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This report deals with the control of, &apital expenditures, for small
and medium-sized projects, in a multi-project environment. The

‘emphasis has been placed on tﬂf‘planﬁing and implementation of a cost

» L 4
»

control system in a project management organization. A more detailed
. - . 2 , .

deséription of the report is included in Ch%Pter 1. The report format .

»

. >
is as follows: N

!

. Chapter, 1. includes an introduction to the multi-grojecé environment

. ’ [} .
and defines*™the prime objectives of the report;’

.

.

. Chapter 2 deals with the project mahaggment organization and

. Chapter 3 and 4 relate to the planning phase for theiimplementation
of the cost control system;
. Chapter 5 defines the cost control system to be useé; ,

v
[ ?

. Chapter 6 is the conclusion.
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CHAPTER 1

INTRODUCTION

.
-

,

The control of capital expenditures, as described in this report, is

primarily for small or medium-sized projects in a multi-project environ-

ment, involving. few engineering disciplines,iaverage-duration schedules

A -

(less than 3 years) and budgets in the 10 milliop dollars or less

bracket.

P

s
'

Some of the problems in the planning and implementation of a cost
n. B N . ‘g
control system ip a multi-project .environment are examined in this .

P .

" report. The project management firm is called «La Société québécaise

. - .
d'assainissement des eaux® or 4SQAE». It was created in 1980 tp offer

project management services and financing to municipalities that wished

» .

to becope involved in the wastewater treatment program. The program

El ~

includes Brojecﬁs across tlie provinte te build main sewers and waste-

«

water treatment plants. It SQAE is hirqﬁ by .a municipality, it is

responsible for Emgineering, Procurement, Construction, Commissioning
] A .

.

(EPCC) and Financing o¥ the project.

-

[ IS M [}

The program was officially launched in, August 1978, and expanded notice-

A : . .
ably in 1980. The Treasury Board approved the program in 1980, ‘and

. forecasted capital investment at a kate of 450 million:dollars per year,

N .

At the end of 1981, the prograh forecasts are for projects in more than

200 municipalities and 3 urban communities, and capital investment

. . ' A '
estimated -t 1.854 billion dollars in constant dollars. (1981)_over a
' ’ (l) . : 3 ) ! *

10 year period. : "o )

[
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4 .
’ .

The scope of this report-is confined to the critical initial steps of

planning, organizing and implementing of a cost control system.

The prime objectives. of the report are:

.
. '
"

v

P ‘
1) To define the needs of the project management organization for the

cost control system;

- 4 ]
1 - -
2) To establish a project implementation plan in order to get started

. s
* on the right foot;

t

3) To define the cost control éystem; and
o

.

)

-

4) To examine some.proﬁlems related to the planning and implementation,

[
-t

of a cost control system.
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CHAPTER 2 Coe D
. , (\

MULTI-PROJECT ENVIRONMENT ,OVERVIEW

.

) {
THE OBJECTIVES OF THE PROJECT MANAGEMENT ORGANIZATION ~

P

"
t

The objective of «La Socité& québécoise d'assainissement des

eauxh is to undertake, on behalf of municipalities requesting
it . ’

. {
4

"

.1)‘the design and constructionfof wastewater treatment d

, \ t
facilities; and : . :

2) the design and the restoration of existing sewer . !

systems. ] . i - .
h 3 . H

. o/ :

v + :

’

A third objectjve, added later on in 1981, is to undertake, :
on behalf of the government, studies called «EPIC» related to
the infiltration of ground water and collécting of surface

running water in existing sanitary sewer sygtems.
: ..

¢

The objectives of the government when it created the firm . :

were:” -

1) to offer to the murgicipalities a project management team’
with: technical, professional and administrative skills to
I .

undertake the wastewater treatment program;




>

« . e

2)- to facilitate financing for municipalities. SQAE is

financing these projects through loans, and is reimbursed

later on by the government and tﬁg}municipalities;

I .

!

-3) to lower costs by g&ouping equipment purchasin§ for several

- 4

projects, thus making savings on a large scale;

4) to maximize the economic benefits for Quebecers;

>
IS

'

5) to speed up the undertaking of the program and insure

better control over the program; and

\

< 6)- to.guarantee the treatment plant performance.

-

~

T

SQAE cannot undertake any project before it is requested by.

3
a municipality, which in turn, must first sign an agreement

with the government for the program.

ye
'
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2.2

MULTI-PROJECT PROCESS

:

\

. The Governmental Agreement

The agreement s}gned between the government and the municipal-

ities is meant t&dcover the ggllowing types of work:

N

constructien of main sewers (SEWERAGE)- for collecting and

carrying all sanitary waters to the wastewater treatment

-

plant;

construction of pumping stations (SEWERAGE), if required,

along the main sewer system and at. the treatment plant;
. .
¢
. construction of wastewater treatment plant (TREATMENT) or

restoration and enlarging of existing wastewater treatment

plant;
N -
. restoration of existing sewer system (RESTORATION) in order
to reduce the amount of ground water getting into-the

system by infilttration and 'of running surface water being

collected by the system;

R ' ' ’
. studies regarding the infiltration of ground water and

collection of surface running water ipn/the existing sewer

systems: (EPIC STUDIES».

o

- RieTy

® i

e s

;
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The agreement contains thg'following'information on. the

projects:
. Scope; - :

. Key dates for completion of sewer construction, the treat-,
A
o Co

ment plant construction and the restoration work;
. An order of magnitude estimate for the seyerage, treatment .

«}
~

o

and restoration work;

. Provisions describing government grants fon the sewerage,

.

~
.
e 2 i, T AL it ol . e < M ot 2o
/

treatment and restoration work to cover 90 7 °f4§§e treat- )

. »
ment plant construction and 66-2/3 to 90 % of the sewer

construction and restoration work depending on the scope

- of the project and the municipal valuation.' ) *

=

\ v

EPIC studies are also included in the agreement and the °
goVernmeﬁt subsidiies 100 7 of the studies. Th; work is -*%
performed by SQAE and involvement of the municipalities is _f
minimal. . ' . -“ F
‘ :
, | 2
12.2.2  The Process : o

B\

2.2.2.1 »Projects ' .

1

4y

When an agreement is signed by the municipality, SQAE meets

. R




. &

the municipality and proposes project management services.
I1f accepted, SQAE assigns a multidisciplinary team to the

project. This team is under- theé responsibility of a project

manager and includes specialists in engineering, cost control,

scheduling, construction and finance. A flow diagram of the
process is illustrated in figure 2.2.1.

a
-~

~

SQAE then proceeds with the selection of a firm, from a list
< .
of pre-qualified engineering firms, for the design 4nd tech-

nical supervision of sewer construction. The same procedure
applies for the treatment plant construction.
Upon approval of the drawings and\specifications by the

. e
Quebec Environmental Department (MENWIQ), SQAE requests
public tenders and awards the contrat to the lowest qualified

. )

bidder. . ) 4

It should be mentioned that SQAE provides construction manage-

.

ment services on the site; the consultantd are responsible for

1
technical supervision only. .

A project committee is formed in order to involye the munici-

pality in the decision-making process. Two municipal officers

and two SQAE representatives form the committee and are

4 Al
involved in the following process: .

. o
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1]

2.2.2.2

i z'
. 11 o
. .
ot g
. selection of consultants; :
. i
' i
. contract award o contractors; . }
: -
. changes to the scope of work; . . {
| %
. budget revisions; and , 1
o ?
. schedule revisions. f
_— 1
I~
\

i
After provisional acceptance, SQAE proceeds with the commis— 3
k]

sioning and start-up of’ the systems. The systems are then

-

delivered to the municipality after final acceptance.

~
-« J .

-

The fee charged by SQAE is a flat rate of 3.5 Z of the total
l

cost of the project, including excalation, without any consid-"

eration for the scale of the project. We will comment on

K
1 N

this item later in the section on major constraints and

problems. )

:

EPIC studies -

o e B

y
When SQAE is awarded an EPIC study, a project engineer is g %
. 2
assigned to the project. This project engineer, acting as a H
: H
project manager, is -in charge of an engineering technician, &
’1.
a scheduler and a cost controller. o k
. N },)
‘ M
’ : !
A flow chart of this process is illustwated in figure 2.2.2.
%
, k4

g
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2,2,3

2.2.3.1

S

»

SQAE proceeds wipﬁ thé selection of an engineering firm to
make several surveys on the existing sewer systems and

recommend solutiors to restore the systems.

SQAE then asks the engineering firm to prepare the drawings

and specifications for the restoration of the systems, if the

" 2
consultant’s report has been approved by MENVIQ and if an

t

agreement has been signed between SQAE ahd the municipality.
These documents aye then submitted to MENVIQ, and if approved,
SQAE proceeds Qith the actual restoration of the systems.

If there is ﬂo agreement between the municipality>and SQAE,
the report is'trgnsferred to the municipality who takeé
charge of the restoration work;

The feé charged by SQAE for the EPIC studies is 13.5 Z of

£

the total cost of the studies.

¢ ‘

Multi-project Definition
- /

Number of Projects

SQAE operations started in January 1981, after the appoint-
ment of .a Board of directors and a president, the adoption
of rules and standards, the hiring of management personnel e

N

and the selection of the head office locationm.

!
b
!
H
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.

2.2.3.2.

14

From that date up to March 31,.1982, 42 municipalities have
signed wigh SQAE for a total investment of 184 million
dollars. 1In the first é mznths of operation,)more than 30
projects, for an investment of 150 million dollars, were

assigned to SQAE personnel aqp several of these projects were

already in progress by the municipalities.

From May 1981 to March 31, 1982, 40 EPIC studies worth 14
million dollars were also assigned to SQAE.

This quick start-up caused major problems for managément in
recruting specialists, in developing systems and procedures
and in executing operatioms. 'This issue. will be addressed

further in the major constraints and problems section.
Project Estimates

The estimated cost of projects vary from 100 000 dollars to
35 million dollars. Table 2.2.1 below shows the distribution
of the projects based on the order of magnitude estimate

mentigned in the agreement signed with the government.




¢ -
15 '
. ' : TABLE 2.2.1
PROJECT DISTRIBUTION BY ORDER OF MAGNITUDE ESTIMATES - i
4 . -
PROJECT ESTIMATE  NUMBER OF PROJECTS  PERGENTAGE
0 to 1 250 000 13 31 “
1 250 000 to 2 500 000 10 24
2 500 000 to 5 000 000 9 . : 21
5 000 000 to 10 000 000 5 12
10 000 000 to 20 000 000 - 3 : 7 .
20 000 600 + . PARS ‘ 5 ,
- — }
CTOTAL: 42 ‘ 100 %

Note: These estimates are in constant doflarns, L.e. using

— prices at the time the agreement was signed.

As seen from the Table, more than 75 7 of the projects fall
into the categories 0 to 5 000 000 dollars. This is an
important factor in the implementation of systems and. proce-

dures, and will affect greatly the services rendered to ) 4

clients. We shall discuss this item in more detail in the

major constraints and problems section. ¢

2.2.3.3 Consultant's Contracts' . . -

» .,

For each of these projects, tggre are at least five contraé's

4 « to be signed with consultants for tns following work:

. »




. . -
3

nl/ ' -

c .1) Design of sewers and field technical supervision;

-

N S

< 2) Design of wastewater treatment plant and field technical

> -

v
supervision;

. > ) '
: g ' L o ( - ,‘ i

[y

3) Measurement of the rate of discharge of existing sewers; . i i

\
4) Soil exploration;»and *

v

. 5) Quality control. ’ i

-~

Contract values vary from 3 000 dollars to 1.5 million

‘ "

- dollars. As of March.31, 1982, more than 75 7 of the : '

contracts were in the 0 to 100 000 dollars range. It should
. , . ~

be mentioned here that the contracts are awarded by phase
L]

. for the design of wastewater treatment plants, the first

phasé’beiné the breliminary studies ‘and the segond phase

e, T

the preparation of drawings and sﬁeciéicatibns and field

- s

technical supervision; the cdnsultant's fees for the first -
. . / - ' ,
‘ - phase are normally under 100 000 dollars. ' ’

0y
-
"

‘ Land purchasingsis often required and involves the following L

conspltants:

.
+ Surveyors”

. . Land appraisers Co

. Notaries Tt - i .

3 - ]
L]

o
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> 2.2,3.4 Construction Contracts
’ | N . v ’

-
‘ .

.~ » -
" Each project reqrires an average of four construction ?
. ~ )
contracts: two for sewer construction and one each for
+ )
7 P 3
wastéwater treatment plant construction and réstoration of

existing sewer systems. In some cases, up to 15 contracts

c
.

for sewer construction are required, -.and up to 5 contracts :

: for treatm&t plant- construction.

B

.

|
’ 1
‘ ) 3
‘ ‘ !
aCoh;ract values bary from 50 Q0 dollars to 10 million

dollars. As of March 31, 1982, most of the contracts awarded °

were below 2 million dollars. It should be mentioned that !
’ .
. .most of' the contracts awarded were related to sewer construc-
%
tion; only one contract for treatment plant comstruction was

awarded in 1981.°

¢ L4 .
3 i
*2,2.3.5 EPIC Contfacts i
3 ’ 3
- ’ 4 )
. : :
- These contracts are awarded to consultants by phases.’ The - i
' * P
. first phase is the diagnosis of the system; most of the %~
. N [
contracts awarded in 1981 were for the first phase.
- ) (13 'm. “
The .average value for phase l!'contracts is 65 000 dollars "
o
and the total average value for all phages is ‘200 000 J .
@ .
, - dollars. , ’
i} \

PR e e
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2.3 PROJECT MANAGEMENT ORGANIZATION AND FUNCTIONAL RESPONSIBILITIES —
- <
2.3.1 Project Management Organization

x
]

The initial organizational'approaph defined by SQAE was

s functional. Figure 2.3.1 shows the orjfifial organization

structure.

!
- ~_ , , ;
~ - e i
- FIGURE 2.3.1 ' %
P - ) H
¢ ;
ORIGINAL FUNCTIONALL ORGANIZATION STRUCTURE , .-
[ 4
SQAE
- :
[r——mmm e 4
Fnvironmental l Quebec *
- . . - + —— Environmental
Minlster
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«

|
:
| Department |
L i

g R owem e rAn

Board of
* Directors . . )
. 4
4
;| President ' £
i'i N

- 2

Y

-Director Director Director || Director
Marketing || Financing || Control Engineering

.

Director
Construction

iy

¥

Under this structure, 5 functional directors reported to the

)
P s

president:
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1)

2)

3)

4)

.5)

As

as

Thé Marketing director, responsible for public relations

and contract signatures with municipalities;

The Financing director, responsible for corporate account-

ing and financing; :

R

The Contreol director, responsible for planning and schedul~ :
ing, cost control, contract negotiation and signature with
consultants and contractors, and equipment purchasing;

The Engineering director, responsible for all technical
aspects and overall coordination during the design phase

excluding the design itself given to outside consultants;

and

The Construction director, responsible for all construction

¢ *
aspects and overall coordination during the construction | !

phase.

mentioned previously, the Engineering department acted

e

the lead discipline during the design phase, and the

Construction department as the lead discipline during the

construction phase. ) R

The-decision to implement a project management organization e
was taken within six months of SQAE's existence. The major

reasons for the change were:

I e




1) The necessity of having a single point of information and
responsibility for the project life cycle. The sinéle /
point of information was important not only for éop
management but also because of the need for(ext:ernall.
coordination with consultants, contractors, muﬁicipalities
and the Quebec Environmental Department; and

2) The number of Hepartments involved on the project could

and did slow down and complicate the process of making

decisions.

A revised version of the organizational structure was issued

in November 198l. Figure 2.3.2 shows the revised organization.

" The Cons\truct ion department became the Project management
department. Although the Project management director reports
to the president like the other direétors, his actual status
is more at the VP level. The Finané:ing department assumed
additional', responsibility for administration, and the Control
department became the Control and Procurement department. |
The Engineering department remains unchanged. The Marketing
department, now responsible for land pirchasing, shifted at
a managerial level being too s‘mall for a department, and\a
Personnel manager was added because of pressing needs for

the development of job descriptions and the development and

implementation of a salary structure.

Prv—
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The revised organization is a matrix organization or a multi-

disciplinary team whose members are drawn from both functional i

and project management groups. Functional directors provide

. . . . . i
downward functional technical direction and project managers 1
, proviée horizontal project direction and integration. !
r’w. {
¢ ’ e }
2.3.2 Projéct Management Department ?
é
This department is responsible for the management of all the
projects. '
‘ The director: i
g} Lo - §
+1) Establishes project management policies and standards, 1

LY

and insures their rigid application on projects

. 2) Insures overall planning of projects according to the

agreements with municipalities and in accordance with

\

R

established technical and financial criteria.and resources

available to the firm;

;
i
!
Kl
}

3) Assigns and supervises project managers and insures
efficient coordination of the project teams;

o

4) Makes sure that the project schedule and budget are met;

° Qs
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-

5) Manages the construction- function, so that the construction

standards are met and that uniform construction methods are

used; and

6) Takes appropriate actions to solve problems occurring on

projects.

. ¥
' W

L
"

The project management director is ‘responsible for the

following personnel, as shown on figure 2.3.3:

o 2
©

1) Project managers

2) Field coordinators

-

v
2

‘The project management director is an engineer with eighteen
years of experience with different organizations, crown

corporation and contractors. | .

A

The responsibilities of the project managers at SQAE are to:

a

s R
.1) Make sure that each 'functional director assigns coordina-
tor on their projects and that they accomplish their tasks

‘ according to the schedules and manhours available;

[y

2) Make sure that projects are on time and within budget;

authorize progress payments and assure proper filing of

project documents;

s en e it
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e

3) cCall coordination meetings, assure that information
transfer takes place and that the necessary actions are

taken by their team members and other project participants; :

Wt

4) Act as chairman on the project committee to select consul-
tants and contractors, and to recommend major changes to ’

scope, budgets and schedules;

5) Visit construction sites, or request a field coordinator .

to supervise: consultants and contractors. Assure proper
‘field coordinatjon; report on a daily basis all aspects i

requiring immediate action by ‘the engineering specialists,

i e £ e

or by other man‘agement personnel . ' ! = i
$
6) Assure ﬁroper_: reporting by the team members including -
progress reports;

7) Take appropriate actions on urgent matters, involving the g

proper specialists on the project team;

s

+

8
iy S

»

8) Evaluate every team member and report on their performance

PRty

to their functional director.

8

B v

3

Figure 2.3.4 shows the typical project team at SQAE. There

are five coordinators assigned by each functional director or

manager under the direction of a project manager. The coordi-

1
mator acts as liaison agent between the project manager and

[l

~ .
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2.3.3

Py
3

the department as well as a functional department member.

‘

For example, a member of the Control and Procurement depart-

o

ment can be assigred to a project to perform cost control ané,

-

at the same time, coordination for the project manager in the

Control and Procurement department.

.

Engineering, control and procurement coordinators and the
project manager are involved with a project on a daily.basis.

Marketing, finance and administration coordinators have yéss

involvement on a project. A field coordinator is assigned by

the Project management director if required.

H

Most project managers at SQAE are engineers with ten or more
AY aN

ia . 3 . . : .
years of experignce with various organigations: consulting
r

engineers, contractors, project management firms, and munici=-

palities. -

.

Functiordl Departments

The responsibilities of the functional directors at SQAE are:

’

Engineering Department

This department is responsible for all the technical aspects

of projects, from preliminary studies to final acceptance of

the work.

g

. T
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The ditector:

1) Establishes technical policies and standards‘ and insures

2)

-1

4)

6)

3

their rigid application on projects;

-~

Establishes the consultant's mandate and budget (manhours);

checks and approves all technical aspects of the studies

and the construction work;

Y

Takes part in the developgent and implementation of consul-
tants pre-qualification procedures for engineering, soil

)
investigation and quality control; takes part in ‘the eval-

uation of consultant's proposals and contractor's bids;
prop S

4

Assigns engineering coordinators on projects, gives the
necessary back-up and takes.appropriate action to solve

problems occurring on projects;

.

Insures quality control from the conceptual phase to the

start-up of the plant; and

Takes part in the provisional and final acceptance of the

~
A

work .

The engineering director is responsible for tt/ne following

managers,- as seen on figure 2.3,5:

PR R RNIPE SR
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Toe 1) Manager of sewerage engineering .
. . R N
.- '2) Manager- of treatment engineering ;
p
P . 3) Manager of sewer restoration engineering ° !
4) Manager of commissioning and start-up _ -+  ~ i
1 } R .
. ‘ R ) ;
a ' The engineering director is an-engineer with a maSters degree |
~ ° r
. . . ) . . . i
in engineering and ten years of experience with a consulting i
B ' L * i
firm, the Quebec Environment Department and 4 municipality. ?
P . [
2.3.3.2. Control and Procurement Department <y T g
[ v L
\< 5! . t -
. H
This department is responsible for the planning, scheduling, -
o . :
. ‘'estimating, cost control and procurement of all prdjects. . b
- . . , ‘ . i
’ i
. <. . . i
)4 The director: . " . i
. .\ : . T T |
4 k) ! 4 * 6‘%
. ' | . v
P’ * ' 1) Establishes standards, systems and procedures for planning -

-
i

* . ¢,

. - ' 2 7 I o
/ and scheduling, for estimating.and cost control, and sees '

. to their application; L . !

.
B B
.
© N :

% 2) Insures that schedules are prepared and up-dated by the t .

-, <

planners for every project and that project reports are

3

written on a monthly basis highlighting major variances

i

to the schedules;

. 9 * - *
. 0 .
- o ) ’\

» .

K
3
k
b1
3
o+
{
#
%

3) Insures that ‘the budgéts are established and up~dated by D N

# the cost controllers for every project,_that project

'
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reports are written on ,a monthly basis to report trends as

far as project cost is concerned; s !

s ke e e =

4) Forecasts expenditures for all projects/agg makes sure that

a 0

= -

funds are available from the Finance department; :

Y :

'3

5) Establishes pYocurement standards and procedures for

Fn et tiiz, 1,

* ‘tenders (con?truction and equipment), engineering proposals
- ) ‘ ‘ N -
and contract awards; x ‘.

i

6) Develops and implements pre-qualification procedures for
engineering, soil investigation and quality control consul-

tants; and

'

N @

7) Develops standard contract formats, prepares béck—up’and
I s

takes the appropriate action in order to meet the approved
» .

[N SRR

oobrnne,

échgdules and budgets. ‘ ;

v ' -

The control and procurement director is responsible for the

followiné managers, as shown on figure 2.3.6:

1) Procurement manager
t

2) Planning and project control manager } ' -

.

3

"

The-control and procurement director is an engineer with

forteen years of experiencé in project management, mostly

‘o
a >
o

with consulting firms.
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'2.3.3.3

Finance and Administration Department

This department is responsible for all financial aspects of

o

the firm, bridge financing and long—term financing for

capital investments. It is also responsible for accounting,

management of the operating budget, and for auxiliary services.

The director:  *~ = A

1) Establishes a financial plan, manages financial resources

and a cash budget;

2) Manages debt in order to meet financial commitments;

3) Establishes a budgetary information system and insures

stiff control over operating budget;
4) Manages computer services and auxiliarxy services such as

office layout, messenger services, communications, photo-

* .

copy; and

v
»

5) Establishes systems and procedures for document conserva-

tion and control.

-

The finance and administration director is responsible for

the following managers, as shown on figure 2.3.7:
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" 2.3.3.4

2,3.3.5

1) Finance manager

i) Financial controller

-3) Auxiliary services manager

The ‘responsibility of the following services are

since their involvement iz

Marketing Servicesd

i

>

35

summarized

project management is minimal.

This unit is responsible for public relations and;contrat-’

signature 'with municipalities as well as the purchasing of

" land or rights-of-way.

Personnel Services

This unit is responsible for recruiting, job descripti&ns,

organizational structure, salary structure and working

conditions.




2.4

2.4.1

.

MAJOR CONSTRAINTS AND PROBLEMS

Quick Start-up

SQAE had a very rapid growth, as mentioned earlier; more than
30 projects werelassigned to project management personnel
with{; 8 months of the start of operations. Thirteen of
these projects were already underway by the municipality and
six of them were at the construction phase, mainly for sewer

construction.

Several municipalities decided to sign an agreement with SQAE,
even though the%r projecfs were already underway because of
financial reasons. The municipalities did not have to raise
loans for several monthé for the project, so they could use
the money for other purposes. Also they could not get y

interest rates as low as those provided by SQAE.

It should be mentioned that the marketing plan was to take as
many projects as possible, without any consideration for the
scope of work, the location, or the actual stage of the job.

Also, SQAE, being a government agency, could not refuse to
sign an agreement with a municipality requesting it, even if

their project was too small, too far, or too far advanced in

the construction ‘process; politically, it could not be done.

-
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Thus, management personnel had a lot éf catching up to do on .
these projects. The cost controller had to collect all the
cost data: commitments, expenditures, budget estimates,
change orders, etc. Most of these municipalities did not
have a detailed budget including escalation, financing and
contingency allowances. The schedulér had to collect all the
data because most of the time, no master schedule existed for

the project, even though construction was underway.

From January 1981 up to March 31, 1982, more than 42 munici-~

palities signed with SQAE for a total investment of 184 million

dollars.

Additional work came by:May 81 when SQAE took over the manage-

ment and financing of EPIC studies. More than 40 studies were

managed and financed by SQAE up to March 1982. The Quebec

Environmental Department was still managing 20 additional

* studies as of March 1982 since they had started prior to their

transfer to SQAE; SQAE assumed financing of these projects.

It is expected that all these studies will be transferred to

SQAE in 1982.

Project Locations

Project locations are causing a major problem to the project
management organization. The projects are scattered all over the

Quebec province. Table 2.4.1 shows the distribution of the

projects by region.

Tt M e ek i, s e e b o AL WPBNARTT T R
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!
TABLE 2.4.1
\\\\ﬁgﬂﬂ\\
PROJECT LOCATIOQONS BY REGION
REGIONS NUMBER OF TOTAL PR/éJECT . J
PROJECTS  ESTIMATES ($000) §
Abitibi 1 12 500 ~ )
Saguenay 7 - 48 250 N
Quebec and Beauce 4 6 250 N
Eastern Townships 20 ~ 79 500 ‘
Montreal and suburbs 6 24 000 ;
. . . i -
Laurentians - Mauricie 4 13 500 .
‘ 42 184 000
After a few months of operations, SQAE faced the problem of
decentralizing its operations. The project management )
director decided to hire some project managers in regions

and to open regional offices in Quebec City, Jonquigre

(%
(Saguenay) and in Sherbrooke. The decision was based on the’

4
3
{
¢

follZ;Thg factors:

»

4

region and the clients, it was easier to be accepted and to

commuhicate with the client's rebresentatives.
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most of the consultants and contractors are regional, so he
did not have to travel extensively for meetings and to see

job progress.

It was decided to keep the rest of the team at head office
for training pdfposes while the policies, procedures and
standards were being developed. This situation caused a
major communication barrier betwfen the project manager, the
team members and the functional managers. Normally, at least
50 perceat of a project ﬁanager's time is spent talking to
people; getting information, clarifying directives and
resolving conflicts and misunderstandings. While communicat-
ing by phone is a good medium; it is not suitable for resoiv-
ing conflicts and misunderstandings. The project manager

”
would come to the head office once a week or once every

second week for a day or two, to meet the team members, but

this was not sufficient for resolving problems.

*
s

Quite often, the‘project manager would communicate a piece of
information to a team member by phone and ask him to act as
a communications expediter by transferring the information
to thé other team members. This procedure is acceptable but
if a communication bagriér occurs in the process, the team
member does not have the authority thaé the project manager
has and the problem might end up in the functional director's

Lap.
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3

Thus, a decentralized/operation structure is bound to come in

the near future at SQAE for some regions and the project

«

managers in regiors would then assume 311 functions on small

v

projects.

Matrix Organization Problems

\ !

The implementation of a matrix organization structure at SQAE

resulted in problems inherent in the matrix organization as

’MN) described below.

3

Two bosses

The project personnel in a matrix organization have two
bosses. Continuous conflict existed for several months

between the project management and the functional management,

mostly because the division of authority and responsibility

+

was not clearly defined and understood.
The division of authority afd responsibility between the
project managers and the functional directors can be broken

(2)

dowﬁ as shown on Table 2.4.2. -
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TABLE 2.4.2

PROJECT MANAGER'S AND

FUNCTIONAL DIRECTOR'S RESPONSIBILITIES

Project - 1)What is to be done?
Manager's 2)When will the tﬁsk be done?
Responsibilities: 3)Why will the task be done?

4)How much money is available todo the task?

5)How well has the total project been done?

Functional 1)How will the task (function) be done?
Director's 2)Where will the task be done?
Responsibilitiesf 3)Who will do the task?

4)How well has the functional input been °

itegrated into the project?

P

In a shorter form, the project manager is responsible for:
v

What? When? At what cost? and the functional director is

responsible for: Who? Where? How?

Major sources of conflicts were on «How will the task be done»

and 4What is to be done» because the procedures and standards

were not defined.

W,
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Further problems of conflicts are caused by project personnel

~

being assigned to 2 or 3 project managers at the same time;

¢

project personnel had two bosses on a project but 3 or 4

0

bosses to report to.

PurQeiisl Spmpugepmping

. {
!

The complexity‘shows itself in the difficulties in monitoring
S @
\and controlling for the number of people that must be kept

i
informed. ¢ . \

\

{

The information flow is complex becguge ‘there are so miny
.people and organizational units invglved. This problem
occurred quite often at SQAE at the beginning but the situaf(
tion has improved since the hiring of document control -
personnel apd more discipline. | s

§

Priorities . ' . , -

—— s o i e e 0

1

The organization fgces real problems with broject priorities
and resources allocation. Wigh more than 42 projects to
manage, some project personnel were responsible for more than
12 projects at a time. In the Control Fnd Procurement Depart-
ment, the preparation of monthly reportg was causing’priority

problems, since some cost controllers or schedulers had 4

reports to issue in a week's time.

4
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N @

2.4.4.1

. under 2.5 million dollars, and 75.% under 5 million dollars.

. 3

Project personnel assigned on several projects were not
B i ’

. "\ . .
available to all projects at all times. Also, for every
*
question being asked, the functional person had to get back

in the context of the particular project in question.

o

Financial Coastréints .

)

Projgct Management Fees

The fee charged by SQAE to the municipalities for project
management 15,3.5 % of the total cost of the project, with- -
out any consideration for the scale of the project. This

—

fee was set by top management at SQAE based on experience

in the private sector without any consideration for govern-

mental bureaucracy.

¢ kY
- )

N

Most of the projects are relatively small: 30 Z of the

. . 0
. N

projects estimates are under 1.25 million dollars, 50 %

. . %
For a project estimated at 1.25 million dollars,. the project ‘

L

management‘fee is” approximately 45 000 dollars, and the

project duration is 2 years. If a project manager and five

coordinators are assigned to the project on a part-time

basis, there won't be enough money to cover expenses.
' t\

One solution to the problem Would be to allocate manhours

»

per department for the duration of the project and ask the

a
Yo

i wt ———————
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. project manager to control the manhours: spent on his project

. ‘ in order to stay within budget. This solution would require

¢

some historical dsta that SQAE does not have.
. 8 . s

"For various reasons, manhour budgets were not prepared and
, .

~ the manhour reporting system was not implemented in the

first year of operation.
a

. LN

On a project estimated at 1.25 million dollars or less, the
- project manager ‘should be the only person assigned to the
s o project. If the project manager reguires a specialist for
a short period of time, a director could assign a person on

~ ‘ a temporary basis, after a manhour budget has been negotiated.
' V4 F

5 B €
°

) ’ For example, a scheduler could be required at the beginning

3 to'develop a master schedule and the project manager would -
o J -

o e be responsible for updating it. It requires a knowledgeable
4

°
x

and versatile project manager to assume all these functionms.

‘

o The” project manager would have to keep functional managers

informed on all aspects that required immediate action.

2.4.4.2 Order of Magnitude Estimates

-
+

The 'Order of magnitude estimates included in the agreemeht’

.

between the municipalities and the Quebec government were

o 4 far from being realistic. Several projects from phase I of

e S S ¥ bt e b AR
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the wastewater treatment program showed budget -variances

of more than fO‘Z.
A s

a

All the agreements between SQAE and the municipalities were
signed for these amounts. No estimates were prepared by SQAE

. . . . T ..
prior to the contract signature with the municipalities.

"When SQAE preliminary estimates were prepared, major discrep-

ancies appeared.“ MENVIQ, placed in an embarrassing position,
started cutting in the quality of wastewater greatment by
lowering the treatment level or eliminating phases in the~
treatment process, or reducing estim;tes of population and/or
industrial growth. ‘Sofne projects were stopped completely in
order to reevaluate their scope. It caused major delays on

projects and major conflicts between SQAE and the environ- ®

mental department.

It is the author's opinion that SQAE should concentrate on
producing more realistic estimates prior to the preliminary

.

design phase. It would save time and money if it was known
prior to the start of the preliminary studies that the b;dget
was inadequate for the scope 5% work defined by MENVIQ.

\
It should also be mentioned that the first several govern-
mental agreements did not include a provisioﬁ for escalation.

Some municipalities thought that the amounts mentioned in the

agreement were the total cost of the project. MENVIQ decided

. 2ot R S eREAn

.
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2.4.4.3

‘to include a provision for escalation after SQAE had been in _

1

operation for one year.

Project Financing : . «

The original fihancial plan included bridge financing for the
duragfon of the project or a phase of the project, with long-
term financing to be taken 6 months after.the provfggonal
acceptance for each phage. This was mentioned by*mafk;ting
as one of the benefits that the municipalities could get by '
signing with’SQAE, since they did not have to raise loans for

several months for the project.

‘The cost of this bridge financing could be capitalized up to
a maximum of 5 7 of the construction cost., Belause of high
interest, the amounts considerably exceeded those that MENVIQ

-

had allocated in the budget.

SQAE revised their financial plan one year after it started

its operation in order to stay within the 5 7 limit. They
did this by seeking long-term financing in stages (every 3
months) for different phases of the project. The municipal-
ity and the government would start reimbursing the loan to
SQAE 6 months 1;ter proportionally to their financial contri-

bution to the project.
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Quebec Environmental Department (MENVIQ)

Continuous conflicts existed between SQAE and MENVIQ on
.several aspects of management. Major conflicts oceurred on
projects that were already underway and were transferred to
SQAE.‘

MENVIQ project engineer; were deeply involved in the manage-
ment of these projects prior to SQAE involvements, conducting
design coordination meetings, assistance to field meetings,
cost estimating, change order ébprovals, etc. When SQAE took:
over these projécts, their involyement in project_management
had to be reduced; that is when moSt of the conflicts started.
f

Major conflicts occurred during the Preliminary studies.
MENVIQ wantez to have the final word for the technical aspects
of the project.l SQAE wanted to be involved in order to*
defend client's preoccup§tion with consFruction and operating

costs.

t 1
Al

During the construction phase, MENVIQ got involved in the
construction methods used by the contractors on the site for
environmental protection and quality assurance. SQAE's
résponse was ‘that they were responsible for these aspects of

the project.
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2.4.6

All these conflicts affected the projects; quite often, the
’
consultants or the municipalities were caught between the

1 ‘
Quebec -Environmental Department and SQAE. After one year of
14

conflicts and discussions between the two organizations, a

document was pre.pared and signed by both parties; this docu~

’

ment, called the marriage contract, defined the responsibili-

ties and authority of both organizations and the management
procedures to be used in the engineering and construction

phases. A

.o

Personnel Constraints

/Finding suitable project managers and specialists in project
planning and cost control proved to be a major problem in the

implementation of the project management organization.

When SQAF was being established, there was a shortage of
projéct management personnel on the market; several attempts
were made by advertising in the newspapers but the results

were disappointing.

The worst sectors were planning and scheduling, and cost
control. Out of five cost controllers ﬁhat were hired, only
one had some experience with automated cost control, work
breakdown structure and code of account structure. Most of
‘the schedulers and cost controllers had no experience in

wastewater treatment plant and sewer construction,
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Selection of project managers was also difficalt; there were
very few candidates who had some experience with a project

\
maKagement organization, with multi-project and multidisci-

plinary environments for municipal and wastewater treatment

projects.

Project Manager's Limited Authority

A

A
Top management at SQAE wanted to limit the Authority of the

project managers. They were not willing to give up some of

their decision-making prerogativei\for the following reasons:

1) The authority for commitment of money is limited in a

governmental agency;

2) The difficulty of finding good project managers with
strong communication motivation and team-building skills
and who were oriented to multidisciplinary projects, who
were innovative, possessed integrative skills and a high

tolerance for rapid change and frustration; and

3): The need for functional management to be involved in the
decision~-making process in the early stage of implementa-

tion of project management.

’
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In general, the project manager's authority is a direct
i /
function of the level at which he reports in the organization.

To be effective, the project manager must be at least on an
equal level with the highest level of functional management

(3)

with which he must deal.

Going back to figure 2.3.2, it can be seén that the project

managers report to the director of project management who is

at the same level as the other functional directors. It was

PO

o

i e st s bl e o

previously mentioned that the director of project management

is at a higher level than the other directors but, as shown

on the organizational structure, they’;re not reporting to

him. It is now obvious that the project manager is ndt on ‘

éqhal basis with the functional directors. It might be

necessary, in the near future, to revise the structure by

creating a Vice-President level for the project management !

group to give more power to the project managers. : ’ :

- 1
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PIROJECT CONTROL PHILOSOPHY

Project control philosophy ‘relates to the project control

principles to be applied by the firm.

All these principles were not actually defined and laid down

on paper by project management personnel. A few meetings
. * . .
took place between the president and the directors to discuss

the philosophy to be followed.

Principle no.l: MENVIQ responsibility

\

MENVIQ must be provided with the necessary information to
. ~.

report to the environmentaliminister on the status of the

projects as far as quality, cost and time.

_The major governmental contribution to the projects requires

control inherent with the management of public funds.
MENVIQ reports to the minister regarding the use of public
funds as per MENVIQ's mandates and the minister in turn -

reports to the government.

The municipalities must provide MENVIQ with the necessary

information, as stated in the governmental agreement; if

SQAE 1is involved in the project, they have to provide the

information for the municipality.
.

-
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It must be fully understood that MENVIQ has the ultimate

responsibility for the wastewater treatment program.

*

MENVIQ ‘requested the municipalities (or SQAE) to prepare

project progress reports on a quarterly basis; the content

4
of these reports, defined by MENVIQ, is explained in the
. ) ¢

1

© mext chapter. These reports represent an additional burden

for SQAE;I the cost control system must be designed to

facilitate their preparation.

¥

Principle no.2: Centralized Responsibility at SQAE

Planning and control functions for each project are to be
provided through a consistent and comstant point of leader-
. . (4)

ship, namely the project manager.

Responsibility for the following key items will be central-

ized in one individual:

1) Budgeting and cost control
2) Time schedules

3) Resource allocation

4) Technical qu§1ity

-

5) Public relations with the municipalities, MENVIQ, etc.

52
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In the project management organization, the project manager
is responsible for project control. The Control and Procure—
ment department must provide the control data to the project

manager in order to manage within the budgeted cost and the
- i time schedules.

This mean that the project managers must be deeply involved

in the definition of needs for the cost control system.

\

1
2.5.3 Principle no.3: Adequate Delegation of Authority

v
)

.- The project manager is to be provided with the authority
necessary to get the job done on time, within budget, and

to the satisfaction of the client.

The project manager has the overriding responsibility for
evaluating every key project decision to determine how it
interfaces with the other project tasks and with the time
schedule and budget. The project manager therefore must get
involved and influence every project action, and as a last
resort, always have appeal rights or veto power for the good

(5)

of the project.

As previously mentioned in the major constraints and problems
section, top management at SQAE wanted to limit the autrority'

of the project managers.' The veto power that the project

T
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PO %
funds, means that ‘the person requesting a job involving a

54

“
L]
.
B

!
I

manager should have is somewhat limited for key decisions; !

also MENVIQ has the ultimate responsibility and authorit:y~ on *
.

1

the projects as seen in principle no.l.
- 1)
c

e Kbyt Abinaret s st b

The impact of this principle on the system is the involvement

of the project manager in all cost control activities.

. , 3

Principle no.4: Dual Control Mechanism

Two separate entities must be involved in any decision-making
process related to the following financial transactions on a
project: ) : ;
1) Budgetary transactions

2) Commitment transactions

'
-
S e ST % petoe A

3) Contract awards
4) Approval of invoices ’
5) Progress payments

, , {
The dual control mechanism, the basis for cc;ntrolling public . !

-

commitment of money, is not the same who authorizes the

payment. This process is designed to reduce the possibility

D

of collusion or fraud.
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The dual control mechanism must be integrated in the cost
* control system; a second entity must be involved in cost
control activities related to financial transactions. Most

of the time, a representative of the Control and Procurement

department is the second individual who participates in any

¢

transaction involving the project manager. The prfject

O e N bl Ao

manager's interpretation could be that this department is
there for controlling them rather than for supporting them ’
or for guiding them on the projects to stay within budget

and meet the schedule. .

x

k1

2.5.5 Principle'no.5: Work Breakdown Structure (WBS)

°

The total project must be broken down into sufficiently small

subdivisions to permit accurate cost estimates and adequate

»

visibility and control over cost and time limits.

This principle requires the application of the WBS technique.

£ g AT o

¢The WBS is a family tree subdivision of a project, beginning
. N ’
with the end objective and then subdividing these objectﬁives
. t
into successively smaller work packages. The WBS establishes

Rl

the framework for: . v

[ TR

° w

. defining the work to be accomplished; '

i
. construction of a network plan; ) '

S e« 2 A
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| N

. summarizing the cost and schedule status of a project for

progressivaefly higher levels of management.»
&y

(6)

} .

Ve
h

The WBS is a,/\rery important cost/schedule control tool; the

level of detail should be in accordance with the level of

control required, as explained 'in section 3.4.

Aféer the
bottom of

this code

Principle

Y

WBS is established, the coding is done from top to
the structure. The first level starts by a code,

11

is contained in each succeeding level and so on.

Ho.6: Engineering, Procurement and Construction

The total

Packag ing

:

project is'to be broken down into engineg{ing,

procurement and construction packages, and to be controlled

accordingly.

Depending

on the size of the project, SQAE must break down

the engineering work for main sewers in different packages

to favor local engineering firms. SQAE should use the same

approach for construction contracts.

S

56

For the wastewater treatment plant, the apprgach is differept.

One firm is selected to perform the engineering work for the

total plant., For the construction contracts, the plant must

B o A A

i
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be broken down by physical areas(systems) and/or by trades

to favor 1local contractors. .

The cost coﬁtrol system should allow regrouping of all the

elements of the WBS that form a package, as explained in

%
section 3.4,

2.5.7 Principle no.7: Consultant Manhours Control -

4

'

A manhour budget .is to be set for each design pacl{age aﬁd

included in the contract as an upset limit. . The process of

a

control of additions, deductions, and changes is to be |,

s established at the outset..

-~

v
3

A panhour control.mechanism had to be implemented since the

¢ 2

. governmental agreement stated that the engineering firms
. should be paid on an hourly basis for all pl:léses of the ~
project. ' N

Manhour estimates are prepared by the consultants -from a

.

list of activities established by the Engineering department

for each phase of the project. These estimatJes form part of

~

the proposal documents,

b

The consultagt must sign a contract with an upset limit and

57

record the manhours spent by his personnel for each act ivity.
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Engineering performance is measured in terms of physical

i

percentage complete of drawings, specifications, reports, or

. tasks related to eech activity, and the manhours,expended to

obtain that percentage. Actual percentage complete, asso-

ciated manhours, and schedule dates are compared with the

3

plan and budget for each phase . The composite effect of

‘these is used-as -a basis for forecasting future performance.

-~

The system must provide cost data retrieval, in manhours and

3

in dollars, for the engineering work. It must also provide
! !

control of chﬁhge orders for design work.
. J
. ,

Principle no.8: Construction Cogtract to Lowest Bidder

- >
. -

The construction contract is to be awarded to the lowest

s

qualified bidder.

The governmental decree forces éQAQ to go out for public
tenders and to.awgfdﬁyhe contract to the "lowest qualified’
bidder. Negotiation with the lowest bidder to try to reduce
prices in order‘tofgta; within the budget ‘was practically
impossible under gbis‘proceés.
The SQAE approach is to review the bididocuments with MENVIQ
and ;Pe consultants to maﬁﬁ‘acope chahges, iff possible, and
W, N

then return for public tenders.

. £

e
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Another approach is to assume some of tﬁe risks normally
assumed by the contractor. For example, SQAE could assume
some of the contractor's risk of flooding when building main
sewers along a river. This in fact was done ‘in one case by
setting the level of the coffer-dam and a number of «flooding
events» that should be assumed by the contractor;‘ghy addi-

tional events were to be assumed by SQAE on a unit price

basis.

Principle no.9: Project Priorities
1

£

Project priorities are to be given to quality and cost

control over scheddling.

¢ -
‘

From,the first day, it was obvious that scheduling was not
the critical issue for MENVIQ and the municipalities. As of

March 31, 1982, more than 507 of the projects were not

expected to be completed within the key dates. set by MENVIQ

“in the governmental agreement.

Most of the delays were in the design phase. As prqyiously
mentioned, MENVIQ requegted changes to the preliminaty
studies in order to stay within tﬁe budgéi, even though it
was unrealistic, The quality objectives and poor estimates
caused many setbacks and recyclings, thus delaying the
project by several months, increasing cost engineering fees

e

o

&
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v

and escalation charges. The ability to pay did not match the

quality objectives set by MENVIQ.
C N

Another aspect that was not considered in delaying the projects

was the return on investment. On some projects, there were
main sewers burried in the ground and ready to be used.
Because of major delays in constructing the wastewater treat-

ment plant, they went unused.

Cost control is a sensitive issue for the municipalities

because of the impact on the taxation rate. On some projects,
the schedules are prepared or revised taking into account the
impact on the taxation rate each year; major increases in the.
taxation rate is not viewed favorably prior to an electton in

the municipality.

The author is not supportive of this philosophy. If one can
control the schedule, then equally they can control the cost,

A"

as long as the time schedule and budget are realistic and

)

the scope of work is fixed,

. J
Cost control priorities are to be given to estimating and
value engineering over forecasting.

&

The basic requirement for an effective cost control system is
'

to have accurate cost bdsq&ines from estimating. If the

x
baselines are not valid, there is no cost control.
!

- |
| | |
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Total project costforecasting was difficult with variable‘
scope of work. SQAE was faced with a «moving target)
situation. SQAE did not know what MENVIQ wanted to build.
The estimate to complete, for the poélion of the project not
yet approved by MENVIQ, would vary s%g;ificantly depending
on MENVIQ's decisions. Because of this situation, it was
decided not to do any forecasting pgior to the approval of
the preliminary studies by MENVIQ.

{ .
Again, the author does pot support this philosophy. Fore—
casting is a prime function of cost control and should be

done at all phases of the project. The objective in preparing
the estimate to’éomplete on a régular basis is to be able to
forecast any variance from the budget and initiate corrective
action. By challenging MENVIQ's estimates early in the
design phase, SQAE would force MENVIQ to reexamine the scope

of the project and reduce it, if possible, in order to stay

within budget and schedule.

Principle no.10: Project Budgeting

Preliminary studies for all engineering packages related to

4

sewerage and treatment are to be completed prior to any final

—

design.

o e n
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The intention is to get the project scope and budget approved
by MENVIQ and make the necessary .changes prior to the final

design.

£

1
e
This principle would improve the accuracy of the estimate .to
\ .

complete, since a definitive scope and budget would be

1

approved. The impact on the time schedule should be examined.

" 2,5.11 Principle no.1ll: Project Reporting

. N

]

Ty
2.5.!1 External
=, .

)
}

each municipélity by each department coordinator undef the

direction of the project manager.

\

These reports include the following sections: -’

v

1) Summary

‘This section must be prepared by the project ménager and

treat projéct status (summary) and potential problems.

* 2) Control and Procurement

+

This section must be prepared by the control and procure-
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ment coordinator and include progress reports on schedul-

ing, cost control and procurement.
Engineering
This section must be prepared by the engineering coordina-

tor and treat project ‘status for engineering work,and

technical problems.

4) Marketing

5)

This section must be prepared by the marketing coordinator
and contain reports on land acquisition,

e

Financing

This section must bBe prepared by the finance. and adminis~
tration coordinator and include details on all the short-
term and long-term loans raised and/or required by the

pgbject.

2.5.11.2 1Internal -

0

Monthly reports are to be prepared by the project management

director and the functional directors highlighting the

problems related to the projects and the administration.

‘o
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These reports contain the following sections:

1) Project management

.

2) ‘Control and procurement

3) Engineeripg'

4) Finance and administration
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ii) A multidisciplinary pr®ject management organization;

66

CHAPTER 3

COST CONTROL NEEDS

BASIC NEEDS ) .

v

The need for cost control has been established in the previous
chapter. The cost control system must be' able to cope with the

environment already described:

i) A multi-project environment, mostly small and repetitive

type project, located across the provincei

iii) The existence of major and complex external interfaces with

governmental departments, municipalities, consultants,
contractors;
iv) The procedures associated with the management of public
«

funds; and__ ' .

v) Ecological and political influences that could have major

-

impacts on the viability of projects.

The basic‘needs of most project management organizations for a

cost control system are:

4 | /
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3.1.1 Early warning system

The system should be able to forecast any deviation from esta-
blished budgets when they appeaftand pinpoiﬁt sources of vari-
ance in order to be able to take corrective measures before
commitments are made.

"Effective and timely communication system is a key factor to
fulfill this basic need. Regardless of other means of cummu-
nication for forecasting input data, the most effective and
reliable Means available to the cost controller is by personal

———————=————  ——contact .with all other project functions. This means almost

daily contact with project management, design engineering, pro-

curement and construction personnel.

Other sources of input data are the project correspondence;
the cost controller must review the project correspondence

file daily and make sure that he is placed on distribution of

all correspondence that pertains to cost information.

Another significant requirement for an effective system is
project meetings to review all trends initiating during the
previous weeks for content and validity prior to incorporation
into the cost report. It is essential that responsible per-
sonnel from all project functions be present at these meetings

and also discuss in turn any potential trends that they may b

aware and what effect they could have on the project.
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3;1.2

3.1.3

Short-response system

The information should be provided rapidly and periodically
by Ehe cost controller.  If this basic need is not fulfilled,

management will loose confidence in the system.

The key factor here is discipline in the project management

organization. It is mo;t important to determine cut-off dates
for progress reports and to make sure that they are met. The
cost controller 'should issue early-warniug repo;ts for major

variances prior to the monthly report.

The computer system should be a short-response system. Lack
of discipline and poor quality of the input data are respon-
sible most of the time for delays. in the processing of data.
Checking input data.is vital prioF to any processing. An’
interactive system should be examined to reduce the number of
intermediaries in batch processing aﬂd to provide immediate

response in case of input errors.

Accuracy

Major decisions are taken based on information provided by
the system. All cost data input/output should be investigated
and corrections made prior to the transmittal of any report.

If this is not done, management will loose confidence in the

o

system. §

i m e et ey
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3.1.4

3.1.5

The accuracy of the cost data varies with the level of
scope definition; the accuracy of cost estimating and fore-

casting will improve once the preliminary studies have been

completed. t . -t

Manual checking of computer reports will be required to make

sure- that all the data are included and coded .accordingly.
Simplicity

The cost control system should be simple and adequate to

assure compliancg with the level of control required.
»

Simplicity shows itself in the level of detail of the control

budget, in the reporting format, in the number of procedures
and their complexity and in the degree of sophistication of
the computer system. They should all be developed according
tp‘thé’1ever‘of“controlmrequired and -the complexity of the

projects. The level of control is defined from the typical

¥

'WBS and related coding structure.

Flexibility

A certain degree of flexibility is required because of the

range of projects from small to middle size. >

“
*, iy
P
aF

Flexibility takés the following forms in the cost control

system:

e
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. ‘ . o
i) Use a detailed WBS for middle size projects and a less |

comprehensive WBS for small projects;
§ .

ii) Engineering manhour control should be at a more detailed
. -~
. level for middle size contracts than for small contracts

(less than 100 000 $); the basic unit for controlling

manhour for 'small contracts should be at the engineering

détivity level instead of being at the drawings and .
s

specifications level.

This will be discussed in section 3.4;

PreLa s %

1

" 1ii) Invoice checking procédures should be more rigorous
for large contracts than for small contracts; )
iv) Cost reports should be available in different formats
4
“for large projects and summary reports with cumulative
ddta should be prepared for small projects.

o

3.1.6 Economical

g

The cost control system should be designed to suit most pro-

Bt

ject requirements at a reasonable cost. Reporting super-
. . » « . .
fluous information or using overly sophisticated computer. R

hardware should be avoided.
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© 3.2

3.2.1

3.2:2

ENVIRONMENTAL DEPARTMENT NEEDS

Capital Investment Plan

-
The envitonmental department has the ultimate responsibility for

H

the wastewater treatment program.
o !

Every year, in January, they submit to Tfeasury Board the capital

.fhvéstmen; plan for the year for approvﬁl. . .

|

This plan includes for each municipality: ’ ) C

- M ' 2

a) The scope of the wol¥;'

R}

b) The total cost of the project;

-~ a
P

c) Fhe impact of the proj;ct on the municipality's long term
liabilities andqtaxation ra;e; .

d) The overall schedule of the project;

e) The capital investment for the year.

~

Capital Investment Plan

Progress,Réports v

s 5

The department prépares on a quarterly basis a 'progress report

on the capital investment plan for every project. This report -
is submitted to Treasuty Board and includes:

a) The list of municipalities included in the plgq} , .

b) The list of agreements signed;

S

o

gt B AT s
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, \
¢) Thie capital investments for the year;

7 .
d) A cash flow projection on an annual basis ¥y sub-projects
; .

(Epic studies, restoration, sewerage, treatment);

e) The amount of money spent for each sub-project;
5 .

if) The status of governmental debt and annual commitments.

/

i . Al -
. » * \ 3 3
This information allows for a comparison, on an annual basis, of

the actual total governmental financial vn;dmitments with the

- authorised total budget, the individual project budget and

-

-~

forecast and provides,a basis for explaining major variances.

.

M 4

These reports are prepared for the following dates of each year

June 30, September 30, December 31 and March 31. The first

report was prepared for December 31, 1981.

Project Progress Quartérly Reports

In order to prepare the Capital Investment Plan Progress Report,

the MENVIQ project coordinators are requested to prepare project .
progress reports on'a quarterly basis. . These reports include

for each sub-project (restoration, ‘sewerage, treafment) the

following information: s ' .

”
i »

a). A schedule showing the original completion dates and the fore-
- > . A

.

casted dates for each phase: preliminary studigs, draw?.ngs

¢

and specifications, construction. 4 .

. R L *

LRt
vl
i
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2 b) The original and the forecasted costs for each phase.
c) The original and the forecasted.cash flow on a quarterly basis
¢ for the present fiscal year and on a yearly basis for the

following years for each phase. ‘

d) The incurred cost for each phase. *

e) The progress of each-phase in percentage.

This information is to be provided by construction packages.
»
The cost data are in constant dolfars (the present fiscal year)

and escalation is_calculated on a yearly basis for the remaining

t portion of the project. Figure 3.2.1 shows the format used.
r
For the Epic studies, the forn;at is different "(see figure 3.2.2)
) but ‘the information required 'is the same; the phases are num-
bered for the Epic studies. These ::eports are prepared on a
, monthly basis. ) “ |
o -

The frequency of these reporté was set’ by MEN)IIQ. SQKE'waé ’
A requested by MENVIQ to prepare' these documents for ‘the munici-
. . ) . ' T L
Y . palities who hired them. " The fo&owing problems .were encountered
. Y ] ‘
in their implementation. !
) . N 7 .
) - 1) The, original data either Were not available or were not
- broken down the way the rep&rt was get up.. ' -

? . «
<« . L . #
. \ . .

{ o Ce . 2) Budget cost items, such as enginee'ring fees were not broken A

doWm by construction packages but rather by [;hases (prelimi~ .
. a \ h

nary sfudies,wdtawingn,und' spdcifications and field ouﬁervi:‘sion)

§
; N 1
- v \
. - . - ' \
) . LI v . - )
) » : : .
I 4 . ' , . H . LI .

4 . . [
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or were given simply as global amounts. This item will be

discussed later on in the work breakdown structure.

3) SQAE budgets already developed in current dollars had to be
de-escalated to the present fiscal year to obtain constant

dollars figures; the constant dollar base kept shifting from
*
one fiscal year to another. The author's view is that the

format of these reports should be changed so as to be useful

for both organizations including use as a control tool.

v
L

4) Forecasting on the portion of the project for which prelimi-

MR ¥

nary studies were not’ approved by MENVIQ, created major con-

flicts with MENVIQ; SQAE forecasts were rejected by MENVIQ.

5) In order for SQAE's financial plan to be reliable would require

forecasting final project cost in current or future dollars.

»

!

Preliminary Estimates

During,the preliminary s;tudies for sewerage and treatment, the
consultants have to prepare preliminary estimates of all the pro-~
posed alternatives and include in the final report a detailed
estimate of the selected alternative.

If this report is approved by MENVIQ but the estimate exceeds
the escalated order of magnitude estimate set in the governmental
agreement by more than 20%, negotiations must be carried out with
th,é mu\nic'ipality involved.

R
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MENVIQ is responsible to negotiate with the municipality a revi-
sion to the governmental agreement. If it is accepted by both
partiés and by the Treasury Board, §QAE can then revise their:

agreement with the municipality.

The author suggests that upon the start of preliminary studies,
the consultant evaluates the level of treatment possible with the

available budget rather than follow the process just described.

Tender Estimates '

L]

¢

From the p{eliminary estimate approved by MENVIQ with the preli-
minary studies, a definitive or control estimate is prepared

“‘
during the final design phase for the portion of the project

being approved.

When the drawings and specifications are submitted to MENVIQ for
approval, a tender check estimate is also submitted by the con-
sultant. 1If approved, SQAE then goes out for tenders and when
the tenders are in,MﬁNVIQ requests a copy of the bid compgrison
table.

r

When the contractor is selected, MENVIQ is informed of the

amount of the contract.

Chénge orders

MENVIQ must be informed of any overrum to the contract amount

of more than 5%. SQAE cannot proceed before MENVIQ's approval.

CLIENTS NEEDS (MUNICIPALITIES)

Most qf the cost control Beeds were set'by MENVIQ because of

+

A
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their major contribution to the project. The municipalities

¢

are quite preoccuped with cost control, but most of the basic

needs expressed by MENVIQ satiéfy them. The municipalities

requested the following specific needs: -

Forecasting Annual Reimbursement

Long Term Liabilities ,

The municipalities, when preparing their annual budget in

.September-0October of each year, need a forecast 1in current

dollars of the disbursements for the project for the following

.

year-.

Joint Municipal Construction Work -

On most projects, the municipality requested the installation or

restoration of municipal services jointly with main sewer cons-

&

truction.

The municipality made some savings, for the sefvices that were in
the samé trencﬁ‘as the main sewer since the work was done by the
same contractor. MENVIQ agreed for joint comstruction work, but
the governmental grants did not cover these services; separate

prices were obtained from the bidders.

Again to make some savings, the municipality hired the same

consultant for the design and field supef&ision. The municipal

PR
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TN

services were shown, most of the time, on the same drawings as
the main sewers and the consultantﬂgave the theoretical baselines
to pr'ora.te the excavation and back fill, the granular material
and the asphalt for resurfacing. His fees could not be charged

to the SQAE project..

Controlling engineering fees and change orders that affected both

services is made difficult when joint construction work occurg.

Operating Costs <

Vﬁ } .
N

The municipalities are mostly preoccupied with the operating

IS

costs of wastewater treatment plants.

The total annual operating costs for a mechanical plant run from
8 000 § (or 80 $/person) for 10 000 Gal/day capacity,to 32 000 $
{or 34 $/person; for a 100 0(30 Gal/day capacity and 105 000 §
(or 11 $/person) for a 1 000 000 Gai/day capacit\y. For aerated
lagoon type plants, the operating costs are lower and even
minimal for lagoon type plants with no aeration. N

Life cycle costs have to be provided by the consultant with his

preliminary studies as requested by SQAE.

ORGANIZATION NEEDS (SQAE)

Most of the organization needs were expressed in the section

related to the projec-t control philosophy in the previous chapter

d #
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but . some will be reviewed here with emphasis on cost control.

]

Dual Control Mechanism (principle no 4)

Two separate entities mast be involved in any decision-making
process related to the following finan¢ial transactions, on a

project:

1) Budgetary transactions;
2) Commitment transactions;
3) Cogtract avards;

4) Approval of invoices;
5) Progress payments.

For the budgetary transéctions, the cost controller cannot ““load”
the preliminary budget into the system p;:ior tc; appﬂoval\by the
control and procurement dirécto‘r. ‘As for the definative budget,
it has to be approved by the president. The project manager's

E

role, in these transactions is to check the estimate making sure
N ]

that the most recent information is included and that all the

cost items are included in the estimate. ‘He then approves the

estimate and submits it to the appropriate level of authority.

For the commitment transactions and changes to previous auto~

rized commitments , the project manager cannot commit any wmoney

s S m

fi«
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for consultant's or contractor's contracts, purchasing or rental

of equipment, land purchasing without the authorization of the.

> v

control and procurement department.

\

b

For the approval of invoices and progress payments , the project
manager will approve the expenditure, the control depaptment will

authorize the payment and the finance persomnel will proceed with

the payment.

=

Work Breakdown Structure (WBS) (principle no 5) ”

The total project must be broken down into sufficiently small

i

subdivisions to permit accurate cost estimates and adequate visi-

bility and control over cost and time limits.

The first level of the WBS is the project level. The major

-

subdivisions of a typical project are:
1- Epic studies;

’ . 7

2~ Restoration of sewers;
3~ Sewerage;

4= Treatment.

{
A

. N
!
These major subdivisions are called subprojects and represent

the second level of the WBS as shown on figure 3.4.1. In the

governmental agreement, key ‘dates and budget estimates are
usually given for each sub-project. These estimates are obtained

from the project brief prepared by MENVIQ. The project is

At
i

i
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defined in sufficient detail to ’vallow preparation of the order of
magnitude estimate. In order to generate this estimate, the
project is broken dowm up to level 4 of the WBS; the sections
of sewer are known as well as the number of pumping stations

and their capacity.

The third level is the area or group of systems level.

Separate estimates are required for the sewer and pumping

systems.

For the fourth level, the building or system level, separate

estimates for each section of main sewers or each pumping station

are required. This is the order of magnitude estimate level,

On the fifth level, the sub-system level, separate estimates are

required: estimates for each pumping station for civil (bldg),
mechanical, electrical and instrumentation work. For a large
pumping station, the process services would be separate from

the building services.

On the sixth level, the element level or account number level,
-

separate estimates are required for each construction discipline,

earthwork and concrete. The project must be broken down up to
this level in order to generate the preliminary estimate.
Detailed estimates are required by type of work (excavation

earth, excavation rock, fill and back £ill).

ey

ey

s v b bt s

JRTERR W,

.
T e e b d

P

P




83

Injorder to permit adequate visibility and control over cost,

the SQAE control level must be set at the sixth level (type of

work level). The project must be broken down to this level in

order to generate the definitive estimate.

The sixth level includes\the capital elements related to cons-—
truction as shown on Figure 3.4.1 and service elementsﬁ such as
1;1'anagemen(t', engineering, laboratories, It would be more
logical to have the "Epic studies” at the service element level
and create a major subdivision called “general” sin?e it involves
engineering services only. The author believes.it should not be
changed because the "Epic studies” constituate a project (or
sub-project) by itself since SQAE can be responsible for the
“Epic studies™ only fqor a municipality. Another reason not to
change is the fact that the accounfing system is already imple-
mented with these codes and it woulci represent a major task to
revise them on all ongoing projects.
The coding must be done on the WBS using an numeric coding system.
Figure 3.4.2 shows the coding system to be used at SQAE. The last two
characters of the capitai element will only be used for large \
projects.

( .
It should be mentioned that the initialIWBS and coding structure

used at SQAE were different; categ&ries were part of the sub-

v

division at level 3. Th&g categories are now at the element

level which is more logical since all the levels in, the sub-

o S
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division are related to the project wotk or the process (or system)
to be built. . The revised WBS and codingTsystem_was proposed but
not yet  implemented at SQAE. ) ’
. B - .
L . . IR
3.4.3 Engineering, Procurement, Constfuction.PhEkaging (principle no 6)
» " q .

'

N ’ }
< ] o \

The total ‘project is to be broken down into engineering, procQge- j

ment and construction packages, and are to be controlled accord-
~ . ’ S

ingly. : ol
The intention here is to be able to assign each element of the

WBS to a package. The system should then allow regrouping of

N 3

all the elements that form a package in order to compare :h}s‘

information with the information submitted by the consultants,-

the suppliers and the contractors for the pertinent package.

O

1

Figure 3.4.3 illustrates how construction packages are derived
*
from the WBS giVen in the previous example (figurg.B.dfi).

Three packages were formed: i

r o ‘
- / N .
. ) N o
Package C-1: Pumping station 3
- General
» » \ * '
- - Civil \

\

- Mechanical, electrical, instrumentation :

& /
Package C-2: Sewers 3 & 4 and pumping station 2

A}

- General

iy
&
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T osmRewe c e - -

- Civil ’ - )

i

- Mechanical,, electrical, instrumentation ¢

~— - -

Pacﬁage' C-3: Sewers 1 & 2 and pumping station 1
- General
- Civil ’

N

- Mechanical, electrical, instrumentation .
: A}

All fhe corresponding codes are assigned to each package;

for example, all the 313, 314 and 322 codes are assigned to

1

package C-2. This exercise would normally be done at the element

level, but for simplicity it was shown at the subdivision level.

N » \\‘ P
The breakdown of the elements included in the package will then
' f

be specified m the tqnder"'c,alls for bid analysis purposes'. Most
of the contracts for civil work at SQAE are unit priced, so the
pricing would be done at the; element level (type of work). If
lump sum prices were requested for some work packages, the
gelected contract)or should brea‘k down the lump sum prices up to
the element level priér to contract signature. The p;xrpose of

/‘{,

this exercise if for comparison with the estimated amounts

Jclaimed in the progress payments. In the previous example, in

figure 3.4.3, a lump sum price would be submitted for the

mechanical, electrical and instrumentation for the pumping
»

station 2 in package 2, The selected contractor would be re-

quested to break it down by trades up to the‘element' level,

r e s o

o o inn

R

*}




3.4.4

e
- The cost control system must offer the fLexibility to change the . ™
: - . ~
packages freely, without major changes in the coding of the . a
! &

-elements. Attached to each package number there will be a
string of element codes which relate to that package and if you
want to modify that string, it will be done.by reallocating .

element codes to other paékages.

~

Consultants Manhour Control (principle no 7)

A manhour bﬁdget is to be set for e’?ch des ¥gn package and included
in the con/iract as an upset limit. A mechanism for the control

of additi;ms, deductions, and changes is to be established.

\ v

It is required to set up separate manhour budgets for the follow—
ing.phases: preliminary studies, final design and field technical ,
supervision. 1In order to achieve better control and becausé it

- is very difficult for a consultant to evaluate his manhour requi-

I R P,

rements for the final design and field supervision before the
preliminary studies have been completed ard approved, the

consultant's contract will be awarded by phases.

i 2 W 2 v

A list of activities is prepared by the engineering department

et

for each phase of the project and manhours are estimated for each -
ST LS

activity by the consultant. The list of *the major engineering

e hedan

TR . . s .. , .
activities for the main sewer design is given in Table 3.4.1; this ]

v

list is incl‘\uded in the consultant's proposal. &' o! *T
i ] . , -
r ’ - o
The estimate is checked by the engineering department’and

PR

negotiated if required,by the project manager with the firm.
The baseline for negotiation is estimated by the engineering

department and established most of the time on a percentage basis

2 Sk ah i

of the construction cost from the order of magnitude estimates;

the manhour budget is converted to dollars using the average

14

hourly rate to be charged by the consultant.
.. .

B o , n |

b h i&; N h

The consultant must evaluate his physical progress in terms of

. <ren as el 5
T bt e o SRR SRR Lo S AR ~



1

b3

PHASE I =

-

1.30

1.40

1.50

1.60

PHASE 2
2.10
2.20

PHASE 3

3. 10
3.20

o

I V' °
/ ;
- ' . i
‘ ‘ " 90
Pl ' I ’ ‘
Y . . / :
. .~ TABLE 3.4.1 B | a
- . MAJOR ENGINEERING.ACTIVITIES oo g |
MAIN SEWER DESIGN - . i
o 1
1
Preliminary Studies :
/\ . - - .\' .
. ol . ! .
Coordination and management A . ‘ .

(includjing scheduling and estimating)
L - ) ) ‘ f p
Definition of waste water inflows and projections .

v

Report - Stage 1 ) ‘ n\r

. - i
Detailed studies of%alternativyes and
s

recommendations , ¢
o”‘ ‘

!
Report - Stage 2 ¢ y ’ ‘ oL

Preliminary design of the selected project.

solution

- .
Report - Final

.
v s P R T o &

Final Desigh

I ' L S

oordination .and management .o . '
Fncluding scheduling and estimating)

_Design calculation, drawings and specifications

Field Technical Supervision

&

Coordination and management

a

Field technical supetvision (including construct-~

'
b
{
®
]

ion guidance, preparation of “as built” drawings,

and manual for operation and maintenance)




physical pércentage complete dnd the manhour expended for each

. activity on a monthly basis; the phys1cal progress is checked by the

engineering department. During the fmagl/design phase, the physical.
progress must be evaluated using the drawings and specifications as-
. - . . , b .

-~  the basic unit.  Actual percentage compléte multiplied by a weight- )

5 ’ ing factor give the weighted percentage complete for each activity.

\ The beggeted manhours for the activities determine the ‘weightjing
g i ‘ factor. The weighted percentage complete for the phase is compared

with the scheduled percentage cgpplete -and the plan in order to

forecast future performance. The earned manhours, obtained by

multiplying the budgeted manhoufs by the actual percentage complete, °
) : 3
can be compared with the expended manhours to determiné the manhour
i . - ’

variance. C. . ’ r -
i . ,

P .
> ‘

It should be mentioned that, if a design package contains more than

one discipline, the consultant will be requested to set up a.

’

separate manhour budget for each qiscipline. On most of the ‘

contracts for preliminary studies, this will not be pequired since

. the involvement of the mechanical, electrical and instrumentation

. - . i

[
B T .

*

-
S et i or s =

-
\-

— — disciplines—i s~reiﬂt—i-ve%y*sma-l—k—c—omp’f;red—wirtieﬂthe, civil discipline

» . ' £ -
,.J . ‘ ) . o .

A .
N ° .

. . » Change order would be issued for additions, deductions and changes

.

anc* would increase or decrease the pre-set 'budget.
A ‘ '

3.4.5 Non-Construction Costs - Limits \fj

* *
N

: ! ¢
Limits or objectives were set by SQAE and MENVIQ on the following
non-construction costs: .

1) Engineering fees;



" Project Budéetjng T

N

i) Lgborato;y'fee's (soil investigation, quality control, -

.
v

water sampling); ' .o

- T . A .

iii) Legal fees, surveyors fees;. . ’
. - '

.

iv) Management: fees alreédy set at 3.57 of the construction -

. . -

’
A\ .

v) _ Commissioning; ({ :

vi) Bridge financin®

-

) - h
L] 4 . 4

\T}xe non-constructiqn costs plus the contingency allowance’ should

0}
.

Scal data and stagdard service fees on the market. This upset

limit was to be included im the new governmentdl agreements to

v o~

be signed in 1982.

Order of Magnitude Estimates

N W - R
5 4 . . L4
.

The order of magnitude estimates included in the governmental
L4 B

B

agreement should be checked by the control gepartment immediaﬁeiy

I}
. o

after the contract is signed" by the municipality. ;

. ¢ ’

v

MENVIQ should. provide SQAE wit”ﬁ' all the information used to

~

preparé the e'stim;'xte; any discrep;ncies found by SQAE should be

discussed with MENV;'Q. Its range of accuracy is +°20%.

-

costs. and non-cdnstruction c¢osts including bridge financing;

" not” exceed 30 % of the constructioh costs based on MENVIQ histor-
L} -

. ~
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3.4.6.2 Preliminary Estimate | -

“ MENVIQ to check their conformity with the prelimi.nary WBS and

.
[y

3.4.6.3 Definitive Estimate '

N

N
»

“be checked by the control departmé\nt prior to being sent to
- L .

-1 \

. v A ’

The preliminary estimate should be prepared by the consultants ‘and

submitted with the final preliminary studies report. They should !

’ +

. ) . . .
their validity. Its range of accuracy is + 15Z. -

{
. .

The definitive estimate should be prepared by the control and

° -

procuregnt departrﬁent once thd preliminary studies have been .

‘approved bs; MENVIQ.. ) . ) _ i

L]

It should be prepafed according to the final WBS and code of

account structure and before the final design has reached

N . .

o ¥

" 307, ' : ‘ ‘ . . i

o d

-

This definitive estimate is used as a “yardstick™ for cost cqntrol

i
PR PRt

during the final design. 1Its r;ng_e of accuracy is + 10Z.

P

< -
a -~

Value Engine erin% ‘.

] .

; v . ‘5‘

Estimates and cost .comparisons should be "~ made, by the con- .

sultants and checked by the control and proéurement department, !

throughout the preiifninal;y and final design to ensure selection

of the most economical alternatives. ) ' r

= o




‘.
'

, Life cycle cost comparisons should be made during

'

; "I nary study phase. . -
/ ' <3 / ) 3
. 1 ' N ) - a / - -
3.4.6.5 Spot Check Estimates K / . :

'Spbt check estimates: shpuld be prepéred by the
/

m%nt- department in the final design phase at 50%'to 75% progress

ntrol and procure-
1

. to keep the design'compatible with the deNf‘i_ni:t vePestimate and
! .
! for use in making monthly cost forecast. Its range of accuracy

. is + 5%.

'

.

y
)
i ¢

,’/ These spot,check estimates should be prepared on an exgeption

” . . - . » . . . xS
+ basis, for critical items only, for each constructjon package since

i ¢ ' [

, the packages are relatively small.

.

™ v
¢ “ ~

3.4.6.6 Tender Check Estimates ) o

v

A tender check estimaté should be prepared for each construction

’

-,

. " package to identify construction problems or contractor's risks

that could affect the pricing and for use as a guide in evaluating

€

‘contl?acton"s bids. Also, ‘it can be used for "negotiating”
. \*h\ -

»

- )

. adjustments with the selected contractor for the. breakdown of the

lump sum prices, if any, for progress payment purposes.
] .

It i§.part of the consultant's contract to prepare an estimate
with the final drawings for each package. Tender check estimates ,

could be requested from estimating firms with large construction

SO




3

3.4.6,7 Estimates of “Project Change™
# ‘ . , N

" experience for major tenders or for complex work. .
. . . , g

, =

7 \ ¥
Estimates of “project change™ should be prepared to revise and
Q

update the definitive estimate and to provide checks for contract

change orders to contractors. .

P9 ) -' s, . ; .

The consultants should be involved in the preparation of this
. .

estimate. The control and procurement department would check

* .

its conformity with the WBS and accuracy.
\

» -

‘. )
v

Every estimate, from the preliminary estimate to the project

change estimate, should relate to the WBS, but at different ’
levels deperid.ing upon the level of detail available. Most. con—
sulting firms involved in the wastewater treatment program are

small and are not familiar with a WBS and code of account

structure. The control and procurement department would have to

give the basic WBS coding to the consultant prior to the estima-

' - »

ting task, -

. .
The control department prepares the definitive estimate and the

spot check estimate. It is part of the consultant's contract to

K
2

prepare the preliminary estimate, the tender check estimate and
; " )
the project change estipate. The control department's role wit

these estimates is to check their conférmity‘with the WBS and the

quantities and prices used by the consultant. If necessary,

-

L]

v W e e 7 e
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-
3 1

SQAE will prepare’ the estimate (or hire an outside estimating
firm at peak.period) in order to make sure that the estimate

is reliable. <

On a project estimated at 1.25 million dollars, only a few

r .

thousand dollars can be allocated to the control department for

. » v

estimating. With an average of four construction contracts and
a duration of two years for such a project, the estimating manr

hours will have to be spent efficiently.
0 . .

, *
Verification of Invoices and Construction Progress Claims

LY

Consultant Invoices

. ‘ .

-
1

Consultant invoices ‘are to be checked according to the contract -

agreement. The following Iitems's_hould be checked:

L]
]

1) Time sheets;
ii) Hourly rates;
iii) Expenses;
iv) Coding; . :

. v)  Percentage of completion.
wit;h :nore than seven consulting contracts per project, incl’t.;ding
the Epic studies, the vdlume of paperwork‘ was exp'ecte'd to be
relatively high. More tha}l 125 invoices were in process on a

regular basis.

’

-

.

55 AR T e
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3 - ) " . 13 - ' ’
/ Some solutions were examined in order to reduce the work load:

]
f

1) Samgling: one out of four invoices would be checked. This

method was not implemented as of March 31, 1982.

‘2) Consultant involment: the\engineering consultants would be
respons:ible for checking invoices for the laboratories
(qtialit:y control and soil investigation), the surveyors, etc.
This solution wds not fully implemented.

EN

3) Reducing relevant papers: the time sheets and expense slips

would mnot be included with the invoices.  Spot checks would

- be made at the consultant's office. This method was imple-
X P .

.- mented recently, -

\

4) Standard formats: to accelerate the checking of invoices,

standard in\roicg formats would be developed. This method was

implemented recently.

3.&\.7.2 Construction Progress Claims .

.
H

Cgﬁstrhqzion progress claims are to be checked by the consultants

. {
' and the project manager (or field coordinatgr) on the job and

.. then by the cost controller.

" ‘=, First, the contractor will be requested to break down his bid

according to the WBS dnd coding structure submitted by the cost

D Mt K e 3
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3.4.8

3.4.8.1

38

.
.
&

controller. The breakdown must be approved by the cost controller

befo).;é the con;fact‘is si‘éned :ith the contractor and will form
par,t of the contrabtu;I documents. The gonsultant is reSponail;le
for ensuring that the progress claim’ corresponds to tile actual
progress on the gite and that the work has.been* performed in a'

satisfactory manner. = - %

-

The cost controller will hav‘e to check conformity with the con-
tract conditions for payment, the unit prices used, the act\;al
progress ‘against the scheduled progress, the change orders

claimed to mgke sure that only the change orders which haAv'e

been agreed upon ate incorporated i'n the proéress claim. vThe
engineering coordinator will be responsible for ensuring that

the quality.of the work perférmed by the contractor is acceptable,
The project manager will then approve the progress claim depending

on the comments received from the consultant, the cost controller

and the engineering coordinator.

Because of the amount of money involwed compared with the consult-

.

ant invoices, the cost controller must pay more attention to the
progress claims., It is required to go to the site, to discuss
any discrepancies with the consultant and the contractor.

A4
f

Project Reporting {(principle no 11) °
W

»

External

Project reports are to be prepared on a monthly basis for each

’

- . ——. v . - e - - e

o e i

b T em—RRE 2D m e
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)

. municipality by each department coordinator under the direction

* ~
of the project manager.

Because there were more than 40 reports to be issued on a monthly
basis, it was decided to abandon the calendar, basis and adopt

the four weeks basis; the 40 reports would be distributed over °

’

4 weeks, each project report being issued every 4 weeks.

-

The content of these reports was described in the previous chapter, dw ¢
.in the section related to the project control philosophy. g

Examined in this section is the content of the cost control -

progress report.

" A ¢ I

¢ « .

v

The cost control progress report must imclude the following

‘
d ®
2 .

information:

v e

7 ° - . v, ' '
i) .A status report on'the.overall financial aspect of the- !

a
. » -
- . A

- F e

project: ) N
e . Tae ‘ . ' . >t ' - " ' -~
-~ total forecast (including contingencies and
l ) . esqalatidn)f T , ' C ) '
- commitments to date; . o

1 Il ’
- expenditures to date; ' :
. ’ ~ \ -
- . - disbursements to date. T

- \

The status report will-also include the variance with the .

-

latest authorized budget in current dollars and which sub-

" ' - . i ‘ . !
project {Epic, restoration, sewerage, treatment) is mostly 4
-~
’ }

. a
2

N
3

PRGN
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responsible for the variance.

-

ii) A variance report for each sub-project with the reasons for
R .

the variances; and

-

iii) Cash flow projections for the next three months and cash flow
-y

curves' showing planned and actual cash flows.

£

Because of Qgﬁ\difficulties related to forecasting the portion
of the préjectgnot-yet approved by MENVIQ and because of the
major conflicts with MENVIQ resulting from the publication

of the budget discrepancies, top management of SQAE decided to

1
exclude total forecasting as well as the variance items from

'

the report. The author believes that the content of the report

should not change but the major variances should be examined

Vot

with MENVIQ prior to Seing‘reported. The format of this report

will be discussed in the next chapter.

Int:ernal,‘,‘j . ’ b

Monthly reports are to be prepared by the project
management director and the functional directors highlighting the
probleris related to the project} and the administration of their

@

respective department.

Q

- i

This fﬁpbrt is prepared for\the board of directors méeting held
every moiith. Each director redets the ‘major problems and the

key activities completed during the month, the project management

P e R a ]

e NP SR
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{ "

director reports on the major problems on the projepté.

N

3.4.9 Cash FlownRequirementS
Q

N

THe Financial Pepartment requests caé¥ flow reﬁuirements'(in;f’
e ‘current dollars) for projects in order to prepare thgir financial

plan for the next three years. The casﬁ\glow'requifements should

be revised on a quarterly basis.

MENVIQ quarterly report could be used to fulfill this prganization

‘need but projects' costs are reported in constant dollars and the

financial blan is required in future dollars. Thus the MENVIQ

'report.would have t; be esgalated. ' N

.

.

In March 1982, top management agreed ‘that a reliable financial
ﬁlan could q@t;be prepared for a period exceeding three months
because of the major budget ;ariances on sevgfal projects andvéke
decision not to do any forecasting, on the portion on the project

B

not approved by MENVIQ. v

3.4.10 Cost Accounting

[
~
4

The project cost control system and the accountifig and reporting -

R

s

system should be integrated.

'
'

-

After several unsuccessful searches for a system that would be

suitable for the financial and the control departments, it was

FEURERERS o

.
!
;
i
;
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¢ .

decided to go for separate accounting and project cost contrdl

systems. _
\ | N

The account structures would be compatible at the sub=-project

v

level only.

Ve

Cost Data Retrieval - ’ ‘

I
The cost control system should establish a project history for

post project analysisaand dates retrieval for subsequent projects.

4 -

... . . . ¥ .
This is important in order to improve the accuracy of estimates
'
for new projects. Historical data on similar wastewater -
treatment projects in Quebec are scarce. There are some in the |

United States with the Environmental Protection Agency (EPA)

but the building codes and weaﬁ?er conditiens are different.
' . v v
¢

‘.',‘1'_
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CHAPTER 4 ] v

PLANNING FOR COST CONTROL

:

A}

« THE IMPLEMENTATION PLAN

]

The first thing that must be done is to carefully plan the imple-

mentation process. The ;gplementatiqn plan does not delineate

N

how projects are to be carried out, only how cost control is to
\ . A

be implemented and how will the problems be identified and solved.

The implementation plan must answer such important questions as:

a

3

1- How will top management commitment be obtained?

.
2- How will managers and'broject personnel be “sold” on cost
control? ’
3- How will the policies and procedures related to cost control
be developed? '
4- What cost control sfstem.will be used?
5- What project will Qg selected for testing the system?
"6~ How will cost control interface with internal units.of
and external units to the project organization?

7- What transition process will be used to go from the initial

system to the system being defined?

v i e /

phase. The key actors are:

w

Rkt s DA S PITPRFIION et Sl
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Ll
AFr

- Top management;

Control and procurement department;
.
Finance and administration departtient; and
&

i

Project management department.

AY

The process to be carried during the implementation plan is:

-

1) Top,management defines objectives of the cost control system;
£ /
2) Control and procurement department and finance agd adminis-

~ -

tration department define systems and procedures to meet °
+

them; and

.

‘
]
. %3

3) .Project managers and other functional managers organize

their respective effort to implement the system.

_TOP' MANAGEMENT ACTIONS -

A j .

If cost control is to be successfully implemented, a number of
critical aétiong must be taken by .top management, functional

management and project management.

The most.important of the many actions that must be taken in

implementing cost control are those which must be taken by top

[

management. The most significant of these actions are:

1- Completely selling the cost control concept to the entire

L}

e

Wb s A s e hbs R e o oo
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organizationy & )

2~ Issuance of the broad outlines of policies and procedures;

~ . .
.

3- Issuance of a responsibility matrix to completely delineate

project vs functional authority and responsibilities;

’ - -~

4- Supplying adequate resources to the organization such as

finances, equfbment, personnel, computer support, etc; and o

°

-~

5- Giving ongoing support to the concept of cost control and
the project manager.

- L

4.2.1 Completely Selling the Cost Control Concept to the Entire

»

Organization

S

°

Top management commitment 'is vital to the implementation of an
effective cost control system. It might involve a considerable
period of education and learning, but a very important step is
to force top management to discuss cost control philosephy. ~ — ———
.For this purpose, ig is desirable to require the services of v
' a neutral party to "referee” top management sessions. A '
consulting firm with considerable experience and expertise in
project management services could act as a moderator for these .
sessions.

. °

® The next important action that top managément must take is

- | o

2
o ————— .

R i WO Tk Bea b+
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4.2.2

o
s 1

) Some_of the problems encountered during

°

. ) - 107
Y

communicating the implementation plan to the entire organization.

' v,

The project managers must not only be told about cost control,
but must be "sold” on the need for it. They must be convinced
that cost control is there to help them, and that it is not a
threat to their authority; they must understand t#at the role

of the control and procurement department is supporting them
}“
on the projects, not watching tiem. The functiomal directors

and managers involved directly or indirectly in cost’ control
must also be "sold” on the need For cost control.

Issuance of the Broad Outlines of the Policies and Procedures

+

' ,

l Top management involment is a vital prerequisite in the

development of polfgies and procedures because policies and
procedures will be controversial and will be opposed. It is \\(',

very important that the.chief executive defines the broad out-

lines of the policies and procedures during top management

sessions. ;
!

i ~ o,

\

the cost control system were caused by a lack of commitment and

the implementation of

involment from top management.:

-

Issuance of the Responsibility Matrix .

It is top management's responsibility to issue a responsibility

matrix delineating project vs functional authority and respon-

§

i,

e i e s i EHEL e it B 2
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8- Development of the output reports.

108

- ~

-

sibilities. This ‘matrix must provide to the project managers
and functional managers a full understanding.of their individual

responsibil&ties to communicate, coordinate and make interrelated
o

decisions with one another.

Supplying Adequate Resources and Support y T
réuuess of fhe\gystem depends on top management committing

sufficient resources in terms of money, personnel and their

continued advocacy of the system.
' b - . .

- ~
[y

CONTRdL AND PROCUREMENT DEPARTMENT ACTIONS

f

Important actions to be taken by the control and procuremeqt'

department arg:

1- Issuance of the implemertation plan;

2- Choice of éhe cost control system;

3- Development of the éolicies and procedures related to cost
. control;

4= Choice of the first project to test the system;

5- Definitipn of the cost control interfaces;

6- Creation of the cost data structure;

‘7- Gathering of historical cost data on similar projecis; and

¥

M
13
-
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Issuance of the Implementation Plan

s

The control and procuremeéent department.is responsible for the
issuance' of the implementation plan. The development of the
plan is not the sole responsibility of this department but it
is a joint effort in line with the management organization
structure, ea;h contributing to its respective levels; the -

directors provide orientation and lower levels provide the

details.

Choice of the Cost Control System

The choice of the cost control system is an important step of the

i

implementation plan. The control and procurement and the

fingnce and administration departments will have to define their

requirements. The intent is not to “re-invent the wheel”, but
\

to investigate the various systems and programs offered by

computer companies and project management consultants and

!

adapt a system to the requirements of both depsrtments. The

control and procurement department will have to examine if the
]

coding structure available with the system is suitable, if work
packaging is available, if it is possiblé to make modification
to the reporting formats, how the information will be kept .
cénfldentiql if the system is use& on a rental basis, how
reliable is the system by contacting other organizations

’

using it, and if {he system is easily accessible by an “on line”

eperation or “batch™ operation.

e g i
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Development éf the Policies and Procedures

‘ 1) ‘
Procedures are the most important of the tools which compri;e the
cost control system. The control and procurement department
must define the approach to be used to develop the procedures.
One approach is to set up a “task force” with personnel drawn
from the functional groups affected by these procedures,- and
working on a part—time basis on the procedures.  Apother
approach is to set up a parallel group to operagions, working on
a full-timé basis on Eyoceéures. In both cases, the control -
and procurement department must carefully monitor their work to
make sure that the outlines from top management are incluéed.
A congultant can also be employed to develop the organization
procedures. Constaﬁt scrutiny, from the control and procure-
ment department, is necessary to ‘avoid having the consultant
recommegﬁed proced;res that are not workable because of organi-

(8)

zational idiosyncrasies. o

Choice of the First Project

The decision as to which proifct will be the first should not

be taken lightly by the control and procurement department.
N :

There are two major alternatives that should be considered in

N~
the process of deciding how to implement cost control: 1) con-

vert all projects at the same time 2) conveft only & single-
project and use it as a trial of the concept. Converting all

the projects at one time is risky. The single project approach

A

I |

P

4
:
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i
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4.3.5

4.3.6

4.3.7

" with MENVIQ, the municipalities, the consultants, the contract-

or “show case” approach is better. The single project should

be the averagesfype project. . ‘ g

]

¢

'

Define the Cost Control Interfaces

-~ 0

v

The implementation plan to be issued by the control eand procure-
' . : :

ment department should provide clear guidance to all organiza-
tional units to minimize potential conflict. The critical

interfaces most likely to cause problems should be identified

e R i b A b e e e =N o bR e T T

and plans should then be developed for minimizing their impact
on the project. ' Cost control internal interfaces at SQAE are
with the project manager, the finance and administration depart- :

ment and the engineering department; external interfaces are

* [N

. , |

ors and the suppliers.

o bt e it o -

Creation of the Cost Data Structure

e et s ek

The cost control group is responsible to create the WBS and the
related cost data structure to be used for projgcts. Standard
code of accounts for engineering, procurement and construction

items must also be prepared.

Gathering Historical Cost Data -

[}

|
. - i
The estimating group must identify sources of cost data on {

Y

similar projects and gather historical cost data for estimating %
\ ' ° '§

purposes., i ;
5 . ,
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Development of the Output Reports

The: development of the output reports is the responsibility
of the cost control group. The project management department

will define -the output reports at different levels of the

3

project and organization.

-

FINANCE AND ADMINISTRATION DEPARTMENT ACTIONS

The actions that must be taken by this department are strongly

interrelated with the actions to be taken by the control and

) s \ ¢
procurement department;a1| ‘These actions are:
. .

.

[
|

.

Choice of the cost accounting system;

no
i

Development of policies and procedures related to cost
accounting and financing;

3~ Creation of the cost'acéounting data structure; and

4- Issuance of financial strategies.

.

Choice of the Cost Accounting System

‘ . S
The choice of the cost accounting system must be taken together
with the choice of the cost control system. The finance;and
administration department will have to define their requirements
at tbe project level and at the corporate level. ‘A siqgle
accounting and control system should be selected for efficient

»
.
’ !

* .

and cost saving opefdtion.
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Development of Policies and Procedures -

»

-
.

The finance and administration department-must identify, their

interfaces with the cost control procedures. The approach to be
5 .

3

used for the development of procedures should be the same as

~

for the cost 'control procedures becaise of the major inter-

.
.

relation between both procedures. -

n
1 . L")
N
» ¢
1

Creation of the Cost Accounting Data Structure ' ’

!
' l

' . ° - ¥
The financial group must identify at what level of the accounting

structure it will integrate with the WBS of a project.
3

Issuance of Pinancial Strategies

The financial group must define financial strategies for short-—
L3

term and long-term financing and for cash flow requirements.

s
. .

PROJECT MANAGEMENT DEPARTMENT ACTIONS

.
/ .

There are a number of specific actions that must be initiated

By project management, mostly related to the definition of meeds.
They are:

)
1~ Input for the "implementation plan;

-/
.

2~ Definition of needs for cost control policies and procedures;

'
.

and : )

ma
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4.5.1

4.5.2

s

: -

3- Definition of output reports. .
B » ) N . .

"\\\

Input for the Implementation Plan

] \ '

s ° S
The project management department plays a major role in the

N

'
»

development of the implement'atio’n plan. This department will be

involved 'in the definition of the objectives of the cost control
system, in the identification of interface problems and

- 3

solutions and in the implementation. .

.

Definition of Needs for' Cost Control, Policies and Procedures
& - . :

5

The project management group must define their needs for cost

.control to develop thefpolicies and-procedures that will be used
® Yo

.on the project by the project managers,.. .

s ¢ R

4.5.3 4 Definition of the Output Reports

b

4.6

- F]
.

The project management group must also define the format of .
. -
output reports and the frequency required by the project .

managers, and the municipalities.

~ ) o

ENGINEERING ACTIONS )

o,
This department is also involved in the implementatioh phase of a
Q A '

cost control system. They must take the following actions:

B
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4,6.1

4.6.3

d- Definition of engineering manhour budget baselines;

]

2- Issuance of engineering activity lists for manhour control;

-

3- Definition of the engineering performance measurement

baselines; and

4— Obtain complete support from their organiééﬁional personnel

f A

for the implementation of the/egSt control system.

i

.

Definition of Engineering Manhour Budget Baselines

1

The engineering group must define the engineering manhour budget
&
+

baselines that will be used on most projects for the following
{

phases: preliminary studies, final design and field technical .

supervision and for each discipline.

N
)

|
Issuance of Engineering Activity List

The engineering group must establish lists of engineering
activities for each of the phases mentioned above and for each

discipline that will be used on most projects to evaluate

consultant's proposals and for manhour control.

Lo ,

Definition of the Engineering Performance Measurement Baselines
]

Physical progress of the engineering activities must be checked

by the engineering group. ‘

[ % . . -

The engineering group will have to-define the baselines to

e -

© ' ’ .
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he2

O a4 T A B AN st 4 oy e,

evaluate the physical progress or percent complete for all the
engineering activities. ‘ e

Obtain Complete Surpport from Personnel i

-

The engineering direector must not only accept the concept of

P

cost control and his role, but 'he must obtain complete support

from his personnel.

%
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- CHAPTER 5 -

COST CONTROL SYSTEM DEFINITION

Q‘{‘\- ’

BASIC SYSTEM - R -

) ! .
The cost contro] system consists of, six components sub-systems

.

which are the basis for: (9)

v

The development and maintenance of a cost control base for the

project; .

The development and maintenance of a code of accounts for the
project;

!
An early warning system to detect major deviations from the

control base; .

-

An efficient data collection system to establish the actual

value of commitments, expenditures, performance and other costs

’

occuring during the development of the project;

Studjies and recommandations for possible action to correct

deviations}

-

An effective system for forecasting the costs to complete
I

the project;

Cost status reports at regular intervals including graphs,

S et ke
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figures, tables; and : . .

8~ Development of cash flow profiles. \ , !

-~

The six component sub-systems are shown in figure 5.1.1 ] i

o

They are: (10Q) o

1- Cost! account coding;

2- Budget control; - 3

3- Data collection;
- 4- Cost trending/forecasting;
5- Cost reporting; and

6~ Cash flow analysis. ‘ -

ST NS

The cost code structure is directly related to the funding orga- .

i

nizational structure, accounting and reporting procedures ‘esta”

[ESPRO S

blished for each project. A code of accounts is developed for

¢

each project from the standard code of accounts within the cost
structure and is used to allocate budgets, collect manhours,

accrue costs and establish forecasts for each element.

-

Budget control is a method and documentation -for developing and

v

!

maintaining the project control budget. This includes converting
. the project estimate into a compatible breakdown within an esta-
. blished cost code structure, monitoring the budget to adjust for
any authorized changes or revision. .

“

The data collection system is used as a focal point to collect all
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the actual job costs as they occur on the project during the

engineering, procurement, construction and commissioning phases.

This data is collected or received in the form of reports from

project accounting, engineering (consultant), procurement, field

(contractor) and project management personnel. This data is used

for trending, forecasting, and establishing cost status reports.

‘The cost trending/forecasting system aids in detecting and report-

_ing"deviations as they occur on the project, and-analyzing all

>

actual to date and trend information.’ This system helps estimate
the cost of the work to be done and generate forecasts to complete
the work. The forecasts are used by the cost reporting system and

by the cash flow analysis system.

The cost reporting system is used to assemble all the major cost

reports. All the data received from budget control, data collec- o‘
\ ' .

tion, trend/forecast reporting can be recorded and used to generate .

the reports required for the project.

‘

.The cash flow system can be used to distribute budgets, commitments,

5.2

5.2.1

expenditures and forecasts over time.

COST ACCOUNT CODING SYSTEM

Work Breakdown Structure ) 1 .

Before developing a standard code of accounts to be used én all ; .

projects, it is necessary to establish a typical WBS and related
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>

coding structure for most of tlHe projects, as shown in figure 5.2.1.

hd 2

We have seen in the third chapter that the typical WBS will have

six levels:

Project - Level 1 : Project

Subdivision - Level 2 : Sub-projects ¥

'

Subdivision - Level 3 : Areas or groups of systems

»~

Subdivision - Level 4 : Buildings or systems

’

Subdivision - Level 5 : Sub-systes

Element - Level 6 : Cost elements

Figure 3.4.1 in the third chapter showed a typical WBS for main
sewer cdnstruction. We will use in this section, the simplified

formpat of the WBS as shown in figure 3.4.3. . '

a

-

Figures 5.2:2‘to 5.2.7 show typical WBS's at the subdivision level
(up toalevel 5) for cach sub-project.
The typical WBS for the Epic studies is shown on figure 5.2.2.

As previously mentioneé, the Epic studies involve engineering ser-
vicés only. Most of the time, on}y one consultant is responsible
for these studies for a municipélity. These studies are bfokeﬁq\
down by phases and then by activities. Because of this reason,

the 3rd, 4th and 5th levels of the WBS are not required, and the

actfvities‘areqidentified at the element level. If more than one

- consultant is hired for the Epic studies in a municipality, the

3rd level would be used to identify the areas (or basins) rovered

4 e 2

i
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FIGURE. 5.2.2 ,
: * ' TYPICAL 'WBS ° ) ‘
. . EPIC STUDIES -
LA L 21 R o :
| o000  PROJECT LEVEL 1|
- i PROJECT
r EPIC STUDIES ° . LEVEL 2
¢ SUB=PROJLCT
. . FIGURE 5.2.3 ’
TYPICAL WBS 7
RESTORATION
‘ .
- f . ' ;
]_oooo PROJECT - 1 (LEVEL) :
2 RESTORATION . 2
A Y as
20 GENERAL o . " 3 AREA OR GROUP
- . OF SYSTEMS
' i
21 . INFILTRATION 3 4 ;
. 210 GENERAL , 4 BUILDINGS OR, . .
. SYSTEMS ' . ‘ {
211 4BEWER 1 y
T A
212 SEWER 2 . f
M ‘@ I ' ' ~ 3
} 213 SEWER 3 T, . T t
{z
22 COLLECTION 3 , ]
~ 220 GENERAL ' 4
( L, 221 STREAM 1 .
} 222 STREAM 2 .

-
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' " 1’25
by each consultant,

3

The typical WBS for the restoration of existing sewers is shown in
figure 5.2.3. The restoration process can be broken down into two
categories:

1-" Infiltration of ground watexr in different sewers; and

~

2- Collection of running surface water from different streams.

The 3rd level is used to identify these categories, and the 4th

u

level, for the different sewers and streams. The 5th level will

-1

not be used.

The typicgl WBS for sewerage is shown in figure 5.2.4. The

sewer system can be broken down into three major sub-systems:

main sewer systems, pumping systems, and stormwater -retention
systems. The main sewer systems (level 3) include the systems

(level 4) located in different areas of the municipality; each

system being formed of main sewer sections (level 5) of different

- ‘

sizes and/or material.
%

Typical WBS's for treatment are shown in figure 5.2.5‘ to 5.2.7.
Figure 5.2.5 shows the WBS for an oxidation ditch' type plant.

The 3rd level is used to identify the group of systems: oxidationms,
secondary clarifier and sludge treatment. The 4th level shows the
different systems; for example in the oxydation process, we have

the oxidation ditch and the aeration system.

'

Figure 5.2.6 shows the WBS for an aerated lagoon ty;;e plant.
' £

H
i
3
1
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. “ . FICURE 5.2.4 :
) o TYPICAL WBS .
¢ ' N ' - SENERAGE N
/‘““ ) ) P
’ -
l_oooo PROJECT 1
3 SEWERAGE : . 2"
. ‘e
: .
. 30 GENERAL . 3
. , _
31 MAIN SEWER SYSTEMS o
311 MAIN SEWER SYSTEM 1 4
3111 MAIN SEWER ! 5
3112 MAIN SEWER 2 . )
R . - N P
| 3113 MAIN SEWER 3 ' ‘ -
312 MAIN SEWER SYSTEM 2 ; /

3121 MAIN SEWER |}

3122 MAIN SEWER 2

1 3123 MAIN SEWER STRUCTURE 5

-
o <k

32 PUMPING SYSTEMS

321  PUMPIMG STATION 1 : . -

‘ 3210 GENERAL ‘ i

3211_CIviL : R ) 1

oo 3212 MECH., ELECT., INSTR.

»

. " 1.33 STORMWATER RETENTION SYSTEMS

331° RETENTION BASIN 1 T

3310 GENERAL

3311 CIviL

| 3312 MECH., ELECT., INSTR. .
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FIGURE 5.2.5
T TYPICAL WBS

TREATMENT

"OXIDATION DITCH TYPE PLANT

ta

§ PROJECT

4.

-

oA

.

TREATMENT

41 PRE-TREATMENT

410 CENERAL .

™~

411 SCREENING ~

. ¢
i

42 OXIDATION

~r

420 GENERAL

v

421 OXIDATION DITCH -

o~ .
422 AERATION SYSTEM

43 SECONDARY .CLARIFIER

\
. 430 GENERAL

L S

431 CLARIFIER TANK

440 GENERAL

44(.SLUDGE TREATMENT —

441 SLUDGE PUMPING

442 DEWATERING

443 DISPOSAL
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FIGURE 5.2.6
TYPICAL WBS

TREATMENT
AERATED LAGOON TYPE PLANT

[ 0000  PrOJECT °
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S ey 4

4  TREATMENT

40

GCENERAL

400 GENERAL

401

ROADS.

402 EFELUENT SEWERS OR DITCHES

LAGOONING

42

410

GENERAL

411

LAGOON 1 .

4110 _ GENERAL .

4111 "LINING

412

LAGOON # -2 ]

4120 GENERAL

4121 LINING ’

413

LAGOON # 3

413D GENERAL

4131 LINING

43

AERATION (DIFFUSED AIR)

420

GENERAL )

421

SYSTEM LAGOON # 1

422

SYSTEM LAGOON # 2

423

SYSTEM LAGOON # 3 |

BOOBTER PUMP BUILDING

424

4240 GENERAL

4241 SERVICES

CHLORINATION

430

GENERATION

431

CHLORINATION BLDG

4310 GENERAL

4312 SERVICES

!
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The 3rd level shows the lagooning, aeration-and chlorination

major systems.

) v
’

‘The 4th level shows the sub-systems of the third level, for

exampie for lagooning, lagoons 1, 2 and 3.

-

Figuré 5.2.7 illustrates the WBS of a much larger plant - a mecha-
nical type plant. SQAE will be involved in the construction of a
few plants of this nature. The major subdivision called “general”
includes all the buildings and systems not related to the process.
The pumping'station, located close to the treatment plant,

\

was included in the treatiént sub-project rather than in the

A

sewerage sub-project, since MENVIQ agreed to subsidize it at the

same rate as the treatment plant.

B4 i«
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FIGURE 5.2.7

TYPICAL WBS

\ TREATMENT
MECHANICAL TYPE PLANT
| cooo  bRossct : S : 1
4 TREATMENT : | 2
40 GENERAL 3
400 GENERAL T4
4000 GENERAL ‘ 5
401 ROADS ! )

4010 GENERAL

402 ADMINISTRATION BLDG

4020 GENERAL

-

4025 PLUMBING, HEATING . .

4026 VENTILATTNG,‘AIR CONDITIONING

403 HEATING BLDG

SEE 402 FOR BREAKDOWN

404 CONTROL BLDG

SEE 402

405 PUMPING STATION .-

4050 GENERAL .

4051 CIVIL

4052 MECH., ELECT., INSTR.

406 ELECTRICAL SUB-STATION

4060 GENERAL : ‘ f
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407 SERVICES

TYPICAL WBS

’ TREATMENT

131

FIGURE 3.2.7 (CONT'D)

MECHANICAL TYPE PLANT

407A  GENERAL

*5

407B  SANITARY SEWER

407C  STORM SEWER

' ] 407D PROCESS SEWER

407E  WATER

407F WATER PROCESS

407G WATER FIRE PROTECTION

407H  GAS

4071 STEAM

407J COMPRESSED AIR

407K ELECTRICAL DISTRIBUTION

41

4080 GENERAL

408 EFFLUENT SEWER

PRE-TREATMENT

410 GENERAL

4100 GENERAL

411 SCREENING

4110 GENERAL

412 GRIT CHAMBER

4120 GENERAL

4121 CHAMBER NO 1

4122 CHAMBER NO 2

t
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FIGURE 5.2.7 (CONT'D)
TYPICAL WBS

s TREATMENT
MECHANICAL TYPE PLANT

42 PRIMARY SETTLING

li

420 GENERAL

"4200 GENERAL ' 5

421  SETTLING TANK # 1

4210 GENERAL

422 SETTLING TANK / 2

4220 GENERAL

43, AERATION

430 GENERAL

4300 GENERAL

431 AERATION TANK # 1

4310 GENERAL

432 AERATION TANK ff 2

4320

GENERAL

433  BOOSTER PUMPS BUILDING

4330

GENERAL

4331

CIVIL

4332

PROCESS SERVICES

4333

BUILDING SERVICES

44 SECONDARY SETTLING

440 GENERAL

| 4400 GENERAL
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FIGURE 5.2.7 (CONT'D)

TYPICAL WBS

TREATMENT l

MECHANICAL TYPE PLANT

441 SETTLING TANK 1
4410 GENERAL
442 SETTLING TANK ## 2

4420 GENERAL

45 SLUDGE TREATMENT

450

GENERAL

4500 GENERAL

451

PUMPING

4510 GENERAL

452

CLARIFICATION

4520 GENERAL

453

DIGESTION

4530 GENERAL

4531 PRIMARY

4532 SECONDARY

454

DEWATERING

4541 GENERAL

4542 FILTER PRESS L

4543 FILTER PRESS 2

455

DISPOSAL

4550 GENERAL
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5.2.2 Cost Account Coding Structure : : \'

) »

.

5.2.2.1 Standard Code of Accounts

3
s ®

The purpose of the cost account coding system is to establish an

e il Tk oS e T

organized account code structure and develop a corresponding pro-

. ject code of accounts for each project. The code of accounts

W s A s

provides the means to collect project data at the lower levels

and aggregate this data for use at higher levels, as required by ‘ i

the reporting functions.

-

The structure and elements of each code are based on the standard

[N

code of accounts which is included in this section. This stan-—
dard code can be modified as required to suit specific project

reporting, projeéct visibility requirements and data collection

3 \ i
As shown in section 3.4, the cost accoont coding system is a : .
* ~N3

I3

-t b " 5 i

techniques.

proves

thirteen digit code of which the last five are assigned to the ‘
congtruction (or service) elements. Figure‘5.2.8 represents the : 3

coding system to be used.

P

d . Positions 1, 2, 3, 4 are used for project number; it is expec-

ted that there should be less than a thousand projects (or

[N S

municipality) at SQAE.

—

"
)

. Position 5 is used to identify the sub-project. . ~
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. Positions 6, 7, 8 are used for system identificationm.

. Positions 9, 10, 11, 12, 13 are used for the construction

(or service) elements codesof accounts.

h‘!‘

.
The standard code of accounts can now be develop to itemize all
the construction and non-csnstruction activities which generate
charges during the execution of the project. This occupies the
last fi;e (5) positions in the account code structure and is
denoted as the capital element for construction activities and
thé service element for non-conmstruction activities (engineering,
management...).
From figure 5.2.8, the five (5) positions for the capital
element are: |
. . P

. Position 9

Construction discipline (numeric)

. Position 10

Type of work (alphabetic)

. Position 11 : Componént of work (alphabetic)

. Position 12 « Element of the component (alphabetic)
3

. Position 13 : Element of the component (numeric)

For most of the project, the structure will stop at the "type of
work™ (position 10) of the cap%tal element which is the control

level for most of the projects. Table 5.2.1 contains the list of
code of accounts for the capital element up to position 10; this

list is based on the integrated coding system used at SNC. (11)

-
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'
E)
[
i




137 |
TABLE 5.2.1
STANDARD CODE OF ACCOUNIS* (MAJOR ACCOUNTS)
' ! CAPITAL ELEMENT
* Bésed on SNC ‘integrated coding system ' )
z . “ |
\ . \ |
R : CONSTRUCTION DISCIPLINE ' '
TYPE OF WORK
i 1L ﬂ . R .
1 EARTHWORK
Sl B SITE PREPARATION’
“X é\ EXCAVATION EARTH
1| b EXCAVATION ROCK
A1le| FILL & BACKFILLS
L1 F FILING . ' ’ 4
1| H " UNDERGROUND SITE SERVICE . K
1| J ROAD ITEM ‘ : - ‘ L
1] K ‘.RAILROAD ITEM ’ ‘
1| M| © FINISHING ITEM \ ' - . g
1| N, SPECTAL ITEM : ‘
1] x © MISCELLANEOUS ITEM | ; ‘
) ! 2 . CONCRETF,
2| A ’ BULK "ACCOUNT ' N N
Bk : © CONCRETING FACTLITIES )
-l 2fc : CONCRETE STRUCTuﬁE - ‘ o T
‘2| D " concreme EQUIPMENT FOUNDATION '
. : , S
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TABLE 5.2.1 (CONT'D)

STANDARD CODE OF ACCOUNTS* (MAJOR ACCOUNTS)

CAPITAL ELEMENT

* Based on SNC integrated coding system

-

3 . " STRUCTURAL STEEL
318 | STRUCTURAL STEEL ]
3 (¢ : MISCELLANEOUS STEEL
. 310D EQUIPMENT SUPPORT
‘ 3 1E | MISCELLANEOUS STEEL STRUCTURE
3 }|F ‘ WOODEN STRUCTURE
T 3 {u | ORNAMﬁNTAL METALS

4 | ARCHITECTURE o
PR ~* ROOFING & FLASHING
7 4 | B OUTSIDE WALL CLADDING
4] c SECK/FLOOR & FINISHES
4 |p © INSIDE WALL & CEILING
NERE + INDOW
4| F DOOR & ERAME
4 | H ARCHITECTURAL SPECTALTIES
R ER DECORATION/FURNISHING
4| K | ARCHITECTURAL EQUIPMENT
‘ 4 | x| INSUL / FIRE / PAINT ‘

- s : EQUIPMENT

51¢C CONVEYORS .

AR VO W) W AR - - - . N et o e

. —— .

A
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STANDARD CODE ‘OF ACCOUNTS* (MAJOR ACCOUNTS)

TABLE 5.2.1.(CONT'D) |

CAPITAL ELEMENT

* Based on SNC integrated coding system °

H

v

5 | D
5 | F
5 | ¢
j 5 |1
.- % .
HERE
5 | e
514
5 s
s |1
s | w

.
6 | A
6 | B
6| c
6 | D
6 | E
6 | F
6 |c

v

DRYING
FILTRATION .
GRAVITY SEPARATIONS

h .
INDUCTION HEAT EXCHANGER
MIXING
LIFTING EQUIPMENT & DUCTS
PUMP
MOBILE EdUIéMENT
SEPARATORS
TANK - BIN
BUILDING SERVICE EQUIPMENT

\

PIPING

CAST IRON

CARBON STEEL:I

ALLOY. STEEL -
STAINLESS STEEL

CONCRETE

ASBESTOS FIBER :

POLYETHYLENE

c s mescradieaby  seon s
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' TABLE 5.2.1 (CONT'D) |
STANDARD CODE 'OF AGCOUNTS* (MAJOR ACCOUNTS),
| | CAPITAL ELEMENT » '
, v
* Based on SNC integrated coding s:ystem
7 g @ ELl:]C'_FRICAL‘ ' « &
7 |aA ' OUTDOOR DISTRIBUTION 5
¢ o~
7 | B _ TRANSFORMER
71¢ct. MOTOR & GENERATOR - X , ' .
71D RECTIFIER/C'ONVERTER ' ’ o .
" ) 7 | E swmcﬁmc EQUJIPMENT . . .
‘ 7 | F PROTECTIVE EQUIPMENT -
7 | H PROTECTIVE RELAY , : . L
7|4 CONTROL RELAY ) ' |
7 1K CONTROL DEVICE & EQUIPMENT ,
" . 711 . LIGHTING EQUIPMENT )
7 | INDICATING EQUIPMENT ' . nLT \
7 | N .HEATING‘Q& £OOLING EQUIPMENT y :
‘ 7 1P| CONDUCTOR & CONNECTOR . - . 5 1
- 7 1Q R:ACEWAY & FITTING . ’ . )
7 |R1 °  .WIRING DEVICE & BOX - ]
7 ls COMMUNICATION SIGNAL - ’ 2
| ° -8 " AUTOMATION INSTRUMENT | - ;
X "8 |a o7 v ‘ ‘ . , f
’ s |c| CONTROLLER ) . "

1
;
t
!
i
'
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' STANDARD CODE OF ACCOUNTS* (MAJOR ACCOUNTS)
CAPITAL ELEMENT

v

s

TABLE 5.2.1 (CONT'D)

Y

*- Based on SNC integrated coding system

°

é

DATA. PROCESSING

GAUGE
INDICATOR -
RECORDER

SWITCH

TRANSMITTER

CONTROL VALVE/DAMPER N

RELAY

DRIVE

¢

CONSTRUCTION INDIRECTS

141
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From fig'ure 5.2.9, the (5) positions for the service element are:

- “

. Position
. Position
. Position
. Position

. Position

-

9

10

11 :

12

13 :

o kY

Zer J(nume(rnic)
Service categ:)’)ry (alphabetic)
Service descipline (alphabetic)

Cost category (alphabetic)

Phases (numeric)

As you can sek, all the service elements were assigned to the

construction discipline “zero” to be easily identified and the

same type of characters (alphabetic or numeric) were used for

practical purposes.

S, T

™

* N L

. ’ s I3 . . )
For most of the pwoject, the structure will stop at the "service

. discipline"b (position 11). Table 5.2.2 contains the list of

code of accounts for the servVice element up to position 11.

L]

i

If aproject requires a code of accounts for the service element,

up to the phase.level (position 13), table 5.2.3 shows the .

methodology to be used. This example is based on the list of

engineering activities given in table 3.4.1 for the municipal

discipline. Separate account codes are set up for engineering*

L}

fees and expenses and for each phase.

%
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TABLE 5.2.2

STANDARD, CODE OF ACCOUNTS (MAJOR ACCOUNTS)

SERVICE ELEMENT

SERVICE CATEGORY

SERVICE DISCIPLINE

9 10 11
1D
@1 D| A
gf{ Dl C
| D| E
g{ oI
gl bl M
g|.D| P
| D} s
| D| W
F
6| F| c
91 G.
|G| C
g| G| F
g1 6| 1
Pl 6 M
g G| P

)

ENGINEERING & DESIGN

ARCHITECTURE '
MUNICIPAL

ELECTRICAL

INSTRUMENTAT ION

MECHANICAL

PROCESS _(ENVIRONMENT)
STRUCTURE

ELECTRICAL & INSTRUMENTATION

FINANCING

¥

SHORT TERM

'MANAGEMENT ' .
CONTROL & PROCUREMENT DEP;;RTMENT
FINANCE

ENGINEERING

MARKETING

PROJECT MANAGEMENT

-~

;
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TABLE 5.2.2 (CONT'D)

STANDARD CODE OF ACCOUNTS (MAJOR ACCOUNTS)

SERVICE ELEMENT

N
¥
8] L LABORATORY ,
p| L-|E * . WATERTIGHTINESS TEST
g L|F SOIL EXPLORATION
g L|Q QUALITY CONTROL
. . .
g L |R MEASURE RATE OF DISCHARGE & WATER SAMPLING
g | M COMMISS TONNING
gl Mi{c CONSULT ING
g1 M|E TRAINING
g{Mjo OPERATING & MAINTENANCE
p | M|p SPARE PARTS L,
glT LAND SERVICE
g|TI|E APPARATSER
Bl T|G SURVEYOR , g '
g TN NOTARY
’#.
-]

[

ot M

- TR

T A ke £l
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TABLE 5.2.3

STANDARD CODE OF ACCOUNTS

SERVICE ELEMENT

<
M

Fe et} A Rl AL PR oy &

SERVICE CATEGORY

SERVICE DISCIPLINE

COST CATEGORY

PHASE

o

£

-
9 10 11 12. 13
9| D ENGINEERING & DESICN
¢| D MUNICIPAL
¢/ D FEES
¢l D 1 0 ‘

PRELIMINARY STUDIES

¢| D 2 FINAL DESIGN
¢| D 3 FIELD TECHNICAL SUPERVISION
¢| D EXPENSES
g| D 0 GENERAL
¢g| D 2 TRAVELING EXPENSES
¢l D 3 SALARIES MUNICTIPALITY
g| D 41  QUTSIDE CONSULTANTS
4| D 5 PHOTOCOPIES .
#| D 6 MATERIAL & EQUIPMENT
gl D 7 LABORATORY TESTS
R 8|  COMPUTER PROCESSING
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5.2.2.2

Arseer w ey

Figure 5:2.10 illustrates the cost account coding structure for

the capital element. This example is taken frdm the previous

.

example shown in figure 5.2.7.

Other Codes

Additional coding is required to facilitate integration of the

WBS with the project organization (packaging, contracts or
purchase orders).

'

Figure 5.2.11 illustrates the coding to be used; ‘the project is
broken down into packages (service, procurement and construction)

that become contracts and purchase orders which are performed

by different firms (consultants, suppliers and contractors).

/
'

© Ao . oot b - . D S Rk lmssldesmesnsd {7 SRe s teames oo

<

£ o S e M

b o A I St

PR 0 TR

I LR O




S WBS PROJECT
i LEVEL
- i \
Q ¢
[ »
& 0000
1] 2 | s 3 « |
SUB~PROJECT EPIC RESTORATION SEWERAGE TREATMENT
w0 | a | a2 ]
AREAS OR GROUP PRIMARY
OF SYSTEMS GENERAL PRE-TREATMENT SETTLING
2
o
-
wn -
5
g 410 | at | az |
e BUILDINCS M CRIT
v
QR SYSTEMS ’GENERAL ’(SCREENING CHAMBER
a0 | a1 | az |
: GRIT GRIT
SUB-SYSTEMS CENERAL CHAMBER 1 CHAMBER 2
aw |1 4122 | 2 T E
CONSTRUCTION _
DISCIPLINE EARTHWORK CONCRETE STEEL
]
4122 | 28 4122 | 2¢ w2 | 20
TYPE OF CONCRETING CONCRETE EQUIPMENT
- WORK FACILIT:IES STRUCTURE FOUNDATION
: |
u22 | 2ca 4122 | 2¢8 a2 | 2ce
COMPORENT OF SLAB ON CORCRETE
WORK FOUNDATION GRADE WALL
2
w122 | 2cEa 4122 | 2cep w2 | 2ckc -
ELEMENT OF REINFORCING
T COMPONENT FORMWORK AToRC CONCRETE

148

NOTE: LETTER «A» AND NUMBER «0» IN SUBDIVISTION
REPRESENT GENERAL WORK.

FIGURE 5.2.10

SQAE

COST ACCOUNT CODING

STRUCTURE

i
a
3
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-
1) PACKAGE CODING
CATEGORY Is * AL : le
SERVICE' PROCUREMENT CONSTRUCTION
N i
A001 | " aoaz] - A003
DIGESTERS FILTER PRESS SLUDGE BUMPS
2) CONTRACT CODING - - - - -
CATEGORY ' [ A | i
. SERVICES PROCUREMENT CONSTRUCTION
4001 | 002 | 4003 |
SLUDGE PUMPS TRANSFORMER FILTER PRESS b Y
3) FIRM CODING - - N - - -
CATEGORY |» ¥ e )
i CONSULTAV SUPPLIER * | coNTRACTOR

PVPA | 108 PDsT ] 160 pDLP | 181
VEZINA, DUMAS, SCOTT, DUPRAS, LEDOUX,
FORTIER & ASS, TREMBLAY PRIMEAV

FIGURE 5.2.11

SQAE

. COST ACCOUNT CODING STRUCTURE

OTHER CODES

J

e A et et At 2 e




5.3

5.

3.1

150

BUDGET CONTROL SYSTEM

The purpose of the budget control system is to properly initiate
and maintain an up-to—date control budget for the project
according to the code of accounts (figure 5.3.1). This is "

accomplished by closely monitoring and incorporating change

authorizations and budget transfer transactioms.

The budget control system operates under three distinet phases

\

i

for each element in the coding structure:
1

TL oemdTot

~

. The initial control budget or definitive budget; .

.

. Approved project changes; and

. The current control budget or revised budget.

As the project cost estimate is the basis for preparing the con-

R S e 5] M SRS ¥ o Dacrliath 0% % N e D

trol budget for the project, we will discuss 'the level of detail

required and the methodology to prepare the cost estimate.

Definitive Budget

It was previously mentioned that the control level must be set
at the” type of work™level of the WBS in order to permit‘
adequate visibility\and control over cost. The cost estimate

must then be prepared at this level of detail,

Table 5.3.1 establishes the level of detail required for the

e 7
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“ -
R _ : TABLE 5.3.1 . ‘
' ]
CONTROL BUDGET
’ COST ESTIMATE
DETAIL LEVEL
°e
—
, L
A H K
’ ! . - EJ
’ WBS v
. \ w | o {
(6] 8 QO o, i
SRl So !
] LEVE L EE = 9 ‘
. COST wn | v A H
: <2 18 | a|8, & !
CATEGORIES: 2 S2ly 3 E‘i’ 2 7
© ) [+ (&) = -
2 . =~ g oH| = v ol w
' O 34 ~N 0] = g e o D o 3
- m A = n [ !
) 1 n| e n o w |
(@] m - =] Z w0 [
v & D § AR EH RS ,
2 v [ I-"T/] wn Qo i
H
1 2 3 4 |5 6 v ;
1) CONSTRUCTION COSTS X X X | X | X X X .
\ . , c
D) SERVICE COSTS e .- . '
2.1 ENGINEERING & DESIGN (D) - ;
- PRELIMINARY STUDIES X X NA[ X x| }
~ FINAL DESIGN X X X X | X |[NA} X x| »’
- FIELD SUPERVISION . X X X NAl X | X %
: !
2.2 LABORATORIES (L) r . 9 {
~ QUALITY CONTROL- X | X X ! NAl X | X | ;
- OTHERS, ’ X X NAl X | X i
P. 3 MANAGEMENT (G) | X X ‘ NAl X | X 1
D .4 LAND SERVICES (T) X X N/Al X X
2.5 FINANCING (F) ' X X NA| X | X «
P.6 COMMISSIONNING (M) . | X X ' NA] X | X :

,,,%
-

.

A

P
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the differer;t cost elements of the cost estimate, It is also

at that level of detail that the actu i costs will be collected
and rep;gxtled. It shoul'd be mentioned that the level of detail '
of all the cost elements must be At least at the sub-project
level since government subsidies are'different for each sub—
project. For example, if a laboratory is hired on a project to
perf’orm soil exploration for the constt,'uction of the main sewers

and the wastewater treatment plant, actual costs must be

“

B T S S PR Dl s

reported separately since the government grants are 907 of the

total construction costs (and service costs) for the treatment

P

plant, and 66-2/37 for the main sewers.

For the construction costs, each capital element of the WBS

{1p to the “type of work™ level has to be estimated.

AL han

For the service element “engineering and design”™ (D), estimatgs
of the prerliminary studies have to be prepared for each disci-
plin\e, for each sub-project (level 2); it is not possible to
breakﬂdown the estimate by systems since the sgrstems will only
be defined at the end of the preliminary studies. For the
final c_iesign, estimates are prepared for eath discii)liné, for-
each element of the WBS. For tl‘;e field supervision, the esti-
mate must be broken down by discipline up to the areas or
'gfoups of systems level (level 3); recording the time spent in

the field for each system (level 4) ur sub-system (level 5) is

not practical.

E PR
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For the service element “Laboratories”(L) estimates for quality "

- control will have the same level of detail as the field super-— ¢

ment of rate of discharge and water sampling), estimates will be

-

!
i
|
|
!
vision. For the. other specialties (soil exploration, measure- '
§
y

prepared for each specialty, for each 3ub-project.

ik v =

©

For management services (G‘) or SQAE services, estimates at the

-

sub~project level are required for each management discipline. . $

v
¢

For the land services (T), estimates at the sub-project level

o o ot s

for each speci‘alty are sufficient; land purchasing is included

P

in the cdpital elements. , .Y

For the financing costs (F), estimates at’ the ‘sub-project level )

~

are sufficient since they can only be controlled at this level;
. ¢

short-term loans are raised for several projects at the time. ’ ot -

s

3
s A A S Sl 4 = 2

- s

For the commissionning costs (M), estimates at the sub-project

8
level. are sufficient. R ‘ . ’ '
. The cost estimate must be detailed by cost code element in the . §
following categories: ) ’ g
' 4
4 .
3 . é
. Material (supplied by SQAE only); N : ..
. Labour (supplied by SQAE only) ; . &

o -

. Permanent equipment (supplied by SQAE only) ; '

» W@‘Z

. Sub-contracts (material, labour and equipment supplied by

“
i

v



-

a

. contractor); and

. Non-construction _costs: - Engineering and design - ‘

Laboratories . !

|

\ . Land services .

Management services
- Financing

- Commissionning. N
AN

For most projects, the first two categories will not be used.

.
»

Most of the 1labour, material and equipment will be supplied by
N . .

_the contractor. SQAE will purchase gome major equipment for

the wastewater treatment plant.

1 oot

< » N -

) ,

The cost estimate must bé prepared in constant dollars; esca-

’ &

2 \ ¢ : ’
lation allowance and cgntingency allowance must be calculated i
+ n

-

separately and added to the cost estimate to form the defini- .

tive budget.

P4 . i > .
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5.3.2 Contingency. and Escalation

5.3.2.1 Contingency Allowance

Prad

SQAE will use the same definition as~the American Association of
Cost Engineers for the contingency allowance. It is defined as

. follows: (12) o - . ﬁ

! “An allowance for unforeseeable elements of cost, which from the
relationship of previous estimates and actual costs have been 1

shown to be statistic%lly likely to ocecur.” 3

-
«

Expressed in another way, the purpose of the contingency allow- ¢
- ance is to cover items of work which will have to be performed or

elements of cost which will be incurred, which although'within-the

-
- - -

s .
_ defined”scope of work™ covered by the estimate, cannot be

C# explicitly foreseen or described at the time the estimate is pre- 3
. pared because of the lack of complete, accurate and detailed j
information. . . . . %

a ' i

. . i
Therefore, it will cover design contingency, undefined items and 3

- h 5

’ b

’ refinement of defined items, but will not cover gross error. in P
estimating, changes of scope, cost escalation and unforeseens §

; g

. ‘ 1

such as, labor strikes, acts of God, etc. §

In determining the magnitude of the contingency allowance, each

S A P WA

of the main elements of the estimate (subdivision) must be

IS
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’

reviewed and the degree of uncertainty evaluated to establish the
.
appropriate allowance for each element; ' the restoration .and
treatment works should have larger contingency allowances than
LN
sewerage works because the degree of uncertainty is greater.

These individual allowamces added together comprise the contin-

gency allowance forithe estimate as a whole.

A part of this allowance is kept as a reserve each month and the

remaining portion is written-off at the rate of commitments:

Commi tment X Contingency

Forecast
It is assumed here that the relationship between the contingen-
cies and the commitments is linear. In fact, this relationship

will vary during the life of the project, depending on the

- amount and type of committed work. For a wastewater treatment

plant, the civil work just committed may not be of a critical
nature as compared to the work left to complete, such as process

services; the degree of uncertainty is much greater for

. . 2 .
process services than for civil work.

This is an interesting and compli;/éubject to exSmine but it is
) « ' .

beyond the scope of this report.

The contingency allowance required for the definitive budget,

when the final design is at 20 - 30%Z, should be within these

guidelines: ( &

- AT L

T,

[P

PO

T
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- Restoratién- 10 - 157 .

LS
, -~ Sewerage 5 -~ 10%
- Treatment 10 - 15%

. ) .
Contingency allowances for restoration and treatment should be
higher because of their degree of uncertainty compared with the

sewerage. There is a lack of historical cost data, lack of

“"known how” in these relatively new technical fields. .

Escalation Allowance

The escalation allowance may be defined as the expected cost
increase of the input elements of a project from the cosf of

these elements have been estimated to the time they will actugl-
ly be incurred. It is suggested and agreed with MENVIQ that

the escalation allowance be calculated using the escalation

rates gf Statistics Canada for non-residential construction. (13) .

’

The methodology suggested for dealing with escalation allowance is:
Y . . ),
i) Breakdown the cost estimate (excluding contingency) by

sub-project and then by major components of work:

1) Design; .

2) Construct{on,including the following service

elements: - laboratory -
" - land
- commissionning;
N ‘ ! .

et e Aot s e

e At
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3) Management.
. !
The contingency allowance is excluded since it will be {
' |

calculated as a global figure on the escalated estimate;

PPz

ii) Review the project schedule and establish the center of

N

-

we

gravity for each component activity; and

P

iii) Calculate escalation by multiplying the cost of each com-

ponent by the appropriate escalation rate per year and

R T

by the duration from the estimate date 'to the center of

. - gravity.

: 2

" The information given by Stati

- ebmaded

ics Canada is broken down dif-

ferently by construction 1

[P SN

our and equipment/material for the

, , y .
. 3 . . x

' overall construction ustry. Judgment adjustment will be v N
required to compensate for the type of construction and components. g

&

\ o

: , _ . i

This allowance will be distributed to the appropriate components A

in the estimate, once the definitive estimate have been approved ,

in order to facilitate comparison of actual costs against esti- ;

. kY

mated costs during the progress of the project. 1 g%

N ]

3

: g
It will be required to deescalate the components in the estimate %
in order to prepare MENVIQ quarterly reports. These reports are ‘§
g3

.
in constant dollars, for the year the reports are prepared, and

escalation-is added as a global figure for the project.
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Figure 5.3.2 illustrates the depletion of contingency during the

life of the project and its relation with the escalated defi-

nitive estimate.

As the total forecast (tangible costs) increases, the contingency

4 ! £
in reserve decreases by the samé amount.

[

Project Changes - L

Project changes here relate to all changes in the agreed scope,

budget, and schedule for the project after approval of the defi-

nitive budget.

Project‘changes can be initiated for the following re;sons:
1) Scopé‘changes;

2) Design changes;

3) Market cﬁaqges;

4) Quantity changes; and ‘ ‘

5) Eield changes. ~

Scope changes relate to additional or reduced work not included

in the scope of work approved by MENVIQ.

Design changes relate to changes in procéss equipmenf and
1 .i .

material.

+

Market changes relate to price changes for the procurement of

e ol Desaati

pEo =

4
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! FIGURE 5.3.2

DEPLETION OF CONTINGENCY

CONTINGENCY ’
IN RESERVE
| | o g
ORIGINAL ~
covTcy
OF CONTINGEN
. ¢—OF CONTINGENCY
’1/ . B L
DEFINITIVE ) DEFINITIVE
ESTIMATE BUDGET
INCLUDING
ESCALATION '
>
o —¢
Z PROGRESS
* START ‘ COMPLETION
ACTUAL
PROGRESS
, - : . . )
(éQpRCE: A major technical report “The Management of Contingency
o ‘ ) . '
\ and Escalation in Construction™ by W.E. Taylor, 1979,
. page 131. ‘
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equipment and material.

Quantity changes are initiated to cover quantity variances from

the definitive estimate.

Field changes are initiated to cover changes in construction

conditions.

This section will deal with the project change request and
project,change authorization procedures, also the project change
request register is treated. Figure 5.3.3 show the data flow

for the project change control system for scope changes and

design changes. . ’ ,

‘
4 ' -
. -

For market changes, the data flow is similar but activities 6 to

12 are not requireQ}“‘For quantity changes, activities 6 to 9 are

~

not required; activities 10 to 12 might'not be required if the
Lo
consultant’'s contract -ismot- affected. —For field changes,

S i e et

o, oM AR s

 dmianss 3t s

. At >

activities 6 to 12 might not be required, if it does not affect
the design; a contract change order must be initiated to the

contractor to cover the project change.
’

n

‘

Table 5.3.% contains the proposed format for project change

requests and authorization. It is used by the project manager
to obtain authorization from the client and MENVIQ to perform
work not included in the scope of work and to control changes

]

which affect the definitive budget.
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[
PROJECT CHA‘HGE REQUEST
' ¢ SUB~-DIV. C.R.
MUNICIPALITY: FROTECT | o ¥
CONSULTANT ! SUBJECT NO: Kav,
ORIGINATOR: DATE:
DESCRIPTION OF PROPOSED CHANGE:
|IREASON_FOR CHANGE: i
[IMPACT ON_SCHEDULE: )
SUMMARY ESTIMATE OF COST
THLS REQUEST Machinery Field | pop)) 14 Original Budget $
Equip. Cost —
A Direct cost $ $, $ B Requests
¥ —Indirect-cost - _ $ ___ |§_ Previously approved
C  Sub-total constr.$ H $ No 3
D Services (eng., ladb.) [ C Requesta in
E Sub-total | $ Process
F Contingency $ No $
G Escalation $ D THIS REQUEST $
H Total estimated cost $ TOTAL
APPROVALS ! SUBJECTS FOR CHANGE:
) 1  Soope change
SQAE PROJECT MANAGER DATE 2 Design change
' 3 Market change
MENVIQ PROJECT ooqummmx DAIE 4 Quantity chin.e
- 5 Field change
MUNICIPALITY REPRESENTATIVE - DAIE

TABLE 5.3.2

-

3 PROJECT CHANGE REQUEST

C e

SRk
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-

" The changes request (CR) is prepared by ‘the engineering consul-

tant for the engineering department. The engineering coordinator
issues the CR to the project manager and the cost controller

registers the CR on a form as shown in Table 5.3.3.

If the change is “out of scope”, the project manager alerts the
client's representative and MENVIQ's project coordinator of the
impending change and requests approval to proceed with sufficient
preliminary design in order to evaluate the monatery effect of
the change. If approval is given, limited Engineering/Design is,
performed and a preliminary estimate is prepared by the consul-
tant and it is completed by the control and procurement depart—

ment. The cost controller records the preliminary estimate of

cost.

The engineering department then completes the CR form including
all recessary attachments to be sent to the projegf\manager for

approval. Once the client's and MENVIQ's approvals have been

- -

obtained, the project manager then authorizes the consultant to
proceed by issuing a contract change order. Cost control enters
the approved change request into the system to obtain the™

revised budget.

s

The project manager located in remot%,areas should have the
Ve
authority to accept project changes on urgent matters, involving

the proper specialists on the project team, the client, and

MENVIQ if required.

165
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Therefore, telex or other communication facilities should be used
to get the information and approvals. The project manager

should then initiate the normal project change procedure.

Revised Budget

The revised budget represents the definitive budget plus the ’

]

value of all approved changes issued to date.

&

S

/ g !

The cost report and forecast shown in Table 5.3.4 is the basic
control document. The columns of the cost report and forecast

are completed as follows: ) !

7

1) Expenditure: expended to date; =

2) Commitments: total commitments, by purchase order, contract
or change order; "

3)7Estimate to complete: the estimated cost to complete the
work covered by the cost item over and above the commitments;

4) Total forecast: best forecast to date when “commitments” are
added to "estimate to complete™;
This is the expected final cost oé the project based on the
information available to date.

5) Rgvised budget: the definitive estimate revised for all
changes of scope approved and adjustments in scope of work
between cost code items (without changing overall amounts);

6) Variance: the forecast is compared with the revised budget to,

identify any overrun or underrun; and
7) Definitive budget.
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o v
fa : These figures jare in gurrent dollars; the contingency allowance
v A . : _
’ is added in the summary report.
- - “
5.3.5 Dual Control . v o~
L}
. ¢ o .
> - We have seen that two entities must be involved-in any decision-
-/ \ s> ‘
! . making process related to financial transactions. We will _‘
~ . .
examine here the mechanism*;?{ in plaﬁe tb meet this basic need.
. . .
. 1
5.3.5.1 Budgetary Transactions
L e )
o - .
. _ . .
: N , i) * Order of magnitude estimate: the cost controller has the '
A ) _ ——— o
-t authority to load the order of magnitude-estimate in the
\ ° cost control ‘system; ‘ e, ~
D
\ »
. . ii) Preliminary estimate: the director of control and procurement -

- . has the authority to accept any.transaction related to the
‘ T \

°

. loading of the preliminary budget; °

. L
N » f -
o s . ,

iif) Definitive estimate: only the president can authorize the

POV

a

y . transactions related to the loading of the definitive
. ’ budget. A
' s : ?

4
»

The, project manager in these‘ttansaccéons must

approve the estimate®. ~

1 N e

<

2 i R I

»
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5.3.5.2 Commitrt;ents

5.3.5.3

Both tables are identical, except for the initial commitments

: t_haé are larger for contractor's contrac/t. The control and

o 170

i) Consultant's contracts: the cost controller can authorize a

commitment of~mone* up to 100 000 §; the cost control manager,

up to 200 000 $,and the control and procurement director has
»
full authority;

i1i) .Contractor's contracts: the cost controller can authorize a
commitment of money up to 200 000 $; the cost control manager

up to 1 500 .000 § and the control and procurement director

has full authority.

2

The project manager's role in these transactions is to

approve the contract clauses and value.

. 1

Commitment Changes : . -

.
A ) . 3

-
.

These commitment changes are either change orders issue'd to con~ |

sultants or contractors or addet}da to a coni;r'act..

S

Table 5:3.5%and Table 5.3.6 list the maximum authorized for the

M L}
cost controller or the cost control manager, for consultant's

. ~ \ . [y
contracts apd contractor's contracts. It should be noted that

’ -

there is a maximum per change order and that the cumulative

commitment allowed in percentage is much lower for large contracts. .

.

~ il
- .t / *
o '
\ ‘. «

v
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TABLE 5.3.5
C DUAL CONTROL
. , COMMITMENT CHANGES
CONSULTANT'S CONTRACT o
\
\

B ;
INITIAL AUTHORIZED MAXIMUM MAXIMUM 3
COMMITMENT ’ PERSONNEL CUMU?ATIVE PER CHANGE !

1 to Cost Control Manager 15 5,000
100,000 Cost Controller 7.5 2,500 ;
100,001 to Cost Control Manager 10 A 10,000 i
200,000 Cost Controller 5 5,000 i
200,001 Cost Control Manager 5 15,000 i
and up Cost Controller 2.5 7,500 i
. ? ]
- o g
TABLE 5.3.6 :
DUAL CONTROL 1

. COMMITMENT CHANGES
CONTRACTOR'S CONTRACT .~ f
l ' '
' r 1

INITIAL AUTHORIZED MAXIMUM MAXTMUM
COMMI TMENT PERSONNEL CUMU;ATIVE / PER CHANGE v
H
1 to Cost Control Manager 15 5,000 ?f
100,000 Cost Controller 7.5 2,500 ;
100,001 to Cost Control Manager 10 10,000 §
400,000 Cost Controller 5 5,000 ¥

400,001 Cost Control Manager 5 15,000

and up Cost Controller 2.5 7,500

¥
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procurement director has full authority.

The project manager's role here is to approve the change.

“

5.3.5.4 Approval of Invoices and Progress Payments

o

i) Consultant's invoices: the cost controller can authorize

the payment of invoices up to 25 000-§,and the cost control ﬂ.
manager up to 50 000 $; the director of control and procure-
ment has full authority;

y o .

Contractor's contracts: the cost controller can authorize

e
|
A4

progress payments up to. 100 000 $, .;nd the cost control
Yanager up to 200 Q000 $; the director of control and pro- .

curement has full authority.

L ‘
The project manager's role here is to appriove the expenditure.

i

P

Ty
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DATA COLLECTION SYSTEM . _ .

The purpose of the datz collection system is to provide an organi-
zed and efficient method to capture and periodically summarize
all cost accounts to date for engineering, procurement and cons-
truction activities. (14)

‘ 2
The data flow fo:‘ the data collection system is shown in
figure 5.4.1

~

The prime objective here is to collect the data rapidly at the \
! i

end of each, period so to inform management as soon as possible ! !
on the status of the project.

. . |
The data collected must be unbiased; engineering performaoce

data must be collected by management personnel not involved;in

5

the design itself. \ ’ ‘
: ' }

Management Manhours and Expenses

The finance and administration department should provide, to
cost control, management information reports detgiling the
direct labor hours by department and by project. Tt\e reports
should also break the project down by sub-project accounts.

The reports should be issued on a monthly basis and list for

each project and sub-project, the department budgets, total

"

»

|
. A
Itk 1

R myians
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department hours to date, percent of completion, estimate to

complete and total manhour forecast.

The reports should also include the related direct lLabor dollars
and expenses per project. The hours are extended by the hourly
rates to arrive at direct labor dollars. Direct lat&\or dollars

are extended by a standard overhead rate to arrive aj indirect

labor dollars.

Financing Charges
The finance and administration department should also provide to
cost control, reports detailing the financing charges per project.

The reports should also break the charges dowrt by sub-project

accounts. , ‘ ' -

Purchase Orders ¢

After vendor selection has been made, the procurement group
shc;uld forward a copy of the purchase order to c‘ost control;\the
purchase requisition issued to procurement prior to .tl}e issual
of the P.0. must be checked by cost :control to assu:re.prbper
toding of the material and equipment. The purchase r;quisitions

as well as the bid evaluations and the quotations are issued to

cost control to prepare new forecasts.

o bmr e gt o h o Eme

B

&
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5.4.4 Contracts

~

After contract s‘ignaturej the procurement group should forward a

copy of a contract summary to cost control; the contract requi-

a

sition must be checked by cost control to assure proper coding
and breakdown of contractor lump sum prices (if any) and engi-

neering manhours. The contract requisition, the consultant's

proposals and contractor's bids as well as their evaluation
‘J
are issued to cost control to prepare ‘new forecasts.

5.4.5 Invoices and Progress Claims

5.4.5.1 Invoices .

.

Consultant's invoices are sent to control to verify hours (and

labor dollars) charged to the various sub-projects and disci-

- ‘ '

plines and total expenses against the contract conditions and

to forecast the remaining hours (and labor dollars) and expenses.

The consultant includes with his invoice, a progress report per
discipline showi'ng the authorized budgets, total discipline

hours to date, estimated manhour to complete, total manhour fore~
cast and inercent of completion. The report also includes the

related labor dollars and total expenses,

Cost control records the expenditures and the new forecast ‘in

0 ) ! .
the system and authorizes payment,

IR e
.
[

e
& e
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Suppliers invoices are checked by the engineering consulta'nt tg
certify that the material/equipment was received in good condi-
tion and accordiné to P.O.‘ and specifications. The project
manager forwards the invoices to cost control to 'check the
prices and quantities against the P.0. and records‘ the expen-

ditures against the material/equipment accounts.

Consultant's invoicef should not be sent to the project manager
located in remote areas but to the cost controller at the head
office; a copy of the transmittal letter should be sent to the
project manager for information. The progress report included
with the invoices should be verified in the consultant's office
by the engineering coordinator or the project manager and ap‘pro-

ved prior to being sent.
Contractor's Claims

The contrgctor's claims are checked by the engineering consultant,
to certify that the work claimed was completed according to the’
contract c‘onditions. The project manager forwards the claims to
cost control to check the prices, and quantities and‘the break-

down of the contractor bid against the contract.

Cost control records the expenditures in the system for each cost

item and authorizes payment.

The same procedure as for consultant's invoices should apply for

£
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the project manager located in remote areas; the engineering

consultant should send the progress claims to the cost controller

at the head office.

" 5.4.6 Char:ge Orders

v
Once a project change request has been approvgd, contract change
orders are issued to ¢t,he consultant to proceed with the changes;
a copy of the change order should be sent to cost control when
it is initiated to check the coding and om.::ve approved to revise .

the commitments. The same approach should be used for contractor

change orders. : .

B
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5.5 COST TRENDING/FORECASPING SYSTEMS

Cost trending and ferecasting are part of the performance analy-
sis and control actions necessary to keep the project progressing !
according to plan. The diagram on figure 5.5.1 shows the data ?
flow and formats which are used to capture and display cost de- %
velopment. Budget management maintains current budgets using g
the budget control system previously defined. Actual job data P j
on expenditures and commitments obtained from the data collection
system aﬁd performance are anaiysed and reported as current
progress. Forecasts on future performance are made using the
cost trending and forecasting system and the current status

reported to management.

PRy

The trend of progress in relation to the plan is obtained from
current progress and performance data. This data is captured,
sorted, summarized, and analysed before it can be used for con-

\ trol or as the basis of forecasting the future.

This section discusses performance measurement and trending

and forecasting procedures.

5.5.1 Cost Trending , o

EEN

Y

PR

A trend is defined as any deviation from a planned project or

.
¥

schedule which can seriously affect the outcome of the project.

Cost trending is the technique used to give early visibility of"

-®
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these deviations during the engineering,procurement, and cons-

truction phases of a project. (15)

The basic trend program must be consistent on all projects and

follow the cost trend reporting system illustrated in figure 5.5.2.
N~

-
-

a

Trends are devided into three (3) basic types: (16)

Scope trends: These wre client~authorized deviations and

directly affect the definitive budget,

\
\

Forecast trends: Where the cost is-affected due to deviations

Y N SO

between actual and budget, or whefe unauthorized deviations to
scope have occurred. Forecast trends do not change the defini- e

tive budget.

Budget transfer trends: Transfer’ of individual items within the
<

control budget such as changing equipment to be purchased by

it s

SQAE to sub-contract or vice versa. These revisions are

reflected.in the budget and forecast of cost centers affected.

st .

KN

LT RS

The cost trend report as shown on Table 5.5.1 is the only formal

document for initiating the processing of a trend. This docu-

)

ment can be initiated by the consultant or by any member of the

project tean’ and must be approved by the project manager .

- 4
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The change request registér previously shown in Table 5:3.3"also

\ . -

serves as the trend forecast reglster. This document serves as

a basis to.revise the total forecast each month. Project change

°

requests and cost trend reports must be issued to identify the
reasons for revising the total forecast and to "make sure that
‘ -~

the total forecast is approved by the project manager before it

is issued.

Cost Forecasting -

N
N
' 1

-

A cost forecast is a periodic estimate of the anticipated final
1 ’ ?
job cost which takKes into actount all of the factprs which have~

o~

aeveloped during the progress of the job. A common cutoff date

» 3 3 ¥ - . .

is necessary for proper coordination and reconciliation of data.

Differences between periodic forecasts should be expected and
- .

covered by the trending system.

.

Cost forecasting can be further defined by the following relation-

ships:
1) Revised Budget + Cost Trends To Date = Total Forecast.

2) Commitments To Date + Estimate To Complete = Total Forecast
h ¢ .

There are no rglationship between 1 and 2 above; they illustrate

different approach in forecasting.

:

A cost forecast can also be defindd in terms of a complete re-=

evaluation of a project. In this case, the current cost forecast
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\

e

B S

oy

PR

4
i
B
1
i




] ' ’ 185

“ - '

is established independently from either-1 or 2 above and can

/ ’
be related as:

~

\\ . .
- 3) Revised Cost Trends Compensating

B Budget ‘To date . ‘Trend (if any) = Total Forecast

.

4) Commitments . To go (Current Cost
* To Date Forecast Less Com-
. . mitments To Date)

= Total Forecast: )
(Complete Reevaluation)

\ 4

1
»

The compensating trend is developed from the cost trend to date

and isda prediction of the cost trends to complete the project.

~

The purpgse of the cost forecasting system is to constantly ana-.

,,
A

” lyse cost trends, actual cost accruals, job progress and provide
\ .

. . )
an accurate prediction Tor the cost of work to be done to com-

i
plete the project. From these apalyses and’ predictions, the cost

. forecasting system can be used to assemble the total cost fore—

. 4 N

. cast feor all elements in the project plan as illustrated in
4

Figure 5.5.3. )

]

5.5.2.1 Consultant Manhours and Cost
/}«

ra Forecasting consulltant.manhours ‘and cost will be developed from
) ' the earned value method. Engineering perfdrmance wilvl be measu-
red in term of physical percentage complete for each activity:
. actual percentage“complete multiplied by the 'manhour budget~a1_1'c>-

cated to the activity will give the earned hours for that activity.

The earped hours are compared with the expendgd hours for the same

‘¢
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forecasts
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control
Progress data N
Schedule Durations and dates
reports - >
\
For}cast data s
COS( N’end el 4
reports
Commitments and
From data expenditures
collection -
)
]
N

.

«

»

Source: ¢Managing Capital Expentditures
for Conmstruction Projects»
By Kenneth M. Guthriie, p. 207
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1 i ° * .
~ ' activity to estimate the mgnhours to complete. '
s . N é/ . - . . . \ -
b o ) “_ o ) .
¢ . ' . _
_ » .* Table 3.5.2 shows the format used toa;evéluate engineering progress\’

. &
~ .and to prepare the total forecast. This example is taken from
L -« Figure 5.2.4; assuming that the consultant was awarded the design
~ 2]
.. - .
package DO1 including the main sewer system and the pumping
A

station. The cost item would be listed by subdivision and by

.

- engineeriﬁ'g discipline with their authorized budgets (including

. " approved change orders). The consultant'will;&gvaluate its pro-

gress for each item and calculate the earned manhours. The expen-
- '\ S\f o N
ded hours will be calculated from the time sheets coded accordin-
® Q N
1

gly. The consultant must compare the expended manhours with th% -

- earned manhours to estimate the manho?rs required ' to complete.

v o ¢ »
- . . The engineering coordinator at SQAE must check and approve the

progress and the forecasted hours evaluated by the consultant.,

The cost controLler at SQAE must check the budget hours to cer-
tify that they were actually authorized. He must also issue a

- cost trend report and a project change request to cover the new
. o '
forecast. Theycost forecast is calculated using an-average —' —
i

wage rate for {13 cost code item for the work yet to be accom-
n ‘ plished.

&
n : The total FQrecast manhours evaldated by the consultant can bé

.

, ) ’ checked using the following formula: (17) -,

e R T SRV P T L

PO SR

:
+

[T N Y T,
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e o , -
| B . .
| . . ' 9 ‘ . .
’4' - N - . . .
B ) _ Authoriged X. % Eipended To .Daté);Vari'ancen = Trend
Budgef %4 Progress Factor . Forecast
RN From Table 5.5.2: = ; S T
: . 'C ) < x Column 11 ~ - Variance = Column 15
‘ - oLumn B edlum 9 Factor X
- . ‘. . ¢ N R -~ ' , ~ “" - )
- . " ¥ The formula is a-straight{liné -ﬁorecgt modified by the variance

.
] rd

g factor which is the product of an historical curve based on the’

#  accuracy of a straightline forecast. ‘. oL ,
. . i AJ '
" . . T /

T -‘The vpariance Yactor, was developed in the following mahner:
~ . . . . M . 3

.

+

- . ’
' \

* By using series of completed jobs, a straightline forecast was

4

pfebared at different poin};s of progress throughout each job.

@, =  The forecast was thenlcpmpaafe'd to the actual ej;;pendiﬁure at the
' . ~ . L}

- jobw'complétion point. Thé variance 'betwéen the straightlihe

forecast vs actual expenditure was translatéd into a statistical ~
’ . curve, illustrated in. Table 5.5.3. , i
ek T P . .
. ‘ . ' ,
e - : :
T .L The—-trend-férecast—is-ealculated, after 157 progress. is reported .
e - . until 1002 job corpletion is reported. - ’
(Y e
N 5.5.2.2 Management Manhours and Cost .3 '
4 \ -
o 0 ' L Forecasts for managements manhours are developed using the same
. approach as the c;onsultanit manhours. .
, The forecasts will be developed by sub—project only (Epic, resto-
\' ~l N N ) . - . - «

&
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. . : *by the contractors. ’ i

i a
\
\

: ration, sewerage, treatment) and then by management discipline. -
% \ ' ) \
‘ ' ) P .
©5.5.2.3 Material/Equipment Costs , - e -

< . - »

1

Material costs will not comprise a large portion of the total

I3 .

.
¢

project costs; most of the‘material/equipment will be purchased"®

!

.

Forecasts will be ,de\}eloped from the trending re‘xﬁorts issued

‘ . during the design process;” when quotations are received and once

the bids are being analysed. . ‘

.

5.5.2.4 Sub=tontract Costs o

4 .

, Most of the contracts will fall into two categories:)

L} ‘ -
. . Fixed price contract; or °
. Unit price contract." o

-+

- s

. All the sewer construction contracts will be unit price, sincé
{'I N . . v
. . the length of the sewer may vary depending on site constraints..

& . ’

- '
5 - N
- . . s, 0

p . For fiked price contracts, forecasts will be developed from the

’

spot scheck estimates during the final design and from the-ténder
N check estimates. It will also be developed from the estimate of

. project change and possible claims from the contractor.

0
. I v
= ,

\ ' ) .
For unit price contracts, forecasts are developed using the same

)
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- . 9 .
' approach. During the construction, the cost controller must R
. 'compare the actual quantities with the quantities stated in the- i
. 'gtract, and deyelop <orecast with the consultant on the site.’ .
' ,
The.project manager located id remoteé areas should assume this
] ) ' )
responsibility; he would then send the information to the €ost .
. . . - . ' )
. » @ ', !
. ) comtroller At the head office. . -
x \ ) -
y -
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COST REPORTING SYSTEM ‘ . >

k] B >

Cost reporting is the 2nd product of all data collection, data

analysis, and cost forecasting activities in the cost control

-~

system. It can be defined as a monetary synopsis report of pro-

gress to date, work.to be done and the total anticipated cost

to complete the project. Cost reporting is also a narrative o
analysis of all significant cost developments during the report-

ing period. (18) . .

-

.

The cost reporting system (Figure 5:6.1) is used to summarize and

’

assemble data in clear, concise formats which display definitive

budgets, cost accruals_to date, cost forecasts, and a monetary

status of the project relative to authorized budgets.

L)
Three types of reports'will be requited:

' .

. Client's monthly status reports; -
: Management monthly status reports; and

. Control reports.

Client's Monthly Status Reports . \

L]

As previously mentioned in 3.4.8, the cost control progress
report must contain a status report on the overall financial
aspect of the project, a variance report for each sub-project

B b

and cash flow projections.
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5.6'2

o 0
,
- .

Table 5.3.4 in secﬁion 5.3 showed the forfat of the cost.

- . $

symmary ‘report and forecast. The summary report is brokeg down
) .
by major subdivisions (or sub-projects) and all the cost figures

are in current dollars. The contingency allowance ise treated

3

’separately and added at the bottom. The definition of each %

column title was given in section 5.3. The status report will
give the reasons for the budget change, listing the project
change requests approved during the month.

»

The format of the forecast vdariance report is shown in Table
‘ ¢

,9.6.1. This summary report compares the forecast .of the previous.

report with the present forecast and the revised budget. Trend

reports should be issued during the month to explain the
/

variances.

The cash flow projections for the next quarter will be given as

L

well as cash flow curves showing planned and actual expenditures

for the duration® of the project. This jtemwill be discussed

a
v

in the next section.

Management Monthly Status Report

The management report is prepared by the cost controller and is
‘ [}

intended for the project managers and functional directors.

Cost summary reports and forecast must be prepared highlighting

e

the variances at differegt levels of the WBS. ,The following

195
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5.6.3

. be taken by the consultant in the manhour expenditures and

197

reports should be produced:

- Cost report and forecast™ (summary by szdigi§ion)
This report summarizes at level 3 of the WBS, the area or
group of system level; it would advise the projéct manager of
forecasted cost variances in the main sewer systems or in the

pumpfng systems for -example.

- Cost report and forecast (summary by discipline)

This report summarizes at the construction discipline level
i .
(element level) and alerts the engineering to the need for /
_corrective meagures to be taken by the consultant in the

design.

J

- Cost report and forecast (summary by package)

This report summarizes at the construction package level and

advises the project manager of forecasted cost variance in a

particular package.
< ‘ TN

- Manhour forecast (summary by engineering discipline)

This report is prepared by engineering discipline and. alerts
the engineering group to ghe need for corrective measdres to

. ' A - A

engineering progress.

¥ . ~

Control Reports e
a ' -~

»

)
C8ntrol reports are the detailed reports used by‘thé cost
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x

controller.

The major repofts to be used are described below:

a . . .
-s \\ < R b4
- Cost report and fofecast \ i

\

) ) ' ) . L,
This. report lists all the cost items according to the cost

structire.
- Commitment report - .
~ | .
This report provides cost information on all commitments .for
X ) + . . * .
the supply of goods and services, that have actually been made
against each cost code to date:
.= Purchase order/contract numher, supplier, desc¢ription, ’
amount; . ’
. ) , °
=~ Gross claim; . .
- Balance outstgnding. -
~- Holdback & payment status report \
This report gives information against each purchase order or

contract number for each supplier under the following headings:

- P.0., amount;

- Gross claims;.

1

Holdback deducted; = -

Payment to date;

|

Unpaid balance.

-

.
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5.7 CASH FLOW ANALYSIS s \ - \

s

. Cash flow analysis in the cost control system serves as a review .

. and analysis of cost and 'schedule data for the purpose of accu-

, rately distributing costs over time and generating various i
- incremental and cumulative graphics to display the profile é
of this data over the duration of the' project. The cost control K
A . ¢ §
T system establishes three elements to be displayed on each set )
. : v
of graphics: (19) R .

~ Planned profile; ‘ -

. ' 4

~ Actual profile; and
- Vi N ! N

-~ Forecast profile.' T L4
\- R
The basic type of cash flow profiles required are:

- - Commitment distribution; and .

. '~ Cash expeﬁditure distribution.
9

\ . { )
v

i ==

Commitment represents the value of signed purchase orders (or , i
letters of intent), contracts (or letters of intent) and change
orders, and cash expenditures represent the value of monies at

. the time the expenditure is made; it is not at the.time the

., invoice will be received or paid.

The purpose of the cash flow analysis system (Figure 5.7.1) is
to provide graphic profiles of the distribution of monies over
the duration of the project. Cagh flow worksheets will be

‘ prepared per sub-project a&cording to the following breakdown:
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: CHAPTER 6

R CONCLUSION

-

The implementation of a cost control system must be carefully planned.
It cannot succeed without an absolute commitment from-top management.
Top management must make sure that the entire organization is sold on

L

the need for it.

The multi-project environment creates a major constraint for the
implementation of a cost control system. Top management must define
tﬂe extent to which the firm must control the cost of all these
projects, The value placed by the firm on cost control of management's
beliéf in the concepts of cost control will assure the successful
imp}ementation of the cost coﬁtrol system,

°

L C o 4

One of the basic concepts for an effective cost control system is to

have accurate cost baselines from estimating. If the baselines are

-

not valid, there is no cost control. Another basic”concept is to .
break down the total project into sufficiently small subdivisions,

using the work breakdown structure (WBS) technique, to permit accurate
cost estimates and adequate visibility and control over cost and time

A

limits. The WBS must be developed at the appropriate level of control

with the project ‘organization structure to allow reporting by respon—'
sibility level. A third concept is to assign each element of the WBS

to an engineering, procurement and construction package to be able to

A\
compare ‘the actual costs with the cost estimates.
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. The control function for each project must be provided through a
. consistent and constant boint of leadership, the project manager.

The project manager must be provided with the authority necessary to

[N

get the job done omtime, within budget, and to the satisfaction of

- . the client: He mist have the veto power to refuse project changes

. r
. affecting his budget for the good of the project.:¥ “

Cost control should be the active tool of the project manager. The

* . control group is not there to control the project manager, but to

-

support him or guide him on the project to stay within budget and to
meet the schedule. The prime function of cost control is not to

record committed and expended costs, but to forecast final project

-
.

N r - N ‘ ‘
costs. The accounting grosﬁ is involved after the facts, but the .-

' cost control group must be invelved before the facts. . .

"
“ .
. -
. * » i

~

o The opinions expressed in this report are the sole responsibility of
- the author. This report was written to highlight the problems.related
Y

< to the planning and implementation of a cgéf coptrpl system and to

Pecng

R i R

> -~ serve as a constructive tool to improve the existing system at SQAE.
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