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CONTROLLING ACCELERATOR ENGINEERING COSTS

R. T. Avery and D. J. Breuner
William M. Brobeck & Associates, Berkeley, California

Summary

Cost control for accelerator engineering

involves task definition, planning related expend-

itures, measuring progress, tabulation of costs
and projections, and, most important of all,
follow-up for corrections. Accelerator engineer-
ing costs are best regulated by the accelerator
engineer, since those who are in any way detached
from the work cannot exercise the most effective
control, The accelerator engineer should be
assisted by providing him with an effective sys-
tem, appropriate forms and reports, and admini-
strative support.

Introduction

An interesting thing about accelerators is
that engineering and development costs often
approach fifty per cent of the total installed
accelerator cost® (excluding building and site)
whereas engineering of construction projects
often is 1es§ than ten per cent of total in-
stalled cost”.

Cost control for accelerator engineers is a
necessary chore, unpleasant though it may be,
However, this chore, when done in a logical man-
ner, can result in economies and may even become
a satisfying accomplishment for the engineer,
such as when a project is completed for nearly
what it was supposed to cost.

The following is a system which works for
William M. Brobeck & Associates, Althougg &tS
seems simple enough, we have found little”®"?
in the literature which describes the elements
of engineering cost control applicable to
accelerator-type projects. So we decided to
write about it so that others might profit by it.

Define Tasks

The first step in controlling costs for
accelerator engineering projects is to establish
definite tasks. We think of a task as a portion
of work which can be identified and distinguished
from the balance of the work on the project.

A task description should be prepared for
each task., Figure 1 is a sample of a task
description which defines a task as well as its
related account number, responsible engineer,
budget, and schedule. Tasks may be organized by
different parts of the accelerator facility; or
by project phase such as study, model, design,
test, etc; or organizationally, by physics,
mechanical engineering, electrical engineering,
drafting, etc.; or by some combination. It is
preferable to tailor the tasks to the particular
project. Defining development and study tasks

can sometimes be difficult, but it should be
possible to define objectives or goals for the
task if it is worth undertaking.

The following criteria have been useful
guides in establishing suitable tasks, Sometimes
all of these criteria cannot be satisfied
simultaneously, so comprises often result.

1. Task Boundaries Should be Clearly Defined,
There should be a clear-cut distinction between
concurrent tasks so that there will be little
doubt as to which account number to charge time
to. There should be a clear-cut distinction as
to start and completion of the task preferably
by means of an unambiguous event such as submis-
sion of a report. All task requirements should
be stated, and sometimes it also helps to
explicitly state items which are not included,

2, Task Should be Consistent With Project
Objectives. Completion of all tasks should
correspond to completion of the over-all project.
The total of all task budgets should not exceed
the project budget. Task should agree with re-
quirements of contracts and legislation which
are applicable to the project.

3. Task Should be of Manageable Size. Budgets
of $2,000 to $20,000 have proven convenient for
control of engineering tasks.

4. Not Too Many Tasks Should Run Concurrently.
It is easier to simultaneously control a few
tasks rather than many tasks. From one to ten
active concurrent tasks can be reasonably con-
trolled by one engineer., On projects with many
active tasks management may prefer to use cost
summaries by groups of tasks for project cost
control,

5. Tasks Should be of Reasonable Duration. Task
durations of two to six months have proven
effective when task costs are reported semi-
monthly.

6. Task Should be Consistent with Project
Organization. There should be only one boss
(normally a '"'task engineer'") controlling expend-
itures on a given task,

7. Task Should Preferably have a Single '"End
Product'". It is easier to control costs of a
single "end product", such as a set of drawings
or a report, rather than of several items with
staggered delivery requirements.

Prepare Task Plan

The next step in controlling accelerator
engineering costs is to prepare a task plan
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which sets forth the anticipated expenditures

which are required to achieve the task objectives.

Figure 2 presents a typical task report form
(Engineering Progress Report) on a format which
permits presentation of the task plan plus peri-
odic updating and reporting., The details of the
task plan will likely vary to meet the user's
requirements. However, the following features
have proven useful,

1. Program the different types of expenditures,
such as manpower requirements for engineers,
draftsman, technicians, etc., plus allocations
for consultants, material, travel, telephone,
reproduction, etc. that are planned for the task.

2. Program expenditures chronologically, pre-
ferably into the same time intervals as used for
cost reporting. Use of a simple "bar chart"
schedule may facilitate distribution of costs
into the selected time intervals.

3., TIdentify intermediate check-points or '"mile-
stones' which can be used to measure progress

toward task completion.

Periodically Review Task Costs

The objective of cost control is to hold
total expenditures, past plus future, within the
budget. A periodic review of costs incurred to
date and an estimate of remaining costs to com-
plete should be made., Performing task reviews
at monthly, semi-monthly and weekly intervals has
been successful, The time interval selected
depends to a large extent on the task duration
with short intervals being used for short tasks.
Monthly intervals are standard,

Actual costs incurred to date should be pre-
sented in a timely and useful manner to the pro-
ject and task engineers who are controlling task
expenditures. Accounting groups can usually
supply this data. To be most effective, the cost
data should be available withina few days of
the close of the accounting period,

Data-processing systems can be used advan-
tageously to prepare up-to-date cost reports .
However, regardless of whether manual or computer
techniques are used, the importance of getting
the cost data to the user in a hurry cannot be
overstressed., Costs should be reported for each
task, Summaries by task groups and for entire
projects can also be useful.

Preparation of budget plots7 (dollars vs.
time) to display monthly and/or cumulative
expenditures are good for indicating trends and
expenditure patterns. These can either be done
manually by the '"controlling" engineer or done
for him on the computer.

Reporting of past expenditures does not
necessarily provide good indicators of future
costs, For instance, 1if fifty per cent of the
allotted time has elapsed and fifty per cent of

the budget has been expended, one might assume
that the task was entirely healthy. This is
true only if the task will be completed on
schedule. Tt is, therefore, necessary to evalu-
ate the work remaining.

The estimated total cost of a task will
vary as the task progresses due to factors such
as problems encountered, caliber of people as-
signed and unanticipated work, A classical
method of estimating the work remaining is for
someone knowledgeable of the task to make an
"educated guess' of the percentage completed.
Unfortunately, these guesses often are optimistic
and result in a series of completion reports
that characteristically approach 100 per cent
completion asymptotically.

Rather than directly estimating ''percent
complete' we have arrived at the conclusion that
it is better to estimate the "cost to complete',
This can be done by updating the task plan., The
task report form (Figure 2) can be used to plan
a program for completing the task, to estimate
the cost of the plan, to report on problems
encountered, and to explain variations from
previous plans and milestones, This task report
is normally prepared concurrently with compila-
tion of actual costs to date. Reasonable care
is required when preparing the task report since
effective cost control requires accurate data.

Prepare Useful Cost Reports

Cost data should be presented promptly and
in useful form to the engineers and administrators
who monitor and control task expenditures., The
task engineer should definitely get a copy as he
is the individual who is in the best position to
control expenditures.

The Project Budget Report shown in Figure 3
is one of the principle tqols of cost control at
William M. Brobeck & Associates. An IBM 1401
computer is used for its preparation, which per-
mits rapid compilation and reporting of the data.

Input consists of "Budget', "Total Charges
to Date', and "Estimated Cost to Complete' for
each task. "Estimated Total Cost This Period",
is the sum of "Charges to Date" and "Cost to
Complete', For comparison purposes, the "Esti-
mated Total Cost - Last Period" and the cor-
responding '"Percent of Budget' are also given.
Y"Percent Complete" is computed as '"Total Charges
to Date' divided by "Estimated Total Cost’. Sub-
totals are shown for each group of tasks. Sim-
ilarly, totals are given for the sum of all task
groups in each project.

"Warning signs" to watch for in the Project
Budget Report are a projected overrun, which is
indicated if "Estimated Total Cost Percent' is
greater than 100, and adverse changes in "Esti-
mated Total Cost" which are indicated by compar-
ing figures for "This Period" and ''Last Period'.
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Relation To Over-All Accelerator Facility

Engineering is usually only one facet of an
over-all accelerator facility. The reporting
system just described provides data which can
readily be tied into a management control system
for the enitre project or facility.

Engineering task costs can be integrated
into an over-all cost control system for the
entire project or facility.

Task completion datgs and gilestones can ?8
used for input into CPM®, PERT’, or PERT/COST
programs for scheduling of over-all projects.

Month-by-month manpower projections given in
the task plans and task reports can be used for
manpower planning for the over-all facility,
perhaps utiliziTg advanced planning techmiques,
such as RAMPS.

Follow-Up

Appropriate action should be initiated if
expenditures are not under control. Corrective
action to put the task back on-budget can be
taken if the cost problem is detected early
enough. Sometimes the task can be redefined to
cover less work, Sometimes more effective
personnel can be assigned to the task. Sometimes
the work to be performed can be reduced. Some-
times the task engineer plans to do more work
than required, Perhaps all that can be done is
to inform management or the client that the task
will overrun so that they can anticipate the
overexpenditure.

Key Role of Accelerator Engineer

The accelerator engineer is the key man to
control accelerator engineering costs. He must
participate in the foregoing steps if they are
to be effective, His technical knowledge is
needed to define logical tasks and to prepare
the task plan. He is in the best position to
estimate cost-to-complete, Finally, he is the
one who can most effectively initiate action
to get the task back on-budget.

It is our observation that most engineers
have an honest desire to keep their work within
budget. But since engineers prefer technical
work to budgets and controls, best results are
achieved when cost control work is made as easy
as possible. Reports should be kept simple.
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Staff support should be provided to assist, but
not replace, engineers in preparing task de-
scriptions, task plans, and estimates so that
they, the engineers, can effectively control
costs without being burdened with administra-
tive details,
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