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Chapter 1: Introduction

The notion that Civil Engineers build objects intended to remain invariant with time is
widely held: ‘[I]f it is meant to move, it is mechanical engineering, if it is meant to stay put,
it is civil engineering.” Perhaps we all covet the steady state, because its analysis is easier
and because, in some anthropocentric fashion, we are more comfortable with the idea of
equilibrium in our lives.

— M.B. Beck and R.G. Cummings (1996): 413

Infrastructure of all types throughout the United States are reaching the end of their useful
lives, creating situations that can pose threats to human and environmental health. These
challenges are compounded by the fact that major infrastructure upgrades are often expensive
and difficult to coordinate around other types of existing infrastructure. Moreover, infrastructure
often reflects the knowledge and abilities of the times in which they were constructed. In the case
of sewerage infrastructure, that means some sewerage pipes are intentionally designed to send
untreated wastewater and stormwater into local lakes, rivers, and streams when pipes are filled
beyond their capacity. These overflows can incite inhospitable conditions for aquatic organisms,
hinder public health, and require costly clean up procedures.

Challenges surrounding upgrades to national sewerage infrastructure are well-known,
although new policies to rectify these challenges remain scarce. Discussion of sewerage
infrastructure systems often focus on wastewater treatment plants or systems in large cities,
where larger populations depend on reliable sewerage infrastructure and where disturbances
such as sewerage overflows or pipe collapses can often have much larger effects. Few studies
specifically examine challenges faced by sewerage system managers in municipalities near, but
outside of, major metropolitan cities. This study seeks to understand which threats are most
relevant to municipal sewerage system managers and what strategies are underway to improve
the system in municipalities in Cook County, lllinois.

It is important to note that sewerage systems are explored in this study as social systems. A
social system can be understood simply as an arrangement of inputs—information, physical
characteristics, environmental variables—which interact to produce specific outputs, or policy
and management decisions about what to do or not do (Birkland, 2011). Inputs of particular
concern in this study were factors that threaten municipal sewerage system, whereas outputs
were primarily concerned with strategies for abating those disturbances and improving the overall
system. Resilience theory was applied to better refine the analysis and build off previous studies

examining infrastructure as social systems.



Subsequently, this study sought to answer three guiding questions. First, “What disturbances
are relevant for understanding challenges to sewerage system resilience in municipalities in Cook
County, lllinois?” Second, “What management strategies do municipalities in Cook County, lllinois
pursue to manage sewerage system resilience?” And third, “How do key actors organize to
manage municipal sewerage systems in Cook County, lllinois?” Municipalities in Cook County,
Illinois manage either combined sewer systems (CSSs), which convey sewage and stormwater in
a single pipe, sanitary sewer systems (SSSs), which convey sewage and stormwater in separate
pipes, or some combination of the two systems. Therefore, municipalities were specifically
selected to represent different types of sewerage systems. Municipalities were also selected to
represent a range of community wealth since economic factors are often associated with the
abilities of governmental agencies to pursue infrastructure projects. Thus, this study also sought
to understand how different types of sewerage systems and community wealth affect managers’
concerns about disturbances or management strategies.

Several terms and phrases are used throughout this paper to describe specific aspects of the
sewerage system or theoretical concepts. Most terms are defined or described throughout,
although a glossary of key terms is also available in Appendix B. To clarify the usage of similar
words and phrases, the following definitions will be applied throughout this study:

e Sewerage System refers to the technical, administrative, social, economic, and
environmental attributes that affect, determine, or comprise system inputs and
outputs affecting the management of sewage, wastewater, and stormwater.

e Sewerage Infrastructure refers to all technical infrastructure used to convey, treat,
pump, discharge, and otherwise manage sewage, wastewater, and stormwater. To
remain consistent with common phrasing, the phrase “sewerage infrastructure” is
sometimes replaced with the phrase “sewer system.”

e Sewage refers to sanitary waste managed by the sewerage system. “Sanitary flow” is
occasionally used synonymously with “sewage.”

e Stormwater refers to runoff from wet weather events managed by the sewerage
system.

e Wastewater refers to any combination of sewage and stormwater managed by the

sewerage system.



Chapter 2: Conceptual Framework

..to a large extent, we live in ‘yesterday’s cities’ in the sense that many of the urban
patterns we see today—roads, buildings, land ownership, etc.—reflect decision making
periods of the past. As the prevailing ideology changes so does the planning of our cities.
Understanding the role of time and the way it conditions future urban options is a crucial
part of urban resilience.

— Resilience Alliance (2007): 17

The following literature review examines theoretical, historical, scientific, and legal issues
relevant to the study of sewerage systems in Cook County, lllinois. Resilience theory will be traced
from its origins through its contemporary application to social systems, including urban
community and infrastructure systems. Then, the evolution of sewerage systems in the United
States will be explored, nesting sewerage systems within a distinctly social context. Last, an
overview of site-specific information regarding Cook County sewerage and wastewater
management will be provided.

2.1: Theorizing the Resilience of Urban Social Systems

Holling (1973) established two forms of system resilience—engineering and ecological—
which require separate analytical approaches and management strategies. Engineering resilience,
which is generally analyzed quantitatively, measures the ability of a system to resist disturbance
and the rapidity with which a system returns to its presumed single steady state following a
disturbance (Holling, 1973; Pimm, 1984; Wu & Wu, 2013). Conversely, ecological resilience
presumes that any given system has multiple potential steady states; however, none of these
states are ever fully attained as outside forces continually push the system toward or away from
each state (Holling, 1973). As such, it requires—at least in part—a qualitative approach to
understand how variables and disturbances affects systems (Holling, 1973). Consequently, the
ecological resilience framework proves to be far more applicable to fundamentally social systems
(Liao, 2012).

Both engineering and ecological resilience can be visualized with the ball-in-the-basin model
(Figure 1), which metaphorically represents a given system of analysis as a basin and the state of
that system as a ball within the basin (Walker et al., 2004; Walker & Salt, 2006; Liao, 2012).
Engineering resilience hypothesizes that the entire system exists within a single basin, the base of
which represents that system’s steady state (Liao, 2012). Resilience theory contends that a system
never exists entirely at equilibrium and, therefore, the ball continually moves toward the bottom

of the basin without ever reaching it due to disturbances or imperfections in the system (Walker



& Salt, 2006). Nevertheless, under the framework of engineering resilience, all systems
continually move toward one specific steady state. In contrast, ecological resilience (Figure 1)
imagines the system of analysis not as a single basin with one steady state, but as a series of
interconnected basins divided by thresholds, each of which contains a unique steady state at its
base (Walker et al., 2004; Walker & Salt, 2006; Liao, 2012). This series of interconnected basins is
referred to as a “stability landscape” (Walker et al., 2004: 3). As the ball moves toward equilibrium
within its individual basin, exogenous drivers and endogenous processes continually alter the
stability landscape which in turn determines the aggregate number of individual basins, the
proximity of thresholds between basins, and the depth of each basin (Walker et al., 2004). These
changes can relate to the overall complexity of the system by respectively affecting the potential
number of steady states, the relationship between different basins, and the relative effort
required to move a system’s state from one basin to another (Walker et al., 2004). When the
stability landscape alters to the point that the ball crosses a threshold and transfers from one
basin to another, it is said to have entered a new regime (Walker et al., 2004; Walker & Salt, 2006;
Liao, 2012). Engineering resilience does not consider thresholds and focuses entirely on the state
of a system in relation to that system’s equilibrium (Walker & Salt, 2006). Conversely, ecological
resilience is principally concerned with understanding the thresholds between basins and
determining how a disturbance or suite of disturbances alter the stability landscape and,
ultimately, induce a change in regime (Walker & Salt, 2006). Understanding key disturbances and
thresholds within a system is important because regime shifts can have enormous implications,
particularly for social-ecological systems (Peterson, 1998). For example, ongoing overfishing and
climatic changes have catalyzed eutrophication in the Baltic Sea, changing the environment over
time from one dominated by seals, to one dominated by cod and, eventually, to clupeid, each

transition marking changes within systems or entire regime shifts (Osterblom et al., 2007).



Figure 1. Ball-in-the-Basin Illustration of Ecological Resilience’
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1The ball-in-the-basin diagram illustration depicts key concepts of ecological resilience. (1) A system exists at a particular
steady state and is separated from other steady states by a threshold. (2) As the system changes, the relationship
between the steady state, the threshold, and other steady states also changes. (3) Regime shift: some system change,
usually induced by disturbances, causes the system to cross a threshold. (4) The system begins to exist at a new steady
state. Adapted from Wu and Wu (2013).

The ball-in-the-basin model provides a useful metaphor for understanding how systems
change regimes, but it accounts insufficiently for how individual systems exhibit resilience within
their regime. Holling (1986) described ecosystems as continually moving through a four-phase
process later referred to as the adaptive cycle. The cycle’s four phases—exploitation (r-phase),
conservation (K-phase), release (Q-phase), and reorganization (a-phase)—reflect the natural
rhythms Holling (1986) identified in ecosystems (Wu & Wu, 2013). During the exploitation phase,
people or species exploit new opportunities and available resources which prompts a long period
of rapid growth, but also creates a system with weak interconnections and regulations of system
components (Walker & Salt, 2006). The system eventually moves to the conservation phase,
which is marked by slower growth but stronger connections within the system, producing longer-
lasting and more efficient system components (Walker & Salt, 2006). A system that has reached
the conservation phase is not, however, necessarily more resilient than systems in other phases
(Wu & Wu, 2013). Indeed, slowed growth and increased connectedness elicit a dependence on a
decreasingly flexible system, which “renders the system increasingly vulnerable to disturbance.
Such a system is increasingly stable—but over a decreasing range of conditions” (Walker & Salt,
2006: 77). The longer the conservation phase continues, the more vulnerable the system becomes
to disturbance and the more likely it is to move onto the release phase (Walker & Salt, 2006).
During the release phase, the strong interconnections and regulations formed during the two
preceding phases come undone, enormous amounts of previously accrued resources are lost, the
system is briefly characterized by chaos, and the system is less resilient than at any other point
(Walker & Salt, 2006; Wu & Wu, 2013). Holling (1986) describes the release phase as a period of

“creative destruction” because the capital lost during this phase provide the building blocks for



the final reorganization phase. A system is most resilient in the reorganization phase (Wu & Wu,
2013). The system begins to reorganize around a steady state, which may be identical to the
previous cycle’s steady state or entirely new, constituting a regime shift (Walker & Salt, 2006).
Because resources are plentiful and the system is not yet interconnected, minor perturbations
can have long-lasting reverberations and have an enormous effect on determining how the
system moves through future phases of the adaptive cycle (Walker & Salt, 2006). A completed
reorganization phase successfully sets the path for the rapid growth that follows during the r-
phase (Walker & Salt, 2006).

Given the complexity of resiliency theory, different definitions beyond the engineering-
ecological dichotomy have been assigned to the term “resilience” depending on the particular
contexts and systems of analysis. Holling (1973) originally defined resilience as “a measure of the
persistence of systems and of their ability to absorb change and disturbance and still maintain the
same relationships between populations or state variables” (14). Carpenter et al. (2001: 766)
borrow from the definition by Gunderson & Holling (2001), by emphasizing resilience as the ability
of a system to “persist” through disturbances. These definitions, which reject the engineering-
oriented definition of resilience by Pimm (1984) as the rate at which a system returns to its
singular steady state following a disturbance—cast resilience as neither an inherently positive nor
negative attribute, but rather as an ability that can have positive or negative implications
depending entirely on context. For example, eutrophic lakes, contaminated rivers, or depleted
aquifers may all represent ecological systems that are exemplars of resilience despite their
deleterious socio-ecological effects due to their persistence in the face of “disturbances” or
efforts to manage the system toward a more productive state.

These definitions were crafted specifically for ecological or social-ecological systems, but they
do not sufficiently apply resilience theory to the context of urban built environments. Liao (2012)
contrasts definitions of community resilience that operate under the framework of engineering
resilience against those that operate under the framework of ecological resilience. Many of the
definitions (Tobin, 1999:13; Buckle et al., 2000: 13; Godschalk, 2003: 136; Bosher, 2008: 13;
Lamond & Proverbs, 2009: 63) that Liao (2012) identifies emphasize a community’s ability to resist
disturbance and the rate at which communities can reorganize following a disturbance, both
attributes being foundations of the engineering resilience. Liao (2012) deems these definitions

inappropriate for measuring community resilience for much the same reason that Holling (1973,



1986) rejects engineering resilience: communities and their internal subsystems are constantly in
flux and do not operate at a predetermined steady state. Instead, “they operate like evolving
ecosystems rather than engineering systems and are characterized by complex behaviors
associated with nonlinearity, emergence, uncertainty, and surprise” (Liao, 2012: 48). Definitions
of community resilience that operate under the ecological framework may be far more effective
at accounting for the characteristic unsteadiness of urban built environments (Liao, 2012).

Nevertheless, many definitions of community or social resilience—including Liao’s (2012)—
limit their scope to only large-scale, often discrete and irregular, disasters such as earthquakes,
tornadoes, hurricanes, or floods (Mileti, 1999: 32-33; Tobin, 1999:13; Godschalk, 2003: 136; Adger
et al., 2005: 1036; Bosher, 2008: 13; Lamond & Proverbs, 2009: 63; Lépez-Marrero & Tschakert,
2011: 230). A more appropriate definition of resilience for communities could be “the capacity of
a system to absorb disturbance and reorganize while undergoing change so as to still retain
essentially the same function, structure, identity and feedbacks” (Walker et al., 2004: 2). Authors
who focus on natural disasters or severe shocks to communities laudably attempt to tailor the
definition more closely to the needs of communities but, in so doing, ignore other factors that
may prompt communities to move from the conservation phase to the release phase. While
Walker et al.’s (2004) definition benefits from the breadth it grants to potential disturbances, it
was not specifically ascribed to community resilience. Liao (2012) conversely adopts a definition
almost identical to Walker et al.’s (2004: 4), with the substitution of “function” for “processes”.
“Function” suggests separate and discernable services provided by the community as a whole,
whereas “processes” better articulates the multifarious operations within and between
communities. Thus, community resilience will be defined henceforth as the capacity of a
community system to absorb disturbance and reorganize while undergoing change so as to still
retain essentially the same processes, structure, identity, and feedbacks.

Beyond matters of definition exist matters of measurement. Resilience theory posits that all
systems move throughout the adaptive cycle, but requires quantitative and qualitative research
to better understand where a system resides in the cycle, the system’s proximity to thresholds,
the types of disturbances most likely to cause a regime shift within the system, and other
guestions relevant to understanding the particularities of community infrastructure resilience
(Holling, 1973). Indeed, “there is a much higher likelihood of crossing a threshold into a new

regime if you are unaware of its existence” (Walker & Salt, 2006: 74). Bruneau et al. (2003)



conceptualized community resilience to earthquake hazards as comprising of two separate four-
pronged suites of attributes. One suite addresses technical, organizational, social, and economic
dimensions, where technical dimensions relate to the functionality of physical systems within a
community (e.g., buildings, bridges, water mains), organizational dimensions relate to the
capacity of organizations to sufficiently increase community resilience (e.g., efficacy of
government administration), social dimensions relate to community access to critical services
(e.g., access to electricity and running water), and economic dimensions relate to the capacity to
reduce direct and indirect economic losses resulting from disruptions (Bruneau et al., 2003).
These indicators echo those proposed by Cutter et al. (2008), with some important differences.
Cutter et al. (2008) identify six dimensions of community resilience: ecological, social, economic,
institutional, infrastructure, and community competence. Economic, institutional, and
infrastructure dimensions are essentially analogous to Bruneau et al’s (2003) economic,
organizational, and technical dimensions, respectively. Cutter et al. (2008) choose, perhaps
redundantly, to separate demographics, community values, and social networks (social
dimension) from the local understanding of risks, quality of life, and available services (community
competence dimension); however, these factors are integral to community systems and rectify
deficiencies in Bruneau et al.’s (2003) less holistic understanding of social community dimensions.
The addition of the ecological dimension as part of community resilience aligns more closely with
the argument that community resilience should be couched within Holling’s (1973) broader
ecological resilience framework (Liao, 2012). The absence of any ecological dimension from
Bruneau et al.’s (2003) framework supports the contention it may too closely align with concepts
of engineering resilience (Liao, 2012). Both the terms “organizational” and “institutional” refer
predominantly to actions undertaken by entities responsible for community resilience, and so
may be better understood as “administration,” which Frederickson et al. (2012: 1) define as
“organization and management practices in collective or public settings”. Moving forward, both
Bruneau et al.’s (2003) and Cutter et al.’s (2008) dimensions will be integrated and described as
technical, administrative, social, economic, and ecological.

Bruneau et al’s (2003) second suite of intersecting attributes addresses four system
properties: robustness, redundancy, resourcefulness, and rapidity. Robustness references the
ability of strong systems to withstand disturbances without degrading or losing functionality;

redundancy references the substitutability of aspects within the system in the event that



disruptions diminish the functionality of critical components; resourcefulness references the
ability to apply resources to meet established priorities and achieve goals; and rapidity references
the ability to meet established priorities and achieve goals quickly in order to minimize losses.
Liao (2012) argues that these properties are indicative of engineering resilience, which encompass
“both resistance to and recovery from disturbances, although the measurement is focused
exclusively on recovery—the faster the full functionality is restored, the greater the resilience”
(2). While Bruneau et al. (2003: 735) do, in fact, define resilience as “the ability of social units to
mitigate hazards, contain the effects of disasters when they occur, and carry out recovery
activities in ways that minimize social disruption and mitigate the effects of future earthquakes,”
the properties of robustness, redundancy, resourcefulness, and rapidity are not inherently
engineering-oriented and are capable of being understood through Liao’s (2012) ecologically-
oriented lens of community resilience. Liao (2012) identifies five key attributes in communities
resilient to floods: localized flood-response capacity (e.g., community agency and self-sufficiency),
timely adjustments after every flood (e.g., rapidity), redundancy in subsystems, diversity (e.g.,
multiple management strategies to choose from, or resourcefulness), and flexibility (e.g., capacity
to quickly adapt, or resourcefulness). These key attributes are analogous to each of Bruneau et
al.’s (2003) with the exception of robustness. Yet robustness describes the ability of critical
community systems to maintain functionality, not necessarily to resist disturbances, and is
therefore a valid property of community resilience (Bruneau et al., 2003; McDaniels et al., 2007).
Henceforward, properties of robustness, redundancy, resourcefulness, and rapidity should be
interpreted as hybrids of Bruneau et al.’s (2003) and Liao’s (2012) definitions. These properties
will be used in conjunction with the former suite of dimensions derived from Bruneau et al. (2003)
and Cutter et al. (2008) to measure system resilience. Further, the term “dimension” will be used
to discuss technical, administrative, social, economic, and environmental attributes, while
“property” will refer to the robustness, redundancy, resourcefulness, and rapidity of each
dimension. These properties and dimensions will be referred to as “attributes” when being
discussed generally or collectively. Table 1, adapted from O’Rourke’s (2007) matrix, depicts the

intersections of these nine attributes in the context of resilient urban community systems.
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Table 1. Matrix of Intersecting Resiliency Attributes in Urban Community Systems!

Attribute Technical Administrative  Social Economic Environmental
Robustness Technical Active decision Public safety, Financial Environmental
strength or making, health, and stability; health and
endurance; level  planning, and general sufficient functionality of
of deterioration  execution of wellbeing revenue ecosystems
management
strategies
Redundancy Substitutive, Decentralized Availability of Diverse Substitutive,
alternative, autonomous relief for sources of alternative,
complementary, management; victims revenue complementary,
or supplemental institutional following or supplemental
technology checks and disruption environmental
balances services and
processes
Resourcefulness  Availability of Capacity to Public Capacity to Capacity to
and ability to improvise, competence, maximize access or use
use materials innovate, and preparedness,  funds; environment for
and equipment modify policy and management community
for repairs and and engagement costs goals
rehabilitation management
Rapidity Time required Time requiredto  Time required Rate of Rate of
to use make decisions to restore revenue environmental
technology; and move policy  normal losses and deterioration,
time required through community gains; rate of services, or
for technology administrative services and return on recovery
to resolve issue processes operations investments

1Adapted from O’Rourke (2007).

2.2: Sewerage Infrastructure as an Urban Social System

Efficient and functional sewerage systems have become a cornerstone of many communities
in developed nations, including the United States. Urban development “can hardly be imagined
in the absence of sewerage, i.e. a water-based system of waste removal, and the biotechnical
processes generally believed to be indispensable to contemporary wastewater treatment” (Beck
and Cummings, 1996: 407). This technocentric definition of sewerage systems is qualified by the
admission that “economic, social, or cultural dimensions” are “likely to be decisive
considerations” as well (Beck & Cummings, 1996: 405). The significance of sewerage
infrastructure to urban communities warrants its exploration as a full social system—one that is
characterized by technical, administrative, social, economic, and environmental dimensions.

Beck & Cummings (1996) describe the broad strokes of community wastewater development
in six stages: (1) migration of populations to communities, (2) installation of a centrally organized

water supply system to communities, (3) installation of sewerage system for the purpose of
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avoiding flooding, (4) extension and adaptation of sewerage to use water to flush waste out of
cities, (5) establishment of wastewater treatment at a regional facility, and (6) continual evolution
of wastewater treatment to become successively more effective. This description, while most
applicable to contemporary trends in developed nations, provides a useful framework for
understanding how sewerage systems developed in the United States. This section will summarize
knowledge of sewerage systems to date, beginning with a brief history of sewerage infrastructure
followed by an overview of the more recent technical, environmental, social, economic, and
administrative dimensions of sewerage systems.

2.2.a: Sewerage Systems in the United States: 1790 - 1972

Wastewater management in the Colonial America was decentralized, meaning waste was
treated and disposed near the source (Burian et al., 2000). Urban environments were not densely
populated, and there was little concern about the effects of contemporaneous wastewater
management practices on public or environmental health; consequently, the extent of
wastewater infrastructure often entailed use of a privy with an outlet leading to the street, yard,
or an open-channel sewer (Burian et al., 2000). The 1790 federal census documented 24 cities in
the United States, the combined population of which constituted only 5.1% of the population
(Louis, 2004). Some rudimentary sewer systems existed primarily for the purposes of channeling
stormwater to nearby waterways (Burian et al., 2000). Yet as the industrial revolution progressed
cities became industrial centers, attracting larger, mostly immigrant, populations (Louis, 2004).
Subsequent influxes in the volume of waste produced a series of public health epidemics
throughout the nation provoked “massive public hysteria, and created an impetus to understand
the etiology of disease, and develop organized systems for administering public health and
municipal sanitation” (Louis, 2004: 308). Decentralized sewer systems were insufficient in the
rapidly changing urban environments, and managers began considering opportunities to shift
toward a centralized system where wastewater is collected regionally and disposed at a central
location (Burian et al., 2000).

Cities began forming public agencies charged with managing sanitary and public health
concerns, and by 1855 Brooklyn constructed a combined sewer system (CSS); by 1856 Chicago
became the first city to rely on a CSS (Burian et al., 2000; Louis, 2004). The CSS conveys
stormwater, as well as household and industrial wastewater, in a combined network of pipes

toward a centralized location for disposal. Meanwhile, some managers began advocating for a
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different approach to wastewater management by utilizing a separate-sewer system (SSS) (Burian
et al., 2000). Where the CSS conveys stormwater and wastewater together, the SSS consists of a
storm pipe and a separate sanitary pipe for the respective conveyance of stormwater and
wastewater. The sanitary pipe would lead toward a centralized location for disposal while the
storm pipe would discharge stormwater into nearby waterways. Policymakers and managers in
the United States were concerned about the lack of a European precedent to the SSS—whereas
the CSS originated and was widely used in Europe—as well as agricultural usage of waterways
downstream of a storm pipe outlet and, above all, the presumed surplus expense of constructing
two sewerage pipes (Burian et al., 2000). Despite arguments that SSSs were, in fact, cheaper than
CSSs, and that neither system was superior for sanitation, most policymakers, managers, and
engineers accepted the argument that CSSs were best suited for urban and rapidly growing
communities (Burian et al., 2000). By the early 1900s, CSS pipe mileage far outnumbered SSS pipe
mileage, particularly in large urban communities (Burian et al., 2000).

Notwithstanding the early predominance of CSSs in the United States, changing technical,
social, administrative, economic, and ecological contexts during the first quarter of the twentieth
century fomented a newfound interest in the potential of SSSs (Burian et al., 2000). Between 1850
and 1920, the total percentage of United States residents living in urban areas moved from 12.5%
to 51%, and 19" century sewerage infrastructure was not fully equipped to handle the influx in
waste volume (Burian et al., 2000; Louis, 2004). CSSs previously disposed of untreated waste into
waterways at a centralized location, but as development expanded concerns grew that sewage
was contaminating drinking water sources and diminishing public health (Burian et al., 2000). The
sheer volume of wastewater now discharged into waterways undermined the assumption that
dilution sanitized sewage, spurring urban managers to explore wastewater treatment as a
necessary prerequisite to disposal (Burian et al., 2000). A progressive push for greater protection
of natural resources, emerging laws requiring the protection of waterways from nuisance
conditions, stricter judicial enforcement of waterway protection laws, and advocacy on the part
of businesses, public health organization, and media combined to push urban managers toward
an acceptance of wastewater treatment (Burian et al., 2000). However, wastewater treatment
was, at the time, considered incongruous with CSSs because they did not provide consistent and
manageable flows to treatment facilities, particularly during wet weather events when the

volume of flows would exceed the facilities’ capacity for treatment (Burian et al., 2000). SSSs,
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which provided adequate flows for treatment facilities, became the new norm, and by the 1930s
some urban communities began replacing CSSs with SSSs (Burian et al., 2000).

Following this transition, urban managers focused primarily on expanding current systems
rather than developing new technology, and federal funding for sanitation infrastructure
diminished between the periods of 1902 and 1970 (Cain, 1997; Burain et al., 2000). Nevertheless,
echoing earlier trends during the industrial revolution of the late eighteenth and early nineteenth
centuries, the twentieth century bore witness to economic prosperity and a higher quality of life,
which came with a higher consumption of water and production of wastewater via a larger overall
population and innovative plumbing fixtures such as showers, dishwashers, clothes washing
machines, and food waste disposals (Burian et al., 2000). The federal government reacted to the
growing urban wastewater challenge by enacting the Water Pollution Control Act of 1948, which
set out to provide “comprehensive planning, technical services, research, financial assistance, and
enforcement” (Burian et al., 2000: 53). Through extensions in 1952 and amendments in 1965, the
Water Pollution Control Act not only set uniform water-quality standards, it also established the
protection of waterway aesthetics and aquatic life as legislative goals (Burian et al., 2000). Finally,
the passage of the 1972 Clean Water Act (CWA) set a goal of nationwide water pollution
elimination by 1985 and established new regulations for polluters (Burian et al., 2000; Copeland,
2010a). The CWA also promoted the construction of treatment facilities by allocating billions of
dollars toward research and construction costs, further increasing the proliferation of urban
communities with SSSs throughout the United States (Burian et al., 2000; Copeland, 20103;
Ferrey, 2010).

2.2.b: Technical Dimensions of Sewerage Systems in the United States: 1972 - 2014

The American Society of Civil Engineers (ASCE) gave sewerage infrastructure a grade of D on
its 2013 Report Card for American Infrastructure (ASCE, 2013). The ASCE (2013) estimated that
there were between 700,000 and 800,000 miles of public sewer mains in the United States as of
2013 and 14,780 wastewater treatment facilities in 2008. The vast majority of these facilities
(98%) are publically owned, and serve nearly three-quarters of the population (EPA, 2002). Of this
infrastructure, much is reaching the end of its useful life—if it has not already—and is unable to
meet current flow capacity demands required (EPA, 2002; Koo, 2009; ASCE, 2013). Assessments
for gathering data on the condition of water and sewerage infrastructure conditions generally

reinforce the need for renewal engineering, entailing a broad spectrum of infrastructure repairs,



14

replacements, and rehabilitative practices to bring infrastructure to acceptable performance
levels (Jung, 2014).

The vast majority of technical sewerage infrastructure needs are related to pipe conditions,
as opposed to wastewater treatment facilities themselves. Consequently, most individual
municipalities face the most pressing technical challenges, even if there is no treatment facility
within municipal lines. Numerous factors are relevant to the technical stability of sewerage
infrastructure, including pipe age, diameter, length, material, depth, and gradient, environmental
factors such as soil conditions, frost damage, groundwater infiltration, and urban development
(Chughtai, 2008). The industry standard useful life for most sewerage conveyance pipes can be as
low as 15 years, but is generally between 50 and 100 years for vitrified clay, reinforced concrete,
and cement lined ductile iron pipes; however, as of 2001, the average age of sewerage pipes was
42 years, with half of the nation relying on pipes older than 50 years, and many older communities
using systems that are 100—and sometimes nearly 200—years old (EPA, 2002; WWE, 2010;
Wirahadikusumah, 2001). Figure 2 depicts estimated deterioration trends of sewerage pipes
through 2020 assuming pipe systems extend to accommodate growth and development, but no
efforts are taken to replace or rehabilitate existing pipe (EPA, 2002). Although treatment facilities
generally have a useful life of 20 to 50 years and will likely need rehabilitation within the next two
decades, their general condition is less impaired because most facilities were built later than
sewerage pipes, they are above ground and easier to see, and they tend to undergo more regular
inspections (EPA, 2002).

Figure 2. Estimated Sewerage Infrastructure Deterioration Trends through 2020?
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1Assuming pipe networks continue to expand, but no efforts are taken to replace or rehabilitate old pipes,
approximately 45% of the nation’s sewerage pipes are estimated to be classified as “poor,” “very poor,” or “life elapsed”
by the EPA. From EPA (2002).

SSSs remain far more widespread than CSSs. Approximately 20,000 municipalities use

separate systems in the United States, versus the 772 communities—mostly located in the
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northeast and around the Great Lakes—that rely on combined systems (Figure 3) (EPA, 2001,
2012). An additional 20% of the United States population relies on decentralized septic tanks for
on-site treatment of wastewater (EPA, 2013). Besides their distinct approaches to transporting
waste and stormwater, CSSs and SSSs are noteworthy for their response to intense wet weather
events. Under dry and moderate wet weather conditions, CSSs transport both waste and
stormwater to a wastewater treatment facility, where the aggregate flows are treated and
discharged as effluent into a receiving waterway. If wet weather conditions are particularly severe
and the sewerage infrastructure is unable to convey and treat the additional flows, CSSs are
designed to discharge untreated waste and stormwater into a receiving waterway to increase the
available capacity. Alternatively, SSSs are designed to always discharge untreated stormwater into
receiving waterways, while wastewater is sent to a treatment facility during dry and moderate
wet weather condition. During severe wet weather conditions, however, SSSs can also reach
capacity and surcharge untreated wastewater and stormwater into waterways, public spaces, or
subterranean environments. Untreated discharges from CSSs are known as combined sewer
overflows (CSOs) and untreated sanitary pipe discharges from SSSs are known as sanitary sewer
overflows (SSOs).

Figure 3. Partial Distribution of Separate and Combined Sewer Systems in the United States?
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IMaps depicting distribution of most separate sewer systems (left) and combined sewer systems (right) throughout
the United States. Adapted from EPA (2004a).

2.2.c: Environmental Dimensions of Sewerage Systems in the United States: 1972 — 2014
The 2004 National Water Quality Inventory report to Congress surveyed 16% of streams and

rivers in the United States and found 44% to be “impaired,” defined as unable to support one or
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more of their designated uses as determined by the CWA (EPA, 2004b). Water pollution comes
from several sources, though CSOs, SSOs, and stormwater discharges from SSSs represent a
considerable adverse input. Indeed, CSOs discharge 850 billion gallons each year, while SSOs
contribute 10 billion gallons annually—not including normal discharges of stormwater or
wastewater that surcharges into subterranean environments (EPA, 2004a). These discharges can
have serious deleterious effects on water quality and aquatic ecosystems by introducing oxygen-
demanding substances, sediments, pathogens, toxics, metals, pesticides, microbes, nutrients,
floatables and other pollutants into the natural environment (Paul & Meyer, 2001; EPA, 2004a).

The negative impacts of CSOs and SSOs on aquatic ecosystems are well documented. Phillips
et al. (2012) compared treated wastewater effluent from a treatment facility in Vermont to CSO
discharges into Lake Champlain and found that, on average, CSO discharges contained ten times
the levels of estrogens, androgens, and micropollutants. lannuzzi et al. (1997) determined that
sediments in New Jersey’s Passaic River adjacent to CSO outfalls showed traces of several
contaminants, including metals, polycyclic aromatic hydrocarbons, and polychlorinated biphenyls
(PCBs). Street dust contaminated with PCBs was found to wash into sewer systems and enter the
Buffalo River in New York through CSO discharges (Loganathan et al., 1997). SSOs have been
associated with the deaths of over 10,000 fish in North Carolina between 1997 and 2002, as well
as the deaths of 320 fish, 67 shrimp, 169 clams, 1 snail, and 1 bird after a single SSO event at Camp
Pendleton in California (EPA, 2004a).

Sewerage systems undoubtedly affect surrounding community ecosystems, but
environmental processes—heightened by climate change—are widely expected to also have a
disruptive effect on sewerage infrastructure. The Intergovernmental Panel on Climate Change
(2013) asserts with “medium” confidence that heavy precipitation events and increases in the
frequency, intensity, and/or amount of heavy precipitation are due in part to anthropogenic
activities, and that it is “very likely” these observed conditions will increase into the late 21
century over most mid-latitude lands and wet tropical regions (7).! Several assessments conclude
that increased precipitation may strain wastewater infrastructure globally and nationally by
increasing the frequency that wet weather events exceed system capacity, leading to more urban

flooding, CSOs and SSOs, more sewage surcharging into subterranean environments like

1 The International Panel on Climate Change associates a “likely” forecast with a 66-100% range of
confidence, and a “very likely” forecast with a 90-100% range of confidence.
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residential basements, and insufficiently treated effluent discharging from wastewater treatment
facilities (e.g., Niemczynowicz, 1989; Patz et al., 2006; NACWA & AMWA, 2009; Mailhot &
Duchesne, 2010; Kessler, 2011; Wilbanks & Fernandez, 2012).

2.2.d: Social Dimensions of Sewerage Systems in the United States: 1972 — 2014

A large body of research documents persistent urban population growth (e.g., DeFries et al.,
2010; McDonald et al., 2010; Wu et al, 2010; Ginerlap & Seto, 2013), and while the United
Nations (2011) notes slowing growth of urban populations worldwide, it still predicts a doubling
of the current 3.6 billion people living in urban areas within the next 63 years. Statistics from the
most recent United States Census confirmed these global trends are also playing out nationally:
urban areas account for 80.7% of the national population, and the urban population growth
increase of 12.1% between 2000 and 2010 surpassed the nationwide population growth increase
during the same ten-year period (DOC, 2012a). Urban population growth in the United States has
been correlated previously with increased consumption of water resources and, consequently,
increased production of wastewater (Burian et al., 2000; Louis, 2004). Assuming wastewater
production goes unchecked by water efficiency policies and innovative technology, urban
population growth may continue to strain sewerage systems by increasing inputs or requiring
extensions to the existing sewerage network.

No matter the contribution climate change or urban population growth may have on flows in
sewerage infrastructure, flooding, sewer surcharging and overflows already present a social
challenge. When CSSs and SSSs are filled beyond capacity—usually during intense wet weather
events—wastewater and stormwater will move to less pressurized areas, often being into
buildings and residences (EPA, 2004a). Information about property damage due to sewer
overflows is lacking and difficult to quantify because of case-specific circumstances, and many
instances go unreported or are difficult to track (Papa et al., 2013); however, it is estimated
basement backups caused by CSOs and SSOs cost between $305 million and $654 million annually
(Dorfman, 2004).

Sewer overflows into buildings and basements, as well as those that discharge into open
waters, can deleteriously effect public health. One of the most famous national public health
calamities connected to sewage overflows occurred when a massive wave of cryptosporidiosis—
a severe gastrointestinal illness caused by the parasite, cryptosporidium—broke out in Milwaukee

during the spring of 1993, affecting approximately 400,000 people and attributing to 725,000
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absentee work and school days over a six-week period (MacKenzie et al., 1994; Dorfman, 2004).
The outbreak factored into at least 54 deaths, mostly amongst immunocompromised populations
such as individuals infected with HIV (Vakil et al., 1996; Hoxie et al., 1997), and cost $96.2 million
in costs associated with medical expenses and productivity losses (Corso et al., 2003). Deficiencies
in water treatment processes allowed the parasite to pass into drinking water and, though a
source of the cryptosporidium itself was never definitively established, it is widely believed to
have originated entirely or in part due to insufficiently treated sewage discharges and raw sewage
overflows near one of the city’s main drinking water inlets (e.g., MacKenzie et al., 1994; Hoxie et
al., 1997; Rose, 1997; Dorfman, 2004; Eisenberg, 2004). Since 1999, annual nationwide medical
costs associated with consuming shellfish obtained from waters contaminated by sewage
overflows is between $2.5 million and $22 million, and costs associated with illness spurred by
recreation in fresh and marine waters contaminated by sewage overflows is in the range of $591
million to $4.1 billion (Dorfman, 2004).

Recreation and tourism are impacted by sewer overflows. Swimmers at polluted beaches tend
to have more gastrointestinal illnesses than non-swimmers, inducing communities to often close
beaches suspected of being contaminated by sewer overflows (Dorfman, 2004). In 2012, there
were 443 days of beach closings at coastal United States beaches due to known pollutant events
such as sewage discharges and overflows, but 16,662 days of beach closings due to detected
bacteria from unknown sources, which may include sewage (Dorfman & Haren, 2013). The value
of a single beach trip is estimated to be between $15 and $50 per person per day (Pendleton &
Kidlow, 2006), making beach closings a large source of lost community revenue; two months of
beach closures following sewer overflows in Los Angeles were estimated to cost the city $2.4
million, while economic losses from beach closings due to all forms of pollution in Lake Michigan
may exceed $37,000 each day (Dorfman, 2004; Rabinovici et al., 2004).

2.2.e: Economic Dimensions of Sewerage Systems in the United States: 1972 - 2014

The ASCE justifies its grade of D for sewerage infrastructure in the United States not only by
citing the deteriorating conditions of pipes and treatment facilities, but also by detailing the
prohibitive cost of repair and rehabilitation (ASCE, 2013). Despite a significant jump in
investments from $2.3 billion in 1956 to $93.6 billion in 2008, “local government is on a spending
treadmill where ever-growing annual investments may not be sufficient to guarantee safe,

affordable and adequate supplies and services in the 21t century” (Anderson, 2010: 4). Over the
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next twenty years, capital improvements to repair, replace, rehabilitate, and upgrade wastewater
infrastructure—including wastewater treatment facilities, pipes, CSO corrections, stormwater
management programs, and recycled water distribution—will carry a price tag on the order of
$298 billion, twice the current investment by all levels of government (EPA, 2008; ASCE, 2013).
Small communities with populations of fewer than 10,000 people will require $22.7 billion in
capital improvements, or 8% of the total estimated nationwide cost (EPA, 2008).

The 1972 CWA authorized Congress to assist in funding sewerage infrastructure and
wastewater treatment construction and rehabilitation. States receive grants according to state
population and infrastructure needs as assessed by EPA surveys (Copeland, 2010a). Between 1972
and 1989, federal grants covered 55 to 75% of infrastructure improvement costs, with more
funding allocated to construction of priority or innovative technology (Copeland, 2010a). The
1987 Water Quality Act established the Clean Water State Revolving Fund (CWSRF), which
officially went online in 1989, as an alternative state-by-state revolving loan funding source for
sewerage infrastructure (Copeland, 2010a). For every dollar the federal government donates to a
state’s CWSRF, the state will match that donation with 20 cents (EPA, 2014a). Individual
communities can borrow money from the CWSRF for a range of wastewater infrastructure needs
and repay loans at low or no interest over 20 years, allowing other communities to tap into funds
for infrastructure projects (EPA, 2014a). While the EPA (2014) insists the CWSRF program is more
flexible than previous federal grant programs, some cities and smaller communities struggle to
pay back loans (Copeland, 2010a). Moreover, federal investments in wastewater infrastructure
declined between 2008 and 2012 to an average $2.1 billion annually, or $42 billion over two
decades (ASCE, 2013).

Local government expenditures constitute 97% of all investments into public water and
wastewater infrastructure, yet “limited resources prevent them from acquiring and implementing
technologies as quickly as they and regulatory agencies would prefer” (EPA, 2004a; Anderson,
2010). Local governments primarily rely on municipal obligation bonds, revenue bonds, and user
rates to fund water and wastewater infrastructure needs (Anderson, 2010). The difficulty local
governments have in financing major capital improvements may be exacerbated by their failure
to charge appropriate user rates for water and sewerage services (Anderson, 2010). An estimated

70 to 80% of utilities set user rates high enough to cover the costs of operations and maintenance,
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but not high enough to sufficiently finance repair, replacement, and rehabilitation projects
(Anderson, 2010).
2.2.f: Administrative Dimensions of Sewerage Systems in the United States: 1972 — 2014

The 1972 CWA established two goals: the elimination of all pollution discharges into
waterways by 1985 and, wherever possible, the establishment of waterways that are both
“fishable” and “swimmable” by 1983. Nearly three decades later, the Environmental Protection
Agency (EPA)—the federal agency with primary authority over implementing the CWA—has been
unable to meet the first ambitious goal, and continues working toward achieving the second goal.

The CWA is a regulatory, technology-forcing statute to help make reaching those goals
feasible (Copeland, 2010a). The CWA required industrial dischargers to install the “best
practicable technology,” understood as the best available technology for limiting polluted effluent
discharges at the most appropriate cost as determined by the EPA no later than July 1, 1977;
industries unable to comply were shut down (Copeland, 2010a; Ferrey, 2010). Industries
specifically discharging toxic and nonconventional pollutants into waterways were given until
March 31, 1989 to install the “best available technology,” which did not include a cost-benefit
analysis (Copeland, 2010a; Ferrey, 2010). Municipalities did not have to achieve industry
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standards for effluent treatment and, instead, were required to install “secondary treatment”
technology at wastewater treatment facilities by July 1, 1988 (Copeland, 2010a). Primary
treatment of wastewater is entirely physical, removing large suspended solids, heavy solids, or
excessive amounts of fat, oil, and grease (Ferrey, 2010). Secondary treatment is entirely biological,
which uses microbial oxidation processes as wastewater filters through a gravel bed to mimic
purification processes of streams (Ferrey, 2010). The Municipal Wastewater Treatment
Construction Grants Amendments of 1981 established that municipalities are not required to
install tertiary treatment (i.e., chemical treatment) of wastewater as well (Copeland, 20103;
Ferrey, 2010). By 1988, 86% of all municipalities met the deadline for secondary treatment
technology installation, with the remaining municipalities being required to comply as quickly as
possible (Copeland, 2010a).

Another major amendment to the regulatory provisions of the CWA took the form of the 1987
Water Quality Act, which expanded the scope of the CWA from combatting only point-source
pollution to also requiring National Pollution Discharge Elimination System (NPDES) permits for

some forms of nonpoint source pollution (Copeland, 2010a). The amendment encouraged states
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to develop and implement nonpoint pollution management initiatives to protect waterways from
contaminated stormwater runoff, which accounts for an estimated half of all national water
quality impairment (Copeland, 2010a). The EPA employed NPDES permitting for nonpoint source
pollution in urban areas issued in two phases. Phase | was issued in 1990 and targeted “medium
and large municipal separate storm systems...located in incorporated areas and counties with
populations of more than 100,000, certain industrial activities, and construction activities
disturbing five acres or more” (EPA, 2005: 27). Phase Il was issued in 1999 and required NPDES
permitting for “operators of small [municipal separate storm systems] in “urbanized areas” (as
defined by the Bureau of the Census) and small construction activities disturbing between one
and five acres of land” (EPA, 2005: 27-28).2

The EPA was able to launch the 1994 CSO Control Policy, which sought to provide “guidance
to communities and permitting authorities on options for CSO control that will meet [CWA]
requirements in a flexible, cost-effective manner” (EPA, 1998: 1). The policy sought to make
effective CSO management, in accordance with nine minimum controls,® simpler for
municipalities and, four years after its inception, the EPA (1998) reported more than half of CSO
communities were implementing the nine controls. Each state with CSS communities completed
long-term CSO control plans by 2001 (EPA, 2001). There has been little additional major federal
legislation or policy guiding sewerage system administration beyond the publication of the 1994
CSO Control Policy, and most recommendations for new laws—typically regarding funding of
sewerage infrastructure and control of CSOs and SSOs—remains contentious and politically
immobile (Copeland, 2010b).

State and local governments have considerable agency in setting policy for water pollution
and sewerage systems. The CWA and many other federal environmental laws embody “a
philosophy of federal-state partnership in which the federal government sets the agenda and

standards for pollution abatement, while states carry out day-to-day activities of implementation

2 The Department of Commerce, through the Bureau of the Census, classifies “urbanized areas” as densely
settled territories that contain 50,000 or more people (DOC, 2010).

3 The nine controls are: (1) Proper operation and maintenance of the combined sewer system, (2)
Maximum use of the collection system for storage, (3) Review and modification of pretreatment
requirements, (4) Maximization of flow to the publicly owned treatment works (POTW) for treatment, (5)
Prohibition of CSOs during dry weather, (6) Control of solid and floatable materials in CSOs (7) Pollution
prevention, (8) Public notification of CSO occurrences and impacts, (9) Monitoring of CSO impacts and the
effectiveness of CSO controls (EPA, 1998).
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and enforcement” (Copeland, 2010a: 4). Many agencies and associations are involved with state
and local-level management of water resources, including regional special-purpose districts,
public utility or service commissions, state, county, and municipal governments, as well as
citizens’ groups and non-profits, such as the American Water Resources Association (Louis, 2004;
Marques, 2010).

2.3: Sewerage System Management in Cook County, lllinois

This section will provide an overview of Cook County relevant to its sewerage system
management practices. The government of Cook County, lllinois (2011)—established in 1831—
describes the county as:

...an urban county in the upper northeastern section of the State of lllinois that contains
more than 800 local governmental units within its boundaries. With a population of
approximately 5.3 million people, it is the second most populous county in the nation and
the 19th largest government in the United States (2005 census statistics)...Cook County
contains 128 municipalities in its region, the most well known being the City of Chicago -
which is the County seat where the central offices of Cook County are located. The City of
Chicago and the suburban municipalities account for approximately 85% of the County's
946 square miles, while unincorporated areas make up the remaining 15%.

Cook County is a home rule county, defined by the Illinois Constitution as a county with an
elected chief executive officer or any municipality with more than 25,000 residents and, thereby,
granted powers to protect “the public health, safety, morals and welfare; to license; to tax; and
to incur debt” (Article VII, section 6a). Municipalities with populations of less than 25,000 may
elect to become home rule communities by referendum (Article VII, section 6a). Home rule
municipalities in Cook County rely on property taxes for 18% of their overall revenue, less than
the statewide home rule average of 23%, and despite widespread concern over the abuse of home
rule taxing authority, there have been few instances of abuse of home rule taxes in lllinois since
1970 (Banovetz, 2002).

A number of waterways border or run through Cook County, including but not limited to Lake
Michigan, the Chicago River, the Des Plaines River, the Calumet River, the Little Calumet River,
Salt Creek, the Chicago Sanitary and Ship Canal, and the Cal-Sag Channel. Cook County also exists
within seven watersheds, including the Little Calumet-Galien Watershed, the Pike-Root
Watershed, the Lake Michigan Watershed, the Chicago Watershed, the Des Plaines Watershed,

the Upper Fox Watershed, and the Lower Fox Watershed (EPA, 2014b). Communities in Cook
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County rely on water from Lake Michigan or local aquifers, which is generally sent to one of seven
water reclamation facilities operated by the Metropolitan Water Reclamation District of Greater
Chicago (MWRD), before being released as effluent into local waterways that ultimately travel the
Des Plaines River, which feeds into the lllinois River and, from there, the Mississippi River, before
its final release into the Gulf of Mexico.
The MWRD is an independent government and taxing body run by a nine-member Board of
Commissioners. The agency’s stated mission is to:
protect the health and safety of the public in its service area, protect the quality of [Lake
Michigan], improve the quality of water in watercourses in its service area, protect

businesses and homes from flood damages, and manage water as a vital resource for its

service area (MWRD, 2014).
The MWRD oversees seven water reclamation facilities, each ranging in capacity from 2.3 million
gallons per day to 1.2 billion gallons per day at the Stickney plant, the largest water reclamation
plant in the world (MWRD, n.d.a). The MWRD oversees most sewage and wastewater
management and all stormwater and flooding management in Cook County (Figure 4). Yet the
MWRD’s authority is separate from that of individual municipalities:
While exercising no direct control over wastewater collection systems owned and
maintained by cities, villages, sewer districts, and utilities, the District does control
municipal sewer construction by permits outside the City of Chicago. It also owns a
network of intercepting sewers to convey wastewater from the local collection systems
to the water reclamation plants (MWRD, 2014).
Thus, while the MWRD is a regional agency responsible for treating wastewater and issuing
permits for sewerage infrastructure construction, municipalities maintain control over public
sewerage infrastructure within their jurisdiction, while private citizens are responsible for private

laterals that feed into the municipal system.



24

Figure 4. Jurisdiction of the Metropolitan Water Reclamation District of Greater Chicago®

Barrington -
Hills 3

rPark | S <‘CM.
~ Lo A 1" s

" Palatine )

Amn on
Heig!

. Holgh.i ‘ b~

| Mount
Prospect |

\

\ '.
| Wheeling

|

Northbrook e

Northfield |

Glenview {
|

i -
L) | Blencoe

. Winnetka

 Kenflwort!

Wilmette

B Gaf Evanston \
Elgi \“I o "3733." Skokie | 3
gin 2 | =
=/ I » £
' Streamwood | - Y Plaines bt &
ot S Schaumburg oy, ; —
o <+ Hanovr| \ ‘ w, Grove T 7% ! _:;
A h ‘ | gl ' = | < Lincolnwood |
,,,,, ; Bartlett g Rppeité, = & Sa % ‘ nwoocd
" & ~ = oy Rosemignt b 1 5.
= b, 3 5
- &% Dty
:Norridge  Harwood .
\ » L ' Heights
Population (2010) Square Miles | " o Schﬂ‘t_
Chicago 2,695,598 228 ) ‘Fr;:ﬂdm i
Suburbs 2,499,077 726 ST " > %
rove S
Cook County 5,194,675 954 ™ 2 RiGbean A4 2.
Stone- park . C3
M :
B \Forest 0ak
y . Borkeley 1%
Population over 50,000 Population over 30,000 —Bellwoad el
i i k- Fiilsids Maywopd Chicago
Arlington Heights Calumet City - o Fg.r::g
Berwyn Elk Grove Village AL
Cicero Glenview % ol SiBiverside S°™V™ Ciero gl
La Grange i G
Des Plaines Northbrook ~Par 3
Evanston Park Ridge g
Mount Prospect Streamwood
Oak Lawn Wheeling
Orland Park
Palatine
Schaumburg ;
Skokie Bridgeview Burbank
- B ~ — Hom
Tinley Park Mickory™, ] g "Z:mm
.‘ Tt Oaktawn’ | Pk
Paice T [Chided
S idge: [ ‘ .
“-Sap O el v 3 I R
) Worth "™ |__ Merriangtte =
> Bl S"'.“ 3
[ Lemont
% | 8 43 iatwo Fic *v:" > 3
- Dolton mmri'j
' Harvey 1(-/, 3, C'(I;:\'rm
Phoe'nix ""*’R} thr o
{ 5 . ¥ fsoum T
7. Mnrkhu!n[\—" e Holland L \‘q—,____(
‘Hnd Eastlhzel ! i ".‘:ig:;nning )
Cook County Limits « .',glitlab { SR 28 = ,';"‘ii
- ‘ [ 1 .
(= Flagsmoor 1
I'— MWRDGC Limits 5 - Lo ke
North S R Y N S | | <
Miles Matteson J:;mfms {1 Chicago’ T w3 b
'J?‘i , Heights ]_,1F dﬂaiﬂi‘(\gl il

The MWRDGC has responsibility for Stormwater Management for all of Cook
County, including areas that currently lie outside the MWRDGC's boundaries.

1From MWRD (2014).

Frank
s

Chi
Fore Helg
J ] SQencr




25

The MWRD originally formed as a response to public health concerns over drinking water
contamination (Cain, 1978; Hill, 2000; MWRD, 2014). Despite natural drainage from local rivers,
Chicago’s landscape was so flat that rainwater would not run off, creating swampy conditions
until the water would evaporate or percolate through the soil (Cain, 1978). In 1848, with a
population of approximately 30,000, there was no sewer system; the primary drainage system
consisted of roadside ditches into which citizens would dump refuse and waste until rainwater
washed it into the Chicago River (Cain, 1978). At the time, the Chicago River naturally flowed into
Lake Michigan, Chicago’s source of drinking water. Waterborne diseases were regular
occurrences, including an outbreak of cholera in 1854 that killed nearly six percent of the
population (Cain, 1978; Hill, 2000). Desperate to solve their wastewater woes, Chicago’s Board of
Sewerage Commissioners hired Ellis Sylvester Chesbrough, then the city engineer for Boston, to
improve the city’s health (Cain, 1978; Hill, 2000). Chesbrough set out to establish one of the
country’s first comprehensive combined sewerage systems, which required wastewater to drain
into the Chicago River thereby effectively condemning it as an open sewer (Cain, 1978; Hill, 2000).
Nevertheless, while Chesbrough’s efforts relieved much of the city’s drainage problems, the
Chicago River not only became entirely polluted, but the pollution continued to stretch through
Lake Michigan and to the city’s water supply intake (Cain, 1978; Hill, 2000).

Polluted drinking water stymied public health improvements, so, in the 1860s, the city took
the drastic step of engineering the Chicago River to intermittently reverse its flow as a means of
flushing pollutants downstream (Cain, 1978). Yet over the next four decades, water quality was
still so poor that even temporary reversals of the Chicago River were not enough to protect public
health (Cain, 1978). Inadequate sewerage infrastructure to control odors, flooding,
contamination, and illness prompted vocal responses from citizens in the 1880s (Hill, 2000). In
1886, Chicago created a governmental Drainage and Water Supply Commission charged with
developing a plan that would rectify the ongoing public health challenges and flooding (Hill, 2000).
Chicago’s Drainage and Water Supply Commission ultimately determined that the best means of
ameliorating the city’s wastewater problems was to permanently reverse the Chicago River by
creating a new canal to alter the hydrologic flow (Hill, 2000). However, building the canal would
cost an estimated $7 million, and so it was determined that a separate county-wide governmental
body must be created with taxing authority to increase available funds at the city’s disposal for

embarking on such an ambitious engineering project (Hill, 2000). Further, local industries
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demonstrated interest in the proposed canal when it became known that, if the canal were made
wide enough, it could be determined a navigable waterway and allow for increased financial gains
by connecting the Mississippi River to Lake Michigan (Hill, 2000).

After significant lobbying efforts by Chicago to convince other communities, especially those
downstream of the Mississippi River where Chicago’s wastewater would flow after the
construction of a canal, the “Act to Create Sanitary Districts and to Remove Obstructions in the
Des Plaines and lllinois Rivers” passed through the lllinois House and Senate (Hill, 2000). The act
authorized the creation of county-wide sanitary districts intended to protect public health by
managing wastewater. The Sanitary District of Chicago was formed shortly thereafter in 1889 with
enormous public support (Hill 2000; MWRD, 2014). Immediately after formation of the Sanitary
District of Chicago, the board of commissioners began planning for the creation of the Sanitary
and Ship Canal, named in order to reflect its dual functions for protecting public health and
enhancing economic development. Construction began in 1892 and concluded in 1900. Once
completed, the canal successfully and permanently carried the flow of the Chicago River into the
Des Plaines River and away from Lake Michigan (Cain 1978; Hill 2000). Reversing the flow of the
river yielded significant benefits for public health within Chicago, and allowed the city to maintain
its rapid rate of growth (Lee, 2001). The long-term success of Chicago’s wastewater system earned
it recognition amongst the ASCE’s (2014) ten “Monuments of the Millennium” that “had the
greatest positive impact on life in the 20" century.”

The Sanitary District of Chicago continued taking bold and progressive action into the
twentieth century, including construction of the North Shore Channel in 1910 and the Cal-Sag
Channel in 1922 to further reduce wastewater contamination of Lake Michigan, as well as the
installation of its first wastewater treatment plant in 1922 and six additional plants in following
years (Cain, 1978). Today, most wastewater travels south of Chicago to the Stickney Water
Reclamation Plant (Stickney), which became fully operational in 1939 (MWRD, n.d.a). Stickney is
the world’s largest wastewater treatment facility, and uses a four-step treatment process to
mimic processes of a natural river (COC, 2009). Wastewater first moves through rotating screens
to catch large debris, before being pumped and transported by gravity through the remainder of
the plant. At the first tank, heavy inorganic particles like sediment naturally filter toward the
bottom, and oxygen is injected to break down remaining organic materials. The second tank

allows organic materials to settle, oils to move to the surface, and water to continue on to the
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third tank, where water is again injected with oxygen, but this time with microbes that breakdown
remaining waste materials. Finally, water enters pools with diameters of 30 feet where sediments
settle and the treated effluent moves through channels to the Sanitary and Ship Canal.

While reversing the Chicago River and establishing the world largest wastewater treatment
facility were critical for cleaning up local waterways, more work was needed. Many municipalities
in Cook County rely on CSSs, so intense wet weather events often cause sewers to exceed their
capacity and overflow into waterways, streets, or basements. As the region grew, so did the
amount of impervious surfaces, causing more stormwater to enter sewerage infrastructure and
significantly increasing the number of overflows into Lake Michigan, exposing the public to
untreated wastewater (MWRD, n.d.b).

The MWRD addressed the issue in 1972 by adopting the Tunnel and Reservoir Plan (TARP), a
multi-billion dollar project to protect Lake Michigan, other local waterways, streets, and
basements from raw sewage and stormwater flooding (MWRD, n.d.b). TARP—often referred to
as Deep Tunnel—is a two-phase project. Phase | - the primary pollution control component -
involved the creation of four major tunnels systems throughout Cook County with pipes that
automatically remove water from the system after a storm event in order to maximize capacity
before the next event. In total, there are over 109 miles of enormous pipes currently capable of
capturing 2.3 billion gallons of combined flows. The captured combined flows undergo treatment,
and then discharge into local waterways. Over the years, this system became gradually
operational, with full completion of Phase | in 2006. The second phase is still ongoing, focusing
primarily on flood control and abatement of polluted waterways. This phase involves building
three massive reservoirs throughout the county, which will increase the storage capacity of TARP

to 17.5 billion gallons.
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Chapter 3: Methodology

That quantitative procedures remain predominant in the social sciences is not in itself a
problem or a question. What must be questioned, however, is the preoccupation of so
many quantitative social scientists with methods, often at the expense of both theory and
substance. Qualitative strategies, on the other hand, are intricately intertwined with both
the substance of the issues they explore and theories grounded in these substantive issues.
If social science is to sort the noodles from the soup, it must to do in a substantively
meaningful manner.

— Bruce L. Berg & Howard Lune (2012): 419

Despite extensive literature on emerging challenges associated with management of
sewerage infrastructure internationally, no previous studies examining challenges to the
resilience of municipal sewerage systems and strategies for managing for resilience in Cook
County, lllinois were identified prior to this study. Further, no identified studies associated with
sewerage system management specifically analyzed for technical, administrative, social,
economic, and environmental criteria at the municipal scale. This section details how qualitative
research methodology was selected and constructed to fill the identified knowledge gap.

3.1: Approaches to Qualitative Research

Whereas quantitative analysis tends to count and measure, qualitative research has been
described as a method of answering the “what, how, when, where, and why of a thing—its
essence and ambience,” in order to understand “meanings, concepts, definitions, characteristics,
metaphors, symbols, and descriptions” (Berg & Lune, 2012: 4). Social constructionism suggests
that social relationships are constructed and highly interpretive phenomena that cannot be fully
or sometimes even partially understood through quantitative approaches alone (Robson, 2011).
Yet social constructionism and qualitative research are not entirely divorced from an
understanding of physical, tangible, and otherwise quantifiable objects, events, or phenomena.
Indeed, “the meaning that people attach to their experiences and the objects and events that
make up these experiences is not accidental or unconnected. Both the experiences and the events
surrounding them are essential to the construction of meaning” (Berg & Lune, 2012: 14). Social
construction can provide meaningful insights into how these things are identified and perceived
(Robson, 2011). Qualitative researchers have several research methodological approaches at their
disposal to better understand the social environment, including case studies, participant
observation, unobtrusive measures, focus groups, and interviews. Methodological choices should
be made with respect to the type of information sought by the research, and the circumstances

under which research is taking place (Robson, 2011).
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Interviews are conversations with the purpose of obtaining information from an informant
(Berg & Lune, 2012). Interviews can be fully structured, semi-structured, or unstructured. Fully
structured interviews are similar to surveys in that they rely on precisely phrased and ordered
guestions, and do not allow the interviewer to deviate from a predetermined script (Robson,
2011; Berg & Lune, 2012). Oppositely, unstructured interviews are generally impromptu or
improvisational, allowing the interviewee to explore areas of interest without concern for
consistency across interviews (Robson, 2011; Berg & Lune, 2012). Between the two are semi-
structured interviews, which allow adjustments to the phrasing and order of questions, as well as
the addition of probes or the exploration of interesting topics; however, all interviews cover the
same general topics (Robson, 2011; Berg & Lune, 2012).

3.2: Site Selection

Cook County, lllinois is relatively flat topographically, reducing the effects of topographic
variance on county-wide sewer system functionality. Further, while Cook County is subject to
severe weather—including floods, heavy snowfall, and tornadoes—these events seldom damage
subterranean infrastructure as thoroughly as hurricanes or earthquakes in large urban coastal
areas of the United States. The 128 municipalities vary in terms of sewer system type utilized
(CSO, SSO, or both), relative economic affluence, age, proximity to Chicago, governmental
structure, and several other factors. Two such factors—sewer system type and relative economic
affluence—were targeted specifically to explore differences and similarities among municipalities
with different infrastructure and economic resources within the community. Most municipalities
in Cook County fall under the jurisdiction of the MWRD and are subject to its rules and regulations
concerning wastewater management. To maintain consistency with regard to external
management organization, only municipalities within the MWRD’s jurisdiction were included in
this study.

Municipalities were chosen according to sewer system type and an economic profile.
Municipal sewer system type was determined by consulting the MWRD’s website
(www.mwrd.org) and confirmed with municipal professionals in person or over the phone.
Economic profiles were created by consulting the most recent information available on the
website for the United States Census Bureau (DOC, 2012b). Three economic indicators are
available directly relating to the wealth of individuals within each municipality: per capita money

income in the past 12 months (2012 dollars), median household income, and percentage of
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persons below the poverty level. Values for each indicator were compared with the averages for
all of Cook County (530,048, $54,648, and 16.4%, respectively). Municipalities were first
categorized according to sewer system type (combined, separated, or both combined and
separated), and then categorized according to their economic profiles. Municipalities above or
below the county average for all three indicators were selected as candidate sites, while
municipalities with only one or two indicators above or below the county average were excluded.
Municipalities became candidate sites if they fell above or below the county average for at least
median household income, a metric often used as a partial proxy of community wealth (e.g., Rives
& Heaney, 1995; Imperial, 1999; Saxton & Benson, 2004). Thus, municipal sites were initially
chosen according to six potential categories (Table 2). Three additional municipalities were
selected based on their status as a non-home rule community, a concept that emerged during the
initial interviews and was further explored. Limited availability and access to non-home rule
communities resulted in an additional two municipalities with separate systems and economic
profiles above the county average, and one additional municipality with combined and separate

systems and an economic profile below the county average.

Table 2. Initial Categories of Municipal Selection Criteria

CATEGORY 1 CATEGORY 2 CATEGORY 3
COMBINED SYSTEM COMBINED & SEPARATED SEPARATE SYSTEM
& SYSTEMS &
ECONOMIC PROFILE & ECONOMIC PROFILE

ABOVE COUNTY AVERAGE

ECONOMIC PROFILE
ABOVE COUNTY AVERAGE

ABOVE COUNTY AVERAGE

CATEGORY 4 CATEGORY 5 CATEGORY 6
COMBNED SYSTEM COMBINED & SEPARATED SEPARATE SYSTEM
& SYSTEMS &
ECONOMIC PROFILE & ECONOMIC PROFILE
BELOW COUNTY AVERAGE ECONOMIC PROFILE BELOW COUNTY AVERAGE
BELOW COUNTY AVERAGE

Once candidate municipalities were identified, professionals from Public Works and
Engineering departments were contacted via phone, email, letters, or in person with requests for
interviews. Requests included the name of the study, the purpose of the study, and the
researcher’s affiliation with Oregon State University. Professionals were contacted using
information available on municipal websites, and while the highest ranking departmental officials

were targeted, all requests asked for interviews with the highest ranking official best able to speak



31

on behalf of the municipality concerning management of the municipal sewerage system. Many
contacts did not respond to the interview requests, while others directly declined, usually
contending that the business of their schedules precluded them from the time necessary to
participate in the interview. The researcher then decreased the requested time for interviews
from 60 minutes to 30 minutes; subsequently, contacted professional generally demonstrated
greater willingness to participate in the study. One professional agreed to be interviewed, but
canceled the morning of the interview to work on emergency repairs.
3.3: Municipality Descriptions
To preserve the confidentiality of all municipalities and study participants, information that
may directly identify individuals or municipalities involved in this study has been omitted or
substituted with codes. Table 3 provides information about the number of interviews and
interviewees from each municipality included in this study, as well as the form of government and
generalized population for each municipality. Population data are generalized in clusters of 10,000
residents and taken from census estimates (DOC, 2012b). Below is a description of information
included within each municipality code:
e M#: “Municipality,” followed by an arbitrarily assigned number.
e (C/S/CS: The municipality has a “combined” sewer system, “separate” sewer
system, or a “combined and separate” sewer system, respectively.
e A/ B: The municipality is “above” or “below” the Cook County average for
community wealth, respectively, defined as mean household income and, in
most cases, mean per capita income and percentage of persons below the
poverty line as well.
e HR/NHR: “Home rule” or “non-home rule,” respectively.
Overall, nine municipalities were included in the study. Three municipalities had a separate sewer
system, two municipalities had a combined sewer system, and four municipalities had both
separate and combined sewer systems. Five municipalities were above the Cook County average
for community wealth, while four municipalities were below the average. Six of the municipalities
were home rule communities, whereas the remaining three were non-home rule communities.
Six of the municipalities operated under council-manager forms of government, one municipality
operated under a strong mayor form of government, one municipality used an aldermanic-city

form of government, and one municipality used a village-trustee form of government.
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Municipality populations ranged from less than 10,000 residents to between 50,000 and 60,000
residents.

Table 3. Municipality Codes, Interview Data, Government Form, and Population

Municipality? Interviews / Interviewees / Interviewee Municipal Municipal
Municipality> Municipality? Department  Government* Population®
M1(S-A-HR) 1 2 Public Works;  Council-Manager <60,000
Engineering
M2(C-A-HR) 2 2 Public Works;  Council-Manager <50,000
Engineering
M3(CS-A-HR) 1 1 Public Works  Council-Manager <30,000
M4(S-B-HR) 1 1 Public Works  Strong Mayor <20,000
M5(C-B-HR) 1 1 Public Works ~ Council-Manager <30,000
M6(CS-B-HR) 1 1 Public Works  Aldermanic-City ~ <30,000
M7(S-A-NHR) 1 1 Public Works  Council-Manager <10,000
MS8(CS-A-NHR) 1 2 Public Works ~ Council-Manager <20,000
M9(CS-B-NHR) 1 1 Public Works  Trustee-Village <20,000

1Municipality codes should be interpreted as follows: M# (“Municipality,” followed by an arbitrary number); S
(“separate” sewer system); C (“combined” sewer system); CS (“combined and separate” sewer system); A (“above”
average community wealth in Cook County); B (“below” average community wealth in Cook County); HR (“home rule”);
NHR (“non-home rule).

2Total number of interviews: n = 10.
3Total number of interviewees: n = 12.
4Municipa| form of government was determined by checking the municipality’s website.

5Popu|ations are clustered in groups of 10,000, ranging from 0-9,999 (<10,000), 10,000-19,999 (<20,000), 20,000-
29,999 (<30,000), 30,000-39,999 (<40,000), 40,000-49,000 (<50,000), and 50,000-59,999 (<60,000).

3.4: Semi-Structured Interviews

A total of ten semi-structured interviews were conducted with twelve interviewees during the
months of June, July, August, and December 2013. The majority of interviewees were
professionals in the municipality’s Public Works department, although two interviewees
represented the Engineering department (Table 3). All interviews took place at the interviewee’s
office during their normal working hours. Most interviewees lasted approximately 30 minutes.
Interviewees were reminded about the purpose and intent of the interviews, and consented to
be audio recorded and have their contributions included in the study and any final publications.
All interviews were audio recorded using a Sony digital flash recorder.

The researcher prepared an interview guide (see Appendix C) with key topics for discussion.

Primary questions were put to all interviewees, and additional prompts, clarification, or
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unpremeditated questions were used to obtain additional information or explore emerging topics
of interest and potentially relevant to the study aims. All interviews were concluded by asking if
the interviewee had any final questions or comments.

3.5: Coding and Analysis

All interviews were transcribed onto a Microsoft Word document within one week after
conducting the interview. Interviews were edited for extraneous or unnecessary words and
phrases (e.g., “uh” and “um), but were otherwise transcribed verbatim.

Following interview transcription, the researcher combed through interviews to separate text
according to codes (see Appendix D) based on Table 1. Due to the strong theoretical basis of most
codes, the researcher chose to conduct all coding by hand to ensure consistency, accuracy, and
relevance. Codes were categorized as primary (i.e., challenges or projects), secondary (i.e.,
technical, administrative, social, economic, environmental), and tertiary (i.e., robustness,
redundancy, resourcefulness, rapidity). During coding, it became apparent that interviewees were
also emphasizing organizational components of the municipal sewerage system not directly
applicable to codes for challenges and projects; thus, the research created an additional set of
codes with primary (i.e., organization), secondary (i.e, internal or external), and tertiary (i.e.,
public, private, or collaborative) themes related to organizational issues.

All data were associated with individual interviews, not individual interviewees. During
interviews conducted with two interviews, one interviewee generally acted as the primary
informant. While interviewees occasionally emphasized different issues, in no instances did either
disagree with or contradict the other. Thus, for coding purposes, it was assumed that both
interviewees collectively provided the same information. In the case of one municipality, M2(C-
A-HR), responses from both interviewee were coded and categorized separately because
interviews were conducted independent of one another; therefore, interviewees were unable to
influence each other’s responses.

Thus, study results and analysis operate with the understanding that data come from ten
interviews, not necessarily from twelve interviewees. For example, if results report that all
interviewees mentioned a particular topic, it indicates that during each of the ten interviews, at

least one of the interviewees mentioned that topic.
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3.6: Limitations

One potential limitation in this study is the relatively small sample size and short duration of
interviews. This limitation particularly constrains the conclusiveness of data analyzed to answer
the fourth and fifth research questions—the effect of sewer system type and community wealth
on concerns about disruptions and management strategies, respectively—because these
questions further reduce the sizes of sample populations. Nevertheless, many qualitative
researchers argue that the number of interviews does not have a direct bearing on the substantive
quality of interviews (e.g., Baker & Edwards, 2012). Further, while each interview had unique
characteristics and emphases, major topics and themes relevant to the study were generally
repeated throughout, such that the final interviews contributed insights already expressed during
previous interviews. Thus, saturation appears to have been achieved (Guest et al., 2006).

Another limitation is that all interviewees represented either the municipality’s Public Works
or Engineering departments. None of the interviewees represented other actors in the system,
particularly municipal leaders (e.g., mayors, village managers, or trustees) or residents, all of
whom affect municipal management and may answer interview questions very differently.
Nevertheless, interviews were requested with the individual or individuals best able to speak on
behalf of the municipality as a whole; therefore, intentionally pursuing different categories of
interviewees could have potentially undermined the study’s attempt to arrive at a broad
understanding of municipal sewerage system management.

Finally, all qualitative research, coding, and analysis is affected by some level of subjectivity.
Consequently, researcher bias may affect study results, discussion, and recommendations. While
efforts were taken to minimize bias, there is no way to fully eliminate subjectivity from the

research process.
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Chapter 4: Results

For much of U.S. history, particularly since the Progressive Era, we have attempted to
divorce engineering and politics; but no longer. Engineering brilliance, which now carries
a cost in the billions, no longer gathers the public support it once did.

— Louis P. Cain (1995): 131

The following section details results obtained from all interviews according to the established
coding schemes. Each interview stressed issues differently than the others, but there was a
general consensus on major themes. Some topics were directly addressed by a minority of
interviewees but, due to contextual evidence from other interviewees, would likely correspond
with the views of others had interviewees been asked to comment directly. Outliers that are likely
not representative of most municipalities were usually excluded; however, given the relatively
small number of interviews, some outlier topics were included for their contribution to the overall
discussion of municipal sewerage system resilience. These outliers are identified as not being
likely to represent the views of other interviewees.

Both challenges and projects were coded using the matrix in Table 1 (section 2.1) and the
code books in Appendix D. For further clarification while coding, the following definitions were
applied:

e Challenges refer to factors that diminish sewerage system robustness, redundancy,
resourcefulness, or rapidity, and the deleterious resulting consequences.

e Projects refer to strategies and efforts for preventing, mitigating, controlling, or
rehabilitating diminished sewerage system robustness, redundancy, resourcefulness
or rapidity.

e Technical refers to municipal sewerage infrastructure or technology requiring
specialized knowledge or training to construct, operate, or maintain.

e Administrative refers to decision-making processes, policies, and practices affecting
the management of municipal sewerage systems.

e Social refers to end-users of services provided by municipal sewerage systems.

e Economic refers to finances, budgeting, or revenue necessary to maintain or improve
municipal sewerage systems.

e Environmental refers to natural processes that interact with municipal sewerage
systems.

e Robustness refers to categorical strength or resistance to disruptions.
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Redundancy refers to the reliance on multiple supplemental or repeating services to
sustain municipal sewerage system functionality, operations, and management in the
event that some services become critically disrupted.

Resourcefulness refers to the capacity to identify problems and priorities, mobilize
and maximize available resources.

Rapidity refers to the ability to achieve goals at a rate appropriate for minimizing

losses and future disruptions.

Thus, robustness entails a notion of engineering resilience—which emphasizes resistance to

disturbances—whereas redundancy, resourcefulness, and rapidity highlight the system’s ability

to persist, a notion central to ecological resilience.

Codes for municipal sewerage system organization emerged from the data, and were

categorized in a code book (Appendix D). For further clarification while coding, the following

definitions were applied:

Organization refers to the way in which key actors assemble, interact, and influence
one another concerning municipal sewerage system management.

Internal refers to actors, assemblages, interactions, and influence strictly within
individual municipalities.

External refers to actors, assemblages, interactions, and influence exogenous to
individual municipalities, but affecting internal management.

Public refers to individuals, groups, or agencies responsible for acting on behalf of the
public when managing municipal sewerage systems (e.g., elected officials and
government agencies or departments).

Private refers to individuals, groups, or organizations not responsible for acting on
behalf of the public who influence management of municipal sewerage systems (e.g.,
individual citizens, community groups, or businesses).

Collaborative refers to communication and project implementation between two
groups. Internal collaboration may occur between public and private actors, or within
public and private actors. External collaboration may occur between two external

actors, or between external and internal actors.
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4.1: Challenges

Challenges were categorized as either technical, administrative, social, economic, or
environmental, and then further analyzed as addressing system robustness, redundancy,
resourcefulness, or rapidity. Challenges were discussed in all categories, although most
interviewees focused on technical, social, and economic issues that negatively impact the
sewerage system. Challenges were typically discussed as either exogenous factors that affect the
sewerage system, or as challenges resulting from some endogenous factor in the sewerage
system.
4.1.a: Technical

Interviewees generally demonstrated a greater depth and breadth of knowledge concerning
technical challenges than any other type of challenge. Consequently, interviewees generally
discussed technical challenges earlier, more often, and in more detail during interviews.
Nevertheless, interviewees also often discussed the close relationship between technical
challenges and other administrative, social, economic, or environmental factors. Technical issues
typically revolved around robustness—including general deterioration—although redundancy,
resourcefulness, and rapidity were each referenced to a lesser extent.
Robustness

Allinterviewees discussed challenges to technical robustness more frequently and thoroughly
than any other challenge. Discussion of these challenges took two forms: (1) challenges that cause
diminished technical robustness, and (2) challenges from diminished technical robustness.

Among challenges that cause diminished technical robustness in the municipal sewerage
system, the age of the infrastructure and concomitant deterioration received the most attention
within and across interviews. Not all interviewees knew or stated the age of their municipality’s
sewerage infrastructure, though the range of ages mentioned was 50 to over 100 years old.
Interviewees often described age as increasing the likelihood of “deterioration,” “disintegration,”
or “collapse” of the sewerage infrastructure. Sewerage infrastructure age and deterioration can
also contribute to the deterioration of other infrastructure, with one interviewee describing the
municipality’s situation by stating that:

We've got a lot of collapses. This system is well over 100 years old. And a lot of the piping
that was originally placed in was never replaced, so you’ve got steel and a lot of clay that’s

out there. So for the last few years, the pipes have just been falling in...the sewer along

with the street itself is actually kind of disintegrating. In the other places, you’ve got the
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sewer which has collapsed, and it looks like a pothole, but the remainder of the street is

solid. It might be a little rugged, but relatively solid. On the north side, you’ve got where

the street is actually crumbling. Totally crumbling away.
This quotation is important because it conveys (1) the extent to which age can diminish technical
robustness, (2) the high degree of connectivity between municipal infrastructure, particularly
sewerage and streets, (3) the general unpredictability of challenges arising from sewerage
infrastructure deterioration due to differing contextual factors, and (4) the extent to which
challenges that diminish technical robustness of sewerage infrastructure (e.g., age) can have
direct and indirect effects on the larger community system (e.g., street deterioration).

Another factor relating to age was the material used to build the infrastructure. Some
interviewees described older systems made of clay or pipe as being more susceptible to damage
with age. While interviewees generally agreed that older age—due in part to older materials—
negatively affected the robustness of sewerage infrastructure, some interviewees cautioned
against the assumption that older sewerage infrastructure is always less robust than modern
infrastructure. One interviewee, after stating that he was unsure “if [the infrastructure] can be
worse, because it’s 100 years old,” qualified that comment by admitting that, “there are some
parts about [the infrastructure] being old that are actually good, because there was more care
taken in the construction at the time.” Another interviewee found that the municipality’s
infrastructure, despite being over 100 years old, was “still holding up pretty well.”

Other challenges that cause diminished technical robustness in the municipal sewerage
system generally focused on environmental factors. Every interviewee mentioned, with varying
degrees of emphasis, the deleterious effects of intense wet weather events on sewerage
infrastructure, often noting a trend of increasingly intense rainfall. One interviewee summarized
the challenges posed by intense wet weather events, stating that:

When the pipes become full and they can’t take any more, they also become pressurized.
That puts a strain on the actual structure of the sewer. When you start pressurizing the
pipe, any weaknesses you have there are going to become exposed. You can have some
pipe failures that come out. And once you have a pipe failure, you start losing the soil
structure around the pipe causing voids underneath the pavement...
This quotation reiterates several of the key concepts gleaned from discussions about the technical
robustness of municipal sewerage systems. Phenomena that adversely impact sewerage

infrastructure, such as pressurization, can result in negative consequences with broader impacts,
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such as the loss of soil structure under roads, sidewalks, and other paved areas. Thus, the
condition of sewerage infrastructure can directly affect the condition of the surrounding
environmental, at least related to soil properties. Other environmental challenges to technical
sewerage system robustness were emphasized far less within and across interviews, and included
root intrusion into sewerage infrastructure, and the tendency for infrastructure to reach capacity
due to the region’s flat topography.

Other challenges arising from diminished technical robustness were mentioned, including
difficulties sufficiently rehabilitating infrastructure given the amount of pipe the municipality is
responsible for; blockages from fats, oils, greases, or other items not intended for disposal in the
sewerage system; cross contamination of stormwater and sanitary flows due to pipe leakages;
and insufficient technology to abate flooding inside residents’ homes.

Redundancy

Only one interviewee expressed concern about challenges emerging from diminished
technical redundancy. The interviewee stated that the municipality was built prior to the
construction of additional flood control technology to supplement the engineered ability of
sewerage systems to mitigate flood impacts. Specifically, the interviewee stated that because of
the large area of impervious surfaces, stormwater has nowhere to go aside from sewerage
systems, basements, or it floods opens areas and public spaces.

Resourcefulness

Interviewees generally expressed that diminished technical resourcefulness results in
diminished technical robustness and, therefore, any discussion of the challenges caused by
insufficient resourcefulness reflected sentiments expressed in discussions of robustness.

Instead, discussion of challenges to technical resourcefulness focused primarily on factors
limiting the municipality’s ability to use technology, equipment, and materials to complete
necessary and desired repair projects. The biggest limiting factor for technical resourcefulness
was economic. One interviewee expressed the dilemma:

...it all goes back to the almighty dollar. You can be as, you know, proactive as you could
possibly be, but when there’s not money to fund your projects, now what? You know? So,
it’s a double-edged sword. You can send somebody out inspecting every one of them, but
if you don’t have any money to fix them, what the hell is he inspecting for?
Many other interviewees expressed similar constraints on technical resourcefulness, emphasizing

that they have the technical and administrative competence to complete necessary projects, but
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their access to the necessary equipment and materials is blocked by economic constraints. The
majority of interviewees who cited economic constraints as a limit to their municipality’s technical
resourcefulness were already unable to complete all projects due to a lack of funding. The
minority suggested they are currently able to complete all necessary projects, but fear they will
have to be more selective in the future.

Other mentioned limits to technical resourcefulness were administrative. One interviewee
commented that the inability to administer the sewerage system beyond municipal lines can
severely limit municipal capabilities, stating that the municipality is “totally at the mercy of the
MWRD with respect to sanitary flow,” and is therefore limited in its ability to manage for flooding.
Another interviewee focused internally, stating that the extreme complexity of municipal
sewerage systems means all projects begin with a large degree of uncertainty.

Everything collaboratively has an effect on the sewer system as well, because you really

only go off of markings. You don’t know where something is at until you actually start to

excavate or drill. So as you try to go through things you will run across stuff that you

yourself are damaging and it may not surface for many, many years...it’s like trying to put

a height on a baby. You don’t know how tall that baby is going to be, you just know it’s

going to grow. It’s kind of difficult.
Limited knowledge about not only where conduct to sewerage system projects, but also about
how projects may adversely affect other parts of the system later on limit the municipality’s ability
to best use the proper equipment and materials.
Rapidity

The majority of interviewees mentioned challenges causing or resulting from diminished
technical rapidity, focusing primarily on issues of limited capacity. Concerns about limited capacity
often stemmed from recognition of a growing trend of intense wet weather events. One
interviewee noted that “the recent 100-year storms...keep coming through every other year,”
while another observed that:

Going forward in the future, it seems like we’re getting a lot more heavy and intense rains
than we have in the past, so one of the biggest issues that we have in [the municipality]
is that our system is designed for about a five year rain event, to be able to handle. You
know, anything over that is when it starts to overwhelm the system, and that’s when we

start to have problems with people getting basement backups and things like that,
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because the system isn’t large enough to keep up with the intensity of the rainfall that’s

coming.
As the quotation implies, the limited capacity of sewerage pipes was often associated with
discharges of wastewater into basements, as well as infrastructure deterioration and reduced
rates of wastewater conveyance, leading to ponding of stormwater in open areas and streets.
Municipal efforts to increase capacity are limited because all wastewater travels from the
municipal infrastructure into the infrastructure owned and operated by the MWRD; therefore:

...even if we changed your 8” pipe to 20” pipe, it still has to flow into a pipe that is smaller,

and then you just have a natural restrictor, and even if you change that pipe, there’s still

all these other pipes down the road, and they all go to the Deep Tunnel system. When

that gets full it does not matter how big your pipes are, they will surcharge, and you will

get water in your street.
Another interviewee describes the relationship between municipal and MWRD sewerage pipe
capacity as being “like a bathtub, but the bathtub is only going to drain as fast as it’s going to
drain.”

Other interviewees concurred that while conditions would be worse without the MWRD and
TARP, the regional infrastructure projects to help alleviate municipal flooding and sewerage
challenges are insufficient. An interviewee stated that after an especially intense wet weather
event in 2009:

...the MWRD made it very plain that they want to build a ten-billion gallon reservoir. At

the same time they said that it won’t help if we get these kinds of storms again. Why?

Well, because ten-billion gallons sounds like a lot; however, what they got countywide

was 240 billion gallons. So where does the other 230 go?
Despite indications of frustrations with MWRD infrastructure robustness, the majority of
interviewees spoke about the MWRD in positive terms.

Another heavily emphasized challenge to technical rapidity within and across interviews
related to the slow rate at which stormwater can be conveyed away from municipalities, thereby
diminishing the system’s technical rapidity.

Echoing concerns about challenges to technical robustness and capacity caused by the
relationship between municipalities and the MWRD, one interviewee said that:

..we’re kind of limited. We can build pipes like crazy, but it’s like emptying a bathtub
through a pinhole. We're restricted to the pinhole that the Water Reclamation District

gives us. We can’t get it out of here any quicker than that.
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Consequently, municipalities often incur damages due to flooding and sewer overflows that
cannot be alleviated quickly.

Another factor commonly emphasized as contributing to the diminishment of municipal
rapidity is the protracted length of time required to complete sewerage infrastructure projects.
One interviewee stated that, due to the complexity and large scale of projects, a single project
“can tie you up three or four years.” Another interviewee focused on monitoring of extensive
sewerage infrastructure systems which can take employees “a large chunk of the year” to
complete. A third interviewee projected this challenge outward, arguing that MWRD projects take
far too long to be useful in the short term.

The above challenges diminish technical rapidity; however, one interviewee asserted that the
condition of municipal sewerage infrastructure is so poor and the consequences for inaction are
so severe, that “if we can’t try to solve some of these issues now, then we won’t be around long
enough to do any kind of long term planning. They’re going to kick us all out. You want to put in
effect the plan. Something that you know will yield some type of tangible result.” Thus, according
to this interviewee, diminished rapidity not only exacerbates damage and makes the municipality
more vulnerable to flooding, it also threatens administrative continuity.

4.1.b: Administrative

Administrative challenges were among the least emphasized by almost all interviewees.
Generally, administrative challenges resulted from two sources: (1) uncertainty about future
budgets, technical needs, and policy decisions, and (2) administrative differences with other
public agencies, typically the MWRD. Challenges associated with uncertainty emphasized the
extreme difficulty of making plans and preparing for future needs. Regarding administrative
differences, interviewees were uniformly positive about the MWRD and other agencies, and
understood that their mission differs from the mission of individual municipalities, but still
expressed occasional frustration about limits on their own administrative authority.

Robustness

Most of the interviewees mentioned challenges affecting administrative robustness due to
significant amounts of uncertainty about future resources, administrative decisions, and project
requirements. Many of the interviewees stated that future funding is a major uncertainty, and

limits the ability for municipalities to make effective long term plans for sewerage system
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management. One interviewee summed up the general consensus regarding economic
uncertainty and administrative robustness:

The state of the state right now, if you will, with the economy, are they going to tap into

the state shared revenues? If that goes away, some of these programs go away. Or, to a

lesser extent, which is a very high risk right now, if they can’t get the business [in the

Illinois capital] taken care of that can affect all these communities and all these programs

because they take away a lot of our state shared funding. We have to find the funds

somewhere, and does it come from a sanitary or storm sewer tax, or does it come from

your roadway projects, or your water main projects, or a little bit of all? Do you tap into

each one of them and add it up to make up the difference? So there’s a lot of uncertainty.

We live that every day. ‘Okay, we think we made it through this session, they’re not going

to touch our state shared funding for six months or a year,” a year from now we’re sitting

here again, ‘Okay, here they are, they’re back at the table, are they going to come after

our state shared funding? And we’re going to be losing out.” And we look at that, we keep

that at the back of our mind that those things could go away...
This quotation reflects the notion that budgetary uncertainty keeps municipal planning short-
term and relatively speculative. Interviewees generally described municipal planning for future
projects as spanning one to five years, though most confessed that these plans are highly
susceptible to change.

Other issues that challenged administrative robustness included uncertainty about how,
according to one interviewee, “you don’t know who's going to be in office four years from now,
or what they’re going to do with their power,” which may positively or negatively affect the
municipality’s focus on sewerage infrastructure. The same interviewee, among others, mentioned
that emergency repairs can disrupt even relatively short term planning and management
strategies.

Redundancy

Most interviewees described challenges stemming from diminished administrative
redundancy associated with their relationship with the MWRD. Challenges generally concerned
two broad themes: (1) limits to municipal flood abatement projects due to infrastructure
connections to the MWRD system, and (2) a lack of tangible, municipal-scale assistance due to
the MWRD’s regional purview. Interviewees who discussed flooding expressed frustration with

their inability to hasten the rate at which stormwater exits their system because they are unable
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to increase the capacity of the MWRD interceptors and because they are competing with nearby
communities to send water to the same MWRD system. One interviewee said the system is:

...an inefficient way of doing business, but it’s historically the way that the older

communities had available. And as storm water runoff has become more of an issue, the

limitations of that type of system has become more apparent.

Other interviewees found the centralized MWRD system a challenge to administrative
redundancy because individual municipalities often struggled to benefit from MWRD funded
projects and grants because the district serves so many different municipalities. An interviewee
stated that having so many municipalities seek funding from the MWRD creates intense
competition for grants. Another interviewee complained that the MWRD is not interested in
rectifying local challenges, and that the relatively minor influence its projects have had on
individual municipalities means that “the only thing the town itself can do is what we’ve already
started,” rather than relying on the MWRD for assistance.
Resourcefulness

Most interviewees did not mention challenges affecting administrative resourcefulness. Two
interviewees, however, emphasized that their municipal department is understaffed. One said
that, “in a perfect world, it would be nice to have two mechanics, ten water guys, ten sewer guys.
But you have to pay for all this, and that’s all on the backs of the residents...” Both interviewees
stated that they rely heavily on contractors to assist with projects, and one interviewee specifically
stated that the entire staff is trained to complete all required tasks to provide more flexibility.

One interviewee mentioned that the municipality attempts to couple sewerage infrastructure
projects with other projects, such as road repairs, because construction on one system will
inevitably affect the other. Consequently, the municipality must coordinate project management
with other department and municipal infrastructure needs. While none of the other interviewees
specifically mentioned coordinating construction efforts to meet other needs, comments about
the interconnectedness of sewerage infrastructure with roads, buildings, and other infrastructure
suggests that management of multiple projects simultaneously may not be limited to this
particular municipality.
Rapidity

Only one interviewee mentioned challenges affecting administrative rapidity. The

interviewee stated that:
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..the focus changes at times. Sometimes there’s money for relief sewers, sometimes they
want to put a lot of money into studies. And sometimes I've seen the same studies come
through a couple of times, and we present them with the results and these things, and
it's like we don’t have the money to do that. What’s suggested in these studies now, then
15 years later they’ll do another study, and say, ‘I kind of think we came to those
conclusions 15 years ago, but we have money now.’ They can’t use 15 year old studies to
justify a huge expenditure. So it kind of goes in cycles...
While this specific challenge was not mentioned by other interviewees, it again reflects the
importance of financial security in expediting action to move forward with sewerage projects. This
guotation is noteworthy because it also reflects the length of time—at least within this
municipality—that some sewerage projects may be delayed (i.e., 15 years).
The same interviewee also expressed frustration with new legislation that comes through
from administrative agencies outside the municipality. Regarding requirements to conduct
regular inspection of the sewerage system, the interviewee said:
..we provide a lot of paperwork with all that inspection, you have to have that on hand,
be able to supply that. But it’s kind of all that it is. We find stuff anyway that we maintain.
But that has changed over the past 10 years: the amount of time that we spend on
jumping—not jumping through hoops—complying with these mandates...

4.1.c: Social

Social challenges were some of the most frequently and thoroughly discussed by almost all
interviewees. Interviewees generally focused on challenges to residents due to flooding, and
challenges to the municipality due to residents’ misunderstandings about how the sewerage
system works and is managed. Most interviewees acknowledged an awareness of how social
factors can shift policy decisions and have sizable effects on strategies for managing sewerage
infrastructure. Despite the emphasis on social challenges, it was clear that they were of a different
type than technical and economic challenges; that is, technical and economic challenges can
affect whether or not the sewerage system works, whereas social challenges can affect how the
sewerage system is managed and whether management strategies are considered successful.
Robustness

Every interviewee discussed challenges to social robustness, although only two interviews

framed the challenges within a public health and safety context. One interviewee said:
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..if there’s a problem in the main...and it’s charged...you’re going to have sanitary water

in their front yard which is unhealthy. And kids play. Kids don’t know what it is. They’re

walking to school, they’re going to splash in it...if you don’t stay on top of the condition

of the pipe or the condition of the manholes they start to cave in, gravel starts to get in

them, [there could be] vehicle accidents. A motorcycle will run over it and cave in, kids

step into it and fall in the manhole. | mean, there could be some serious consequences

for not being on top.
The second interviewee expressed concern that, due to pipe failures, “somebody could be driving
along the street and their car gets swallowed up by the street because there’s a sinkhole there.”
These quotations exemplify the range of public health and safety issues that may arise from
deteriorated sewerage infrastructure, including illness and physical harm. The quotation also
reflects the extent to which administrative management and technical solutions can have a direct
bearing on social robustness.

Other interviewees, while not directly referencing public health or safety, discussed
diminished social robustness caused by general inconveniences to residents, particularly
homeowners whose basements flood and experience sewer backups, but also those who use
public spaces like schools. These backups can cause serious damage to private property, especially
since:

...more people, of course, want finished lower levels of homes. It’s not a basement of just

cinderblock or concrete, it’s a finished basement with all that goes with that—there’s

more that gets destroyed.
These inconveniences, along other mentioned challenges to social robustness, including flooding
of streets that prevent residents from accessing roadways and damage to the natural
environmental that can reduce property values, all constrain general social wellbeing.

Two interviewees framed challenges to social robustness within an economic context,
explaining that they are sometimes reluctant to pursue additional expensive projects because
they are aware that funding for those projects will be paid for, in large part, by the municipal
residents.

Redundancy

None of the interviewees directly discussed challenges to social redundancy; however, one

interviewee did say that, “in some areas you start seeing water bubbling in backups, you have

houses that get flooded, you have a high school that gets overrun. You have people who are kind
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of displaced.” The interviewee did not expand on the concept of resident displacement—
stemming from a challenge nearly all interviewees identified—though it appears to reflect
residents’ limited use of their homes (e.g., inaccessible flooded basements) and their
communities (e.g., inaccessible flooded streets), as well as temporary readjustments to the usage
of public or commercial spaces.

Resourcefulness

Issues affecting and emerging from diminished social resourcefulness were among the most
emphasized challenges within and across almost all interviews. The most frequently mentioned
challenge was a lack of community competence about the sewerage system. One interviewee
said:

| think one of the biggest issues is helping them understand how the sewer system works.

When they get backups they say, number one, | think that the leaves clogged it—and it

wasn'’t flowing right—or they’ll say there was a blockage, or something along those lines.

And then you’ll say to them, no, actually the pipes were completely full of water. They

were backed up. And so they couldn’t take any more water. And so the water was in the

street, or it was in your front yard, or worse it was in your basement. And they don’t like

to hear that, so they say, ‘why don’t you just build bigger pipes?’...That’s an education

piece. So sometimes they don’t understand that, no, the sewers are working, but they are

only designed to hold so much water. And when you get these 2% storm events, multiple

times in a decade, people get frustrated.
This quotation reflects a number of concepts that emerged in multiple interviews. First, residents
are generally not only uninformed about how the sewerage system works, but also misinformed
about why flooding and sewerage backups occur, typified by the residents’ assumption that the
sewers overflowed because they were clogged with leaves instead of correctly understanding that
the infrastructure had reached its capacity.

Further, residents are often misinformed about strategies for managing the sewerage system
to prevent flooding and backups, often erroneously assuming that adding larger pipes in the
municipality will alleviate the issues. Several interviewees also described residents’
misunderstanding about the separate roles and abilities of municipalities and the MWRD. One
interviewee added that, “we’ll get calls, if their sanitary is backed up, ‘Call the village manager,
have him push open the locks or push the button.” Well there’s no magic button, there’s no magic

relief valve that we pull,” while another interviewee reiterated this challenge:
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...someone’s basement will start flooding up with water, and someone will call and say,

‘Well, you guys have to open your valves and let the water out,” and a lot of times people

don’t understand we don’t have anything like that. Our sewer systems are all open pipes,

it's all gravity, it just goes. And then they say, ‘Tell MWRD to open up the tunnel,” well,

it’s not that simple. They have their whole system over there. They don’t have some guy

sitting at the switch who's going to say, ‘Okay, I'll open it.’ It’s a lot more comple, it’s all

computer controlled depending on flow and everything else, it’s a pretty complex system

that they have over there.
These comments underscore what may be a lack of understanding that the individual municipality
is simply one part of the MWRD’s wider jurisdiction; therefore, the MWRD may not—and often
cannot—take action to relieve the flooding of individual municipalities. The comments also reflect
misunderstanding about the distinction between the MWRD’s responsibilities over opening locks
and the municipality’s responsibility to manage the sewerage system only within municipal lines.

Misunderstandings about flood control management also revolve around municipal use of
restrictors that keep stormwater on streets for a longer period of time, but help prevent water
from entering residents’ basements. One interviewee accounted for this issue, stating:

..the public doesn’t always understand--if we can contain stormwater on pavement and

use it as a short-term detention, and it drains off in a reasonable time, it might be an hour

or less, that’s not a bad thing. Now everybody doesn’t see it that way, because it means

we have to throw our high water barricades out and people have to drive around that

area for a short period.
Interviewees emphasized that the public is unaware that standing stormwater on streets may be
a part of an intentional effort by municipalities to prevent stormwater from backing up into
basements, and expressed frustration that the public not only does not understand, but faults the
municipality for the slow rate of stormwater conveyance.

Finally, the first quotation also touched on another commonly frustration: regular criticism of
municipal officials for their management of the sewerage system. One interviewee said that as
basements flood, “everybody gets all up in arms,” and that “when we get calls, it’s not to give us
a pat on the back. It’s, ‘My basement is flooded, everything has gone crazy, what are you doing?"”
Another interviewee said that, “everybody at Public Works, they live somewhere. They have
water in their basements. But they’re out here working to help out the residents...and they catch

a lot of flak. Not always; there are a lot of residents that are very grateful. But it’s a universal
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problem.” Thus, the consequences of diminished social resourcefulness are, according to the
interviewees, misinformed belief that the public officials are insufficiently and ineffectively
managing the sewerage system.

Interviewees generally agreed that public misunderstanding about the sewerage system was
reflected in the lack of effort and resources invest in protecting their own home. Interviewees
collectively identified three reasons why residents do not invest in protecting their homes from
flooding. First, residents are unaware of how to protect their homes, or disregard information by
the municipality and other agencies, including the Federal Emergency Management Agency
(FEMA). Second, residents demonstrate concern about protecting their homes only during a short
period following a flooding event. An interviewee explained the problem:

..let’s face it, when the water goes down and the sun goes up, things get put to the

backburner, and they spend their money somewhere else on their home... ‘Oh it wasn’t

that bad, and it doesn’t happen that often.” Well, then it starts happening more often.
Third, many residents expect the municipality to rectify all sewerage and flooding problems.
According to one interviewee, many residents:

..don’t realize why [the sewerage system is] not handling it, because the stormwater is

getting into the sanitary sewer. And if they have so much money invested in their

basement, they’re going to have to at some point invest in—you know, they say they have

$30,000 worth of stuff in their basement, then invest $10,000 in protecting it with flood

control or plumbing. That’s a hard sell, because people say they spend a lot on taxes here.

They think that they should be immune from any kind of problems like that.
The unwillingness to invest money, according to this quotation, again reflects an assumption on
the part of residents that municipalities are capable of rectifying the flooding problem but are
simply failing to do so. Despite residents’ insistence that the municipality solve their flooding
problems, one interviewee insisted that, “sometimes the simplest answer is right on your own
property.” Another interviewee stated that public engagement with municipalities to solve
sewerage problems is essential: “in order to have a great community, it has to be the residents
and the government working together.”

Similarly, some interviewees mentioned that residents are unaware or unconcerned about
how their behaviors may contribute to sewerage flooding. Two residents mentioned that
residents are increasingly developing on their private lots, creating more impervious surfaces,

which not only increases the volume of stormwater entering the sewerage system but also
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increases the rate at which it enters the system. One interviewee mentioned that residents will
occasionally send fats, oils, and grease down drains, or flush objects like diapers down toilets.
Substances and objects that are not intended for the sewerage system can create blockages which
reduce flow and contribute to more backups. Other interviewees added that residential
downspout connections to the sewerage system add surplus stormwater to the system which can
contribute to backups.

Aside from public misunderstanding and disengagement, some interviewees commented on
the public’s resistance or reluctance to fund sewerage infrastructure projects. Reluctance to fund
projects typically stemmed from what interviewees described as an “out of sight, out of mind”
mentality. Indeed, one interviewee claimed that “nobody wants to invest money in something
you can’t see.” Two interviewees commented that the public is generally opposed to spending
significant amounts of money on sewerage infrastructure, but is supportive of street repairs;
nevertheless, according to an interviewee:

..they don’t see the sewer systems that we see, the 100 year old clay pipes, and the

manholes that are brick and crumbling. So they see it can’t be that much to redo the

street, but we have to explain to them that it's what’s underneath the streets. The more

important thing—you don’t like the potholes, but we don’t like the collapsing sewers—

you're really not going to like it when it collapses and we’re out there in an emergency.
Visibility of the sewerage system was not the only factor that contributed to residents’ resistance
to funding expensive sewerage infrastructure projects. An interviewee believed that:

..the issue is, if you’ve got somebody on one side of town where it doesn’t flood, why do

they need a storm tax? I've done everything to protect my property, | don’t have a

flooding issue, why should | have to pay for somebody on the south side of town’s flood

control, when it should be their problem...
Further, another interviewee expressed that many residents feel they should not be required to
finance sewerage infrastructure projects because they already pay taxes. A perceived sense of
inequity centered on municipal taxes is, according to some interviewees, a point of tension for
some residents. Lastly, one interviewee supported the residents by arguing that some of the
reluctance comes from the fact that they simply do not have money: “it’s hard to justify something
when somebody’s been cut back on hours or they lost their job.”

The general sentiments expressed by all interviewees regarding challenges associated with

social resourcefulness can be summarized by a brief exchange between two interviewees during
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a joint interview. One interviewee said, “fixing the sewers is the easy part. That’s something we
know how to do,” to which the second interviewee followed, “convincing the public what is a
smart move on their part is hard.”
Rapidity

None of the interviewees thoroughly discussed challenges affecting or arising from
diminished social rapidity, although many interviewees discussed that flood management
strategies to may require stormwater to remain in streets for “hours.” There was no discussion of
time required for residents to clean out flooded basements or otherwise return to their normal
routines.
4.1.d: Economic

Economic challenges were clearly among the most pressing for all interviewees. Many
interviewees did not discuss their municipality’s economic situation and processes in depth, and
some confessed that they are not in charge of economic considerations for infrastructure
projects. Thus, while interviewees stressed that funding is essential for all infrastructure projects,
the level of sophistication with which interviewees discussed economic challenges was not as high
as conversations about technical or social challenges.
Robustness

Challenges from diminished economic robustness were some of the most commonly
referenced across interviews. The general consensus was that the biggest challenge for managing
municipal sewerage systems is “budgetary and funding, because everybody’s strapped to the
limit.” Diminished economic robustness and a lack of available funds was almost always tied to
insufficient revenue or the shifting priorities of budgetary personnel. One interviewee explained
the latter situation: “sometimes there’s money for relief sewers, sometimes they want to put a
lot of money into studies...and we present [the studies] with the results and these things, and it’s

12

like, ‘We don’t have the money to do that.
Redundancy

Most interviewees discussed diminished economic redundancy as a challenge to
management of municipal sewerage systems. None of the mentioned challenges reflected a
complete or permanent loss of revenue from one of the municipality’s traditional sources.
Instead, interviewees focused on factors that limit or constrain revenue from diverse sources. The

most common source interviewees discussed was taxes from residents and service users. An
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interviewee summarized this challenge as described by the interviewees, stating that “funding is
clearly a challenge, and you can’t overwhelm, oversaturate your community with the need for
funding, so you’ve got to balance that out.” Another interviewee focused on diminished revenue
from property taxes:

...we have a lot of foreclosures. If something’s foreclosed, a piece of property, you’re not

receiving tax money and you’re not getting your share...it all adds up. We're about a

million and a half down from last year in what we received.
A third interviewee emphasized the importance of balance in applying water and sewerage
service fees: “unfortunately we have to pass along the [rate] increases to our consumers, but it’s
just the nature of the beast. It’s a very delicate balance.”

Other interviewees addressed challenges to obtaining revenue from administrative personnel
and agencies. An interviewee explained that administrators within the municipality are not always
willing to invest money in sewerage projects, particularly if there has not been a recent intense
wet weather event. Another interviewee stated competition with other municipalities for grant
money can be challenging:

...[other communities are] often looking for the same things that we are. Funding sources
and who gets what done first and what’s the priority, and we do work with the other
communities...everybody thinks their problem is the worst, and they want the money
first.
Resourcefulness
Most interviewees mentioned challenges affecting and arising from diminished economic

resourcefulness. Interviewees commonly stressed the prohibitive cost of sewerage infrastructure

n o u | ”

projects, describing the financial requirements as “costly,” “expensive,” and “monumenta
Region-wide, one interviewee said “when you look at the scope and the magnitude and the cost
of what it would really take to alleviate the entire problem from the Wisconsin border to the
Indiana border, it’s a bite out of the budget that no one would want to take.” Yet even within an
individual municipality, another interviewee said that necessary sewerage infrastructure projects
would cost the municipality “hundreds of thousands of dollars. You do what you need to do with
the day’s cost of construction. It’s a lot of money.”

Most interviewees who mentioned diminished economic resourcefulness stated that

prohibitive costs of operations and management require the municipality to be more selective

about which projects it funds and limit its management plans to less costly initiatives. When



53

municipalities do receive funding, they may have to distribute it toward other types of
infrastructure projects that have also been underfunded over time. One interviewee stated that,
“now we’re beginning to get a little more money to do some infrastructure stuff, but when it
comes in we have to allocate it toward the most important needs of the city, and right now the
needs are streets and alleys. So we’re gearing most of the money toward that right now.” Another
interviewee said that:
...because the system is what it is, and money is not infinite, we have to work within the
constraints of what we have. And so a lot of times it’s sandbags and pumps after the rain
event. And | think that is frustrating for the Public Works department, as well as the
residents.
Overall, most municipalities indicated that there are no inexpensive opportunities to complete
the kinds of projects desired for sewerage infrastructure; consequently, most municipalities must
focus on cheaper alternatives until sewerage infrastructure rehabilitation becomes a necessity.
To quote on interviewee, “long term planning, it all comes down to money. Everyone’s hurting
for money.”
Rapidity
None of the interviewees mentioned challenges affecting or arising from diminished
economic rapidity. One interviewee mentioned that it took at least 15 years for the municipality
to allocate money toward an identified sewerage infrastructure project. Other interviewees
referenced applying for money as they prepare annual budgets, though there was no indication
of whether or not an annual review of the budget was detrimental to economic rapidity.
Otherwise, the interviewees did not provide specific or general timeframes required to receive
funding for sewerage projects.
4.1.e: Environmental
Environmental challenges were the least discussed of all challenges. None of the interviewees
discussed potential environmental degradation caused by sewerage systems, including sewerage
overflows. Any discussion of environmental challenges generally emphasized how environmental
conditions can adversely affect the sewerage infrastructure.
Robustness
None of the interviewees discussed how sewerage systems may negatively impact
environmental robustness, although almost all touched on how diminished or altered

environmental robustness may affect sewerage infrastructure. The majority of interviewees
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commented that rain events are becoming more frequent and intense, though only one suggested
the increase may be directly attributable to “global warming.” Some of the interviewees stated
that soil conditions around sewerage pipes may change over time, potentially exacerbating
infrastructure damage or causing collapses. Some interviewees also stated that infrastructure
damage can occur from infiltration of roots into pipe joints.

Redundancy, Resourcefulness, and Rapidity

None of the interviewees mentioned factors attributing to or arising from diminished
environmental redundancy or resourcefulness. Many of the interviewees discussed that intense
rain events are occurring far more frequently than in previous decades; however, none of the
interviewees focused on time associated with environmental deterioration that may arise from
the sewerage system.

4.2: Projects

Projects were categorized as either technical, administrative, social, economic, or
environmental, and then further analyzed concerning robustness, redundancy, resourcefulness,
or rapidity. Similar to municipal sewerage system challenges, the majority of projects focused on
improving technical, economic, and social management. Overall, interviewees primarily focused
on relatively small-scale and short-term projects achievable given other constraints, mostly
economic, that affect management decisions.

4.2.a: Technical

Interviewees generally drew on their expertise of the municipal sewerage system to
emphasize projects affecting technical components, though they typically emphasized issues
relating to robustness and redundancy. Projects often aimed to identify and implement means of
extending the life of sewerage infrastructure, rather than entirely replacing aging or deteriorating
sewerage technology. Nevertheless, interviewees often suggested they are aware of what
projects should be completed and how to complete them, but they are again limited by other
factors, typically administrative, social, or economic.

Robustness

All interviewee mentioned projects intended to manage for the technical robustness of the

municipal sewerage system. These projects typically constituted the primary function of the

departments managing for the sewerage system. One interviewee described the projects:
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..there’s constant repair work being performed every day on the different sewers. Even

though it may be one or two at a time, you still proactively address the issues that are out

there. And then there’s a constant survey each year of the system.
All interviewees spoke about general maintenance and repairs, including sewer lining, replacing
old or non-functional pipes, rehabilitating collapsed pipes, or clearing out blockages to increase
infrastructure capacity. Projects managing for technical robustness are, according to some
interviewees, coordinated with other infrastructure projects. One interviewee said, “you don’t
want to pave the street and then have a sewer cave in a year after that...so all this stuff is kind of
working together, the street improvements and the sewer repairs.” As the first quotation
indicates, many of these technical projects are identified by conducting regular inspections of the
sewerage infrastructure.
Redundancy

Most of the interviewees discussed projects to manage for technical redundancy of the

municipal sewerage systems. Projects generally fell into three categories: (1) efforts to increase
public technical redundancy, (2) efforts to increase private (individuals, businesses, or other non-
public entities) technical redundancy, and (3) MWRD-funded projects. Public technical
redundancy involved projects associated with constructing retention ponds, relief sewers, or
restrictors to supplement the sewerage infrastructure’s ability to store and convey wastewater
without causing flooding. Some interviewees stated the municipality is also seeking to expand
green infrastructure including bio-swales and permeable pavements to increase infiltration and
reduce runoff. Private technical redundancy involved projects to encourage residents to make
technical adjustments that will supplement public efforts and the abilities of the sewerage
infrastructure. These projects included assisting residents with the installation of overhead
sewers, disconnection of downspouts to the sewerage line, and encouraging residents to cultivate
rain gardens. Finally, several interviewees mentioned reliance on the MWRD to devise plans and
projects to assist with technical redundancy, often related to expansions of the TARP system. One
interviewee said of the MWRD:

...maybe they might come up with another Deep Tunnel project, or several Deep Tunnel

projects. The water situation out here in the suburbs, that would probably be the best

way, or to build a big reservoir that would take some of the pressure away. Once again,

that’s the engineers to sit down and think through all that stuff. But eventually, they’ll
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come up with something to relieve a lot of this backup into peoples’ houses. They're

working on that all the time, so they’ll be coming up with something.
Resourcefulness
Most interviewees suggested that money, not technological competence, is the biggest
limiting factor in their municipality’s ability to conduct technological projects; therefore, most
interviewees did not indicate there were efforts underway to manage for the ability to use
technology. Some interviewees, however, mentioned that different municipalities have access to
different technology, and so they will sometimes negotiate opportunities to share equipment.
Rapidity
None of the interviewees directly mentioned any projects underway to increase the efficiency
of technology. In fact, many interviewees mentioned projects to install restrictors, which typically
slow the process of stormwater infiltration into the sewerage system; however, the benefit of
restrictors is that they help prevent flooding of basements, which may ultimately save both
residents and the municipality time in terms of clean-up activities. One interviewee stated that
this approach to technical rapidity is a departure from previous municipal efforts:
..in the past we didn’t want to have any standing water on the pavement. We would clear
inlets and let the water go down so there’s no standing water on pavements. Now we're
kind of refocusing our efforts to let the water stand a little bit longer so the sewer system
can keep up, and once the rain slows or stops, then we can go out and start clearing inlets,
and we reduce the strain on our sewer system.
4.2.b: Administrative
When discussing administrative projects, interviewees generally mentioned ongoing
management practices, rather than efforts to change internal operations, planning, or structure.
While most discussed projects were intended to ultimately contribute toward strengthening some
other component of the municipal sewerage system, interviewees’ comments on administrative
structure often illuminated ways in which municipalities respond to different types of challenges.
Robustness
Allinterviewees mentioned municipal approaches to managing for administrative robustness.
Interviewees tended to describe an administrative culture of either planning for the future or
reactively improvising according to needs as they arise. Only a few interviewees fell into the latter

category. One of these interviewees said:
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| guess just to keep your head above water, treading to keep your head above water is

what we’re doing right now, and so far we’re okay...Going into the future? We don’t have

any plans, ‘Hey, starting two years from now, this is how we’re going to start doing things.’

| think it’s mostly just basically rolling with the punches. If we have a problem, we get it

repaired.
The same interviewee provided a brief anecdote to illustrate this approach:

...just last year or the year before last, | think this city spent like 40-something thousand

dollars on a sanitary main that collapsed. And it was a larger job than what public works

can do. It was an emergency. It wasn’t some, “Oh, let’s go out and get bids,” this was

something that, dammit, needed to be done immediately. The street was caving in. So we

had a local guy that we use and contractor, and he came out, and we had it televised, and

the two places where the top of the main was actually crushed in, they put a new main

there.
Interviewees who described an impromptu approach to administrative robustness suggested that
conditions—particularly the lack of funding and uncertainty about future needs—require
managers to be prepared to accommodate any changes in law and ready to respond to
emergencies as they arise.

Despite the widespread acknowledgement of challenges that arise from changing laws and
emergencies, most interviewees stated that their municipality engages in planning to determine
financial resources and identify necessary projects. Interviewees often indicated timeframes,
typically not exceeding five years, which they use to project outward when setting goals for
sewerage infrastructure projects or financial investments and gains. Interviewees who mentioned
planning as an important part of their administrative strategies indicated mixed results: some
found they were currently able to keep up with project demands, whereas others felt their
management was reactive rather than proactive due to financial constraints and demands from
emergency repairs. All interviewees, however, expressed concern that their current level of
planning and project management may not be sustainable as constraints tighten in the future.
Redundancy

Many interviewees discussed ways in which the municipality incorporates administrative
redundancy to disseminate responsibility among different groups and entities. Most
municipalities had Public Works departments that, according to an interviewee, generally oversee

budgetary matters and day-to-day operations of the sewerage system, in addition to Engineering
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departments that plan and implement major technical infrastructure projects. Many interviewees
also mentioned contracting out to private engineering groups to complete major infrastructure
projects.

Describing administrative redundancy regarding separations in public and private
responsibility, one interviewee stated that his municipality maintains a firm policy not to assist
private residents with sewerage challenges, thereby forcing them to manage their own protection
and clean-up projects:

...we get all kinds of calls. [Residents will] say water is backing up, but there’s nothing we

can do. Once everything subsides, it will eventually go out of their house. And a lot of

them have an issue, but once again that’s not our responsibility. That’s the way the

ordinance is written.
Many other interviewees discussed active efforts to increase private residents’ sense of
responsibility over their own private sewerage lines through education and outreach, though they
often expressed frustration at a lack of success through outreach alone. One interviewee
mentioned having success with establishing a Water Infrastructure Committee heavily populated
by residents, to create additional checks and balances on municipal programs and provide a
resource for residents to become engaged and informed about sewerage systems.

Finally, one interviewee described strategies to increase administrative redundancy within
the municipality’s Public Works department by ensuring that all employees are capable of
completing most tasks.

..because we don’t have, some departments have a water department, a sewer
department, street. We're all one department. You can go from a water break, to snow
plowing, to a pre-construction meeting, to cleaning up [streets]...I mean that’s just—
everybody does everything.
This interviewee described a strategy in which increasing inner departmental administrative
redundancy compensates for diminished administrative resourcefulness. While other
interviewees mentioned that insufficient staffing poses a challenge, no others specifically detailed
strategies for overcoming diminished administrative resourcefulness; therefore, one cannot
assume many or all other municipalities stress the importance of ensuring that all employees are

capable of completing most tasks.

Resourcefulness
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Most interviewees did not discuss efforts to expand the administrative resourcefulness of
municipal sewerage systems; however, some interviewees mentioned that they often work with
neighboring municipalities to share equipment or complete mutually beneficial sewerage
infrastructure projects. One interviewee said that, when not directly working with other
municipalities, he often monitors how other communities are managing their system for ideas
about how those strategies may apply to his own community.

Other interviewees discussed projects that have arisen due to administrative resourcefulness.
Two interviewees discussed efforts to change municipal laws to favor strategies that will require
stormwater detention on lots or residents to disconnect downspouts from the sewerage system.
One municipality formed a Water Infrastructure Committee for residents to engage them in the
policy and management process and demonstrate infrastructure needs. The same community was
also attempting to purchase homes within the flood plan and convert them into open plots,
allowing more water to infiltrate rather than running off into the sewer. Lastly, some interviewees
demonstrated an ability to capitalize on challenges to make quick, progressive changes. One
interviewee said:

..the emergency repairs, the reactive, helps me with the preventative. Because | can go
to the board or to the residents and say, listen we’ve spent over 400 thousand dollars in
emergency repairs. If we would replace this and be preventative, | can do triple the
amount of, you know, square footage and not have these problems.
Interviewees who described this phenomenon characterized their involvement as active; that is,
they did not merely suggest that improvements occur shortly after challenges like pipe collapses
and floods, but that they actively attempt to use administrative and public frustration to create
momentum for completing necessary sewerage infrastructure projects.

While some interviewees mentioned that that their municipality takes an improvisational
approach to managing sewerage system challenges, none of these interviewees describes efforts
to increase the municipality’s ability to improvise beyond attempts to increase revenue.
Rapidity

None of the interviewees described efforts to increase the speed with which management
strategies and policies are created, or to increase the rate of the administrative process from

project initiation to project completion.
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4.2.c: Social

Discussed social projects generally took two forms. Some projects focused on educating the
public so they become more aware of how the sewerage system works and what the municipality
is doing to improve the system. Other projects strived to prepare residents for intense wet
weather events, usually by bypassing education alone and actually investing time or money in
ensuring that residents’ homes had proper flood protection technology. Other projects were
discussed, including providing opportunities for residents to become more integrally involved in
the management of sewerage infrastructure, though these efforts generally received less
attention.
Robustness

Most interviewees did not explicitly frame their projects as intended to protect or increase
social robustness, though almost all interviewees indicated that the consequences of not
completing other, technical projects would be diminished social robustness. Technical projects
typically focus on preventing flooding and ensuring that sewerage infrastructure works as
intended, which in turn mitigates challenges faced by the public due to basement backups and
other flooding-related inconveniences. Two interviewees stated that regular sewer infrastructure
maintenance can prevent sinkholes from forming that may cause harm to passing motorists, while
one interview stated that overflows may pose a public health risk to residents who come into
contact with untreated wastewater.
Redundancy

Most interviewees did not discuss projects intended to manage for or increase social
redundancy. Two interviewees said that they will occasionally assist homeowners with pumping
out flooded basements, with one interviewee stating this service only applies to senior citizens.
Resourcefulness

Most interviewees mentioned management strategies for increasing social resourcefulness,
focusing primarily on (1) public education, (2) public preparation for challenges, or (3) public
engagement in the management process.

The majority of the interviewees who addressed social resourcefulness said their municipality
focused on general education. An interviewee said that educational efforts should focus on issues
residents can feasibly accomplish. Topics emphasized included how to prepare for flooding, how

to protect homes from flooding, how to manage private sewerage lines, how to manage clean-up
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after flooding, opportunities for residential green infrastructure, which substances should not be
disposed of sewers, and how to minimize contribution to flooding. Interviewees stated that
methods of communicating with the public included newspapers, leaflets, flyers, municipal
webpages, public meetings, and cable television spots. Interviewees generally did not state how
frequently the municipality attempts to educate the public. One interview indicated that
education efforts usually take place after a major disturbance has already occurred.
Some interviewees stated that their municipality takes an active role in helping residents

prepare for flooding beyond education. One interviewee said:

..we've opted to give people grants for putting in newer systems...And we've had over

150 people take advantage of that over the last three years. And we've seen our reports

of flooding drop dramatically, so the last couple of major storms we've had - we used to

get like in the range of 3-400 people calling and telling us about flooding, now we're down

to like 50-60. So, that's a big difference. So the people that were having problems took

advantage of the opportunities we provided, which was a lower cost, it was costing us

$200,000 a year to operate that system, which we continue to do today and into the

future, because we see it as a benefit to everybody.
Other interviewees stated part of the incentive to help residents fund or install flood protection
infrastructure is that, despite the upfront cost for municipalities, this management strategy
ultimately results in a “win-win for everybody.”

Only one interviewee mentioned efforts to increase public engagement in management

planning and strategies. This interviewee said:

..we formed a water infrastructure committee. And got the residents involved. And we

met twice already. That’s a big help with selling the community to tell them or show them

what we need...But the residents are getting involved.
Due to community involvement in management decision making, the interviewee estimated that
the municipality has been able to shift from implementing only reactive projects, to implementing
reactive projects half of the time and proactive projects the other half within the span of two
years. This added engagement helped the municipality explain and justify rate increases to

achieve a sustainable level of service.



62

Rapidity

None of the interviewees described management strategies for increasing social rapidity.
Indeed, some strategies—such as installation of restrictors—requires social rapidity to diminish
in order to increase technical and social robustness.

4.2.d: Economic

While interviewees generally asserted that they are not wholly responsible for municipal
finances and may be unaware of specific details about some projects, each one emphasized the
importance of municipal efforts to identify and obtain sources of revenue. Interviewees also
discussed methods of attempting to conserve available funds in order to pay for more expensive
projects.

Robustness

Every interviewee mentioned municipal projects to manage for economic robustness of the
sewerage system.

All municipalities stated that they applied for grants and funds from county, state, and federal
sources, including the MWRD, the IEPA, and FEMA. To quote one interviewee: “we always look
for grants. Any way we can find free money or something to help us we go after it.” Other
interviewees emphasized their reliance on bonds:

...we take it to the voters by referendum to get the community’s support to issue bonds.
General obligation bonds. So we’ve done that for street improvements, storm, and
sanitary sewer rehab. Major work for the last 25 years...We don’t come out and seek $25
million in bonds. We do it in smaller increments, like a two-year window where we’re

going to get improvements done...

The interviewee emphasized that bonds end up increasing property taxes for, sometimes, several
years; nevertheless, issuing bonds was one of the primary sources of revenue, if not always the
most preferred.

Interviewees also emphasized the importance of maintaining service fees and taxes. One
interviewee stated that, “the majority of the projects we do are locally funded through our own
taxing ability.” While many interviews stated that money from residents’ water bills accounted
for an important part of the municipality’s budget, one interviewee said that internal taxes and

fees alone are “not enough” to cover all necessary costs of managing the sewerage infrastructure.
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Redundancy

While all interviewees mentioned multiple revenue sources—including local fees and taxes,
county, state, and federal grants, and bonds—most of the interviewees did not mention efforts
to identify or devise additional sources of revenue outside of the general categories mentioned.
One interviewee stated the municipality is looking into methods for requiring residents to pay
fees based on the amount of impervious surface on their property to help cover water and
sewerage infrastructure costs.

Resourcefulness

Interviewees suggested that almost all projects for repairing and rehabilitating sewerage
infrastructure are uniformly expensive; therefore, none of the interviewees indicated any ability
to reduce the cost of necessary construction. Some interviewees indicated they focus primarily
on point repairs because they are more affordable options for extending the life of the sewerage
infrastructure.

Nevertheless, many interviewees mentioned strategies to help the municipality conserve as
much funding as possible. The most commonly mentioned strategy was regular inspections and
careful planning for sewerage projects. One interviewee stated that the municipality is conducting
a “sewer study...it’s a couple-year process and we’re working on that, and that will give us a good
idea of the best use for our money as far as long-term and short-term projects for sewer
improvements.” Though sewer studies, inspections, and planning often require time and financial
investments, interviewees generally indicated they were important components of conducting
project cost-benefit analyses.

Other strategies for conserving money through upfront investments included assisting
residents with flood control protection, buying homes in floodplains, adding more stormwater
pumps, and installing green infrastructure. One interviewee said municipalities must
“strategically” focus on projects that will have a good return on investment:

..those are progressive, more proactive, front-end type of programs. And there’s more
out there, and we just have to brainstorm...[the municipality] doesn’t have a lot of money,
but if you have a board that’s willing to say, ‘Okay, let’s spend some money on programs
that are targeted at specific issues that you have,” and not just spending money to make

it look like we’re doing something. That’s the worst way to be, | think. Proactive. You get

community members saying, ‘Hey, you’ve got to do something,” so then we go out and
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spend a lot of money on a study, and then spend a lot of money on something else, with

no clue about whether or not it’s going to work. That doesn’t help anything.

Rapidity

Aside from efforts to repair and rehabilitate infrastructure, as well as strategies for increasing
economic resourcefulness and robustness, none of the interviewees discussed projects directly
intended to decrease the rate at which money is lost for sewerage infrastructure projects.
Similarly, no interviewees discussed projects to increase the rate of return on investments.
4.2.e: Environmental

Interviewees generally did not discuss municipal efforts to improve the environment as a
means of also improving the sewerage system outside the context of green infrastructure
recommendations.

Robustness, Redundancy, Resourcefulness, and Rapidity

None of the interviewees mentioned projects to manage for environmental robustness,
redundancy, or rapidity. Regarding environmental resourcefulness, some of the interviewees
stated that their municipalities are encouraging residents to add rain gardens to help capture
stormwater, though no efforts were mandated or strongly emphasized by managers of the
sewerage system. One interviewee expressed doubt the rain gardens are effective at reducing
residents’ risk of flooding.

4.3: Organization

Many interviewees discussed ways in which different actors within and outside the
municipality organize and influence management of the municipal sewerage system. Based on
information provided by interviewees, data relating to organization of actors was characterized
as internal/external and public/private/collaborative. Data in this section illuminates the ways in
which different municipal groups work with and influence one another within municipalities.
4.3.a: Internal

Interviewees generally characterized management of municipal sewer systems as an effort
on the part of various municipal departments and residents. Collaboration between these groups,
particularly among different municipal actors and departments, was generally viewed as strong
and highly advantageous for management. Residents were often described as the group with the
greatest influence over determining the course of policy, but they often had the least direct

control.
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Public
All interviewees mentioned the responsibility of the municipal Public Works department for

overseeing day-to-day maintenance of the sewerage infrastructure, as well as several non-
sewerage projects, including snow clearing, garbage cleanup, street maintenance, hazardous
waste disposal, tree planting and maintenance, animal control, sidewalk replacement and other
responsibilities. Many municipalities have a separate Engineering department that oversees
major construction and technical projects, including those related to sewerage infrastructure.
Some municipalities that do not have a separate Engineering department rely on private
engineering groups as their official city engineers. One interviewee described the difference
between the Public Works and Engineering departments:

..if there’s a broken pipe that causes a street collapse or something, that’s all done by

[Public Works]. We [Public Works] do spot repairs. We're all responsible for cleaning the

sewers...And then, our engineering staff is responsible for all of the major replacements,

like when we’re replacing complete sewers on a block, that’s all done through our capital

program...They do all the major reconstruction of all the major sewers that we have.
Despite the technical and managerial focus on Public Works and Engineering departments in
overseeing sewerage systems, one interviewee acknowledged the social components of the
municipality’s responsibility to manage infrastructure:

.| think part of our job as a municipality is to help educate the residents about the
services that we provide and why we provide them and the manner that we do. We don’t
arbitrarily choose to address one issue a certain way over another way; it’s something
that has been thought about on a larger-scale, and the different approaches to dealing
with any given issue is something that is contemplated by all the hundreds of
municipalities in Illinois, and in the country...it’s our opportunity to help [residents]

understand.
While no other interviewees explicitly mentioned edification of private citizens as part of their
mission to manage the municipal sewerage system, it is reasonable to presume that most other
interviewees would agree with this sentiment based on their concerns regarding the public’s
understanding of how sewerage systems work and their efforts to increase awareness and
preparation.
Most interviewees described other municipal leadership—including mayors, village

presidents, village managers, and village boards—as having an essential role in overall
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management of the sewerage system. While these individuals do not, of course, have a role in
day-to-day maintenance or implementing major repair projects, interviewees typically described
them as necessary for identifying and allocating funds toward sewerage infrastructure projects.
Moreover, according to an interviewee:

..whenever there’s a new village president, there’s a new focus on things...[municipal

leaders] are ultimately in charge. They get elected. So you kind of have to do what they

say, but the village president is not an engineer, so they may say that we have a flooding

problem, and then things will move from there in the engineering department.
Some interviewees acknowledged that municipal leaders may enable departments to increase
investments in infrastructure, whereas other leaders may focus resources elsewhere. Thus,
uncertainty can emerge as administrations transition over time.
Private

Some municipalities were clear that the municipality is only responsible for publically owned
sewerage pipes; private citizens are entirely responsible for the upkeep and maintenance of
private lines that feed into the municipal system. According to an interviewee:

..this is one that’s always a sticking point. [Municipality] code and, it says that residents

are responsible for anything outside the outside diameter of the village pipe. Which

means up to and including the tie in to the village mains. Which could be across the street,

you know, a lot of people say, ‘Well, it’s in the street, or it’s in the parkway, the village

right of way.” Doesn’t matter. It's the homeowners all the way up to and including the tie

in to our sewers...
Other interviewees relayed similar information about the responsibilities of private citizens, which
in some cases appear not to be clear or fully understood by individual residents.

Despite the clear separation of responsibilities expressed by some interviewees, most
interviewees indicated that the public plays an important, yet often indirect, role in guiding
management of the municipal sewerage system. The role of the public was explained by one
interviewee who said:

..the people are the ones that drive the system. The people that have the needs drive the
system. That's why the community pretty much works together and says, ‘Well, here's an
issue we've got to tackle,” and they go to their elected officials and ask them to work on
it.
The conviction that private residents are the ultimate focal point of municipal efforts to manage

the municipal sewerage system was widely shared among most interviewees. Some interviewees
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acknowledged the influence of private residents as a relationship less marked by persistent
mutual interest in improving infrastructure, stating that residents often can shift municipal
priorities by “complaining” or issuing “complaints” to elected officials after they have experienced
some disturbance. Nevertheless, interviewees typically indicated that, while complaints directly
to the Public Works or Engineering departments do not always result in immediate policy change,
complaints directed to elected officials and mobilize swift and progressive action.

Collaborative

All interviewees emphasized the importance of some level of internal collaboration between
different groups, either between (1) municipal leaders and municipal departments, (2) two
separate municipal departments, or (3) the municipality as a whole and residents.

Interviewees stressed the importance of collaboration between municipal leaders and
municipal departments. Indeed, one interviewee said, “the biggest issue is to make sure that you
have collaboration between the policy makers, the elected officials, and the professional
administrators, the staff, the people who are responsible for the operations.” Interviewees
indicated that municipal leaders will set policy, but they will often seek advice from departments
that have specialized knowledge of sewerage system needs.

Some interviewees stressed the importance of collaboration between individual
departments, specifically the Public Works and Engineering departments. Interviewees indicated
that these departments work closely together to share information and ensure that projects are
conducted effectively and efficiently.

Finally, some interviewees also acknowledge the importance of collaboration between the
municipality as a whole and residents. An interviewee commented that collaboration between
these two groups is essential for management, and “if one or the other doesn’t want to help the
other, then you’re going to have some faults in the system.”

4.3.b: External

Interviewees suggested that despite challenges arising from differing opinions on projects,
assistance from agencies outside of the municipality and collaboration on projects is highly
beneficial. No interviewees mentioned that private citizens or agencies outside the municipality

play an influential role in the administrative organization of the municipal sewerage system.
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Public

All interviewees acknowledged that other public organizations outside the individual
municipality are essential components of the overall system. Each interviewee mentioned the role
of the MWRD in issuing permits, offering funds, and overseeing regional projects. Fewer
interviewees acknowledged the role of the state government—particularly the IEPA—in creating
policy and offering funding. Interviewees also mentioned the role of the federal government,
though they included such agencies as the EPA, FEMA, and the Army Corps of Engineers. One
interviewee described the relationship between multiple levels of government and municipalities
by saying that each level of government is regulated by the level above it; therefore, while the
federal government often does not have a direct impact on municipalities, its influence is filtered
through state government and then, again, through the MWRD. To quote that interviewee: “It
kind of flows down, no pun intended.”
Private

None of the interviewees discussed the influence of private individuals or organizations
outside of the municipality. Some individuals discussed relying on private contractors to complete
major sewerage infrastructure projects, although none indicated that the private entity has any
significant decision making authority or influence over management decisions.
Collaborative

Most interviewees mentioned collaborative efforts between the municipality and
organizations outside of the municipality that are relevant to managing the internal municipal
sewerage system. Collaboration occurred between (1) two or more municipalities, (2) a
municipality and private contractor, or, according to one interviewee, (3) a municipality and a
public utility. Interviewees discussed relationships between the municipality and other public
organizations, such as the MWRD, IEPA, and EPA, in hierarchical terms rather than as a
relationship between equals and, therefore, these relationships were not considered
collaborative.

Most interviewees stated that their municipality works with or relies on other municipalities
to manage the sewerage system. Municipalities will often share equipment or collaborate with
neighbors to complete projects that will benefit both communities. The relationship between

municipalities was generally described as positive, with one interviewee saying:
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..as far as villages and cities working together, we’re all close-knit, and we all work

together. Like | say, if something comes up we assist each other, we do that also too. Like

| say, some of the communities they don’t have a lot like some others. We have some

equipment, they have other [equipment]. Everybody tries to do it together: to do what

they can to maintain these sewers.
A few interviewees said that collaboration with other municipalities can sometimes be
challenging, “because some communities will have different ideas than we will have, so it can get
kind of messy.” Nevertheless, this interviewee and others who mentioned occasional challenges
insisted that relationships are general positive and productive.

Some interviewees also mentioned that they collaborate with private contractors who have
specialized knowledge or skills to help complete studies or major rehabilitation projects. While
none of the interviewees directly stated whether these relationships are positive or negative, they
indicated that these efforts are not uncommon, therefore suggesting that the collaborative efforts
are productive.

Finally, one interviewee described a similar relationship as that between municipalities and
private contractors, except instead with public utilities. The municipality stated that the utilities
are sometimes willing to offer equipment and services to help the municipality conduct
inspections of the sewerage infrastructure.

4.4: Summary of Findings

Attending to resiliency attributes yielded several important findings, particularly relating to
technical, social, and economic considerations. Consistent with the literature, interviewees
emphasized that the paramount concern for municipal sewerage system professionals is the
maintenance of technical infrastructure. Yet the technical solutions appear to be projects that
municipal professionals largely have the skills and knowledge to apply, but are economically
unfeasible. Insufficient funding prevents most professionals from implementing large-scale
projects that would have long-term benefits. Professionals instead pursue small-scale repairs that
are more cost-effective, but also more likely to require additional repairs in the near future.
Uncertainty about impending technical disturbances and available revenue is a perpetual
concern, leading some professionals to avoid long-term planning altogether in favor of a more
extemporized approach to sewerage maintenance as issues arise.

Interviews consistently suggested that technical and economic attributes are the greatest

concern for municipal sewerage system professionals, yet most interviewees also stressed
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challenges associated with social attributes. Interviewees often expressed frustration that
individual residents were reluctant to protect themselves from issues that arise from sewerage
system disturbances, and that residents were also often uninformed about how the municipality
manages the sewerage system. Nevertheless, some interviewees stated that harnessing
residents’ strong emotions can be useful since residents are more likely to support larger
infrastructure repairs following major disturbances such as flooding or pipe failures.

Internal organization usually has the greatest and most direct effect on management of
municipal sewerage systems. Beyond the municipal government, management is hierarchical,
with the federal government often having the smallest direct effect on individual municipalities
but nonetheless influencing decision making via state and county governments. Consequently,
many municipalities turn to other municipalities, private contractors, or public utilities to assist

with infrastructure repairs.
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Chapter 5: Discussion

...it’s not a Cook County issue or a [municipality] issue or an lllinois issue...it’s a country
problem. Infrastructure is the hardest thing—that has always been neglected.
— Municipal Public Works Director

5.1: Disturbances to Municipal Sewerage System Resilience

Consistent with much of the available literature about the challenges of managing sewerage
systems, technical and economic challenges were the most frequent and potentially disruptive
for all interviewees. Yet the perspective gleaned by these interviews stress the extent to which,
with regard to municipal sewerage system management, technical and economic challenges are
often tightly coupled but also mediated by the system’s administrative component. Several
interviewees explained that technical deficiencies in the system are the direct result of insufficient
funds to complete necessary repairs; therefore, the municipal administration focuses more on
point repairs, temporary solutions, and alternative technology to maintain system functionality.
Further, the EPA (2008: 44) acknowledged that smaller communities—which it defines as those
with populations of fewer than 10,000 people—may “lack the technical, financial, and managerial
capacity to optimally construct, operate, manage, or maintain wastewater treatment facilities or
systems”. In this study, however, only one of the municipalities included had a population of fewer
than 10,000 residents; nevertheless, each of the municipalities discussed challenges arising from
the interlocked technical and economic dimensions. In fact, the interviewee representing the
municipality with the smallest population placed less emphasis on technical challenges than most
other interviewees. This singular observation does not, of course, undermine assertions by the
EPA or others that smaller communities are usually less capable of meeting the demands required
for proper sewerage system maintenance. What it does suggest is that the idea of what defines a
small community should possibly be expanded given the magnitude of necessary municipal
sewerage system projects. Rather than emphasizing isolated statistics like population or
budgetary numbers, analyses should instead examine the disparity between economic capacity
and economic needs. Subsequent policies intended to aid communities in need would, then,
target more appropriate metrics indicating a municipality’s technical, financial, and managerial
capacity.

There is ample literature detailing the linkage between municipal sewerage systems and
social dimensions, usually regarding residential flooding, public health, and beach closures.

Despite being connected to the regional MWRD system, which during particularly intense wet
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weather events can overflow into Lake Michigan and expose beaches to untreated wastewater,
none of the interviewees discussed concerns related to social issues external to their individual
municipality. Further, only one interviewee directly framed sewage overflows as a potential public
health concern within municipalities. Nevertheless, interviewees strongly underscored their
concern about sewerage system flooding into residential basements. While it was seldom
mentioned directly, it is reasonable to believe the interviewees were concerned about the full
challenges to finances, public health, and general wellbeing associated with flooding.

Rather than specifically emphasize these financial and public health losses associated with
insufficiently managed municipal sewerage systems, interviewees instead spent considerable
time discussing challenges that arise from residents’ lack of knowledge about infrastructure
operations, management, or protection strategies. Several complex administrative, economic,
social, and cultural factors can affect residents’ awareness and preparedness for floods (Scolobig
et al., 2012); however, few studies specifically attend to residents’ awareness of risks and
protection strategies for sewerage system induced flooding. Due to the paucity of research
directly connecting sewerage system overflows, residential awareness, and consequences for
municipalities, interviewees were not expected to stress frustrations with a lack of public
preparedness. No interviewee suggested that lack of public awareness and preparedness posed
as significant a threat to overall system functionality as, for example, infrastructure deterioration
or economic constraints. Yet interviewees often characterized the lack of social resourcefulness
as a persistent and challenging problem with actual economic, administrative, environmental, and
technical consequences. The consequences could be positive if awareness and preparedness were
strong, and negative if they were not. A lack of social resourcefulness was attributed to higher
cleanup and repair costs for both municipalities and residents, while strong social resourcefulness
was linked to progressive policy shifts, more green infrastructure, and increased sewerage system
capacity. Yet some interviewees found social challenges resulting from a lack of awareness and
preparedness as opportunities to push for stronger administrative support of infrastructure
rehabilitation projects, and have often found progressive management decisions are made at
points of heightened social unrest.

Other challenges concerning the administrative and environmental resiliency dimensions of
municipal sewerage systems received far less attention, although results do not indicate these

challenges as insignificant or unimportant for management. Interviewees generally discussed
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administrative challenges—often relating to uncertainty in planning or differences between the
municipality and other public agencies—as unavoidable and inevitable, rather than as obstacles
that could be overcome. One interviewee expressed this idea, stating that “if something does
change and the law does change, and we’re going to have to comply, then you make the changes
to comply with the law. That’s about all you can do, you know?” Exogenous administrative
decisions about laws, management requirements, and budgetary apportionments constrain
internal administrative capabilities to plan and finance projects. Consequently, municipal
sewerage system managers are faced with enormous uncertainty in annual operations.

There were few differences in responses among interviewees representing municipalities
with different sewerage systems (separate, combined, or separate and combined) when
discussing major challenges. Interviewees from all three separate system communities described
the infrastructure as being approximately 50 years old, whereas several interviewees from the
combined or separate and combined system communities said sewerage infrastructure was older
than 100 years in some locations. While some of the separate sewer system interviewees
mentioned that infrastructure is beginning to corrode and deteriorate, interviewees with other
types of systems generally used much stronger language to describe the condition of their
infrastructure, including “disintegrating” and “crumbling.” None of the separate system
interviews strongly emphasized administrative challenges, although some mentioned challenges
included tighter constraints due to external laws, competition for funding sources, and ensuring
that lot redevelopment does not adversely impact the sewerage system. Given that there was
little consistency between interviewees, and that each of these challenges was expressed by
interviewees from other municipalities, there is insufficient evidence to suggest that
municipalities with different sewerage systems experience significantly different administrative
challenges. Similarly, no mentions of social, economic, or environmental challenges suggest these
dimensions affect municipalities differently based on their type of sewerage system.

No characteristics were always true for all municipalities above or below the Cook County
average for community wealth, although some general trends were observed. Overall,
interviewees from municipalities with less community wealth suggested they were already in a
position where they were unable to complete all necessary projects due to a lack of available
resources, whereas many of the interviewees representing municipalities with more community

wealth suggested that they were currently able to complete all or most necessary sewerage
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system projects. Consequently, some less wealthy municipalities described a more
improvisational approach to planning and administration, versus the bigger emphasis on short
term planning in wealthier municipalities. Many communities with less community wealth
focused on point repairs and temporary solutions to technical challenges, whereas wealthier
communities were more likely to mention larger infrastructure projects. According to one
interviewee:

..there are communities that can afford to do it and there are communities that can't,

and they’ll find themselves doing a lot of point emergency repairs. And it works. | mean,

you fix it and it’s flowing again, and there you go. So it’s just putting a Band-Aid on it.
Thus, temporary projects and repairs are able to extend the life of sewerage infrastructure, but
they are more likely to require additional repairs in a shorter amount of time than municipalities
that pursue long-term solutions. While wealthier communities generally mentioned being better
able to currently complete all necessary inspections and maintenance, all communities expressed
concern about whether they would be able to sustain their level of maintenance into the future.
Even one interviewee, who described the municipality’s strategy as the “Cadillac” of sewerage
maintenance programs, expressed concern that a future lack of funding may significantly disrupt
their ability to manage the sewerage system. Aside from technical, administrative, and economic
challenges, there was little difference in the content of discussions concerning social and
environmental challenges, although interviewees from municipalities with greater community
wealth tended to describe social challenges—especially related to social awareness and
preparedness—more often than interviewees from less wealthy municipalities. One interviewee
from a wealthier community described the residents by stating that, “it’s a highly affluent,
educated...clientele, so people are smart enough, they expect good service, they expect their
infrastructure to be functional and safe, and so that’s our daily challenge and our daily charge.”
While no other interviewees directly linked residents’ socio-economic status to an observed lack
of awareness and preparedness about the municipal sewerage system, it is possible that residents
from wealthier communities are more likely to participate in public administration, and therefore
create the appearance of less awareness and preparedness for flooding hazards.

Only one interviewee represented a non-home rule community below the Cook County

average for community wealth; thus, it is difficult to determine and isolate a strong correlation
between the effects of non-home rule status that differ from communities with home rule status.

It may be worth noting, however, that the interviewee from the only less wealthy non-home rule
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community described the management plan in terms more similar to those of a wealthier
community. That is, the interviewee described the management strategy as primarily proactive,
based on multi-year plans, and involving creative strategies to reduce costs and include more
residents in the management process. Still, it must be stressed that conclusive results cannot be
achieved concerning the relationship between a municipality’s home rule status and its sewerage
system management based on the lack of available data.

5.2: Strategies for Managing Municipal Sewerage System Resilience

Prominent strategies for managing municipal sewerage systems usually addressed the
challenges interviewees described. Consequently, the most thoroughly discussed strategies were
day-to-day or short term technical projects, including point repairs, sewer lining, emergency
repairs, and in some cases, major rehabilitation and replacements. Yet most interviewees
described conducting point repairs or other smaller scale, less permanent solutions to help extend
the infrastructure life at a smaller cost. Some interviewees described an awareness of necessary
projects, but explained that economic challenges limit the frequency and type of projects they are
able to pursue. Thus, many municipal sewerage system management strategies reflect the type
of challenges faced, but are unable to match the severity of challenges. To quote one interviewee:

...50 long as the sewer stuff is still holding up, then I really have no major issues or problems with

it. We've got it all listed with our priorities of what we’d like to see done, but it’s not happening

like you'd like to see it done, so you just have to go along with whatever comes our way. That’s

basically what it comes down to.

While not all interviewees described their municipal capacity in such constrained terms, almost
all expressed concern that they will become increasingly limited in their capacity to achieve all
goals in the future because technical projects are, again, constrained by the type and extent of
economic challenges.

Consequently, almost all interviewees described strategies for increasing funds or decreasing
economic losses in order to implement technical projects. Economic projects generally involved
pursuing grants and other funding sources made available by the county, state, or federal
government. While almost all interviewees stressed the continual search for funds as the primary
economic projects the municipality conducts, some of the interviewees stressed that they are not
directly involved in the process of creating the budget, identifying loans, or allocating municipal
funds toward sewerage infrastructure systems. While most interviewees described the

relationship between departments that manage the municipal sewerage system and officials
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responsible for budgeting as strong and essential for the overall functionality of the sewerage
system, they also described encountering pulses of economic investment in infrastructure
following intense wet-weather events. These observations suggest that social and administrative
responses to isolated disturbances can often be the deciding factor in which of several competing
needs receive municipal funds. Therefore, while technical projects are dependent on the balance
between economic challenges and projects, economic projects, to an extent, are dependent on
administrative responses to social challenges.

Relationships between dimensions of municipal sewerage systems are not, however, always
one-way. While technical and economic projects are dependent on administrative projects,
administrative projects are simultaneously shaped by the nature of technical and economic
challenges. Perhaps the best example of this relationship is the difference between municipalities
whose administrative strategies rely more on planning and proactivity versus those whose
administrative strategies rely more on improvisation and reactivity. Several interviewees
characterized the technical and economic dimensions of municipal sewerage systems by one
common factor: a high degree of uncertainty. Sewerage infrastructure may unexpectedly collapse
and require emergency repairs, and funds may drastically fluctuate annually or be irregularly
redistributed depending on municipal needs. Interviewees who described a stronger ability to
adapt to uncertainty tended to characterize their administration as one that relies heavily on
planning, scheduled inspections, and routine. Conversely, interviewees who described being less
able to adapt to technical and economic uncertainty—usually due to economic constraints—
tended to characterize their administration as one that makes short term plans and attempts to
conduct regular inspections, but instead often reacts to challenges as they arise. Some
interviewees described efforts to resist the need to reactively manage problems by clearly
defining different management responsibilities for different departments and groups within the
municipality, or by changing municipal laws to help minimize burdens on the sewerage system.

Interviewees’ descriptions of social projects suggest that municipal efforts to actively change
social conditions through technical and administrative projects may be more effective than
educational efforts alone. Interviewees often stated that their municipality engages in efforts to
raise awareness about sewerage system operations and opportunities to prepare for flooding, yet
many of these interviewees also described residents’ lack of awareness and preparedness as a

major challenge for the sewerage system. One interviewee, however, described his municipality’s
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decision to invest money in grants for residents to install overhead sewerage systems rather than
gravity systems, which are intended to reduce basement flooding. The interviewee stated that
over a period of a few years since instating the policy, the number of flooding reports following
intense wet weather events dropped from a range of 300 — 400, to a range of 50 — 60. Another
interviewee stated that after his municipality created a Water and Sewer Infrastructure
Committee designed to educate residents and involve them in management decisions, the
municipality as a whole has been able to invest more money toward infrastructure and become
significantly more proactive in its management approach. These two examples provide different
approaches to solving social challenges, yet appear to be more effective than traditional methods
of information dispersal. The first example bypasses the need to educate residents by investing
directly in technology to increase preparedness, which according to the interviewee, ultimately
saves the municipality money. The second example demonstrates efforts to educate residents by
allowing them to actively engage in the process and understand first-hand the costs required to
fund infrastructure.

Many government laws and programs affecting sewerage systems focus on wastewater
treatment and water quality concerns related to pollution, yet none of the interviewees discussed
municipal projects to improve the quality of local or regional waterways. Some interviewees
mentioned that municipalities are encouraging residents to add rain gardens, although the
emphasis was more on stormwater retention rather than stormwater filtration. While tensions
between the focus of municipal governments and other public agencies were not explored in
depth, the discrepancies between their goals may contribute to increased constraints on
municipal sewerage system management. Major challenges related to infrastructure included
maintaining the technical functionality of sewerage infrastructure and being able to allocate
sufficient funds among competing municipal infrastructure projects, but many environmental
laws and programs focus on a different set of problems. Even functional and properly maintained
sewerage systems can cause ecological and public health risks due to the potential for untreated
wastewater and stormwater discharges. Therefore, while many county, state, and federal
programs strive to eliminate ecological and public health risks, there are fewer programs that
enable municipalities to achieve the goals most important to them; that is, regular and

appropriate infrastructure rehabilitation to maintain functionality.
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Interviewees described some projects that differed between communities with CSSs and
those with SSSs. One interviewee representing a municipality with both types of sewerage
systems said the main difference is that blockages from fats, oils, greases, or other materials that
are sent down sanitary drains are more common in separate sewer systems. Other interviewees
managing separate sewer systems mentioned efforts to prevent inflow and infiltration—or
sources of clean water—from entering sanitary sewers, thereby unnecessarily increasing the
amount of wastewater treated and making communities more vulnerable to flooding. According
to the interviewee, a large storm is able to flush any blockages in a CSS away. Another interviewee
also representing a municipality with both types of sewerage systems said the municipality was
making efforts to replace CSSs with SSSs to help mitigate flooding during intense wet weather
events. While there were some major differences among types of technical projects pursued by
municipalities with different types of sewerage systemes, it did not appear that sewerage system
type significantly affected municipal projects focused on administrative, social, economic, or
environmental dimensions.

Community wealth did appear to affect the types of projects municipalities pursued to
manage sewerage system resilience. Most of the municipalities with community wealth below
the Cook County average relied more heavily on improvisational and reactive administrative
decisions and temporary technical solutions. Conversely, municipalities with greater community
wealth engaged in regular planning and routine monitoring of sewerage infrastructure. These
results suggest that community wealth may correlate with the municipality’s overall capacity to
provide functional and sustainable infrastructure to residents. While interviewees from
municipalities with greater community wealth tended to discuss social challenges to the sewerage
system more often than interviewees representing municipalities with less community wealth,
there was no major difference in a municipality’s engagement in social projects when comparing
community wealth. Most municipalities, regardless of community wealth, engaged in some
projects to manage for social dimensions in some capacity. The level of engagement in social
projects varied by municipality but was not, again, directly or indirectly associated with
community wealth based on the results. The willingness for many communities to engage in social
projects may be due to the fact that efforts to engage and educate residents are often low in cost

and easy to achieve, although the efficacy of these projects is more difficult to measure.
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None of the data suggested that a municipality’s status as a home rule community has any
bearing on its strategies for managing sewerage systems. The lack of a correlation, however, is
due primarily to insufficient data.

5.3: Organization of Actors in Municipal Sewerage Systems

Perhaps the key finding relating to the way in which actors organize to manage sewerage
systems is that, based on interviews included in this study, perceived challenges do not emerge
from faults in the municipal organization. In fact, the vast majority of interviewees described both
internal and external municipal sewerage system organization as strong, beneficial, and highly
collaborative. Perhaps the strongest connections described were those between different
departments and officials within individual municipalities, and between administrative agencies
in separate municipalities. According to most interviewees, elected municipal officials generally
identify, obtain, and allocate funding sources, while the Public Works and Engineering
departments plan and implement projects. Many interviewees described this organizational
structure as beneficial because it distributed responsibilities that require very different skills,
knowledge, and time commitments. None of the interviewees commented on whether or not the
separation of municipal professionals responsible for the budget and those who manage the
sewerage systems results in an incomplete exchange of information, which is a possible negative
consequence of creating strong distinctions between budgetary and technical personnel.

Further, the strong relationships interviewees described between separate municipalities
appeared to primarily result from necessity. Interviewees often cited the expense of completing
major sewerage infrastructure projects individually as one reason why municipalities choose to
work collaboratively. Another reason why municipalities choose to work with other organizations,
including separate municipalities and public utilities, adds a temporal component to the needs-
based reasoning. Axelrod (1984) argues that “what makes it possible for cooperation to emerge
is the fact that players might meet again...the future can therefore cast a shadow back upon the
present and thereby affect the current strategic situation” (12). Similarly, some interviewees
explained their willingness to assist other groups with services, usually by lending equipment, is
fostered by an understanding that at some point in the future, they may also lack necessary
resources and will have to rely on others for assistance. Thus, given the limits to their individual
management capacities, municipalities have understood that the pursuit of individual interest

also requires collaboration.
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The importance of collaboration within and between municipalities was expressed by the
majority of interviewees, with no significant differences based on type of sewerage system or
community wealth. Given the abundance of communities with either CSSs, SSSs, or both, it is
reasonable to infer that sewerage system type would not be a hindrance to a municipality’s ability
to work productively and collaborate with other municipalities. Regarding community wealth,
while municipalities with higher community wealth were generally described as more capable of
managing for uncertainty and completing necessary projects, economic challenges remain
persistent and fundamental for all municipalities. Thus, it is also reasonable that municipalities
should choose to assist one another and pursue less expensive collaborations regardless of their
relative wealth. Finally, municipalities are generally in non-competitive relationships with one
another regarding sewerage system wealth. In fact, given their association with the MWRD,
municipalities may have even more reason to collaborate. Due to the interconnections of all
sewerage infrastructure in the regionally managed system, disturbances in one municipality can
lead to disturbances in several other municipalities; therefore, it is in the best interest of individual
municipalities to ensure that their neighbors are also able to manage their sewerage systems
effectively.

Interviewees described other relationships—specifically with residents and with county,
state, and federal governments--as less directly involved in sewerage system organization yet still
highly influential and, occasionally, more likely to incite challenges. Some interviewees described
the lack of attention given to individual municipal needs by county, state, or federal agencies
requires municipalities to comply with programs that, according to the interviewees, may not
yield strong benefits for specific localities. These external government agencies are far more
removed from the internal organization than public entities existing within the municipality, but
their impacts can profoundly affect municipal operations. Finding solutions, then, that
simultaneously achieve national, state, county, and municipal goals poses a significant
organizational challenge. Extending that line of actors further, residents also have goals that differ
from the municipalities, and their lack of awareness about the sewerage system or readiness for
disturbances can prompt them to demand changed management strategies. Therefore, granting
ample opportunities to not only educate, but enable active engagement in processes across
governmental levels may be an effective and efficient means of bringing differing goals into

alignment. Nevertheless, despite the challenges that some interviewees mentioned regarding
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working with residents or other government agencies, most asserted that their working
relationships were positive and helped improve conditions within the municipality.
5.4: Relationships between Municipal Sewerage System Attributes

As mentioned in previous sections, results from interviews in this study suggest that the
matrix of resilience attributes in Table 1 does not reflect system components that can be isolated
and managed independently of one another. Instead, each of these attributes interact with each
other in complex but not entirely inexplicable ways depending on established parameters of the
system context. Enhancing or diminishing an individual resilience attribute can impact the
optimality of other attributes. Mapping out interactions of attributes within a system can assist
policy analysts and managers with identifying sources of tension and opportunities for
improvement within a system.

For example, most interviewees drew connections between a lack of public awareness and
preparedness (diminished social resourcefulness) with increased public vulnerability to flooding
and other preventable sewerage system disruptions (diminished social robustness). Many
municipalities, then, attempted to improve social robustness by also improving social
resourcefulness through education and outreach efforts. Despite these social projects, many
interviewees found that progress was nominal at best. Using resilience theory to map out
relationships between system attributes can allow analysts to identify other relationships that
achieve the same desired outcomes for improved social robustness; managers can then modify
that relationship so improved social resourcefulness becomes less fundamental to achieving
goals. Two interviewees described ways in which their municipality followed this procedure. One
municipality began investing in grants to incentivize residents to install flood protection
technology, and another interviewee created a Water and Sewer Infrastructure Committee to
give residents an opportunity to actively engage in the management process. The first
municipality demonstrated an awareness that social resourcefulness and social robustness are
positively affected by improvements in both policy innovations (administrative resourcefulness)
and the capacity to maximize funds (economic resourcefulness). Municipal managers, then,
created an innovative policy that improves both social resourcefulness and robustness by
protecting residents from floods without having to rely on public education to motivate residents
into taking action. The second municipality chose to add an additional balance to the management

process by creating a committee for residents (enhanced administrative redundancy) to enhance
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community engagement and, therefore, community competence about infrastructure issues.
Both municipalities reported enormous benefits in cost savings, decreased reports of flooding,
and administrative capacity to move forward with progressive infrastructure projects. The matrix
of attributes in Table 1 is an essential component for beginning to understand relevant issues
within a system, but relationships between system attributes must be established to plan and
predict the outcomes of new management strategies.

Figure 5 depicts broad relationships between municipal sewerage system dimensions in Cook
County identified in interviews. Solid lines depict relationships in which one dimension has a
direct, often immediate and unmediated, effect on another dimension. For example, a sewerage
pipe that is blocked, collapsed, or filled beyond capacity may back up into residents’ homes. Thus,
the relationship between the pipe (technical) and the home (social) is direct and unassisted by
conscious, willful decision-making. Environmental variables, such a particularly intense wet
weather event, may cause pipes to exceed capacity and flood homes; therefore, there is also a
solid line connecting the environmental dimension to the technical and social dimensions.
Further, technical dimensions of sewerage systems and directly affect environmental dimensions

by polluting waterways.

Figure 5. Relationships between Municipal Sewerage System Dimensions

TECHNICAL

+
|
|
|
|
\ v
SOCIAL - * ADMINISTRATIVE b i *- ENVIRONMENTAL
+
|
|
|
+

ECONOMIC




83

Conversely, dashed lines depict direct relationships that are necessarily mediated by some
kind of conscious, willful decision-making that can be influenced by the actor’s surrounding
environment. For example, dashed lines connecting social dimensions to technical and
environmental dimensions underscore the ability for citizens to alter sewerage infrastructure or
their surrounding environment based on their decisions, actions, and beliefs. Residents who
dispose of fats, oils, and greases into the sewerage system have a direct effect on creating
infrastructure blockages, but the negative relationship between social and technical dimensions
hinges on the decision-making of individual residents, rather than a steadfast rule that residents
looking to dispose of fats, oils, and greases will use their sewerage system. Similarly, residents’
impacts on their environment—like deciding to develop a home and, therefore, reducing open
space for infiltrating stormwater—are direct, albeit mediated by their knowledge and choices.
Finally, all aspects have similar effects on the administrative dimension of municipal sewerage
systems. Indeed, technical challenges like widespread deterioration of infrastructure will not
necessarily result in direct administrative action. Administrative decision making is influenced by
a number of different factors, including public pressure, financial resources, and personal interest.

Put another way, managing for relationships marked by solid lines require technical solutions,
whereas managing for relationships marked by dashed lines entail persuasion, education, politics,
and other social solutions. Of course, as this section argues throughout, management decisions
are rarely conceived and implemented entirely within a single relationship or dimension; instead,
managing one relationship or dimension requires managing several across multiple scales. As
another example, a municipality may wish to manage the technical-environmental relationship
by expanding the capacity of its sewers. Doing so would not only require a municipal
administration that is willing to manage this relationship, the administration will also need access
to sufficient economic resources, technical knowledge, and social support for the project.
Assuming the municipality is able to mobilize its administrative, technical, economic, and social
dimensions toward managing the technical-environmental relationship by expanding pipe
capacity, the municipality must also consider these relationships across scales. Some interviewees
stressed that even if they were to increase the capacity of their sewerage pipes, the capacity
problem would not be resolved because municipal pipes feed into the MWRD system, which they

are not able to adjust. Thus, the municipality must manage its relationship with the MWRD, which
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then must manage its own administrative, technical, economic, and social relationships
dimensions to assist the municipality.

The model in Figure 5 depicts observed relationships but it does little to explain them. The
breadth of this model must be understood contextually and further refined before it can be
utilized for both explanation and prediction. How actors organize around and within the municipal
sewerage system contributes to an understanding of context because it highlights hierarchical
relationships, power dynamics, responsibility, and potential points of leverage. Figure 6 depicts
the organization of municipal sewerage systems in Cook County based on interviewee
descriptions. Solid lines depict relationships in which one actors has direct authority over another
regarding management of municipal sewerage systems, whereas dashed lines depict
relationships in which actors collaborate or exercise indirect authority over another actor. The
dotted box separates internal and external relationships and actors affecting individual
municipalities. The figure only depicts relationships described as important by interviewees.
Other direct, indirect, and collaborative relationships are certain to exist; however, these

relationships were not mentioned in interviews.

Figure 6. Organization of Municipal Sewerage System Management
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Individual citizens provide the foundation for municipal sewerage system management,
though they were depicted as having the least direct and indirect influence over municipal
management strategies. Thus, outside of their role as a source of revenue through service fees,
individual citizens provide the ultimate test as to whether or not management strategies are
effective. As a result, municipal officials may be more responsive to input from individual citizens,
explaining why several interviewees noted that policies and management strategies typically
evolve rapidly after large numbers of citizens are negatively affected by sewerage system
disturbances. Within municipal government, elected officials set policy and finalize the budget—
granting them authority over other departments—although they also work closely with the Public
Works and Engineering departments to ensure that their strategies serve individual citizens.

External public entities generally have less direct influence on municipal sewerage system
strategies as their scope move from county, to state, and finally to federal. Each level of
government offers financial resources to municipal governments for sewerage infrastructure
projects, although other municipalities are also competing for the same funds. Further,
interviewees mentioned state and county government as regularly asserting direct control over
municipal sewerage systems by passing legislation which is seldom tailored for specific
municipalities. Consequently, municipal officials are often constrained in terms of planning,
funding, and completing infrastructure projects. Municipalities, partially, adjust to these
constraints by working with other municipalities, private contractors, or public utilities to help
with infrastructure projects, occasionally in exchange for other services.

Illumination of these organizational relationships was not central to this study, although how
actors interact with one another emerged as an important and influential aspect of municipal
sewerages system management. Decisions of municipal managers are invariably affected by the
flux of direct and indirect relationships with other actors. Therefore, a better understanding of
these relationships may further clarify how managers prioritize different and often conflicting
projects.

The explanatory and predictive capacity of resilience theory for municipal sewerage systems
can be further extended by refining the relationships between system dimensions depicted in
Figure 5. Indeed, interviewees often described interrelations between the properties of

robustness, redundancy, resourcefulness, and rapidity. As an example, figure 7 represents
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commonly mentioned relationships between properties of the technical dimension. Unmediated
relationships, depicted by solid lines, make up most relationships between different technical
components of a sewerage system. Technical rapidity may have immediate effects on technical
robustness because infrastructure strained beyond its capacity or with several blockages may
cause pressurization which exacerbates the deterioration of pipes. Technical redundancy can
increase rapidity by increasing the system’s overall capacity which, in turn, may reduce the risk of
pipe deterioration due to pressurization. Some interviewees also linked minimal technical
resourcefulness—specifically a lack of knowledge about how to best solve technical problems—
to diminished technical robustness. However, this relationship is marked by a dashed line,
representing mediated relationships. The inability to properly maintain infrastructure and solve
technical challenges—that is, a lack of knowledge—diminishes administrative robustness in that
the capacity for managers to effectively plan and implement strategies becomes severely limited.
A less robust administration, then, may allow threats to technical robustness to become more
extreme, contributing to infrastructure deterioration.

Figure 7. Relationships between Technical Properties
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Relationships between technical properties in Figure 7 that were not established does not
mean they did not, do not, or cannot exist. Moreover, many relationships exist among different
properties of many types of dimensions (i.e., administrative, social, economic, and
environmental). Additional research may identify new relationships or enhance the
understanding of already established relationships. Yet what is already clear based on the
relationships between system properties (Figure 5) within the broader organizational structure
(Figure 6) is that the ultimate purpose of municipal sewerage system management is the
maintenance of service to end users (social dimension) while minimizing or eliminating negative

externalities. Public agencies, most prominently municipal government, (administrative



87

dimension) are the actors responsible for overseeing maintenance. Infrastructure (technical
dimension) provides the service that public agencies maintain, although they are limited almost
entirely by their ability to finance necessary maintenance strategies (economic dimension). The
natural environment (environmental dimension) can affect and be affected by municipal
sewerage system management strategies, and can contribute to the unpredictability of system
processes. In a perfect system ruled by engineering resilience, these relationships would exist
without disturbances and they would need only to be robust to continue. Yet the reality of
disturbances, unpredictability, and trade-offs require the properties of redundancy,
resourcefulness, and rapidity to maintain functionality. Effective managers must therefore
intentionally and strategically create or modify relationships between properties to achieve
specific outcomes.

Two interviewees described ways in which the municipalities they represented altered
relationships between properties to solve challenges to social resourcefulness. Many
interviewees described frustration that residents are often misinformed or uninformed about
proper protection of their homes against sewerage system backups. To solve this problem, many
interviewees stated their municipalities were embarking on efforts to educate residents about
the sewerage system with flyers, advertisements, and public meetings. Their management

strategy can be represented as:

Social
>R ful
Robustness Robustness esourcefulness

Economic Administrative

Relying on their economic and administrative robustness, the municipalities planned and
implemented strategies to manage social resourcefulness specifically with the intention of
improving public competence. A more knowledgeable public could, theoretically, take action to
prepare for flooding, in turn reducing municipal clean-up and management costs, or it could
catalyze greater public support for infrastructure projects. Yet educational efforts alone can only
attempt to manage what residents know; they have no control over whether residents will put
their knowledge to use. Thus, the consequences of educational policies to improvement

awareness about sewerages systems are largely unpredictable. According to many interviewees,
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education efforts yielded limited success in terms of increasing preparation for flooding events,
support for infrastructure projects, and reducing criticism of municipal managers.
One interviewee described an alternate strategy for achieving similar results that can be

represented as:

Economic Economic
Robustness Resourcefulness

Administrative TN Social N Social

Robustness

Resourcefulness Robustness

Dotted arrows reflect relationships the management strategy directly affects, whereas black
arrows reflect expected consequences of the strategy. The municipality offered grants to
residents partially covering costs of installing home flood protection infrastructure. Because this
strategy emphasizes preparation rather than education, the municipality is able to directly
manage the relationship between social resourcefulness and social robustness which yields
known reductions in management costs and, therefore, improved economic resourcefulness and
ultimately enhanced economic robustness. The above representation reflects the intention of
strategies emphasizing education alone, but a policy offering flood protection installation grants
ensures improvements in social robustness and increases the likelihood that the municipality will
enjoy decreased management costs and more available funds. Indeed, the interviewee described
the policy as enormously successful, sharply decreasing the number of reported floods and saving
the municipality money. Nevertheless, while offering grants may eschew the need for residents
who are knowledgeable about the sewerage system, it may not be a wholly successful policy for
municipalities that value educated residents as a desirable outcome in itself. Further, strong

economic robustness may be a prerequisite for municipal policies offering upfront grants,
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therefore requiring some municipalities with fewer available funds to find alternate strategies for
achieving similar results.
A different municipality devised yet another method for managing social resourcefulness,

represented as:

Technical
Robustness

Administrative Administrative

Robustness

'.....lll....>

Resourcefulness|

The municipality demonstrated its administrative resourcefulness by establishing a Water and
Sewer Infrastructure Committee to modify their administrative robustness, inviting residents to
participate in administrative processes for planning management of municipal infrastructure.
Participation in the committee increased residents’ knowledge about the sewerage system and,
according to the interviewee, was very instrumental in supporting more proactive sewerage
infrastructure projects. While many municipalities manage social resourcefulness by implanting
administrative strategies that affect residents, this municipality created a relationship where
residents can also affect administrators. The consequence was a more knowledgeable municipal
population, and an administration with more freedom to pursue infrastructure projects.
Managers hoping to use resilience theory to identify opportunities for devising strategies that
improve the sewerage system must understand not only important challenges, ongoing projects,
organizational characteristics, and available resources, but also the relationships between key
system attributes. After identifying a particular system property to enhance, the manager can
then target sets of secondary, or even tertiary relationships that—if manipulated—can potentially

promote the desired effect on the property. Once those sets are isolated, the manager can craft
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different policies and strategies around those relationships. Strategies best able to maximize the
desired effect while minimizing negative externalities will likely become official policy.
5.4.a: Evaluating System Relationships

Given the significance of relationships between system attributes when understanding and
creating management strategies, care must be taken to properly shift the understanding of how
dimensions, properties, and their relationships are each evaluated. This study began under the
hypothesis that resilient systems encompass robustness, redundancy, resourcefulness, and
rapidity in each of five dimensions: technical, administrative, social, economic, and
environmental. The tacit assumption was that more robustness, redundancy, resourcefulness,
and rapidity resulted in more resilience. Each property could be individually “diminished” or

Ill

“enhanced” from an unspecified “optimal” state to improve overall resilience. Results from this
study challenge those assumptions.

Several interviewees mentioned using restrictors to slow the rate at which stormwater enters
sewerage infrastructure. Water stands on streets for a longer time, but the risk of the sewer
reaching capacity and backing up into residents’ basements decreases. Restrictors intentionally
decrease technical rapidity, but they help prevent basement flooding the consequences of which
may take even longer to rectify. Thus, the effect of restrictors on the overall system rapidity
depends on the perspective of the actor in the system, but they also undermine the assumption
that faster action benefits system resilience. An analogous example comes from some
interviewees’ mention that root infiltration into sewerage infrastructure can contribute to pipe
collapses. The challenge from root infiltration is partly environmental, but it resists classification
as a consequence of “diminished” environmental robustness: a growing root is seldom indicative
of an unhealthy or non-functional ecosystem. It might be argued, instead, that root infiltration is
a challenge spurred by “enhanced” environmental robustness, in that the roots are strong enough
to infiltrate and disrupt the infrastructure.

What becomes evident is that optimization of a system property is determined by the
compatibility of its relationship with other properties for achieving an outcome desired by
managers. For example, while allowing trees to grow and proliferate may be understood as
enhanced environmental robustness in some contexts, the risk of root infiltration makes them
incompatible with sewerage system managers’ goal to increase technical robustness. Therefore,

enhanced environmental robustness can be, in specific contexts, non-optimal for sewerage
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system managers. Yet vegetation can also help intercept stormwater runoff and be an important
part of overall flood control management strategies. Municipal managers must carefully balance
the costs and benefits of vegetation, and be able to effectively prevent or control adverse effects
like root infiltration. In another example, poor public health creates an incompatible relationship
between social robustness and administrative goals for community wellbeing, or administrative
robustness. This finding suggests the manager’s job is not to linearly push each property toward
its own optimal steady state while abating external disruptions. Complex systems contain
properties that, in their movement toward a steady state, inevitably disturb the movement of
some other property. It is the manager’s responsibility, then, to bring disparate and conflicting
attributes into relative harmony and guide them in the direction of a unified system-wide steady
state. Doing so does not lapse into pursuit of engineering resilience, which assumes that systems
can and do exist at a steady state except for when discrete issues temporarily disrupt them.
Instead, managers continually move toward an ideal steady state through a persistent hands-on
approach, while understanding that constant disturbances will never allow them to fully arrive at
the steady state.

5.5: Municipal Sewerage Systems and the Adaptive Cycle

Resilience is a form of adaptive capacity, and can be represented by the adaptive cycle
(Holling, 2001). Resilience theory is not yet developed enough to ascertain precisely and
definitively where in the adaptive cycle a system resides, yet based on results pertaining to
technical, administrative, social, economic, and environmental dimensions, municipal sewerage
systems appear to have entered the late conservation phase. Systems in this phase of the adaptive
cycle are characterized by high connectivity, increased uncertainty, stymied growth, reduced
flexibility, and increased dependence on existing structures and processes (Holling, 2001; Walker
& Salt, 2006; Wu & Wu, 2013).

The municipal sewerage systems in Cook County demonstrate extremely high connectivity, or
reliance on others, in all dimensions. Some interviewees emphasized the difficulty of managing
sewerage systems because they are so tightly connected to roads, water infrastructure, and
development of buildings. According to one interviewee: “we could show a hefty number of
repairs, but each time we repair one it has an effect on somewhere else...everything
collaboratively has an effect on the sewer system.” Attempting to manage and implement

projects affecting sewerage infrastructure often requires municipalities to complete major
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construction work on other forms of infrastructure, incentivizing some municipalities to wait until
rehabilitation is needed for two or more types of infrastructure. Municipalities can then couple
infrastructure needs into one project at a lower overall cost. Administratively, sewerage managers
depend on an extensive network of internal and external officials, agencies, and departments,
including elected politicians, Public Works and Engineering departments, public utilities, private
contractors, the MWRD, the IEPA, and the EPA. Administrative connectivity not only creates
overlapping policies and management strategies, but also manifests itself physically in the
interconnected network of sewerage pipes that lead to the seven wastewater treatment facilities
owned by the MWRD. Socially, residents have few options beyond reliance on the municipal
sewerage system for the conveyance and treatment of their wastewater. Residents do have
considerable agency to protect their own homes from flooding, but they also rely to some extent
on their neighbors at large to reduce their contributions to sewerage system flooding since all
residents are connected to the same system. Municipal sewerage system managers are
economically connected to administrators, granting and loan agencies, and service rate payments
for providing a consistent and sufficient source of revenue. Disturbances affecting this rigid
funding system constitute one of the primary challenges discussed by all interviewees. Finally,
sewerage infrastructure was—and often continues to be—built based on historical hydrographic
records which, according to many interviewees, no longer match current trends in rainfall
intensity. The sewerage system relies on the majority of wet weather events to not fluctuate
significantly from historical trends; otherwise, water in the system will exceed capacity and
potentially lead to raw wastewater discharges into waterways and basements.

Increased uncertainty was heavily emphasized regarding technical and economic dimensions
and, to a lesser extent, administrative and environmental dimensions as well. As discussed in
other sections, interviewees regularly mentioned challenges associated with unexpected
technical repairs and cleaning after infrastructure collapses, pipes become blocked, or other
emergencies arise requiring immediate attention. Dependence on the available infrastructure is
strong, but the age and deterioration of sewerage infrastructure—in addition to other factors,
including social conditions, pipe material, and proximity to other forms of infrastructure---has
often become so severe that sewerage system must be prepared for unexpected construction
projects. Associated with this technical challenge, interviewees regularly expressed concern about

the uncertainty of economic dimensions, including the availability of future funding sources to
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sustain current management programs as well as the ability of current budgetary allotments to
cover costs of unexpected projects. Similarly, interviewees expressed concerns about
uncertainties related to administrative priorities as officials cycle through office, respond to social
concerns, and determine financial allocations depending on budgetary constraints.
Environmental variability and the growing intensity of wet weather events were another source
of uncertainty for managers.

A lack of growth and advancements in technical, social, and economic dimensions were
significant deterrents observed by interviewees. Major advances in wastewater treatment were
made in the 20" century, and innovations continue to this day; however, many sewerage systems
built in the 19" century continue to be used in many municipalities. Several projects have been
introduced to upgrade sewerage infrastructure, increase the longevity and point repairs, curb the
frequency of raw wastewater discharges, and increase infrastructure capacity, and some
interviewees described their confidence that technological advances will continue to ease the
process of sewerage management into the future. Nevertheless, one of the benefits of massive
civil engineering projects like sewerage systems—that is, their permanence—can also be their
detractors. Despite several advancements and efforts to extend the lifespan of the sewerage
system, the system itself continues to grow old because complete rehabilitation or replacement
is so challenging. Other aspects of municipal sewerage systems demonstrate little growth.
Socially, interviewees found residents undergoing cyclical responses to persistent challenges
despite efforts to make the public more aware of sewerage system operations and prepare them
for disturbances. Some interviewees attributed residents’ inability or unwillingness to understand
sewerage operations and protection strategies to an inhibitive out-of-sight, out-of-mind
mentality. Most interviewees also expressed not only a lack of growth in funding for infrastructure
projects, but an actual decrease in financial resources that they expect to continue into the future.

Some interviewees also mentioned a trend of decreasing administrative flexibility due to
more exogenous rules dictating management practices within municipalities. These interviewees
described how county, state, and federal rules may require the municipality to conduct practices
that are unnecessary, inefficient, and costly, which then requires the municipality to neglect
maintenance of other infrastructure projects. One interviewee stated:

...by the time [a law] gets to me, you get it done. | don’t know where it originates from, |

don’t know what the people who are for it say, and the people who are against it. By the

time it gets to me, it’s a done deal, and we’re doing it.
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Interviewees who described similar challenges demonstrated a lack of involvement or influence
in policies that originate from outside the municipality. While many interviewees cited
collaboration with the MWRD and other agencies as a strength of sewerage system organization,
others conveyed a sense that their management strategies are increasingly inflexible due to
policies established by external agencies.

5.6: Policy Recommendations

Municipalities are increasingly dependent on structure, procedures, and resources that are
characterized by connectivity, uncertainty, inadequate growth, and inflexibility. Yet a systemic
release phase regime shift need not entail the literal widespread collapse of municipal sewerage
infrastructure across counties, states, or the nation. The adaptive cycle is, first and foremost, a
representation of a theoretical construct; in reality, not all systems move through all stages in the
adaptive cycle or experience destructive regime shifts (Walker & Salt, 2006). Policymakers and
managers can manipulate system components to organize changes and small-scale releases of
resources to minimize or altogether avoid the release phase and move from the conservation
phase directly into the reorganization phase. Either through broad systemic policies, a suite of
targeted discrete policies with attention to system-wide effects, or some combination of the two,
policymakers may be able to move municipal sewer systems directly to the reorganization phase
with minimal losses.

Coordinated action at all levels is necessary to move the management of municipal sewerage
systems onto a more sustainable path; however, local, county, and state governments can also
begin taking independent action to manage regime shifts without having to wait for higher levels
of government to begin taking action. A successful regime shift for wastewater infrastructure
hinges largely on identifying new approaches to financing and gaining public support for projects.
Sometimes managers could simply adapt their use of already existing tools and programs, while
other times they may want to consider strategies with far less precedent in the United States. This
section will provide recommendations to policymakers and managers at various levels of
government who oversee or influence municipal sewerage systems in Cook County.
Recommendations are intended to move sewerage management toward a system that
emphasizes greater accountability for local impacts on sewerage infrastructure, technology that

will reduce inputs into sewerage infrastructure, and more efficient project implementation
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through greater community support and consistently available funds adequate for meeting

project requirements.

Municipal: Organize Water & Sewerage Infrastructure Committees

Interviewees frequently emphasized difficulties educating residents about the larger
sewerage system and gaining support for larger infrastructure projects. While only one
interviewee mentioned the availability of a Water & Sewerage Infrastructure Committee within
the municipality, the success attributed to the Committee suggests it may provide a relatively
simple and effective supplement to ongoing educational efforts. A more educated community
may, however, become a more critical community, so municipalities must be careful not to move
from one social challenge (uninformed community members) to another (partially informed and
more critical community members). Still, an effective educational campaign may promote more
conversation about managing municipal infrastructure, which managers can potentially harness
to implement projects that a less informed public may be inclined to oppose.

Regularly convening committees not only bring together Public Works and Engineering
department professionals, elected municipal officials, and residents, but also granting unelected
residents the opportunity to become actively involved in decision making and planning processes
could give residents a better understanding of the need for infrastructure improvements, the
associated costs of improvements, and the potential consequences of inaction. Committees could
share ideas, express concerns, mediate conflict, and collaborate toward building a stronger
municipality through improved infrastructure management practices. In smaller communities,
residents who are involved with the committee may relay key learnings to neighbors and friends.

While the specific dynamics of current committees—including resident demographics,
residents’ influence on policy, and Committee influence on the larger municipality—remain
largely unknown, developing opportunities for residents to participate more fully in local
governmental processes may be a more effective means of not only educating residents about
how to protect themselves and manage their inputs into the sewerage system, but also convincing
residents that investments in infrastructure improvement are worthwhile.

Municipal: Implement Tiered Water and Sewer Rates

Between 70 and 80 percent of all water and wastewater utilities charge rates sufficient to

cover operations and management costs, but insufficient for funding major infrastructure
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improvement projects (Anderson, 2010). Considering that local water and wastewater fees
account for the majority of funding for local infrastructure projects, adjustments in rate fees could
significantly affect municipal capacity to implement larger scale, proactive, and long-term
projects. Yet raising water and wastewater rates to cover the true cost of operations and
depreciation of infrastructure could meet resistance, particularly among low-income
communities. A more palatable option may be to implement a tiered rate structure that ties the
cost of water and wastewater services to the amount of water actually consumed.

Wastewater utilities do not calculate sewer fees uniformly in all municipalities, but a common
method (described by some of the interviewees) is for utilities and municipalities to charge
according to the amount of water consumed, assuming that most water will ultimately also move
through a wastewater treatment plant. Municipal managers could set a benchmark for minimal
water use required per month per average household, then additional benchmarks to reflect
average use, above average use, and intensive uses of water. Water consumption by volume at
or below the benchmark for minimum average use could be set at a rate consistent with or slightly
above current water rates. Households exceeding that benchmark, however, would pay a higher
rate for their entire monthly consumption of water. Through a tiered rate structure, most
households would likely have to pay rates closer to the true cost of operations, but households
for which cost is not a deterrent can maintain current levels of water consumption while other
households can adopt conservation strategies to reach preferred cost levels. Rate benchmarks
can also be set by individual municipalities so the cost of water and wastewater services also
reflects the socioeconomic needs of the community. Active infrastructure committees can take
the lead on educating communities on how a tiered rate structure may improve the community,

as well as how individual households can conserve water.

Municipal and County: Offer Grants, Loans, and Waivers to Individual Homeowners for Flood
Protection and Water Conservation

According to interviewees, attempts to incentivize residents to invest in home improvements
through traditional educational means (newspaper articles, fliers, advertisements, etc.) have
limited efficacy. Establishing infrastructure committees is one means of bridging the knowledge
gap between municipal managers and the public, but they may primarily attract residents already

interested in infrastructure. Rather than depending on educational efforts alone, municipalities
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and county governments may be able to encourage homeowners to invest in home flood
protection technology through some combination of grants, loans, or waivers.

Between 2007 and 2011, the estimated cost to property owners from issues with urban
flooding is $660 million (CNT, 2013). Offering grant or loan programs to individual residents may
significantly lower the cost of flood damage and mitigate criticism of municipal governments,
which many interviewees cited as a major challenge to the sewerage system. Some municipal
budgets may allow for already available funds to be reallocated for small grants or loans, although
other municipalities with less flexible budgets may be able to raise money to cover upfront costs
in other ways. If an increased rate structure is adopted, a portion of the additional revenue could
be set aside for immediate return investments in upgrading or constructing flood protection
technology in high-risk homes. Municipalities could also increase penalty fees for late water and
wastewater bill payments to generate some revenue for home investments. Opportunities may
also exist for municipalities to form partnerships with companies that construct and install flood
protection technology to reduce costs for both residents and municipal governments. Rather than
providing grants and loans for select types of flood protection technology, municipalities may also
require that grants and loans go to projects that use a specific company’s technology, provided
that the company offers its services at a reduced rate.

While county governments, such as the MWRD, are usually charged with promoting projects
that will have a county or district wide impact, they could nonetheless begin offering loans or
grants to particularly low income communities or communities at a high risk for flooding that
could then pass the funds along to homeowners for investing in flood protection installation. The
MWRD could also engage in fund transfers directly to homeowners. Similar wastewater treatment
agencies sometimes offer rebate programs to homeowners who install high efficiency toilets,
dishwashers, sinks, and other technology that both consumes large quantities of water and adds
large quantities of water to the sewerage infrastructure (e.g., Sonoma County Water Agency,
2014; Metropolitan Water District of Southern California, 2014). The MWRD could implement a
similar program that not only offers rebates to homeowners who install water conservation
technology, but also to those who install flood protection technology. The MWRD has a much
larger budget than individual municipalities, and may have more flexibility within its budget to
reallocate some funds each year toward water conservation and flood protection rebate

programs. If, however, the MWRD does not have enough flexibility within its budget to offer small
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grants or loans to municipalities or homeowners, it could attempt to obtain additional revenue
by either increasing fees for sewer construction permits or increasing the cost of renting MWRD
owned land. Either option could allow the MWRD to provide small rebates to many homeowners

each year without directly burdening individuals by raising district-wide taxes.

County and State: Invest in Clean Water Technology and Green Infrastructure with Identifiable

Cost Savings

The MWRD is already initiating projects that will save money and generate revenue at its
wastewater treatment facilities by shifting toward the understanding of wastewater as a resource
itself. The MWRD established a goal to become energy neutral within a decade by purchasing
discounted electricity, investing in solar technology, and harnessing heat produced during the
wastewater treatment process to provide energy through sewerthermal technology, which uses
warm water produced during wastewater treatment processes to generate energy (MWRD,
2013a). The MWRD also plans to install nutrient recovery technology to utilize phosphorus in
wastewater effluent to produce and sell as fertilizer (MWRD, 2013b). These projects should act
as a model for other sewerage agencies. The MWRD and other agencies can go beyond these
efforts, however, by pursuing additional technological innovations that will reduce energy costs
and capitalize on the resource potential of wastewater. Further, provided that governments are
able and willing to invest in separate infrastructure projects, effluent reuse technology for data
centers, manufacturing operations, watering golf courses, and numerous other processes that do
not require fully potable water can significantly reduce water consumption and provide managing
agencies with an additional source of revenue. The MWRD can help fund upfront investments in
clean water technology and green infrastructure in much the same way that it funds new grey
infrastructure projects: bond sales, loans from the Clean Water State Revolving Fund (CWSRF),
revenue from rented lands, sewer permit fees, investments, and taxes (MWRD, 2013).

Money saved and gained through these process can be used for several purposes, though
managers should be careful to invest additional funds in projects that will yield additional benefits
for the entire system. Sewerage agencies can use savings to upgrade or replace additional
components of the wastewater treatment process, lend to municipalities for completing

infrastructure projects, invest in regional green infrastructure, or offer research grants to students
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at local colleges and universities conducting applied research in the areas of wastewater
management and infrastructure.

County and State: Increase Communication between Different Levels of Government to Minimize
Policies Requiring Municipal Trade-Offs

Avenues are already available for municipal representatives to comment on proposed county
and state policies; however, several interviewees expressed frustration that policies enacted by
other agencies did not always align with the mission and goals of municipal government. While
municipal governments tend to be responsible for the maintenance and operations of a small
portion of the overall sewerage infrastructure network, larger governmental agencies are
responsible for the entire system including its effects on the surrounding environment. Thus,
municipal governments must often make trade-offs between projects they have identified as
important, and projects that other governmental agencies have identified as important for the
larger region.

For example, one interviewee described how new policies mandating more inspections of
sewerage system might require municipalities to invest less time and money into fresh water
infrastructure. When proposing policies and management strategies that will affect municipal
operations, county and state agencies should also provide detailed recommendations for how
municipalities can realistically achieve the goals of the proposed policy without sacrificing their
responsibilities to other aspects of municipal infrastructure maintenance. Deliberate recognition
of the constraints many municipalities face when complying with new policies should encourage
governing agencies to provide additional assistance to municipalities with a demonstrated need.
Cost-benefit analyses should consider not only costs to the agency proposing the policy, but the

direct and indirect costs to municipalities that administer the policy.
Federal: Establish Water Infrastructure Finance and Innovations Authority Pilot Programs

Recent proposals for national infrastructure banks generally focus on transportation
infrastructure or other construction projects that will yield additional revenue when completed
through tolls or usage taxes. Water and sewerage infrastructure, which commonly rely on
ratepayer fees, are often not foregrounded or even included in the discussion of infrastructure
banks. Recently, however, discussion has progressed on the creation of a Water Infrastructure

Finance Innovations Authority (WIFIA), modeled after the Transportation Infrastructure Finance
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and Innovations Authority, which would act as a national water and wastewater infrastructure
bank. Establishing a bank that distinctly focuses on water and wastewater infrastructure may help
ensure that different types of infrastructure projects (e.g., water and wastewater, energy,
transportation) do not compete with one another for the same funds.

As proposed, the United States Department of Treasury would fund two WIFIA pilot programs
up to $50 million annually over at least five years (AWWA, 2014). One pilot program, operated by
the Army Corps of Engineers, would help pay for levees, dams, tunnels, and projects that help
reduce flood risk. The second pilot program, operated by the federal EPA, would help cover the
cost of projects already able to receive funding from the CWSRF and Drinking Water State
Revolving Fund. Each WIFIA program offers loans covering up to 49% of the total cost of
specifically large projects: those that cost at least $20 million in communities of 25,000 or more,
or those that cost at least $5 million in communities with populations less than 25,000. Loans
would be paid back over 30 years and accrue interest.

WIFIA programs would complement, rather than replace, the current CWSRF program.
Currently, the CWSRF often balances the amount of money it can give to a single project against
the amount of money available for other projects in the state. Consequently, many more
expensive projects are not covered by the state fund because the CWSRF would have to decrease
the number and amount of small loans it can award to other projects. The WIFIA programs may
not only give communities access to a financial resource that can help them implement expensive
large scale projects with long term solutions, but they may also make lending by the CWSRF more
flexible to issue more loans for smaller projects.

Congress should accelerate implementation of both WIFIA pilot programs, although it should
also require minimum annual funding of the programs beyond the first five years to ensure WIFIA
remains a sustainable program. Congress should also require minimum annual funding of the
CWSRF to ensure that the range of wastewater infrastructure projects continue to move forward.
While the majority of wastewater infrastructure costs are and will continue to be covered at the
state and local level, a larger federal investment will be needed to close the gap between what

communities can afford and requisite costs of major infrastructure projects.
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Chapter 6: Conclusion

People say that if you find water rising up to your ankle, that’s the time to do something
about it, not when it’s around your neck.
— Chinua Achebe

6.1: Study Outcomes and Implications

The extent of sewerage infrastructure deterioration and the concomitant technical,
administrative, social, economic, and environmental challenges are relatively well documented.
However, the author did not identify any previous studies attempting to qualitatively assess
important disturbances and management strategies identified by professionals responsible for
maintenance of municipal sewerage systems. This study attempted to fill that gap in knowledge
through interviews with municipal Public Works and Engineering department professionals in
Cook County, lllinois using concepts derived from resilience theory. Data were collected through
semi-structured interviews in which professionals were asked broad questions related to the
background of the sewerage system, primary challenges, primary projects, and administration of
the sewerage system. Interviews were then coded and analyzed according to twenty attributes of
resilient systems identified in the resilience theory literature.

Interviewees overwhelmingly described a lack of available funding as the biggest challenge to
management of municipal sewerage systems, which directly relates to the quality and quantity of
technical projects the municipality is able to complete. Municipalities with greater community
wealth generally, though not always, expressed greater capacity to complete necessary sewerage
system projects—suggesting that wealthier municipalities are better able to meet the technical
maintenance demands of sewerage infrastructure—although all communities suggested that
economic constraints are likely to downgrade future projects. While not discussed in the
identified literature, most interviewees also stressed the challenge of educating residents about
how the sewer system operates and incentivizing them to protect their homes from basement
backups. These findings suggest that education through information distribution alone is
insufficient to change residents’ behaviors, and that perhaps residents must become more
actively engaged in management of municipal infrastructure to catalyze widespread action. None
of the interviewees emphasized the potential effects sewerage infrastructure may have on the
natural environment and local waterways, suggesting municipal professionals are either unaware
of the problem or unconcerned because environmental protection is not always directly

incorporated into mission.
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Throughout the interviews, professionals also discussed the ways in which different actors
organize around management of municipal sewerage systems through direct and indirect
influences. The majority of organization occurred within the municipality, as elected officials,
municipal departments, and residents interacted to determine or shift policies. However,
municipalities would also work closely with other municipalities, private contractors, and public
utilities to help move projects forward. Beyond municipal government, county, state, and federal
governments had increasingly less influence over daily activities within municipalities, but they
created policies that trickled down and strongly influenced how municipalities are able to
prioritize and implement projects.

The qualitative application of key resilience attributes to municipal sewerage systems
highlighted not only the degree to which attributes are interconnected, but the specific influences
those relationships can and do have in response to specific management strategies.
Understanding the relationships between attributes can be useful to policy analysts and managers
who are attempting to predict how a specific policy decision might affect other aspects of the
system being managed. Emphasizing the relationships between attributes also highlights the
importance of understanding that the most resilient systems are not necessarily the systems with
the most demonstrated robustness, redundancy, resourcefulness, and rapidity; instead, resilience
is an outcome achieved by policymakers and managers able to keep system attributes at optimal
levels relative to other attributes.

The findings from this study suggest that federal, state, and county agencies must move
toward identifying new and innovative sources of funding that will not only allow municipalities
to achieve an appropriate level of sewerage system functionality, but that will also improve all
aspects of the system, including technical, administrative, social, economic, and environmental.
Administrators at the county, state, and federal levels of government must also coordinate more
closely with municipal professionals to ensure that decision-making is consistent with the mission
of municipalities, and that new policies do not simply displace municipal burdens by requiring
them to neglect other projects in order to comply with regulations. Within municipalities,
professionals should identify new ways to engage residents directly in the management process
rather than favoring passive forms of education. Recommendations were provided for how

policymakers and managers can achieve these goals.
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6.2: Suggestions for Future Research

Results from this study can be used to lead the direction on several future theoretical and
applied research projects. This study coded broad discussion of municipal sewerages system
challenges and projects according to the system attributes in Table 1; however, future researchers
may wish to use qualitative methods to better understand resilience by more directly asking
interviewees how each attribute is relevant to managing their social system, and whether there
are any other relevant attributes not already covered in the matrix. Research that focuses on
better understanding individual attributes may expand and clarify the matrix by creating greater
distinctions between categories. Finally, several case studies both of systems that demonstrate
resilience and systems that entered regime shifts would be useful for also confirming the value of
the matrix of system attributes as a tool for measuring system resilience.

There are many opportunities for applied research as well. Being that one of the biggest
challenges discussed was residents’ lack of awareness about sewer system processes,
engagement in municipal government, and preparation for likely disturbances, a qualitative
assessment through interviews or surveys about residents’” knowledge about sewerage
infrastructure, reasons for preparing (or not) preparing for basement floods, and values that
contribute to their behaviors.

Similarly, interviewees generally demonstrated very little concern for the environmental
consequences of sewerage infrastructure despite contamination that can be caused by CSOs and
SSOs. Both a qualitative assessment of municipal professionals’ understanding of environmental
consequences of sewerage system processes, as well as an in-depth evaluation of conflict that
arises between municipal projects intended to maintain infrastructure and county, state, or
federal projects intended to preserve water quality may be illustrative for creating greater
harmony between different organizational levels.

Upgrades to wastewater and sewerage infrastructure are generally believed to yield nominal
economic gains because they depend entirely on ratepayer fees. An economic analysis that
examines the amount of money spent on sewerage infrastructure that is not replaced versus
sewerage infrastructure that is replaced, with rates of revenue depreciation and economic losses
over time, may provide greater clarity as to the costs of not maintaining sewerage infrastructure

and the potential economic gains of investments in infrastructure.
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Results from this study indicated that community wealth may correlate with a municipality’s
ability to maintain infrastructure; however, due to the relatively small sample size and emphasis
of interview questions, the connection between these variables remains a matter of uncertainty.
A qualitative and economically quantitative analysis comparing specific metrics of community
wealth (using a broader definition than the one applied in this study) and specific metrics
reflecting sewerage system maintenance may provide policymakers and managers with a better
understanding of certain communities may be disproportionately unable to maintain their

sewerage infrastructure.



105

References

Achebe, Chinua. n.d.a. An intimate interview with Chinua Achebe. From:
http://www.pbs.org/hopes/nigeria/essays.html. Accessed: May 22, 2014.

Adger, W. N., Hughes, T. P., Folke, C., Carpenter, S. R., & Rockstrom, J. 2005. Social-ecological
resilience in coastal disasters. Science, Vol. 309: 1036-1039.

American Society of Civil Engineers. 2013. 2013 report card for America’s infrastructure:
wastewater. From:
http://www.infrastructurereportcard.org/a/documents/Wastewater.pdf. Accessed May 20,
2014.

American Society of Civil Engineers. 2014. Top 10 achievements & millennium monuments.
From: http://www.asce.org/People-and-Projects/Projects/Monuments-of-the-
Millennium/Top-10-Achievements---Millennium-Monuments/. Accessed March 22, 2014.

American Water Works Association. 2014. Memorandum: The Water Infrastructure Finance and
Innovation Act (WIFIA). From: http://www.awwa.org/Portals/0/files/legreg/documents/
WIFIA_summary_PB.pdf. Accessed: May 22, 2014.

Anderson, R. F. 2010. Trends in local government expenditures on public water and wastewater
services and infrastructure: past, present, and future. From:
http://www.usmayors.org/publications/201002-mwc-trends.pdf. Accessed March 20, 2014.

Axelrod, D. 1984. The Evolution of Cooperation. United States: BasicBooks.

Baker, S. E., & Edwards, R. 2012. How many qualitative interviews is enough? Expert voices and
early career reflections on sampling and cases in qualitative research. From: National Center
for Research Methods Review Paper,
http://eprints.ncrm.ac.uk/2273/4/how_many_interviews.pdf. Accessed March 26, 2014.

Banovetz, J. M. 2002. lllinois home rule: a case in fiscal responsibility. The Journal of Regional
Analysis & Policy, Vol. 32(1): 79-98.

Beck, M. B., & Cummings, R. G. 1996. Wastewater infrastructure: challenges for the sustainable
city in the new millennium. Habitat International, Vol. 20(3): 405-420.

Berg, B. L., & Lune, H. 2012. Qualitative Research Methods for the Social Sciences, fifth edition.
Upper Saddle River (NJ): Pearson Education, Inc.

Bosher, L. 2008. Introduction: the need for built-in resilience. From: Hazards and the built
environment: attaining built-in resilience, L. S. Bosher (ed.). London (UK): Taylor and Francis.

Bruneau, M., Chang, S. E., Eguchi, R. T,, Lee, G. C., O’Rourke, T. D., Reinhorn, A. M., Shinozuka,
M., Tierney, K., Wallace, W. A., & Winterfeldt, D. 2003. A framework to quantitatively assess
and enhance the seismic resilience of communities. Earthquake Spectra, Vol. 19(4): 733-752.


http://eprints.ncrm.ac.uk/2273/4/how_many_interviews.pdf
http://www.usmayors.org/publications/201002-mwc-trends.pdf
http://www.awwa.org/Portals/0/files/legreg/documents
http://www.asce.org/People-and-Projects/Projects/Monuments-of-the
http://www.infrastructurereportcard.org/a/documents/Wastewater.pdf
http://www.pbs.org/hopes/nigeria/essays.html

106

Buckle, P., Mars, G., & Smale, R. S. 2000. New approaches to assessing vulnerability and
resilience. Australian Journal of Emergency Management: 8-15.

Burian, S. J., Nix, S. J., Pitt, R. E., & Durrans, R. S. 2000. Urban wastewater management in the
United States: past, present, and future. Journal of Urban Technology, Vol. 7(3): 33-62.

Cain, L. P. 1978. Sanitation Strategy for a Lakefront Metropolis: The Case of Chicago. Dekalb (IL):
Northern lllinois University Press.

Cain, L. P. 1997. Historical perspective on infrastructure and US economic development.
Regional Science and Urban Economics, Vol. 27: 117-138.

Carpenter, S., Walker, B., Anderies, J. M., & Abel, N. 2001. From metaphor to measurement:
resilience of what to what? Ecosystems, Vol. 4: 765-781.

Center for Neighborhood Technology (CNT). 2013. The prevalence and cost of urban flooding: a
case study of Cook County, IL — phase one. From:
http://www.cnt.org/media/CNT_PrevalenceAndCostOfUrbanFlooding.pdf. Accessed April
11, 2014.

Chughtai, F., & Zayed, T. 2008. Infrastructure condition prediction models for sustainable sewer
pipelines. Journal of Performance of Constructed Facilities, Vol. 22(5): 333-341.

City of Chicago. 2009. Before the faucet, after the flush. From:
http://www.cityofchicago.org/city/en/depts/water/supp_info/education.html. YouTube
video. Accessed March 22, 2014.

County of Cook. 2011. About Cook County. From:
http://www.co.cook.il.us/portal/server.pt/community/government/226/about_cook_count
y. Accessed March 22, 2014.

Copeland, C. 2010a. Clean Water Act: a summary of the law. Congressional Research Service: 1-
11.

Copeland, C. 2010b. Water quality issues in the 111™ Congress: oversight and implementation.
Congressional Research Service: 1-30.

Corso, P. S., Kramer, M. H., Blair, K. B., Addiss, D. G., Davis, J. P., & Haddix, A. C. 2003. Emerging
Infectious Diseases, Vol. 9(4): 426-431.

Cutter, S. L., Barnes, L., Berry, M., Burton, C., Evans, E., Tate, E., & Webb, J. 2008. A place-based
model for understanding community resilience to natural disasters. Global Environmental

Change, Vol. 18: 598-606.

DeFries, R. S., Rudel, T., Uriarte, M., & Hansen, M. 2010. Deforestation driven by urban


http://www.co.cook.il.us/portal/server.pt/community/government/226/about_cook_count
http://www.cityofchicago.org/city/en/depts/water/supp_info/education.html
http://www.cnt.org/media/CNT_PrevalenceAndCostOfUrbanFlooding.pdf

107

population growth and agricultural trade in the twenty-first century. Nature Geoscience, Vol.
3(3): 1-4.

Department of Commerce (DOC). 2010. Qualifying urban areas for the 2010 census; notice.
Federal Register, VVol. 77(59): 18652-18669.

Department of Commerce (DOC). 2012a. Growth in urban population outpaces rest of nation,
Census Bureau reports. From:
https://www.census.gov/newsroom/releases/archives/2010_census/cb12-50.html.
Accessed March 21, 2014.

Department of Commerce (DOC). 2012b. U. S. Census Bureau: State and County QuickFacts.
From: http://quickfacts.census.gov/qfd/states/17/17031.html. Accessed March 26, 2014.

Dorfman, M. 2004. Swimming in sewage: the growing problem of sewage pollution and how the
Bush administration is putting our health and environment at risk. Natural Resources
Defense Council and the Environmental Integrity Project. 1-83.

Dorfman, M., & Haren, A. 2013. Testing the waters 2013: a guide to water quality at vacation
beaches — executive summary. Natural Resources Defense Council. 1-12.

Eisenberg, J. N., Lei, X., Hubbard, A. H., Brookhart, M. A., & Colford, J. M. 2005. The role of
disease transmission and conferred immunity in outbreaks: analysis of the 1993
Cryptosporidium outbreak in Milwaukee, Wisconsin. American Journal of Epidemiology,
Vol.16(1): 62-72.

Environmental Protection Agency (EPA). 1998. Combined sewer overflows: where are we four
years after adoption of the CSO Control Policy? 1-4.

Environmental Protection Agency (EPA). 2001. Report to Congress: implementation and
enforcement of the Combined Sewer Overflow Control Policy. 1-32.

Environmental Protection Agency (EPA). 2002. The clean water and drinking water infrastructure
gap analysis. 1-54.

Environmental Protection Agency (EPA). 2004a. Report to Congress on the impacts
and control of CSOs and SSOs.

Environmental Protection Agency (EPA). 2004b. 2004 National Water Quality Inventory: report
to Congress. 1-37.

Environmental Protection Agency (EPA). 2005. National management measures to control
nonpoint source pollution from urban areas. 1-518.

Environmental Protection Agency (EPA). 2008. Report to Congress: clean watersheds needs
survey. 1-154.


http://quickfacts.census.gov/qfd/states/17/17031.html
https://www.census.gov/newsroom/releases/archives/2010_census/cb12-50.html

108

Environmental Protection Agency (EPA). 2012. National Pollution Discharge Elimination System
(NPDES): combined sewer overflows. From:
http://cfpub.epa.gov/npdes/home.cfm?program_id=5. Accessed May 20, 2014.

Environmental Protection Agency (EPA). 2013. Septic (onsite/decentralized) systems. From:
http://water.epa.gov/infrastructure/septic/. Accessed May 20, 2014.

Environmental Protection Agency (EPA). 2014a. How the CWSRF program works.
http://water.epa.gov/grants_funding/cwsrf/basics.cfm. Accessed March 20, 2014.

Environmental Protection Agency (EPA). 2014b. Surf your watershed: Cook County, IL. From:
http://cfpub.epa.gov/surf/county.cfm?fips_code=17031. Accessed March 22, 2014.

Ferrey, S. 2010. Environmental Law, fifth edition. New York City (NY): Aspen Publishers

Frederickson, H. G., Smith, K. B., Larimer, C. W., & Licari, M. J. 2012. Introduction: the
possibilities of theory. From: The Public Administration Theory Primer, second edition.
Boulder (CO): Westview Press.

Godschalk, D. R. 2003. Urban hazard mitigation: creating resilient cities. Natural Hazards Review,
Vol. 4(3):136-143

Guest, G., Bunce, A., & Johnson, L. 2006. How many interviews are enough? An experiment with
data saturation and variability. Field Methods, Vol. 18(1): 59-82.

Gunderson, L., Holling C. S., editors. 2001. Panarchy: understanding transformations in human
and natural systems. Washington (DC): Island Press.

Gunerlap, B., & Seto, K. C. 2013. Futures of global urban expansion: uncertainties and
implications for biodiversity conservation. Environmental Research Letters, Vol. 8: 1-10.

Hill, L. 2000. The Chicago River: A Natural and Unnatural History. Chicago (IL): Lake Claremont
Press.

Holling, C. S. 1973. Resilience and stability of ecological systems. Annual Review of Ecology and
Systematics, Vol. 4: 1-23.

Holling, C. S. 1986. The resilience of terrestrial ecosystems: local surprise and global change.
From: Sustainable Development of the Biosphere, W. C. Clark and R. E. Munn (eds.).
Cambridge (UK): Cambridge University Press.

Holling, C. S. 2001. Understanding the complexity of economic, ecological, and social systems.
Ecosystems, Vol. 4: 390-405.

Hoxie, N. J., Davis, J. P., Vergeront, J. M., Nashold, R. D., & Blair, K. A. 1997. Cryptosporidiosis-
attributed mortality following a massive waterborne outbreak in Milwaukee, Wisconsin.
American Journal of Public Health, Vol. 87(12): 2032-2035.


http://cfpub.epa.gov/surf/county.cfm?fips_code=17031
http://water.epa.gov/grants_funding/cwsrf/basics.cfm
http://water.epa.gov/infrastructure/septic
http://cfpub.epa.gov/npdes/home.cfm?program_id=5

109

lannuzzi, T. J., Huntley, S. L., Schmidt, C. W., Finley, B. L., McNutt, R. P., & Burton, S. J. 1997.
Combined sewer overflows (CSOs) as sources of sediment contamination in the lower
Passaic River, New Jersey. I. Priority pollutants and inorganic chemicals. Chemosphere, Vol.
34(2): 213-231.

lllinois Constitution. Article VII. From: http://www.ilga.gov/commission/Irb/con7.htm. Accessed
March 22, 2014.

Imperial, M. T. 1999. Environmental justice and water pollution control: the Clean Water Act
Construction Grants Program. Public Works Management & Policy, Vol.4(2): 100-118.

Intergovernmental Panel on Climate Change. 2013. Summary for policymakers. From: Climate
Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change, T. F. Stocker, D. Qin,
G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley
(eds.). Cambridge (UK) and New York City (NY): 3-29.

Jung, J. K., Sinha, S. K., & Whittle, L. G. 2013. Development of a water infrastructure knowledge
database. Journal of Infrastructure Systems, Vol. 20(1). DOI: 10.1061/(ASCE)IS.1943-
555X.0000163

Kessler, R. 2011. Stormwater strategies: cities prepare aging infrastructure for climate change.
Environmental Health Perspectives, Vol. 119(12): 514-519.

Koo, D., Ariaratnam, S. T., & Kavazanjian Jr., E. 2009. Development of a sustainability assessment
model for underground infrastructure projects. Canadian Journal of Civil Engineering, Vol.
36(5): 765-776.

Lamond, J. E., & Proverbs, G. D. 2009. Resilience to flooding: lessons from international
comparison. Proceedings of the ICE — Urban Design and Planning, Vol. 162(2): 63-70.

Lee, S. 2001. The reversal of the Chicago River in 1900. Northern Illinois University. From:
http://www.lib.niu.edu/2001/ihy010452.html. Accessed March 22, 2014.

Liao, K. 2012. A theory on urban resilience to floods—a basis for alternative planning practices.
Ecology and Society, Vol. 17(4): 48.

Loganathan, B. G., Irvine, K. N., Kannan, K., Pragatheeswaran, V., & Sajwan, K. S. 1997.
Distribution of selected PCB congeners in the Babcock Street Sewer District: a multimedia
approach to identify PCB sources in combined sewer overflows (CSOs) discharging to the
Buffalo River, New York. Archives of Environmental Contamination and Toxicology, Vol. 33:
130-140.

Lépez-Marrero, T., & Tschakert, P. 2011. From theory to practice: building more resilient
communities in flood-prone areas. Environment & Urbanization, VVol.23(1): 229-249.


http://www.lib.niu.edu/2001/ihy010452.html
http://www.ilga.gov/commission/lrb/con7.htm

110

Louis, G. E. 2004. A historical context of municipal solid waste management in the United States.
Waste Management & Research, Vol. 22: 306-322.

MacKenzie, W. R., Hoxie, R. J., Proctor, M. E., Gradus, S. M., Blair, K. A., Peterson, D. E.,
Kazmierczak, J. J., Addiss, D. G., Fox, K. R., Rose, J. B., & Davis, J. P. 1994. A massive outbreak
in Milwaukee of Cryptosporidium infection transmitted through the public water supply. The
New England Journal of Medicine, Vol. 331(3): 161-167.

Mailhot, A., & Duchesne, S. 2010. Design criteria of urban drainage infrastructures under climate
change. Journal of Water Resources Planning and Management, Vol. 136(2): 201-208.

Marques, R. 2010. Regulation of Water and Wastewater Services: An International Comparison.
London (UK): IWA Publishing.

McDaniels, T., Chang, S., Cole, D. Mikawoz, J., & Longstaff, H. 2008. Fostering resilience to
extreme events within infrastructure systems: characterizing decision contexts for
mitigation and adaptation. Global Environmental Change, Vol. 18: 310-318.

McDonald, R. I., Green, P., Balk, D., Fekete, B. M., Revenga, C., Todd, M., & Montgomery, M.
2010. Urban growth, climate change, and freshwater availability. Proceedings of the
National Academy of Sciences, Vol. 108(15): 6312-6317.

Metropolitan Water District of Southern California. 2013. SoCal Water Smart. From:
http://socalwatersmart.com/index.php/home/?p=res. Accessed: May 22, 2014.

Metropolitan Water Reclamation District of Greater Chicago (MWRD). n.d.a Water reclamation
plants. From: https://www.mwrd.org/irj/portal/anonymous/waterreclamation. Accessed
March 22, 2014.

Metropolitan Water Reclamation District of Greater Chicago (MWRD). n.d.b. Tunnel and
Reservoir Plan. From: http://www.mwrd.org/irj/portal/anonymous/tarp. Accessed March
22,2014.

Metropolitan Water Reclamation District of Greater Chicago (MWRD). 2013a. MWRD works
toward energy neutrality in 10 years, enters partnership with Public Building Commission.
From: http://www.mwrd.org/pv_obj_cache/pv_obj_id_0B14D9BC94F60C5402CDA36B45A8
1AC5BE420400/filename/13_0701_Public_Building_Commission_draft.pdf. Accessed April
11, 2014.

Metropolitan Water Reclamation District of Greater Chicago (MWRD). 2013b. Black & Veatch
and Ostara to design-build new nutrient recovery system for world’s largest water
reclamation plant. From: http://www.mwrd.org/pv_obj_cache/pv_obj id 9DD4ED2CA8BS
CC8C6CF5941975EB1318F2F90100/filename/13_0912_MWRDGC_P_Recovery.pdf.
Accessed April 11, 2014.

Metropolitan Water Reclamation District of Greater Chicago (MWRD). 2014. 2014 budget. 1-
611. From: https://www.mwrd.org/pv_obj_cache/pv_obj_id_4A530E4D7D5D2DA556


https://www.mwrd.org/pv_obj_cache/pv_obj_id_4A530E4D7D5D2DA556
http://www.mwrd.org/pv_obj_cache/pv_obj_id_9DD4ED2CA8B8
http://www.mwrd.org/pv_obj_cache/pv_obj_id_0B14D9BC94F60C5402CDA36B45A8
http://www.mwrd.org/irj/portal/anonymous/tarp
https://www.mwrd.org/irj/portal/anonymous/waterreclamation
http://socalwatersmart.com/index.php/home/?p=res

111

D77BE65D590E1B6D32FD01/filename/2014_Final_Budget_Book_011614_Web_Version_Aft
er_Optimizing.pdf. Accessed April 11, 2014.

Mileti, D. S. 1999. Disasters by Design: a Reassessment of Natural Hazards in the United States.
Washington (DC): Joseph Henry Press.

National Association of Clean Water Agencies (NACWA) & Association of the Metropolitan
Water Agencies (AMWA). 2009. Confronting climate change: an early analysis of water and
wastewater adaptation costs. 1-104.

Niemczynowicz, J. 1989. Impact of the greenhouse effect on sewerage systems — Lund case
study. Hydrological Sciences Journal, Vol. 34(6): 651-666.

O’Rourke, T. D. 2007. Critical infrastructure, interdependencies, and resilience. The Bridge:
Linking Engineering and Society, Vol. 37(1): 22-29.

Osterblom, H., Hansson, S., Larsson, U., Hjerne, O., Wulff, F., Elmgren, R., & Folke, C. 2007.
Human-inducedtrophic cascades and ecological regime shifts in the Baltic Sea. Ecosystems,
Vol. 10: 877-889.

Papa, S., Casper, W., & Moore, T. 2013. Securing wastewater facilities from accidental and
intentional harm: a cost-benefit analysis. International Journal of Critical Infrastructure
Protection, Vol. 6: 96-106.

Patz, J. A., Vavrus, S. J., Uejio, C. K., & McLellan, S. L. 2008. Climate change and waterborne
disease risk in the Great Lakes region of the U.S. American Journal of Preventative Medicine,
Vol. 35(5): 451-458.

Pendleton, L., & Kildow, J. 2006. The non-market value of beach recreation in California. Shore &
Beach, Vol. 74(2): 34-37.

Philips, P. J., Chalmers, A. T., Gray, J. L., Kolpin, D. W., Foreman, W. T., & Wall, G. R. 2012.
Combined sewer overflows: an environmental source of hormones and wastewater
micropollutants. Environmental Science & Technology, Vol. 46: 5336-5343.

Pimm, S. L. 1984. The complexity and stability of ecosystems. Nature, Vol. 307: 321-326.
Rabinovici, S. J. M., Bernknopf, R. L., & Wein, A. M. 2004. Economic and health risk trade-offs of
swim closures at a Lake Michigan beach. Environmental Science & Technology, Vol. 38(10):

2737-2745.

Resilience Alliance. 2007. A research prospectus for urban resilience: a Resilience Alliance
initiative for transitioning urban systems towards sustainable futures. 1-24.

Rives, J. M., & Heaney, M. T. 1995. Infrastructure and local economic development. Regional
Science Perspectives, Vol. 25: 58-73.



112

Robson, C. 2011. Real World Research: A Resource for Users of Social Research Methods in
Applied Settings, third edition. Chichester (UK): John Wiley and Sons, Ltd.

Rose, J. B. 1997. Environmental ecology of Cryptosporidium and public health implications.
Annual Review of Public Health, Vol. 18(1): 135-161.

Saxton, G. D., & Benson, M. A. 2005. Social capital and the growth of the nonprofit sector. Social
Science Quarterly, Vol.86(1): 16-35.

Scolobig, A., De Marchi, B., & Borga, M. 2012. The missing link between flood risk awareness and
preparedness: findings from case studies in an Alpine Region. Natural Hazards, Vol. 63: 499-
520.

Sonoma County Water Agency. 2013. Sanitation water efficiency rebate program. From:
http://www.scwa.ca.gov/sanitation-rebates/. Accessed: May 22, 2014.

Tobin, G. A. 1999. Sustainability and community resilience: the holy grail of hazards planning?
Environmental Hazards, Vol. 1: 13-25.

United Nations. 2011. World urbanization prospects: the 2011 revision — highlights. 1-50.

Vakil, N. B., Schwartz, S. M., Buggy, B. P., Brummitt, C. F., Kherellah, M., Letzer, D. M., Gison, I.
H., & Jones, P. G. 1996. Biliary cryptosporidiosis in HIV-infected people after the waterborne
outbreak of cryptosporidiosis in Milwaukee. The New England Journal of Medicine, Vol.
334(1): 19-23.

Wu, J., Jenerette, G. D., Buyantuyev, A., Redman, C. L. 2010. Quantifying spatiotemporal
patterns of urbanization: the case of the two fastest growing metropolitan regions in the
United States. Ecological Complexity, Vol. 8(1): 1-8.

Wu, J., & Wu., T. 2013. Ecological resilience as a foundation for urban design and sustainability.
From: Resilience in Ecology and Urban Design: Linking Theory and Practice for Sustainable
Cities, Future City 3, S.T.A. Pickett et al. (eds.). Springer Science+Business Media Dordrecht.

Walker, B., Holling, C. S., Carpenter, S. R., Kinzig, A. 2004. Resilience, adaptability and
transformability in social-ecological systems. Ecology and Society, Vol. 9(2): 5.

Walker, B., & Salt, D. 2006. Resilience Thinking: Sustaining Ecosystems and People in a Changing
World. Washington (DC): Island Press.

Wastewater Enterprise (WWE). 2010. Sewer system improvement program report: draft report
for SFPUC Commission review. From:
http://sfwater.org/modules/showdocument.aspx?documentid=984. Accessed March 20,
2014.

Wilbanks, T., & Fernandez, R. 2012. Climate change and infrastructure, urban systems, and


http://sfwater.org/modules/showdocument.aspx?documentid=984
http://www.scwa.ca.gov/sanitation-rebates

113

vulnerabilities: technical report for the U.S. Department of Energy in support of the National
Climate Assessment. 1-119.

Wirahadikusumah, R., Abraham, D., & Iseley, T. 2001. Challenging issues in modeling
deterioration of combined sewers. Journal of Infrastructure Systems, Vol. 7(2): 77-84.



114

Appendices

Appendix A: List of Abbreviations

ASCE — American Society of Civil Engineers

Committee — Water & Sewerage Infrastructure Committee
CSO — Combined Sewer Overflow

CSS — Combined Sewer System

CWSRF — Clean Water State Revolving Fund

DOC — Department of Commerce

CWA —Clean Water Act of 1972

EPA — Environmental Protection Agency

FEMA — Federal Emergency Management Agency

IEPA — lllinois Environmental Protection Agency

MWRD — Metropolitan Water Reclamation District of Greater Chicago
NPDES — National Pollution Discharge Elimination System
PCB — Polychlorinated Biphenyl

SSO - Sanitary Sewer Overflow

SSS — Separate Sewer System

Stickney — Stickney Water Reclamation Plant

TARP — Tunnel and Reservoir Plan

WIFIA — Water Infrastructure Finance and Innovation Authority
Appendix B: Glossary of Key Terms

Administrative refers to decision-making processes, policies, and practices affecting the
management of municipal sewerage systems.

Administrative Rapidity (ARp) reflects the rate at which ideas can move through
administrative channels before being implemented as policy or management strategies. ARp
allows managers to respond quickly in an official, non-improvisational manner to disturbances.
Diminished ARp may increase the severity of disturbances that are allowed to continue for
extended periods of time.

Administrative Redundancy (ARd) reflects the extent to which sewerage system
administration is decentralized, granting different groups at the federal, state, county,

municipality, and individual resident levels authority and flexibility to manage the sewerage
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system autonomously. ARd can exist within centralized systems, provided there are avenues of
upwards communication within the hierarchy. ARd may also be characterized by checks and
balances which allow certain groups to influence the management decisions of others. Diminished

|II

ARd is characterized by command and control policies, “one size fits all” regulations, and little-to-
no ability to influence decisions above one’s place in the administrative hierarchy.

Administrative Resourcefulness (ARs) reflects the ability to improvise, innovate, and modify
policy and management strategies. ARs is dependent on the availability of technical, economic,
and other necessary resources, a level of autonomy, and the ability to make decisions quickly.
Diminished ARs is characterized by administrations that rely heavily on existing procedures
regardless of changing circumstances, the inability for groups or individuals to deviate from
protocol, and a dependence on premeditated planning.

Administrative Robustness (ARb) reflects the active decision making, planning, policy creation,
and execution of management strategies by sewerage system managers and administrators. ARb
signifies that managers and administrators are working to improve one or more dimensions of
the sewerage system. Diminished ARb is characterized by managers and administrators who are
unable or unwilling to actively focus on sewerage system needs.

Challenges refer to factors that diminish sewerage system robustness, redundancy,
resourcefulness, or rapidity, and the deleterious resulting consequences. The term “challenges”
is used synonymously with the term “disturbances.”

Collaborative refers to communication and project implementation between two groups.
Internal collaboration may occur between public and private actors, or within public and private
actors. External collaboration may occur between two external actors, or between external and
internal actors.

Disturbances refer to factors that diminish sewerage system robustness, redundancy,
resourcefulness, or rapidity, and the deleterious resulting consequences. The term “disturbances”
is used synonymously with the term “challenges.”

Economic refers to finances, budgeting, or revenue necessary to maintain or improve
municipal sewerage systems.

Economic Rapidity (EcRp) reflects the rate at which revenue is either gained or expended in a
municipality, or it can reflect the time-frame required for returns on investments. EcRp can be

beneficial or detrimental to municipalities depending on whether one is examining economic
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gains or losses. Challenges to EcRp expedite the loss of financial resources or require an inefficient
return on investments.

Economic Redundancy (EcRd) reflects the diversity of revenue sources a municipality can
access to help fund sewerage system management. Increased EcRd may allow a municipality to
maintain funding if one or more sources of revenue become unavailable. Diminished EcRd is
characterized by reliance for all or more funds on a limited number of sources.

Economic Resourcefulness (EcRs) reflects the cost-effectiveness of sewerage system
management, and the capacity of municipalities to achieve more goals while expending less
money. EcRs allows municipalities to accomplish more, although they may be forced to resort to
temporary or supplemental solutions, rather than addressing the root cause of system challenges.
Diminished EcRs can either prevent municipalities from finding suitable cost-effective solutions
due to the high cost of all alternatives, or result in funds being used inefficiently.

Economic Robustness (EcRb) reflects the amount of financial resources at a municipality’s
disposal, and the sufficiency of revenue to fund sewerage system management. Diminished EcRb
inhibits a municipality from funding many or all sewerage system management projects, and may
require a municipality to make trade-offs or entirely neglect necessary projects.

Environmental refers to natural processes that interact with municipal sewerage systems.

Environmental Rapidity (EnRp) reflects the rate at which the natural environment can provide
services, recover from disturbances, or diminish due to disturbances. Similar to EcRp, EnRp can
be positive or negative depending on whether or is analyzing environmental recovery or
diminishment. Challenges to EnRP may result in environmental resources becoming permanently
disturbed, or requiring significant time for services to become accessible to municipalities.

Environmental Redundancy (EnRd) reflects the capacity for municipalities to substitute,
complement, or supplement environmental services. EnRd may be demonstrated by investments
in environmental offsets, or identification of alternative environmental resources to replace
resources that may have been disturbed by sewerage systems. Diminished EnRd is characterized
by reliance on functionality and services of increasingly fewer environmental resources.

Environmental Resourcefulness (EnRs) reflects the capacity for municipalities to access
environmental services to benefit the municipal sewerage system. EnRs may be characterized by
the utilization of a river to discharge untreated stormwater from a separate sewer system, or by

efforts to increase green space in a municipality to increase natural infiltration of stormwater
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before it runs off into sewerage infrastructure. Diminished EnRs is characterized by an increasing
reliance on engineering solutions to solve sewerage system challenges.

Environmental Robustness (EnRb) reflects the general health and functionality of ecosystems
and the natural environment, and is characterized by environmental processes and behaviors that
would mimic those that would be observed in regions unaffected by anthropogenic influences.
Diminished EnRb may be characterized by contaminated waterways, loss of habitat, or human-
induced climatic changes.

External refers to actors, assemblages, interactions, and influence exogenous to individual
municipalities, but affecting internal management.

Internal refers to actors, assemblages, interactions, and influence strictly within individual
municipalities.

Organization refers to the way in which key actors assemble, interact, and influence one
another concerning municipal sewerage system management.

Private refers to individuals, groups, or organizations not responsible for acting on behalf of
the public who influence management of municipal sewerage systems (e.g., individual citizens,
community groups, or businesses).

Projects refer to strategies and efforts for preventing, mitigating, controlling, or rehabilitating
diminished sewerage system robustness, redundancy, resourcefulness or rapidity.

Public refers to individuals, groups, or agencies responsible for acting on behalf of the public
when managing municipal sewerage systems (e.g., elected officials and government agencies or
departments).

Rapidity refers to the ability to achieve goals at a rate appropriate for minimizing losses and
future disruptions.

Redundancy refers to the reliance on multiple supplemental or repeating services to sustain
municipal sewerage system functionality, operations, and management in the event that some
services become critically disrupted.

Resourcefulness refers to the capacity to identify problems and priorities, mobilize and
maximize available resources.

Robustness refers to categorical strength or resistance to disruptions.

Sewage refers to sanitary waste managed by the sewerage system. “Sanitary flow” is

occasionally used synonymously with “sewage.”
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Sewerage Infrastructure refers to all technical infrastructure used to convey, treat, pump,
discharge, and otherwise manage sewage, wastewater, and stormwater. To remain consistent
with common phrasing, the phrase “sewerage infrastructure” is sometimes replaced with the
phrase “sewer system.”

Sewerage System refers to the technical, administrative, social, economic, and environmental
attributes that affect, determine, or comprise system inputs and outputs affecting the
management of sewage, wastewater, and stormwater.

Social refers to end-users of services provided by municipal sewerage systems.

Social Rapidity (SRp) reflects the rate required to restore normal community services and
resources, such as access to roads, clean beaches, functional wastewater infrastructure, or dry
basements. Diminished SRp may be a consequence of diminished SRd, and requires residents to
wait for longer periods of time for disturbances to subside.

Social Redundancy (SRd) reflects the availability of services or resources that provide relief to
residents after disturbances, either by providing alternatives or assisting residents with
remediation. For example, municipalities may provide guide residents on detours after closing
flooded roads or assist residents whose basements flooded with clean-up efforts. Diminished SRd
cuts residents off from disturbances services or resources until the disturbance subsides.

Social Resourcefulness (SRs) reflects the extent of residents’ knowledge about sewerage
system operation, their ability to prepare for disturbances to the sewerage system, and their level
of engagement in sewerage system management. Diminished SRs leaves residents confused
about how municipalities are managing sewerage systems and uncertain about how they can
contribute to mitigating disturbances.

Social Robustness (SRb) reflects the general wellbeing of municipal residents, characterized in
part by public health, safety, access to resources, and freedom from disturbances. Diminished SRb
may expose residents to untreated wastewater, prevent them from accessing public spaces like
roads or beaches, diminish their use of private spaces like basements, or reduce their access to
functional sewerage infrastructure.

Stormwater refers to runoff from wet weather events managed by the sewerage system.
Technical refers to municipal sewerage infrastructure or technology requiring specialized

knowledge or training to construct, operate, or maintain.
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Technical Rapidity (TRp) reflects the rate at which physical sewerage infrastructure, including
technology used to supplement or repair sewerage infrastructure, functions. TRp allows
municipalities to manage technical aspects of the sewerage system quickly. Diminished TRp may
result in sewerage infrastructure that is unable to accommodate the rate of inputs or technical
solutions that are too slow to entirely minimize in challenges, potentially leading to wastewater
discharges, flooding, or other disturbances.

Technical Redundancy (TRd) reflects the capacity for a sewerage system to substitute,
complement, or supplement the service requirements of municipal sewerage infrastructure (i.e.,
pipes, manholes, etc.). These alternative technologies often focus on enhancing specific aspects
of the sewerage infrastructure, such as overall capacity or rate of conveyance. Diminished TRd
may result in sewerage infrastructure that is unable to meet increasing demands caused by
changes in the system.

Technical Resourcefulness (TRs) reflects the availability of technical equipment and resources
within a municipality, and the ability of sewerage system managers to use those resources to solve
technical problems. TRs may benefit a municipality by allowing it to complete projects in-house
and address challenges quickly and efficiently. Diminished TRs may be characterized by managers
with limited technical knowledge, or who are unable to complete projects due to unavailable
technical equipment.

Technical Robustness (TRb) reflects the strength, endurance, and level of deterioration of
physical sewerage infrastructure. TRb is characterized by infrastructure that is sturdy, functional,
and capable of resisting disturbances. Diminished TRb may result in infrastructure that is highly
vulnerable to disturbances.

Wastewater refers to any combination of sewage and stormwater managed by the sewerage
system.

Appendix C: Semi-Structured Interview Questions and Example Prompts
1. Canyou tell me about the technicalities of the sewage system in your city/town?

a. How much of the system is combined, and how much is separated?
b. How old is the system?
c. How much of the system is publically owned?

2. Tell me about how your sewage system is administered?

a. How do different departments within the municipality communicate regarding
sewage management?
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b. How do municipal laws affect administration? County laws? State laws? Federal
laws?

3. What are the biggest threats to sewage infrastructure and administration over the next
20-30 years?

What would be the financial cost of upgrading the sewer system?

Does public opinion affect preparation for these threats and challenges?
How might these threats affect residents?

How might these threats affect the environment?

How might these threats affect the economy?

oo oo

4. What will it take to make your sewage infrastructure and administration resilient in the
face of those threats and challenges?

Are there deficiencies in collaboration within municipalities?

Are there deficiencies in collaboration between municipalities?

Is public involvement part of the solution to increasing resilience?
Are there plans for mitigating future threats?

cooye

5. What questions do you have for me?
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Primary Code

Secondary Codes

Tertiary Codes

Challenges

Technical

Robustness

Redundancy

Resourcefulness

Rapidity

Administrative

Robustness

Redundancy

Resourcefulness

Rapidity

Social

Robustness

Redundancy

Resourcefulness

Rapidity

Economic

Robustness

Redundancy

Resourcefulness

Rapidity

Environmental

Robustness

Redundancy

Resourcefulness

Rapidity
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Primary Code

Secondary Codes

Tertiary Codes

Projects

Technical

Robustness

Redundancy

Resourcefulness

Rapidity

Administrative

Robustness

Redundancy

Resourcefulness

Rapidity

Social

Robustness

Redundancy

Resourcefulness

Rapidity

Economic

Robustness

Redundancy

Resourcefulness

Rapidity

Environmental

Robustness

Redundancy

Resourcefulness

Rapidity
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Primary Code

Secondary Codes

Tertiary Codes

Organization

Internal Public
Private
Collaborative

External Public
Private

Collaborative






