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Flint crisis in a nutshell 

y
A

round A
pril of 2014, Flint M

I changes its source of drinking w
ater 

{
quits taking finished w

ater from
 D

etroit  - w
hich  it has been getting since the m

id-60¶s 

and Z
hich has orthophosphate in it since the 1990¶s  - and starts treating  Flint R

iver 

w
ater and distributing it to custom

ers 

y
W

ater from
 the Flint R

iver W
TP : 

1.
W

as not treated w
ith a corrosion inhibitor 

2.
The Flint R

iver is high in chlorides, A
N

D
 w

as treated w
ith Ferric chloride rather than 

the alum
 that D

etroit uses ±
 so (chloride ±

 sulphate) to carbonate ratio changed  

3.
H

ad w
idely fluctuating chlorine residuals  

y
W

ater quality deterioration takes place rapidly (Lead and C
oliform

) 



Flint crisis in a nutshell 

y
Local and state health authorities are eventually quoted as saying: 
{

³A
s m

an\ as 12,000 children are e[posed to e[cessiYe leYels of Lead, and the Z
ater 

m
a\ haYe caXsed the Legionnaire's oXtbreak that kills 12 people´ 

y
B

ecause State testing of children had previously taken place in 12 urban areas of 

M
ichigan ±

 w
e have a baseline 

{
C

hildren in Flint w
ho w

ere tested for blood Lead levels in 2013 w
ere retested in 2015 

{
The am

ount of children w
ith excessive blood Lead levels doubles 

y
In A

pril 2016 three officials are indicted, and 6 m
ore are indicted on 7/29/2016, and 

another 4 in D
ecem

ber 2016 ±
 and m

anslaughter charges are brought in 2017 

y
The C

ity is still trying to recover 

{
There is im

provem
ent, but excessive Lead is still found in the w

ater of m
any hom

es 

{
People are still told not to drink w

ater unless using a filter 

 



The long road to recovery 

y
D

ecem
ber 3, 2016 article in D

etroit Free Press: 

{
Federal jXdge to M

ichigan: ³YoX m
Xst deliYer bottled Z

ater to Flint´ 

Ù
Flint continues to sam

ple hundreds of hom
es each m

onth for Lead 

Ù
Flint continues to provide bottled w

ater to the >
93,000 residents 

(but slow
ing dow

n now
) 

Ù
Flint provides and changes out filters on kitchen sinks w

hen 
requested 

Ù
The city continues in its efforts to replace all of the Lead service 
lines 

|
E

stim
ates are that 15,000 or so lines need to be replaced 
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, p
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E
ric P. R

othstein is a 

principal at G
alardi 

R
othstein G

roup, 3300 N
. 

Lake Shore D
r., U

nit 6C
, 

C
hicago, IL, and is a 

m
em

ber of the Flint W
ater 

A
dvisory Task Force 

³W
hile the cascade of poor decisions, failXres, 

and indifference in Flint w
as startling and 

ultim
ately heartbreaking, w

e cast it as an 
anom

aly at our peril, and the peril of those 
Z

hose health Z
e serYe to protect.´ 
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C
urrent Thought on Flint Lead 
C

risis and Lead in G
eneral 



C
enter for D

isease C
ontrol (C

D
C

) 
C

urrent Policy 

y
B

lood Lead Levels in C
hildren 

{
Protecting children from

 exposure to Lead is im
portant to lifelong good health.  

{
N

o safe blood Lead level in children has been identified.  

{
E

ven low
 levels of Lead in blood have been show

n to affect IQ
, ability to pay 

attention, and academ
ic achievem

ent.  A
nd effects of Lead exposure cannot be 

corrected. 

{
The m

ost im
portant step parents, doctors, and others can take is to p

reven
t 

L
ead

 exp
osu

re before it occu
rs. 

y
O

n a related note «
«

. 
Ù

In 2012, C
ongress decreases the bXdgetar\ allotm

ent to the ³C
hildhood Lead 

Poisoning PreYention Program
´ from

 $30 M
 doZ

n to $2 M
 dollars 



Statem
ents from

 D
r. Joan R

ose* 

y
³E

nYironm
ental health assessm

ents need to look at Lead e[posXre 
pathZ

a\s´ «
.. 

{
The\¶Ye ignored Z

ater m
ore than the\ like to adm

it as a soXrce of eleYated blood 
Lead levels in children 

{
W

e haYe been told not to Z
orr\ aboXt oXr Z

ater becaXse ³\oXr Lead problem
 is in 

\oXr paint´ 

{
W

e don¶t Xnderstand cXm
XlatiYe e[posXres Xnless Z

e sam
ple bone, Z

hich Z
e 

don¶t do 

{
Taking blood sam

ples for Lead onl\ proYides a ³snapshot´ of interm
ittent 

exposures 
*Journal A

W
W

A
 roundtable discussion, July 2016 

N
ote: D

r. R
ose runs the W

ater Q
uality and M

icrobiology Laboratory, and is a professor at M
SU

 



C
reation and Findings of the Flint W

ater A
dvisory Task Force 

 

y
In Fall 2015, the governor of M

I creates the Task Force to 
investigate w

hat happened - and w
hy -  and to m

ake 
recom

m
endations 

y
In M

arch 2016, the report is offered by the Task Force to:  
{

³FXlfill oXr charge of determ
ining the caXses of the Flint Z

ater crisis´, 

{
³Identif\ rem

edial m
easXres for the Flint com

m
Xnit\´, 

{
³SafegXard M

ichigan residents´ 

y
From

 the E
xecutive Sum

m
ary of that report: 

{
³The Flint Z

ater crisis is a stor\ of goYernm
ent failXre, intransigence, 

Xnpreparedness, dela\, inaction, and enYironm
ental injXstice´ 

 

 



FW
A

TF report findings 

y
³The M

ichigan D
epartm

ent of H
ealth and H

Xm
an 

Services (M
D

H
H

S) failed to adequately and prom
ptly act 

to protect pXblic health.´  

y
³B

oth agencies, bXt principall\ the M
D

E
Q

, stXbbornl\ 

Z
orked to discredit and dism

iss others¶ attem
pts to bring 

the issues of unsafe w
ater, Lead contam

ination, and 

increased cases of Legionellosis (Legionnaires¶ disease) 

to light.´ 



FW
A

TF R
eport Findings C

ontinXed «
 

y
³Flint Z

ater cXstom
ers Z

ere needlessl\ and tragicall\ 
exposed to toxic levels of Lead and other hazards through 
the m

ism
anagem

ent of their drinking w
ater supply.  The 

specific events that led to the w
ater quality debacle, Lead 

exposure, heightened Legionella susceptibility, 
infrastructure dam

age are a litany of questionable 
goYernm

ental decisions «
´ 

{
C

ontains 36 findings 

{
C

ontains 44 recom
m

endations 
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H
istory and Tim

elines 



H
istor\ Lesson: ³K

aregnondi´ 

{
W

H
A

T¶S IN
 A

 N
A

M
E

? 

Ù
The native H

uron-Petun (later know
n as W

yandot) 

people referred to Lake H
uron as K

aregn
on

d
i, 

translated as ³big lake.´  

Ù
C

artographer N
icolas Sanson¶s 1656 m

ap of the 

territor\ bears that nam
e for the ³fresh Z

ater sea´ 

encountered by French explorers.  



Then and N
ow

 



  
Tim

elines of the Flint Lead Issue 
 

Sources:  

A
rticles from

 N
ew

 York Tim
es,  

N
ational Public R

adio, 

and the D
etroit Free Press 



Flint, M
I city ordinance - 1897 

In 1897, an ordinance is adopted that requires the use 

of Lead pipe for the construction of service lines for 

city hom
es and businesses 



Flint, M
I Tim

elines 

y
From

 1930¶s to 1960¶s 

{
Flint is a m

ajor vehicle m
anufacturing center - G

eneral M
otors (G

M
) 

H
eadquartered there ±

 once the largest m
anufacturing plants in the N

ation 
±

 the U
A

W
 strike sets a standard still used today 

{
There are 196,000 people living in Flint in 1950-1960 

{
In 1963, Flint w

ants to stop treating Flint R
iver W

ater, and so m
oved to 

build a pipeline from
 Lake H

uron to Flint, but a profiteering scandal derailed 
that pipeline. This led the city to sign a contract to purchase w

ater for 30 
years from

 the D
etroit W

ater and Sew
erage D

epartm
ent on June 6, 1964 

{
³W

hite flight´ com
m

ences ±
 population shrinks to 159,000 by 1980, and to 

102,000 by 2010 

y
E

arly 2002  
{

F
lin

t is $30
,0

0
0

,0
0

0
 in

 d
ebt 



Flint Today 

y
Flint is a city of about 98,000 persons 

{
41.2%

 of residents live below
 the poverty line . 

{
the m

edian household incom
e is $24,862, according to the U

S 

C
ensus B

ureau.  

Ù
the m

edian household incom
e for the rest of M

ichigan is $49,576.  

{
The city dem

ographics state that 56.6%
 of Flint residents are 

A
frican ±

 A
m

erican. 



Flint Tim
elines 

y
N

ovem
ber 29th, 2011 

{
Flint becom

es the fourth M
ichigan C

ity brought under the control of 

an E
m

ergency M
anager 

Ù
Flint officials had been raiding the w

ater fund to infuse cash into the 

general fund and to cover C
ity shortfalls 

{
U

nder M
I law

, E
m

ergency M
anagers take the pow

er aw
ay from

 local 

authorities 

{
D

etroit is one of those four cities under E
m

ergency M
anager control 

  



D
ebt 

y
The state of M

ichigan took over Flint's finances after an audit projected a 

$25 m
illion deficit.  

{
E

ven though Flint's w
ater supply fund w

as $9 m
illion in the red, officials w

ere using som
e of 

the w
ater departm

ent m
oney to cover shortfalls in its general fund.  

{
A

 receivership ended in A
pril 2015, w

hen the w
ater fund w

as declared solvent and the 

rem
aining deficit w

as elim
inated by an em

ergency loan. 

y
In order to reduce the w

ater fund shortfall, the city sw
itched w

ater sources 

in 2014.  

y
W

hile a new
 pipeline connecting Flint w

ith Lake H
uron w

as under 

construction, th
e city tu

rn
ed

 to th
e F

lin
t R

iver as a w
ater sou

rce 

during the tw
o-year transition, thinking that this w

ould cause no problem
s 

and save m
oney. 



Flint, M
I Tim

elines 

y
M

arch 25
th, 2013 

{
The Flint E

m
ergency M

anager ±
 w

ith approval from
 the State Treasurer - 

begins to take steps to disconnect the Flint W
ater System

 from
 D

etroit W
ater 

and develop its ow
n source from

 K
aregnondi W

ater A
uthority (K

W
A

) 

Ù
D

istance betw
een Flint and Lake H

uron ±
 70 m

iles 

Ù
K

aregnondi raw
 w

ater line has not yet been com
pleted (TB

C
 2017) 

Ù
N

o transition or contingency plan w
as put in to place for providing safe 

and reliable drinking w
ater w

hile the raw
 w

ater line w
as going to be built  



W
hat is K

aregnondi W
ater A

uthority? 

y
K

W
A

 consists of G
enesee C

ounty D
rain C

om
m

issioner, Lapeer C
ounty D

rain C
om

m
issioner, 

Lapeer C
ity, Sanilac C

ounty D
rain C

om
m

issioner and the C
ity of Flint. K

W
A

 w
as incorporated 

in 2010. The purpose of the A
uthority is to provide and distribute raw

 w
ater to the region.  

{
From

 the K
W

A
 W

ebsite: ³The pipeline Z
ill sXppl\ Xntreated Z

ater to the m
Xnicipalities of 

the region.´ 

{
Supplying  raw

 w
ater from

 Lake H
uron to Flint is approx. the sam

e distance covered by 

supplying raw
 w

ater from
 C

leveland to O
hio tow

ns like N
ew

 Philadelphia or perhaps 

C
onneaut, or M

ansfield, or Port C
linton.  

y
The project Z

ill reqXire the installation of a Z
ater intake strXctXre, 72´ and 66´ pipelines, and 

pum
ping stations over the next few

 years. The project began construction in June of 2013, w
ith 

an expected com
pletion date of Spring of 2017. 

 



W
hat is a D

rain C
om

m
issioner? W

hat is the culture? 

y
A

 D
rain C

om
m

issioner is an elected official in county governm
ent of 

the U
.S. State  of M

ichigan w
ho is responsible for planning, developing and 

m
aintaining surface w

ater drainage system
s under Public A

ct 40 of 1956.  

y
D

rain C
om

m
issioners are elected on the partisan ballot in presidential 

election years for a term
 of four years. 

y
In counties w

ith a population under 12,000, the office of D
rain 

C
om

m
issioner m

ay be abolished w
ith its statutory duties and 

responsibilities perform
ed by the county's board of road com

m
issioners. 

 



D
rain C

om
m

issioner C
ulture 

y
D

uties and pow
ers 

{
It is the only elected office in M

ichigan that can directly levy taxes and borrow
 m

oney 

w
ithout a vote of the people.  

Ù
This led one D

rain C
om

m
issioner to declare he is m

ore pow
erful than the governor.  

Ù
W

hile the pow
ers of the D

rain C
om

m
issioner are im

m
ense, the office has 

becom
e sinecure in som

e counties 

{
N

evertheless, D
rain C

om
m

issioners are responsible for overseeing the county's drains.  

Ù
In M

ichigan, a d
rain

 m
ay be a natural or artificial creek or ditch, or a m

assive pipe 

for carrying w
ater. The territory served by a particular drain, its w

atershed, is 

typically organized as a d
rain

age d
istrict and the D

rain C
om

m
issioner levies tax 

assessm
ents and directs construction or m

aintenance of drains and culverts on behalf 

of each district.  



B
ack to Tim

elines 

y
B

etw
een M

arch 2013 and A
pril 2014 

{
Flint, still relying on its m

aster m
etered account from

 D
etroit, 

is notified that they w
ill have to pay a prem

ium
 for w

ater due 

to agreem
ent w

ith D
etroit (the contract had expired in 2000) 

{
D

etroit is angry that they are losing this custom
er, and asserts 

its right to charge extra per the contract 

{
R

em
em

ber - K
W

A
 is not scheduled to com

plete the Lake 

H
uron supply line to Flint until 2017 

Im
portant 
date! 



Flint, M
I Tim

elines 

y
A

pril 25, 2014 
{

The Flint C
ity E

m
ergency M

anager w
eighs the choice of staying on 

D
etroit¶s higher rate Ys. firing Xp the e[isting Flint W

TP 
Ù

H
e is in negotiations w

ith the D
etroit E

m
ergency M

anager 

|
N

either of the tw
o m

en is a drinking w
ater professional 

{
O

n orders from
 the E

m
ergency M

anager, the city sw
itches its w

ater 

sXppl\ from
 D

etroit¶s s\stem
 to the Flint R

iYer W
TP.  

{
Soon after, residents begin to com

plain aboXt the Z
ater¶s color, taste 

and odor, and to report rashes and concerns about bacteria. 

 



K
ey individuals identified 

Prysby                          B
usch                                 G

lasgow
 



Plant M
anager M

ike G
lasgow

 is indicted 

y
M

ichael G
lasgow

, the form
er Flint w

ater utility m
anager, is 

charged w
ith a felony in connection w

ith the city's w
ater crisis 

{
H

e eventually reaches a deal w
ith prosecutors. 

y
The M

ichigan A
ttorney-G

eneral states that ³G
lasgoZ

 tam
pered 

Z
ith a 2015 report, µLead and C

opper R
eport and C

onsXm
er 

N
otice of Lead R

esXlt,¶ and failed to perform
 his dXties as a 

treatm
ent plant operator´ 

y
U

nder the term
s of the plea deal, the felony charge of tam

pering 
w

ith evidence w
as dism

issed. 

 



G
lasgow

 speaks to the Press 

y
"I w

as a key figure in this -- I am
 operating the treatm

ent plant and 
seeing som

e of the sam
pling," he told C

N
N

 in M
arch, before the 

charges w
ere filed. 

y
B

ut G
lasgow

 said then that he had alw
ays tried to do the right thing, 

raising concerns to those above him
 at the city and state level. B

ut 
he said he felt he did not have the authority to override the decisions 
that eventually led to Flint's toxic w

ater. 

{
M

ike ±
 in his late 30¶s at that tim

e, has a Z
ife and \oXng bab\ at hom

e dXring 
this period and like m

ost individuals in that situation, needed that paycheck 

 



Flint Tim
elines ±

 Flint W
TP M

anager M
ike G

lasgow
 

y
In an em

ail sent A
pril 17, 2014 -- eight days before Flint sw

itched its w
ater 

source -- M
ike G

lasgow
 m

entions problem
s w

ith the m
onitoring schedule 

and his staffing ahead of the sw
itch. 

{
"I do not anticipate giving the O

K
 to begin sending w

ater out anytim
e soon. If w

ater is 

distributed from
 this plant in the next couple w

eeks, it w
ill be against m

y direction," 

G
lasgow

 w
rote to state officials, including B

usch and Prysby. "I need tim
e to adequately 

train additional staff and to update our m
onitoring plans before I w

ill feel w
e are ready. I 

w
ill reiterate this to m

anagem
ent above m

e, but they seem
 to have their ow

n agenda.´ 

y
In an interview

 w
ith C

N
N

, G
lasgow

 alleges that D
E

Q
 em

ployees B
usch and 

Prysby told him
 to alter w

ater quality reports and rem
ove the highest lead 

levels.* 

{
*C

N
N

 - U
pdated 11:45 PM

 E
T, W

ed A
pril 20, 2016 



R
efresh your m

em
ory on the Lead &

 C
opper R

ule 

y
B

ack in the 1990¶s: 

{
A

 system
 had to take 2 sets of first-draw

 sam
ples from

 residences for tw
o periods 

Ù
Table-top study ±

 tell E
PA

 about your treatm
ent strategy 

Ù
Sam

ple periods w
ere 6 m

onths - num
ber of sam

ples based on population ±
 prove 

or disprove your strategy 

{
R

equired to identify Tier 1 hom
es if possible 

Ù
(Lead service lines, or hom

es built during the few
 years prior to 1987 w

hen Lead 
solder banned) 

{
A

fter tw
o periods ±

sam
ple results w

ere tabulated: 

Ù
If 90

th percentile w
as m

et, you kept w
ith the program

 

Ù
If 90

th percentile exceeded, you had to do a corrosion study to determ
ine new

 
treatm

ent schem
e 

 

D
uring this tim

e, you did not have a violation regardless the sam
ple results 
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Table - Top Study for Lake E
rie Plants 



C
orrosion control for Lead 

y
From

 an operational perspective, and for any given drinking w
ater, 

lead dissolution is m
ostly dependent on: 

1.
the pH

 of the w
ater  

2.
alkalinity or D

issolved Inorganic C
arbon (D

IC
),  

3.
the ionic strength 

4.
the tem

perature  

5.
the presence of phosphate  

y
The role of the operator is to produce a finished w

ater that 
m

inim
izes the chance that lead w

ill dissolve 
{

M
anipulate w

hat param
eters you are able, and educate the consum

er on the rest 

 



Lead solubility and tem
perature 

y
Typically, w

arm
er w

ater drives chem
ical reactions m

ore 

quickly than colder w
ater 

{
lead dissolution is a chem

ical reaction 

{
A

s m
ight be expected, w

arm
er w

ater can dissolve lead m
ore quickly 

and in higher quantities than colder w
ater 

Ù
That¶s Z

h\ Z
e tell people not to drink Z

arm
 Z

ater from
 the tap, or 

leave hot w
ater in the faucet 

Ù
That¶s Z

h\ regXlations t\picall\ haYe Xs sam
ple for lead in the Z

arm
er 

m
onths 



Lead solubility and D
IC

 
pH

 and alkalinity 

y
The pH

 and alkalinity of w
ater are m

easures of the hydrogen ion activity and the buffering 
capacity of the w

ater respectively 

{
they directly influence lead solubility  

{
they are easily m

easured in the w
ater plant lab, and can be controlled or at least influenced by the 

operations staff through use of coagulants and pH
 adjustm

ent chem
icals such as N

aO
H

 

{
These tw

o param
eters can change as w

ater travels through the distribution system
, and so can have an 

effect on the otherw
ise optim

ized dosage of corrosion chem
icals used 

{
C

orrosion chem
icals such as orthophosphate are designed to w

ork in certain ranges of pH
, and so a 

change in pH
 m

ay harm
 or help the corrosion process  

y
These tw

o param
eters are used to determ

ine the D
issolved Inorganic C

arbon (D
IC

) of the 
w

ater 

{
The D

IC
 of the w

ater is the m
easure of the inorganic carbon species of the w

ater including C
arbon 

D
ioxide, C

arbonic acid, and the carbonate and bicarbonate alkalinity com
ponents 

 



Lead solubility and Total Ionic Strength 

y
The total ionic strength of the w

ater, I, is a m
easure of the ionic activity 

of the w
ater ±

 the am
ount of ions that are dissolved 

{
Ionic strength is greater in w

ater w
here m

ore ions are found in it, as opposed 

to, say, rainw
ater, w

hich is low
 in ionic strength 

{
Solubility charts and table for lead can be found for various ionic strengths  

 
Source 

TD
S 

Ionic strength 

D
em

ineralized w
ater open to atm

ospheric C
O

2  
0.5 

  0.000012 

Soft groundw
ater 

20 
  0.0005 

Low
 to m

oderate hardness surface w
ater 

40 
  0.001 

H
igh hardness surface or groundw

ater 
200 

  0.005 

V
ery hard and brackish w

ater 
400 

  0.01 

Seaw
ater 

35,000 
  0.68 



E
xam

ple lead solubility and phosphates 
I =

 0.005 

G
raphic of Pb solubility w

ith no phosphate 
 G

raphic of Pb solubility w
ith phosphate 



H
ow

 to determ
ine D

IC
 

 
y

N
ote that this chart is for 

w
aters that have an ionic 

strength of 0.005 

y
C

hart is for w
arm

 w
ater 

conditions 

y
H

ow
 m

uch D
IC

 in there 

in the incom
ing Lake 

E
rie supply? 



H
ow

 pH
 and D

IC
 affect Pb solubility 



Phosphate ±
 how

 m
uch is enough? 

C
hart show

s lead solubility at pH
 7.5 w

ith various phosphates dosages and alkalinity values.  



Sim
plified decision tree for operational strategy 



A
 G

ray A
rea 

y
C

hoices m
ade by U

tilities and R
egulators regarding the Lead and 

C
opper R

Xle are seldom
 ³black and Z

hite´ or Z
ell delineated 

y
Let¶s e[am

ine hoZ
 the choice Z

as m
ade to choose Z

hich Lead 
sam

ples for reporting in Flint w
hich resulted in the indictm

ent of 
G

lasgow
, B

usch and Prysby«
. 

y
Let m

e first ask this: D
o you think these three people deliberately 

altered the results of the report in order to keep the Lead issues 
from

 the public? 
Ù

N
e[t slide «

«
«

«
«

.. 



D
ata D

ifference ±
 60 sam

ples required but  72 sam
ples w

ere taken 
90%

tile of 72 m
eans that 7 can be high, but not 8 



M
ay 4

th, 20
17 

M
ike G

lasgow
 has his 

charges dropped 

͞M
r. Glasgow

 attem
pted to 

call the police -- that w
ould 

have been the (M
ichigan 

Departm
ent of 

Environm
ental Q

uality) -- 
and they never responded," 
said Ruth C. Carter, special 
assistant M

ichigan attorney 
general.  

"M
r. Glasgow

 sent the flares 
up w

hen nobody else did. 
He's the reason that w

e 
w

ere able to get started 
because he did try, and no 
one responded to him

." 

³A
 jXdge has dism

issed the crim
inal case against form

er Flint utilities 
A

dm
inistrator M

ichael G
lasgow

 after prosecutors requested it, saying 
he has "cooperated significantly"  w

ith their investigation into the 
cit\'s Z

ater crisis.´ 

w
w

w
.M

live.com
 ±

 M
ay 4, 2017 



Flint W
TP 

y
Is a turbidity rem

oval / lim
e softening 

plant retrofitted in 2000 

{
O

zone, Ferric C
hloride, raid m

ix/flocs and 

plate settlers for turbidity, G
A

C
 filters 

{
Lim

e softening and recarbonation for 

hardness rem
oval 

{
Since the retrofit, it had been operated 

only 4-5 days at a tim
e about three tim

es a 

year 

Ù
It did not put finished w

ater into the 

system
 during those tim

es 

Ù
Staff w

as not prepared for 24/7 O
PS 



Flint R
iver Issues 

y
H

istorically, the w
ater in the Flint R

iver upstream
 of Flint has 

been of poor quality. 

y
It Z

as seYerel\ degraded dXring the 197o¶s dXe to the presence 
of fecal coliform

, low
 D

O
, plant nutrients, oils and toxic 

substances. 

y
In 2001, the state ordered the m

onitoring and cleanup of 134 
polluted sites w

ithin the Flint R
iver w

atershed, including 
industrial com

plexes, landfills and farm
s laden w

ith pesticides 
and fertilizer. 



Plant Status as of Start-up (A
pril 25) 

y
Plant had 4 to 5 days of polym

er on hand 

y
Plant SC

A
D

A
 w

as incom
plete and out for bid 

y
Filter head loss m

eters not operational 

y
C

hlorine residual m
onitoring equipm

ent not installed at the point of entry to distribution 

system
 

y
C

hlorination after filter not used until M
ay 17 

y
Fluoridation not available until July 2 

y
N

o corrosion
 con

trol p
lan

 or eq
u

ip
m

en
t 

y
N

o treatability study had been done 

y
Ferric chloride w

as only coagulant ±
 w

hich added to the chloride-sulphate/ C
O

3 - problem
 

y
O

zone feed not able to be controlled sufficiently ±
 brom

ates w
ere produced in excess of M

C
L 

 {
In

 sp
ite of all th

is an
d

 m
ore, th

e em
ergen

cy m
an

ager forces th
e op

erators to start th
e p

lan
t 



Journal A
W

W
A

 ±
 D

ecem
ber 2016 

M
asten et. al. 



Journal A
W

W
A

 ±
 D

ecem
ber 2016 

M
asten et. al. 



Flint Tim
elines 

y
A

ugust and Septem
ber 2014 

{
C

ity officials issue boil-w
ater advisories after coliform

 bacteria are 

detected in tap w
ater. 

y
O

ctober 2014 

{
The M

ichigan D
epartm

ent of E
nvironm

ental Q
uality blam

es aging 

pipes and a population decline for pockets of bad W
Q

 

y
O

ctober 2014 

{
A

 G
eneral M

otors plant in Flint stops using m
unicipal w

ater, saying 

it corrodes car parts. 



Flint Tim
elines 

y
January 2015 
{

D
etroit¶s Z

ater s\stem
 offers to reconnect to Flint, Z

aiYing a 

$4 m
illion connection fee. Three Z

eeks later, Flint¶s state-

appointed E
m

ergency M
anager, Jerry A

m
brose, declines the 

offer. 

y
February 2015 

{
In a m

em
o for the governor, officials play dow

n problem
s and 

sa\ that the Z
ater is not an im

m
inent ³threat to pXblic health.´ 

 



M
s. L

eeA
n

n
e 

W
alters 

Show
n here w

ith tw
o of 

her children ±
 the 

tw
ins. 

She is the m
other of 

four kids ±
 an 18 year 

old daughter, a 14 year 
old son, and the tw

ins 
G

avin and G
arrett. 

G
avin has stopped 

grow
ing, and the 

daXghter¶s hair fell oXt 
w

hile taking a show
er. 

M
s. W

alters lost her eye 
lashes at one point. 



Flint Tim
elines 

y
Feb. 18, 2015 
{

104 parts per billion of Lead are detected in drinking w
ater at the 

hom
e of LeeA

nne W
alters. M

s. W
alters notifies the E

nvironm
ental 

Protection A
gency.  

y
Feb. 27, 2015  
{

M
iguel D

el Toral, an E
PA

 expert, says that the state w
as testing the 

w
ater in a w

ay that could profoundly understate the Lead levels.  

y
M

arch 3, 2015 
{

Second testing detects 397 parts per billion of Lead in drinking w
ater 

at M
s. W

alters¶ hom
e. 

   



Flint Tim
elines 

y
M

arch 12, 2015 
{

V
eolia, a consXltant groXp hired b\ Flint, reports that the cit\¶s Z

ater 

m
eets state and federal standards; it does not report specifically on 

Lead levels. 
Ù

³The reYieZ
 of the Z

ater qXalit\ records dXring the tim
e of V

eolia¶s 

study show
s the w

ater to be in com
pliance w

ith State and Federal 

regulations, and, based on those standards, the w
ater is considered to 

m
eet drinking Z

ater reqXirem
ents.´ ---- Flint M

I W
ater Q

uality R
eport, 

V
eolia, 3/12/2015 

{
The M

ayor of Flint uses this report to state publicly that the w
ater is safe 



Flint Tim
elines 

y
July 2, 2015 
{

A
n E

PA
 adm

inistrator tells Flint¶s m
a\or that ³it Z

oXld be 

prem
atXre to draZ

 an\ conclXsions´  - (based on a leaked 

internal E
PA

 m
em

o regarding Lead). 

y
July 22, 2015 
{

D
ennis M

uchm
ore, G

oYernor R
ick Sn\der¶s C

hief of Staff, 

expresses concern about the Lead issue in an em
ail, and asks 

aboXt Flint test resXlts, blood testing and the State¶s response. 

 



Flint Tim
elines 

y
A

ug. 17, 2015 
{

B
ased on results show

ing Lead levels at 11 parts per billion from
 

January to June 2015, the D
epartm

ent of E
nvironm

ental Q
uality 

tells Flint to optim
ize corrosion control. 

y
Sept. 2, 2015 
{

M
arc E

dw
ards, an expert on m

unicipal w
ater quality and professor at 

V
irginia Tech, reports that corrosiveness of w

ater is causing Lead to 

leach into the supply. Soon after, the D
epartm

ent of E
nvironm

ental 

Q
uality disputes those conclusions. 

 



Flint Tim
elines 

y
Sept. 24-25, 2015 
{

A
 group of doctors led by D

r. M
ona H

anna-A
ttisha of H

urley 

M
edical C

enter in Flint urges the city to stop using the Flint 

R
iver for w

ater after finding high levels of Lead in the blood of 

children. State regulators insist the w
ater is safe. 

y
Sept. 28, 2015 
{

The governor is briefed on Lead problem
s in a phone call w

ith 

the state environm
ent departm

ent and federal officials. 

  



Flint Tim
elines 

y
O

ct. 1, 2015 
{

Flint city officials urge residents to stop drinking w
ater after 

governm
ent epidem

iologists validate D
r. H

anna-A
ttisha¶s finding of 

high Lead levels. G
overnor Snyder orders the distribution of filters, 

the testing of w
ater in schools, and the expansion of w

ater and blood 

testing. 

y
O

ct. 16, 2015 
{

Flint reconnects to D
etroit¶s Z

ater. R
esidents are adYised not to Xse 

unfiltered tap w
ater for drinking, cooking or bathing. 

 



Flint Tim
elines 

y
O

ct. 19, 2015 
{

The D
epartm

ent of E
nvironm

ental Q
uality director, D

an W
yant, reports that his 

staff used inappropriate federal protocol for corrosion control. 

y
O

ct. 21, 2015 
{

G
overnor Snyder announces that an independent W

ater A
dvisory Task Force w

ill 

review
 w

ater use and testing in Flint. 

y
D

ec. 9, 2015 
{

Flint adds additional corrosion control chem
icals. 

y
D

ec. 14, 2015 
{

Flint declares an em
ergency. 

 



Flint Tim
elines 

y
January 2016 
{

M
D

E
Q

 is testing (Sentinel) the w
ater at m

ore than 600 hom
es. Som

e results top 600 ppb 

Lead 

{
U

SE
PA

 R
egion 5 A

dm
inistrator Susan H

edm
an resigns her position due to this crisis 

y
Jan. 16, 2016 
{

President O
bam

a declares a state of em
ergency in the city and surrounding county, allow

ing 

the Federal E
m

ergency M
anagem

ent A
gency to provide up to $5 m

illion in aid 

y
Jan. 21,  2016 ±

 V
eolia report resurfaces ±

 D
etroit Free Press headline: 

{
M

arch 2015 V
eolia report urged corrosion control but m

ade no m
ention of Lead leaching 

into the w
ater and did not cite health concerns, only aesthetic ones. Its recom

m
endation to 

add phosphates to treat the w
ater w

ould have cost a tiny fraction of today's m
ounting costs 

to address the Flint drinking w
ater crisis, but it w

ent unheeded by the city's state-appointed 

E
m

ergency M
anager 



U
SE

PA
 Issues E

m
ergency O

rder 

http://w
w

w
.m

ichigan.gov/flintw
ater/0,6092,7-345-76292_

76364-376646--,00.htm
l 



State of M
ichigan A

udit of D
E

Q
 

y
In M

arch of 2016, M
I issues an audit report: 

{
³M

D
E

Q
 does not Yerif\ that Z

ater sam
ples for Lead com

e from
 the right 

hom
es´ 

{
³M

D
E

Q
 doesn¶t haYe a procedXre for determ

ining the popXlation serYed 
b\ a Z

ater s\stem
´ 

{
³M

D
E

Q
 didn¶t folloZ

 its oZ
n polic\ for Z

ater s\stem
 Yisits and detailed 

sXrYe\s´ 

{
³M

D
E

Q
 fees do not coYer the costs of oYersight´ 

{
³A

Xdit also faXlts federal Lead and C
opper R

Xle´ 

y
W

ater Infrastructure C
om

m
ittee begins its w

ork 
 



Flint Tim
elines 

y
A

pril 2016 

{
Flint W

ater A
dvisory Task Force issues its final report 

Ù
A

s m
entioned, it blam

es the crisis on governm
ental failure at 

m
any levels 

Ù
Som

e tasks are assigned to our sub ±
 C

om
m

ittee according to 

experience 

{
Three people ±

 a Flint utility em
ployee (G

lasgow
) and tw

o 

M
D

E
Q

 em
ployees are indicted 

Ù
A

nother Flint em
ployee is found dead 



First 3 Flint Indictm
ents 

y
M

ichigan A
ttorney G

eneral B
ill Shuette indicts governm

ent 
em

ployees:* 
{

A
 district w

ater supervisor for the M
ichigan D

epartm
ent of 

E
nvironm

ental Q
uality, and a district w

ater engineer, each face six 
charges. 

Ù
A

ccusations include m
isleading federal regulatory officials, m

anipulating 
w

ater sam
pling and tam

pering w
ith reports. 

{
A

 form
er laboratory and w

ater quality supervisor w
ho served as the city's 

utilities adm
inistrator, is accused of tam

pering w
ith a lead report.  

Ù
H

e is charged w
ith tam

pering w
ith evidence, a felony, and w

illful neglect of 
duty, a m

isdem
eanor. 

Ù
*D

etroit Free Press, A
pril 2016 



Flint tim
elines 

y
June 2016 ±

 tw
o engineering firm

s are sued by the State of 
M

ichigan 
{

V
eolia 

{
Lockw

ood, A
ndrew

s &
 N

ew
nam

 (LA
N

) 

y
A

ccording to M
ichigan A

ttorney G
eneral: 

{
The com

panies, V
eolia N

orth A
m

erica and Lockw
ood, A

ndrew
s &

 N
ew

nam
, or 

LA
N

, w
ere aw

arded contracts to advise the city about using the Flint R
iver as its 

drinking w
ater source. B

ut, M
r. Schuette said, each failed to sound alarm

s about 
lead contam

ination, overlooked obvious problem
s and w

ere com
plicit in the 

series of events that caused lead to leach from
 pipes and poison children.* 

�
*D

E
TR

O
IT FR

E
E

 PR
E

SS, JU
N

E
 22,  2016 



Flint Tim
elines 

y
July 29

th, 2016 
{

Six m
ore D

E
Q

 and State em
ployees are crim

inally charged by the 
M

ichigan  

y
A

s of this presentation ±
 July 2017 ±

 the charges are ongoing, 
and 13 persons have been indicted 

y
W

hen indicting these six State em
ployees, Shuette is quoted 

as saying: 
{

"They had know
ledge and ability to stop the problem

, but they failed" 

 Ù
The follow

ing press releases w
ere taken from

 the D
etroit Free Press on 7.29.2016 



July Indictm
ents 1 (total of six) 

y
Form

er chief of the M
ichigan D

epartm
ent of E

nvironm
ental Q

uality's O
ffice of D

rinking 

W
ater and M

unicipal A
ssistance 

y
C

harges: O
ne felony count of m

isconduct in office, w
hich carries a penalty of five years in 

prison and/or $10,000 and one m
isdem

eanor count of w
illful neglect of duty, according 

to a new
s release from

 A
ttorney G

eneral B
ill Schuette's office. 

y
A

llegations: It's alleged that despite notice from
 citizens about w

ater quality and being 

aw
are of an outbreak of Legionnaires' disease, the chief "not only allegedly failed to take 

corrective action or notify public health officials but, in fact took steps to m
islead and 

conceal evidence from
 health officials in phone calls revealed by the investigation," the 

release says. 

y
W

ork statu
s: F

ired
 



July Indictm
ent 2 

y
M

D
E

Q
 w

ater quality analyst 

y
C

harges: Three felony charges -- one count of m
isconduct in office, w

hich carries a penalty 

of five years in prison and/or $10,000; one count of tam
pering w

ith evidence, w
hich 

carries a penalty of four years and/or $5,000; and tam
pering w

ith evidence, w
hich carries 

a penalty of four years and/or $10,000. H
e is also facing a m

isdem
eanor charge of w

illful 

neglect of duty. 

y
A

llegations: It's alleged that the analyst "w
as w

arned by Flint W
ater Treatm

ent Plant 

officials that they w
ere not ready for operations and w

as later w
arned by the E

PA
 that high 

levels of lead us usually due to particulate lead, signaling a corrosion problem
," the new

s 

release from
 the A

ttorney G
eneral's O

ffice says. H
e is accused of participating in the 

m
anipulation of lead testing results. 

y
W

ork statu
s: Su

sp
en

d
ed

 w
ith

ou
t p

ay 



July Indictm
ent 3 

y
M

D
E

Q
 specialist for the C

om
m

unity D
rinking W

ater U
nit 

y
C

harges: O
ne felony count each of m

isconduct in office and conspiracy, both of 

w
hich carry penalties of five years in prison and/or $10,000; and one m

isdem
eanor 

count of w
illful neglect of duty. 

y
A

llegations: It's alleged that the specialist w
as aw

are of w
ater problem

s in Flint, "but 

allegedly took no corrective action in his duty to ensure the provision of clean, safe 

drinking w
ater in Flint" and also is accused of m

isleading the E
nvironm

ental 

Protection A
gency about the necessity of using corrosion control treatm

ents, the 

release from
 the A

ttorney G
eneral's O

ffice says. 

y
W

ork statu
s: Su

sp
en

d
ed

 w
ith

ou
t p

ay 



July Indictm
ent 4 

y
D

irector of the M
ichigan D

epartm
ent H

ealth and H
um

an Services program
 for m

aternal, infant 

and early childhood hom
e visiting 

y
C

harges: O
ne felony count each of m

isconduct in office and conspiracy, both of w
hich carry 

penalties of five years in prison and/or $10,000; and one m
isdem

eanor count of w
illful neglect 

of duty. 

y
A

llegations: It's alleged that the director requested a report on blood lead level data on Flint 

children, but the report -- created in July 2015 and show
ing a spike in blood lead tests for Flint 

children -- w
as "buried," the new

s release from
 the A

ttorney G
eneral's O

ffice says. It's alleged 

that he and another health departm
ent em

ployee created another report that "falsely indicated 

no statistically significant rise in blood lead levels of children in the sum
m

er of 2014," according 

to the release. 

y
W

ork statu
s: S

u
sp

en
d

ed
 w

ith
ou

t p
ay 



July Indictm
ent 5 

y
D

ata m
anager for the M

D
H

H
S H

ealth H
om

es and Lead Prevention program
 

y
C

harges: O
ne felony count each of m

isconduct in office and conspiracy, both of 

w
hich carry penalties of five years in prison and/or $10,000; and one m

isdem
eanor 

count of w
illful neglect of duty. 

y
A

llegations: It's alleged that the m
anager, along w

ith a director, created a report 

that "falsely indicated no statistically significant rise in blood lead levels of children 

in the sum
m

er of 2014," the A
ttorney G

eneral's O
ffice new

s release says. 

y
W

ork statu
s: Su

sp
en

d
ed

 w
ith

ou
t p

ay 



July Indictm
ent 6 

y
Form

er director of the B
ureau of E

pidem
iology and State E

pidem
iologist 

y
C

harges: O
ne felony count each of m

isconduct in office and conspiracy, both of 

w
hich carry penalties of five years in prison and/or $10,000; and one 

m
isdem

eanor count of w
illful neglect of duty. 

y
A

llegations: It's alleged that the director received a first report regarding blood 

lead levels in Flint children, "but instructed others not to take action, rebuffing 

other em
ployees w

ho asked about next steps of action," the new
s release says. 

"The charges allege that the director later instructed another M
D

H
H

S 

em
ployee to delete em

ails concerning the original blood lead data report from
 

JXl\ 28, 2015.³ 

y
W

ork statu
s: S

u
sp

en
d

ed
 w

ith
ou

t p
ay 

 



D
ecem

ber 2016 indictm
ents ±

 4 m
ore 

y
O

n D
ecem

ber 19
th, 4 m

ore individuals w
ere indicted 

{
D

arn
ell E

arley - 
Ù

H
e w

as the state-appointed em
ergency m

anager in charge of Flint in A
pril 

2014, w
hen the city sw

itched its w
ater source from

 Lake H
uron w

ater 
provided by the D

etroit w
ater system

 and began draw
ing w

ater from
 the 

Flint R
iver. 

{
G

erald
 A

m
b

rose ±
  

Ù
H

e w
as the state-appointed em

ergency m
anager w

ho took E
arley's place, 

and he rejected a Flint C
ity C

ouncil vote to return to D
etroit w

ater. 
{

H
ow

ard
 C

roft ±
  

Ù
H

e w
as Flint's public w

orks director at the tim
e of the lead contam

ination. 
C

roft held the post from
 D

ecem
ber 2011 to N

ovem
ber 2015 

{
D

au
gh

erty Joh
n

son
 ±

  
Ù

H
e w

as Flint's utilities adm
inistrator at the tim

e of the lead 
contam

ination. 



Legionnaire's D
eaths - M

anslaughter C
harges B

rought 

y
June 2017 

y
³5 C

h
a

Uged
 W

iWh
 In

YolX
n

Wa
U\

 M
a

n
Vla

X
gh

WeU in
 F

lin
W 

W
a

WeU C
UiViV´ 

{
N

ew
 Y

ork T
im

es, Ju
n

e 14
th, 20

17 

Ù
N

ick Lyon, the director of the M
ichigan D

epartm
ent of H

ealth and H
um

an 

Services, w
as charged w

ith involuntary m
anslaughter and m

isconduct in 

office, felonies that could lead to as m
uch as 20 years in prison.  

Ù
D

r. E
den V

. W
ells, the chief m

edical executive for the departm
ent, w

as 

charged w
ith obstruction of justice and lying to a peace officer, and could face 

up to seven years if convicted.  

 



M
anslaughter C

harges E
xplained by B

ill Schuette 

y
In charging M

r. Lyon, and four others w
ho already faced other charges in the w

ater case, 

w
ith involuntary m

anslaughter, M
r. Schuette said they had failed to properly alert the 

pXblic aboXt increases in Legionnaires¶ cases, alloZ
ing the problem

 to continXe and 

w
ithholding crucial inform

ation from
 residents, w

ho m
ight have avoided the w

ater had 

they know
n. 

y
A

n exam
ination of governm

ent em
ails from

 2014, 2015 and 2016 revealed 

that officials w
ere aw

are of the pattern of Legionnaires¶ cases, bXt that the\ failed to act 

sw
iftly on the revelations and tended to becom

e m
ired in jurisdictional battles over 

protocol and responsibility. 

y
M

r. L\on kneZ
 of the Legionnaires¶ oXtbreak b\ late JanXar\ 2015, coXrt docXm

ents 

claim
, but did not notify the public for another year. A

t one point, the docum
ents allege, 

he said that ³he can¶t saYe eYer\one´ and that ³eYer\one has to die of som
ething.´ 

 



State D
E

Q
 sues Flint C

ity C
ouncil 

y
O

n June 28
th, 2017 the M

ichigan D
epartm

ent of 

E
nvironm

ental Q
uality brings a law

suit against Flint 

C
ity C

ouncil 

{
The sXit alleges that C

it\ C
oXncil¶s refXsal to back a long term

 

deal w
ith G

LW
A

 for drinking w
ater is endangering public 

health 

{
The State does not w

ant Flint to m
ake a change in w

ater source 

a TH
IR

D
 tim

e, arguing that there is no other viable choice 
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Task Force and C
om

m
ittee W

ork 



C
reation of C

om
m

ittee 

y
The State of M

ichigan ±
 E

xecutive O
ffice 

{
January 11

th, 2016 - E
X

E
C

U
TIV

E
 O

R
D

E
R

 N
o. 2016-1 - C

R
E

A
TIO

N
 O

F FLIN
T W

A
TE

R
 

IN
TE

R
A

G
E

N
C

Y C
O

O
R

D
IN

A
TIN

G
 C

O
M

M
ITTE

E
  (FW

IC
C

) 

y
The C

oordinating C
om

m
ittee becam

e a function of the M
ichigan State 

Police and the M
ichigan D

epartm
ent of E

nvironm
ental Q

uality 

y
D

uties of the C
oordinating C

om
m

ittee: 

{
(paraphrasing) shall advise the governor ..and propose statutory, regulatory, or 

contractXal actions necessar\ «
for m

aking recom
m

endations for: 

Ù
acceptable standards for potable w

ater  

Ù
the health im

pacts for the affected population 

Ù
the assessm

ent of the status of infrastructure  

Ù
the determ

ination of feasible actions to upgrade the w
ater system

.  



The FW
IC

C
 creates 5 sub-com

m
ittees 

y
O

ne of w
hich is the W

ater Infrastructure Integrity C
om

m
ittee 

{
Tasks: 

Ù
A

ssess the condition and functionality of the overall distribution system
 

Ù
D

eterm
ine the right-sizing of the w

ater infrastructure system
 to support the 

needs of the C
ity 

Ù
C

reate a plan for addressing the needs as defined in the overall assessm
ent 

Ù
D

eterm
ine a viable-backup em

ergency w
ater source 

Ù
D

evelop a com
prehensive Lead line replacem

ent program
 that takes all needs 

into consideration such as at-risk populations 

{
M

eanZ
hile «

«
. 



Findings of the Flint W
ater A

dvisory Task Force 

y
F-1. M

D
E

Q
 bears prim

ary responsibility for the w
ater contam

ination in Flint.  

y
F-2. M

D
E

Q
, specifically its O

ffice of D
rinking W

ater and M
unicipal A

ssistance (O
D

W
M

A
), 

suffers from
 cultural shortcom

ings that prevent it from
 adequately serving and protecting the 

public health of M
ichigan residents.  

y
F-3. M

D
E

Q
 m

isinterpreted the LC
R

 and m
isapplied its requirem

ents. A
s a result, Lead-in-w

ater 

levels w
ere under-reported and m

an\ residents¶ e[posXre to high Lead leYels Z
as prolonged for 

m
onths.  

y
F-4. M

D
E

Q
 Z

aited m
onths before accepting E

PA
¶s offer to engage its Lead (Lead) e[perts to 

help address the Flint w
ater situation and, at tim

es, M
D

E
Q

 staff w
ere dism

issive and 

unresponsive.  

y
F-5. M

D
E

Q
 failed to m

ove sw
iftly to investigate, either on its ow

n or in tandem
 w

ith M
D

H
H

S, 

the possibility that Flint R
iver w

ater w
as contributing to an unusually high num

ber of 

Legionellosis cases in Flint.  
http://w

w
w

.m
ichigan.gov/docum

ents/snyder/FW
A

TF_
FIN

A
L_

R
E

PO
R

T_
21M

arch2016_
517805_

7.pdf 



M
D

E
Q

¶s FailXres and Intransigence 

W
hen considering Flint¶s conYersion from

 D
W

SD
 to the Flint R

iYer Z
ater, M

D
E

Q
 had m

Xltiple 

com
m

unications and m
eetings w

ith Flint U
tilities D

epartm
ent staff and their consultants.  

y
W

hen asked by Flint w
ater plant personnel about  adding  phosphate  in the treatm

ent process, as 

D
W

SD
 does for corrosion control, M

D
E

Q
 said that a corrosion control treatm

ent decision w
ould be 

m
ade after tw

o 6-m
onth  m

onitoring periods w
ere conducted to see if corrosion control treatm

ent w
as 

needed.  

y
O

D
W

M
A

 anticipated that use of Flint R
iver w

ater w
ould be problem

atic but deferred to state 

E
m

ergency M
anager decisions to proceed.  

y
Subsequently: M

D
E

Q
 advised Flint W

TP staff, in contradiction to longstanding federal policy under 

the LC
R

, that corrosion control treatm
ent w

as not required.  

y
M

D
E

Q
 insisted, even after com

pelling evidence of Lead poisoning of children w
as presented, that Flint 

w
ater quality m

et applicable SD
W

A
 standards.  
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FW
A

TF Findings and 
R

ecom
m

endations 



Lead service line replacem
ent 

y
Flint took the recom

m
endation to perform

 total Lead 

service line replacem
ent as opposed to partial 

{
H

ow
 do you advise Flint w

hich lines to replace first? 

Ù
It can¶t be done in a da\ or a Z

eek or a m
onth 

Ù
W

ho gets to go first ±
 w

ho goes last? 

{
A

 tiered approach is being used 

Ù
R

esults of w
ater sam

ples, locations of children 

|
For those on the w

aiting list, tem
porary rem

edial action is given 



Flint B
egan R

eplacem
ent in M

arch, 2016 

y
30 w

ere scheduled in first m
onth ±

 w
e needed to establish a unit cost 

{
20 got done 

Ù
W

eather - M
ultiple connections off one line ±

 bad records 

{
A

nother 13 w
ere com

pleted in A
pril 

y
A

 unit cost of approxim
ately $4,500 w

as determ
ined 

y
C

om
m

ittee recom
m

ended, and the C
ity started on the next 500 lines 

{
R

FP for this w
ork w

as let out in June 2016 - $20,000,000 w
as allotted 

{
H

om
es picked using G

IS, C
ensus data, D

ensity of population and children 

Ù
C

hoosing Lead ±
 to ±

 G
alvanized service lines 

{
B

ids cam
e in at unit cost of $9,000 per line 

 



Service lines in Flint 

y
The city records show

 that flint w
ater custom

ers are served through 
§

 30,000 serYice lines 

y
The records indicate that over 15,000 of them

 are Lead 

{
There is som

e conjecture that a num
ber of those are sim

ply services w
ith a 

Lead gooseneck 

{
As of  July 12

th, 2017 ʹ the city has replaced >2,180 Lead service lines* 

Ù
The City has accelerated its efforts now

 that Federal funding has been allocated 

Ù
They hope to do 6,000 this year 

{
Recently (Jan 11 Tow

n Hall M
eeting) the city stated it w

ill take perhaps 
three years to replace all the service lines 

*´Flint sa\s 2,181 lead pipes replaced´ - The D
etroit N

ew
s, July 11, 2017  



M
adison, W

I Lead study and replacem
ent 

y
M

adison began to fully replace Lead service lines in 2001 
{

A
bout 8,000 lines w

ere found 
{

C
ost estim

ated at $15.5 M
illion 

Ù
The C

ity faced problem
s because the service lines are private property and 

the public balked at using public funds for the replacem
ents 

{
The study revealed: 

Ù
A

fter replacem
ent, it took 4 years before m

ajor spikes of Lead w
ere 

no longer seen 

Ù
W

here service lines w
ere Lead coupled to galvanized 

|
R

em
oval of the Lead portion caused the iron oxide to absorb 

Lead, then release it slow
ly ±

 it took 8 years for lines to get 
below

 5 ug/L 

 



W
here are the Lead service lines? 



Lead service lines in this C
ountry 

y
A

ccording to a recent national estim
ate, a total of 6.1 

m
illion LSLs²

either full or partial²
are in place today in 

U
S com

m
unity w

ater system
s (C

W
Ss)  

{
Providing w

ater to an estim
ated 15 m

illion to 22 m
illion people 

(C
ornw

ell et al. 2016)*.  

y
Lead is present in private plum

bing system
s, prim

arily in 

housing stock developed before 1986 w
hen the use of 

Lead pipe w
as banned.  

*C
ornw

ell, D
.A

.; B
row

n, R
.A

.; &
 V

ia, S.H
., 2016. N

ational Survey of Lead Service Line O
ccurrence. Journal A

W
W

A
, 108:4:E

182. 

http://dx.doi.org/10.5942/jaw
w

a.2016 



FW
A

TF Finding F-1 and R
ecom

m
endation R

-1 

y
F-1.  

{
M

D
E

Q
 bears prim

ary responsibility for the w
ater contam

ination in 

Flint. 

y
R

-1 

{
Im

plem
ent a proactive, com

prehensive cultural change program
 

w
ithin M

D
E

Q
, specifically its O

ffice of D
rinking W

ater and 

M
unicipal A

ssistance (O
D

W
M

A
), to refocus the departm

ent on its 

prim
ary m

ission to protect hum
an health and the environm

ent. 



FW
A

TF Finding F-3 and R
ecom

m
endation R

-3 

y
F-3.  
{

M
D

E
Q

 m
isinterpreted the LC

R
 and m

isapplied its 

requirem
ents. A

s a result, Lead-in-w
ater levels w

ere under-

reported and m
an\ residents¶ e[posXre to high Lead leYels Z

as 

prolonged for m
onths.  

Ù
³M

D
E

Q
 discoXnted eYidence of dangeroXs Z

ater qXalit\ problem
s, 

even m
anipulating sam

pling procedures m
andated by the LC

R
. 

The U
S E

nvironm
ental Protection A

gency (U
SE

PA
), on learning of 

these transgressions, Z
aited m

onths to act.´*  
*July 2016 Journal A

W
W

A
 



FW
A

TF Finding F-4  

y
F-4 
{

M
D

E
Q

 Z
aited m

onths before accepting E
PA

¶s offer to engage 

its Lead (Lead) experts to help address the Flint w
ater 

situation and, at tim
es, M

D
E

Q
 staff w

ere dism
issive and 

unresponsive. 



FW
A

TF R
ecom

m
endation R

-19 

y
R

-19 (not tied to a specific finding) 

{
R

eview
 budget requests for M

D
E

Q
 to ensure adequate funding is 

provided to the O
D

W
M

A
.  E

PA
 audit and interview

s indicate that 

M
ichigan¶s drinking Z

ater program
 m

ight haYe one of the loZ
est 

levels of financial support w
ithin E

PA
 R

egion V
 w

hile having one of 

the largest, if not the largest, num
ber of com

m
unity w

ater system
s 

(C
W

S) to regulate. 

Ù
From

 2010 to 2016, M
D

E
Q

 lost 12 field engineering positions due to 

budget decreases and attrition 

|
The nXm

ber of FXll Tim
e E

qXiYalents (FTE
¶s) has decreased 



R
-19 PW

S to FTE
 com

parisons in U
SE

PA
 R

egion V
 

B
ased in part on 2011 A

SD
W

A
 R

eport 

y
M

ichigan 

{
Population 9.9 m

illion 

{
1,425 PW

S 

Ù
85 Full tim

e equivalents  

Ù
R

atio of PW
S to FTE

 =
 16.8 

y
O

hio 

{
Population 11.5 m

illion 

{
>

4,800 PW
S 

Ù
147.5  Full tim

e equivalents  

Ù
R

atio of PW
S to FTE

 =
 32.5 

 

y
M

innesota (best in region) 

{
Population 5.3 m

illion 

{
 §

 1,000 PW
S 

Ù
112 Full tim

e equivalents 

Ù
R

atio of PW
S to FTE

 =
 8.9 

y
Indiana (w

orst in region) 

{
Population 6.6 m

illion 

{
4,105 PW

S 

Ù
51.5 Full tim

e equivalents 

Ù
R

atio of PW
S to FTE

 =
 79.7 

 



FW
A

TF Finding F-2 and R
ecom

m
endation R

-2 

y
F-2.  
{

M
D

E
Q

, specifically its O
ffice of D

rinking W
ater and M

unicipal 

A
ssistance (O

D
W

M
A

), suffers from
 cultural shortcom

ings that 

prevent it from
 adequately serving and protecting the public health 

of M
ichigan residents. 

Ù
M

D
E

Q
 isn¶t training operators ±

 nor being trained by operators 

Ù
M

D
E

Q
 ansZ

ered ³this Z
as an im

portant part of M
D

E
Q

 staff training and it 

provided opportunities for contact w
ith operators.  H

ow
ever, due to 

increased Z
orkloads,  staff are not as engaged as the\ once Z

ere´ 



FW
A

TF Finding F-2 and R
ecom

m
endation R

-2 

y
R

-2 

{
E

stablish an apprenticeship/certification program
 for M

D
E

Q
 O

D
W

M
A

 

em
ployees that requires direct, hands-on experience w

ith public w
ater system

 

operations. M
D

E
Q

 O
D

W
M

A
 em

ployees responsible for w
ater system

 regulation 

and SD
W

A
 enforcem

ent should be, or have access to, certified operators and 

subject m
atter experts 

{
A

fter m
y response to the M

D
E

Q
 outlining the cultural issue, I w

as assigned to 

w
ork w

ith M
D

E
Q

 staff to develop training guidelines 

{
W

hen that w
as com

plete, I w
as given a contract to train the Flint W

TP operators 

and the M
D

E
Q

 field engineering staff on the m
ajor unit processes that w

ill be 

em
ployed 



M
y contract stipulations 

y
In part, I Z

as told to «
.. 

{
R

eview
 existing production facilities, operator tasks and procedures 

{
D

evelop an understanding of the treatm
ent processes and chem

ical feeds that 

w
ill be em

ployed once raw
 w

ater from
 Lake H

uron w
ill be m

ade available 

{
Teach classes 

{
D

evelop SO
Ps for plant operation evaluate personnel and treatm

ent 

alternatives 

y
If they decide to treat Lake H

uron W
ater, I w

ill be given an am
endm

ent 
to«

. 

{
A

ssist w
ith plant startup during the U

SE
PA

- m
andated  ³perform

ance period´ 

 



D
E

Q
 Staff and Flint O

perator Training 

y
I have provided operator classes for the processes of: 
{

Filtration, rapid m
ixing/coagulation, flocculation, sedim

entation, disinfection  

y
I taught the first classes the w

eek of 11/28, and again in Jan, Feb, 
M

ar, and A
pril 2017 ±

 I began training new
 O

ps in July 2017 
{

I have learned that: 

Ù
There are good and sm

art people w
orking for both organizations 

|
These are people w

ho had either nothing to do w
ith the decisions back in 2014, 

or they w
ere in no positon to do anything about them

 

Ù
They are keenly aw

are of the fact that m
any people from

 the outside w
orld look 

unfavorably upon them
 

Ù
This is a source of ongoing pain for m

any of them
- they know

 that all w
ater system

s 
in the country are under scrutiny because of w

hat happened in Flint 

 



N
ew

ly H
ired O

perators 

y
N

ew
 staff are being added 

y
Since Flint pays new

 operators only $13 - $14 per hour: 

{
They get people w

ho have no w
ater experience 

{
They get people w

ith no operator license 

Ù
Since the plant has been reclassified from

 an ³F´ plant to an ³D
´ plant, 

there is lim
ited choice for an operator to get a treatm

ent license 

{
I teach rem

edial m
ath to the new

 staff before I can teach chem
ical 

feeds to them
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Sam
pling Program

s and R
esults 



D
ata From

 O
ngoing Sam

pling Program
s 

y
C

hildren¶s B
lood LeYels 

{
R

eport is generated by M
D

H
H

S to track B
lood Lead Level test results in Flint, M

ichigan 

{
B

etw
een 10/1/2015 and 5/27/2016, an additional 24,999 people w

ere tested in Flint 

{
A

 child on M
edicaid is required to be screened for blood Lead levels 

y
Sentinel Sam

pling R
esults and C

LE
A

R
 test results 

{
Sentinel Testing C

onducted M
onthly by M

ichigan D
E

Q
 ±

 600 locations 

{
C

LE
A

R
 ±

 C
onfirm

ing Lead E
lim

ination A
fter R

eplacem
ent 

y
School D

rinking Fountain Testing R
esults 

{
C

onducted by M
ichigan D

E
Q

 ±
 all C

ity Schools 

y
C

ity of Flint W
TP O

rthophosphate ±
 and the pH

 / chlorine issue ±
 ordered 

by U
SE

PA
 

{
C

onducted by plant staff 



B
lood Lead Levels 

y
C

ontinued testing efforts by G
enesee C

ounty H
ealth D

epartm
ent, M

D
H

H
S, 

and local m
edical personnel have identified 160 children under age 18 in 

Flint w
ith blood Lead levels greater than or equal to 5 m

cg/dL (m
icrogram

s 

Lead per deciliter of blood) since 10/1/2015. 

y
O

f children younger than 6 years old tested betw
een 10/1/2015 and 

5/27/2016, 2.2%
 had blood Lead levels greater than or equal to 5 m

cg/dL. 

y
N

ineteen of the 46 children (41.3%
) younger than 6 years old w

ith an 

elevated blood Lead level (tested betw
een 4/1/2016 and 5/20/2016) had a 

previous test result greater than or equal to 5 m
cg/dL. 





Lead Sam
pling ±

 Sentinel Program
 

y
A

pproxim
ately 600 hom

es w
ere being sam

pled for Lead 
contam

ination in the w
ater supply 

{
The w

orst case scenario sites w
ere chosen for sam

pling 

y
The database is a public record and can be view

ed at: 
{

http://w
w

w
.m

ichigan.gov/flintw
ater/ 

y
A

s of M
ay, 2016, there w

ere still som
e sites show

ing in excess 
of 20,000 ug/L  
{

Sites that are just Lead service lines show
ed m

ore rapid im
provem

ent 
over sites w

ith Lead solder and brass fittings w
hich are slow

er to 
im

prove 

 



Sentinel Sites M
ap 



Tw
o years after W

TP startup 
 20 H

ighest R
esults for Sentinel H

ouseholds 

Sam
ple N

um
ber

Date Subm
itted

Analysis (Lead)
Lead (ppb)

LG37030
4/18/2016

Lead
22,905

LG42004
5/3/2016

Lead
13,295

LG20441
3/4/2016

Lead
11,846

LG31194
4/2/2016

Lead
11,070

LG11253
2/9/2016

Lead
10,467

LG37991
4/21/2016

Lead
10,450

LG39875
4/27/2016

Lead
10,306

LG21835
3/9/2016

Lead
9,416

LG48019
5/26/2016

Lead
9,032

LG17956
2/24/2016

Lead
7,391

LG06432
1/30/2016

Lead
6,290

LG02507
1/22/2016

Lead
5,447

LG18457
2/26/2016

Lead
5,254

LG01574
1/21/2016

Lead
5,013

LG30993
4/1/2016

Lead
4,931

LG01371
1/21/2016

Lead
4,247

LG29472
3/29/2016

Lead
3,343

LG17488
2/24/2016

Lead
3,207

LG43586
5/10/2016

Lead
3,008

LG28235
3/25/2016

Lead
2,562

200 tim
es the 

A
L of 15 ug/L 

600 tim
es 

the A
L of 15 

ug/L 

1,500 tim
es 

the A
L of 15 

ug/L 



M
ore R

ecent H
igh R

esults for Sentinel H
ouseholds - Im

provem
ent 

M
ore recent 

round of testing 
for about 158 
hom

es show
s 

that 10 are 
higher than A

L 

LG75292
21-Sep-16

Lead
10

LG75363
21-Sep-16

Lead
12

LG75350
21-Sep-16

Lead
12

LG75393
21-Sep-16

Lead
13

LG76088
22-Sep-16

Lead
13

LG75312
21-Sep-16

Lead
16

LG75403
21-Sep-16

Lead
19

LG75369
21-Sep-16

Lead
21

LG75281
21-Sep-16

Lead
27

LG75341
21-Sep-16

Lead
39

LG75352
21-Sep-16

Lead
41

LG76087
22-Sep-16

Lead
60

LG75360
21-Sep-16

Lead
67

LG75382
21-Sep-16

Lead
68

LG75388
21-Sep-16

Lead
158



M
ore recent cold w

ater m
onths sam

pling ±
 250 m

L bottle 

D
ate

 
Su

b
m

itte
d

A
n

alysis 
(Le

ad
)

250 m
l 

B
o

ttle
 

(P
P

B
)

2/16/2017
Le

ad
200

2/13/2017
Le

ad
119

2/9/2017
Le

ad
108

1/26/2017
Le

ad
106

2/9/2017
Le

ad
106

1/19/2017
Le

ad
36

2/9/2017
Le

ad
36

2/16/2017
Le

ad
32

2/13/2017
Le

ad
28

2/9/2017
Le

ad
24

2/9/2017
Le

ad
23

1/19/2017
Le

ad
22

2/9/2017
Le

ad
22

1/23/2017
Le

ad
21

1/19/2017
Le

ad
20

1/4/2017
Le

ad
19

1/4/2017
Le

ad
17

2/9/2017
Le

ad
17

2/16/2017
Le

ad
15

M
ore recent 

round of testing 
looking at the 
first 250 m

Ls 
 

18 of them
 

above 15 ug/L 



M
ore recent sam

pling w
arm

er w
ater m

onths±
 250 m

L bottle 

M
ore recent 

round of testing 
looking at the 
first 250 m

Ls 
 

Date Subm
itted 

Analysis (Lead) 
250 m

l Bottle 
(PPB) 

4/20/2017 
Lead 

813 
3/9/2017 

Lead 
656 

4/20/2017 
Lead 

619 
4/6/2017 

Lead 
533 

3/2/2017 
Lead 

278 
3/30/2017 

Lead 
253 

3/30/2017 
Lead 

246 
4/3/2017 

Lead 
245 

5/1/2017 
Lead 

245 
4/27/2017 

Lead 
233 

3/6/2017 
Lead 

199 
5/1/2017 

Lead 
182 

5/25/2017 
Lead 

172 
3/9/2017 

Lead 
159 

4/27/2017 
Lead 

152 



C
om

pliance m
onitoring 

y
W

hile this Sentinel sam
pling is ongoing, the system

 has to 
sam

ple the tier 1 hom
es for Lead and C

opper 

{
The D

E
Q

 is providing this service for the w
ater departm

ent 

{
N

ot an easy task for sam
pling team

s because tw
o things are 

happening: 

Ù
The Tier 1 sites are dw

indling because Lead service lines are being 

replaced 

Ù
A

ll these Sentinel hom
es have filters on the faucets, so they have to 

be taken off by the team
s, then reinstalled 



R
ecent Im

provem
ent and Progress 

y
M

ichigan¶s D
epartm

ent of E
nYironm

ental Q
Xalit\ released resXlts in 

D
ecem

ber 2016 show
ing 96 percent of sam

ples taken N
ovem

ber from
  

{
Sam

ples at 83 Tier I sites returned lead readings of 15 parts per billion or less ²
 w

hich 

is the A
L for Lead.  

y
The D

E
Q

 reports the 90th percentile of w
ater sam

ples ²
 the threshold to 

determ
ine com

pliance ²
 dropped to 8 parts per billion in N

ovem
ber 2016, 

dow
n from

 40 parts per billion in February. 

y
The 90

th percentile for first six m
onths of 2017 is 7 parts per billion 

{
Flint is now

 back to Lead levels that com
pare w

ith other older cities of its size 



Sam
pling for 1

st H
alf 2017 

y
Lead and C

opper R
eport for the period January 1

st to 

June 30
th, 2017 

{
383 Tier 1 sam

ples w
ere taken from

 the original Sentinel sites 

Ù
1 Liter sam

ples taken 

{
383 X

 10%
 allow

able level m
eans that 38 sam

ples can be over 15, but 

not 39 

{
21 sites show

ed Lead values above the action level of 15 ug/L 

{
The 90%

tile w
orked out to be 7 ug/L, so they are good for this round 

 



C
LE

A
R

 Test R
esults (after Pb line replacem

ent) 
 234 sites sam

pled after service line replacem
ent ±

 11 of them
 w

ere over the A
L of 15 

1 10

100

1000

micrograms per Liter Pb 

N
um

ber of hom
es sam

pled after service line replacem
ent 

Plot of Lead results for 234 hom
es that had service lines replaced 



School drinking fountain tests 

y
The C

ity schools w
ere tested, each w

ith m
any drinking fountains 

and sinks 

{
Sam

ples are draw
n for the first 125 m

Ls, and then the next 125 m
Ls 

{
The fountain is then flushed for 30 seconds and sam

pled, then flushed 

for tw
o m

inutes and sam
pled 

{
Ten 1 Liter sam

ples are also obtained from
 the service lines of the 

schools 

y
A

s an exam
ple, one of the schools ±

 Pierce E
lem

entary School ±
 

has 34 faucets/fountains that are tested 



E
xam

ple Faucet R
esults for Pierce E

lem
entary School 



C
ity of Flint W

TP O
PS 

y
W

as ordered by U
SE

PA
 to augm

ent C
ity of D

etroit W
ater w

ith 
an extra orthophosphate  
{

Levels to be kept at 3.1 m
g/L 

y
W

as then ordered by U
SE

PA
 to add additional chlorine, and 

caustic soda if needed 
{

E
xtra 0.3 m

g/L chlorine and keep pH
 at range of around 7.3 to 7.8 

Ù
W

ater com
es in from

 D
etroit at 7.3 or so pH

 

y
W

as ordered by U
SE

PA
 to produce a treatm

ent plan and 
SO

Ps, and to prove that H
uron w

ater can be treated in 
satisfactory fashion if the C

ity chose that source 



Flint W
TP 

current U
SE

PA
 m

andated chem
icals 

Tem
porary feed equipm

ent 

Phos A
cid 

H
ypo 

C
austic 



July 2016 Journal A
W

W
A

 R
oundtable 

y
M

oderator M
ike M

cG
uire: 

{
H

ow
 in the w

orld did this happen? 

y
Participants: 
{

Joan R
ose ±

 ³C
om

placenc\, lack of com
m

Xnication, lack of diagnostic 
testing. FailXre to listen, and political pressXres´ 

{
Janice B

eecher ±
 ³A

t its core, the Flint W
ater C

risis constitXtes serial 
regXlator\ failXre leading to operational failXre´ 

{
M

ona H
anna-A

tisha ±
 ³There are people and agencies at the coXnt\, cit\, 

state, and federal levels w
hose m

ain job is to m
ake sure the w

ater that 
com

es out of your tap is good and that the populations are protected and 
Lead leYels are tracked. E

Yer\one failed the people of Flint.´ 



Final Thoughts 

y
B

ack in tim
e to the earl\ 1990¶s 

{
A

m
erican W

ater W
orks A

ssociation argued against Lead service line 
replacem

ent by U
tilities 

Ù
It lobbied the political establishm

ent, stating: 

|
The cost w

ould be prohibitive to custom
ers 

|
Service line ow

nership is a confused jum
ble of rules that differ from

 one 
U

tility to another ±
 no ³one si]e fits all´ 

|
The technology existed (orthophosphates) to passivate the Lead in service 
lines rendering them

 harm
less 

{
W

e now
 know

 of the dangers of interruption of phosphate feed and 
danger of fluctuating D

IC
 levels, and so A

W
W

A
 has changed its policy 

 



Final thoughts 

y
N

ationw
ide, there are aggressive efforts 

{
there are law

 firm
s looking at the practices of utilities to see if there is the 

potential to bring a law
suit  

Ù
They look for clues: population concentration of low

-incom
e fam

ilies, old 
neighborhoods likely to have Lead plum

bing, Lead and C
opper reports that show

 a 
pattern for several years 

{
There are com

panies that m
anufacture Lead testing kits, and they are talking 

directly to your custom
ers to try to get them

 to take sam
ples and m

ail them
 in 

Ù
They look for clues: C

C
R

, source w
ater chem

istry, Lead and C
opper reports that 

show
 a pattern for several years 

y
C

om
m

onality? ±
 they use the fears of the public to divide and 

conquer 
{

U
tilities should prepare 

 


