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The drinking water crisis in Flint, Michigan, began in April 2014, after city officials—in an
effort to balance the water system’s checkbook— decided to switch the city’s water source,
moving from purchasing treated water from Detroit to supplying water from the Flint River.
This event and those officials’ subsequent decisions exposed Flint residents to high levels of
lead leaching from the pipes for more than a year. Children are particularly vulnerable to
lead exposure, as high levels of lead in children’s blood can put them at risk for
developmental problems. During the crisis, between 6,000 and 12,000 children were
exposed to drinking lead-contaminated water.  Recognizing the severity of the crisis,
President Barack Obama declared Flint in a federal state of emergency in January 2016."

A Nationwide Problem

This is not the first time a city has faced lead contamination in their drinking water.
Thirteen years before the crisis in Flint, lead contamination occurred in the Washington,
D.C. water system. Dr. Marc Edwards of Virginia Tech—the man who brought light to the
crisis in Flint through rigorous water quality analyses—found that the elevated levels of lead
in the D.C. water were due to the chemical chloramine, which had caused lead service lines
to corrode.  Flint and D.C. are not unique among U.S. water systems, either. In fact,
primarily due to aging drinking water infrastructure, more than 5,300 water systems are in
violation of the Lead and Copper Rule, these violations include water systems that failed to
properly test for lead, as demonstrated in Figure 1.
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Figure 1: Community water systems with violations of the federal Lead and Copper Rule in 2015."
(Photo: Natural Resource Defense Council)

In Systems Thinking Made Simple, Derek and Laura Cabrera describe the importance of
“cognitive structure in the formulation of new knowledge.” Dr. Derek Cabrera identified
four cognitive rules, making distinctions, systems, perspectives and relationships, which act
as the building blocks for all thought. When these rules are applied to complex topics they
can help to structure information through thinking. These cognitive structures can be
applied to complex problems, like the Flint water crisis, to identify critical failures in
existing mental models and to remedy these shortfalls.

Using Structure to Understand Complex Problems

DSRP can help to structure one’s thinking about a complex, multifaceted problem like the
crisis in Flint.

The ‘systems’ rule facilitates the construction of structural meaning by breaking ideas into
part-whole configurations. The Cabreras describe a “system” as “Any idea or thing can be
split into parts or lumped into a whole.”" Systems are thus made up of two components,
wholes and parts. As we think through problems in our world, such as the case of Flint, we
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must understand the relevant wholes and the parts separated from those wholes.

Second, to better understand the relationships between the parts and the whole, we must
employ the ‘relationship’ rule, according to which “Any thing or idea can relate to other
things or ideas.”" Like systems, relationships are composed of two parts: action and
reaction. By explicitly recognizing and defining the nature of these relationships, we deepen
our understanding of the system’s operation, as well as the consequences and effects that
arise from the interplay of actions and reactions.

Third, complex problems like the Flint water crisis can be viewed and analyzed from various
perspectives, which often create the need for systems thinking in the first place. The
‘perspectives’ rule observes that “Any thing or idea can be the point or view of a
perspective,” where the ‘view’ is what is seen and the ‘point’ is the seer. For example, the
water crisis (the view) can be analyzed from the perspective of Flint’s residents (the point).
Likewise, these roles can be reversed, where Flint’s residents (the view) can be analyzed
from the perspective of the water crisis (the point). These perspectives are often built into
mental models that we use such that we are often unaware we are taking a perspective at
all.

Finally, the ‘distinction’ rule states that “Any idea or thing can be distinguished from the
other ideas or things it is with.” Distinction-making entails the creation of both an ‘identity’,
which is a specific idea or thing, and an ‘other’, which can be anything but that idea or
thing. As with perspective-taking, distinction-making is also often an unconscious act that
can lead to biases and consequently to larger problems—including major public health
crises, as in the case of Flint. Making distinctions, identifying systems and relationships, and
understanding perspectives can help to conceptualize complex problems, like the Flint
water crisis, paving the way toward identifying and rectifying critical failures.

What Happened in Flint?

The Structure of Flint’s Water System: Recognizing Part-Whole
Systems and Relationships

The Flint water system is monitored and regulated by an institutional structure of
environmental and public health regulatory agencies. These agencies are responsible for
maintaining Flint’s water system capacity, or ability to produce safe drinking water. In Flint,
this institutional structure includes: (1) local officials at the Flint municipality, who are in
charge of managing the capacity of the water system to provide safe drinking water to the
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public; (2) state officials at the Michigan Department of Environmental Quality (MDEQ),
who provide continued support to the municipality and ensure the compliance of the public
water system (PWS); and (3) federal officials at the Environmental Protection Agency (EPA)
who support the efforts of the state through the provision of regulations and guidance.[m This
system of actors works to maintain the capacity of Flint’s water system and deliver safe
drinking water to the City of Flint, which includes businesses, such as GM Motors, and
households.

Flint’s water system capacity is itself a complex system comprised of distinct, interrelated
capabilities that, if met, can help to ensure the effectiveness of the water municipality. This
system includes the technical, managerial and financial (TMF) capabilities of the
municipality. As Figure 2 demonstrates, short- and long-term planning (conducted at the
local level, and supported by the state and federal regulators) aim to maintain the TMF
capacity of the water system.
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Figure 2: The functioning of a water system depends on its technical, managerial and financial
capacity.w

How the Structure Failed

A deficiency in the Flint water system’s financial capacity led to the water supply switch
that sparked the crisis. In 2011, Flint had a $15 million budget deficit. City officials’
decision to stop purchasing water from Detroit and to instead treat water from their own
source, the Flint River, saved Flint $9.2 million.  This reaction to Flint’s financial troubles
could have been an effective solution to the financial crisis, as the Flint River—once
treated—is considered a suitable source of drinking water. While the financial capabilities
of the Flint municipality were adequate, the city officials failed to ensure the technical and
managerial capabilities of the water system.

Flint’s state and local officials committed a significant technical failure when they did not
install a corrosion control system. This rule states that community PWSs with over 50,000
people must implement corrosion control treatment, where Flint has a population of more
than 95,000 people. MDEQ officials were tasked with supporting Flint in the planning
process. However, MDEQ staff had never worked on this type of water system switching
sources, and later recognized they were unfamiliar with the requirement in the Lead and
Copper Rule that a corrosion control system must be installed."” Therefore, MDEQ failed to
provide the Flint municipality with the necessary support.  Thus, the corrosive water from
the Flint River caused lead to leach from Flint’s aging pipes into the water supply. MDEQ
did not notify EPA until April 2015 (the year following the switch) that Flint did not have a
corrosion control plan. While EPA officials had the expertise and experience to address the
problem, the state did not effectively use them as a resource, further escalating the
problem. EPA was also at fault, as a report from the Office of Inspector General™® found that
had sufficient information and authority to issue an emergency order under the Safe
Drinking Water Act as early as June 2015 (EPA did not issue the order until seven months
later, January 21, 2016).*" Due to these failed relationships, local officials did not have the
necessary support to manage the water system’s technical, managerial and financial
capacity, particularly pertaining to the system’s technical capacity.

While water quality samples taken by the Flint water system in accordance with the Lead
and Copper Rule appeared to meet state and federal lead standards, children became sick
as lead leached into the water. In the end, several factors (to be discussed in detail later)
would reveal that Flint’s water system did not meet the regulatory requirements for lead. A
water quality test performed by the City at the request of resident Lee Ann Walters on
February 25, 2015 showed lead levels of 104 parts per billion (ppb), well beyond the federal
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limit of 15 ppb.*"

In response to these water quality results and Flint’s failure to install corrosion control
treatment, EPA wrote an internal memo on June 24, 2015, copying staff from MDEQ,
advising that action be taken. The memo was then leaked to the press in early July, raising
the public’s attention to the issue. However, MDEQ'’s perspective was influenced by the
regulatory results that demonstrated Flint’s compliance with the requirements of the Lead
and Copper Rule. In response to an American Civil Liberties Union (ACLU) inquiry about the
leaked EPA memo to MDEQ, MDEQ spokesman Brad Wurfel stated that “...anyone who is
concerned about lead in the drinking water in Flint can relax.” He explained the Walters’
home was an “outlier” and that “it does not look like there is any broad problem with the
water supply freeing up lead as it goes into homes.”

Wurfel's statement illustrates that throughout the crisis, local and state officials failed to
effectively communicate with stakeholders. Not only did officials fail to report potential
health concerns, but they also did not act on the apprehensions voiced by citizens and
businesses about the about the change in water quality after Flint changed their water
source (Figure 3).

(]

Figure 3: Customers found a stark contrast in their water’s appearance after Flint switched its water
source. (Photo: Tabitha M. Powledge, The Public Library of Sciencew)

After Flint changed water sources, residents noticed that the water coming out of the faucet
was no longer clear: it had a tint that ranged between brown and blue, and it smelled of
rotting eggs. Further, many parents noticed that their children were experiencing rashes,
and some became extremely sick. Customers’ perspective of their water system’s capacity
had changed and they lost trust in the safety of their water. They lodged complaints with the
City and began to use only bottled water (see Figure 4). This real-world feedback from
stakeholders, if considered by officials, had the potential to stop the crisis in its tracks.
Instead, the problems persisted for more than a year after early concerns were expressed,
as officials ensured the public that the water was meeting all state and federal water quality
standards.

=]

Figure 4: Flint resident rinsing her fish with bottled water. Even after their lead pipelines are
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replaced, residents do not trust their water. (Photo: Brittany Greeson for the New York Timesm)

As Flint’s customers could no longer rely on the existing structural system, in which the
local, state and federal actors would be responsible for managing the system for safe
drinking water, customers had to go outside the institutional structure to address their
public health concerns. Lee Anne Walters sought the help of Dr. Marc Edwards of Virginia
Tech to test her water. Dr. Edwards had a unique perspective on the issue, as he had helped
bring light to lead contamination in Washington, D.C. thirteen years earlier. Water quality
testing in Flint conducted by Edwards’ team found seriously high lead levels. When re-
testing the water of Lee Ann Walters, the team found levels to be at 13,200 ppb, a level
typically reserved for toxic waste. The city found that the water contained 104 ppb of lead in
February 2015 and 397 ppb on March 2015, and used sampling techniques that typically
lower lead levels in the sample.*

In response to parents’ concerns about their children’s health, researchers from the local
Hurley Medical Center worked to study the issue to understand if and how the water was
impacting the health of the children in Flint. A study from the Medical Center found that,
following Flint’s change in their water source, 4.0 percent of children under the age of five
had elevated levels of blood, as compared to 2.1 percent of children prior to the switch
(Figure 5).
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More Children With Elevated Lead Levels After Water Change

The city of Flint, Mich., started drawing its water from a local river in April 2014. Racently, doctors at Hurley Meadical Center compared lead levels in
Flint children with those from elsewhere in Geneses County.

Share of children under age 5 with elevated levels of lead in their blood

Befora the Flint water switch . After the Flint water switch

Children fram Flint

Flint children in
areas with high

2/5%
Flint children in 1.8%

other areas
0.6%
1.0%
5

Children from
Genesee County

{excluding Flint) -

e

3>
o~
=
(=}
G —
&
o
=

Notes

This chart compares blood lead test results at Hurley Medical Center from before the switchover (Jan. 1 through Sept. 15, 2013) and after (Jan. 1 through Sapt. 15,
2015). Blood lead levels of 5 pg/dL are considered elevated.
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Figure 5: Elevated lead levels of blood before and after the flint water switch. (Photo Credit: Alyson
Hurt/NPR, Source: Dr. Mona Hanna-Attsha, Hurley Medical Center)m

Officials only acted after the release of the Hurley Medical Center’s findings on lead levels
in children’s blood samples and Virginia Tech’s analysis of lead levels in the water. Local
officials announced a lead advisory to their customers, stating:

“While the City is in full compliance with the Federal Safe Drinking Water Act, this
information is being shared as part of a public awareness campaign to ensure that everyone
takes note that no level of lead is considered safe.”

Even after this advisory, however, MDEQ continued to insist that the crisis was not a major
concern. On the day the advisory was issued, Governor Snyder’s Chief of Staff, Dennis
Muchmore, wrote that MDEQ and Michigan Department of Community Health “feel that
some in Flint are taking the very sensitive issue of children’s exposure to lead and trying to
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turn it into a political football claiming the departments are underestimating the impacts on
the population and particularly trying to shift responsibility to the state.””

On October 16, 2015, city officials switched Flint’s water source back to the City of Detroit’s
water system. The governor’s office supported the city’s decision and released a statement
explaining that Detroit’s water “will be easier to manage. It comes from a more stable
source than the river, it is fully optimized for corrosion control, and it is clear that residents
of Flint have more confidence in this water source.”** Nevertheless, at that time, state and
local officials continued to deny water quality concerns and explained the reason for
switching back to Detroit’s water sources was in part that “residents of Flint [will] have
more confidence in this water source.” © Months later, the Flint Water Advisory Task
Force concluded that the primary responsibility for the crisis rested with MDEQ, and as a
result responsible officials stepped down from their positions. The Task Force’s report
stated that the agency’s interactions with the public and with researchers about their
concerns “was one of aggressive dismissal, belittlement, and attempts to discredit these
efforts and the efforts and the individuals involved.”  This report recognized that the
critical failure in the crisis lay with actions of the public officials, who failed to take into
consideration the relevant real-world evidence available from researchers and the public to
solve the crisis. This failure suggests faults in the mental model of these regulators. It is
this failed mental model that perpetuated the crisis for more than a year, harming the
residents of Flint.
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Figure 6: A diagram to structurally illustrate how the Flint water crisis unfolded.

Using DSRP to Identify and Remedy the Critical Failure Point

Understanding the regulators’ mental model can help us identify the critical failure that led
to the water crisis in Flint, Michigan. DSRP can help us analyze the comments, press
releases, and memos of the state and local officials involved in the crisis. Indeed, this
analysis reveals that officials made one distinction that stands out: between regulatory
requirements and water quality. Throughout the crisis, regulators involved explained that
Flint was meeting state and federal requirements for lead, thus assuming by default that
Flint’s water was safe to drink. (See Figure 7 for a diagram of this mental model.) The
Cabreras describe the process of distinction-making by explaining that “whenever we draw
a boundary to define a thing, that same boundary defines what is not the thing (the
‘other’)”.” In this case, state and local officials’ perceived compliance with state and federal
requirements did not by default provide the community of Flint with safe drinking water.
Indeed, it was proven much later during the crisis that Flint did not meet these
requirements

| 10
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Figure 7: A diagram illustrating the mental model of local and state officials handling the Flint
water crisis.

In this model, officials established a causal relationship, which assumed that by meeting the
regulations they were by default meeting the public’s need for safe drinking water.
Therefore, from the perspective of Flint and MDEQ officials, because Flint’s water system
met state and federal regulatory requirements on paper, they then fulfilled their role by
ensuring Flint’s drinking water met public health needs. This perspective is demonstrated
by statements from state officials urging the public that the water was meeting
requirements, and thus safe to drink, even though real-world evidence suggested otherwise.
In this model, officials used the water quality samples taken for regulatory testing as their
only representation of the water quality.

Regulatory testing is performed in accordance with the requirements in EPA’s Lead and
Copper Rule. This rule establishes water quality requirements water systems must meet to
safeguard against high levels of lead in the water. For example, the rule required local
officials in Flint, with oversight from MDEQ, to collect samples from buildings that were
representative of the water system, including locations at high risk for lead or copper
contamination. In Flint, this category includes buildings that contain copper pipes that
contain lead solder installed after 1982 or contain lead pipes, and/or buildings served by a
lead service line."

The failure of these samples to represent Flint’s water system can be best understood in the
context of the distinction rule—particularly the process of drawing boundaries defining a
“thing” and the consequent “other.”  As local officials selected sample sites (approved by
the state), from which they sampled for lead, they were not selecting other sites. In this
case, these other sites included some of the 400 properties with lead exceedances above the

| 11
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federal limit. However, Dr. Marc Edwards argued that Flint’s samples were not
representative as Flint did not sample 100 houses a year that have lead service lines, as
required by the Lead and Copper Rule.

Furthermore, this mental model was so ingrained in the Flint and MDEQ regulators’
patterns of action that even when real-world evidence arose, such as the levels of lead that
reached toxic levels at the home of Lee Anne Walters or concerns about the health of Flint’s
children, officials rationalized this information as non-significant, rather than treating it as
evidence that something might be deeply wrong in the system. In reality, the Virginia Tech
research team found Flint’s lead monitoring did not comply with federal regulations. The
events in Flint demonstrate how a flawed mental model resulted in regulatory behavior that
caused the crisis. Using DSRP, we can structure future thinking about public health crises
by creating a new mental model for drinking water regulators that improves upon the old
model to prevent such events from occurring. Figure 8 illustrates the new mental model,
highlighting the differences from the previous model (Figure 7) in blue. The following text
describes these distinctions and how this new model could rectify a critical failure in future
complex problems like the one in Flint.

State and
Local Officials

feeds back to the

Duty of < ) Flint's Public Need
Regulators (Safe Drinking Water)
is to State & to causally
meet the Fed address
Regs

Figure 8: A mental model of adaptive public officials considering real-world feedback.

First, this new mental model informs policy makers at EPA that they must strengthen the
causal relationship between the state and federal requirements and safe drinking water that
meets the public’s need. Through policy and guidance, federal and state regulators can

| 12
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increase the validity of this causal relationship to ensure that regulators’ actions produce
safe, clean drinking water and protect the health of the public. EPA is currently revising the
Lead and Copper Rule to strengthen this causality by ensuring the requirements are clear
and enforceable, which will ensure the mental model of public officials is more in keeping
with the public’s need.

The new mental model must also widen the perspective of regulators to include the public
need. To do this, federal, state and local drinking water agencies should make it their
mission to deliver water of high quality to consumers, rather than meeting regulatory
requirements, and capacities should be put in place to help officials’ carry out this mission.
Finally, policy makers need to make sure that the relationship between the public’s need
and the regulators’ duty includes a mechanism for feedback. This mechanism would ensure
that regulators incorporate real-world consequences (e.g., water quality results with high
levels of lead taken outside of the regulatory compliance sample set; complaints about taste,
appearance or odor; or health concerns from medical professionals) into their mental
models, spurring them to adapt their approach if another potential crisis arises.

]

Figure 9: Young resident of Flint framing the crisis as a policy issue, not a water issue. (Photo: Jake
May of Flint Journal-MLive.com via The Washington Post ).

Such a mental model can improve the actions of all regulators. Whether public officials are
working on issues pertaining to water, air, roads, or any public service, they should all be
taking into consideration real-world feedback that allows them to adapt existing mental
models in order to better address the public need. Public servants should be adaptive
thinkers who consider multivariate factors, particularly in today’s complex world. Thus, we
want their mental models to “reflect the salient aspects of the real-world system.”

Using DSRP to understand the complex problem of the water crisis in Flint, Michigan, we
can now understand that the critical failure point was not a series of complicated TMF
capacity failures, but rather the flawed mental model of the regulators. A new mental model
that supports improved relationships and perspective can rectify a complex problem like the
Flint crisis. Incentivizing and supporting this new mental model for regulators can ensure
that public officials are meeting the needs of communities like Flint, and that they are
prepared to prevent history—Ilike the Flint and D.C. water crises—from repeating itself.

|13
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