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I
n The Rime of the Ancient Mariner, poet Samuel Coleridge
entwines us in the mystical journey of a mariner bound to a
becalmed ship and mercilessly surrounded by volumes of
water unfit to drink, ‘‘. . .water, water everywhere, Ne any

drop to drink’’ [1]. Coleridge’s tale of man’s action, reflec-
tions, and subsequent remorse seems to demonstratively tell
the tale of humankind’s longstanding convoluted struggle to
gain supremacy over the one crucial element that sustains life
on this planet: water.

Water appears to be a plentiful commodity, at least from the
vantage point of global availability statistics. It has been said
that if the sum of all available reserves of water were to be
apportioned equally among all human beings on Earth, there
would be 5,000–6,000 m3 of water available for each individ-
ual every year. (1 m3 equals 1,000 L or 264.17 gal.) This is a
large number, and the perplexing and disquieting fact, regard-
ing the availability of all this water, is that the concentrations
of populations on landmasses neither coincide nor directly
intersect naturally with the majority of abundant water resource
points on the globe. Furthermore, the availability of water and
access to it, as a matter of top concern, to enable and sustain
public health among global populations, is exacerbated by the
expected rise in global populations. World population is set to
increase by 72% in urban areas by 2030, and city populations,
with 100,000 people or more, are projected to rise by 175% [2].
These large numbers are a major cause of concern. We must
note that cities do not amount to a significantly large area, espe-
cially when we consider that half of the world’s population live
in them. Moreover, as per satellite imagery, all urban areas of
the world cover only 2.8% of the world’s total land area, which
means that approximately 3.3 billion of the world’s people
dwell in an area smaller than the size of Japan [3], [101], [102].
When we consider this perspective in the context of present-
day population dispersions and resources availability, it is eas-
ier to digest the plight of the ancient mariner [1].

Since antiquity, humankind has attempted to machine
ecosystems to avail water for quenching the thirst of people
and channelize water bodies to harness power and for cultivat-
ing crops [4]–[6]. The rise of industrial societies and succes-
sive alterations of the ecology resulting from an incessant

search of resources have resulted in a severe degradation of
environmental quality, water quality and quantity, and sources
of distribution.

To examine the high degree of interconnectedness and inter-
dependencies associated with the problem of developing a
national security policy for the water sector, we must view all
problem areas with an interoperability lens. The idea of intero-
perability is one that has unrestrainedly flourished from vast
misunderstandings. The IEEE’s Standard Computer Dictionary
defines interoperability, for instance, as ‘‘the ability of two or
more systems or components to exchange information and to
use the information that has been exchanged’’ [7]. Such a defini-
tion is offensively narrow considering the sheer number, types,
and segments of operational elements, resident in modern organ-
izations, that can potentially have a predominant part in making
or breaking missions, whatever they may be. Rightly, interoper-
ability is defined in [8]–[12] as the capability by which all oper-
ating elements within interdependent and interconnected
systems to be able to operate synchronously to achieve mission
success or predetermined goals and objectives continually. Here,
synchronous operations infer to an operational requirement for
all components or subsystems of interdependent and intercon-
nected systems to be properly oriented, skillfully aligned, and
readied across geographic and organizational boundaries and
professional disciplines to achieve mission objectives.

In the United States, uninteroperability (lack of interoper-
ability) results from the improper resource allocation, poor
communications, mismanagement, waste, abuse, negligence,
malfeasance, and a permeating pattern of oversight that is
more permissive of a wasting of public infrastructures, endan-
gering public health, and other things such as eroding confi-
dence of citizens in governmental departments, agencies, and
personnel and the long-term reliability of U.S. national water
infrastructures. This article aims to introduce the reader to a
clarified view regarding the need for interoperability in the
water sector in terms of assessing present-day shortfalls,
organizing missions, goals, planning, and orchestrating activ-
ities for success in serving public needs, in view of the need to
maintain high-quality water flow for public health. Moreover,
a revised, contemporary cooperative engineering definition is
offered to stimulate necessary multidisciplinary and interdis-
ciplinary scientific discussions that are crucial to the forging
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of novel solution orientations for the seemingly obdurate
water sector problems in the United States.

Developing a National Security Approach
Indeed, very few things in the world are common to all of
humanity, irrespective of race, color, creed, gender, national
origin, capacities, capabilities, economic status, etc. Water is
such a substance; it is necessary to sustain life in all forms. As
such, water is often referred to as the elixir of life. History
notes humankind as having been at conflict, with water as a
center point, since before 2500 BC. Perhaps least comforting
to learn is that the word rivalry is derived from the Latin word
rivalis [13], which translates to, ‘‘he who uses the same brook
[stream] as another.’’ As part of a U.S. government-wide
effort to protect nationally critical infrastructures, there is a
keen interest to protect water resources from all hazards,
including threats [103]. To this end, the U.S. Environmental
Protection Agency (EPA) has been charged with the responsi-
bility to devise and implement a national security action plan
to protect water sector’s key assets and critical resources. The
EPA is the central U.S. government agency that is also respon-
sible for ensuring and assuring water quality standards for
U.S. populations. [A critical infrastructure can be a single sys-
tem or asset (or a system of systems or assets) that is deemed
to be of extreme importance to the safety and security of the
United States and its people. The needs to ensure, protect,
defend, and, if necessary, recover and restore critical infra-
structures are based on the determination that damage to these
critical infrastructures would profoundly affect the quality and
the extent of life in the United States.]

Today, however, visions related to shoring up the U.S.
national security area cornerstones have a tendency to be
firmly anchored to sentiments and circumstances related to
those events of September 11, 2001. Indeed, the National Infra-
structure Protection Plan (NIPP) is a key example of this near-
sightedness. As a matter of design, and the need for supportive
deliberations, the inclusion of vital concepts regarding water
scarcity, usage, and derived utility is less prominent and is, in
fact, extraordinarily absent in the water sector-specific plan
(WSSP) of the NIPP. With respect to the NIPP, Homeland
Security Presidential Directive 7 (HSPD 7), paragraph 14
states, ‘‘The Secretary [the Department of Homeland Security
(DHS)] will establish uniform policies, approaches, guidelines,
and methodologies for integrating federal infrastructure pro-
tection and risk management activities within and across sec-
tors along with metrics and criteria for related programs and
activities’’ [14]. Although the NIPP advocates for an all-
hazards approach to risk management activities within and across
the Critical Infrastructure Protection (CIP) sectors regarding
planning, the NIPP, the National Response Plan (NRP), the
National Response Framework (NRF), and DHS have been very
effective at being risk averse. The employment of an all-hazards
approach necessarily requires all concerned to think comprehen-
sively regarding the assurance of resources. However, assurance
is one area that has consistently been at the principal edge of least
attempts. In fact, the concept of critical infrastructure assurance,
as both a pivotal planning component and as an important policy
implementation thrust, remains eminently absent from the
national policy framework.

Discussions associated with the need to formulate a national
security strategy policy framework, specifically on the matter
of the need for critical infrastructure assurance, have remained

surprisingly silent, considering that Article IV, Section 2 of
the U.S. Constitution guarantees, ‘‘Citizens of each State shall
be entitled to all privileges and immunities of citizens in the
several states’’ [15]. The equal privilege reference here pits
itself against the following facts: 1) water resources in the
United States are not equally distributed and 2) water is funda-
mentally required to sustain and advance life. Therefore, to
ensure that privileges and immunities are equally bestowed on
citizens, government must be proactively engaged both tacti-
cally and strategically in all areas necessary to be able to com-
mit common government resources in a timely, efficient, and
effective manner to the benefit of all citizens. The need for the
inclusion of assurance as a critical, overarching planning
component is, therefore, tied to the desire to avert or mitigate
the prospect of adverse population effects emerging from any
drastic alterations or limitations in resource availability in any
part of the nation. Protection is a key planning component, as
mentioned in Article IV, Section 4 of the U.S. Constitution,
which states that the federal government will guarantee pro-
tection for states against invasion. The fact that assurance poli-
cies and practices are clearly underrepresented in strategic
planning processes amount to more than a mild presence of
vacuity. It is purely farcical because the U.S. National Intelli-
gence Council (NIC) [16] has pinpointed that access to fresh
water and water rights, in particular, are key issues that will
shape the world of 2015, and this might result in a hard-
wearing possibility of transnational conflicts being triggered.
There is little value in molding strategic national security
plans when vital aspects, which should be a part of such plans,
are, in fact, absent. What is the elemental value associated
with those aims to protect assets or resources that have suf-
fered either irreparable degradation or complete loss? Further-
more, a national security strategy for the water sector that does
not effectively take into account the hydrological cycle or fails
to properly qualify and quantify a man’s need, reliance, and
use of water in relationship to his environment is ultimately of
little value in terms of strategic implementability and usability
in times of a crisis or a hazardous event. For instance, if the
hydrological cycle is not considered to the extent that it must
be, while crafting policy, any policy crafted in that way will
be less than sufficient in providing the required clarity
regarding people, resource, and organization shortfalls. Such
a policy will also be deeply insufficient to be of anticipatory

‘‘[E]nsuring the allocation of sufficient supplies [water]
at the right time, in the right place, and of the right
quality, increasingly requires consideration of the
interconnectivity of larger contexts and many diverse
stakeholders. Human security and development can-
not be isolated from the health and viability of the
Earth’s underlying life support systems. The intercon-
nectivity challenge requires us to be able to think
and act in terms of multiple geographies of connec-
tion, from nation states and city limits to watersheds
and river basins, and in terms of multiple timeframes,
in order to ensure that short-term interests do not fore-
close longer-term possibilities.’’

—‘‘WBCSD Water Scenarios to 2025,’’
World Business Council for Sustainable

Development, Geneva, Switzerland,
August 2006
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value with respect to putting into place the contingencies and
mitigation strategies.

In this article, the subject of resource scarcity is surfaced to
magnify the discernible necessity to identify, and protect
equally, a proportional or near-proportional sum of resources
capable of substituting for those resources that are likely to be
impacted in the event of hazardous events. The term usage is
also surfaced herein to refer to the manner in which water as a
resource is likely to be needed in the aftermath of a hazardous
event. Finally, the subject of derived utility is surfaced to refer
only to the manner in which resources need to be available to
populations, such that it can be available for proper use, in time
of need. There are likely to be those who will incorrectly present
an argument that the aforementioned statements represent gentle
or subtle nuanced states, which do not warrant separate consid-
erations, and that segments of disaster mitigation and recovery
planning are ideally suited or positioned to envelop and
adequately task these vital areas. Quite obviously, this work on
the whole stands as a testament to the need to include these
nuanced states as key parts in a strategic national plan, the exclu-
sion of which would otherwise amount to a blanket forfeiture of
U.S. national security positions as they relate to water.

The Scarcity and Usage Relationship
In discussions that involve water scarcity, Ismail Serageldin
(former vice-president of the World Bank and founder and
former chair of Global Water Partnership) said, ‘‘[i]f the wars
of this century were fought over oil, the wars of the next century
will be fought over water. . .’’ Unfortunately, most often, his
quotation is cited only in part, which alters the context. In the
original, he continued to say, ‘‘. . .unless we change our
approach to managing this precious and vital resource’’ [17].
The discarded portion of the quotation qualifies why a certain
outcome is likely if serious adjustments or alterations in prac-
tice do not occur. Here, the distressing similarity between the
manner in which Serageldin’s strong plea to revamp our
approach to water use and management as a rule is often
excised and the exclusion of the need to ensure the availability
of water resources as a key policy attribute in an implementa-
tion framework is immensely troubling. In terms of scarcity,
usage, and utility, and in a national security context, the water
sector plan is not only glaringly deficient but also derelict in its
approach to serve the public interest.

In such a respect, the views of the Government Accountabil-
ity Office (GAO), as the U.S. Government’s watchdog organi-
zation, is insufficient as well. GAO’s assessments also focus
largely on a need to protect where the dominant concentration
in the approach has been to identify vulnerabilities in, and
threats to, drinking water systems and the need to formulate
respective responses [18]. To be sure, Serageldin’s message is
not symbolic of a glass half empty, rather one that suggests that
we have the means, and the ways, to combat any possible
manifestation of future wars involving water, but we must act.
All the same, will we heed the warning? A familiarization with
the many aspects of water scarcity will undoubtedly improve
our comprehensive understanding of the need for an alteration
in our perspectives and behaviors, which, in turn, stands to
facilitate the effective implementation of conservation and
management measures for this precious resource.

Water that is fit to be consumed by man is certainly not a
resource without limits. However, in the minds of many,
there exists a false sense of equanimity, which leads to the

belief that water is both a bountiful and rebounding resource.
Its scarcity, combined with a pressing demand for it, is
immensely misunderstood. Man’s cognitive difficulty com-
prehending the scarcity of water has its origins in an informa-
tional fissure, a wide visual misperception. The Western
civilization, in particular, visualizes large volumes of surface
water and presumes that global water scarcity is nothing but
a myth, when the reality is quite different. At least since
1977, various binding and nonbinding agreements in the
world have proclaimed man’s need for, and a universal right
to have access to, water [19]–[21]. The United Nations (UN)
Mar Del Plata Declaration states, without equivocation that
mankind has, ‘‘. . .the right to have access to drinking water
in quantities and of a quality equal to their basic needs,’’ in
his desire to sustain and preserve life.

The amount of water required daily to sustain life in humans
is nowhere set in stone. According to the World Health Organi-
zation (WHO), the ‘‘‘absolute minimum’ quantity of water to
sustain hydration remains elusive, as that largely depends on
climate, activity level, and diet’’ [22]. One fact remains clear
and paramount: a man can sustain longer without food than
without water. By one estimate [23], gauging 2.22 gal (8.4 L)
is a reasonable upper limit for allowable water loss from the
human body, and taking into account the expected quantity of
daily water loss to be 0.32 gal (1.2 L) at a minimum, an individ-
ual weighing 154.3 lb (70 kg) can expect to survive seven days
without any water intake. This estimate, however, may indeed
be quite optimistic depending on the environmental extremes
to which an individual is exposed in the world. The universal
affirmation regarding humanity’s need for water is based on
such gripping and vigorous realities.

In the near future, the demand for water for sustenance will
only redouble, and remarkably so. In this regard, some perspec-
tives are worthy of our attention as they are likely to undoubtedly
add a little color to our cognitive canvas. The NIC approximates
that nearly half of this planet’s ‘‘land surface consists of river
basins shared by more than one country, and more than 30
nations receive more than one third of their water from outside
their borders’’ [16]. At the moment, almost 3.2 billion people
around the world live within 124.3 mi (200 km) of a coast. By
2025, this figure is expected to rise to an estimated 6.3 billion
people [24]. Citing UN low-range population growth projections,
the Pilot Analysis of Global Ecosystems (PAGE) discloses that
63 river basins will each boast a population greater than 10 mil-
lion by 2025; 29 of these 63 are already water stressed and are
expected to become even more so, whereas six river basins will
join the ranks of those that are already water stressed, and another
12 basins are projected to experience strong downturns in waters
supply per person toward 2025 [25]. Particularly important is a
viewpoint that Stephen Olsen of the University of Rhode Island
offers. He projects that the rising intensity of activities by coastal
inhabitants will unquestionably and significantly continue to
degrade the water quality along coastal regions, reduce fresh
water flows to estuaries, and deprive the life-critical habitats
from many species. Indeed, the disappearance of fish stock by
eutrophication (process whereby nutrients flow into lakes, estua-
ries, streams, and other water bodies where they stimulate the
growth of algae and nuisance plants [104]), for instance, in all
likelihood will give way to a wholesale collapse in fish stock
[24], [26]–[29]. Such is the nature of rising uninteroperability
among highly interconnected ecological systems as a direct result
of human interventions.
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It is still likely that water scarcity, usage, and management
will not be well understood, given the range of complexity ele-
ments that have be considered constantly and consistently. For
example, to understand water scarcity better, we must be able
to view our chronic dependence on water and the frequency
with which we reach into the water jar callously. As western
consumers, when we open a faucet, we expect water to flow,
and we expect it to be of high consumable quality. Flow, the
water does; water use has actually been growing at more than
twice the rate of population increase in the last century.
Between 1900 and 1995, there was a six-fold increase in water
consumption [25]. Water consumption by the global agricul-
tural sector presently accounts for 70% of all water use [30].
In the United States, water consumption by the agricultural
sector has risen the fastest, even though the total dedicated
area for crop cultivation has declined. Grippingly, today, each
unit of farm output consumes 70% less land than it did 50
years ago, whereas water, pesticide, and fertilizer use per unit
output has grown [31], [32]. Perhaps, the understated fact to
note here is that despite the ability of the agricultural sector to
increase productivity, and decreasing overall land utility by
70%, water use in agriculture has only climbed. World popula-
tions continue to climb and so will the persistent demand to
continue to increase agricultural outputs. Consequently, the
demand for appropriate sources, and quantities of water, to
irrigate the world’s agricultural lands will also rise if methods
of use do not change significantly. From a policy perspective,
therefore, the need to thoughtfully and foresightfully map and
account for the availability, and the assurance of water as a
global resource, is not only essential for the sustenance of bio-
logical life on planet Earth but also for ensuring and assuring
food security and safety for U.S. populations.

According to the U.S. Geological Survey (USGS) [33], in
the United States, 240 million people depend on public supply
systems or community water systems (CWSs), delivering more
than 43 billion gallons a day, whereas 43.5 million people use
privately drilled wells in self-supplied water households, deliv-
ering another 4 billion gallons in a day. Between domestic con-
sumption and power, agricultural, industrial, and mining
sectors, the United States withdraws 408 billion gallons each
day for use; of this, 347 billion gallons is fresh water, which
translates to roughly 1,400 gal of water being withdrawn for
every man, woman, and child in the United States. Naturally,
these data do not accurately represent the estimated population
of United States by the Census Bureau, which stood at 305 mil-
lion [34] persons. The discrepancy between USGS data maps
and that of the Census Bureau clearly illustrates the types of
data accountability and relationships gaps involved in the man-
agement and planning of waters as a resource.

Washing clothes in a washing machine often consumes
53 gal per load, flushing a toilet requires between 1.6 and
5 gal, a dishwasher requires 22 gal per load, washing dishes
under the tap dissipates 30 gal, brushing one’s teeth often con-
sumes 2 gal, taking a bath requires 30 gal, and shaving with run-
ning water often takes 20 gal [35]. Globally, the United States is
said to have the largest water footprint, with 2,480 m3/year per
capita or 655,146.81 gal/year per capita. Comparatively, even
with a much larger population, the Chinese have a relatively
low water footprint, with an average consumption value of
700 m3/year per capita or 184,920.47 gal/year per capita [36].
The Chinese do not consume as much water as Americans do,
and not all Chinese have access to running water. Nevertheless,

Chinese Government’s commitment to national infrastructure
improvements remains strong. How long will it be before an
unrelenting demand on national water resources in the United
States begins to dry up?

The Politics of Water
Resource scarcity problems, resource management, imple-
mentation of resource conservation plans, and properly fram-
ing a national security strategy can only be achieved when
policy entrepreneurs in the U.S. Congress and the Executive
Branch can pioneer and cooperatively implement legislative
instruments that concentrate to preserve and uphold the public
interest and consider weightily all matters contextually related
to national survival. As long as there are political fissures, cre-
ated or exacerbated by ill informed or unconcerned members
of Congress and by a national administration deficient in the
skill set to formulate the required national policy frameworks
and strategies, there will be tactical and strategic deficiencies
or worse, errors. During the 1950s, President Dwight D. Eisen-
hower comprehending this challenge eloquently framed this,
which he saw as the need, in a letter to then Secretary of the
Interior Douglas J. McKay and announced the formation of a
cabinet-level committee to analyze the national water policies.
Eisenhower, in his communication, said, ‘‘[t]he conservation
and use, which we make of the water resources of our nation
may in large measure, determine our future progress and the
standards of living of our citizens. If we are to continue to
advance agriculturally and industrially we must make the best
use of every drop of water which falls on our soil. . .’’ [37].
Eisenhower, in his time, realized well that American prosper-
ity, both present and future, would be tied to the safety and
security of national water resources. A brief examination of
activities during the Eisenhower administration is, therefore,
assistive in recognizing our shortfalls today.

President Eisenhower wanted an extensive review of all
aspects of water resources policy. He demanded that the cabinet-
level committee make immediate ‘‘recommendations for the
strengthening, clarification, and modernization of water poli-
cies,’’ and suggest ‘‘an approach to the solution of organizational
problems involved’’ [37]. It was not as though previous adminis-
trations were not concerned about water as a strategic ingredient
for national development or that they did not see the need to cher-
ish water as a fundamental and major resource [38]. Continuing
with Truman’s intent, President Eisenhower in the early fifties
desired to push the envelope of comprehensiveness in assess-
ments, which was to be made by his administration. It was indeed
a sweeping attempt by a president to formulate and instantiate a
coordinated and comprehensive national water resources plan,
taking into account the critical organizational dysfunctionalities,
which have only expanded over the years and continues to pros-
per even today. Unfortunately, and nearly a decade later in 1962,
General John Steward Bragdon, who served on President Eisen-
hower’s Council of Economic Advisors’ staff through 1955 as
the president’s special assistant for public works planning
through 1960 and as a staff consultant for U.S. House Committee
on Public Works, was still being forced to lumber away to imple-
ment Eisenhower’s comprehensive visions.

Bragdon had met his enemies. Oddly enough, his enemies
were domestic, many of whom were in Congress, having taken
an oath to protect and defend the citizens of this great nation
against persons and acts (foreign or domestic) that opposed the
safety and welfare of the American people. Still others were
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members of the White House staff; both quarters collectively
constituted the brick wall of bureaucracy and parochialism for
Bragdon. However, in 1962, Bragdon went on to assist drafting
the Public Works Planning Act, which would have provided
for the creation of a statutory coordinator of public works and
would have overseen such important matters as comprehensive
water resources planning. Congress, as before, shunned the
proposal and failed to enact the proposed policies that were
designed to advance national interests significantly. Severely
frustrated and disappointed, Bragdon wrote scathingly regard-
ing the [then] Bureau of the Budget’s routine stretches beyond
its authority and operational boundary to engage in matters that
were not budgetary in nature and of the White House congres-
sional liaison staff, who were ostensibly adept at burying good
ideas for the sake of satisfying a malformed political ideal of
the day. He characterized such activities as purely obstructive
and not progressive. General Bragdon, a straight shooter, appa-
rently suffered fools little, and Congress even less. Prof. Gary
Schwartz has characterized Bradgon’s failing to make mean-
ingful progress owing to his ‘‘ineptness at bureaucratic maneu-
verings’’ [39]. There are countless men and women in
professional positions in this nation who routinely reach out
and attempt to suitably advise those entities who are entrusted
with the authority to uphold public interest, and are subse-
quently marginalized by their attempts, because of their
‘‘ineptness at bureaucratic maneuverings’’ [39].

Governmental Hauteur and Intransigence
In many respects, Bragdon considered bureaucratic maneu-
verings to be a wasteful expenditure of human energy and
national fiscal resources. Bragdon’s detailing of his disdain
for parties emplaced to uphold the public interest, while
unproductive, exposes an all too important and persistent dis-
connect, a fissure if you will, between the constituent popula-
tions that seem to routinely remain unserviced and those that
are elected to represent the constituents, yet persistently fail to
do so. During his White House years, Bragdon strove to mani-
fest efficiency and cost savings in all public works projects by
way of well-thought long-range planning. To this end, he
sought advice from the likes of parties such as those of W.
Edwards Deming, who was responsible, at least in part, for the
reconstruction and revitalization of post–World War II Japan
[40]–[42]. In spite of such bold actions by Bragdon, political
impediments persisted.

Yet another type of fissure is political inactivity by those who
are not only empowered to act but also ideally positioned to act
in a timely fashion. In 1949, citing mountains of inefficiency
and waste, the Hoover Commission on Organization of the
Executive Branch of the Government recommended that ‘‘water
resources-related mission and functions’’ [43] of the U.S. Army
Corps of Engineers (The Corps), and the Bureau of Reclamation
under the U.S. Department of Interior, be consolidated and
organized under the Department of the Interior. A minority num-
ber of commissioners actually felt that the task was so important
that responsibilities be organized under a wholly new depart-
ment called the Department of Natural Resources. The Commis-
sion emphasized that as ‘‘[p]ainful as the operation may be, the
case for a unification of functions of The Corps and the Bureau
of Reclamation is so overwhelming that it ought to be effected
without further delay’’ [44], [45]. Additionally, the Commission
revealed, ‘‘[t]here is simply no escaping the fact that so long as
the present overlapping of functions exists with respect to The

Corps, the Bureau of Reclamation, and the Federal Power Com-
mission, costly duplication, confusion, and competition are
bound to result. It has been demonstrated time and again that
neither by voluntary cooperation nor by executive coordination
can the major conflicts be ironed out’’ [44], [45]. Moreover,
President Hoover’s man on the Task Force on Natural Resour-
ces, former Governor Leslie Miller, cited violent jealousy
between The Corps and the Bureau of Reclamation and accused
both of perpetuating enterprises and cycles of senseless competi-
tion, and for being cockeyed, and permitting projects-related
cost overruns in the billions of dollars [46].

Looking back, the specific recommendations made by the
Hoover Commission over half a century ago were treated with
immense loathing, and the water resources-related missions at
The Corps have increased or expanded into such things as man-
aging watersheds holistically, protecting the environment, and
even recreation. The Corps’ vision for its recreation program sug-
gests, for example, that it will ‘‘. . .plan and manage quality out-
door recreation opportunities in a safe and healthful manner for
diverse populations on a sustainable basis resulting in benefits to
individuals, communities, the environment, and the economy’’
[47]. As an agency of the U.S. Department of Defense, The Corps
provides the nation with engineering (planning, designing, and
building) services [48]. One is left to wonder then what exactly
the role of an engineering service in the area of recreation could
be, and what The Corps’ role in the protection of the environment
could be, where the primacy at the federal government level rests
with the National Parks Service and the EPA, respectively?

In the face of infinitely sensible recommendations made
over a half a century ago by the Hoover Commission, regard-
ing the need to consolidate and organize mission concentra-
tions of The Corps, these mission vaultings can only be termed
analytically as attempts at grabbing power, prestige, and
money, one of program collateralization [a set of coordinated
activities that are intended to 1) affirm present-day operational
control over existing program areas and 2) consolidate opera-
tional influence over multiple programs and associated resour-
ces through mission and programmatic enlargement (creep)
through Congressional appropriation processes to swell the
department or agency program portfolio]. The most recent
example of such behavior including impudence by this federal
agency involved the St. John’s Bayou/New Madrid Floodway
Project in Missouri. The project was challenged in U.S. District
Court, with the group environmental defense opposing, who
subsequently won the court challenge. The opinion of the court
amounted to nothing less than a resolute indictment, albeit
predictable in terms of agency history. The court’s opinion
stated that The Corps chose to use ‘‘arbitrary and capricious
reasoning, manipulating models, and changing definitions
where necessary’’ to suit their propositions and that by these
actions, ‘‘The Corps has demonstrated its willingness to do
whatever it takes to proceed with this project’’ [49], [50]. The
Court added that by placing their fictitious plan into action,
The Corps violated the Administrative Procedure Act (APA),
the Clean Water Act (CWA), and the National Environmental
Policy Act (NEPA) [49], [50]. The ruling came at the heels of a
long and embarrassing investigation by the Department of
Defense into the so-called Program Growth Initiative [51] by
The Corps in the year 2000, where The Corps, while pushing
the interests of the Barge industry [52], proposed a Mississippi
River navigation project costing upwards of US$1.1 billion,
propped-up with falsified mathematical data [53]. Following
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the year 2000 scandal, The Corps retreated, only to wait until
the controversy subsided, and reemerged in 2004 to propose in
place of its year 2000 US$1.1 billion proposal a US$7.7 billion
project [54]! Apparently, unaccountability to and fearlessness
of the American people has a face and a name: The Corps.
Shielded by members of Congress, The Corps has come to
enjoy an outwardly protected state of existence.

Yes, it remains true that President Truman’s Water Resour-
ces Policy Commission [55], for all policy time, became a note-
worthy example of watered down federal water policy intent
and direction, resulting from agreeing to too many compromises
among key participants. In spite of such setbacks, before leaving
office, Truman enacted new standards for water project evalua-
tion by the federal agencies by way of Circular A-47. However,
U.S. Congress neither approved the circular legislatively nor pro-
posed an alternative. According to the National Research Coun-
cil (NRC), Circular A-47 ‘‘remained a directive that Congress
routinely circumvented in its authorization and appropriation
processes’’ [56]. Among the value principles in Circular A-47
that Congress found emotive and did not legislatively approve
were key provisions that would have compelled federal agencies
planning water projects to make certain that 1) each project’s
total benefits would exceed its cost, 2) project costs would
include estimates of taxes foregone, and 3) a 50-year maximum
period was set for repayment of all federal interest. The NRC has
affirmed that The Corps, while planning water projects during
the first part of the 1900s, put into place a highly structured
process that give opportunity to various interest groups with
ample prospects (32 specific stages) to present their views to The
Corps and Congress [56]. Clearly, such practices have been
determined at some level to be ideal within The Corps, for a
history spanning more than 50 years and sated with mishaps such
as those mentioned earlier, and have neither proven instructive
nor reformative for The Corps.

Such policy impediments, where departments or agencies are
able to clearly violate national tenets, push aside citizen interest,
press on with interdepartmental or agency rivalries, and, where
Congress is able to proficiently renounce offering material guid-
ance and oversight to governmental departments or agencies,
can neither support nor maintain a sound policy direction that
can satisfy a national water security strategy. Lightfully and log-
ically then, the American people must hold Congress’s feet to
the fire to ensure that Congress does not abdicate its responsibil-
ities in assuring national water quality standards and seeking
from that legislative body, among other things, 1) a national

standard to assess water quality, 2) a national water monitoring
standard, 3) a well-defined and consistent data analysis method,
and 4) standardize analytical method(s) to determine causes and
sources of water contamination or pollution [57].

Admittedly, part of the difficulty related to the formulation
of water policies, and the proper situation of fiscal and man-
agement resources, involves the absence of clear measures
regarding the availability and use of water. Within an all-
hazards preparatory context, there has never been a compre-
hensive and systemic analysis of the water sector at the federal
level, which could then be assistive in formulating a holistic
national security strategy. The National Science and Technol-
ogy Council (NSTC) within the Executive Office of the Pres-
ident, as the primary body responsible for promulgating
national guidelines for federal science and technology invest-
ments, has said as much. In 2007, the NSTC and its Subcom-
mittee on Water Availability and Quality (SWAQ), composed
of 25 federal agencies, collectively responsible for all water
resource management and water research at the federal level,
stated that ‘‘Our present-day understanding of water use in the
United States is based on a coarse mixture of estimations and
measurements’’ [58]. This admission has largely gone unno-
ticed since.

Throughout the years, critical water decisions have emerged,
corroborated only by a combination of poor governing judg-
ment and imprecise information, which has subjugated accord-
ingly a comprehensive sensibility obtained from scientific
knowledge and the primacy vested in departmental or agency
authorities. The recommendation to limit irrigation water with-
drawal from the Upper Klamath Lake near Oregon–California
border in 2001, and the ensuing pitting of the U.S. Fish and
Wildlife Service (USFWS) and the National Marine Fisheries
Service (NMFS) against the National Academy of Science and
the NRC, is an exemplary contemporary tale that epitomizes
this problem [59]. With regard to forecasts relating to the future
availability of water, when flawed predictions [60], [61] form
the basis for imposing usage restrictions associated with
scarcity forecasts, the results too can be quite undesirable.

Even though this body of work cannot elaborate on them,
there are ample examples where the uncultivated and fatuous
hubris of government agency or department personnel and
members of the legislative branch are appreciably contributing
to the widespread degradation of our national critical infrastruc-
tures and the manner in which we go about mitigating threats to
those infrastructures. Co-opting of the public policy province,
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hijacking precious public resources, causing the erosion of
national security positions, and discouraging comprehensive
public policy discourse at the highest levels of government has
become an everyday activity. Perhaps, the division between
those who are elected to govern and those that are governed is
best qualified today in terms of that notable excerpt from Kip-
ling’s ballad, which says, ‘‘Oh, East is East, and West is West,
and never the twain shall meet’’ [62], firmly articulating that
those who are elected to represent become determinedly dis-
obedient and expansively stray from their sworn duty to the
public’ purpose. Nevertheless, even in Kipling’s ballad, the
unification of intent and purpose is made visible as he goes on
to state, ‘‘There is neither East nor West, Border, nor Breed, nor
Birth, When two strong men stand face to face, tho’ they come
from ends of the Earth’’ [62]. To be sure, to manifest this type
of union, the American people must press for accountability
from those they elect to represent them.

Economic and Social Implications
Thomas Robert Malthus, 18th Century scholar, in his com-
manding and provocative work, An Essay on the Principle of
Population [63], lucidly argued that man needs resources
[food] to survive like any other species of plant or animal on
the planet, and although resources have limits, the rate of rise
in human populations has demonstrated an absence of self-
imposed control. Therein, he argued that the rate of population
growth and their need for resources would outstrip global
power to produce the required resources to sustain burgeoning
populations. Contextually, he characterized the ability for
people to multiply and the ability for the Earth to give up
resources or man to produce resources as not being coequal.

Man’s ability to produce food (grow crops) to sustain himself
is indeed directly tied to a universal need for water. Yet, assess-
ments of how much water humanity will need to exist and sur-
vive do not generally take into account other living things such
as trees, which depend heavily on this life-giving element for
their existence as well. Consider that on the hottest day of
summer, a mature Pecan tree can draw up to 250 gal of ground
water [64]. Such information is necessary to estimate needs in
terms of agricultural withdrawals and represent meteorological
data to support growers in their decision-making processes. In
light of dwindling water resources, strategies and practices that
improve and promote water use efficiency (WUE) are not only
a requirement for today but they are critical for the future [65].
The use of deficit irrigation, or underirrigation strategies [66],
directly intended to optimize crop yields per unit of water use
[67] represents certain strategies that can output WUE.

We should remember that water consumption by the global
agricultural sector presently accounts for 70% of all water use
[30]. In the United States, 83.2 billion gallons of fresh ground
water per day (bg/d) is withdrawn for public supply, private
supply, irrigation, livestock management, manufacturing, min-
ing, thermoelectric power, and other industries. The State of
California all by itself consumes 15.2 bg/d, whereas the State of
Texas, at 8.47 bg/d, is the next biggest withdrawer (Figures pro-
vided by the National Ground Water Association [105]). Also,
the National Ground Water Association estimates that 500,000
new residential wells are constructed annually in the United
States. Essentially, this amounts to having more mouths to feed
at the same table.

Between 1950 and 2000, ground water withdrawal for irriga-
tion increased from 23% to 42% of total. The acreage of land that
presently uses sprinklers and microirrigation systems for targeted
irrigation now comprise more than one half of all irrigated acre-
age in the United States [68]. From a national security perspec-
tive, there looms a sizable and evident threat that is bound to
effect the national breadbasket, and the global consumer at large,
when the underlying supply of water is impacted.

In 1936, the Great Plains Committee, convened by Presi-
dent Franklin D. Roosevelt to investigate the effects of
drought and wind erosion in the southwestern United States,
reported that the dust bowl was a ‘‘result of human modifica-
tion of natural conditions’’ and that it had ‘‘accentuated a sit-
uation which had been long developing’’ [69]. Today, we are
confronted with another situation, which has also been long in
development, an issue that deals with the agricultural life-
blood in America’s High Plains.

Nearly 27% of all irrigated land in the United States is in
the High Plains, and 30% of the total ground water used for
irrigation by volume in the United States is derived directly
from a source called the High Plains aquifer [70]. The High
Plains aquifer, also known as the Ogallala Aquifer, lies
beneath 175,000 mi2 of territory straddling eight states: Colo-
rado, Kansas, Nebraska, New Mexico, Oklahoma, South
Dakota, Texas, and Wyoming. In 2000, 17 billion gallons of
water a day was being drawn from the aquifer for irrigation
alone. Almost 2 million people in the larger cities along the
periphery of the High Plains aquifer withdraw 418 million gal-
lons per day to satisfy their drinking water needs [70]. Four-
teen million acres of crops flourish each year, which are fed
by the aquifer [71]. Conservation of water as a requisite strate-
gic ingredient is far from anyone’s mind, as the farming com-
munities in the high plains continue with their pattern of water
withdrawal, strung along by a false belief that the exhaustible
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Ogallala Aquifer is anything but [72]. Directly contradicting
such belief systems is the fact that since the 1940s (when irriga-
tion development first began in the High Plains), all rates of
recharge of the aquifer have not equaled the rate of with-
drawals from the aquifer, and multiple global climate models
(GCMs) have forecasted a warmer and drier future for this
region, foreseeing only increased water usage [73]. In his book,
John Opie attempts to sensitize us to this with a mournful tone
saying, ‘‘Ogallala groundwater is a nonrenewable resource’’
and that it cannot be restored because ‘‘its original sources,
winter runoff from the Rocky Mountains carried by braided
streams to the plains, no longer replenish the aquifer’’ [74]. He
stresses that the water in the Ogallala Aquifer is essentially fos-
sil water, pocketed approximately 10,000–25,000 years ago
from the glacier-laden rocky mountains before it was geologi-
cally cut off by the Pecos River and the Rio Grande. He also
states that the Great Plains region is at the nexus of three
important phenomena: 1) it lies in the heart of the 1930s dust
bowl, 2) it is the center of intensive drawdowns of irreplaceable
Ogallala Aquifer groundwater, and 3) it is home to a highly
profitable, vertically integrated agricultural industry, with cat-
tle feedlots and beef processing plants, spanning out a 250-mi
radius, supplying nearly 40% of the nation’s beef supply.

To sustain the types of activity that Opie has described,
annual pumpage of ground water from this ancient resource
has had to rise to nearly 6 trillion gallons of water (18 million
acre-feet) in 1980 [75]. This number is impressive, and the
global effect of the aquifer drying up is equally impressive. If
the Ogallala Aquifer were to cease its precious offerings, more
than US$20 billion worth of food and fiber would disappear
from world markets instantaneously [75]. Opie takes care to
alert us to a need for a systems’ approach, suggesting that
attempting to solve complex problems with an understanding
that is scaffolded together only by limited investigations, or by
an incomplete grasp of information, will surely be disastrous;
he added that the Ogallala Aquifer-based agricultural area is
merely an expiring ‘‘prosperity, on the edge of failure’’ [74].

With regard to our understanding of overall situations of the
Ogallala Aquifer, once again, history comes to our education.
Before the Great Plains Committee announced that conditions
in the 1930s ‘‘had merely accentuated a situation which had
been long developing’’ [69], there was a resolute report in the
1899–1901 period, from Willard D. Johnson of the USGS,
which provided a thorough view of topography, soil analysis,
water resources, climate, and vegetation of High Plains. In his
report, Johnson wrote, ‘‘The volume of loss which the body of
the ground water sustains annually can be no greater than that
of the contribution to it annually. [Thus] [t]he draft for general
irrigation would need to be at a rate considerably less than this
small rate of replenishment, to avoid serious lowering of the
water plane (to prevent early depletion), and such a very limited
supply, even if obtained at no expense for lifting (pumping),
would be of no material benefit in irrigation’’ [76]. He, fearing
that any Plains’ recharges will not sufficiently replace the
amount likely needed for agricultural withdrawal, wrote, ‘‘[t]he
absolute verdict must be that they are nonirrigable’’ [76].

Between the eminent work of Willard D. Johnson, in 1901,
the work of the High Plains Committee, in 1936, and the contin-
ued warning by the USGS assessment, in 2000 [77], there is a
fair amount of detailing in derelict policies, knee-jerk govern-
mental reactions, and eager-beaver commercial opportunism.
Yet, this wealth of information, made known over the span of a

century, has failed to illuminate those that are in a position to
govern and has failed to manifest discernible shifts in policy,
which could potentially reform the negatively impacting envi-
ronmental actions (nationally) and economic actions (globally).

The High Plains aquifer irrigated 3.5 million acres of farm-
land in 1950. Today, it is irrigating 16 million acres, more than
a four-fold increase in water consumption [74]. Between 1940
and 1995, in areas, the High Plains aquifer has already given
up as much as 50% of its stored water [78]. In Finney County,
Kansas, for instance, where short-grass prairie once dominated,
corn, wheat, and sorghum are now commonplace (Figure 1).
How much longer can we sustain high withdrawals from the
High Plains aquifer without significantly and adversely affect-
ing the U.S. national agroeconomic environment? How much
agricultural expansion can the region sustain in the overall? So,
what does the future hold for the High Plains, and what national
security strategy exists to mitigate effects? It is estimated that
water wells in 17% of the agricultural land area in High Plains
will experience more than a 75% decrease in well yield by the
year 2020, and in about 42% of the agricultural areas, well
yields are expected to decline by more than 25% by the year
2020 [75]. One somber fact to add to such considerations and
contemplations in view of the global energy crisis is the pres-
sure on the U.S. agribusiness to boost corn production [79].

Running estimates project that by 2015, a demand for approxi-
mately 31.5 billion gallons of ethanol, which would amount
to roughly 20% of U.S. fuel consumption then, will require

Fig. 1. Advanced spaceborne thermal emission and reflec-
tion (ASTER) radiometer image of crop fields (fed by the
Ogallala Aquifer in Finney County, Southwestern Kansas).
Healthy, growing crops are green. Wheat is a brilliant gold,
and sorghum, resembling corn, will be paler. Fields of brown
have been recently harvested or plowed under or will lie fal-
low for the year. See inset for a magnified sense of the size
and scope of irrigated fields. These fields are between 0.5
and 1 mi (800 and 1,600 m) in diameter. (Photo courtesy of
NASA/GSFC/METI/ERSDAC/JAROS and U.S.-Japan ASTER Sci-
ence Team.)

IEEE ENGINEERING IN MEDICINE AND BIOLOGY MAGAZINE NOVEMBER/DECEMBER 2008 49

Authorized licensed use limited to: Luis Kun. Downloaded on April 29, 2009 at 16:57 from IEEE Xplore.  Restrictions apply.



95.6 million acres of corn to be planted to yield approximately
15.6 billion bushels of corn [80]. Just in the High Plains, for the
year 2007, South Dakota boosted corn production by 8.9%, Kan-
sas by 10.4%, and Nebraska by 11.1% [81]. For the rush to push
ethanol and biofuels production legislation, a biofuels mandate
has managed to spin into motion some highly insidious and unde-
sirable economic effects, among other things. Consider that out
of the total increased acreage allocated for corn production, as
much as 50% of it will be converted or transferred from soybean
cultivation acreage, 25% of it will be from the Conservation
Reserve Program, and another 25% will come from hay and pas-
ture lands [82]. As demand for corn production soars and more of
soybean and wheat cropland is in effect taken away, and allo-
cated to corn production, prices for corn will rise by 40%, soy-
beans by 20%, and wheat by 17%. Another by-product of this
mandate to force biofuels production will be a hefty loss of
American exports; corn exports will decline precipitously by
62%, wheat by 31%, soybeans by 28%, pork by 18%, and
chicken by 12% [83]. In addition, rising feedstock prices are
expected to domestically slow livestock production. This litany
of cascading and tightly coupled effects amounts to another clari-
fied demonstration into a pronounced state of anthropic miscon-
struction in the minds of many in U.S. Government regarding the
critical role of interoperability and interdependence of working
components, and subsystems, in highly complex systems. For the
same reason, at the present time, a comprehensive national secu-
rity U.S. agroeconomic impact analysis does not exist, which has
the ability to feed into, or assist the creation of, a national security
strategy for the water sector or any truly usable emergency pre-
paredness-related action document for the water sector.

Some may review the aforementioned statements as intended
to suggest that the development of biofuel-related interests or
initiatives will be futile and should, therefore, be debarred,
which is quite the opposite. Given the precarious economic con-
ditions now stipulated, at least in part, by volatile fossil fuel pri-
ces, and increasing climatological impact on the environment
produced by hydrocarbon emissions, we cannot ignore that out
of 26 different biofuels that were examined recently [84], [85],
21 were able to reduce greenhouse emissions by more than
30%, when compared with gasoline (petrol). Yet, 12 of these 26
proved to impose higher aggregate environmental costs than
fossil fuels [84], [85]. From a policy perspective, therefore,
careful analysis of the impact of fuels, materials, and other costs
must be achieved, well balanced by scientific data, before
policy directions can be determined as being ideal. Some analy-
ses demonstrate that switch grass and native prairie grasses
form excellent raw materials for ethanol production, requiring

low water, fertilizer, pesticide, and energy inputs, while provid-
ing significantly better all-around yields than corn, contradic-
tory to present-day policies in motion [86]. Yes, technologies
are not quite mature in the processing of cellulose fiber into
ethanol to be able to launch production-scale operations. How-
ever, when formulating national security strategies and policies
in an area, there is a need to be prescriptive and comprehensive
in the approach. Today, from the government side, less atten-
tion is paid to matters such as achievable gains in resource con-
sumption (water), environmental impact, the production
potentialities, switch grass, and natural prairie grass than there
is toward the mass production of ethanol from corn. In this area
too, the instruments of national security policy making are
instead moribund and proscriptive.

A Reorganized Orientation
for Cooperative Engineering
Marcus Vitruvius Pollio, architect to Caesar Augustus, wrote
the following passage in his magnum opus The Ten Books of
Architecture, circa 27 B.C., in which he said, ‘‘The architect
should be equipped with knowledge of many branches of
study and varied kinds of learning, for it is by his judgment
that all work done by other arts is put to the test. . .[as] knowl-
edge is the child of practice and theory—it follows therefore,
that. . .those who relied only upon theories and scholarship
were obviously hunting the shadow, not the substance.’’ In
1906, following the principles of Vitruvius (although he did
not know it then), Herman Schneider instituted an engineering
program at the University of Cincinnati, which exposed for
the first time in an engineering curriculum a blend of theory
and real life practice [87]. So, the first cooperative education
program in engineering in the United States began, with 12
students enrolled in mechanical engineering, another 12 in
electrical engineering, and three in chemical engineering.
Soon, Northeastern University, in 1909, University of Pitts-
burgh, in 1910, University of Detroit, in 1911, and Georgia
Tech, in 1912, followed suit [87].

In fact, following Schneider’s proposition, a widespread
discussion of the merits in graduating a comprehensive engi-
neer ensued within the engineering community [88]–[90].
However, not until four decades later, in 1946, did the concept
of cooperative engineering education find a serious direction,
when Clement J. Freund carved into place five specific aims
for cooperative education in the cooperative system: a mani-
festo [91]. He proposed that cooperative engineering education
helps in the following: 1) first-hand and actual knowledge of,
and experience with, the execution in industry or government
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of engineering designs, business principles, projects, and
developments in all career fields; 2) an understanding of, and
familiarity with, the problems and viewpoints of working men
and women; 3) assisting students, by direct and personal expe-
rience in industry, and testing their aptitudes for their chosen
careers; 4) enabling students to adjust to employment by a
gradual transition from academic pursuits to the requirements
and conditions of the world of work; and 5) training and other-
wise preparing students especially and directly for higher-level
administrative and operating functions [87]. He envisioned a
cooperative education program to be curricula that lead to the
bachelor’s, master’s, or doctoral degree, which requires, or
permits, students to examine theoretical aspects of engineer-
ing, balanced with the practical side of engineering, by being
sufficiently exposed to highly diverse running issues in busi-
ness or industry [87].

Cooperative engineering education served an enormously
valuable purpose for a time. Great challenges now stand before
the engineering profession. Yet, in light of rapid changes in
technology growth and surfacing of associated potentialities,
technological transformation of societies, and the growing needs
within societies, the engineering profession has in large part
stood still, with little change. Logically, one might be inclined to
say, ‘‘[n]obody need learn. . .survival is not compulsory’’ [106].
The eminent scientist, renowned engineer, and formerly a Presi-
dent’s Commission on Critical Infrastructure Protection (PCCIP)
Commissioner, Dr. William J. Harris has succeeded in power-
fully characterizing this challenge and in offering key insights
into the need to dos. He has said, ‘‘It is not just enough to simply
conceive and implement an operating infrastructure design and a
plan that is efficient, economical, effective, and reliable anymore.
We must have in place (and not be just thinking of them
abstractly) the scientific capability to anticipate the presence of
anomalies in nationally critical infrastructures. The [engineering]
profession must now more than ever seek to painstakingly edu-
cate and motivate its own, and those in power especially, to insti-
tute much needed remedies’’ [92].

The difficulty that engineering as a profession is experiencing
in terms of the necessary direction in which the profession should
advance is not unique to engineering but to humanity as a whole.
Amidst high complexity, and pressed with the need to act, man
confronts the perpetual chicken or the egg question, which sty-
mies the uninstructed. The use of the term uninstructed here is
not derogatory, rather the one that signifies an unoriented state, à
la, Alan Kay, who said, the [right] point of view is worth 80 IQ
points [93]. As Robert Jervis neatly introduces, complexity self-
imposes terms of comprehensivity, which require the general
human tendency to lean toward the quickest of solutions as a
means of satisfying the mere desires of a lazy brain not to be
entertained [94]. Jervis emphasizes, ‘‘we can never do merely
one thing,’’ and that ‘‘[i]n a system, the chains of consequences
extend over time and many areas. . .that disturbing a system will
produce several changes’’ [94]. Well, the fact remains that we
can, and we routinely, do merely one thing, without ever realiz-
ing how that one action tends to affect others things and cause
undesired and potentially disastrous effects. As an example, a
recent research at the Scripps Institution of Oceanography has
revealed that a ‘‘major and immediate water supply problem on
the Colorado system’’ [95] now exists and that the repercussions
of this will comprise perilous Lake Mead impacts as well.

The fact remains that beyond a certain boundary of com-
plexity, conventional engineering principles simply fail to

explain the behaviors of certain systems. Taking note of such
progressions, the NRC’s facilitating interdisciplinary research
committee has argued that, among other reasons, the rise of
complexities in both nature and society, and the need to explore
problems and questions that cannot simply be consigned to a
single professional discipline, now require a vigorous and prac-
tical scientific shift toward a cooperative interdisciplinary exis-
tence [96]. Yet, cooperative engineering programs, engineering
curriculum, and the profession as a whole are not on the
required change-oriented path, nor is comprehensivity (a pro-
found need for interdisciplinarism and multidisciplinarism in
scholarship and professional practices) being embraced within
the professional area as it must. For instance, today, the engi-
neering community is well aware that the various instruments
of national policy are in a position to either invigorate or fray
key research directions that are important to the nation. How-
ever, the policy space is often the farthest area of professional
interest in the life and times of an engineer. With regard to
policy makers who are in constant need of good scientific or
engineering counsel, the equivalent is true. Such is the nature of
the existence of two separate, still interdependent, commun-
ities. Therefore, a revised and reformed cooperative engineer-
ing concept must evolve to accommodate a wider horizon of
interdisciplinary and multidisciplinary knowledge. Academic
institutions must urgently entertain the already broadened intel-
lectual demands inflicted on the engineering profession from
the real world. Modern college or university curricula and the
level of preparedness of the modern graduate to be able to offer
the requisite challenge to modern societal problems do not
achieve a match.

Conclusions
Take into account the following key questions. If after a natu-
ral or unnatural hazardous event, the mitigational or recovery
plans are deemed either nonactionable or inoperative because
the key asset or resource itself is not recoverable, or that
aspects of the WSSP/NIPP plan themselves cannot spin up to
operational status, permitting for the coordination of depart-
ments or agencies, plans, personnel, and resources, how will
populations be impacted? How successful will service or
resource restoration efforts be? More importantly, what are
the options or alternatives? Indeed, scarcity, usage, and
derived utility go to the heart of ‘‘assuring that sufficient
resources/supplies are in position at the right time, in the right
place, and is of the right quality for consumption’’ [97] in
times of crisis. Planning for such eventuality will require the
most intimate consideration, and holistic interconnectivity, of
all variables in the equation, as World Business Council for
Sustainable Development (WBCSD) notes it [97].

In this respect, national security plans can only be as strong
and as robust as the weakest link in the chain of foundational
thoughts that compose the plan. Proper identification of key
assets or resources in the water sector and putting into place
all-hazards protection programs for such assets or resources,
and the needed management schematics and plans, do not go
the necessary mile. To design an adequately scoped national
security resourcing plan, all critical internal and external
aspects of the system, their interdependencies, and their rela-
tionship to the environment must be well understood, with
unmatched intensity and sensitivity. The applicability and
usability of a National Security plan, for instance, is only as
good as the quality of subject matter analysis and the practical
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utility of prescriptions contained therein, particularly in the
context of re-establishing the quality of life for impacted pop-
ulations. Here, the national security strategy for the water sec-
tor fails to meet the objective; in fact, this was never its
objective as defined. The need to protect existing assets or
resources, while important, cannot be the sole area of concen-
tration; criteria for resources assurance must have a key place
in overall national security strategy configurations. Once
again, if assets or resources are not recoverable, or response
plans to reconstitute assets or resources cannot be made opera-
tional, or if it is deemed not deployable, what then? For exam-
ple, in the aftermath of hurricane Katrina, because of damaged
infrastructure and flooding, water fit for human consumption
was plainly unavailable in New Orleans. Furthermore, destruc-
tion of public roadways and bridges made it practically impos-
sible, even for the military, to deliver drinking water to the
needy there and immediately [98], [99]. A national security
strategy for water should, therefore, rightly consider all aspects
of scarcity, and the type of failures in disaster mitigation or
recovery planning or operational modes, which has the poten-
tial to manifest, to the extent that measurable contingencies
can both ensure and assure the health, safety, and continuity in
the availability of supplies or resources to populations. To suc-
ceed in the assembly of an employable national security
strategy for the water sector in the public interest, there must
be a better expression of the value of water to humanity as a
whole, using the interoperability lens, in addition to adequately
framing the impact of water scarcity, quality, and distributions
on usage and societal utility [100].
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