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Flint Tim
elines

W
hat led to the 

need for training in 
Flint
How

 and w
hy the 

training scope 
evolved over tim

e



Brief H
istory of the Flint Crisis

•
April 2014 –

After decades of buying finished w
ater from

 Detroit, and in anticipation of getting 
raw

 source w
ater from

 Lake Huron to treat, Flint stops buying finished w
ater from

 the Detroit 
system

 before the Huron raw
 w

ater w
as available

•
The Detroit w

ater source is Lake Huron
•

Flint had been using this w
ater since the 1ϵϲ0’s

•
It w

as treated w
ith orthophosphates since the 1ϵϵ0’s

•
U

nw
illing to w

ait for Huron w
ater, Flint started up its W

TP and delivered the w
ater into the 

distribution system
•

Flint W
TP used the Flint River as its source

•
System

 chem
istry changed because:

•
Flint River w

as high in chlorides
•

Flint operators w
ere using Ferric Chloride

•
Flint did not treat w

ith orthophosphate



Som
e 

Consequences 
of the Crisis

•
The treated Flint River w

ater begins to 
dissolve the insides of the distribution 
pipes and residents’ hom

e plum
bing

•
Lead levels in sam

ples from
 hom

es 
skyrocket
•

Children’s blood Lead levels 
double in m

any cases
•

Taste and odor com
plaints are 

com
ing from

 m
ost of the system

•
Yellow

 to brow
n colored w

ater 
is found in thousands of hom

es
•

Tests for coliform
s show

 m
any 

positive results
•

An outbreak of Legionnaire's 
Disease kills at least 12 people

•
After 18 m

onths -In O
ctober 2015 -

Flint reconnects to Detroit under 
U

SEPA order
•

Flint prepares to treat source w
ater 

from
 Huron and plans upgrades for 

the W
TP



There w
ere 

Tw
o After-

Crisis 
Concurrent 
G

overnm
ental 

Im
peratives

1.
The U

SEPA issues an 
Em

ergency Adm
inistrative 

O
rder

•EPA m
ade responsible for 

guiding Flint back into 
com

pliance

2.
The Governor of M

ichigan 
appoints the Flint W

ater 
Advisory Task Force 
(FW

ATF)

•Task Force is m
ade 

responsible for m
aking 

recom
m

endations to the 
Governor for crisis 
rem

ediation



U
nited States Environm

ental Protection Agency Issues the  
EM

ERG
EN

CY ADM
IN

ISTRATIVE O
RDER

•
The 18-page EAO

 lum
ps together the State of M

ichigan (State), The M
ichigan Departm

ent 

of Environm
ental Q

uality (M
DEQ

) and the City of Flint (City) –
AKA “The Respondents”

•
EAO

 requires m
any changes and m

ilestones. Am
ong them

 are:

•
Flint m

ust replace all Lead service lines

•
Flint m

ust add additional phosphates to supplem
ent that w

hich is in Detroit w
ater

•
Flint m

ust re-start the plant w
hen Lake Huron-KW

A w
ater is m

ade available, and 

perform
 a 90-day test period to prove treatm

ent viability



Paragraph 61 
of U

SEPA 
O

rder

“W
ithin 1ϱ days of the 

effective date of this 
O

rder, the City m
ust 

dem
onstrate, and the 

M
DEQ

 and the State m
ust 

ensure, the City has the 
necessary, capable, and 

qualified personnel 
required to perform

 
duties and obligations to 
ensure the PW

S com
plies 

w
ith SDW

A and the 
N

PDW
Rs.”
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Flint W
ater Advisory Task Force

Com
m

issioned by the M
I G

overnor

“W
hile the cascade of poor decisions, failures, 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 

w
hose health w

e serve to protect.”

“THE ISSU
ES IN

 FLIN
T W

ILL BE LO
N

G
-LASTIN

G LO
CALLY, BU

T 
THE SITUATIO

N
 ALSO

 HAS FAR-REACHIN
G IM

PLICATIO
N

S FO
R 

THE W
ATER U

TILITY IN
DU

STRY AS A W
HO

LE.” 



G
overnor’s W

ater 
Advisory Task Force 
Recom

m
endations

•
The report issues 36 findings and 44 
recom

m
endations in early 2016

•
The Governor m

akes the recom
m

endations 
m

andatory for State agencies
•

FW
ICC sub -com

m
ittees are form

ed -I am
 

appointed to one of them
 –

w
e are assigned 

follow
ing:

•
R2 (M

D
EQ

) -“Establish an 
apprenticeship/certification program

 for M
DEQ

, 
O

DW
M

A, and em
ployees that requires direct, 

hands-on experience w
ith public w

ater system
 

operations.  M
DEQ

, O
DW

M
A, and em

ployees 
responsible for w

ater system
 regulation and Safe 

Drinking W
ater Act enforcem

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

atter experts”
•

R23  (City of Flint) –
“Establish and fund a team

 
of Subject M

atter Experts in w
ater system

 
operations to support and train w

ater system
 

personnel, guide safe system
 operation under 

current conditions, and prepare for successful 
conversion to KW

A” (source w
ater)

•
As m

entioned, a 90 day test period w
ill be 

required by U
SEPA once KW

A Lake Huron 
W

ater arrives



Training 
Issues

O
perator Training as it relates to Flint



Explaining M
y 

Involvem
ent 

w
ith Flint 

Issues

•
In M

arch of 2016, I w
as w

orking as a m
em

ber of the 
FW

ICC sub-com
m

ittee w
hose purpose is to assist 

M
DEQ

 and the City w
ith FW

ATF recom
m

endations
•

In Septem
ber of 2016, I entered into a contract w

ith 
the M

DEQ
 to provide “O

perator Trainer” services
•

The contract states: “Provide training and  
advisem

ent for all staff, including operators and 
m

anagers, involved in the City of Flint drinking 
w

ater operations”
•

I begin teaching classes to a group com
prised of 

M
DEQ

 staff and Flint W
TP operating staff

•
I m

ake a verbal com
m

itm
ent to be on site during 

the U
SEPA m

andated 90-day test period for plant 
startup w

hen KW
A w

ater is available to be 
treated

•
I begin to teach filtration, rapid m

ix and 
flocculation and associated coagulant use, and 
sedim

entation, and produce an EPA-m
andated 

SO
P for the W

TP.  W
e perform

 jar-tests in class 
on our likely treatm

ent scenario
•

But in early 2017, Flint decides to scrap the idea 
of treating KW

A w
ater and signs a long term

 
contract w

ith GLW
A (Detroit) for its w

ater supply, 
and M

ichigan DEQ
 reclassifies the Flint W

TP from
 

“F” to “D”



M
y Thoughts 

on O
perator 
Training 

•
O

perator Training -im
portant m

anagem
ent 

com
ponent found at successful w

ater system
s

•
It can prepare operators for unit process 
control steps –

setting goals, SO
Ps

•
It provides a sense of responsibility to 
operators by helping them

 understand their 
contribution to the overall health of their 
com

m
unity

•
It can break dow

n the parochial operational 
habits that can develop at a U

tility
•

It can foster a sense of “team
” –

w
orking 

together to be the best at w
hat they do

•
It can rem

ove fear of failure
•

It can help operators pass certification 
exam

s w
hich m

ay lead to better pay
•

It helps identify future leaders –
and future 

shift operators
•

Lack of operator training can be a cause of 
problem

s that can lead to non-com
pliance and 

disaster



Flint Plant M
anager View

 of O
perator Training

•
In an em

ail sent April 17, 2014 --eight days before Flint sw
itched its w

ater source –

Flint W
TP M

anager M
ike Glasgow

 m
entions problem

s w
ith the m

onitoring schedule 

and his staffing ahead of the sw
itch:

•
"Ido

not
anticipate

giving
the

O
K

to
begin

sending
w

ater
out

anytim
e

soon.If

w
aterisdistributed

from
thisplantin

the
nextcouple

w
eeks,itw

illbe
againstm

y

direction,"
G

lasgow
w

rote
to

state
officials.

"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.Iw
illreiterate

this
to

m
anagem

entabove
m

e,butthey
seem

to
have

their

ow
n

agenda.”



Flint W
TP Status

Pre and Post 
conditions for the 
physical plant and 
the staffing



Plant 
operations 
prior to 2014 
start

•
The W

TP/ Flint River w
as classified as 

the 2
ndsource of drinking w

ater for Flint 
as per M

DEQ
 regulations

•
The W

TP w
as supposed to have been 

operating periodically in order to 
keep it in viable condition for use as 
needed
•

O
perating that secondary source 

periodically is how
 operators stay 

sharp
•

They m
aintain the skills necessary 

to handle em
ergencies

•
Regulators w

ere supposed to have 
been checking on this periodically

•
It does not appear that either w

as 
being done effectively



City of Flint 
W

TP status in 
2016

The W
TP is a surface w

ater treatm
ent 

plant w
ith tw

o trains in series

•
The first part of the series utilizes rapid 
m

ixing and coagulation w
ith m

etal salt 
coagulant, follow

ed by flocculation, 
then by sedim

entation w
ith plate 

settlers
•

The second part of the series is a Lim
e 

softening stage w
ith Lim

e addition and 
CO

2 for re-carbonation, and dual m
edia 

filtration w
ith GAC caps

•
The classification of the W

TP is as an “F” 
facility as per M

DEQ
 findings

•
O

perators can obtain credit tow
ards F 

license





W
TP staffing status as of early 2016

•There is a new
 Plant M

anager (PM
) in charge w

ho holds 
an F1 certification and an M

S degree in Chem
istry

•This individual had replaced the previous PM
 w

ho 
w

as indicted
•There is a Pant Supervisor w

ith long-tenured “in house” 
experience 

•There are four shift groups in rotation, each led by a 
licensed Forem

an w
ith licensed assistants and a helper

•There is a laboratory staffed w
ith a degreed chem

ist and 
several lab analysts w

ith chem
ical and bacteriological 

certifications



Classroom
 

Interactions

•
I begin to see a relationship 
develop betw

een DEQ
 staff and 

Flint O
PS staff

•
I am

 getting good questions 
from

 m
em

bers of each staff
•

A learning atm
osphere is apparent 

•
People are taking notes

•
O

perators ask for help for their 
exam

s
•

DEQ
 staff m

em
bers AN

D seasoned 
Flint operators begin to volunteer 
com

m
ents anecdotes and advice 

to each other
•

I am
 follow

ing a concentrated 
approach aim

ed at W
TP re-start

•
W

e are beginning to act as a team
 

as w
e approach the start-up date 

and 90-day test period



G
etting ready to 

treat w
ater

Steps w
e took to prepare the 

staff to take on the new
 raw

 
w

ater source from
 Lake Huron 

and prove to U
SEPA that w

e 
can handle the task for 90 
days, and then onw

ard



Rapid M
ixing, Flocculation and Sedim

entation

Strategies w
e can use w

hen the plant is started up, including use 

of design criteria for predicting perform
ance, and the jar testing 

m
ethodology w

hich w
ill be helpful
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Exam
ple m

odules I prepare for staff in anticipation of W
TP re-start 90 day test period 

em
phasizing unit process control based on Partnership for Safe W

ater Principles



Flocculation
Flocculation is a physical process 

w
here the floc particles collide 

gently w
ith one another and stick 

together

Sw
eep flocculation is the practice 

of adding m
uch m

ore coagulant 

than is necessary to reach charge 

neutralization in source w
ater 

particles

Tip speed of the flocculator is 

controllable and should be set to 

rotate at som
ew

here around 1 fps 

in last com
partm

ent

M
otor control

and gear reducer

propeller

Exam
ple m

odule



Flocculator 
Calculations

•
Volum

e of 1 unit = 10,041 ft 3

•
10,041 ft 3 X 7.48 gal / ft 3= 
63,617 gals per flocculator

•
Each stage, or com

partm
ent is 

1/3 of that*, or 3,347 ft 3 

•
Flow

 rate of 14 m
gd is 9,722 gpm

•
W

ith four flocs online, each 
w

ould receive ¼
 of the flow, or 

2,430 gpm
•

DT for floc stage = (3,347 
ft 3/stage  X 7.48 gal/ft 3)/ 2,430 
gal / m

in =  10.3 m
ins

* The stages are not all the sam
e 

size, but for calculation exam
ple, 

w
e are using the 1/3 calc 

•
Exam

ple m
odule



Flocculator tip 
speed

The flocculator drive m
echanism

s 
are equipped w

ith VFDs that can be 
set to a specific speed

The circle that the tip of the paddle 
travels has a diam

eter of 5.75 feet, 
and so a perim

eter of 18.06 feet 

View
 the travel of the paddle in the 

w
ater, and use a w

atch to m
easure 

the am
ount of tim

e it takes for 1 
com

plete revolution

Divide 18.06 feet by the tim
e in 

seconds for one revolution

This w
ill give you the tip speed in 

fps

M
ake adjustm

ents w
hen necessary

Exam
ple m

odule



Coagulant

Each Sedim
entation Basin has approxim

ately 13,950 ft 2
of 

EFFECTIVE plate surface area rated at 0.3 gpm
/ft 2

Zone 2, 3, and 4 -
flocculation is baffled –

each flocculator is staged into 3 zones.  Each zone is 3,347 cubic feet.  

G values for Zones 2, 3 and 4 have m
ax G of 107 in w

arm
 

w
ater, and 70 in cold w

ater

Z1 

Zone 5 Zone 5

Zone 1 -2 M
ixers 

@
 ϱ’ x ϱ’ x 14.2ϱ’ с 

431 ft 3or 3,224 
gals each –

g value 
–

300 sec
-1

Zone 5 SO
R -O

verflow
 rate w

ith 2 basins at 80%
 effective 

plates с 14,000,000/2ϳ,ϵ00/1440 у 0.3ϱ gpm
/ft 2  

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Zone 5

W
e w

ould need to “dial-in” the desirable G and taper it from
 zone to zone.       CDM

-Sm
ith is proposing that  just 4 Flocculators are needed.

Exam
ple m

odule

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Z2                 Z3                   Z4

Jar Test calculations



Training Scope 
Changes

W
hile w

e are training, 
Flint abandons the idea 
of obtaining and 
treating Lake Huron 
w

ater

Let’s exam
ine how

 the 
signing of a long-term

 
w

ater purchase 
agreem

ent w
ith GLW

A 
changed the staff 
incentives

W
e begin transitioning 

from
 intense full-

treatm
ent preparations 

to the idea that the W
TP 

w
on’t be treating source 

w
ater from

 Lake Huron



Staffing 
changes take 
place

•
Three m

ain drivers begin to erode the staffing 
levels w

hen the G
LW

A contract renew
s

1.
Friction betw

een the PM
 and staff is apparent in 

2016-17
•

The long-tenured Plant Supervisor is 
reprim

anded by the PM
 and he resigns

•
The PM

 resigns –
her replacem

ent (from
 

w
ithin) –

w
orks three m

onths and resigns
2.

The State reclassifies the W
TP from

 F1 to D1
•

The prospect for young operators to obtain 
an F license and m

ove up is elim
inated

3.
The County builds a m

odern W
TP and pays higher 

w
ages and better benefits
•

The new
 plant requires lots of operators w

ith 
F classification 

•
The new

 plant is situated only 10 m
iles from

 
Flint W

TP
•

M
any experienced Flint O

perators leave to fill 
these slots

By 2018 there are only a few
 seasoned operators aboard 

w
ith low

er classification licenses

•
The City has entered in contract w

ith a firm
 that 

provides an “operator of record” and several lab 
analysts –

view
ed as “ceding” control of the 

operation by staff



Flint classroom
 

strategies in 
recent tim

es

•
M

any new
 operators begin to show

 up

•
N

one have licenses or experience

•
O

lder staff m
em

bers w
ho rem

ain do 

not have incentive to gain the needed 

D1 license to becom
e the Plant 

M
anager

•
M

y teaching changes to:

•
Basic m

ath courses for operators

•
A basic distribution system

 course for 

the outside crew
s

•
Standard O

perating Procedures 

(SO
Ps) produced by a contractor for 

staff



List of SO
Ps

•
For W

TP Personnel

•
SO

P # 111 –
Phosphoric Acid Addition

•
SO

P # 121 –
Caustic Addition

•
SO

P # 131 –
Hypo Addition

•
SO

P # 132 –
Hypo Addition at 
Distribution  Storage

•
SO

P # 133 –
Hypo Strength Testing



List of SO
Ps

•
For Distribution Personnel

•
SO

P #321 –
Hydrant Testing

•
SO

P #331 –
Valve Inspection &

 M
aintenance

•
SO

P #341 –
Backflow

 Preventer Testing

•
SO

P #351 –
M

eter Installation And Testing

•
SO

P #421 –
Custom

er Com
plaint Tracking

•
SO

P #422 –
Control Charting of W

Q
 

Param
eters

•
SO

P #431 –
Conventional Flushing

•
SO

P #432 –
U

nidirectional Flushing



Educational 
Barriers

•
The plant and distribution crew

s are in a 

perpetual state of “reaction m
ode”

•
W

hen I teach the required Standard 

O
perating Procedures (SO

Ps) that w
ere 

produced by another contractor

•
I get frequent com

m
ents e.g., “w

e like 

this stuff but don’t have tim
e”

•
O

&
M

 techniques m
ust w

ait until the 

crew
 is seasoned

•
For the future its probably better to 

create a specialized crew
 for O

&
M

 if 

talent can be had rather than to try to 

teach it to all staff



Differences in 
operator 

culture

•
Surface w

ater treatm
ent plant operators have the 

w
ater in their possession about 6 –

8 hours

•
During that tim

e, they m
onitor it continuously 

for Cl2 residual and turbidity routinely around 
the clock

•
They m

ake rounds each hour and run tests, 
w

ash filters, check chem
ical feeds, handle flow

 
changes –

continual testing
•

They have but one custom
er –

the distribution 
system

•
W

hen I teach the SO
Ps, they sign-off as 

requested

•
Distribution system

 operators have the w
ater in their 

possession m
any days

•
They are m

ore oriented to “react” rather than 
“prevent”

•
They feel that preventive m

easures often 
cause m

ore w
ork

•
They w

ork day shift –
overtim

e usually m
eans 

em
ergency w

ork
•

They typical don’t m
onitor unless there is a 

problem
•

They have m
any custom

ers w
ho com

plain a lot
•

W
hen I teach SO

Ps, m
any decline to sign off



Conclusions

•
The decision to not restart the Flint W

TP coupled w
ith the poor m

anager-operator 
relationship in 2016-17, and other factors dem

oralized the rem
aining staff 

•
Loss of plant control to a private contractor is view

ed as a negative
•

Low
er w

ages com
pared to neighboring U

tilities takes its toll
•

Staff w
as aw

are of their reputation from
 the national publicity

•
Those that could leave did -those that stayed express frustration

•
N

ew
ly hired staff suffered from

 lack of a full-tim
e experienced city-em

ployed Plant 
M

anager
•

This created a need for rem
edial education efforts for new

 staff m
em

bers
•

Flint needs m
ore diverse training that w

ill help both older and the new
er staff m

em
bers

•
But this results in a perpetual cycle of training new

 staff hires w
ho leave w

hen they get a 
license, and the cycle repeats

•
Reaction-m

ode training for Flint distribution staff is m
ore logical than preventive-m

ode 
short term

, but w
ill delay m

uch needed preventive m
easures
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