a program of total water management can prepare an 
installation for fluctuations in water availability while easing the effects of 
extreme storm events. Total water management can also increase water security 
and independence through retention and reuse of both storm water and gray 
water where applicable. Decision-makers at Fort Bliss may readily draw on 
successful local approaches such as gray water reuse and aquifer recharge. 

5.5 Study findings 

The slate of 15 water sustainability studies gave a set of findings as diverse as 
the installations and regions themselves. Water issues are unique to location, 
though recurring concerns relate to water rights and the impact of climate on 
water availability. All results will be published in a series of technical reports. 

6 Conclusions 

Water security is becoming a significant issue across the United States Army. 
Installations, the communities that surround them, and the regions in which they 
are located are not water secure. Changes in water demand because of population 
variation from internal changes or migration, climate change, and ecosystem 
requirements will affect the ability of the Army to maintain and operate its 
installations. Limiting conservation efforts to only meeting mandated water use 
targets is insufficient for installations to be water secure. It is imperative that the 
Army develop a set of goals, objectives, strategies, performance measures, and 
commit resources to prevent water scarcity from degrading its mission. 
     Another complicating factor is that water is a resource that recognizes no 
boundaries – installation, municipal, county, region, state, and national – other 
than its own, that of watershed or sub-surface aquifer. People intervene in the 
natural hydraulic systems through inter-basin transfers, the movement of “virtual 
water” from one water region to another in products, and the increased 
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withdrawals by water-intense industries. Planning for water sustainability is a 
regional issue requiring cooperation among multiple players whose collective 
decisions directly affect long-term availability or scarcity. 
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