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What To Look for in
Auditing Cost-Benefit Studies

Because of increased emphasis on program evaluation

and requirement analyses in GAQO audits, the likelthood

of an auditor having to review and evaluate a cost-
effectiveness or cost-benefit study is greater. This article
describes the important aspects of such studies and shows by
examples the key attributes that mark a good study.

A cost-benefit study examines one
or more alternative ways (or systems)
for performing a certain function and
compares the cost and benefits (effec-
tiveness) of the various alternatives.
Such a study is requited by the mili-
tary as part of the justification for
developing or procuring major weap-
ons systems. Increasingly, it is also
being made in the civil sector for ex-
amining or evaluating various actual
or proposed programs.

If an auditor is involved in a pro-
gram review in which it is necessary
to evaluate the adequacy of the pro-
gram’s justification, very likely he will
have to examine a cost-benefit study.
In reviewing such a study, he should
examine several basic features. These
are discussed below, using for illustra-

tion a cost-benefit study I supervised
while I was with a private company.

The study! examined Army svstems
for bulk delivery of fuel to the field
army in the 1970 to 1985 time frame.
It was a 2 year, 40-man-year effort
finished in 1969. It examined the
many different components, such as
pipe, pump engines, storage tanks, fil-
ters, and valves, as well as various
systems using different combinations
of components.

Key ltems
Eight key items to look for in eval-

1“Bulk Petroleum Facilities & Systems
{BPFS), 1570-1985,” CORG-M-355, Combat
Operations Research Group, Technical Op-
erations, Inc., November 1969.
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uting cost-effectivenes: studies follow.
|. Objectives: Are the objectives
dearly stated and appropriate to the
oblem? Are there quantifiable meas-
ures identified which will adequately
show the degree to which the various
allernatives meet the objectives?

9, Alternatives: Are all ihe major,
viable alternatives treated or are the
slternatives to the recommended sys-
ten merely straw men?

3. Assumptions: Are the major as.
wmptions explicitly identified? Are
they assuming away an important part
of the problem?

4. Future environment: Is only one
threat, :cenario, or future environment
specified and used, or are several al
wrnative situations treated to address
the uncertainty of the future?

5. Key factors: Are all the key fac-
tors identified and treated, or are
some held fixed or ignored?

6. Appropriate model: Does the
model used in the analysis treat all the

key factors, handle the environment

ad alternatives adequately, and em-
ploy the proper measures of effective-
ness and cost?

1. Sensitivity analysis: Are values
of key factors varied to identify the
sensitivity of the system choice to vari-
ables whose future values are particu-
larly uncertain?

8. Comparisons: Are alternatives
tompared either holding cost constant
ind measuring effectiveness or holding
eflectiveness constant and measuring
cont?

Objectives
_ Matching the objectives of the effort
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with the real problem at hand is often
very difficult because the problem is
large and the study must be kept in
rea~onable bounds. This requires sub-
optimization, which we can hardly
ever avoid, but carefully choosing and
defining the study are necessary so
that the objectives of the analyzed
portions are compatible with the total
objectives. Too often the problem is
divided by jurisdictional considera-
tions, which often causes poor system
definition.

The petroleum study encountered
a jurisdictional problem which affected
the choice of objectives. The Army
engineers are responsible for the bulk
petroleum system (pipelines and stor-
age tanks) and the supply ‘corps is
responsible for delivering the fuel
from the pipehead to the ultimate con-
sumer. The ‘engineers and the supply
corps were planning to study their dis-
tribution systems. It was suggested
that the two studies be combined, be-
cause the advent of new materials
(and consequently costs) showed a
need for determining the best. place to
end the pipeline and switch to trucks.
Efforts to combine the studies failed,
however, and the engineer study pro-
ceeded with the fixed assumption that
pipelines would end at the rear of the
corps'areas.

Objectives must also be stated
clearly so that quantitative measures
can be chosen that directly measure
the ability of the alternatives to meet
the objectives. The petroleum study
was to design a system that could
carry and store the required fuel
quantity and quality and be con-
structed in & certain time with mini.

M
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mum cost. Selecting adequately sized
components in sufficient numbers
would meet the fuel goals; the use of
enough men and equipment would
meet the construction time require-
ment. Minimizing the cost is thus the
principal objective. But how is it to be
measured? We used a broad definition
of cost as the use of scarce resources.
In peacetime, dollars are a scarce re-
source to the Army, but in wartime
trained manpower and shipping space
are apt to be the scarce resources.
Therefore, in comparing the systems,
we measured the investment cost (dol-
lars), the number of construction and
operating personnel required, the

weighted average training time, and,

the volume (for shipping).

Alternatives

Too often the preferred new system
and the current system will be the only
alternatives presented in a study, and
the current system may be quickly dis.
carded because it cannot meet the re-
quirements. More often alternatives
are excluded because they belong to
another organization. Army air de-
fense studies ofien ignore the contri-
bution of Air Force interceptors: The
Strategic Aiv Command ignores Pola-
ris in its bomber analyses. If this ju-
risdictional problem sounds familiar,
it is. In GAO, an audit may examine
only part of the problem and suggest
certain improvements (alternatives)
and may ignore other aspects of the
problem and other alternatives because
they fall in other divisions’ jurisdic-
tions.

The task force concept examines ,
problem from all aspects and treats 3|
the viable alternatives. It ha: often
been said that a zood systems analy.
sis/cost-benefit study will not only ex.
amine all the proper alternatives bu
may also develop a new best alterna.
tive.

BPFS tended to follow that course.
The old World War II system using
steel pipe was inadequate in meetin;
the fuel quality (cleanliness) stand.
ards demanded by the Air Force and
was very expensive. On the other
hand, there were so many new pipe
materials, joining methods, types of
pump engines, storage tanks, etc., that
our problem was to sort through these
to define some likely candidate sys-
tems.

Assumptions

Any large study requires a multi-
tude of assumptions. The most impor-
tant ones apply to the other key areas
discussed, such as the alternatives that
are assumed. The threat characteris-
tics, the details built into the model.
and the system requirements all con-
tain important assumptions. In the
BPFS study, the Army required that
pipe sections be capable of being han-
dled by four men, two at each end.
There was some difference of opinion
about how much a man can lift in
construction operations; we assumed
70 pounds per man.

Future Environment

Any future environment is an as-
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Figure 1
COST - EFFECTIVENESS ANALYTICAL PROCEDURES
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current data and a rational way to
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point to remember is that the future is
uncertain; the postulated environment
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Thus it is important to consider a va.
riety of possible threats. Beware the
study that treats only one threat (envi-
ronment); it may be chosen to show
off the preferred system to the best
advantage. It is better to design a sys-
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tem that will act reasonably well in
most situations than to optimize the
design for one situation and have it
flounder or fail in other likely, but not
examined, situations.

The BPFS study avoided most of
the problem, since the Army supplied
four scenarios. Two scenarios were
dropped, hicwever, for logical reasons:
one was in an area with an indigenous
oil supply and the other required a
simple system with modest fuel re-
quirements which were very similar to
part of the system of the third scena-
rio.

The third scenario required an ex-
tensive pipeline network with wide
variations in fuel flow and storage re-
quirements in various locations. This
scenario was used to evaluate the can-
didate systems. The fourth scenario
was used, as a check, to compare the
best system from the third scenario
against the current system to deter-
mine the cost advantage.

In domestic studies, the principle of
examining a spectrum of fuiure situa.
tions still holds. Will consumer accept-
ance of certain types of housing
change and in what way? What if
traffic forecasts, inflation rates, life
styles, and distribution methods are
different from those postulated? The
more likely they are to change, the
more important it is to evaluate the
alternatives in several different envi-
ronments,

Key Factors

A key factor is any parameter of a
system or the environment that has an
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important effect on one of the mea-.
ures of cost or effectiveness. It is diff.
cult to know in advance what the ke
factors are, but the study should iden.
tify them, after determining their of.
fect by treating them either in the
main model or in a side analysis.

The BPFS has a large number of
key factors—the pipe’s material
le::gth, weight, operating piessure, and
friction coefficient. When the key fac.
tors of pumping stations and storage
tanks are considered, the number of
combinations becomes astropomical.
All the key factors were covered at
least to some degree. The methods
used are discussed below.

Appropriate Model

Seldom does a single model handle
all the key factors, alternatives, and
measures of cost and benefit or effec-
tiveness. Usually there is at least a
cost model that is separate from the
benefit or effectiveness model. The
large number of parameters in BPFS
forced us to use a whole family of
models and analyses, as shown in fig-
ure 1.

Even this chart is over simplified,
because it deals only with the “logis-
tic” system and the “permanent” pipe-
line system. We 2lso had to examine
components of an “assault” system, a
temporary “over the beach” system de-
signed for ropid installation and oper-
ation until the logistic system was con-
structed.

The initial phase of the analysis
consisted of analyzing alternative pipe
and joining 1methods by using the pipe



comparison model. Various grades of
«eel, aluminum, and plastic were con-
dered, and from these the best candi-
dates were identified. A similar analy-
sis was made for pumps driven by
gasoline, diesel, and turbine engines.
The best candidates were identified by
wing the pump comparison model.
The results of these separate analyses
wers used as inputs to the pipeline
comparison model. Using this model,
each pipe candidate was examined for
2 range of pressures, diameters, and
throughput requirements using the
least-cost pump required. From this
model, a set of cost and performance
curves (fig. 2) was developed for each
of the primary material categories.

The installation of a number of
storage tanks in a tank-farm complex
was considered by using the storage
tank comparison model. The number
of each type of storage tank needed to
satisfy the storage requirements was
determined by considering the capac-
ity of each tank. The top tank candi-
dates were further considered in the
simulation, along with the best pipe-
line candidates.

The selected pipeline and storage
tank candidates. the scenario require-
ments, and ancillary data on system
installation provided the inputs to the
pipefine simulation model. On the ba-
sis of the scenario requirements for
pipeline construction and the layout of
the pipeline system for various ports
of crigins and delivery point destina-
tious, the simulation model was run to
determine the length of time required
o construct each candidate system.
Other runs were made in which the
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manpower and equipment levels were
adjusted tc achieve the scenario con-
struction-time goals (i, obtain
equally effective systems). The system
cost raodel was then used to calculate
the significance of these differences
and to show which system was eco-
nomically preferable.

Analyses of the system cost model
outputs and the assault system pro-
vided the basis for selecting the best
family of facilities for the engineers to
construct and maintain.

Along with the main study effort, a
number of side analyses were made on
pipe section weight and length, fluid
velocities, reliability and maintainabil-
ity, automated trunkline pumping sta-
tions, fuel quality, operating hours,
and vulnerability. The results were
used as constraints or operating crite-
ria in the pipeline system analysis. For
instance, automating the pumping sta-
tions was found to be too expensive.
Only manned stations were used in the
alternative systems.

Sensitivity Analyses

A sensitivity analysis is one wherein
a potential key factor, or set of fac-
‘ors, is varied to determine the effect
on the measures of cost or effective-
ness. It may be done running the main
model, submodels, or side analyses.
For instance, in BPFS, the pipe diam-
eter, operating prescure, type material,
and throughput requirement all inter-
act to affect the cost, particularly since
the spacing (and thus cost) of the
pumping stations is affected. Figure 2
shows the interrelationship for alumi-
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Figure 2

ENVELOPE FOR THE ALUMINUM FAMILY PIPELINE
SYSTEM FOR VARIOUS THROUGHPUTS
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num pipe. Only the lowest cost curve
for each diameter is shown; the curves
of other pressures are higher. This
represents a doublc variable plot in
which pipe diameter and pressure are
traded off. There is an optimum opera-
ting pressure for a given diameter and
en optimum diameter for a given flow.

Comparisons

If both cost and effectiveness vary
among alternatives, it is more difficult
to make a choice. Is the extra perform-
ance worth the extra cost? The analy-
sis should be designed, if at all possi-
ble, to hold either cost or effectiveness
constant, A one-to-one comparison
(e, one new ship v. one current
ship) is misleading because the new
ship is better but also is more costly.
A comparison of two equal-cost chip
forces (new design v. old) has more
meaning. For BPFS, effectiveness was
held constant by requiring that each
system (considered in the simulation
model) carry the required throughput
and be constructed in the required
amount of time. Thus the lowest cost
system is preferred.

The men and equipment required to
meet the specified construction time
were input to the cost model to deter-
rine the cost in dollars, the number of
onstruction personnel and operating
personnel, the average traiming time,
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and the volume. The plastic pipe sys-
tem required the fewest men and the
least equipment but dollar costs were
considerably higher. Aluminum was
the recommended material.

Corcluding Remarks

We have identified eight key aspects
of cost effectiveness and have illus.
trated them by discussing a study of a
rather complex hardware system.
These key aspects, and the principles
of application, are of genere! validity,
however, whether the subject is a
weapon system, software package, so-
cial program, or organization. If all
questions asked in the key items sec.
tion can be answered in a positive
sense for a given study, it is a good
one. If one or two aspects are nega-
tive, it does not necessarily mean the
study is poor; it may be only incom-
plete in a small area or inadequately
documented. The importance of the .
deficiency has to be assessed. A beau-
tifully written and fully documented
study may have all the key attributes,
except it fails to consider one prime
alternative.

One can always find something to
object to in a study. The question to
ask yourself is “Would corrections to
these errors or omissions significantly
change the results of the study or the
recommendations it supports?”
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