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EXECUTIVE SUMMARY

This report describes a method of evaluating capital investment decisions
that utilizes the '"dynamic programming"” concept. Dynamic programming is
an operations research technique that is effective in solving certain
types of problems. The dynamic programming process reduces many elaborate
problems into a form that may be readily solved (provided the original
problem is not excessively complicated).

The particular problems discussed in this report concern the identification
of an optimum capital investment decision. Typically, the problem involves
the selection of a capital investment decision from a group of competing

or alternative investment decisions.

The method proposed in this report determines the discounted (present
worth) value of the costs associated with each capital investment decision.
The capital investment decision, or project, corresponding to the minimum
discounted total cost is optimum. This solution is shown to be equivalent
to the solution obtained by a benefit-cost ratio analysis.
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1. INTRODUCTION

Dynamic programming is a method of formulating complex multi-stage
problems as a sequence of easily solved one-stage problems and as such,
is applicable to capital investment decision analysis.

This report first examines the underlying assumptions and implications
of the capital investment analysis theory., This is followed by a
discussion of the application of dynamic programming., A sample
application is then presented which includes a description of a
computer program that has been developed in accordance with the analysis
process proposed in the report. A method of applying sensitivity anal-
ysis is also demonstrated.

The dynamic programming application discussed in this report is based on
a concept described by Velona (1).






1I. CAPITAL. INVESTMENT ANALYSIS THEORY

The dynamic programming capital investment process gives a solution in
terms of discounted (present worth) dollars, The following discussion
introduces the discounting concept and subsequently develops a capital
investment analysis methodology based on the process of discounting
dollar expenditures or costs to their present worth value, (The reader
may refer to Grant and Ireson (2) for an excellent detailed discussion.)

A,

REVIEW OF THE DISCOUNTED COST CONCEPT

Discounting is a technique used to determine the present value of a
dollar that is spent or received at some future or past date, It is
a method of evaluating dollar transactions occurring at different
times in terms of a common measurement scale, the present value of
the dollar. This transformation into a common measurement base
permits a meaningful comparison between alternative fiscal or
monetary transactions occurringat different times. The term
transaction refers to either a monetary expenditure or receipt.

Let: P =The present worth of an expenditure or receipt incurred
the end of time period n

S = An expenditure or receipt incurred at the end of time
period n

i =The interest rate or discount rate
n =Number of time periods (usually years)

1 =Present Worth Factor PWF(i,n)
(1 +i)n

Then: P =S x PWF(i,n)

The selection of a discount rate is crucial to the evaluation of
competing monetary transaction alternatives because the present
worth values of time dependent transactions are often critically
sensitive to the magniture of the discount rate. See references (2)
and (3) for further discussion of this topic.



B.

CAPITAL, INVESTMENT ANALYSIS BASED ON THE UNIFORM SERIES
CAPITAL. RECOVERY CONCEPT

For our purposes, capital investment is defined to be the initial
cost of establishing a facility or the cost of initiating a project.
It included all costs incurred during the planning, developing, and
construction of a facility or project. The capital investment cost
does not include any operating, maintenance, or penalty costs
incurred while using a facility. To expedite mathematical
analysis, the capital investment cost is assumed te be incurred at
the beginning of the first time period during which the new
facility is used (if necessary, the capital investment assignment
may be calculated by discounting the appropriate capital costs to
the above-mentioned time instant), Then, the discounted value of
the capital investment cost allows a meaningful comparison between
this capital investment occurring at any other time,

For purposes to be clarified later, it is often desirable to trans-
form an initial capital investment into an equivalent uniform series
of time period (e.g., annual) costs, Normally, the number of time
periods over which the capital investment is transformed is equal

to the usable life of the facility.

Let: R=The capital recovery cost of an initial capital investment
at the beginning of time period n

P=Initial capital investment at the beginning of time period
n

i =1Interest rate or discount rate

k =Capital recovery life of the investment

(1+i -1 = Capital recovery factor CRF(i,k)

i
Then: R= P x CRF(i, k)

The initial investment, P, incurred at the beginning of time period
n is transformed into a uniform series of k end-of-year capital re-
covery cost is assigned to the end of time period n and the last is
assigned to the end of time period n+k-1.



C.

TOTAL COST ANALYSIS

In addition to capital investment costs, there are two other types
of costs normally relevant to capital investment decision analysis.
These are referred to as "operating costs" and "penalty costs,"
Operating costs are composed of direct operating expenditures, and
maintenance costs, but do not include costs associated with the
establishment of a facility and do not include operating and
c¢apital investment costs., For example, consider the case of a
single runway. The relevant penaliy cost associated with this
facility consists of all the delay, diversion, and accident costs
that are incurred by aircraft attempting to use the runway,

Operating and penalty costs are incurred after a facility is
established and used. Therefore, a decision to make a capital
investment implies a willingness to accept the recurring operating
and penalty costs that follow, To expedite mathematical analysis,
these costs are assigned to the end of each time preiod, These end-
of-period costs represent all the operating and penalty expenditures
that are incurred during that time period, (Note: depending on the
accuracy requirements of the problem, it may be necessary to com-
pound the expenditures incurred during the time period to the end

of that time period,) Finally, the discounted value of all the
operating and penalty costs incurred is obtained by summing the
individual present worth costs,

The overall cost experienced during the usable life of a facility
may now be defined as the sum of all present worth costs incurred
during a time period. It represents the present worth costs that
will be experienced once a given capital investment is undertaken,
These cumulative discounted total costs are then used as the basis
for comparison among competing capital investment decisions,
However, there are some important considerations involved in such
a comparison that have not yet been discussed, These concern the
relevant time periods under analysis and the relevant costs re-
quired,

STUDY PERIOD CONCEPT

In dealing with projecting costs into the future, there is some
limit to the time span over which forecasts may be reasonably and
reliably made. Currently, most forecasting techniques estimate
statistics for a future period of twenty years or less. Estimates
beyond this time frame are usually unreliable. However, many
capital investment decisions involve facilities whose capital re-
covery life exceed this period of reliability. For example, a
capital investment decision go build a facility ten years from now



usually involves a capital recovery life extending beyond the 20-
year period of reliable forecasts. Furthermore, there is a need to
define a method of meaningfully comparing the decisions to establish
one facility, or another facility, at any time during the next five,
ten or fifteen years.

The "study period"” concept is a method that effectively handles
these complications, The study period is merely a fixed time span
over which all costs attributable to each capital investment
decision is evaluated. The capital investment, operating and
penalty costs assignable to each capital investment alternative
during each and all time periods contained in the study period are
examined.

The uniform series capital recovery cost technique is used to
assign the capital investment cost to the appropriate time periods.
By the study period analysis method, only the capital recovery
costs assigned to the time periods contained in the study period
are considered. Since the operating and penalty costs incurred
only during the study period are examined, this method is a means
of relating the capital costs to the specific period of use being
analyzed. This means that any capital recovery costs assigned
beyond the end of the study period are not relevant to the

solution process proposed,

That capital investment decision which accumulates the minimum
discounted total coOsts over the study period is optimum. 1In terms
of equivalent present worth dollars, this alternative is the least
expensive.

For example, consider the one runway airport. It is desired to
examine the economic feasiblility of establishing a second runway
sometime in the near future. Reliable aircraft activity forecasts
are available only for the next ten years. Therefore, penalty costs
due to aircraft delays, diversions, and accidents maybe reasonably
estimated only for the next ten years, This ten year period is the
study period. We are now concerned with two alternatives: to
build a second runway sometime during the study period or not to
build a second runway at all. Let us assume that a time period is
one year, In the formulation of this problem, the decision to
build a second runway is equivalent to establishing this facility

at the beginning of one of the time periods during the study period.

Let: M= Study period (ten years)

i = Discount rate



Consider the decision not to build a second runway; i.e., main-
tain the existing situation (one runway) throughout the study
period. This runway already exists and we may assume that it will
continue to operate, without replacement, during the study period.
Therefore, there is no capital investment cost associated with
this alternative, however, there are operating and penalty costs
involved., The cumulative discounted total cost associated with
the decision not to establish a second runway is calculated as
follows:

Let: OCJ..Operatlng cost assigned to the end of time period j due
to using only one runway

PCJ.uPenalty cost assigned to the end of time perlod j due
to using only one runway

TC1==Cumulative discounted total cost attributable fo a one-
runway operation during the study period

M Pl
Then: TC= % 0Cy +PCy }
J (1 +i)J

One competing capital investment decision is to establish the
second runway at the beginning of some time period n. Assume the
usable life of the second runway, without replacement, is equal to
some fixed number of years, k, such that k is greater than the
study period duration m. Assume the capital investment cost of
expanding from the one-runway operation to the two-runway
operation is Pp.1, and this cost is assigned to the beginning of
time period n. During the time periods 1 through n-1, only one
runway is used and the operating and penalty costs for this
situation are applicable., During the time periods n through m
(the end of the study period) two runways are used. Therefore,
operating and penalty costs for the two runways are applicable

to those time periods. Usually, the increase in capital invest-
ment and operating costs incurred by this expansion would be
expected to result in a decrease in penalty costs. The cumulative
discounted total cost over the study period associated with de-
cision to use one runway during time periods 1 through n-1 and two
runways during time periods n through m is calculated as follows:



Let: Pn_1==Capital investment cost of establishing second runway
at the beginning of time period n (end of time period

n—l)v
OCj = QOperating cost assigned to the end of time period j
PCJ =Penalty cost assigned to the end of time period j
k =Capital recovery life of the second runway
i = Discount rate

CRF(i,k) =Capital recovery factor

Rj = (Capital recovery cost of Pn 1
TC = Cumulative discounted total cost, accumulated over the
study period

1 X CRF (i, k)

Rj + OCj + PCJ-
1 )
(1+i)

There are no capital recovery costs assigned to the time periods
prece ding the time period of establishment; i.e., R. =0, j<n. All
capital recovery costs assigned to the time periods ﬁeyond the end
of the study period (i.e., Rj' j>m) are not included in the analysis.

Then: R, =P

TCy =
j

I ™M =

The procedure is to calculate the cumulative discounted total cost
for all values of n, n=1, ====- , m, and that capital investment
decision which gives the minimum cumulative discounted total cost
is the decision alternative that will incur the lowest overall
expenditures by all parties concerned (i.e., airport owner, air-
craft operators, and passengers, etc.). As is later shown, this
solution is equivalent to the solution obtained from a benefit-
cost ratio analysis.,



TI1. DYNAMIC PROGRAMMING

Dynamic programming is an operations research technique that is
applicable to problems involving decision sequences, Given a problem
involving a finite number of alternative decision sequences, a
dynamic programming approach may be used to efficiently determine the
"optimum” sequence. The optimum solution is the feasible sequence of
decisions that optimizes some predefined objective function, e.g.,
minimize costs, maximize profit, etc. The overall problem must be
capable of being decomposed into a series of stages. At each stage
there are a finite number of "states" corresponding to the decision
alternatives. A stage and state comprises a sub-problem, Each sub-
problem is solved such that” the solution to that sub-problem implies
an entry state to the next stage. A solution is obtained for all
possible states at each state, Upon solving the final stage, the
overall optimal solution may be deduced from the resultant series of
sub-problem solutions by tracing back through the implied states.
This final solution consists of the series of decisions that defines
what is to be done at each state, i.e, the state of each stage, such
that the objective function is optimized.

A naive approach to optimizing a multi-alternative, multistage process
would require examining all feasible alternatives and exhaustively
comparing the results. However, in the dynamic programming formula-
tion, the solution to a subproblem at one stage implies the state

al the next stage and so it is necessary to go through the sequence of
stages only once because the optimal sequence of decisions can be
deduced from the last stage solution. Clearly the power of dynamic
programming is its ability to significantly reduce the number of
comparisons necessary to solve the problem,

A. DYNAMIC PROGRAMMING FORMULATION OF CAPITAL INVESTMENT
DECISION ANALYSIS UTILIZING THE STUDY PERIOD CONCEPT

In formulating the dynamic programming approach, the investment
time periods correspond to the problem stages, while the competing
capital investment decisions correspond to the decision
alternatives or states. A sub-solution involves a decision re-
garding a capital investment during some time period given an
initial state., The final optimum solution is the sequence of
capital investment decisions that incur the minimum cumulative
discounted total cost over the study period,

The following network oriented diagrammatical presentation of the
competing capital investments process is useful as shown in Figure 1.



ALTERNATIVES

Consider three competing capital investments to be evaluated over
a study period of m time periods. Each capital investment
corresponds to the establishment of a specific facility at the
beginning of some time period. Each facility corresponds to a
feasible state of each stage and is referred to as an alternative
(ALT) in this representation. For any final solution sequence,
only one alternative may be used during any one time period.

Figure 1. Decision Process for Alternatives
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The dotted line represents the solution sequence that consists of
the decisions to use ALT 1 during the first two time periods, ALT
2 during time periods 3 through n-1, and ALT 3 during time periods
n through m (the end of the study period).

The decision to changeover from ALT 1 to ALT 2 represents the
decision to make the capital investment required to establish and
use ALT 2 at the beginning of the third time period. This change-
over involves the expenditure of money required to establish ALT 2
given that ALT 1 already exists and is in use,

In this terminology, a solution for any specific alternative is a
set of decision sequences that results in the use of that
alternative at the end of the study period. The dotted line
apbove is termed a solution for ALT 3, not a solution for ALT 1 or
ALT 2, because it results in the use of ALT 3 at the end of the
study period.

There are many decision sequences (dotted lines) that are
potential solutions for each alternative. By applying dynamic
programming, we wish to determine the specific decision sequence
that is in some sense optimum,

10



DYNAMIC PROGRAMMING SOLUTION PROCESS

In accordance with the capital investment analysis discussion, the
objective of the dynamic programming formulation is to decide

which alternative to use during each time period so that the dis-
counted total cost accumulated during the study period is minimized

The dynamic programming method approaches the final overall
solution by first determining a final minimum cost solution for
each and all alternatives. For each alternative (facility) a
sequence of capital investment decisions is determined that
minimizes the cumulative discounted total cost over the study
period. From this set of individual solutions, the final overall
optimum solution is obtained by selecting that alternative solu-
tion (decision sequence) which yields the minimum cumulative dis-
counted total cost,

At this point in the discussion it is advisable to introduce the
concept of the "null " alternative. The null alternative is the
investment decision that is associated with the existing or current
situation. The null alternative serves as a boundary condition to
initiate the recursive dynamic programming solution process, The
term "current situation" is loosely defined. It refers to the
situation, or alternative, that in some way is the base case from
which all other alternatives may be developed.

The capital investment cost of the null alternative is zero. All
other capital investment costs are associated with the cost of
establishing alternatives, or facilities, that do not currently
exist. Although its capital investment cost is zero, the null
alternative normally involves positive operating and penalty costs,
(Note: If necessary the null alternative may be used as a dummy
entry into the problem and may be "forced-out” of an optimum
solution by assingning very, very large penalty costs to it.) In
this discussion, the null alternative is always considered to be
alternative one (ALT 1),

The dynamic programming solution process proceeds in a stage-wise
(time period) order. It is initiated by obtaining a solution for
each alternative for the first time period which is trivial because
only the costs of changing over from the null alternative to each
of the other alternatives are compared.

11



Once a first stage solution for each alternative is determined, the
process proceeds to the second time period. Again each alternative
is individually examined and a solution developed. However, now
decisions concerning changovers from other alternatives at the be-
ginning of the second time period are examined. A solution for an
alternative during time period two implies that there is no other
solution (decision sequence) available at the beginning of time
period two capable of accumulating a lower discounted total cost

at the end of the study period. This solution consists of the
decision to use some certain alternative during the first time and
the alternative under examination during the second time period

so that discounted study period costs are minimized,

The process proceeds in consecutive order to time periods three,
four, five, etc. until the study period is exhausted. At each
stage (time period) only the optimum solution sequences (implied
states) determined through the previous stage need be retained in
the evaluation process. All other available solution sequences
have previously been examined and found to be inferior, i.e., not
minimum cost solutions, These sub-optimum solution sequences are
eliminated from the dynamic programming process because they will
increase the end-of-study-period cummulative discounted costs. By
this method, the analytical scope of the process is systematically
reduced,

The solution for an alternative at any time period (stage) is the
least cost decision sequence from the beginning of the study per-
iod to that time period. That is, of all the potential decision
sequences that have been examined up through that time period
(stage), this solution accumulates the lowest costs, The solution
for an alternative for the last time period is the optimum decision
sequence for that particular alternative for the entire study
period.

To clarify the above discussion, examine the solution for some time
period n in the following example:

Consider a case where only two alternatives are feasible.

ALT 1 is the null alternative and ALT 2 is an additional
facility that will increase service, For instance, for an air-
port that currently has one runway, ALT 1 represent continuing
operations with the one runway only. ALT 2 may represent
establishing a second runway and using both runways concurrent-
ly. The study period is m time periods in duration and all
costs are to be discounted to the beginning of each time
period. We may assume that a changeover from ALT 1 to ALT 2

is feasible, but this process may not be reversed,

12



Tha solution for ALT 1 is trivial. The only way to use ALT 1
during any time period is to use it at the beginning of the first
time period and to continue to use it through each succeeding time
period.

At the beginning of time period n, the available solutions for
ALT 2 have been examined through the end of time period n-1.
Suppose the optimum solution for time period n-1 is to use ALT 1
during time period 1, establish aLT 2 at the beginning of time
period 2 and use it continuously through time period n-1l. All
other solutions available at the beginning of time period n will
increase the discounted total cost accumulated to the end of the
study period, Therefore, they are not examined again,

Now, at the beginning of time period n, there are only two feasible
decision sequences available for ALT 2, ALT 2 may be used during
time period n either by continuing the optimum solution obtained
for time period n-1 (i.e., establish ALT 2 in time period 2) or by
deferring the establishment of ALT 2 until the beginning of time
period n. This latter solution involves the decisions to use

ALT 1 from time periods 1 through n-1 and changing over to ALT 2
at the beginning of time period n., The decision concerning which
of the two sequences is optimum is determined by examining all the
costs relevant to the end-of-study-period cumulative dicounted
total costs. (The relevant costs are discussed below.) The
decision sequence associated with the lowest such cost is

selected as the optimum solution for ALT 2 for time period n,

The other solution is eliminated from any further consideration.

The optimum solution for ALT 1 and ALT 2 for time period n are
then used to ‘initiate solutions for the next time period, time
period ntl. This process is repeated until all the time periods in

- the study period are analyzed. At that time, i.e.,, the end of

time period m, one optimum solution is available for ALT 1 and one
for ALT 2. The solution (decision sequence) incurring the lowest
cumulative discounted total cost over the study period is the
final overall optimum solution,

RELEVANT COSTS

In order to apply the dynamic programming solution process certain
data are required as input information. The following information
must be forecasted and specified:

1. The operating and penalty costs associgted with each alternative

(including the null alternative) must be determined. In arder
to evaluate the use of anpy alternative during a time periad,

13



the operating and penalty costs incurred by using each
alternative must be specified. In accordance with the capital
investment analysis discussion, the operating and penalty costs
‘are expressed in terms of end-of period dollar assignments,

The capital investment cost of feasibly changing over from
each alternative to any other feasible alternative is also re-
quired. This changeover cost represents the beginning-of-
period cost of changing from some ALT K to some ALT I. The
dollar amount of a changeover cost that is required as input
data is the cost of such a changeover at the beginning of

time period 1. This same changeover cost is assumed to apply
at all succeeding time periods. But, as is shown below, it is
possible to increase this cost in response to inflation.

Once an alternative (facility) is established at the beginning
of some time period, the continued use of this particular
alternative incurs no further capital investment cost,

Capital investment costs are incurred only when changeovers
between alternatives are decided upon.

The capital recovery life of each alternative is also required.
Great care should be exercised in the formulation of a problem
so that the study period duration, the capital recovery lives
and the feasible changeover costs are compatible.

The following notation is adopted:
Let: ALT I = Alternative I

C(K, 1) Capital investment cost of changing over

from ALT K to ALT I at the beginning of
some time period,

fi

0C(I,J) = Operating cost incurred by using ALT I
during time period J, assigned to the end of
time period J.

PC(I,J) = Penalty cost incurred by using ALT I during
time period J, assigned to the end of time
period J.

CRL(I) = Capital recovery life of ALT I

m = Number of time periods in the study period

i = Discount rate

14



As an example, for a two alternative problem, the capital in-
vestment costs may be:

C (1,1)=0 C (1,2) = $1,000,000

c (2,1) = -1 c (2,2) =0

C (2,1) = -1 indicates that a change from ALT 2 to ALT 1 is
infeasible (e,g., It may represent changing from a two runway
airport to a one runway airport),

That there are no capital investment costs associated with the
continued use of an alternative once it has been previously
established. Therefore, C(1,1) =0 and C (2,2) = 0. Also,
since ALT 1 is the null alternative and is assumed to be the
existing situation, there is no capital investment cost associ-
ated with the use of ALT 1.

DYNAMIC PROGRAMMING PROCESSES RELATION TO BENEFIT-COST RATIO
ANALYSIS

It will now be shown that the cumulative discounted total cost
solution obtained by the dynamic programming process is equivalent
to a benefit-cost ratio analysis.

Consider a solution for some alternative I (ALT I) for some time
period n., Consider two solution sequences, A and B, determined for
time period n-1. The relevant costs may be represented as follows:

Let: 0C(S,J) Operating cost incurred by sequence S (SEQ S)

assigned to the end of time period J.

Penalty cost incurred by sequénce S(SEQ S)

PC(S,J) =
assigned to the end of time period J.
R(S,J) = Capital recovery cost assigned to sequence S
(SEQ S) at the end of time period J.
"TC(S) = Discounted total cost of Sequence S (SEQ S)

accumulated over the study period.

Since both sequences are solutions for the same ALT I for time
period n, the operating and penalty costs for time periods n through
m are equal for the two sequences.

15



Discounted value of 0C(S,J)

i

Let: 0C'(S,J)

i

PC'(S,J) Discounted value of PC(S,J)

R'(S,J) Discounted value of R(S,J)

i

Then: 0C'(S,J)

i

0C(s,j) :
(1+i) j= 1,2, « . «um

PC(S:‘I) j:l' 2| o » cym
(1+1 )]

PC' (S,j)

R'(S,])

I

_R(S,§)
(1+j)J j=1,2, ..., m

The cumulative discounted total costs over the study period for the
two sequences, SEQ A and SEQ B, are:

n n
CMA) = 3 R(AJ) +3 O0C(AJ)+3 PC(A])+
j=1 j=1 j=l Jj=ntl
(0C (I,j) + PC(T,j)
m ) . n . m
TC(B) = 3 R'(B,]) +§ 0C'(B,j) +3 PC'(AJ) + 3
i=1 =1 i=1 j=n+l

(0C (1,j) + PC(1,j))

m
Let: C'(S) = 3 R'(S,j)+ 3 0C(S,j), 5= AB
= =1
n
P'(S) = PC(S,j), S= A, B
=1
E' = s (0C(I,j) + PC(I,j)
j=n+l
Then: TC(A) = C'(A) + P'(A) + E'
TC(B) = C'(B) + P'(B) + E'
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The dynamic programming cost solution is TC:

¢ = min [TC(A), TC(B)]

et us assume SEQ A is the minimum discounted total cost solution,
i%e., TC(A) <TC(B)

Now, consider the benefit-cost ratio solution to the sample problem:
TC(A) = C'(A) + P'(A) + E'

TC(B) = C' (B} + P'(B) + E'

Where TC(A) < TC(B)

Let: C= Incremental capital costs

C:C(A)—C(B)1fCA>CB
—— | \d -4 ¥ 1]
--C(B)-—-C(A)u‘?CB>CA
B= Benefits

=P(B)-P(A)1fCA>CB
mP(A)-P(B)1fCB>CA

B = Benefit-Cost ratio
C

Applying the benefit-cost ratio method, we have:
TC(A) < TC(B)
C'(A) - P'(A)+E'"< C'(B) + P'(B) + E'

C'(A) +P'(A)< C'(B) + P'(B)
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If C'(A) > C'(B), evaluate the case for spending additional capital
to change from SEQ B to SEQ B to SEQ A:

C'(A) + P'(A) < C"(B) + P'(B)

C'(A) - C'(B) < P'(B) - P'(A)

C < B
1 < B
C

The benefit-cost ratio is greater than one, therefore SEQ A is the
preferred SEQ B, This is the same conclusion obtained by the
dynamic programming routine,

Now, if C'(A) < C'(B), evaluate, usihg the benefit-cost method, the
case for spending additional capital to change from SEQ A to SEQ B:

Again: TC(A)<TC(B)
C'(A) - P'(A) +E'" < C'(B) + P'(B) + E'

P'(A) - P'(B) < C'(B) - C'(A)

B < C
B < 1
C

The benefit-cost ratio is less than one, and SEQ A is still the
preferred solution. A change from A to B involves an unfavorable
benefit-cost ratio. The same conclusion obtained by the dynamic
programming method again results,

If this procedure is repeated for the case when TC(A) > TC(B) it
will show that the dynamic programming solution and the benefit-
cost solution are again identical.

This procedure may be repeated for all time periods, one through m,
and the same conclusions will be shown,

Repeating this procedure for time period m will show that the final
optimum dynamic programming minimum discounted total cost

solution for the entire study period is equivalent to the benefit-
cost ratio solution,
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EO

REVIEW OF THE DYNAMIC PROGRAMMING PROCESS

The dynamic programming process is an efficient solution method for
mulit-stage, multi-alternative capital investment problem. Dynamic
programming solves the overall problem in a stage wise procedure

by obtaining sub-solutions at each successive stage (time period)
and state. At each stage, extraneous non-optimum solutions
(decision sequences) are eliminated from the problem. This
technique significantly reduces the size of the analytic solution
process.

The dynamic programming method often requires less restrictive
simplifying assumptions then are required by many other analytic
techniques.

At each stage, the same set of basic calculations are performed
with only the numbers changed. Therefore, the dynamic programming
process is easily adopted to computer programming. A computer

- program has been designed and an example of its application is

discussed later,

The dynamic programming minimum cuwmulative discounted total cost:
solution is equivalent to a benefit-cost solution, This equality is
important to many organizations, particularly governments, whose
capital investment decision evaluations are usually based on bene-
fit-cost analysis,

Care should be exercised in the selection of problems appropriate
to a dynamic programming application, Capital investment problems
of the form discussed above are usually well suited to a dynamic
programming solution, However, many of these problems may be too
large for efficient dynamic programming. In such cases, one should
examine the feasibility of decomposing an excessively large problem
into a set of related smaller problems before utilizing (or
abandoning) the dynamic programming approach,

The dynamic programming solution process proposed in this report is
based on evaluating discounted (present worth) dollars. As pre-
viously discussed, any analysis method based on discounting is
sensitive to the value of the discount rate used. One must be
careful to select a discount rate that is, in some sense , valid.

There is also the question of the relative sensitivity of the
dynamic programming solution to the:accuracy of the cost forecasts,
However, since this process is easily (and is) computerized, sensi-
tivity analysis is readily applicable. The cost forecasts may be
adjusted as desired and the program re-run so that the effects of
the forecast adjustments on the final solution may be examined.
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IV. SAMPLE APPLICATION; INSTRUMENT LANDING SYSTEM,
CATEGORY IITA TNSTALLATION PROGR

SOLUTTON PROCESS

To demonstrate the application of dynamic programming to capital
investment decision analysis, an example involving the installation
of Instrument Landing Systems, Cateaory IIIA, at various airports
in the United States was selected., This system is referred to as
ILS CAT IITA or CAT IITA ILS. An ILS system is an electronic
guidance system that enables appropriately equipped aircraft to
land during unfavorable weather conditions.,

The Federal Aviation Administration (FAA) owns, installs, and
operates almost all the ILS facilities in operation in the United
States, The ILS facilities, classified according to the service
provided, are designated as Categories I, II, IIIA, IIIB, and IIIC.
The level of service provided increases incrementally from CAT I

to CAT ITIC. While most ILS equipment currently in use is CAT I, a
program is underway to install CAT II equipment at most large
airports.

The FAA must now decide whether or not to embark on a program to
install any CAT IIIA ILS ground equipment. In justifying such a
program, government agencies normally depend on a benefit-cost

ratio analysis. Since the dynamic programming minimum discounted
cost analysis method is equivalent to a benefit-cost analysis, the
CAT IIIA ILS program was evaluated in this example as a dynamic
programming problem. The primary guideline to an installation
program is that the program with the highest benefit-cost ratio
greater than unity is preferred. Equivalently, the FAA is interest-
ed in identifying the program associated with the minimum cumulative
discounted total cost.

The major airlines have recently announced plans to install CAT IIIA
ILS equipment in new generation aircraft. This included the two,
three, and four engine wide-bodied turbojets, and the supersonic
transport. This CAT IIIA ILS airborn equipment is being installed
although no complementary ground equipment is now available at any
domestic airport. Therefore, the airlines are investing capital

in airborne CAT IIIA equipment although no benefits are currently
realizablefrom the investment in the United States (Note: CAT IIIA
ground equipment may currently be in service at some European air-
ports.)

21



It is assumed that the FAA’s cost considerations are not effected
by the airlines above program., Since the airborne cost expenditure
program affects each FAA ground installation program equally, the
costs attributable to the airborne equipment need not be considered
in an economic evaluation of the FAA programs. The revelant costs
associated with competing FAA ground equipment installation
programs retain their relative dollar magnitudes; thus the final
minimum discounted total cost solution is not distorted by
excluding the airborne equipment costs from the analysis process.

Forecasts of new generation aircraft activity indicate that a
significant majority of these operations will occur at the airports
designated by the FAA as "airports serving large hubs." For
purposes of this demonstration example, twenty-five large hub
airports were selected as potential candidates for CAT IIIA ILS
ground equipment installation, It is assumed that no CAT IIIA ILS
ground equipment can be installed at any airport before the
beginning of 1972. See reference 4.

The additional service provided by CAT IIIA ILS over CAT II ILS

was measurable in terms of the delay and diversion costs that are
avoided or prevented by installation of the CAT IIIA ground equip-
ment. These costs that are avoided by using CAT IIIA ILS were the
penalty costs assigned to the decision to establish and use CAT
IIIA ILS equipment. The analytical scope of this problem was
reduced by dealing in terms of relative values between CAT II and
CAT IIIA penalty costs. By excluding the CAT IIIA penalty cost
from all the alternative programs, the relative dollar magnitude of
the relevant penalty costs remained the same and the minimum
discounted total cost solution was not changed (this holds true for
a benefit-cost solution also),

A method of estimating the penalty costs attributable to delays and
diversions has previously been developed by the FAA(5). This method
is used in Appendix A to estimate the preventable penalty costs,
Since estimates of future new generation aircraft activity are
available only through 1981, the preventable penalty costs are
forecast only for the years 1972 through 1981,

Since all available cost data are expressed in terms of 1970
dollars, it is convenient to use 1970 dollars as the basic measuring
unit for the analysis process. The dynamic programming method dis-
counts all relevant costs to 1970 dollar. Therefore, the first time
period used in the dynamic programing method corresponds to 1970,
With each time period corresponding to a year, the study period un
der consideration consists of the twelve time periods, years 1970
through 1981,
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Since no CAT IIIA ILS can be installed before 1972, all installation
programs (including the null alternative) incur the same operating
and penalty costs during the first two time periods, 1970 and 1971.
Since CAT II ILS is used as the base case in this formulation, only
CAT II ILS service is assumed to be available during 1970 and 1971.
(Note: Although this assumption may not precisely represent the
real world situation, it is compatible with the purpose of this
analysis, which is to evaluate the additional service provided by
CAT IIIA ILS.) Since all potential programs incur the same
operating and penalty costs in 1970 and 1971, these costs may be
eliminated from consideration,

This establishment of the additional service provided by CAT IIIA
ILS, over CAT II, implies the expenditure of additional operating
costs, As in the case of the preventable penalty costs, an analysis
involving only the incremental operating costs may be conducted
without distorting the relative costs, Therefore, the additional
operating costs incurred by using CAT III ILS are the only operating
costs that need be considered.

The installation of CAT IIIA ILS at an airport involves the decision
to incur a capital investment cost. In terms of the relative costs
used in this report, this capital investment cost is the additional
expenditure involved to changeover (or upgrade) from a CAT II ILS to
a CAT IIIA ILS. 1In essence, the FAA has to decide whether it is
economically feasible to incur the additional capital investment

and operating costs attributable to CAT IIIA service in order to
avoid the preventable penalty costs,

The CAT II ILS service is considered as the base case or null
alternative. There is no capital investment cost assigned to the
alternative decision to continue the use of CAT II service in the
dynamic programming formulation. Continued use of CAT II ILS ser-
vice at all airports corresponded to the decision not to establish
any CAT IIIA ILS. The dynamic programming process compares all
competing CAT IIIA programs against each other as well as against
the base case. In this fashion the analysis yields a list of air-
ports which economically justify CAT IIIA ILS and what year they
qualify. This list is called an installation program. For example,,
one program may consist of installing two CAT IIIA ILS's at the
beginning of 1972, three at the beginning of 1973, and so on. The
program would include the identity of the airports involved.
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There are thousands of installation programs possible from combina-
tions of twenty-five airports and the ten installation periods.
Examination of each such program even by the dynamic programming
process is infeasible, However, this overall problem can be de-
composed into a series of individual problems, each of which is
readily solved. It is assumed that the installation of a CAT IIIA
ILS at any one of the twenty-five candidate airports does not
significantly affect the costs incurred or the ILS service provided
at any of the other airports. Thus, each airport is analyzed
individually and a solution program identified for each one, The
twenty-five individual solutions are then combined into the final
optimum solution program,

APPLICATION OF THE DYNAMMIC PROGRAMING COMPUTER PROGRAM TO THE
CAT IITA ILS PROBLEM

A computer program that performs the dynamic programming capital
investment analysis is available and is reproduced in Appendix IT.
To demonstrate this computer program, the installation of a CAT
IITA ILS at the large hub airport serving Atlanta, Georgia, is
evaluated.

In summary, the study period is twelve time periods (yearg in
duration, i.e,, 1970 through 1981. All costs are discounted to the
beginning of the first time period (1970), CAT II ILS service is
the base case (null alternative) and therefore must be assumed to
be in use at the beginning of time period one. This boundary
condition is necessary to initiate the dynamic prgogramming
sequential solution process, CAT IIIA ILS service can first be
established at the beginning time period 3 in 1972, All cost fore-
casts were in terms of 1970 dollars.

The FAA is to decide when to establish CAT IIIA ILS service, if at
all, in order that the discounted total cost accumulated over the
study period is minimized at Atlanta,

In the formulation of the dynamic programming process, two
alternatives are identified. Alternative 1 (ALT 1), the null &alter-
native, represents CAT II ILS service while alternative 2 (ALT 2)
represents CAT IIIA ILS service, A changeover from ALT 1 to ATL 2
may be conducted in any of the time periods 3 through 12, 1In this
analysis, a changeover from ALT 2 to ALT 1 is not allowed.

The capital investment cost associated with changing over from CAT II
(ALT 1) service to CAT IIIA (ALT 2) service is $500,000 (expressed

in 1970 dollars). Since CAT II is the base case, there is no capital
investment cost associated with ALT 1.
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The useful life of CAT IIIA ILS is assumed to he fifteen years.
Therefore, the capital recovery life for ALT 2 is fifteen time
periods. It is assumed that the useful life of the base case,

CAT II ILS, will extend beyond the end of the study period. The
capital recovery life of fifteen time periods is also assigned to
AiLT 1. (Note: The value of the capital recovery life of the null
alternative, ALT I, is not critical to the computer solution pro -
cess. )

The operating and penalty costs used are the relative costs
discussed above. The relative penalty costs incurred by the
decision to use each alternative in any and each time period are
based on the preventable delay and diversion costs calculated in
Appendix I. The relative operating costs are based on the
incremental operating costs incurred by using CAT IITA (ALT 2)
service rather than CAT II(ALT 1) service. The end-of-period
relative operating and penalty costs, in 1970 dollars, are as
shown in Table 1. (Note: as discussed above, costs incurred in
1970 and 1971 are not relative to the solution.)

Table 1, Relative Operating and Penalty Costs
of CAT IIIA ILS
(1970 dollars)

RELATIVE RELATIVE
OPERATING COST PENALTY COST
TIME
PERIOD YEAR ALT 1 ALT 2 ALT 1 ALT 2
1 1970 0 0 0 0
2 1971 0 0 0 0
3 1972 0 50000 55000 0
4 1973 0 50000 76000 0
5 1974 0 50000 106000 0
6 1975 0 50000 155000 0
7 1976 0 50000 205000 0
8 1977 0 50000 294000 0
9 1978 0 50000 401000 0
10 1979 0 50000 531000 0
11 1979 0} 50000 686000 0
12 1981 0 50000 875000 0
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All the above cost estimates are expressed in 1970 dollars. 1In this
analysis, it is assumed that all costs will increase at an inflation
rate of 2.5 percent per year., The computer program automatically
inflates all costs at the appropriate interest rate. In accordance
with current FAA capital investment analysis policy, a discount

rate of ten percent is used,

Information describing the feasible periods of use for each
alternative must also be specified. For CAT IIIA (ALT 2) service,
the earliest feasible time period in which it can be established
and used is time period 3 (1973), and the latest feasible time
period in which it can be established and used is time period 12
(the last time period in the study period). For the null alternative,
CAT II (ALT 1) service, the earliest use period must be set to time
period 1. If the analyst neglects to do this, the computer program
automatically sets the earliest use period for ALT 1 equal to time
period 1. This is necessary to initiate the computer program
solution process., The latest feasible time period in which CAT II
(ALT 1) service can be used is time period 12 (1981),

Data are input into the computer program in the following form:

NI = Number of alternatives
NJ = Number of time periods in the study period
DISRATE = Discount rate
RATEINF = Rate of inflation
OPERCST(1,J) = Operating cost incurred by using alternative I
during time period J
PENAETY(I,J) = Penalty cost incurred by using alternative I
during time period J
CHGCOST(K,I) = Capital investment cost of changing over from
' alternative K to alternative I
or
= -1 if a changeover from alternative K to
alternative I is infeasible
LIFECR (1) . = Capital recover life of alternative I
ISTART (1) = Earliest time period in which alternative I may

be feasibly used
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IEND(I) = Latest time period in which alternative I may be
feasible used,

Note that for each alternative, the operating and penalty costs
must be specified for each and all time periods, In the case where
the use of an alternative is infeasible during some time periods,
appropriate costs must still be specified for these time periods,
Normally, during such infeasible time periods, dummy (i.e., equal
to zero) operating and penalty costs are used.

The capital investment costs of changeovers, CHGCOST (I,I), need
only be input when such a changeover is greater than zero, When
the continued use of an alternative that has been previously
established is evaluated, the program considers the situation as
a changeover from the alternative to itself, i.,e., K=1. In this
case, the computer program automatically sets the changeover cost
equal to zero, i.e., CHGCOST (,I) = 0. All remaining costs are
set equal to -1, the infeasibility indicator. For instance,
CHGCOST (I,2) = $500,000 is input into the program. CHGCOST (I,I)
and CHGCOST (2,2) are automatically set equal to zero. The
remaining capital investment cost, CHGCOST (2,1) is automatically
set equal to -1, This indicates that a changeover from CAT IIIA
(ALT 2) to CAT II (ALT 1) service is not to be considered by the
program,

The computer program is now prepared to conduct the dynamic pro-
gramming capital investment analysis. In accordance with the
dynamic programming process discussed above, the computer program
proceeds in a sequential manner, obtaining a solution for each time
period until the last time period is solved. At the end of time
period 12 (the end of the study period) a cumulative discounted
total cost solution is obtained for both alternatives. A comparison
of the optimum solutions for both alternatives indicates that CAT
ITIA (ALT 2) ILS service is the final overall optimum solution,
because it has a lower cumulative discounted total cost for the
study period than does CAT IT (ALT 1) service. The solution
sequence shows that the optimum time to establish the CAT IIIA ILS
is at the beginning of time period 6 (1975). Establishment of CAT
ITIA service at any other feasible time period increases the
cumulative discounted total costs.

The computer solution results, based on the relative costs are as
shown in Table 2.
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Table 2. Cumulative Discounted Costs of ALT 1 and ALT 2
(Thousands of 1970 Dollars)

ALT 1 ALT 2
Penalty Cost 1692 172
Capital Cost 0 407
Total Cost 1692 579

The capital costs shown above are the sums of the discounted
capital recovery and operating costs.

The benefit-cost ratio for the case of expending additional capital
to changeover from ALT 1 to ALT 2 is calculated as follows:

Benefits (Reduction of Penalty Costs) = 1520

407

]

Capital Cost Increment

i

1520 3.72

o————

407

i

Benefit-Cost Ratio

The solution sequence for ALT 1 involves continuously using CAT II
service from the beginning of 1970 (time period 1) through the end
of 1981 (time period 12),

The solution sequence for ALT 2 involves using CAT II service from
the beginning of 1970 through the end of 1974 (time period 3),

establishing CAT IITIA service at the beginning of 1975 (time period
6) and using CAT IIIA service continuously through the end of 1981,

The final overall optimum solution, ALT 2, implies that CAT IIIA
service is to be continued beyond the end of the study period,

This is due to the fact that the usable life, capital recovery life,
of a CAT IIIA ILS established at the beginning of 1975 extends
beyond the end of the study period.

SENSITIVITY ANALYSIS

A similar dynamic programming capital investment decision analysis
is performed for all the twenty-five candidate airports. The
combined solution program, which includes only seventeen airports,
is as shown in Table 3, '
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Table 3. Installation Schedule

Cumulative
CAT IIIA ILS Discounted
Cumulative Year of Airport Total Cost
Numbe r Establishment Identity (thousands)
1 1973 N.Y. Kennedy (JFK) 628
2 1974 Chicago 0O'Hare (CHI) 590
3 1974 Los Angeles (LAX) 599
4 1975 Atlanta (ATL) 5380
5 1976 Seattle (SEA) 505
6 1977 San Francisco (SFO) 476
7 1978 Boston (B0S) 393
8 1978 Baltimore (BAL) 396
9 1979 Wash, Dulles (TAD) 350
10 1979 Detroit (DIW) 361
11 1979 Houston (HOU/IAH) 344
12 1979 Philadelphia (PHL) 351
13 1979 N. Y, La Guardia (LGA) 346
14 1980 New Orleans (MSY) 248
15 1980 Newark (EWR) 350
16 1981 Dallas/Ft,Worth(DAL/DFR) 213
17 1981 Pittsburgh (PIT) 236

The remaining light airports are recommended to continue CAT TIT ILS
service during the entire study period,

This conclusion is valid only if the cost forecasts used are
accurate., There may be some question as to accuracy of the penalty
cost estimates. Therefore, a sensitivity analysis was conducted

in + 25 percent and + 50 percent, The computer program analysis is
repeated for all twenty-five candidate airports for the four
adjusted penalty costs. The final combined solutions for all cases
show the following results in Table 4.
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Table 4. Combined Results of Sensitivity Analysis

Penalty Cost Number of CAT IIIA ILS
Adjustment Established During
Factor the Study Period
0.50 13
0.75 15
1.00 17
1.25 20
1.50 ' 20

~ It is seen that the number of CAT IIIA ILS installed increases as
the penalty costs estimates increase (the capital investment and
~operating costs are held fixed in this evaluation)., Since the
penalty cost represent costs that are preventable by the installa~
tion of CAT IIIA ILS, they are also a measure of the benefits of
establishing CAT IIIA service. Therefore, as the penalty cost
estimates increase, the measured benefits increase and more CAT
ITIA ILS are introduced into the installation program.

In examining the above program solutions, it appears that three
basic solution sequences are potentially acceptable. Sensitivity
analysis is now used in a slightly different manner in order to
provide a more meaningful analysis of the three potential installa=-
tion programs. The first installation program, based on the
sclution resulting when the penalty costs were increased by fifty
percent, involves the installation of twenty CAT IIIA ILS during
the study period. This referred to as program A, PROG A, The
second installation program, PROG B, based on the solution result-
ing when the penalty costs were not adjusted and involves the
installation of seventeen CAT IITA ILS during the study period.

The third installation program, PROG C, is based on the solution
resulting when the penalty costs were decreased by fifty percent and
involves the installation of thirteen CAT IIIA ILS.

The three installation programs are as shown in Table 5.
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Table 5. Effect of Sensitivity Analysis on
Installation Schedule

CAT IIIA ILS
Year of Establishment

Cum Airport Program Program Program
Number Identity A B ‘ C
1 N.Y. Kennedy (JFK) 1972 1973 1975
2 Chicago 0O'Hare (ORD) 1973 1974 1976
3 Los Angeles (LAX) 1973 1974 1976
4 Atlanta (ATL) 1974 1975 1977
5 Seattle (SEA) 1975 1976 1978
6 San Francisco (SFO) 1976 1977 1979
7 Boston (BOS) 1977 1978 1980
8 Baltimore (BAL) - 1977 1978 1980
9 Wash, Dulles (IAD) 1978 1979 1981
10 Detroit (DIW) 1978 1979 1981
11 Houston (HOU/IAH) 1978 1979 1981
12 Philadelphia (PHL) 1978 1979 1981
13 N.Y. LaGuardia (LGA) 1978 1979 1981
14 New Orleans (MSY) 1979 1980 -
15 Newark (EWR) 1979 1980 -
16 Dallas/Ft. Worth (DAL/DFR) 1980 1981 -
17 Pittsburgh (PIT) 1980 1981 -
18 Miami (MIA) : 1981 - -
19 St. Louis (STL) 1981 - -
20 Cleveland (CLE) 1981 - -

It is seen, that as the penalty cost estimates are decreased, the
number of CAT IIIA ILS scheduled installations are not only
reduced but are also delayed in time.

Now the cumulative discounted total cost of each of the three
programs is obtained for the case when the penalty costs are not
adjusted. Appropriate cost data for each of the programs are

input into the computer program, and the solution sequence for
each program is "forced" through the program. A solution

sequence may be forced through the program by judiciously assign-
ing appropriate capital investment. costs, CHGCOST (K,I) and
feasible time periods of use, ISTART(I) and IEND(I)}. For example,
a changeover from some ALT K to some ALT I may be forced by
assigning a positive capital investment cost only to CHGCOST (K,I).
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All other inter-alternative changeovers to ALT I are set equal to
-1 by the computer program; i,e,, CHGCOST (J,I) = 1, JK, I. Only
a changeover from K to I is considered feasible by the computer
program, A similar procedure is applied to all other changeover
costs, The time period of the capital investment (changeover) may
also be forced by manipulating the feasible time period of use, A
changeover from ALT K to ALT I may be forced in time period J by
setting IEND(K) = J and ISTART (1) = J by assigning the changeover
costs as shown above.

There are elevan alternatives involved in the formulation of the
PRGG A problem. Each alternative corresponds to the establishment
of one or a group of CAT IIIA ILS facilities at the beginning of a
time period. ALT I, the null alternative, represents continuing
the use of CAT II service. At the beginning of time period 3 (1972),
ALT 2 is forced into the solution sequence., ALT 2, in this case,
corresponds to the establishment of CAT IIIA service at N, Y.
Kennedy (JFK) airport, ALT 3 corresponds to the establishment of
CAT IIIA service at Chicago 0'Hare (ORD) and Los Angeles (ILAX)
airports at the beginning of time period four (1973) and the
establishment of CAT IIIA service at Keunnedy in the previous time
period, This procedure continues until all time periods, and all
alternatives, are exhausted, WNote that each alternative includes
the cumulative increase in service provided by its predecessors.

This process is conducted for all three programs with the penalty
costs unadjusted. The resulting cumulative discounted costs are as
shown in Table 6.

Table 6, Cumulative Discounted Costs of Sensitivity Solutions
(Thousands of 1970 Dollars)

Capital Penalty Total
Cost Cost Cost
PROG A 5248 2895 | 8143
PROG B ' 4031 3988 8019
PROG C 2164 6676 8840

The capital costs are the sum of the cumulative discounted capital
recovery and operating costs incurred.

Using the unadjusted penalty costs, PROG B is the overall optimum

solution because it has the lowest cumulative discounted total
costs,
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It is now desired to evaluate the decision to adopt any one of
these installation programs if the penalty costs actually vary
from the estimates. That is, if one of these programs is under-
taken, how are the total costs affected if the true penalty costs
realized in the future differ from the estimated penalty costs
used in this analysis,

The discounted costs listed above are the cumulative study period
costs resulting when the penalty cost estimates are not adjusted.
These discounted costs are expressed in a common measuring unit,
1970 dollars., Increasing or decreasing the unadjusted penalty cost
forecast for each time period is the same as increasing or decreas-
ing the equivalent discounted penalty costs. Therefore, in order

to determine the effect on the study period costs of adjusting the
penalty costs by some factor, the cumulative discounted penalty cost
is adjusted by the same factor. For example, to evaluate the effect
of increasing each penalty cost by 25 percent, the cumulative dis-
counted penalty cost is multiplied by 1.25. This method is similar-
ly applicable to the capital investment, operating, and total costs.

This method is used to determine the sensitivity of the three
installation programs to variations in the penalty costs. The
results are shown in tabular and graphical form in Tables 7 and 8
and Figure 2,

Table 7. Sensitivity of Three Installation Programs to
Adjusted Penalty Costs
{Thousands of 1970 Dollars) .

Capital® Penalty Cost Adjustment Factor
Program Cost .25 .50 75 1,00 1,25 1,50 1,75 2,00
PROG A 5248 724 1448 2171 2895 3619 4343 5066 5790
PROG B 4031 997 1994 2991 3988 4985 5982 6979 7976
PROG C 2164 - 1669 3338 5007 6676 8345 10014 11683 13352

* Cgmulative discounted capital cost is equal to the sum of the cumulative
discounted capital investment and operating costs.
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CUMULATIVE DISCOUNTED COSTS (THOUSANDS OF 1970 DOLLARS)

FIGURE 2.
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Table 8, Sensitivity of Cumulative Discounted Total
Costs to Adjusted Penalty Costs
(Thousands of 1970 Dollars)

Penalty Cost Adjustment Factor
Program .29 .00 NE) 1,00 1.25 1.50 1,75 2,00
PROG A 5972 6696 7419 8143 8867 9591 10314 11038
PROG B 5028 6025 7022 8019 9016 10013 11010, 12007
PROG C 3833 53502 7171 8840 10509 12178 12847 15516

The difference between the total cost and capital cost graphs of
one program is equal to the penalty cost associated with that
program,

From Figure 2 it is seen that PROG A is optimum (i.e., least
cumulative discounted total cost) if the penalty costs are at

least fifteen percent higher than the original unadjusted estimate.
PROG C is optimum if the penalty costs are less than seventy percent
of the original forecasts., In the immediate range of the original
unadjusted penalty cost forecasts, PROG B is optimum,

The sensitivity analysis is carried one step further by assigning
(arbitrarily) some probability to each adjusted penalty cost, This
represents the probability of the penalty cost varying from the
original unadjusted estimate. The expected cumulative discounted
total cost, based on the assigned probability structure, for each
installment program may be estimated.

For example, an arbitrary probability structure may be assigned to
the penalty cost adjustment factors for the cumulative discounted
total costs shown above. The resulting expected cumulative dis-
counted total costs are estimated as follows and are shown in Table

9.

Let: F = Penalty cost adjustment factor

P(F=f) = Probability that F equals f, ¥ P(F=f) = 1

TC(XK,F) = Cumulative discounted total cost incurred by
program K at penalty cost adjustment factor F
WIC(K,F) = Weighted cumulative discounted total cost of

program K at adjustment factor F
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WTC(K,F) = TC(K,F)

ETC(K)

Table G,

P(F=f)

= Expected cumulative discounted total cost of program

K

i

3 WIC(K,F)

Expected Cumulative Discounted Total Costs

Weighted Total Costs, WIC(K,F)

F P(F=f) PROG A PROG B PROG C
0.25 .05 298.6 251.4 191.7
0.50 .15 1004.4 903.8 825.3
0.75 .25 1854.8 1755.5 1792.8
1.00 .25 2036.0 2004.8 2210.0
1.25 .15 1330.1 1352.4 1576.4
1.50 .15 959.1 1001.3 1217.8
1.75 .04 412.6 440.4 553.9
2.00 .01 110.4 120.1 155.2
Total 1,00 8006.0 7829.7 8523.1
ETC(K) 8006.0 7829.7 8523.1

The expected cumulative discounted cost for PROG B is minimum

under this probability strueture.

Therefore, PROG B

(seventeen CAT III A ILS installations) is optimum.

The sensitivity analysis may be extended to the capital cost also.

Increasing the capital costs by ten percent results in a total cost
graph that is parallel to the original but vertically higher by an

amount equal to ten percent of the capital cost of the program,

In terms of the above probability structure, the following results
are obtained by increasing capital costs by ten percent and are
shown in Table 10,
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Table 10. Result of Ten Percent Increase in Capital Costs

PROG A PROG B PROG C

ETC(K) 8006.0 7829.7 8523.1

Ten Percent of Cap. Cost 524.8 403.1 216.4
Total 8530.8 8232.8 8739.5

No significant difference in the expected cumulative discounted
total cost is introduced, relative to the optimum solution
(PROG B).

D. _ADDITIONAL REMARKS

Extreme care must be excercised when assigning costs to the
respective alternatives. When a changeover from one alter-
native to another involves replacement of the first alternative,
the time period costs of the new alternative may be indepen-
dent of the first alternative. If a changeover represents an
expansion of one alternative into another alternative, the time
period costs of the new alternative may include the costs of
the first alternative. That is, the time period cost may be
incrementally cumulative, The analyst must be sure that the
data inputs are appropriate to the particular problem involved.

It is possible to design the computer program so that the inter-
alternative changeover costs are time dependent. This is
desirable if capital investment costs vary significantly with
time. However, time dependent changeover costs may require
extensive data input requirements, An individual changeover
cost may be required for each feasible changeover for each

time period.

The program may also be designed to evaluate salvage values,
However, salvage value effects may be handled by the current
program, Instead of using the initial capital investment cost
as input data, the capital investment cost minus the discounted
worth of the salvage value may be assigned to the appropriate
changeover costs.
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APPENDIX A

CALCULATION OF PENALTY COSTS PREVENTABLE
BY CATEGORY IIT A INSTRUMENT LANDING SYSTEM

The calculation of costs due to delays and diversions preventable by
CAT III A ILS over those preventable by CAT II ILS is based on a
method developed by the FAA(5). The annual preventable penalty costs
are calculated for the period, 1972-1981, for twenty-five selected
airports and are listed in the Tables A-4 to A-28 at the end of this
section.

Preventable delays and diversions are those delays and diversions that
occur when the weather conditions are lower (worse) than CAT II
weather but not lower than CAT III A weather., The fractions of time
that each of the twenty-five airports are in the "preventable weather
disruption conditions” (delays or diversions preventable by CAT III A
service) are estimated by the FAA(5). These fractions are used in this
report,

Since only new generation aircraft are assumed to have CAT III A air-
borne equipment, only these aircraft are involved in this analysis.

The number of new generation aircraft departures and passenger enplane-
ments are forecast for each year for each candidate airport.

Data based on informal contracts with the FAA's Office of Aviation
Economics, Aviation Forecasts Division (6), are used to develop these
estimates. This data includes estimates of:

1. Average seats per aircraft for each new generation aircraft
type by year are shown in Table A-l,

2. Direct operating cost for each new generation aircraft tvpe
are shown in Table A-2

3. Percentage of enplaned seats on each new generation aircraft
type of total enplaned airline seats for each airport for 1975
and 1980 are shown in Table A-3.



Table A-1 ANNUAL AVEKAGE NUMBER OF SEATS PER AIRCRAFT TYPE

ATIRCRAFT TYPE

JUMBO JUMBO AIRBUS SST SST
Year 4-FEng., 3-Eng. 2-Eng, Concorde .S,
1971 350 - - - -
1972 350 350 - - -
1973 350 250 - - -
1974 360 - 250 - - -
1975 375 260 - 115 -
1976 75 275 - 115 -
1977 75 275 200 115 -
1978 375 300 200 115 -
1979 375 300 200 115 280
1980 375 300 200 115 280
1981 375 300 200 115 280

Table A-2 AVERAGE DIRECT OPERATING COST PER HOUR (DOC)
PER AIRCRAFT TYPE
(1970 Dollars Per Hour)

ATRCRAFT DIRECT OPERATING CQST
TYPE PER HOUR

Jumbo 4-Eng 1300

Jumbo 3-Eng 1000

Airbus 2-Eng 700

S5T Concorde 1600

SST U.S. 2700




Table A-3 PERCENT ANNUAL ENPLANED SEATS
ON NEW GENERATION ATRCRAFT

OF TOTAL AIRLINE ENPLANED SEATS

Jumbo  Jumbo  Airbus SST SST
Ai rport Yaar Total 4-Eng 3-Eng 2-Eng Concorde _ U.S.
Atlanta 1975 12 5 7 0 0 0
S o 1980 40 10 15 15 0 0
Boston 1975 12 5 5 0 2 0
T 1980 47 12 15 15 2 3
Chicago 1975 31 15 16 0 0 0
1980 60 25 20 15 0 0
Cleveland 1975 10 5 5 0 0 0
1980 49 10 17 22 0 0
Dallas/Ft.Worth 1975 19 10 9 0 0 0
1980 57 17 20 20 0 0
Denver 1975 10 5 5 0 0 0
1980 49 15 15 19 0 0
Detroit 1975 19 10 9 0 0 0
1980 52 20 16 16 0 0
Houston 1975 13 5 8 0 0 0
1980 40 8 12 20 0 0
Kansas City 1975 8 3 5 0 0 0
1980 32 8 12 12 0 0
Los Angeles 1975 41 25 15 0 1 0
1980 72 32 25 10 1 4
Mi ami 1975 31 14 15 0 2 0
1980 64 26 22 10 2 4
Minneapolis 1975 10 5 5 0 0 0
1980 40 14 18 8 0 0
New Orleans 1975 12 5 7 0 0 0
1980 47 12 15 19 0 1
Newark 1975 34 7 27 0 0 0
1980 62 10 29 23 0 0
N.Y. Kennedy 1975 44 30 13 -0 1 0
1980 78 45 14 10 2 7
N.Y. LaGuardia 1975 25 0 25 0 0 0
1980 58 0 43 5 0 0
Philadelphia 1975 18 10 8 0 0 0
1980 49 20 16 10 1 2
Pittsburgh 1975 13 3 10 0 0 0
1980 41 10 21 10 0 0




Table A-3 PERCENT ANNUAL ENPLANED SEATS
ON NEW GENERATION AIRCRAFT
OF TOTAL AIRLINE ENPLANED SEATS
(Continued)

Jumbo Jumbo Airbus 88T SST

Airport Year Total 4-Eng 3-Eng 2-Eng Concorde U.S.
St. Louis 1975 19 12 7 0 0 0
1980 52 20 15 17 0 0
San Francisco 1975 31 18 12 0 1 0
1980 60 30 17 8 3 2
Seattle 1975 16 10 5 0 1 0
1980 41 18 10 7 2 4
D.C. Dulles 1975 20 12 7 0 1 0
1980 50 25 14 5 2 4
D.C. National 1975 0 0 0 0 0 0
1980 25 0 0 25 0 0
Baltimore 1975 22 10 10 0 2 0
1980 51 20 15 8 3 5




The total number of annual airline passenger enplanements for the
years 1968, 1971, 1976, and 1981 at the twenty-five candidate airports
is estimated by the FAA(4). A graphical projection technique (hand-
drawn exponential fit) is used to estimate the passenger enplanements
at each airport for the other years in the forecast period (1972
through 1981)., 1In a similar manner, the percentage of the total en-
planed seats on new generation aircraft (of total airline enplaned
seats) is estimated for each airport for each year.

These two statistics are multiplied together to obtain an estimate of
the total annual number of new generation aircraft passenger enplane--
ments at each candidate airport. (Note: This calculation assumes that
the new generation and conventional aircraft have similar load factors,
Any error introduced by this assumption is considered insignificant in
relation to accuracy of the estimates used.)

Using the annual percentage distribution of enplaned seats among the
new generation aircraft and the annual average number of seats per
each aircraft type estimates for each airport, the annual weighted
average number of enplaned seats per new generation aircraft is
estimated for each airport. 1In a similar manner, the annual weighted
average direct operating cost for new generation aircraft is estimated
at each airport. Due to differences in the mix of aircraft types, the
weighted average of both the average seats per aircraft and the annual
direct operating cost per aircraft vary significantly from airport to
airport.

An estimate of the annual passenger load factor (percentage of seats
occupied by passengers per aircraft) for new generation aircraft is
listed in the tables at the end of this section. The annual weighted
average number of enplaned passengers per new generation aircraft is
estimated by multiplying the weighted average number of seats per
aircraft by the load factor., This calculation is performed for each
candidate airport for each year in the period 1972 through 1981,

The total number of annual new generation aircraft departures is
estimated by dividing the number of enplaned passengers by the weighted
average number of seats per aircraft, This is performed for each
candidate airport for each year in the period 1972 through 1981,



In terms of new generation aircraft activity, the annual number of
departures and passenger enplanements are pertinent to the method (5)
used to estimate delay and diversion costs., This method assumes that
the number of aircraft departures approximates the number of aircraft
landings, and the number of enplaned passengers approximates the number
of arriving passengers. The fraction of time (per year) that each air-
port is in the "preventable weather disruption condition" is multiplied
by the above (two) annual activity statistics in order to estimate the
annual number of aircraft and passengers delayed or diverted. (Note:
Separate fractions are available for both delays and diversions.) The
results are shown in the tables at the end of this section,

According to the method devised in reference (5), the following
assumptions are used:

1. A delayed or diverted flight causes subsequent delays to other
flights. These delays are referred to as secondary effects.

2. The average time delay assigned to a delayed passenger is
2.0 hours (including secondary effects).

3. The average time delay assigned to a diverted passenger is
4,17 hours (including secondary effects).

4. The average delay time assigned to a delayed aircraft is 1.25
hours (including secondary effects).

5. The average delay time assigned to a diverted aircraft is 0.50
hours.

6. For each diverted aircraft, the secondary effects cause an
average additional cost of $1000,

Also the value of time to passengers delayed and diverted is assumed to
be six dollars per hour,

Ail costs are expressed in terms of 1970 dollars.

The appropriate costs are applied to each annual delay and diversion
estimate in order to obtain the annual delay and diversion costs for
each airport. These are the penalty costs preventable by replacing
CAT II service with CAT III A ILS service. The results are listed in
the following Tables A-4 to A-28.



| Table A-4 ATLANTA (ATL)

CAT IIIA WEATHER ULISRUPTIUN FACTORS
FRACTION OF (NE@ GEN) AC/PASS DELAYED =000640
FRACTION OF (NEw GEM) AC/PASS DIVERTED =4001660

PRIMARY AND SECONDAKY WEATHER DISKUPTION EFFE

_AVE PASS DELAY TIME (HRS_PER PASS)

AVE PASS DIVERSION TIME (HRS PER PASS)

AVE AC DELAY TIME (HRS FER AC)

AVE AC DIVERSION TIME (RRS PER AC)

200

G417

1.25
«50

Wouuim
-

X -

. m
(@)

-

w

ADDITIONAL DATA (ALL COST UDATA IN 1970 DOLLARS)
PASS TIME COUST (% PER HOUR PER PASS) :
SECONDARY AC DIVERSION COST (% PER AC)

6400
1000400

0 n

ANNUAL DATA (ALL COSTS IN 1970 DOLLAKRS)
e, JJOTAL O PERCNT | WETORTED AVE . _TOTAL .
ENPL PASS  LOAD SEATS DOC  DEPAKTURES
_ YEAR . NEW GEN AC  FACTOR _PEKR AC PER AC NEW GEN AC

BT 7 BT Y 1T S 325“mn71250. Ciles

1973 . 11000000 59 315 1200 5919y

U974 1500000 - 58 305

- 'iiéomw 54?9,_M_m

R

1975 2200000 300 1100 12865

1976 2900000 56 290

1080 17857

280 1050 26623

Twiéi% 'Whuhlbbbodw'q”wwgém

1978 5600000 54 275 1000 37710

53 270 950~ 51712

1979 7400000

1980

79500000 52 265 310 68940

1981 12000000 51 260 9060 90498




Table A-4 ATLANTA (ATL) (Continued)

ESTIMATED COSTS OF WEATHER CAULSED FLIGHT .LISRUPTIONS
PREVENTABLE WITH CAT IIIA ILSe NEW GENERATION ALRCRAF
o (ALL COSTS IN 1970 DOLLARS) .

ATLANTA  (ATL)

| . NUMBER . COST _ . SUBTOTAL TOTAL

YEAR DELAYED UIVERTED UELAYED DIVERTED  COST CoST

1972 PASS 512 1328 __ 6l4s 33226 39370 55000
AC 3 ST 4688 11375 16062

1973 PASS  Tu4 1826 8445 45686 54134 76000

AC .4 10 6000 16000 22000

1974 PASS 960 _ 2490 11520 62299 13819 106000
AC 6 s 8625 23625 32250

11975 PASS 1408 3652 16896 91372 108267 155000
. AC .9 . .22  12375. 34100 46475

.1976 PASS | 1856 4814 22272 120444 . 1l4acll6 205000
, AC (12 30 . 16200 46200 62400

1977 PASS 2624 6806 31488 170283 201771 294000
AC_ . . 18 45 . 23625 68625 . 92250

_ 1978 PASS 3584 _ 9296 _ 43008 232582 275590 _ 401000
AC 25 63 3{250 94500 125750

307341 364172 531000
40375 126850 . 67225 . .

1979 PASS 4736 12284 56832
_. A€ 34 86

1980 PASS _ 6080 15770 . 72960 . 394559 . _ 467519 686000
) AC 45 115 51187 167325 218512 -

1981 PASS 7680 19920 92159 498390 . 590550 875000
_...AC 58 151 £5250. 218950 .. 284200 .




- .. .Table A-5 -BOSTON (BU>)

CAT IIIA wEATHER DISKURPTION FAaCTORS
FRACTION OF (NEw GEN) AC/PASS DELAYED =e000720.
FRACTION OF (NEw GEn) AC/PASS DIVERTED =000620

PRIMARY AND SECONDARY WEATHER UISRUPTION EFFECTS

AVE PASS DELAY TIME (HRS PER PASS) . . = 2.00
AVE PASS DIVERSION TIME (HKRS PER PASS) = 4417
_AVE AC DELAY TIME (nkS PER.AC)  , = 1.25
AVE AC DIVERSION TIME (HRS PER AC) = 50
ADDITIONAL DATA (ALL COST UATA IN 1970 DOLLARS)
PASS TImE COST (% PEKR HQUR PER PASS) = 6.00
SECONDARY AC DIVERSION COST (% PEk AC) = 1u00.00
ANNUAL DATA (ALL COSTS IN 1970 DOLLAKS)
TOTAL PERCNT WEIGHTED AVE TOTAL
ENPL PASS LOAL - - SEATS boc DePARTURES

YEAR NEW GEN AC FACTOR PER AC” PER AC NEW GEN AC

1972 300000 60 325 1250 1533
1973 500000 59 300 1230 2825
1974 700000 56 275 1210 4389
1975 1300000 57 240 1190 9503
1976 1900000 56 245 1170 13848
1977 2800000 55 245 1156 20779
1978 4000000 54 250 1130  2963v
1979 5600000 53 250 1100 42264
1980 7800006  S2 255 1090 58824
71981 10500000 51 255 1080 80738

A-9



ESTIMATED COSTS OF

Table A-5 BOSTON (BOS) (Continued)

PREVENTASLE wiTH

BOsSTO

YEAR
1972
1973
1974

1975
1976
1977
1978
1979

. 1980

1981 PASS

PASS
AC

N

PASS
aC

PASS

AC.

PASS.

AC

PASS

AC

PASS

AC

PASS

aC
PASS
_ AC

PASS

AC

- AC

(BOS)

CNUMBER

cle6

2
360
L3

.. 904
4

936

1368
10

2016

i5

- 2880

22

e

U D S

. 56l6.
43

7560
.59

- 186
1

CAT I11A LS
~ (ALL COSTS IN 1970 DOLLARS)

310
e

434

3

9

e
B A

1736

13

L2480
19

3472

- o cosT
UVELAYED DIVERTED DELAYED DIVERTED

2592
3125

4320

6U48
6050

11233
6. ...

10412

1178 16417

14625

21563

. 34062

31075

48387

4612

4654
1625

”m7{55 -

3230

10859
4815

20166

.. 9570

24193

62050

- SR Y4 -1'<3= R

29474,

14265

43435

29735

86870

SUBTOTAL

COsT

7246
4750

1e076

1842

16907,

10865

31399
19982

45891

28890

60810

135256

67628
20475 .. 42037 . . .

_966l2

WeATHER CAUSED FLIGHT.DISRUFTIONS
NEW GENERATION ALRCRAFT.

TOTAL
COsT

12000
120000

. 28000

51000
15000

110000

..157000

220000
41850 B4475_ . . .

4836 67396120997 _ _ 188393 __ 304000 .

37

6510

58587

i

57165

18540

90725 162881 . 28
5L 19650

115752

253606

412000

158190 ..

-A-10.
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Table A-6 CHICAGO (ORD)

CAT IIIA WEATHER DISRUPTION FaCTORS
FRACTION OF (NEw GEN) AC/PASS DELAYED.
FRACTION OF (NEW GEN) AC/PASS DIVERTED

« 000380 .
« 000380

o

FFECTS
2400
4e17
125
+«50

PRIMARY AND SECONDARY wbATHER DISRUPTION
AVE PASS DELAY TIME (hRS_PER PASS)
AVE PASS DIVERSION TIME (HRS PER PASS)

CAVE AC DELAY TIME (HRS PER AC)
AVE AC DIVERSION TIwmk (HRS PEK AC)

HoHononm

ADDITIONAL DATA (ALL COST UATA IN 1970 DOLLARS)
 PASS TIME COST ($ PER_HQUR PER.PASS) .= . 6400
SECONDARY AC DIVERSION COST ($ PER AC) = 1000400

ANNUAL DATA (ALL COS5TS IN 1970 DOLLARS)
h TOTAL . PERCNT ~ WwEIGHTED AVE  TOTAL
ENPL PASS LOAD SEATS DocC DEPARTURES
- YEAR NEW_ GEN AC _ FACTOR _PER_AC _PER AC NEW, GEN AC

1972 2700000 | 60 325 1250 13846

1973 4200000 59 315 1200 22599
1974 6300000 58 310 1160 3503y
B T T CHR e  ET iy A

1976 11000000 56 305 1060 64403

1977 144000000 55 300

~ loo0 87273

1978 17800000 54 300 950 109877

1979 21600000 53 295 900 138152 i
T T T Rt R
1981 32400000 51 285  .B60 222910



 _Table A-6 CHICAGO (ORD) (Continued)

 ESTIMATED COSTS OF WEATHER CAUSEDL FLIGHT 0ISRUPTIONS.

PREVENTABLE WITH CAYT IIIA ILSe NEW GENERATION AIRCRAFT
A ~ tALL COSTS IN 1970 DOLLARS)Y . . . . e

CHICAGO

YEAR

1972 PASS .

AC

1973 PASS
AC

1974 PASS
AC

1975 PASS

e AC

1976 PASS

l977 Pres
AC

1978 _PASS __

AC

71979 PASS

L AC

(ORD)

NUMAER

6

1596
9

2394
14

3530
19

- 4180
25
5472
.34

42

1026

6764

8208
53 .

1026
6

uwiséé‘

Y

2394
14

- 3230
e A

L4180
es

Csarz
34 L

6764
42

8208
L83

1980 PASS. 10032 10032

AC

1981 PASS
. AC

. 67

12312

85

67

12312

.85

C

1231e
9375

19153
13500

28729

20300

38761

. .26600

65666

49875

59625

- 120387.

72862
147748
91375

A-12

5016l
33125

42500

81170

98499

OsT

 DELAYED DIVERTED DELAYED DIVERTED

25671

9750

39933

14400

59899
22120

8UB1T
29640

38250

136913

21000

61950

251007
96145

308055

121550

104586

169240

205370
76850

SUBTOTAL

37984
12125

59086

27900

. 88628
‘42420

119578
56240

154748
71375

202579
.. 93500

111825

303868

371395
169007

COsT

250410

. 130475

455802
. .R12925

TOTAL
COST
 ,5?Q0é,
87000
131000
176000
226000
296000
362000
440000
540000

- 669000



B Table A-7. CLEVELAND (CLE)_ .

CAffiiiA‘wEATHEh‘blShupribN"%A&%oéE
_ FRACTION. OF (NEw GEN) AC/PASS DELAYED. =.000360
FRACTION OF (NEW GEN) AC/PAS% DIVERTED =000360

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
AVE PASS DELAY TIME_ (HRS PER_PASS) _ _. 2400
AVE PASS DIVERSION TIME (HRS PER PASS) 4417
AVE. AC DELAY_TIME (HRS PER_AC) . . 1.25
CAVE AC DIVERSION TIME (HRS PER AC) 50

CINTRN TN

" ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
_PASS TIME COST ($ PER HOUR PER PASS) _ = . 6400

SECONDARY AC.DIVERSION COST ($ PER AC) = .1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) _

veem . JOTAL . PERCNT.__ WEIGHTED AVE . __TOTAL ...
ENPL PASS  LOAD SEATS DOC  DEPARTURES

YEAR . NEW _GEN AC FACTOR. _PER AC__PER AC _NEW GEN AC_.

1972 200000 60 325 1250 1026

[NV R — - e i i e

1973 300000 59 320 1200 1589

400000 - S8 315 1160 2189

e e

1974

1975 700000 57 310 1120 3962

1976 500000 56 300 1060 5357

1977 1300000 55 290 1000 8150

1978 2100000 54 280 950 13889

1979 2900000 .53 265 900 20648

1980 4000000 52 255 870 30166

1981 5000000 51 250 860 39216

—A-13



oo ..Table A-T CLEVELAND (CLE) (Continued)

.. ESTIMATED. COSTS OF weATHER CAUSED FLIGHT DISRUPTIONS
- PREVENTABLE WwITh CAT II1A ILSs NEW GENERATION AIRCRAFT

" CLEVELAND

© YEAR

1972 PASS

AC

1973 PASS
o AC

1974 PASS

AC

1975 PASS
e AC

~. 1976 PASS |

AC

Ly

. NUMBER

1 1

72

{ALL._COSTS IN 1970 DOLLARS) __

R . ....Cost .
DELAYED DIVERTED DELAYED DIVERTED

1563

B

lag . la4
1 . 1

-1 05'” -

1296
S—— 111V

1728

1450

252 252
2.2

P 2

324 . 324 _

[

T
e 2800

3888

864

~ TOTAL
CosTY

. SUBTOTAL
CUST

1802
1625

...e666

6000
- 3188 :

3998
3100

2702 7000
1600 e
3603 . . ..5331. _ . 8000
1580 3030

6305 9330 15000

31200 .. .5920. . . . ...

.8107 . 11995 . _ 18000

2650

1977 PASS
AC

468 468
3 3

5616

3750

1978 _PASS
: AC

S 5

- 5938

T
.. 4500 _

756 756, __ 9073 __ 18916

3060 9710

17327 26000
8250

_...21989 41000

7375 13312

1979 PASS.
» AC

1044

. 1044
M IMNE

12529
9000

38652 59000
20600 . .

26123
11600

1980_PASS

1440

1440

17281

36031 53313 ___ 81000

AC

11 11

11962

15785 21747

1981 PASS

AC

1800

1800

15 15

21602

A-14

leles

45039 66641 104000
2l450. .. 37575 . .



'omm ow.. .Table.l=8._DALLAS/FT. WORTH (DAL/DFR) _ .. _

CAT IIIA WEATHER DISRUPTION FACTORS
 FRACTION OF (NEw GEN) AC/PASS DELAYED =4000220 .
FRACTION OF (NEW GEN) AC/PASS DIVERTED =.000i40

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
__AVE _PASS DELAY TIME (HRS PER PASS) _

AVE PASS DIVERSION TIME (HRS PER PASS)

AVE AC DELAY TIME (HRS PEK ACY .
AVE AC DIVERSION TIME (HRS PER AC)’

- 200
4417

LEIR I I

«50

 ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
___PASS TIME COST ($ PER HOUR PER PASS)

SECONDARY AC DIVERSION COST

_YEAR_ NEW GEN AC

1972
1974

T

To7e
S CTE A

T8

1979

1980

T

4573

CANNUAL DATA (ALL

COSTS IN 1970 DOLLARS)

(% PER AC)

... 6400
1000.00

CTOTAL . PERCNT . __WEJOGHTED AVE . _ TOTAL

ENPL PASS

500000

1300000

1900000

15000000

7000000

19300000

12300000

900000

2600000

3700000

LOAD -
T en
o

”58.

:

57
56
55

54

e

e

il

SEATS

.. .FACTOR = PER AC

325

320

315
310

S 270

Sus

A-15

300
g e
TR

gy

bocC

. PER AC. NEw GEN AC _ .

h}égawﬂu

1210
R TTTE

wwéia

Ny
T let0
loz0
970
950

520

DEPARTURES

s
4767
T
TR
15476
Gaier
ST
T T
06239

91010

l.25



~ Table A-8 DALLAS/FT, WORTH (DAL/DFR) (Continued)

ESTIMATED COSTS/OF WEATHER CAUSED FLIGHT. DLSRUPTIONS .
PREVENTABLE WITh CAT 1114 ILss NEW GENERATION AIRCRAFT
_(ALL COSTS IN. 1970 DOLLARS) . . oo

DALLAS / FT.WwORTH  (DAL/DFK)

e . - NUMBER . . €COST . SUBTOTAL _ TOTAL
YEAR DELAYED DIVERTED DELAYED DIVERTED CosT CosT

1972 PASS .. 110 . 7u..... 1320 1752 ... 3072 .. 6000
AC 1 1 1563 1625 3188

1973 PASS 198 126 2376 3154 5530 10000
AC. 2 . 1. 3025 1605 . . 4630

1974 PASS 286 182 M~3433MMWW4555MHWWM&79aaWwwNW12oonf
AC Z 1 29¢% 1585 4510

1975 PASS 418 266 5017 6657 11674 19000

AC 3 .z . 4p37 3130 7367 .

1976 PASS _ S72 . 364 . . 6865 9110 . 15975 . _ _26000..
AC 4 3 5350 4605 9955
1977 P&Séuﬁ‘wvglgwmwwwglé’w‘. 97?EWDMI§965 5273& - 36600
AC .6 & 7650____6040_ 13690

1978 PASS __ 1100 _ 700....13202._ 11520 30722 48000, _
AC 8 5 9700 7425 17125

1979 PASS 1540 980 18483 24528 43010 . 66000
e AC. 1Y 7. 13062 _.10325 23387

..1980 PASS_ . QZQ&Q_wqwl3Q2mWH~2&5ﬁQHWWQZE&IW@. .ﬁllﬁaﬁ,mm~ﬁ9ﬁﬁﬁw.
AC 15 160 17250 14600 31850

1981 PASS 2706 1723 32477 43098 75576 118000
_AC 21 213 23887 18915 42802
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_Table A-9 DENVER (DEN)

CAT ITIA wEATHER DISKUPTION FACTORS
_ FRACTION OF _(NEw. GEN)_ AC/PASS DELAYED . =.000120 ..
FRACTION OF (NEwW GEN) AC/PASS DIVERTED =.000100

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
_AVE PASS DELAY TIME (MRS PER PASS). . .. = _ .. . .2a00
AVE PASS DIVERSION TIME (HRS PER PASS) = 4017

AVE AC DELAY TIME (HRS_PER AC) ... . = le2o
AVE AC DIVERSION TIME (HRS PER AC) = «50

WhDéIfzomAL DATA (ALL COST DATA IN 1970 DGLLARS}
_PASS TIME COST _($ PER_HOUR_PER._PASS) . 600
SECONDARY AC DIVERSION COST ($ PER AC) =  1600.00

B E S SRR ——— i A1 syt ki e e oranm

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)

e e TOTAL . PERCNT WEIGHTED AVE . TOTAL
- ENPL PASS LOAD SEATS vocC DEPARTURES

YEAR _ NEW GEN AC- FACTOR. PER AC__PER AC _NEW GEN AC_

1972 o060 60 325 1250 513
1573 200000 59 320 1200 1059
1974 300000 58 315 1160 1642
1975 e00000 57 - 310 1i20 3396
1976 - 1000000 56 300 1080 5952
1977 1600000 58 290 1040 10031
1978 3300000 54 T zaoTiooo 15212
197977 73360000 53 70 960 23061
16804500060 Tz 265 16 3z656
1981 6200000 51 560 9500 46757
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- Table A—‘? DENVER (DEN} (Continued)

JESTIMATED. COSTS .. OF WEATHER CAUSED. FLIGHT. DISRUPTIONS
PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT

e {ALL _COSTS_.IN 1970.DOLLARS) . R
DENVER  (DEN) - S

e NUMBER . COST .. SUBTOTAL_W,IQTAL;

YEAR DELAYED DIVERTED DELAYED DIVERTED  COST CoST
1972 PASS 12 10 144 250 394 4000
AC 1 1 1563 1625 3188
1973 PASs 24 20 288 501 788 4000
CAC_ 1 L1500 1600 3100 .
1974 PASS.._ 36 ____3Q 432151 1183 4000
AC 1 1 1450 1580 3030
1975 PASS 72 60 864 1502 2365 5000
e AC 1 1 ) 1400 1560 2960
1976 PASS.____ 120 100 .. 1439m~wm;503f 3942 7000
ac 1 1 1350 1540 T2890 '
ﬁiéfffﬁéég"mw" 192 160 - 2303 4005 6308 10000
e AC L 2 ) 2600 1520 4120 ~
1978 PASS 276 230 3310 5757 9067 15000
AC 2 2 2500 3000 5500
1979 PASS 396 - 330 4750 8260 13010 21000
e N AC 3 3 3600 4440 8040
1980 _PASS. 540 . __ 450 6477 11264 17741 ... 28000
AC L e T T, 4550 5820 10370
1981 PASS 744 620 8924 15519 24443 38000

AC 6 .5 6759 1259 14000 —
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| Table. A~10__DETROIT (DTW)

"CAT IIIA wEATHER DISRUPTION FACTORS
__.FRACTION OF (NEW GEN) AC/PASS DELAYED _=,000540
FRACTION OF (NEW GEN) AC/PASS DIVERTED =+000560
""PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
.. AVE PASS DELAY TIME (MRS PER PASSL ____ = 2,00

AVE PASS DIVERSION TIME (HRS PER PASS) = 4e17
.. AVE_AC_DELAY_TIME (HRS PER_AC) = 1425
"TAVE AC DIVERSION TIME (HRS PER AC) = .50
" "ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
. PASS_TIME COST_($ PER HOUR_PER_PASS)___= 6400

- SECONDARY AC DIVERSION COST ($ PER AC) = . 1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) o
TOTAL ____ PERCNT ___ WELIGHTED AVE ~ TOTAL
ENPL PASS - LOAD SEATS DOC  DEPARTURES
~YEAR NEW GEN AC__FACTOR PER AC PER AC NEW GEN AC

1972 400000 - 60 325 1250 2051

T1973 600000 59 320 1210 3178
1974 900000 58 — 315 1170 4526

1575 1300006 57310 1130 7357
1976 1500000 56 305 1100 11124
1977 2700000 55 300 1170 16364
1976 3500000 54 295 1040, 21971
1575 4600000 . 53 290 1000 29928
1960 6100000 sz 280 960 -41896
1981 8000000 51 275 950 57041
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Table A-10 DETROIT (DIW) (Continued)

_ESTIMATED COSTS OF WEATHER CAUSED FLIGHT DISRUPTIONS. __
- PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT -

e AALL_COSTS_IN 1970 DOLLARS) .. .. -
DETéEiT T R e
e NUMBER. . _COST . _SUBTOTAL __ TOTAL _
YEAR  DELAYED DIVERTED DELAYED DIVERTED  COST COST
1972 _PASS 216 _ 224 2592 5604 8196 15000
AC 2 - 2 3125 3250 6375
T1973 pASS | 324 336 3888 B406 12294 19000
AC o2 3025 32106235 ..
w1923mPAsswmw"m986 .. 504___ 5833___12609 ___ _18442_ __ 28000
AC 3 . 3 4387 4755 9142
1975 PASS 702 728 8425 18213 26638 40000
AC . 4§ 5650 . 7825 . . 13675 . ...
wlalhmﬁAsswwhmlozénw.wlnﬁ«”w*hizalswwM2§ﬁ13wm,.W38932 . ._58000.
AC 6 7 8250 10850 19100
1977 PASS 1458 1512 17498 37827 55325 TT8%000°
AC 810 13162 15850 29012
1978 PASS 1890 1960 22682 _ 49035 71718 107000
AC 12 13 15600 19760 35360
1979 PASS. 2484 2576 29811 64446 94258 141000
< _AC 17 17 21250 25500 46750 __ |
19.§.Q~EASSM 3294 . 341639532 85662 124994 188000
AC 23 24 27600 35520 63120
1581 PASS 4320 4480 51845 112081 163926 248000
AC 31 3236812 47200 84012




TABLE A-11 HOUSTON (HOU/IAH)

“CAT IIIA WEATHER DISRUPTION FACTORS

— FRACTION OF (NEW GEN) AC/PASS DFLAYED =.000820
FRACTION OF (NEW GEN)‘AC/PASS DIVERTED =4001300

e AP i e g

PRIMARY "AND SECONDARY WEATHER DISRUPTION EFFECTS

——AVE _PASS DELAY TIME (HRS PER PASS) = ___ 2400 _
AVE PASS DIVERSION TIME (HRS PER PASS) = 4417

___AVE _AC_DELAY TIME (HRS PER AC) = 1,25
AVE AC DIVERSION~TIME {HRS PER AC) = »50

AN

ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
— . PASS TIME COST (% _PFR _HOUR PER PASS) 600
SECONDARY AC DIVERSION COST (% PER AC) = 1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
— i T0TAL PERCNT _ WEIGHTED AVE = TOTAL. . .
ENPL PASS LOAD SE@TS - DbocC DEPARTURES
EARMMNEH®§EN_AﬁmMEAQIQBWWEEB“Aﬂw*RERmAﬁwwNﬁﬂ*GLN_AQ“w_

1972 - 200000 60 325 'IZSQ -~ 1026

1973 300000 59 310 1200 1640
1974 400000 S8 300 1150 2299
1575 666000 57295 1090 3568
“Yﬁié""”""ﬁébooo | 56 290 1050 4926
1977 1200000 55 280 1000 7792
1978 1600000 54 275 950 10774
1975 2200000 53 260 900 15965
1980 2800000 52 250 850 21538
1981 3600000 51 245 830 2881z
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TABLE A-11 HOUSTON (HOU/IAH) (Continued)

-..ESTIMATED COSTS _OF WEATHER CAUSED FLIGHT DISRUPTIONS
- PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT ‘
e . {ALL_COSTS_IN_1970 DOLLARS)

HOUSTON  (HOU/IAH)

_NUMBER __________COST___ ____SUBTOTAL. _ TOTAL .
YEAR DELAYED DIVERTED DELAYED DIVERTED  COST COST
1972 _PASS_ 164 260 1968 6505 8473 13000
A 1 2 1563 3250 4813
1973 PASS 246 390 2952 9757 12709 21000
e AC 2 3 3000 __4800 7800
1974 _PASS 328 520 3936_ 13010 16946 25000
AC 2 3 2875 4725 7600
1975 PASS 492 780 5904 19514 25418 37000
AC 3 S 4087 77?5 11812
,Jalgmﬁasswmmw_giw“.mmlﬁagmwww“15zawwngnlﬁmmnuﬂagangumM~5lnnﬂuww
7 7 6563 10675 17237
1977 PASS 984 1560 11808 39029 50837/ 76000
AC 7 11 8750 16500 25250
_ﬁl918uamsiﬁ,mmlwig*mwm2£ﬁﬁ~*m_1§z&&ﬂmnﬁ2naﬁwm*mw§zz§2u@_wWgannQm;"
14 10687 20650 31337
1979 PASS 1804 2860 21648 171552 93200 139000
AC 14 21 157540 30450 46200 ‘

ulQﬁQNEASSwww_229QWWM.QQ&Qm~uw215&2.m_2lﬂhluﬁ__llﬂh19~_ﬁﬂllﬁﬂnﬂmw
AC 18 28 19125 . 39900 59025

1981 PASS 2952 4680 35424 117086 152510 V231000
AC 24 38 24900 53770 18670 '
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. TABLE A-12 KANSAS CITY (MKC/MCL). _

"CAT 111A wEATHER DISRUPTION FACTORS
__FRACTION OF _(NEW GEN) AC/PASS DELAYED . =+000420
FRACTION OF (NEW GEN) AC/PASS DIVERTED =.000880

" PRIMARY AND SECONDARY WEATHER DISRUPTION

m
-
-
m
(@]
et
wn

_..AVE PASS DELAY TIME_ (HRS _PER _PASS) = 200
AVE PASS DIVERSION TIME (HRS PER PASS) = 4e17
. AVE_AC _DELAY_TIME (HRS PER AC) =1 a9
AVE AC DIVERSION TIME (HRS PER AC) = «50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
e . .PASS_TIME COST (% PER _HOQUR PER.PASS) = 600 _
- SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
, TOTAL ___ PERCNT __WEIGHIED AVE ___ TOTAL .
ENPL PASS  LOAD SEATS DOC  DEPARTURES
__YEAR: NEW _GEN AC__FACTOR _PER AC PER AC__NEW GEN AC___

1972 1000000 60 325 1250 513
1973 200000 59 315 1200 1076
1974 200000 S8 305 1150 1131
1975 300000 57 295 1090 1784
1976 %00000 86 290 1070 2463
1577 500000 55 285 1050 3190
1978 700000 — 54 - 280 1030 4630 -
1979 1000000 53 '275 1020 6861
1980 1300000  s2 265 910 9434
1981 1800000 - Sl 260 900 13575
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(Continued)

__ESTIMATED CQSTS_OF WEATHER CAUSED EL IGHI. DISRUPTIONS ..

TABLE A-12 - KANSAS CITY (MKC/MCI)

PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT

(ALLWQQSTS IN 1970 DOLLARS)

KANSAS CITY  (MKC/MCI)
| NUMBER COST___ . _SUBTOTAL . TOTAL __
YEAR DELAYED DIVERTED DELAYED DIVERTED  COST cosT
1972 PASS 42 88 504 2202 2105 6000
| AC 1 1 1563 1625 3188
1973 PASS 84 176 1008 4403 5411 9000
—e__-AC 1 1 1500 . _1600___. 3100 _
1974 _PASS 84 176 1008 4403 5411 _.8000___
AC 1 1 1438 1575 3012
1975 PASs 126 264 1511 6605 8116 13000
AC 1 Z 1362 30940 4452 —
~L21§maAas_mm_“Jinﬂ.mW*anzb‘«qu201£L,””Juaaz ..10822 . 18000.
2 2675 4605 . 7280
1977 PASS '210 440 - 2519 11009 13527 21000
AC 2 3 2625 4575 7200
1978 PASS 294 616 3526 15412 18938 29000 .
TAC 2 5 2575 7575 10150
1979 PASS 420 860 5038 22017 27055 41000
AC 3 7 3825 10570 14395 - |
_1980_PASS._>__ 546 _1144 6549 _ 28622 35171 53000 _
AC e 5 4550 13095 17645
1981 PASS 756 1584 9068 39631 48698 73000
__AC. 24150 .

12

6150
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”;lmiﬂﬂ@hkﬂﬁmJJBhAMELES;G$Kl*m

‘CAT IIIA WEATHER DISRUPTION FACTORS

FRACTION OF (NEW GEN) AC/PASS DEIAYED =z.000663
FRACTION OF (NEW GEN) AC/PASS DIVERTED =.000234

PRIMARY AND SECQONDARY WEATHER DISRUPTION EFFECTS
—_.AVE PASS DELAY TIME (HRS PER PASS) = 2,00

H

AVE PASS DIVERSION TIME (HRS PER. PASS) = 4417
AVE_AC DELAY TIME (HRS PER AC) = 125
= 50

AVE AC DIVERSION TIME (HRS PER AC)

_ ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS) -

. PASS TIME COST ($ PER HOUR PER PASS) = 6,00
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
TOTAL PERCNT WEIGHTED AVE  TJOTAL
ENPL PASS  LOAD SEATS DOC ' . DEPARTURE
YEAR - NEW _GEN AC - FACTOR PER AC PFR AC NEW GEN AC

1972 2800000 66 325 1250 = 14359
1973 4400000 59 320 1230 23305
1974 6200000 S8 315 1210 33935
1975 8200000 - S7 310 1190 46406
1976 10400000 56 310 1190 59908
1577 13300000 55 310 1190 78006
1976 16500000 54 305 1180 Too0182
1979 19400000 53 300 1170 122013
1980 22600000 52 300 1170 144872
1981 26100000 51 . 300 1170 170588 .



TABLE A-13 LOS ANGELES (LAX) (Continued)

-

__ESTIMATED_COSTS_OF WEATHER CAUSED FLIGHT.DISRUPTIONS
PREVENTABLE WITH CAT IJIA ILSs NEW GENERATION AIRCR&FT

(ALL_COSTS IN 1970 _DOILLARS)

LOS ANGELES  (LAX)

\

' __NUMBER CosT SUBIQIAL;_”IQIAL“

YEAR  DELAYED DIVERTED DELAYED DIVERTED  COST COST

1972 PASS. 1856 655 2226616385 38651 61000
“TAC 10 - 4 15625 6500 22125 S

1973 PASS 2916 1029 34990 25747 60737 95000
_AC__ 16 . 6 24600 9690 34290 .

e

_1976_PASS____ 4109 . 1450 __ 49304 36280 ___85584 133000 _
AC 23 8 34787 12840 47627

1975 PASS 5434 1918 65208 47983 113192 177000
L AC 31 1] 46112 17545 63657 —

49_.6..,&&55&22“_.2 432, ,.\WV&Z.Z.O;L Ml,mwl 43560 221 OQD%
~AC 40 15 59500 23925 - 83425

{ .
1977 PASS 8814 3111 105765 77827 183591 291000
AC_____52_ 197735030305 107655

Mjﬁﬁw&mﬁﬁﬁw 131212 __ 96552 MWWZZ,AI‘(;‘L“M 365000
, 67 24 98825 38160 136985

1575 PASS 12856 4537 154274 113521 267795 432000
AC B8] 29 118462 45965 164427

JEWMM&MBEL 132244 W._lllﬁﬁl.wwﬁﬂﬁﬂ.ﬁ,ﬁm
-/ AC 96 34 140400 53890 194290

1981 PASS 17296 6104 207554 152727 360281 590000
AC 114 __ 40 166725 63400 230125
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TCAT IIIA WEATHER DISRUPTION FACTORS
_ .. FRACTION_OF _(NEW GEN) _AC/PASS DELAYED_ _=.000L60
FRACTION OF (NEwWw GEN) AC/PASS DIVERTED =«000120

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS

—AVE_PASS_DELAY TIME (HRS PER PASS) = 200, __
AVE PASS DIVERSION TIME (HRS PER PASS) = 4,17
. AVE AC DELAY TIME (HRS PER_AC) = 1.25
AVE AC DIVERSION TIME (HRS PER AC) = «50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
——— PASS_TIME COSI (% PFR HOUR PER_PASS) = 6,00

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
TOTAL _  PERCNT__ WEIGHTED AVE ___ TOTAL

ENPL .PASS LOAD SEATS DOC DEPARTURES

YEAR _NEW GEN AC . FACTOR PER AC _PER AC_NEW GEN AC

1972 1300000 . 60 325 1250 6666
1973 2000000 59 305 1230 11114
1974 2700000 58 290 1210 16052
1975 3600000 57 275 1190 22967
1976 4700000 56 275 1190 30519
1977 5800000 55 280 1185 37662
1978 ' 7400000 54 280 1185 48942
1979 9300000;' 53 - 285 1180 = 61569
1980 11300000 52 285 1180 76248

1981 13700000 51 285 1180 94255
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TABLE A-14 MIAMI (MIA) (Continued)

- ESTIMATED COSTS QF WFATHFR CAUSED FLIGHT DISRUETIONS.
PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT
: 1ALL COSIS AN 1970 DOLLARS)

MIAMI  (MIA)

. NUMBER COST SUBTOTAL _ TOTAL _
YEAR DELAYED DIVERTED DELAYED .DIVERTED  COST COST
1972 PASS 208 156 2496 3904 6399 11000

AC 2 1 3125 1625 4750
1973 PASS 320 240 3839 6006 9845 16000
e AC 2 2 3075____ 3230 6305
1974 PASS...___ 432 ___ 324 ____S183_._ 8108 13291 21000 _
AC 3 2 4537 3210 7747
1975 PASS 576 432 6911 10810 17721 - 28000
AC ’-} 3 859510 4188 10738
1976 PASS . 752 564 9023 _ 14113 23136 _ 37000
AC 5 4 7438 6380 13817
1977 PASS 928 696 11134 17416 28551 47000
AC 7 5 10369 7962 168331
1978 PASS 1184 888 14206 22221 36427 58000 _
AC 8 6 11850 9555 21405
1979 PASS 1488 1116 17854 27926 45780 73000
AC 10 8 14750 12720 27470
1980_PASS 1808 1356 21693 33932,“_,mjgnﬁﬁim_,.wslnnn_ﬂ
AC 13 10 19175 15900 35075
1981 PASS 2192 1644 26300 41139 67439 110000
AC 16 12 23600 42680
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_TABLE A-15 MINNEAPOLIS/ST. PAUL (MSP)___

~

"CAT I11A WEATHER DISRUPTION FACTORS |
— FRACTION OF (NEw GEN) AC/PASS DFILAYFD _=.000160

FRACTION OF (NEW GEN) AC/PASS DIVERTED =.000220
PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
——AVE PASS DELAY TIME (HRS PER PASS) = = 2.00
AVE PASS DIVERSION TIME (HRS PER PASS) = 417
AVE _AC DELAY TIME (HRS PER AC) _ = 122
AVE AC DIVERSION TIME (HRS PER AC) = -¢50

ADDITIONAL DATA (ALL COST DATA 1IN 1970 DOLLARS)

e PASS TIME COST (% PER HQUR PER PASS) = 6,00
~ SECONDARY AC DIVERSION COST ($ PER AC) = 1000.,00

A

ANNUAL - DATA (ALL COSTS IN 1970 DOLLARS)

. TOTAL PERCNI WEIGHTED AVE TOTAL

- ENPL PASS LOAD SEATS DocC DEPARTURES
YEAR NEW GEN AC. FACTOR PER AC__PEKR AC NEW GEN AC

s

1972 200000 - 60 325 1250 1026
1973 300000 59 320 1200 1589
V1974 400000 58 315 1160 2189
1975 500000 57 310 1120 2830
1976 ° 800000 f" 56 310 1100 4608
1977 1200000 . 55 305 1080 7154
1978 1500000 54 300 1060 1i111
1979 2500000 53 295 1020 15990
1980 3300000 &2 290 1000 21883
1981 4200000 51 285 990 28896



TABLE A-15 MINNEAPOLIS/ST! PAUL (MSP) (Continued)

—ESTIMATED COSTS OF WEATHER CAUSED FLIGHY DISRUPTIONS
PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT
(AL COSTS IN: 1970 DOLLARS)

MINNEAPOL‘IS/ST.PAUL B (MSP) |

_ _NUMBER . COST. . SUBTOTAL _ TOTAL

YEAR  DELAYED DIVERTED DELAYED'DIVERTED - COST cosT

1485 5000

1972 PASS 32 44 384 1

AC 1 1 1563 .. 1625 - 3188
1973 PASS 48 66 576 1651 2228 5000
' AC_ 1 11500 1600 3100 .
1974 PASS 64 B8 769 2202 . 2970 _ - 6000
' AC 1. 1 o 1450 1580 .~ 3030 .-
1975 PASS 60 110 961 2752, -3713 © 7000
: AC 1 1 1400 1560 2960 v
1976_PASS 128 176~ 1537 4403 5940 10000__.
aC 1 2 1375 3100 4475 v
71977 PASS 192 264 2306 6605 8911 15000
AC _ 2 2 . 2700 3080 5780 »
1978_PASS 288 396 3458 9908 13366 21000
AC 2 3 2650 4590 7240 .
1979 PASS 400 550 - 4803 13761 18564 28000
Y 3 4 3825 6040 . 9865
WJ9&mjmss§;m”j£§*,mmjzﬁwmmmja&QwWJﬁl@g._nmzﬂmuLmuwwxumnw.
| AC - 5 5000 7500 . 12500
1981 PASS - 672 924 8069 23118 31187 = 48000
- AC____ 5 7 61683 10465 16652
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CAT IIIA wEATHER DISRUPTION FACTORS

_FRACTION OF (NEW GEN) AC/PASS DELAYED =.000620
FRACTION OF (NEW GEN) AC/PASS DIVERTED =.000700

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS

—AVE_PASS DELAY TIME (HRS PER PASS) = L2200
- “AVE PASS DIVERSION TIME (HRS PER PASS) = 4.17
AVE AC DELAY TIME (HRS PER AC) ‘ = 1,25
" AVE AC DIVERSION;TIME.(HRS PER AC) = «50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
—PASS_TIME COST ($ PER HOQUR PER PASS) = 600

'SECONDARY AC DIVERSION COST ($ PER AC) = 1000400

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
TOTAL _ PERCNT  WEIGHTED AVE T

OTAL
ENPL PASS  LOAD . SEATS DocC DEPARTURES |

»

YEAR NEW GEN AC FACTOR PER AC PER AC NEW GEN AC

1972 100000 60 325 . 1250 513

1573 200000 59 . 315 1200 1076
1574 300000 58 305 1150 1696
1975 500000 . 57 300 1100 2924
1976 700000 56 295 1070 4237
1977 12doooc T »~k2§o 4'1043_* 7524

1578 1700000 54 280 1000 11243
1979 2300000 83 270 960 16073
1980 3200000 52 260 930 23669
1981 2300000 51 255 920 33064
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TABLE A-16 NEW ORLEANS (MSY) {Continued)_

TED _COSTS OF WEATHER CAUSED_FLIGHT DISRUPTIONS _
PREVENTABLE WITH CAT JIIA ILSs NEW GENERATION QIRCRAFT
(AL L COSTS IN 19?0 DOt 1 ARS)

-

NEW ORLEANS - (MSY)

NUMBER. COST ______SUBTOTAL __TOTAL

YEAR DELAYED DIVERTED DELAYED DIVERTED  COST COST
1972 PASS.____62 70 T44 1752 2496 6000
AC 1 - 1 1563 1625 3188
1973 PASS - 124 140 1488 3503 4991 8000
AC B S 1500 1600 3100 -
1974 PASS 186 210 2232 _ 5255 7487 " 14000
T ARG 2 . 2 2875 3150 6025 .
1975 PASS - 310 350 3720 _ B758 12478 - 20000
. AC 2 3 2750 4650 7400 ~
1976 PASS 434 490 5208 12262 17469 26000
T AC 3 3 4012 4605 8617 |
1977 PASS 744 840 8927 21020 29947 46000
A 5 6 6500 9120 15620 o
1978 _PASS 1054 1190 12647 __ 29778 42426 63000
TTAC 7 8 8750 12000 20750
1979 PASS 1426 1610 17111 40288 57399 87000
=AC_ 10 1212000 17760 29760 _
1980 PASS 1984 23806 19
AC 15 17 17437 24905 . 42342

1981 PASS ‘ 2666 3010 . 31990, 75322 107312 167000

AC_ ' 21 24 24150 35040 59190 - U



TABLE A-17 NEWARK (EWR)

"CAT TIIA WEATHER DISRUPTION FACTORS

___FRACTION OF (NEw GEN) AC/PASS DELAYED _=.000520
FRACTION OF (NEw GEN) AC/PASS DIVERTED =.000200

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
AVE_PASS DELAY TIME (HRS PER PASS) = 2200
AVE PASS DIVERSION TIME (HRS PER PASS) = 417
AVE AC DELAY TIME (HRS PER_AC) = le25

AVE AC DIVERSION TIME (HRS PER AC) .50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
_.__PASS_TIME COST _($ PER HOUR PER PASS) __ = __6.00
SECONDARY AC DIVERSION COST ($ PER AC) = 100000

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) .
TOTAL - PERCNT __WEIGHTED AVE IOTAL

ENPL PASS LOAD - SEATS - DOC DEPARTURES

YEAR NEW GEN AC FACTOR PER AC__PER AC _NEW GEN AC °

1972 . 700000 60 325 -125g 3590
1973 - 1200000 59 310 1180 6561
1974 1800000 58 255 1110 10520
1975 2400000 57 280 1050 15038
1976 3200000 56 275 1020 20779
1977 4100000 55 270 990 27609
-1978 - 5000000 S4 265 960 34941
1979 6100000 53 265 920 43432
1980 7200000 52 260 890 53254
1981 8300000 51 260 880 62594




TABLE A-17 NEWARK (EWR) (Continued)

—ESTIMATED COSTS QF WEATHER CAUSED FLIGHT DISRUPTIONS
PREVENTABLE WwITH CAT IIIA ILSs NEW GENERATION AIRCRAFT
(ALL COSTS IN 1970 DOLLARS)

NEWARK (EWR)

NUMBER COST ___SUBTOTAL __ TOTAL_
YEAR - DELAYED DIVERTED DELAYED DIVERTED  COST COST
1972 PASS 364 140 4369 3502 7870 13000
AC 2 1 3125 1625 4750,
1973 PASS 624 240 7489 6003 13492 23000
AC___ & 2 5900 3180 9080
1974 PASS 936 360 11234 9005 20238 33000
TaC 6 3 8325 4665 12990
1975 PASS 1248 480 14976 12006 26984 42000
__AC 8 310500 4575 15075
1976_PASS ___ 1664 ______ 640 19971 16008 35979 58000
: AC 11 5 14025 7550 21575 '
1977 PASS 2132 820 25588 20510 46098 74000
AC 15 6 18562 8970 27532
1978_PASS 2600 1000 31205 25013 56218 89000
AC 19 . 7 22800 10360 33160
1979 PASS 3172 1220 38070 30516 66586 108000
AC 23 9 26450 13140 39590
1980 PASS 3745 1440 44935 _ 36018 80953 128000
AC 28 11 31150 . 15895 470645
1981 PASS 4317 1660 51800 41521 93321 148000

AC 33 13 363469 18720 55020
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TABLE A-18~ NEW YORK KENNEDY (JFK)

CAT IIIA WEATHER DISRUPTION FACTORS

e ERACTION OF (NEW GEN) AC/PASS DELAYED _=.000880 .
FRACTION OF (NEW GEN) AC/PASS DIVERTED =.000540

g e R A U 5 e —

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
AVE PASS DELAY TIME (HRS PER PASS) .= 2400

AVE PASS DIVERSION TIME (HRS PER PASS) = 417
e AVE AC_DELAY TIME (HRS PER AC) = = 1.25_
- AVE AC DIVERSION TIME (HRS PER AC) ) = "~ «50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
— -PASS_TIME COST ($ PFR HOUR PER_PASS) = 6400
- SECONDARY AC DIVERSION COST ($ PER AC) = 1000.,00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)

o IOTAL___ PERCNT__ WEIQHIEQAVLM;_J_QIAL_ _____
. ENPL PASS LOAD SEATS pocC DEPARTURES

YEAR _NEW GEN AC _FACTOR. PER AC__PER AC NEW GEN AC

I

<

1972 2400000 60 325 1250 12308
1973 4000000 39 320 1230 21186
1974 5600000 58 315 1220 31746
19957 8060000 T 5T 315 1210 44556
1976 10500000 " 56 310 1220 60484
T1977 13300000 55 310 1240 78006
1978 16500000 s4 305 1260 100182
1979~ 20000000 53 "305 1280 123724
1980 25400000 52 300 1290 1e282l
1981 26200000 51 300 1300 171242



TABLE A-18 NEW YORK KENNEDY . (JFK) (Continued)

e ESTIMATED_COSTS QF WEATHER CAUSED FLIGHT DISRUPTIONS _
PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT
e AALL._COSTS IN 1970 DQILARS)

”NEQ“YORK KENNEDY  (JFK)

NUMBER  COST_____SUBTOTAL _ TOTAL _

YEAR DELAYED DIVERTED DELAYED DIVERTED - COST COST .
1972 PASS 2112 1296 25344 32424 57767 86000 __
AC 1 7 17188 11375 28562
1973 PAss 3520 2160 42239 54039 96279 145000
AC_ 19 12 29212 19380 4859? :

m"J&?QWEASSWm_mﬁlmemmwﬁlﬁzmawmﬁlzﬁl_mmlﬁ3SZMMwMl39§§4M“WMleﬁﬁﬂmm
AC 28 18 42700 28980 ‘71680

1975 PASS 7040 4320 84478 108079 192557 293000
AC 40 25 60500 40125 100625

1916 PASS...... 3ﬁﬁﬂm*wm5ﬁlﬁw~_llﬁﬁlﬁwwl&1353. M254731“mwﬁ3ﬂﬁﬂ0ﬂm~

AC 33 82350 53130 135480
1977 PASS 11704 7181 140445 179681 320126 497000
AC 69 43 106950 69660 176610
_1978 PASS__ 145208909 174237 222912 __ 397149 _ 627000 -
AC 89 55 140175 89650 229825

1979 PASS 17600 10799 211196 270197 481393 766000
» AC_ 109 67 174400 109880 28428

1980 _PASS. 22352 _ 13715 __268219_ 343150 611369 988000
AC . 144 B& 232200 144760 376960 »

1981 PASS 23056 14147 276667 353958 630625 1029000
AC 151 93 245375 153650 398825
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TABLE A-19 NEW.XQE‘SJ:EQQAEQIA.,SE%L

“CAT IIIA WEATHER DISRUPTION FALTORS

o FRACTION OF _(NEW GENLmAQAPASS<DELAYEDVWMqDOO&2Q_~
FRACTION OF (NEW GEN) AC/PASS DIVERTED -.000200

“PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS

__AVE_PASS DELAY TIME (HRS PER _PASS) .___ .= 2.00
‘AVE PASS DIVERSION TIME (HRS PER PASS) = 4017
..AVE AC DELAY TIME (HRS PER AC) = .le23
AVE AC DIVERSION TIME (HRS PER AC) = 50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
.PASS TIME COST (% PER HOUR PER_PASS) = 6400
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
TOTAL. PERCNT WEIGHTED. AVE TOTAL

CENPL PASS  LOAD SEATS DOC _ DEPARTURES
_YEAR NEW GEN AC FACTOR _PER AC__PER AC _NEW GEN AC __

1972 800000 60  .260 . 1000 5128

1973 1200000 59 . 260 1000 7823
1974 1800000 58 260 1000 11936
1975 3500000 57 260 1000 16869

1976 laaoooool 56 260 1000 23352
1977 4500000 55 260 975 31469
1978 5700000 54 265 950 39832 .
1979 7600000 53 265 925 54112
1?30' 9800000 52 \/ 265 900 71118
1981 12500000 51 265 . 890 92490
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__TABLE A-19 NEW YORK LAGUARDEA (LGA) (Contlnued)

. ESTIMATED _COSTS_OF WEATHER CAUSED FL IGHT DISRUPTIONS _ .
PREVENTABLE WITH CAT ITIA ILSs NEW GENERATION AIRCRAFT

NEW YORK LAGUARDIA

C(LGA)

e {ALLCOSTS IN 1970 _DOLLARS) S

YEAR

;lS?ZMPASSMwﬂMW

NUMBER .

336

- . COST___ ____SUBTOTAL___ TOTAL
DELAY&D DIVERTED DELAYED DIVERTED

COsT

e e P

COsT -

160 4032 4003 8035 15000
AC 3 2 3750 3000 6750 '
1973 PASS 504 240 6048 6005 12053 20000
o AC 42 5000____3000.. _ 8000 o
1974 PASS 756 ____360__._._.9072_._ 9007 18079 30000 _
AC 6. 3 7500 4500 12000
1975 PASS. 1050 500 12600 12510 25110 41000
AC . 8 - 4 10000 6000 16000 . . __
1976_PASS.____1428 680 17136 17014 _vmmaalﬁaMmmwmﬁauun;.
: AC 10 5 12500 7500 20000
1977 PASS 1890 900 22680 22518 45198 73000
AC 14 T 17062 _10412. . 27415
_1978 PASS _ 2394 1140 __ 28728 28523 51251 89000
Y 17 8 20187 11800 31987
1979 PASS . 3192 1520 38304 38030 716334 119000
< AC_ 23 11 ° 26594 16087 42681
1980 PASS 4116 1960 49392 49089 ____ 98431 154000
T Ac 30 15 337150 21750 55500
1981 PASS 5250 2500 63000 62550 125550 196000
___AC 39 43387 __ 27455 70842

19



TABLE A-20, PHILADELPHIA (PHL)

 CAT IIIA wEATHER DISRUPTION FACTORS
~ FRACTION OF (NEu GEN) AC/PASS DELAYED = =.00046Q__
FRACTION OF (NEw GEN) AC/PASS DIVERTED =.000700

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
.. AVE PASS DELAY TIME (HRS PER PASS) _ . = ___ . _ 2.00
AVE PASS DIVERSION TIME (HRS FER PASS) 4417
.. AVE AC DELAY. TIME..(HRS PER AC) . . . . .. 1ee5
AVE AC DIVERSION TIME (HRS PER AC) «50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
— . PASS TIME_COST ($ PER HOUR PER.PASS) . = __ .. .6.00.
SECONDARY AC DIVERSION COST (% PER AC) 1600.00

oMo

i

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
e JOTAL PERCNT __ WEIGHTED AVE . TOTAL .. .. .
ENPL PASS  LOAD SEATS - DOC  DEPARTURES
~YEAR _NEW_GEN AC _FACTOR _PER AC_ PER AC NEW GEN AC

e

0 s by o 3 AN R S SN U Ot W 0 . P A Lt [Ee—— s e — -

1972 400000 60 325 1250 2051

1973 600000 59 320 1210 3178

1974 800000 58 315 1270 4379

© 1975 1100000 57 315 1140  el26

1976 1500000 56 310 1130 864l

1977 2200000 S5 7305 1130 13115

1978 3000000 54 300 1120 18519
) f
1979 4000000 53 290 1120 26025

1980 5100000 52 285 1110 34413

1981 6500000 51 280 1110 45518
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. _TABLE A-20 PHILADELPHIA (PHL) (Continued)

.. ESTIMATED COSTS OF wEATher CAUSED FLIGHT DISRUPTIONS ..

" PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION ALRCRAFT
_ (ALL_COSTS_1N_1970_DOLLARS) ..

PHILADELPHIA

-}EAQMWH

1972 PASS

AC

1973 PASS

. AC_

..... 1974 PASS . _

AC

1975 PASS
e AC_.

..1976 PASS .

AC

1977 PASS

1978 _PASS

 NUMpER

184
i ad

3 4

STt
3 -9

4 7

. AC .

1012

k#HLywmm”ww

28y
6 420
2 .3

o ..560

890 1050

1540

R .. Cost .
QELAYED DIVERTED UELAYED UIVERTEQ

1563

3312

4762

2208

-.3025 .

3250

10509

aaldo 14013

6540

7006

4815 . .

_SUBTOTAL __

CUsT

_.9215

4813

11302

6073

5650

{

19267

10955

25340
. 4275 1850 .. 12125 . ..

‘13822
1840

18429

37000

JOTAL .
COsT

14000

t

22000

30000 ..

-8a2el. 20274 . 34555 . 51000 .
16605 -

1 18

1380 2109

16562

12146
..9887 15650 25537

69109 102000

38535

52544

- 50680

76000

AC
1979 PASS
AC

1840

9 13

126060

20280

3288¢

2800
—.-1e 19

22083
16800

70063
29640

92146
46440

139000

1980 _PASS .

AC

2346

346 3570 28156 . 89330

16 25

22200

1981 PASS

e e AC

2990 4550

. 35885

A-40

38875

117486

179000

61075

113852
2l .32 ... 29137 . 49760

149737
74897

229000




TABLE A-21 PITTSBURGH (PIT)

CAT IIIA WEATHER DISRUPTION FACTORS

... FRACTION OF _(NEw GEN)_AC/PASS. DELAYEDM,..,.EJB‘GVQ&_OQ;._.
FRACTION OF (NEw GEN) AC/PASS UDIVERTED =.000400

- s s o s £t e A s WO o it

"PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS

USRS ——"

_AVE _PASS DELAY TIME _(HRS_PER PASS) _ = ____ 2400
AVE PASS DIVERSION TIME (HRS PER PASS) = 4017
_AVE AC DELAY TIME (HRS PER AC) = 1le25.
AVE AC DIVERSION TIME (HRS PER AC) = .50
" ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
. __PASS TIME COST_($ _PER HOUR _PER_PASS) __ = 6400
" SECONDARY AC DIVERSION COST ($ PER AC) .= 1000400
'ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) T
___JOIAL PERCNI&~“WEIGHIE@ AVE IOTAL

TENPL PASS  LOAD  SEATS ° DOC . DEPARTURES
_YEAR__NEW_GEN_AC__FACTOR _PER AC _PER AC_. NEW GEN_AC..

;

1972 300000 60 325 1250 1538
1973 500000 59 310 1180 2734
1974 700000 58 295 1110 4091
1975 1600000 ST 280 1050 6266
‘1976" 13000000 56 280 1030 8291

1977 71800000 . S5 280 . 1010 11688
”T%fé““wmmg?ﬁﬁﬁbﬁw” 54 280 990 17857

1979 3000000 53 280 970 20216
19800 4000000 52 280 - 950 27473

1981 5200000 51  2804 940 36415
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A — _.m.»JMEKELJkZI ~PITTSBURGH .(PIT). iCnnilnuadlm WWWWWW

.MWMESIIMATEBNEQSISMQEWHEAIHERWCAUSEDMFLlﬁﬂIuﬂlSEUPllﬂmb
"PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT
LALL CQSIShIN.l9ZO DOLLARS)

PITTSBURGH  (PIT)

 NUMBER . COST________sSuBlOTAL _ TOTAL

YEAR DELAYED DIVERTED DELAYED DIVERTED - COST cosT
197awpass 120 120 1440 3003 4443 6000 _
ac 1 1 1563 1625 3188
1973 PASS 200 200 2400 5004 7405 14000
N _AC_ 2 2 2950 3180 6130
_1974_PASS. 280 280 3360 7006 . 10366_ 16000
AC 2 2 2775 3110 - 5885
1975 PASS. 400 400  4B00 10009 14809 23000
. AC 3 3 3938 4575 - 8512
1976 _PASS.. . 520_____ 520 6240 13011 19252 30000
AC 4 4 5150 6060 11210
1977 PASS 720 720 8641 18016 26656 40000
o ___AC 5 5 .. 6313 7525 13837 |
1978 PASS ___1080___ 1080 12961 _ 27023 39984 62000
AC g 8 9900 11960 21860
'i979 PASS 1200 1200 14401 30026 46427 69000
o AC 9 9 10912 _ 13365 . _ 24271
-Jﬂ&gjwbaMHWJQQQMWWLQMmewuanmﬁﬁumﬁLW“mﬁszﬁLWumJﬁmQm
aC - 11 11 13062 16225 29287
1981 pass - 2080 2080 24962 52045 77007 - "117000

AC 15 15 17625 22050 39675



TABLE A-22 ST. LOUIS (STL) __

CAT I1I1A WEATHER DISRUPTION FACTORS

_FRACTION OF (NEW GEN) AC/PASS _DELAYED_ ~=2000€20
- FRACTION OF (NEW GEN) AC/PASS DIVERTED =+ 000320

~ PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS.

— AVE PASS DELAY TIME (HRS PER PASS) = = 2,00
AVE PASS DIVERSION TIME (HRS PER PASS) = 4.17
AVE AC_DELAY TIME (HRS PER_AC) = 1s25

_AVE AC DIVERSION TIME (HRS PER AC) = .50

ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)?
PASS TIME COSY ($ PER HOUR PER. PASS) = 6200
SECONDARY AC DIVERSION CObT ($ PER AC) = - 1000,00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) A ‘
TJOTAL . PERCNT WEIGHTED AVF TOTAL

ENPL PASS  LOAD  SEATS = DOC  DEPARTURES

YEAR NEW GEN AC FACTOR PER AC PER AC NEW GEN AC_

1972 300000 60 325 1250 1538

1973 500000 59 325 1230 2608
1974 800000 ;58;«; 385 1190 “wzai
1975 1100000 57 325 1160 5938
1976 1600000 56 . 315 1120 9070
1677 2200000 55 305 1080 13115
1978 2500000 54 295 1346 18205
1979 4000000 - 53 285 1000 26481
1980 5200000 52 275 950 36364
1981 6700000 51 270 940 48656



TABLE A-22 ST, LOUIS (STL) (Continued)

s o Seramsin < A 2 £ Y B e it 2 g U RUST RN e S wis

e ESTIMATED. . COSTS OF WEATHER CAUSED . FLIGHT DISRUPTIONS..
PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT

(ALL _COSTS _IN 1970 DOLLARSY . .

ST LOUIS  (STL) ) ) R
| | NUMBER. __ _______COST___ . _ _SUBTOTAL _ TOTAL
YEAR " DELAYED DIVERTED DELAYED DIVERTED  COST cosT
_1972 PASS 66 96 192 __2401_____3193 6000
AC - 1 . 1563 1625 3188 ‘
1973 PASS 110 160 1320 4002 5322 . 8000
AC 1 1. 1537 1615 __ 3152 . - . __
- 1919.%55 116 256, 2112 _ 6403 . 8515____ 13000
: I L 2 1487 3190 4677 |
1975 PASS 242 352 2904 B804 11708 18000
AC - 2 2900 . 3160 . 6060 .. . . .
1976 _PASS 352, 512 4224 12806_____17030___ 25000
AC 2 T3 2800 4680 7480
1977 PASS 484 704 5808 17608 23416 35000
o AC \3 5 4050 _ 7700 11750
1978 PASS 638 928 7656 23211 _ 30867 45000
AC 4 6 5200 9120 14320
1979 PASS 880 1280 10559 32015 42575 64000
. __AC 6 .9 7500 ....13500 _ __.¢@lQ0CQ .
1980 _PASS 1144 1663 13727 41620 55347 83000
T ac 8 12 9500 17700 2%200
1981 PASS 1474 2143 17687 53626 71313 108000

AC 11 16 12925 _ 23520 . . 36445
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TABLE A-23 SAN FRANCISCO (SFO)_ _

CAT IIIA VEATHER uiSRUPTIUN FACTORb
FRACTION.OF (NEw .GEN) AC/PASS DELAYED. . =.000520 .
FRACTION oF iNEw GEnN) AC/PASS DIVERTED =000<00
CPRIMARY AND SECONGARY wEATHtH LISRUPTION tFFEC1S
AVE PASS DELAY TIME (HRS PER _PASS) . .. 2600
AVE PASS DIVERSION TIME (HRS PER PASS) 4417
JAVE AC DELAY TIME (HRS PER_aC) e La25.
AVE AC DIVERSION TIME (MRS PER AC) «50

i

s

Wy u II

" ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
PASS_TIME COST (5 PER _HOUK_PER PASS). _= . . _ 6400
SECONDARY AC DIVERSION CGST (% PER AC) = 1000400

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
e . TOTAL... PERCNT. __WEIGHIED. AVE. ... TQTAL.
ENPL PASS LOAD SEATS boC DEPARTURES
_YEAR  NEW_GEN AC  FACTOR PER AC _ PER AC NbW GEN.AC

N

1972 1500000 60 . 325 T 1ese T 7892
1973 2300000 59 315 1230 12376

1974 3300000  Sv 305 1210 18655

1975 hawo0000  §7 300 1lov  esta

1576 5700000 56 300 1190 33929

‘“i977 7100000 55 300 1190 43030

To78 " 8800000 54 300 1190 54321

1979 10900000 53 295 1200 69715

1980 13100000 ”W”W%a”*" 295 . 1200 85398

1981 15400000 51 295 1200 102360
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TABLE A-23 SAN FRANCISCO (SFO) (Continued)

. _ESTIMATED COSTS OF wEaTrHER CAUSED FLIGHT DISRUPTIONS
PREVENTABLE wiITh CAT IIIA ILSe NEW GENERATIUN ALRCRAFT
e e e CALLCOSTS IN 1970 DOLLARS) 4

'SAN FRANCISCO  (sFO) -

e NUMBER . COST. ... . _SUBTOTAL _ TOTAL.
YEAR DELAYED DIVERTED DELAYED DIVERTED  COST CosT

(S e o s e o e A T+ s 2w = n mimi e em e e e o e

1972 PASS . . 780 300 . _ 9359 1505 ___ 16864
aC 4 T2 6250 3250 9500

1973 PASS 1186 46y 14351 11508 25859 41000
.. AC 7 3 1076z _4B45 . 15607 . .

1974 PASS 1716 . _ e66U. 20591 . .16511 _ . 37102 . 59000 .
AC 10 4 15125 . 21545

1975 PASS 2288 880 27454 49469 80000
AC. . 14, .6 20825 9570 . ..30395 ... . _

1676 PASS . 2964 . 1l4t . 35566 _ 28519 . . 64085 . 102000 .
AC ib 4 26775 11165 37944 ’

1977 PASS 3692 1420 44301 35524 79825 12800
AC 23 . 9 . 34212 14355 48567

1978 PASS 4576 1700 . 24908 _ 44030 _ .. 98938 _ 160000
AC 29 11 43137 17545 - 60682

1979 PASS 5663 2150 68012 54537 122549 200000
| CAC. 37 14 . 55560 22400 77900 —

1980 PASS. . _68l2 . 2620 . 8lT39__ 65544 141283 244000,
AC 49 18 - 67500 28800 96300 ’

1981 PASS  86u7  30s0. 96090 77052 173142 288000
. AC 54 2l 1000 33600 114600 .
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TABLE A-24 OAKLAND (OAK)

CAT IIIA wEATRER OISRUPTION FACTORS
. FRACTION OF (NEw GEN) AC/PASS DELAYED . =.000340
FRACTION OF (NEw GEn) AC/PASS DIVERTED =.000121

" PRIMARY AND SECONDARY wEATHER DISRUPTION EFFECTS

A-47

_AVE. PASS DELAY TIME. (HKS PER PASS) = _____ 2.00_
AVE PASS DIVERSION TIME (HRS PER PASS) = 4417
___AVE. AC DELAY_TIME_ (HRS PER_AC) = 1.25
AVE AC DIVERSION TIME (HRS PER AC) = 50
T TADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS) o
. PASS TIME COST ($ PER _HOUR PER_PASS) _ = _ __ 6400
SECONDARY AC DIVERSION COST (% PER AC) =  1000.00
ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) T
" TOTAL __ PERCNT _ WEIGHIED AVE TOTAL
ENPL PASS  LOAD  SEATS  DOC  DEPARTURES.
YEAR NEW GEN AC _FACTOR PER AC PER AC NEW GEN AC __
1972 200000 60 ‘325 1250 1026
1973 300000 59 320 1210 1589
1974 400000 58 315 1180 2189 )
1975 500000 57 315 1150 2785
1976 700000 56 305 1110 4098
1977 Toveooo 55 300 1070 606l
1978 1300000 54 - 295 1030 8161
1979 1700000 53 285 980 11255
1980 2200000 s52 275 940 15385
1981 . 2900000 51 270 930



B TABLE A-24, OAKLAND (OAK) (Continued)
 ESTIMATED COSIS OF WEATHER CAUSED Fl IGHT DISRUPTIONS

PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION AIRCRAFT
o (ALL _COSTS IN 1970 DOLLARS)

OAKLAND (0AK)

[ — - i et

. ; NUMBER. COST . _SUBTOTAL __ TQTAL

YEAR DELAYED DIVERTED DELAYED DIVERTED  COST cosT
1972 PASS 68 24 Bl6 604 _ 1420 5000
AC 1 1 1563 1625 3188
1973 PASS 102 36 1224 906 2130 5000
V AC__ 1. 11812 1605 - 3NT
1974 PASS_ 136 48 1632 1208 __ 2840 ._ 6000
AC 11 1475 1590 3065
1975 PASS 170 60 2040 1510 3551 7000
S AC . 1 1 1438 1578 _.3012
1976 _PASS 238 _ 85___ 2856 2114 4971 9000
TAC 2T Terrs 1555 4330
1977 PASS 340 121 - . 4080 3021 {101 13000
| AC 3 1 4012 1535 5547 V
1978 PASS 442 157 5305 3927 9231 15000
| AC 3 1 3862 1515 - 5377 ,
1979 PASS 578 205 6937 5135 12072 20000
AC 4 2 4900 2980 7880 |
1980_PASS_ - T48 266 8977 6645 15622 26000
ac . 6 -2 7050 2940 9990
1981 PASS 986 350 11833 8760 20593 34000

AC . _8 39300 4395 13695 —
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| TABLE A-25 SEATTLE (SEA)

CAT IIIA WEATHER DISKRUPTION FACTORS
_~_£BA£llﬂh“QE_uMﬂLiﬁmu_ALLEASS_QELAIE ;
- FRACTION OF (NEW GEN) AC/PASS DIVERTED 7-002861

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS

AVE PASS DEILAY TIME (HRS PER PASS) = 2200

AVE PASS DIVERSION TIME (HRS PER PASS) = 4,17

AVE AC DELAY TIME (HRS PER AC) = 1.25
~_ AVE AC DIVERSION TIME (HRS PER AC) = «50
ADDITIONAL DATA (ALL COST DATA IN ‘1970 DOLLARS)

PASS TIME COST (% PER HOUR PER PASS) = 6200

SECONDARY AC DIVERSION COST ($ PER AC) - 1000.00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)

TOTAL PERCNT WEIGHTED AVE  TOTAL.
ENPL PASS - LOAD SEATS DOC = DEPARTURES

ulEAﬁm_Nﬂﬂnﬁﬁﬂ_AQ__EAQIQB__EER“AQ__BER,AQ__NLMWQLN”AQ*~

s

1972 200000 . 60 325 1225 1026

1973 300000 59 - 315 1230 1614
1974 600000 5 305 1235 3392
1975 800000 - 57 295 1240 4758
1976 1200000 56 290 1245 7389

1977 1500000 55 250 1250 9404

1978 2000000 54 285 1255 12995

1579 2600000 .53 285 1260 17213
1580 3400000 82 275 1260 23776
1981 4700000 51 270 1260 34132
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TABLE A-25 SEATTLE (SEA) (Continued)

~ESTIMATED _CQSIS OF WEATHER CAUSED FLIGHI DISRUPTIONS.
PREVENTABLE WITH CAT ITIA ILSs NEW GENERATION ALRCRAFT
(ALL._COSTS IN 1970 DOI{ ARS)

-~

SEATTLE  (SEA)

NUMBER COST___ ___SUBTOTAL __ TOTAL_
YEAR DELAYED DIVERTED DELAYED DIVERTED  COST cosT
1972 PASS____ 268572 __32le__ 14318 17534 25000 .
AC 2 3 3063 4837 7900 :
1973 PASS 402 858 4824 21476 26301 39000 .
| AC. 3 5 4612 8075 - 12687 "
1974 _PASS 804 1717 __ 9649 ___ 42953 52602 76000 _
AC 5 . 10 7719 16175 23894 -
1975 PASS ~ 1072 2289 12865 57270 70135 104000
_ AC 7 14 10850 22680 33530 :
1976 _PASS__ 1608 _ 3433 19298 85905 105203 _ 156000 _
3 AC 10 22 15562 35695 51257
1977 PASS 2010 4292 | 2al2z 107382 . 131504 196000
__AC 13 _ 2720313 43815 64187
1978 PASS . 2680 . 5722 . 32163 143176 175339 265000
AC 18 38 28237 61845 90082
1979 PASS 3484 7439 41812 186128 227940 347000
AC . 24 50 37800 $1500 119300
ﬁﬁ&ﬂWﬂﬁ&MM
AC ' 69 50400 112470 162870 -

1981 PASS 6299 13448 75583 336463 412046 - 644000
AC 46 98 72450 159740 232190 '
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,qu_f__wLl‘Tmﬂ£ﬂkaiAWA&HNGH»FHLHH}+HEB*——~*

CAT IIIA wEATHER DISRUPTION FACTORS

EBACTIQN_QF_iNEﬂ.ﬁENl_AQLEASSmDELAIED__EAﬂQJKZQ__
FRACTION oF (NEW GEN) AC/PASS DIVERTED —.001040

— AVE PASS DELAY_TIME (HRS PER PASS)

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
2200
{(HRS PER PASS) 4017

AVE PASS DIVERSION TIME

i un
-
»
AY
S

295

____AVE_AC_DELAY TIME (HRS PER_AC)
AVE AC DIVERSION TIME (HRS PER AC) .50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
PASS. _TIME CQST (% PER HOUR PER_PASS) = 600
SECONDARY AC DIVERSION COST ($ PER AC) = 1000400
ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
TOTAL _ PERCNT __ WEIGH v L
ENPL PASS  LOAD  SEATS  DOC _ DEPARTURES
YEAR _NEW GEN AC _FACTOR PER AC _PER AC NEW GEN AC
1972 7200000 60 325 1250 1026
1973 300000 59 315 1160 1614
1974 400000 58 305 1080 226l
1975 600000 57 295 _ 1000 3568
1976 900000 56 295 1050 5448
1977 1200000 55 295 1100 7396
1978 1700000 54 295 1160 10672
1979 2400000 53 295 1220 15350
1980 3300000 52 295 1280 21512
1981 4200000 51 1300 27916
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TABLE A-26 WASHINGTON DULLES (IAD) (Continued)

__~ESII&&IEDMQQSIS_QE,kEAIhﬁﬁnﬁAUSED.ELIﬁﬂIWﬁLSRUEIIQNS““*
PREVENTABLE WITH CAT IIIA ILSs NEW GENERATION &IRCRAFT
(ALL _COSTS IN 1970 DOILLARS)

"WASHINGTON DULLES  (IAD)

NUMBER COST SUBTOTAL TOTAL

YEAR  DELAYED DIVERTED DELAYED DIVERTED  COST cosT
1972 PASS 244 208 2928_ 5204 8132 -15000
AC 2 2 3125 3250 T 63175
1973 PASS 366 312 4392 1806 12198 18000
AC 2 2 2900 ___3160 6060
_1974_PASS____ 488 416 5856 10408 16264 25000
T AC 3 3 4050 4620 8670
T1975 PASS 732 624 8784 15612 24396 37000
AC S 4 6250 . 6000 12250
1976 PASS____1098 936 13176 23418 36594 55000
AC 7 6 9188 9150 18337
1977 PASS 1464 1248 17568 31224 48792 75000
AC 10 8 13750 12400 26150 -
1978 PASS ___ 2074 1768 ___ 24888 __ 44235 69122 108000
AC 14 12 20300 18960 39260 »
1979 PASS 2928 2496 35136 62449 97584 152000
AC 19 16 28975 25760 54735 |

1980 PASS 4026 3432 . wmuﬁﬁdla_mw&&8ﬁlmmu”L3&lliw-JﬁUﬂMML“
- AC 27 23 43&00 . 37720 80920 ‘

1981 PASS 5124 4368 61488 109285 170773 277000
AC 35 30 . 56875 49500 106375 '

A-52



. TBBLE A-27 WASHINGTON NATIONAL (DCA)

"TCAT T11A WEATHER DISRUPTION FACTORS |
mmmmm FRACTIQN OF (NEw GEN) AC/PASS DELAYED _=4000340
" FRACTION OF (NEW GEN) AC/PASS DIVERTED =000220

- o

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS
———AVE _PASS OELAY _TIME (HRo PER PASS) = 200

AVE PASS DIVERSION TIME (HRS PER PASS) = 4e17
AVE_AC_DELAY_TIME (HRS PER_AC) = 1.25
AVE AC DIVERSION TIME (HRS PER AC) = .50

" ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
e PASS_TIME COST (% PER_HOUR PER PASS) = 6200
= 1000400

SECONDARY AC DIVERSION COST (% PER AC)

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
TOTAL PERCNT __ WEIGHTED AVE _ TOTAL A
~ ENPL PASS  LOAD SEATS "DOC DEPARTURES
_YEAR NEW _GEN AC _FACTOR _PER AC_PER AC NEW GEN AC

1972 0 60 200 700 0

1973 0 59 200 700 0
1974 0 58 200 700 )
1975 O 57 200 700 0
576 0 s6 200 700 0
1977 I .55~_' 200 700 9
1978 sqoooow T84 200 700 4630
1979 1400000 53 200 700 13208
1950 2300000 52 200 700 22115
1981 3000000 51 200 700 29412



'kTABLE.A—27 WASHINGTON NATIONAL<(DCA) (Contlhued).

ESTIMATED COSTS. OF WEATHER CAUSED FL IGHT DISRUPTIONS
PREVENTABLE WITH CAT IITA ILS, NEW GENERATION AIRCRAFT
€ALL COSTS IN 1970 DOLLARS)

"WASHINGTON NATIONAL (DCA)‘ - S

NUMBER COST SUBTOTAL _ TOTAL

YEAR  DELAYED DIVERTED DELAYED DIVERTED -COST cosT
1972 _PASS 0 0 0 0 0 0
TTAC 0 0 0 0 0
1973 PASS 0 0 0 0 0 o
| AC 0 0 0 0 0
1974 PASS 0 0 0 0 0 0
| AC 0 0 0 0 0
1975 PASS 0 0 0 0 0 0
| AC 0 0 0 0 .0 B
1976_RASS 0 0. 00 0 0
AC 0 0 0 0 0
1977 PASS 0 0 0 0 o 0
AC .0 0 0 0 Q
1978 PASS 170 119 2040 2752 4792 9000
AC 2z 2 1750 2700 4450
1579 PASS 476 308 5712 1706 13418 22000
e AC -5 3 4375 4050. _ 8425 -
«lﬁﬁﬂmBAﬁﬁmmWM“1§2~WW~Whﬂ o ..9384 12660 22044 36000
| AC . 8 5 7000 6750 . 13750
1981 PASS 1020 660 12240 16513 28753 %7000

AC 10 7 8750 9450 18200



| TABLE A-28 BALTIMORE (BAL)

\

- CAT IIIA WEATHER DISRUPTION FACTORS

—JFRACTION OF (NEW GEN) AC/PASS DEILAYED =.000660
‘ FRACTION OF (NEW GEN) AC/PASS DIVERTED =+001400

"PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS

AVE PASS DELAY TIME (HRS PER PASS) = 200
AVE PASS DIVERSION TIME (HRS PER PASS) = 4417
AVE AC DE{AY TIME (HRS PER AC) = 1.25
AVE AC DIVERSION TIME (HRS PER AC) = «50
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS)
~____._.EASS...J..l.M.E.._QQ..‘:..“l'__..i.ﬁz__EiE.R_J:i_()_l.lR__EER_.E.ASS) = 600
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.,00

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS)
TOTAL PERCNT j
ENPL PASS LOAD - SEATS DOC. DEPARTURES
_.iE__R.___NE_\aL_G EN.AQ__EAQIQR.__BER__A_C._EER_.ALMN_AL

'( '

1572 200000 60 325 1250 1026

1973 300000 59 305 1130 1667
1974 500000 58 285 1010 3025
1975 800000 57 265 890 5296
1976 1200000 : 56.' 265 |, 960 8086
1977 1700000 55 265 1030 11664
1978 2400000 54 265 1110 16771
1979 3200000 53 270 1190 22362
1980 4100000 52 270 1270 29202 -
1981 5200000 51. 270 1300 37763

- A-55



. TABLE A-28 BALTIMORE (BAL) (Continued)

—ESTIMATED CQSTS OF WEATHER: (
PREVENTABLE WITH CAT IIIA ILS»

CAuﬁﬁﬁnﬁLlﬁhl“ulﬁﬁuﬁllﬁmﬁu.
NEW GENERATION AIRCRAFT.

(ALL COSTS IN 1970 DOLLARS)

BALTIMORE

(BAL)
| __NUMBER. _COST. SUBTOTAL _ _TOTAL
TYEAR 'DELAYED DIVERTED DELAYED DIVERTED ~ COST — COST
1972 _PASS 132280 1584 7005 8589 13000
| AC "1 2 1563 3250 4813
1973 PASS 198 420 . 2376 10507 12883 20000
_AC 2 3 2825 4695 . 7520
1974 _PASS 330 7003960 __17512..__ 21472 - 32000
AC’ 2 5 2525 . 7525 10050 |
1975 PASS 528 1120 6335 28019 34354 50000
: ‘AC o4 8 4450 11560 10010
1976 PASS 792 1680 _ 9503 _ 42026 ____ 51532 76000
AC 6 12 7200 17760 24960 |
1977 PASS 1122 2380 13463 59540 73003 109000
- AC 8 17____10300 25755 36055 »
1978 PASS 1584 3360 ___ 19006 __ 84057 103063 __ 157000
“AC 12 24 16650 37320 53970 .
1979 PASS 2112 4479 25342 112076 137418 211000
AC 15 3222312 51040 73352
ﬁlaﬁﬂmEASSMwwmazaémmmmszzaﬂu_wazaﬁs~m1&3591mw“”11§ablwnﬁmzzsﬂﬂg~_”
“AC 20 41 31750 - 67035 98785 ‘
1981 PASs 3432 7279 41181 182123 223304 351000
__AC 25 53 140625

A-56
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APPENDIX B

COMPUTER PROGRAM:
DYNAMIC PROGRAMMING CAPITAL INVESTMENT
DECISION ANALYSIS

The computer program is listed at the end of this section as Table B-1,
The input data requirements are described in part IV of this report.
Any method of efficiently entering data into the appropriate arrays

. (matrices) may be used. However, for those inexperienced with writing
computer programs, a method is described to read in data cards. This
method is applicable to the program listed at the end of this section.

Before entering data, the following array dimensioning requirements
must be met. These are accomplished by adjusting the appropriate array
subscripts in the DIMENSION statement (first statement in this computer
program), V

Let: The array subscripts are equal to:

NI = Number of alternatives

NJ = Number of time periods

NJ2 = Number of time periods multiplied by two
8 = eight

The minimum values of the array subscripts in the DIMENSION statement
must be:

DIMENSION INSTART (NI), IEND(NI),
OPERCST(NI,NJ), PENALTY(NI,NJ),
CHGCOST(NI,NI), LIFECR(NI),
PATHCST(NI,NJ), LINKLAB(NI,NJ),
CAPINV(NJ2), CRCOST(NJ2),
IOPTLAB(NJ2), CRFACT(NI),

RITLE(B), ID(NI,8)



The computer program listed is set for twenty alternatives (NI=20) and
twenty time periods (NJ=20). This is applicable to any dynamic pro-
gramming problem involving less than twenty time periods. For greatest
programming efficiency, the subscripts should be set to their minimum
acceptable value, (Note: The above DIMENSION statement requires a
character punch in column six of the computer card as shown in the
listing.)

For the suggested data input method, the following data cards must be
used (please refer to the data card listing as shown in Figure B-1.

Card 1: This is the title card for the problem., Any alphnumeric
characters may be punched in any colunm. This card may be
left blank, but it must be present. FORMAT (8AL0).

Card 2: Number of alternatives (NI). Punch the interger value of NI
in the first ten columns, (1-10), right adjusted (see listing).
FORMAT (I10),

Card 3: Number of time periods (NJ). Punch the integer value of NJ in-
the first ten columns, (1-10), right adjusted (see listing).
FORMAT (110).

Card 4: Discount rate (DISTRATE). Punch the decimal fraction value of
DISRATE in the first ten columns (1-10); the decimal point is
in column 6 (see listing). FORMAT (F 10.4).

Card 5: Rate of inflation (RATEINF). Punch the decimal fraction value
of RATEINF in the first ten columns (1-10); The decimal
point is in columns (see listing). FORMAT F 10.4.

Card 6: This card contains the following information for alternative
I: The alternative identification number (i), the first
feasible time period of use (ISTART (I)), the last feasible
time period of use (IEND (I), and the capital recovery life
(LIFECR (I)), The interger values are punched, right adjusted,
as follows: I in the first ten columns (1~-10), INSTART (I) in
the second ten columns (11-20), IEND (I) in the third ten
columns (21-30) and LIFECR(I) in the fourth ten columns (31-40).

Card 7: This card describes alternative I. Any alphanumeric characters

may be punched in any column, This card may be left bland, but
it must be present. FURMAT(8A10),

B-2



Card (Set) 8:

Card (Set) 9:

Penalty costs of alternative I for all periods J (PENALTY
(1,J), J=1, NJ). Starting with the first time period,
five penalty costs are punched on each card in order of
increasing time period J until all PENALTY (I,J) values

of PENALTY (I,J) are punched, right adjusted, in sucessive
sets of fifteen columns. The first five columns are not
read and any characters may be punched. The first

PENALTY (I,J) value is punched in the next fifteen

columns (21-35), and so on until five PENALTY (I,J)

values are on the card. The decimal points are in

columns 20, 35, 50, 65 and 80. This procedure is repeated
until all PENALTY (I,J) values are punched. FORMAT

(5%, 5F15.0).

Operating costs of alternative I for all time periods J
(OPERCST (I,J), J=1, NJ). The same procedure is used
for the OPERCST (I,J) data values as is described above
for the PENALTY (I,J).

Card 6, Card 7, Card (Set) 8 and Card (Set) 9 is repeated for each

Card 10:

Card (Set) 11:

alternative until the data values for each and all alter-
natives are punched.

This card describes the number of cards (NCARDS) in the
next card set, Care (Set) 11, The intger value of
NCARDS is punched, right adjusted, in the first ten
columns (1-10). FORMAT (Il0).

This set contains information describing NCARDS number of
capital investment costs (CHGCOST(X,I)). The integer
value of K is punched, right adjusted, in the next ten
columns (11-20). The real (non-integer) decimal value

of CHGCOST (K,I) is punched right adjusted, in the next
thirty columns; the decimal point is in column 50. This
procedure is repeated until all NCARDS values of CHGCOST
(K,I) are punched. FORMAT (2I10, F30.0).

The computer reads this data, performs the dynamic programming analysis,
and prints out the results. The computer then attempts to read a new
set of similar data for the next problem. If no such data cards are
available, the computer program stops.



Note that in addition to the input arrays described in part IV of this
report, two additional arrays are required. These are:

TITLE (8) = Alphanumeric title of the problem analyzed
or

= blank characters

ID (I, 8) = Alphanumeric description of alternative I

or
blank characters

The computer prints the follwoing sets of information:

(1) A list of the capital recovery and inflation factors used in
the calculations,

(2) A list of the input data adjusted for inflation.

(3) A trace of the solution sequences that represent the sub-
solutions for each time period.

(4) A presentation of the final solution sequence for each
alternative,



c-t

CARD
CARD

CARD
CARD
CARD
CARD
CARD
CARD
(Set) 8

~N O U RWwWN -

CARD
(Set) 9

CARD 6
CARD 7
CARD

(Set) 8

CARD
(Set) 9

CARD 10
CARD 11

[ S A )

[NV A UIN \ VAR AV V)

PC
PC
PC
0C
0ocC
ocC

PC
PC
PC
0C
0cC
0oC

rrcuee o-1 - DATA - CARDS
COLUMN NUMBER
10 20 30 35 4D s0
ILS| [CAT TIIA | PROGRAM JANALY[SIS ATIANTA
r
112
10
029
1 1 1P 15
AL TERNATE |1 ATLAN[TIA (ATL) NO ILS CAT||IT1A
0fe 0l 55000/,
155000, 2h[5000|. 294000
686000}, 8[715 000}
U. U. U.
O. 0. U.
0. 0.
2 3 12 15
AL TERNATE |2 ATLAN[TIA (ATIL) ILS CAT||ILiA
O. O. 0.
0. O. u.
U. 0.
ol 0fe 50000}
50000/ 40600 5000 ule
50000} B0 U00f
1
1 2 500000}

(ATL)

76000

401000(

(=)

50000
50000

80

106000
531000

0
0




loNeNel

O

10

11

13
15

17

18
2

TABLE B-1 COMPUTER PROGRAM

INPUT SYSTEM DATA 4t 3rat bt bt st 20 i3 0020 30 4030 4300 a 50 30 4600 20 20 00 40 30 00 20 40 40 30 00 40 30 3040 26 88 94 31

CONT INUE

READ IN ALPHANUMERIC TITLE
READ 49 (TITLE(K) +K=1e8)
FORMAT ( 8A1Q )

CHECK FQOR END OF PROGRAM (NO

NOTE. ECF (END OF FILE) IS VALID FUR CDC 6000 COMPUTERS ONLY

IF (EOF+5) 100045
CONTINUE

MORE DATA)

READ IN NOLOFALTERNATESs NO. OF TIME PERICDSS
DISCOUNT RATE« KATE OF INFLATION

READ o9 NI NJy DISRATEs RATEINF

FORMAT( T1109/s 1100/ FlOets/s FlGes )

INITIALIZE INPUT DATA ARKAYS
DO & i=1sNI
1START (D)= ¢
IENC (D) = 0
LIFECR(1)= O
DO 7 Jslend
PENALTY(IsJ)= 0.
TOPERCST(ILU)= 0.
CONTINUE
CONTINUE
DO 9 K=lenNI
U0 9 I=1enN1
CHGCCSTIKsId= =1.0

0
0

IF( KeEWel 1 CHGCOSTU(KsI)= 0.0

CONTINUE
D0 10 KK=1las
TITLE{RK)= 1H
00 10 K=1enl
ID(KsKK)Y= 1H
CONTINUE

READ IN DATA FUR EACH AND ALL ALTERNATES

00 15 L=1+N1
KEAD IN  ALTERNATE ID NO. (1

EARLIEST STARTING TIMEs LATEST USE TIME,

}  AND

CAPITAL RECOVERY LIFE FOR ALTERNATE 1
READC 119 Is ISTART(I)y IEND(I)s LIFECR(D)

FORMAT ( 4110 )

READ IN ALPHANUMERIC DESCRIPTION FOR ALTERNATE I

REAC 12+ (ID(Isd)edslets)
FORMAT( 8AL0 )

READ IN ALL PENALTY AND OPERATING COSTS FOR ALTERNATE |

REAC 13s (PENALTY(Isd)sJ=

REALC 139 . (OPERCST(I+d) s d=

FORMAT( SXs 5F15.0 )
CONTINUE

LaNJ)
1eNJ)

READ IN FEASIBLE CHANGEOVER COSTS

READ 17, NCARDS

FORMATC 110 )

IF ( NCARDS «EQe 0o) GO TO 20
READ 1ds(Ke Is CHGCUST(K )
FORMAT( 21109 F3040 )
CONTINUE

s L=14NCARDS)

B-6
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50

53

55

TABLE B-1 COMPUTER PROGRAM (Continued)

DYNAMIC PROGRAMMING o« MINIMUM COST- PRESENT WORTH SOLUTION###snsuwitde
INITIALIZE SYSTEM PARAMETERS
CONTINUE
SET MIN COST TEST CONSTANT. TESTNUM= VERY LARGE POSITIVE VALUE
TESTNUM= 10.0%#%300
DO 53 J=1sNJ
IOPTLAB(J)= 0
DO 53 I=1yN]
PATHCST(IsJ)= 0,0
LINKLAB(IsU)= 0
CONTINUE
PRINT 55
FORMAT ( 1H1 )

SET SYSTEM PARAMETERS FOR FIRST TIME PERIOL (u=1)

NOTE. ALTERNATE ONE(I=1) 1S INITIAL SYSTEM STATE

ALT ONE(I=l) MUST BE OPERATING AT START OF STUUY PER]IOD
ISTART(1)= 1

MAXCRL= 0

J= 1

K= 1

DETERMINE DISCOUNT AND INFLATION FACTORS AND PRINT FACTORS
DISFACT=1e/((1«+DISRATE) ##J)

FACTINF= 1.0

PRINT S6s Je DISFACT, .Je FACTINF.

S6 FORMAT(1HOs 2Xs®*DISCOUNT FACTOR #, I3, =%, F1l0.7s

57

1

1

10Xy #INFLATION FACTOR $s J3y #=#, Fl0.7 )
DETERMINE CUMMULATIVE DISCOUNT FACTOR
NT= NJ
CUMDISF= (((1e+DISRATE)##NT)=1.)/(DISRATE®((1++DISRATE)®*#NT))
PRINT 669 JsCUMDISF
D0 59 I=1sNI
DETERMINE CAPITAL RECQOVERY FACTOR FOR ALTERNATE(I)
CRFACT(I)= (DISRATE/(((1.+DISRATE)w#LIFECR(I))=-1.) )+DISRATE
PRINT S57s Is CRFACT(I)
FORMAT (1HOs 2Xs #CAPITAL RECOVERY FACTOR FOR ALTERNATE#s 13,
# =%y F1l047 ) . -
CHECK CHANGEOVER FEASIBILTY
IF( ISTART(I).GT41 ) GO TO 59
IF( CHGCOST(KysI)EQe=140 )GO TO 59
DETERMINE PERIODIC CAPITAL RECOVERY COST (END OF PERIOD)
CRTEMP= CHGCOST(KsI)# CRFACT(I)
DETERMINE PRESENT WORTH COST. AND SEQUENCE LABEL
PATHCST(IsJ)= CUMDISF#CRTEMP
+ ((OPERCST (I +J)+PENALTY (I9U))®DISFACT)
LINKLAB(IsJ)= 1 '

59 CONTINUE



GO

[l

[p N @

66

70

TABLE B-1 COMPUTER PROGRAM {Continued)

PERFORM DYNAMIC PATH ANALYSIS FOR eses

Do

bo

TIME PERIOD(2) THRU TIME PERIOD(NJ) s J=CeNJ

ALTERNATE(]) THRU ALTERNATE(NI)s I= 1sNIl

90 J=2+NJ

DETERMINE DISCOUNT AND INFLATION FACTORS ANU PRINT FACTORS
DISFCT1= DISFACT

DISFACT=140/((140+DISRATE) #8 )

FACTINF= (140¢RATEINF)®##(J=1)

PRINT 564 Js DISFACTs Js FACTINF

DETERMINE CUMMULATIVE DISCOUNT FACTOR

NT= NJ=J+]
CUMDISF= ({(1++DISRATE)##NT)=14)/(DISRATE® ((14+DISRATE)
®#ENT)) ‘

PRINT 664JyCUMDISF
FORMAT (1HO 92X s #*CUMMALATIVE DISCOUNT FACTUR#sI39#=%4F1047)
80 I=1+NI
ADJUST OPERATING AND PENALTY COSTS FOR INFLATION
OPERCST (19J)= OPERCST(I+J) # FACTINF
PENALTY(IsJ)= PENALTY(IsJ) ® FACTINF
CHECK TIME LIMITATIONS ON ALTERNATE(I)
IF (JeLTLISTART(I)) GO TO 8O
IF (J«GTLIEND(I)) GO TO &0
INITIALIZE OPTIMUM COST SEARCH
PATHCST( I+J ) = TESTNUM
SEARCH FOR OPTIMUM(MIN) COST (K TO I) FROM OPT. ALTERNATE(K)
AT TIME(J-1) TO ALTERNATE (1) AT TIME(Y)
DC 70 K=1oNI
CHECK LINK FEASIBILITIES FOR CHANGE FROM ALT K TO ALT I
AT TIME(J)
IF { CHGCOST(KsI)sEQe~140 ) GO TO 70
IF ( JeLELISTART(K) ) GO TO 70
IF ( JeGTe (IEND(K)*¢1) ) GO TO 790
IF ( JeEQ.ISTART(I) +AND. K.EQelI ) GO TO 70
ABJUST CHANGEOVER CUST FQR INFLATION
DETERMIN PERIODIC CAPITAL RECOVERY CUSTS
CRTEMP= CHGCOST(KsI)#® FACTINF # CRFACT(I)
DETERMINE PRESENT WORTH CyMMe COST OF (I TO K ) AT TIME (J)
PWCOST= PATHCST(KysJ=1) ¢+ DISFCT1#CUMDISF#CRTEMP
+DISFACT# (OPERCST(I+J)+PENALTY(104))
IF LINK(KoeI) COST IS MINIMUMe ADJUST SYSTEM PARAMETERS
IF ( PWCOST.GT.PATHCST(Isd) )} GO TO 10
PATHCST (14J)= PWCOST
LINKLAB(I+d)= K
CONTINUE

80 CONTINUE
90 CONTINUE
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TABLE B-1 COMPUTER PROGRAM (Continued)

PRINT INPUT DATA (SYSTEM DESCRIPTION) Hot o et uua o uataattanadtadadadsds
PRINT DESCKRIPTION OF SYSTEM ALTERNATES
PRINT 27¢(TITLE(K)sK=198)s ((ID(IsL)ebL=1e8)eIz=leNI)
27 FORMAT (1rl » BAlQe///7(1H0+8A10) )
29 PRINT 309 NIsNJsDISRATE S RATEINF
30 FORMAT( 1Hls 9Xs #SYSTEM DESCRIPTION (INPUT DATAI®e////s
6Xs #NUMBER OF ALTERNATIVES=#, 149//
6X s #NUMBER OF TIME PERIODS=#ys [49//
6Xo#DISCOUNT (INTEREST) RATE=Yy Fbodye //9
6X4#INFLATION RATE=%®, Fbo.4y /777 )
PRINT 31s ( Is ISTART(I)s IENDC(I)y LIFECR{(I)y i=1eNI )
31 FORMAT( 1HSs 19Xs #TIME PERICD®*e 6X9» #CAPITAL®e /,
23Xy #LIMITS®s TXe #RECOVERY#®s /9
1 OXe RALTERNATE® +SX9#START END#s 7Xs RLIFE#y //»
1 ( 6Xe 159 9Xs I3e 4Xe I3e 8Xe I3 o /7 ) )
PRINT CHANGEOVER COST DATA IN GROUPS OF NP ALTERNATES PER PAGE
NP= 10
NPMAX= NI
DO 39 NPL1=14NPMAX NP
NPZ2= NPl+NP-1
IF( NPZ2.OTNPMAX ) NP2= NPMAX
PRINT 32y (I sI=NPlenP2 )
32 FORMAT (IH1 o# INTER=ALTERNATE INITIAL CHANGEQVER COST#,
# (UNDISCOUNTEDSUNINFLATEDsUNRECOVERED) selURoatty
/918Xs ®CHANGEQVER INFEASIBILITY INDICATOR(=1)#4//,
JHO, #FROM%, /, IXs#ALTERNATE®,y 4UXy #TO ALTERNATE#,/
22Xy WNQ#y /o
3Xy Hitty 2Xy (10(10Xe13))// )
DO 36 K=1sNi
PRINT 345 Ky ( CHGCOST(KsI)s I=NPleNP2 )
34 FORMAT( 1HOs 139 2Xs (10(1XsF1l2.0G)}) )
36 CONTINUE
39 CONTINUE ,
PRINT OPERATING AND PENALTY COSTS IN GROUPS OF
NP TIME PERIQDS PER PAGE
NPz 10
NPMAX= NJ
00 49 NP1=1sNPMAXNP
NPZ2= NP1+NP=]
IF ( NPZ.GToNPMAX ) NP2=NPMAX
PRINT 42y ( Js J=NPleNPZ2 )
42 FORMAT (1H1 ¢ #ALTERNATE OPERATING COST (0OC) PER TIME PERIQD#,

i o g

ol T ey

1 1Xy #(UNDISCOUNTED INFLATED)®s /o
1 1Xy 13Xy #PENALTY COST (PC) PER TIME PERJIOD#,
1 1Xe #(UNDISCOUNTEDINFLATED)®, /7
1 1HO s #ALTERNATER® s 40Xy #TIME PERIOD®,/,
i IXoe#NO#y /s
1 CXy ®e®y 3IAy  (10(10X,13))/7/7 )
DO 46 I=]sNI ‘
PRINT 449 Is ( OPERCST(IwJd)s J=NPl NP2 }
44 FORMAT( 1HGs 129 1Xe #0C%e (JU(1XsF12.,0)) )
PRINT 45 ( PENALTY(I+J)s J=NPlsNF2 )
45 FORMAT( 1HSs 3Xy #PC®s (10(IXsF1l2.0)) )

46 CONTINUE
49 CONTINUE
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e

114
115

TABLE B-1 COMPUTER PROGRAM (Continued)

PRINT SUB=SOLUTION RESULTS ##aaausoatardtaeietatiaaatttnasasoitasatesids

PRINT FEASIBLE SUB=SOLUTION RESULTS
PRINT RESULTS IN GROUPS OF JPRINT TIME PERIODS PEK PAGE
NOTE. JPRINT.LE.S

JPRINT= 5
J1=1
J2= JPRINT

IF( JZ24GTeNJ ) JZ2=NJ
PRINT 11l ( Jsd=JleJ2)
FORMAT( 1Hls 5S5Xo #SUBSOLUTION RESULTSeaste
3Xe# (DISCOUNTED CUMMULATIVE ALTERNATE COST)*,
1Xe #FROM#,
# (OPTIMUM ALTERNATE IN PREVIOUS TIME PERIQD)#,
77773 22Xy HALTERNATE#®#, 40X, #TIME PERIQD#®s //,
4Ky ( S5(22%X+13) ) ) :
D0 115 I= 1eNI
CHECK FOR ELIMINATED ALTERNATE (SENSITIVITY ANALYSIS)
IF( ISTART(I)+GT«NJ ) GO TO 115
PRINT 1l4s I+ (PATHCST (TeJ)sLINKLAB(IsJ) e J=Jled2)
FORMATC 1HOUe T4y 3Xs ( S(3IXoFl4.0s1Xe#FROM#e1I3 ) ) )
CONTINUE
CHECK AND/OR UPDATE PRINT CONTROLS
IF{ J2+.EQ.NJ ) GO TO 120
J1= J1+JPRINT
J2= JZ2+JPRINT
IF( J2.GToNJ ) J2=NJ
G0 TO 11¢



120

122

i24

126

TABLE B-1 COMPUTER PROGRAM (Continued)

PRINT FINAL SOLUTION SEQUENCES P3R4 222 222y yy2y -2 -2 0202 220 2 2-2 228 2%
CONTINUE

INIT1ALIZE CONSTANTS AND VARIABLES

OPTPWC= TESTNUM

IOPTALT= 999

NJIMAX= 2#NJ

DETERMINE AND PRINT OPTIMUMI(FINAL) SEQUENCE FOR ALTERNATE I

DO 149 1=1sNI

PRINT 122+ Is (ID(IsL)sL=1+8)

FORMAT (1H1 s #FINAL OPTIMUM SEQUENCE FOReesos®s
1 #ALTERNATE® I3y //9 1Xy 8Al0s //,
L 24Xs #BEGINNING#s 11Xs ®END®s4Xy#OF# 94Xy *PERIOD®
i 4Ky ®UNDISCOUNTED#*s 64Xy #COSTS#,
1 BXs ®END OF PERIOD DISCUOUNTED COSTS#y /o
1 24Xy #OF PER1OD®s / , |
1 2Xs #TIME®y 4Xy ®OPTIMUM#, 4Xs #UNDISCOUNTED#»s 3X
1 # CAPITAL#y 6Xs ®OPERATING#s 8Xy#PENALTY®,
1 TXs ®#TOTAL®#y 10Xy #TOTAL®y 8Xs #CUMMULATIVE®, /,
1 I1Xs #PERIOD®#y 2X» #ALTERNATE®s 1Xs» #CAPITAL OQUTLAY®
1 » 3Xs» #RECOVERY COST#, L1Xs #COST#,11Xs ®*COST#,
1 4Xy ®PERIOD COST#s 4Xy HPERIOD COST#s 11Xy 2COST#4/)
CLEAR STORAGE SPACE
DO 124 J=1sNJIMAX
CAPINV(J)= 040
CRCOST(J}= 0.0
CONTINUE
COSTOT= 040
CUMCR = 0.0
CUMOC = 0.0
CUMPEN= (.0
CUMTOT= 0.0
CPWCR = 0.0
CPWOC = 0.0
CPWPEN = 0.0
CPWwTO7= 0,0 = ‘ o A ;
TRACE AND STORE SOLUTION SEQUENCE LABELS(ALT I FINAL SEQUENCE)
IOPTLAB(NJ)= |
K2= IOPTLAB (NJ)
DO 126 JJ=2sNJ
= NJ+1=-JJ
IOPTLAB(J)= LINKLAB(K2sJ*¢1) _ )
T K2= I0PTLAB(J)
CONT INUE
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TABLE B-1 COMPUTER PROGRAM (Continued)

FOLLOW SEQUENCE LABEL TRACE
Kl=1
IF( JoEQel )} GO TO 131
Kl= IOPTLAB(J-1)
131 K2= IOPTLAB(J) '
CHECK FOR NO CAPITAL INVESTMENT AT TIME J
IF( KleEQ.K2 ) GO TO 137
DETERMINE CAPITAL INVESTMENT AT TIME J CAPINV (J)
CAPINV(J)= CHGCUST (KL eK2)
IF( JsEQel ) GO TO 133
ADJUST FOR INFLATION
CAPINVI(U)= CAPINV(JI® ((10+RATEINF)##(J=1))
DETERMINE CAPITAL RECOVERY COSY OF CAPINV{(Y)
133 CRTEMP = CAPINV (J)*CRFACT(K2)
DETERMINE PERIODIC CAPITAL RECOVERY COSTS
NJJ= J+LIFECR(K2) =1
CHECK FOR STORAGE ARRAY OVERFLOW
IF { NJJeGTNJUMAX) NJJ= NJIMAX
DO 135 JJ=JeNJd
CRCOST(JJU)= CRCOST(JJ) +CRTEMP

135 CONTINUE
DETERMINE PERIODIC TOTAL COST
137 COSTOT = OPERCST(KZ2+J) *PENALTY (K29J) *CREUST (W)

DETERMINE CUMMULATIVE CQOSTS
CUMTOT= CUMTOT+COSTOT
CUMCR= CUMCR+CRCOST (J)
CUMOC= CUMOC+0OPERCSTIKZ+J)
CUMPEN= CUMPEN+PENALTY (K29J)
DETERMINE DISCOUNTED(PRESENT WORTH)ICUSTS
DISFACT = 140/ ((1.0+DISRATE) #%Y)
PWCOST= COSTOT % ODISFACT
CPWTOT= CPWTOT+PWCOST
CPWCR_ = CPWCR +( CRLOST(J) # DISFACT )
CPWOC = CPWOC +( OPERCST(KZ+J) # DISFACT )
CPWPEN= CPWPEN+ (PENALTY(K2+J) # DISFACY )
CHECK FOR PREMATURE END OF LIFE AND PROVIDE ~0.0 SIGNAL
IF( JeOTSIEND(I) oANDe CAPINV(J) +EQe040 )} CAPINV(J)I=~0.0
PRINT SEQUENCE COST INFORMATION FOR PERIOD J (ALT I SEQ.)
PRINT 1338y Jy KZ2s CAPINV(J) s CRCOST(J) s UPERCSTI(KZ2+J))
1 PENALTY(K2sJ)s COSTOTs PwCOSTs CPWTOT
138 FORMAT(1HOs 1Xs I3s 7Xs I39 3Xs 1Xse FlasUsiXs6(1XeFlba0) )
139 CONTINUE
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C

TABLE B-1 COMPUTER PROGRAM (Continued)

DETERMINE OPYIMUM SEQUENCE
IF({ CPWTOTLELOPTPWC )} IOPTALT=I]
OPTPWC= CPWTOT .
PRINT CUMMULATIVE COST INFORMATION FOR ALT.I SEQUENCE
PRINT 143+« CUMCRs CUMOCs CUMPEN, CUMTOTY
143 FORMAT(1HOs/ » 1Xe #CUMMULATIVE COSTS#s 16Xs 4(1XsFlbe0) )
PRINT 144y CPWCRes CPWOCy CPWPENs CPWTOT
144 FORMAT (1HOs #CUMMULATIVE DISCOUNTED COSTSs#y SXe 4{1XsF14,0) )
DETERMINE AND PRINT BENEFIT COST INFORMATION
CPWCAP= CPWCR + CPWOC
PRINT 145y CPWCAP s CPWPEN _ '
145 FORMAT (1HOs/ s 1Xe ®BENEFIT COST INFORMATION FOR STUDY PERIQD#
1 sR"eoety SX 9 WCUMMULATIVE DISCOUNTED CAPITAL COSTS =%y
1 F15e0¢ 7 s S0Xs
1 #CUMMULATIVE DISCOUNTED PENALTY COSTS =#y Fl5.0 )
149 CONTINUE ’
PRINT IDENTITY OF OPTIMUM SEQUENCE
PRINT 192+ IOPTALTs (ID(IOPTALTsL)sL=]+8)
192 FORMAT( 18le /7777777779 10Xy #ALTERNATE #+¢13s # IS OPTIMUMS,
1 /777 10Xs BALO )
RECYCLE PROGRAM (READ IN DATA FOR .NEw PROBLEM)
GO TO 1
1000 STOP
END
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