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June 9,1984 

Subject: Report #1 

Flint Water Treatment and Distribution System 
Futures Analysis 

F 1 i nt, t~ i chi g a n 

Project: 84:26 

Date of Meeting: June 4, 1984 

Actions taken: 

Met with Mr. Williaru..Ewing, P.E., superintendent Water 
Sup ply an a 1""0 I 1 u t ion Con t r 0 1 and Mr. J 0 h n W. Wei sen be r 9 e r • 
Supervi SO}', Water Plant . ---- - - -

Inspected water treatment facilties 

Took several photos of various components of the water 
treatment fi1cilities 

General Summa 

Prior to the meeting on June 4, 1984 Mr. Ewing provided me with 
a copy of the Report on Alternate Water Supply Study for Flint, 
M i chi g a n by B rac1(&--V e e c h. e n gIn e e r S ~-a n a r-en fte-c s.-
2tud..Y was Qrepared in 1983 and .Dresented.Jln analysis of the 
~Lsti~g Qlant witn sUQgE?Stions as 1Q the ~ossible-alternatlyes 
to provTdin"-alternatewater s· . its 
ater ar et area. was a Ie to read enough of the report 

to a Iowa reasonably intelligent understanding of the problem 
and the current solutions being considered. A more thorough 
study of the report will be made prior to our next meeting. 

From the discussions and the Inspection in this first 
look at the water su r em 

_ e rmination of the existing 
:~~~~~~~~o~t~a~l~water treatment aod distribu­

~~~~~~~~~~~~~~~~~~'nd the surrounding areas. 

the ~~ formerly used to treat raw 
water from the Flint River 

the tf ated water distri~ution s stem 

the ~~~~~~~~~~~ ______ s_t_a_Lf of the water system 
an 
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of Flint -
the political entity of Genessee County .---the political entity of Detroit --the interconnecting supply system from Detroit 
~ -

the r~ structur!.. for ~ and sell ing water 

the requirements and desires of the Michigan State Public 
------~------------Hea epar ment 

" 
the attitudes, needs, and demands of the users 

~ - ..... -
~~~~~~~~~~s placed upon the sys~m both 

i n reI at ion to j;..a.ILi t a I ex pen d ! t u r e 

others to be determined 

Thus, what we are doing is considering a full system in which 
obviously the requirementslFor existing plant operation must 
playa major role. Insof!ir as tJl.LJU..ack & Veech study is 
c~ it represents a cons i dered seri es of a i scuss ions 
and a' n tives upon which ere pro auld, e tIe 
chance of gettin a ag ement. However, the study is 
s ructure sue t a~~furojsbes a relatively valid point 
of de ture for ad.cUtronal analysis. I suggested to 
r. Weisenberger and to Mr. Ewing that we begin our work 

b discussion and re ar . oLJlaec..lsilifl free. In the 
e ci s i 0 n t r e ewe w 0 u I d t a k e s eve r a I b"a. s j C. a I t ern a t \;le san d 

moving-ouTwards from tnese alternatives discuss, i. ~identify 
graphically the courses of action that could be followed if 
the alternative leading to the course of act ion was one 
to be followed. For instance, a basic course of action that 
should always be incorporated into a decision tree .is tine 
that says, do nothing. From this will be generated a series of 
alternatives Da-sed upon leaving things as they are and identifying 
what would happen. 

Another basic course of action that could start the decision 
tree from the time point now might be demolish (or fully 
deactivate) part of plant---nT. From that course of action 
would be determined several alternatives which would detail 
which portion of the plant was to be deactivated. For 
instance, at plant #1 there are s~tions as to-whether or 
r1:9t it ~ WIse to ta~ .Qi.~lCe. such areas as 
~~ s~~t~~~-i"-r: or reServoi.r..s #.1 and #2; Thus, certain 
port plant might be retained and these would provide 
several alternative courses of action branching from the basic 
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next session 
possit!e. 

We also must consider in our analysis the factor of time 
span. T~different ways of aOing tlilS, ana 
~ should be discussed in some detail. For preliminary 
con sid era t' nI s u est it might be approprIate to t fll n k 

t e water treatment plant's future in terms of four 
basic time phases. These are: -

s~ - now to o~ar 

medium term - on~ year to thre~s 

medium long term - three years to ten years , 
I 0 n g t e r IJL - t e n yea r..s top ~ b..a ~ a s m u c has for t y 0 r f Lf t y 

years -
Once a ti e frame and a basic decision tree has been 
constructe WIthIn , IS ~~ ~ iQentif~ the 
most des'rable courses of ....QctT~ lib-en-tnese areaetermined 

1 ' ss asto which one offers the 
optimum Q.D..QQ.ct.l!.~-£an be evaluated. Decision making­
lriv61ves s~ biH.ic:steops includIng Jaiid to be cautioned, 
not to be limited to) the following: 

1. the 
e choice rocess. This 

usually is done in the preliminary decision tree 
analysis. 

2. Jl..etermin!: th~ ci rcumstance..s..., cond.ltions. aDd fact~rs 
t~..sIgnlU:Ca.A-tly u--~he d@cis"ions. 

3 • Dec ide w h at we i g h tea c b p.f the s e f act 0 r 5 S b a 11l-d- car r y 
-r~rnalmi CCl: he aJi cis ion s . 

4. Rate ~ach chol.c-a-.Qi~ cQ.urses of action selected 
.., 0 nft s p oj,g n t.La I ...1 0 ...sat i sf¥.... pac h of the factors. 

5. 

6. Identif 

~ ---------
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~! ~resent valu~ future value, or rate 
~ ililJ [10 al :en 0 ice s-.---'---'-~-' ---.. 

7 • A ly decision techni to the of the 
analysIs anu~~~~LW~~~~~~~~~~ased upon 
the factoring process. 

In all likelihood, the resu t rovide 
several 'ces which ma be el c 0 erit 
s in. The set hen m ~ fur the rev a 1 u ate d bas e d_ u po n 
the oQjective Ql1d ~tive feel ings ,of the various parties mr must LTItTmateTy -make- the decision. . 

At 0 

isions from 
touch with Mr. wIng 

I would like to thank both Mr. Ewing and Mr. Weisenberger 
for their courtesy and assistance iri orienting me to the 
problems and decisions to be made about the plant. It appears 
that the competence and desire is fully available by which 
proper courses of action can be determined. 

RJS:sps 

To:Mr. William C. Ewing 

cc: Mr. John W. Weisenberger 

Mr. Kenneth Collard 

Ralph J. Stephenson, P.E. 
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June 9, 1984 

Subject: Report #1 

Flint Water Treatment and Distribution System 
Futures Analysis 

F 1 i nt, r,q c t1 I g a n 

Project: 84:26 

Date of Meeting: June 4, 1984 

Actions taken: 

Met with Mr. William Ewing, P.E., superintendent Water 
Supply and Pollution Control and Mr. John W. Weisenberger, 
Supervisor, Water Plant 

Inspected water treatment faciltles 

Took several photos of various components of the water 
treatment facilities 

General Summar 

Prior to the meeting on June 4, 1984 Mr. Ewing provided me with 
a copy of the Report on Alternate Water Supply Study for Flint, 
M i chi g a n by B 1 a c k & Vee • e n-gTnee r san a a fChrfe-cTs:-Tfi i s 
study was prepared in 1983 and presented an analysis of the 
existing plant with suggestions as to the possible alternatives 
to providing alternate water supplies for Flint and its 
water market area. I was able to read enough of the report 
to allow a reasonably intelligent understanding of the problem 
and the current solutions being considered. A more thorough 
study of the report will be made prior to our next meeting. 

From the discussions and the inspection in this first 
meeting, I recommend we look at the water supply problem 
facing the City of Flint ~s a determination of the existing 
plant's future role in the total water treatment and distribu­
tion process engaged in by -rrint and the surrounding areas. 
This total water system includes: 

the eXisting physical plant formerly used to treat raw 
water from the Flint River 

the treated water distribution system 

the operating and maintenance staff of the water system 
and their organization 
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the political entity of the City of Flint 

the political entity of Genessee County 

the political entity of Detroit 

the interconnecting supply system from Detroit 

the rate structure for buying and sell ing water 

the requirements and desires of the Michigan State Public 
Health Department 

the attitudes, needs, and demands of the users 

the financing constraints placed upon the system both 
operationally and in relation to capital expenditure 
needs 

others to be determined 

Thus, what we are doing is considering a full system in which 
obviously the requirements for existing plant operation must 
playa major role. Insofar as the Black & Veech study is 
concerned, it represents a considered series of discussions 
and alternatives upon which there probably would be little 
chance of getting total agreement. However, the study is 
structured such that it furnishes a relatively valid point 
of departure for additional analysis. I suggested to 
Mr. Weisenberger and to Mr. Ewing that we begin our work 
by discussion and preparation of a decision tree. In the 
decision tree we would take several basic alternatives and 
moving outwards from these alternatives discuss and identify 
graphically the courses of action that could be followed if 
the alternative leading to the cou~se of act ion was one 
to be followed. For instance, a basic course of action that 
should always be incorporated into a decision tree ,is tine 
that says, do nothing. From this will be generated a series of 
a I t ern a t i v e soaseatJP anI e a v i n g t h i n gsa s the y are and ide n t i f yin g 
what would happen. 

Another basic course of action that could start the decision 
tree from the time point now might be demolish (or fully 
deactivate) part of plant~fl. From that course of action 
would be determined several alternatives which would detail 
which portion of the plant was to be deactivated. For 
instance, at plant #1 there are some questions as to whether or 
not it would be wise to take out of service such areas as 
pumping station #1. or reservoirs #1 and #2. Thus, certain 
portions of the p~ant might be retained and these would provide 
several alternative courses of action branching from the basic 



Report #1 
Flint Water Treatment and Distribution 

System Futures Analysis 
Page three 

RALPIT J. STEPHENSON, P. E .. P. C. 
CO~HUlJrING ENGINEER 

assumption. The very early discussions at our next session 
should revolve around the elementary actions possible. 

We also must consider in our analysis the factor of time 
span. The are many different ways of doing this, and 
they should be discussed in some detail. For preliminary 
consideration J suggest it might be appropriate to think 
of the water treatment plant's future in terms of four 
basic time phases. These are: 

short term - now to one year 

medium term - one year to three years 

medium long term - three years to ten years 

long term - ten years to perhaps as much as forty or fifty 
years 

\. Once a time frame and a basic decision tree has been 
constructed within it, it is necessary to identify the 
most desirable courses of action. When these are determined 
the actual decision making process as to which one offers the 
optimum opportunities can be evalu~ted. Decision making 
involves several basic steps including .(and to be cautioned, 
not to be limited to) the following: 

1. Narrow the choices available to the lowest number 
possible without damaging the choice process. This 
usually is done in the preliminary decision tree 
analysis. 

2. Determine the circumstances, conditions, and factors 
that impact significantly upon the decisions. 

3. Decide what weight each of these factors should carry 
in making the decisions. 

4. Rate each choice of those courses of action selected 
on its potential to satisfy each of the factors. 

5. Identify, where appropriate, alternative futures and 
assign, to the best of the group's ability, the· 
probabilities .of occurrence of each •. 

6. Identify the cost structule surrounding the various 
courses of action, if possible, to incorporate the 
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potential use of present value, future value, or rate 
of return in making final choices. 

7. Apply decision techniques to the elements of the 
analysis and determine the best decision based upon 
the factoring process. 

In all likelihood, the result of the analysis will provide 
several choices which may be relatively close in merit 
standing. These then must be further evaluated based upon 
the objective and subjective feelings of the various parties 
who must ultimately make the decision. 

Within decision making groups, disagreement is expected and, 
in most cases, is healthy so long as it does not become 
disruptive. Healthy disagreement forces the decision making 
group to consider many more components and ideas th~n they 
might normally look at in arriving at their conclusions. 
Another advantage of treating the analysis in numeric terms 
is that it provides necessary backup and justification to the 
ultimate decision makers, and allows them to proceed with 
confidence in justifying it to those to whom they report. 
This becomes very important when such analyses are being made 
in the public sector of today's political environment. A 
decision about this plant will be a very sensitive matter 
and must be g"iven the highest degree of good technical, 
political, and financial thinking. 

At our next session we shall plan to address the decision 
process in detail and to set a timetable for our work 
so as to clearly identify the objectives of our analysis 
and determine at about what point decisions from other~ 
might be required. I shall be in touch with Mr. Ewing 
shortly to set the next meeting. 

I would like to thank both Mr. Ewing and Mr. Weisenberger 
for their courtesy and assistance iri orienting me to the 
problems and decisions to be made about the plant. It appears 
that the competence and desire is fully available by which 
proper courses of action can be determined. 

Ralph J. Stephenson, P.E. 

RJS:sps 

To:Mr. William C. Ewing 

cc: Mr. John W. Weisenberger 

Mr. Kenneth Collard 
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August 12, 1984 

Report *2 

Flint Water Treatment and Distribution System Futures 
Analysis 

Flint, Michigan 

84:26 

Dates of Meetings: July 18, 1984 (working day 140) and August 7, 
1984 (working day 154) 

Actions taken: 

(Note: Working day designations refer to two year 
working day calendar starting January 3. 1984 
(worki~g day 1) ) 

July 18, 1984 (worki!g day 140) 

Met with Mr. William -Ewing and Mr. John Weisenberger to 
review Michigan Department of Public Health requirements 
for wate~ test 

Prepared network model for test run preparation 

Began decision tree analysis of alternate futures for Flint 
water plant 

August 7. 1984 (working day 154) 

Monitored test run preparation plan with Mr. Weisenberger and 
Mr. Ewing 

Reviewed general status of work with Mr. Elgar Brown. district 
engineer Flint area, Michigan Department of Public Health 

Continued preparation of decision tree analysis 

General Summary 

~t our meeting on July 18. 1984 (working day 140) we discussed 
the request by the Michigan Department of Public Health of the 
City of Flint to make a test run on the plant to determine 
its availability as a standby facility. This run has been 
scheduled for October I, 1984 (working day 192). and it was 
decided by Mr. Ewing and Mr. Weisenberger' to plan the steps 
necessary to bring the plant on line for the test run. 
To do this, we prepared a network model, Issue fl, dated 
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July 18, 1984 (working day 140) sheets #1, and #2, showing 
the major steps required to get the existing plant ready for 
the run. 

The work was divided into several major steps including: 

1. Flow redirection 

2. Chlorine system, traveling screen, and low lift pump 
activation 

3. Activation of the alum system, and PS 14 valve replacement 

4. Obtaining a discharge per.it 

5. Reconditioning sludge syste. J 

6. Repairing or removing the floculator roof 

7. Establishing corrective action needed for the clarifier roof 

8. Correcting and insuring proper filter valve operation 

It was recognized when this network model was prepared that the 
time.frame was very tight. and a detailed analysis was made of 
how to insure as close compliance to the public health 
department's requests as pos~lble be maintained. 

At our meeting on August 7. 1984 (working day 154) we monitored 
the project and found that the work as· planned leading to a 
target start up plant and conduct water test on October 1, 1984 
(working day 192) was in fairly good condition. 

Relocation of the stop gates to redirect flow is currently 
meeting targets between early and late starts and finishes. 
The chlorine system has been activated, and activating the 
traveling screens and low lift pu.ps can be done in a matter 
of a few days. Thus, this work is in good condition. 

Installation of the alum system- and replacement of PS 14 
valve may pose some problems. The verbal order to proceed 
for the installation of. alum and valve Kofk has been issued, 
and preparation of shop drawings for the alum system.tank is 
currently In work. The preparation of these shop drawings 
lags late starts by about fi~e working days. However, there 
is some thought that for the test run the alum could be fed 
directly out of tank trucks. 

The three butterfly valves needed for PS 14 ~re in the 
procurement process. There is no current authentic word on their 



Report #2 
Flint Water Treatment and Distribution 

System Futures Analysis 
Page three 

RALPH J. STEPHENSON, P.E.. P.O. 
00_1J'"LTIWG ~GlJIf ••• 

status, but this is being checked presently by Mr. Weisenberger. 
In order to bring these valves on line according to our network 
model it will require about five working days once the valves 
are on the site. Thus, the late delivery on the valves is 
presently set for September 24. 1984 (working day 187). However, 
it would be desirable to get them there if at all- possible 
to insure they can be in place on time. 

As with alum tanks the new valves might not be essential 
to the test run. However, they would certainly be desirable 
to have on hand and available. Mr. Weisenberger has requisitioned 
t he liquid alum but apparently the requisition has not yet 
cleared official channels. The matter will be checked in the 
near future. 

To discuss the discharge permit Mr. Ewing initiated preliminary 
discussions with the DNR and the DepartMent of Public Health. 
Presently it is expected that the matter will be considered 
by the required agencies sometime in mid-August, 1984. This will 
be an important matter since a discharge permit is necessary 
in order for the test to proceed. Mr. Ewi~g will follow this 
task. 

Work on the sludge system reconditioning has started and the 
primary clarifier sludge system motor is being rebuilt. Work 
has not yet started on reconditioning and lubricating the 
primary clarifier drive mechanism However, this activity 
has not yet passed its late start. 

The work order for sludge line repairs is being readied and 
should be issued shortly. These repairs are not expected to 
take more than five working days so there is still some time 
available for this to be done. 

Presently in work is the floculator roof removal specification 
and necessary drawings. It is intended to solicit and receive 
roof removal proposals in tne very near future, and work 
must start there just as quickly as possible. Th-is will probably 
be a difficult project because of the difficulty of access to 
the roof. We reviewed various schemes that have been proposed, 
and this matter will be given ongoing study. Present pl~ns 
are to encourage the roof removal contractor to move on the 
site by an early start of September 5, 1984 (working day 174) 
or sooner if at all possible. 

The clarifier roof analysis is not a critical item, but it would 
be desirable to get a report on this roof structure and establish 
the corrective-actions required someti.~ in the near future. 
A change order has been issued to the structural en~ineer for a 
study of the floculator roof and the clarifier roof. Thus. 
work at the clarifier should proceed soon. 
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Work on the filter valves has started with one valve already 
rebuilt and delivery of leather packifigs being awaited for 
work on others. Thus, it appears as ·of August 7, 1984 
(working day 154) this work is slightly ahead of target early 
and late starts and finishes. 

We shall plan to monitor the ongoing progress of the test run 
preparations at each of our sessions in the future. Meanwhile, 
Mr. -Weisenberger is tracking the project carefully and I 
reviewed with him some of the basic monitoring techniques that 
might be helpful In establishing current status. 

At both the July 18, 1984 (working day 140) meeting and the 
August 7, 1984 (working day 154) meeting we worked on .the 
decision tree analysis for alternative futures of the Flint 
water treatment plant. ·Resulting from this analysis is a 
drawing '1 Issue II dated August 7, 1984 (working day 154) 
showing one branch of the decision tree for the Flint water 
treatment plant. This preli.inary analysis starts out with 
seven basic courses of action that might be appropriate. It 
should be cautioned here that these courses of action have been· 
put down with no regard wh~tsoever to their desirability or . 
feasibility. They have merely been articulated as a potential 
method of proceeding. The determination as to which of the 
seven represents the ~est starting point is to be made as th~ 
analysis proceeds. The seven. basic steps include: 

1.1 - Do nothing. 

1.2 - Demolish the 1917 chemical addition elevator bridge and 
shaft, and remove chemical hoppers·at 1936 softening 
addition. 

1.3 - Demolish all of plants II and #2 and the reservoirs 
except enginesr room, Dort reservoir and pump 
station '4. 

1.4 - Demolish all of plants II and #2 except reservoirs, 
engine rooms, and PS 14 

1.5 - Demolish all of plants II and #2 except Dort reservoir 
and pump station '4 

1.6 - Rehabilitate all of plants #1 and #2-

1.7 - Take legal action against appropriate agencies for not 
providing ·second source 

These seven alternatives are shown on the sheet #1 decision tree 
at the left starting from a point designated as now. Each of 
the branches moves to the right and from them are derived 
alternative courses of action at each major decision point. 
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Today we were able to evaluate the branch for 1-1, Flint 
Water, Do Nothing. However. in evaluating that course of 
action it also required us to establish decision trees 
following actions 1.2 and 1.7. These can be seen in the 
decision tree as branches stemming from column #5 for 
1.2 and column #3 for 1.7; .On the decision tree the 
description of the course of action is given above the arrow. 
Below the line is shown a number consisting of first the drawing 
sheet number, next the column number, and third, the number 
of the item reading from the top to the bottom of the drawings. 
Thus, item 1-8.2 is an item shown OR sheet #1. colunn #8, 
second down from the top o,f the tree. In some cases where 
time did not permit writing in the full description, we 
merely used the identification code number to indicate what 
appeared on that branching. As the analysis proceeds and is 
refined we will run out those branches selected and put 
in the full identify so the tree can be read di~ectly. 

Although the decision tree looks complex it actually is a 
fairly sophisticated analYSis method. It is relatively simple 
to read and should permit full 'and fair comparison of all of the 
possible alternatives. It also will help. prove to those 
agencies who govern the operation .of the plant that different 
alternatives have been reviewed and considered without 
bias. 

I have printed the sheet '1 decision tree and sent copies of 
to Mr. Weisenberger and Mr. Ewing for their use. 

Mr. Ewing is to meet with members of the city staff soon ~ 
to discuss the project, and I believe the sheet #1 analYSis \1 
should be adequate to illustrate the approach presently being J' 
made in our work. In the near future, however, I shall 
continue to put the remaining initial branches 1.3 through 
1.6 into similar form to that shown ·on sheet .#1. These will 
be issued as they are prepared. 

During our sessions Mr. Elgar Brown, district engineer for 
the Michigan Department of Public Health Flint area, visited 
and we discussed our various activities and techniques with 
him. He is reasonably well up to date on what the current 
status is of the test run preparation and forward planning 
analysis. It was a help to have him at our session, and it 
would be well if in the future on a selective basisrepresenta-­
tives of regulatory agencies could be present to help guide the 
work we are doing. 

During our session we also again inspected portions of the plant 
primarily the roof system at the floculator area. Pictures 
were taken of this failing roof system for reference purposes. 
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Our next session will probably be sometime in late August 
preferably after meetings have been held to discuss 
preparations for the test run. It is also desirable 
that discussions of the alternative courses of action 
be held and a review made by the Water Department staff 
of the decision tree work. I shall be in touch with Mr. William 
Ewing to set the next session. 

RJS:sps 

To: Mr. William Ewing 

cc: Mr. John Weisenberger 
Mr. Kenneth Collard 

Ralph J. Stephenson, P.E. 
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Flint Water Treatment and Distribution System Futures 
Analysis 

Fl int, Michigan 

84:26 

Date of Meeting: September 19, 1984 (working day 184) 

Actions taken: 

Reviewed status of water plant test run preparation 

Began analysis of alternate courses of action for water plant 
future 

Water Plant Test Run Preparation - Monitored from Issue #1 dated 
July 18, 1984 (working day 140) sheets #1 and #2 

Work is proceeding well toward making the plant ready for a 
water test to be conducted in early October, 1984. There is 
some potential problem with valve delivery, but it is expected 
that this matter can be worked around for the test. 

Critical is the obtaining of a.dlscharge permit. The Water 
Resources Commission will consider a conditional permit at their 
meeting on September 20, 1984 (working day 185). If there is 
no adverse public comment by September 27, 1984 (working day 190) 
the permit will be issued. There is some possibility, of course, 
of adverse comment or other problems, but presently we are assuming 
that a discharge permit will. be available and the test can 
proceed as planned. Mr. John Weisenberger is monitoring and 
managing this project closely, and it has moved extremely well. 

Courses of Action for the Water Plant Future 

Our analysis used the decision tree prepared at our meeting 
on August 7, 1984 (working day 154) sheet #1 as a base for 
selecting the various courses of action possible. Today we 
concentrated on several steps in the decision process. These 
were: - ' 

Determining the factors of im~ortance that Will influence 
selectIon of a coUrse of ac Ion. These factors describe 
the circumstances or events that must be considered in 
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Weighting the factors relative to their importance in deciding 
tne future of the water treatment facilities. This element 
is called a factor weight . .. 

Selecting a sample set of decisions for testing the procedure. 
Today we used course of action 1-1.1 to 1-8.8. 1-1.1 to 
1-8.L, and 1-1.1 to 1-9.1. These courses of action can be 
seen on the decision t~ee sheet #1 Issue #1 dated August 7, 
1984 (working day 154). -The designations refer to the 
starting activity at the left and end at the activity 
mentioned at the right. For example. 1-1.1 to 1-8.1 is the 
topmost path of activity from the far left on across 
to the end of the 8th column. For convenience in this 
report only we shall- refer to these paths as A. B. and C. 
As the evaluation continues, we shall revise~he --
designations for ease of reference. 

Selecting a set of possible futures for testing the courses of 
action. Several alternate futures are possible but for this 
example we said that future demand would be used as the 
variable. We selected three future demands, the same as present, 
a lower demand in the future t~ at present. and*a nigher 
derli"'aiiO'" in the future than at ~nt. We further sa id tfie 
~robabilities of these occurring were for staying the same. 

0%; being-lower. 10%;- being higher. 20%. - - -
With this raw material we then made a preliminary evaluation 
of the three courses of action-and reached a numerical rating 
for each path based upon the weighted analysiS or the weighted 
analysis In conjunction with an evaluation of future consideration. 
A brief descriotjon of the procedure followed and some of the 
details considered are [iven below. Twenty-sev~factors were 
initially identified that were to"influence the selection of a 
flnal course of action. These are Isited at random below. 
On c e the fa c tor s we res e 1 e c ted a fa c tor wei g ht was ass I 9 ned to] 
each as shown in parenthesis. The weI resents the rou 's ~ 
judgement as to how important at factor is in es a ishlng w at 
t-s to be done with the water plant. A low ratIng indicates tli~ 
fettors Is of little Importance. ffTId a high rating indicates 
it is of great importance. Ratings used ranged from 1 to 9 with the 
most important of all factors being given the 9 -and the rest arrayed 
equal to or lower. 

Factors were: 

A. Reliability of treated water supply (9) 

B. Quality of treated water (5) 
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C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

O. 

P. 

Q. 

R. 

S. 

T. 

U. 

V. 

W. 

Total capital investment required (6) 

Flint capital investment required (9) 

Total operating and maintenance costs (6) 

Flint1s share of operating and maintenance costs (9) 

Available capital funding (8) 

Available operating and maintenance funds (8) 

Political considerations (9) 

Flint public relations (6) 

Time required to implement (8) 

Susceptibility legal action (9) 

Regional public relations (4) 

Internal management staff time demands (3) 

Operating personnel demands (1) 

Public agency demands (such as from the Department of Public 
Health, EPA, and DNR) (2) 

Cost recovery potential (3) 

Contract renegotiation requirements (5) 

Useful life (7) 

Land acquisition needs (legal considerations) (2) 

Detroit contract conflicts (5) 

Condition of retained facilities 

Meeting regulatory standards (These are assumed constants 
but must be met by any plan) (9) 

X. Raw water quantity (3) 

Y. Raw water quality (4) 

Z. Cost of treated water per unit (7) 

~ AA. Cost of land acquisition (2) 
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Factor 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Factor Name 

Initial capital cost 

Funding 

o & M costs per unit of 
water 

Total capital investment 

Items Included 
(from above) 

C, D, AA 

G, H 

E,F. N, 0, Z 

per year of useful life Q, S, V 

Public relations 

Political considerations 

Having all the water we 
want where and when 
we want it 

Legal considerations 

Implementation time 

Quality of potable water 

J, M, P 

I 

A, X 

L.R, U, T 

K 

B,Y 

(Note that factor W dropped out of the final list) 

Weight 

5 

7 

7 
c~ ..... , .. ,< 

Q G· /~,~ 

4 

9 

9 

6 

4 

5 

Once this combined list was completed we began to think about 
Bossible futures. As noted above, there are several major 
possible future scenariaus including: { .. 

future revenue expectation /f 
E. 

future demand -
future city physical condition 2· 

future regulator,Y standards I 5/, 

future line failures ~ I: 
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This is merely a star ter list and from it we selected for our 
testing future demand. The~three conditions for future 
demands and theIr probability of occurrence·as selected were 
low (10%), same as present (70%), high (20%). These were 
basically for testing purposes and the percentage probably will 
have to be more explicitly defined as we refine the system. 

The next step in the evaluation required us to take each course of 
action - A, S, and C- and for each factor and for each future 
a S s 1'g7J a value for e.a c h . co u r s e 0 f act ion and for e a c h . 0 f the 
factors. This value Indicates how well the course of action 
being considered~ulfilis the needs of the factor. It is . 
important here to understand tnat tOr each future the value of 
a course of action in meeting each factor can vary considerably. 
Early in our meeting tnis procedure was not clearly defineg but 
during our later work-Mr. Weisenberaer and I reviewed the method 
in ~etail, and we were satisfied tha~ the technique described 
above was valid relative to inclusion of futures. 

Thus, at the completion of an evaluation for one course of 
action we have-establ isfied a weight for' each f"actor, a 'probabi 1 ity 
oir each of three'futures and the value that that course of action 
has in relation to each of the factors. -
Next the factor weight was multiplied by the value for each of 
the c 0 u r s e s 0 f act ion and t lie t rod u c1 s tot a 1 eo ro r a'1 I 0 f the 
factors for each future. For he courses of action-under . 
~onslaeration here, for intance, course of action A had a sum of 
355 under the low future, ~4 under the ~e future, and 367 under 
the hill f utu re. I f we were to con sider the s arne or normjiT f!lt.n re 
o;JJ,~en we would compare the other two courses of action with 
A andrnake a selection from these three. However, if the analysis 
is to use futures consideration we must adjust each of the 
factor weight tImes value totals by the PIobaoility of each 
future occurrin~; for the l~same, and high. respectively 10%, 
10%, and 20%. aking thisadjustment to each of the factor 
weight times value sums for A gives the following: 

Lower future demand - 355 x .10 = 35.5 -
Same future demand 364 x .70 = 254.8 - JC c .." ./ .. <:. .. , 

High future demand - 367 x .20 = 13. ~. 

Total weight for expected futures 363.7 

The value 363..] is the Ul..fLfa~tor weight times V§.l¥t for each 
decision, further weighte ac~U1~ tO~he p.!.Q.l2.aEIi 1 .. y of ~ 
~s. -------..:--
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It is eenerally suggested in decision theory that the futures 
weighted number be used to maRe the final evaluation. This· 
m~thodology is called the Bayes analysis~ • 

that using the 
~~~~~~~~~~~~~~~~~~;;~~;;; that the Bayes 

follows: -

A, 363.7 - ... 
B, 351.2 

C, 355.7 

This 
tnat 
ourse 0 

Now that we have a methodology it should become easier to 
make these ,evaluations as we proceed on through the various 
courses of action available. We should select those courses 
that at first appear most desirable and work on down through 
those that are aeparently less desirable. It is to be stressed, 
as Mr. Ewing pOInted out, tbat we should not overlook or neglect 
a course of action that has at first glance a low desirability 
appearance since it may prove upon objective analysis to be 
a better course of action than those that at first appear to 
be more desirable. Since there are many courses of action to 
be evaluated this process probably will require some intensive 
and time consuming thought. Therefore, we will defer any further 
detailed evaluation until after the plant test has been completed 
and we can focus our full attention on it. ' 

Meanwhile, Mr. Weisenberger has a good understanding of the 
process,and will be doing some additional thinking as he 
evaluates the various alternati ves,available. 

As we proceed we should ~~t~~]i~~ ~~~ ~~~~ ;~~!t~~ !~~I~~~~nt 
tnd eacti (j -g M reQ\Jir~m:~,~ !~ ~~: ~:~~!f~n ;;ee an estimated cos.t 
so that we can further add to the decjsjon analysis the element 
of expense and incom~. ' ' 

I appreciate very much the patience and understanding that was 
evident in our rather complex analysis today and am looking 
forward to continuing with this work in the near future. I 
shall be in touch with Mr. Ewing soon to set the next planning 
session. 

Ralph J. Stephenson, P.E. 
RJS:sps 

To: Mr. William C. Ewing 

cc: Mr. John W. Weisenberger 
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Date of Me.tlng: October 25, 1984 (working day 210) 

Actton. taken: 

• Briefly discussed wlter plant test run 

• Continued Inalysls of alt.rnate courses of action for 
water plant future 

Water Plant Test Run Preparation 

Tbe water plant test run has been .ade end the reports are 
b.tng prepared and forwarded to the Health Depart •• nt for 
.,alultlon. Presently It .pp.ars that aside from so •• quality 
p,"obl •• s the run was generally lucctssful and did lIake target 
start dates. 

Courses of Action for Wlter Plant Future 

Mr. Ewing, Mr. Weisenberger, and I spent the re",alnlng portion 
of our session making additional detailed analyses of selected 
courses of actlon.These were tlken frOM tbe decision tr., 
shown on sheet II. Issue '1 dated August 7, 19S4 (workIng day 
154). The courses 01 action anal,zed Included: 

- A. 1-1.1 to 1-8.1 Use plant 12 a. stlndby -
- 8. 1-1.1 to 1-8.2 US, plant '2 for limited production 

- and renegotiate present contrlct 

• c. 1-1.1 to 1-9.1 -
- D. 1-1.1 to 1-10.9 -

with DWSD 

aNSD construct second plpeltne fro. 
Detroit a1ter fll1ure to 
renegotiate contrlct 

Fall to renegotiate contract Ind 
construct new plent at lake Huron 
ullng exlltlng pipeline owned by 
City of Flint 10r supply. Use 
existing pllnt for standby. 
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- F. - 1·1.5 to 2-2.5 Oemollsh all of plant 1 and 2 
except Dort Reservoir InG 
pu.p station IC. Construct 
w.lls to aquifers IS backup. 

It Is recognized that 10 •• of these courses of action lIa,)' not 
bl IS gOOd IS others Ind. of course, the purpose of the 
anal,sls fs to establish tbe best cour.e of Ictlon possible. 
At t~ts 1 •• llon our objectiye WI. to illn I rlnge of .Ilue. 
for various courses of actton to see I' stgntflc.nt 
dlfferencI' In the rating on tbose that IntuitlYely w.re felt 
not .s destrable IS others WI. gre., enough to wlrrant use of 
a numeric syst... It wa. fouad there Is co"slderlble rang. In 
the evalu.tlon based on the pre.ent tactor, being used. 
Tberefore. at o~r next sesston .e shall conttnue to use the 
present factor content Ind weight In deter.tning the •• rlts ot 
.ach of the _aJor approacbes. Meanwhile. 1 shall redo the 
declsioR tree based upon tbe ehange. to it that have b •• n 
discussed. Ind put it In I forM where It can be .ore easily 
read Ind us.d IS In ,vIluatlon tool. 

In the Inllysls todlY •• e used the ten major flctors set in 
our .esston of Sept •• ber 10. 1984 'working day 184) Ind 
described in Re,ort '3 dated Sept •• ber 27, 1984. In su .. ary. 
tlta.e were: 

1. Inltl.l cepltal cost - weight. 5 
I. Funding •• elght • 7 
3. 0 I M costs per unit of wlter - weight • 7 
4. Total capital Investment per year of useful life -

weight reyls.d frOM 4 to 6 
6. Public relations - weight. 4 
6. Pollticol considerations - weight. 9 
7. Hiving all the water we want where and vhen we wlnt It­

.etght • 9 
8. legal considerations - .efght • 6 
j. Imple •• ntatton time - weight • 4 

10. Quality of potable wlter - weight. 5 

As we weftt through the evalultlon, it was decided to elt.tnate 
alternate futures and to blse the Inllysls upon I condition 
for I general level future demand with some slight Increase 
possible. If future evaluations justtfy Iddlng alternate 
possibilities we shall add these tnto the analysts later. For 
the five courses of action Inal,zed today all were bls.d upon 
the level future. aSSUMption. 

It WIS foupd .s wt prepared our evalultions that It will be 
neeeslar, to further evaluate tnttlal capital costs.expected 
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operating and .llntenance costs. Ind expected Inco... The 
thr.e factors whtch Influenced by this financial data ar. I, 
2. and 4: 

I. Jnltlal cepltal costs 

2. 0' M costs per unit 0' water 

4. Totel capital cost of Invest •• nt per y.ar of useful 11'e 

As thts financial data Is obtained, It will be evaluated on a 
CI.h flow DISls and the factors .or. accur.t.ly d.ter.tned 
from what the return on invest •• nt lndlclt ••• In our curr.nt 
Inal,sls, however, .e did asstgn a value to th ••• three 
factors based upon what it app.ars th.lr vllue will be. 

Th. backup tnfor •• tlon 10r .ach cours. of action Is contained 
In tbe dete sh.ets wblcb art available IS requlred.A su ... ry 
of the prell.lnary Inelysls r.tln9s Is as follows: 

Cours. of Action x. 1-1.1 to 1-1.1 
I. 1-1.1 to 1-8.2 -
c. 1-1.1 to 1-1.1 -
o. 1-1.1 to 1-10.9 -

F. 1.1.5 to 2-2.5 -

Description 
U.e pllrit ,2 as standby 
Use plant '2 for liMited 
production. Renegotiate 
contract. 

Detroit construct second 
plpellfte due to failure 
to renegott.te contract 

Fall to renegott.te contract 
City of 'llnt construct new 
plant at Like Huron ustng 
extsttng plp.llne owned b, 
Ctty of Flint. Existing 
plant to be used for 
.tlndb,. 

O •• olls. ,lints .1 Ind '2 
except for Oort Reservoir 
and pu., station ,. 
Construct well, II backup to 
to existing Detroit supply 

Ratina 
i91 
350 

388 

331 

211 

W •• ada so •• very rough estt •• t.1 of capital COlt for tbe 
courses of actlon,but the ••• Ult ba r.fln.d as the work 
proc.tos. Without Maktng •• ,-.aror cOM.lt •• nt I. to the 
accur'Cl of the figur.s, It appears pr ••• nt1, tbat the 
following cost. algftt be st.rtlng pOints fro. which further 
•• aluatlons will be .ad •• 
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Co." •• of Actio .. App,."", •• te rouah co~t In 19S4 dolle,.s , , , t 

A $3.2 mil 11o" 

B $3.2.1I110n 

C $20.4 Ilt 11 ton 

0 $141 million 

F $9.2 million 

Again, It Is •• phlslzed that the.e Ire rough approxl.atJons to 
,aln I relative Inltght Into the •• thodology that algnt be 
used for our onlolog an.lysls. I sball be in touch wtth Mr. 
rwlng shortly to I.t the next ••• ttng. 

Ralph J.Stephenson.P.E. 
R.,S:sps 

To: M,. Vlllla. C. Ewing 
ce: Mr. John W. Weisenberger 

be: Mr. Ray Vyvyan 


