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1. INTRODUCTION

The purpose of this study was to generate alternativ, candidate
STS [lipht charge approaches which will provide a basis for NASA's deter-
mination of an STS flight charge policy. The analysis usedi 8TS transportu-
tion costs furnished by NASA,

This study was needed in order for NASA to initiate the process
of furnishing STS users transportation charge estimates for STS payloads,
The lead time for users to plan and define new payloaw.s or payload modifi-
cations is long, amounting to five to seven years before flight in many
cases, It has been demonstrated in other studics that the transportation
charges can have a significant effect on payload plans; for instance,
transportation charges for payloads sharing the same {light leg can furnish
incentives for multiple payload flights, Low charges for payload return
will encourage payload retrieval and on-orbit payload service; thus the
charge policy can provide important incentives to use the Shuttle and
Spacelabh. For the STS operator these incentives can help keep the §TS
load factors high, thus promoting efficient operation of the'system, For

the user the policy can encourage low-costi payload programs.

In addition to the question of charges for multiple or sharing
payloads {(which occur mostly on STS trips to orbit as opposed to return),
and charges for payload return, the STS operator faces other new questions,
The space operations with the Shuttle will be supported by man and the
Shuttle can furnish services to the payload such as powecr, telemetry,
and checkout, What charges should be made for special services and

new capabilities available to the payload by the STS?



The STS User Charge Analysis was accomplished by (1) genera-
ting eriteria for evaluation of alternative flight charge approaches, (2)
defining alternative flight charge approaches, (3) computing flight charpges
for selected migsions, (1) evaluating results using the criteria generated
under (1), and (5) recommending flight charge approaches to be used as
a basis for the formulation of a 8TS user flight charpe polivy,

During the study seven criteria were generated (see page 3«1)
and 220 charge approaches were initially identificd for payload transportation,
As a result of all of the 220 initial approaches failing to achicve satisfactory
ratings against each of the ¢riteria, 40 additional charge approaches were
identified. The evaluation of thesc additional charge approaches resulted
in the recommendation to NASA of two candidates, & primary and an’
alternate. The primary candidate, which is called the composite cargo
charge approach, provides [or a minimum charge and # variable charge
for each payload transported, with incentives for sharing and return,

The rates charged can be varied to snit the projected STS traffic. The
alternate charge approach, called the payload weighl/size class approach,
requires the computation of payload charges to each of the high-traffic

orbits for each payload class (small, medium, large, and extra large).
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2, ALTERNATIVE FLIGHT GCHARCGE APPROACIIES

2,1 CHARGES FOR PAYILOAD TRANSPOR TATION

Alternative flight charge approdches are desceribed in Section 5
of Part 2 of this volume, The allernative charge approadhes are shiown
in matrix form, The entries in the matrix deseribe cach of the arbitrarily
assipgned casce numbers used to identify specific anulyses used in this
gtudy, The case numbers identify specific charge approaches for which
payload trangportation charges wore caleulated, For 80 of the eases
{or charge approaches, as they are sometimes referred Lo}, the charges
were compuied and evaluated against the eriteria tor the flights scheduled
in 1984 ia the October 1973 NASA mission model, DOD flights were
excluded. Eight of the charge approaches werce analyzed using 12 years
of STS payload flights irom this same mission model, In addition, these
eight charge approaches were analyzed and evaluated using the traffic
exhibited in the NASA 1972 mission maodel,

The basic breakdown of alternative flight charge approaches

can be categorized by several primary considerations:
(1) Time period over which the flight cogls are recovered

{(2) Payload characteristic (i.c., weight, volume, ctc,)
for which transporiation charges are made

(3) The choice of parameter to be used for ¢harging for
payload return

{4¢)  The Shuttle cither charges the upper stage for trans-
portation as it would a payload or treats the upper stage
as a part of the launch vehicle, transporting the upper
stape free of charge in the Shultle.
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The period for cost recovery freaks down mto the following

alternative approachesd

(1) Recovering lotal transportation costs annually

{2}  Recovering total traasportation cost for cach three-
year period

(3) Recovering total transportation costs for cach five -
year periud

{4) Recuovering total transportation costs for a fensyear
period,

The fourth alternative is the basis for NASA's estimate of
$9, 8M per Shutile launch, which was used in the once-year analysiy (1984)
of the October 1973 payload mission model. However, for the 12-ycar
analysisg, the ten-yeur recovery period was judged to be impractical becausc
of the uncertainties in planning that far ahcad as well as the relatively
large, long~term deficit furding required, The ten-year recovery period
was therefore dropped from {further consideration in this unalysis, All
alternative. were analyzed except the three-year brealeven period, which
was postponed because of leck of resources, However, failure to analyze
the three-year recovery period turned out to be unimportant in rating the

user charpe approaches,

For the purposes of this analysis, a distinction is made in
the method of recovering costs between (1) recovering the average cost
for each flight (called "per~flight" cost recovery), and (2) recovering costs
over the entire period by the use of transportation charge rates {called
"eargo'! charge approach)., While the first methed recovered the $9, 8M
average cost for each flight, the second method resulted in transportation
charges which varied from {light to flight in accordance with the flight
manifest, but averaged out to recover all costs for a specific period
(e, g., for 1984),



In the annlysis of the alternative approaches to charping pay-

loads for theilr transportation, the transportation charges werce caleulated

for cases which ullocated the charges according to the following payluad

characteristics:

(1)
(2)
(3)
(4)
{5)
{6)
{7)

(8)
(9)

(10)

(11)

(12)

Payload unit {$/unit)

Weight ($/1b)

Volume ($/£t3)

Length ($/1t)

Weight load factor {$/unit load factor)
Payload delta cnergy ($/1t 1b)

Payload delta propellant (Tug payloads only)
($/1b of propellant increment)

Cube rule weight(” ($/1b) and destination

Payload size/weight class ($/unit for cach class)
and destination

Cube rule weight or load factor {$/unit loud factor)
Composite approach, combining unit charges and variable
charges according to weight load faclor

Composite approach combining unit charges and variable
charges by cube rule woight(l load factor,

The alternatives above were applied in the analysis without

a charpe ceiling.

In addition, alternatives (1) through (5) were applied

with two types of charge ceilings: (1) no payload is charged more than the

cost per flight, and {2) no user {(even if the uscr has several payluads trans -

ported on one {light) would be charged more than the cost per flight, The

description of the methods of calculation for each of these algorithms is

described in Section 6 of Part 2 of this volume.

(1) Cube rule weight is either actual payload weight (ib), ox
Payload Volume (£t°) STS Payload
STS Payload Volume Capability {(ft?} | [ Capability (Ib}| °*

whichever is greater,
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Allocation of charges to the down or return payloads was
analyzed using the following approaches:

(l.) Splitting the revenue between up and down payload
legs {c.g., aplits of 50-50, 85-15)

(2)  Allocation by proportion of payload weight transported
on the up leg and down leg

(3) Allocation by proportion of payload weight load factor
transported on the up leg and down leg

(4}  Discounting the charge rates for down payloads rela-
tive fo thu up payload charges,
Cases were analyzed with the Shuttle charging the upper
stage (a8 a payload) for Shuttle transportation and also with no charges
to the upper stage, i, c¢., the Shuttle charged only payleads for trangportation,

In the initial stages of the 3TS Usex Charge Analysis, a study
was made of the current pry ¢lices in the transportation industry for charging
for transportation. Information was obtained from the Interstite Commerce
Commission (ICC), the Air Transport Association (ATA), the International
Air Transport Association (LATA}, the Military Airlift Command (MAC),
the Civil Aeronautics Board (CAB), and several airlines with scheduled
cargo trarsportation services or chartered service. The study of curzent
practice for transporiation charges is described in Section 2, Part 2,
of this volume,

It was found that cornmercial carpo transportation charge
policies have historically evolved from carrier-~user negotiations with
cognizant agency appsoval., There is general acceptance of the principle
that revenue is based on cost plus a reasonable return with charges for
transportation being based on weight of the cargo and distance transported,
Many carriers prefer weight over volume charges because weight is

2-4



rapidly and easily measured; however, some tarriers are concerned abous
the volume limifatronsg on their cargo-carrying vehicles and make oxtens
sive use of the cube rule, The best example of thig is aireratt,  The cube
rule is a charge option in which the transportation charge 18 applied by
piayload weight vr puyload volume, whichever is the greater percentape

of the vehiole capability, It way ftound in commercial practice that the
cube rule is applied using densities (n terms of lblftj) which are bhased
on historical practice rather than the current capatiality of the vehicles,
For instance, one source mentioned that the 110,5 kp/m* (G, 0 lb/lt:‘)
value, which has been in comrmon use for many years, wasg baged on

the design capability of box cars in the World War I time frame, General
aceceptance is also noted for & minimum charge, which ugually is hased

on the w- .t agsociated with one cubie fool according to the cabe rule,
for an, shipment, There is also general acceptance for special rates for

special commodities or classes of cargo.

Commercial cargo charpge policies and practices which have

some degree of applicability to 8TS are:
(1) Revenue based on cost plus a reasonable return
{(2) Charges by carpgo weight
(3) The cube rule inodified to be applicable to the STS

{4) Minimum charges, again modified to be applicable to
the STS

(5) Rate charges for special commadities or classes of
cargo : o

(6) Fixed rates analogous to those used by TATA

(7) An industrial fund approach similar to that used by
MAC
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(8) Incentives {or high load factor including reduced costs
for larger-weight payloads and incentives [or return
leg (inbound) payload traffic similar to the MAC
incentive, '

(9)  The policy of limiting liability of the carrier with
respect to the cargo carried,

2,2 PARAMETERS CONSIDERED FOR POTENTIAL "ADD-ON"
CHAR GES

A number of parameters were considered in the study as
potential add-on charges for payload transportation. Some parameters,
such as payload volume and minimum charges, were found to be so important
that their effects are included in the basic transportation charge approaches
recommended, Other parameters, su-h as Orbiter occupancy time,
priority {lights, use of ancillary equipment, and STS {light crew, are
recommended for further study by NASA as add-on charges, Itis recom-
mended that piggyback payloads be covered by a special category which
needs specific definition but which is compatible with the eriteria. Token
transpertation char;es would be made at NASA's discretion for this special
category of payloads.

2,2,1 Special Payload Integration Charges

In order to meel the ""simple to administer" criterion (sce
Section 3), the number of "add-on" charges should be minimized. TFor
instance, charges for special payload integration costs need not be another
special charge., The equipment required should be included in the ancillary
equipment add-on charge and any excessive Orbiter eccupancy time incurred
should be included in that category of add~on charges, It is recommended
that every effort should be made to minimize the number of payloads requir-
“ing special integi*aticm operations if these operations are going to incur
additional charges, i.e., increase the cost per {light. One case where
special integration efforts may be legitimately involved is the installation

and checkout of radioactive power sources because of safety considerations.
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In general, rormal integration costs shouid be included in
the STS operations costs to avoid the necesaity to bill payload programs
for a series of "add-on' charges; this approach would avoid the poor public
relations image crecated by these add-ons., Where an abormal integrating
effort is required, as for RTGs or other potentially hazardous payloads,
the payioad program would probably accept a special negotiated surcharge.
If special equipment is needed to perform the integration effort, labor charges
might be buried in the equipment costs to simplify the charge procedure,
Such an approach would satisfy the fair share criterion and recover costs
without violating any other criteria designed to stimulate efficient payload

operations on the 8T8,

Multi-payload operations should be encouraged either by
not charging extra if additional integration efforts are involved, or else by
keeping the costs low. Perhaps the ability to reduce flight costs for each
payload through multiple payload launches will allow any extra integration
costs to be factored back into the transportation costs while holding launch

costs to a low enough level to encourage multiple launches.

2.2,2 Ancillary Equipment CGharges

i.. peneral, payloads flown on the STS will require some
ancillary equipment to support the flight. This equipment may be needed
to integrate the payload into the STS, to check out the payload on orbit, or
to provide for orbital services which would reduce the cost of overall pay-
load operations. A pgiven payload may require equipment which can be used
by most of the other payloads, or it may need specialized equipment peculiar
to only that payload or a very small number of payloads, The approach

to charging could be different for the generalized and specialized equipment,



Some typical types of ancillary equipment are )isted helow

as generalized or specialized cquipment.

Generalized Equipment Specialized Equipment
On-orbit checkout equipment RTG checkout equipment
Shrouds (plastic bag type} Purge gas diffusers
Single point grounding kit for EMC GSE for prelaunch checkout
Shosk mounting Shrouds (rigid, P/L-peculiar)
Retrieval and docking mechanisms Software for on-orbit checkout

Servicing equipment

Possible charge approaches for generalized equipment include:

(1) Include development and direct costs in basic trans-
portation charge or in STS operations cost

{2) Add-on charge for recovering recurring costs

(3) Add-on charge for recovering recurring costs and
prorated portion of non-recurring costs.

Possible charge approaches for specialized equipment include:
(1) Prorate development costs among users; charge direct

coets to user on per-~flight basis which would be included
in operations costs for the flight,

2.2,2.1 Charges for Generalized Equipment

1, Charge portion of development cost (based on number
‘of potential user programs) to eac’ user program on
a one~time basis only. Add direct ¢.sts per flight
{(may be portion of unit cost),

2, Charge each flight of any payload a cost for each item
of equipment that covers both non-recurring and recurring
costs., For (1) and {2), sum all items to get total cost
for generalized equipment,
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3. Use a flat charge for 1 to n, items, a higher flat charge
for n; + 1 to n, items, and a third flat charge for n“i + 1
to ny items,

4, Use a fixed flat charge regardless of number of items
of generalized equipment

The second charge approach is the simplest and fairest.
The first charge approach is less simple but fair. The third and fourth
approaches are simple but less {air,

A multi-payload adapter/dispenser might be provided free
to encourage high load factors. Care should be taken to avoid costs for
ancillary equipment which could cause the STS to be more expensive than

expendable launch vehicles,

2,2.2,2 Charges for Specialized Equipment

1, Charge each flight for all non~recurring and recurring
equipment costs, Sum specialized equipment costs
for total specialized equipment costs.

The total equipment charge is the sum of charges for generalized

and specialized equipment.

2,2.3 Charges for STS Flight Crew In Excess of Normal Complement

The Space Shuttle currently has provisions for a four-man
crew in its normal operating mode. The Shuttle can accommodate up to
ten persons, if necessary. Since a four-man crew should normally be able
to handle payload operations, it must be assumed that the additional personnel
are necessary to support payload operations in some manner, e.g,, perform -
experiments; therefore, it seems reasonable for the additional personnel

and their provisions to be charged against the payload,
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Possible charging options for these additional weights are:

{1) Transportation charge plus special integration charges
if special integration problems exist and are chargeable.
The personnel, equipment, and provision weight beyond
the normal 28 man-days would thus be chargeakle.

(2) An EVA surcharge if EVA is required.
{3) Sortie surcharges instead of {1} or (2},

All of these charge policies would help to recover costs,
ensure that the user pays a fair share of the transportation costs, and be
relatively simple to administer. It does not appear that the remaining
four charge criteria, i.e., previde incentive for payload effects and high
load factors; be insensitive to mission model changes; and be competitive

with expendable launch vehicle costs, apply for crew charges,

2,2.4 Summary
Table 2~1 summarizes the parameters studied with potential

for add-on charges and the recommendations resulting from the study.
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3. CRITERIA AND EVALUATIVE TECHNIQUE

The criteria used to evaluate the alternative charge approaches
are listed below,

(1) Recover at least $9.8M x total number of Shuitle
flights in October 1973 mission rnodel,

(2)  Policy should contain incentives for payload effects
implementation., Return payload charge should be
competitive with new payload,

(3)  Policy should provide incentives for high load factor
operations.

(4) Policy should be insensitive to mission model changes,

(5) Individual user sharing a flight must be charged a
fair share of total cost,

(6) Charge rates must be competitive with expendable
launch vehicles,

{(7) Simple to administer.

These criteria were ranked in order of importance and assigned
weighted value in terms of point ratings out of 100 for each of the seven

criteria,

The point ratings used to weight the importance of each of

the criteria are shown in Table 3-1,

Elach of the charge approaches (cases) analyzed was rated
against the criteria using the weighting factors and assigned points in
accordance with the resulting charges. In order to assign these points,

each criterion was broken down into specific desirable features which,
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if exhibited Ly the charges, would result in the addition of the assigned
points to the point total for that charge approach. For instance, the

21 points for payload effects incentive were split up so that five points
were assigned for low-cost payload effects and hardware standardization
and 16 points were assigned for payload return incentive, The economic
value 'of on-orbit maintenance also depends, to some degree, on the roturn
of the failed spaceciaft elements and the module exchange mechanism,
Weight and volume increases in payloads are required in order to apply
low=-cost design principles and utilize standardized hardware; however,
this is less important than payload return incentive and consequently is

assigned the five points,

The 16 points available for payload return incentive were
prorated so that if a returning spacecraft saved 50 percent or more of the
spacecraft unit cost by returning the spacecraft and refurbishing it instead
of procurring a new spacecraft, all 1€ points were allocated to the charpge
approach. If the percentage was 25 percent to 50 percent, eight points
were assigned and if the average spacecraft savings for reuse was zero
to 25 percent, no points were assigned. Similarly, the other criteria

were broken down as described in Part 2 of this volume.

The point ratings resulting from these evaluations for each
charge approach were used in the analysis to obtain evaluative rankings
between the alternative payload approaches, These rankings are displayed

in Section 7 of Part 2 of this volume.

Ratings were also used to evaluate each charge approach
from the point of view that it is desirable that the recommended charge
approach be rated as satisfactory against each of the criteria in addition
to having a high rating relative to all criteria, In order to accomplish
this, acceptable lower bounds for each rating were derived and are dis-

played in Section 7, Part 2, of this volume,
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4, TRANSPORTATION CHARGES AND CHARGE RATES

The transportation charges resulting from applying the charpe
approaches to mission model traffic are degeribed in Section 6 of Part 2
of this volume, The data [rom these analyses are on file at NASA and

The Aerospace Corporation,

As discussed in Section 5 of this doecument, the results of the
quick-look cargo charge analysis completed in early April 1974 indicated
that the following features of the charge approach showed mevrit relative

to the criteria for selecting a charge approach:
(1) Charges in proportion to the payload load factor
(2) A discount for a payload which shares a flight leg

(3) Return payload transportation charges at a reduced
rate

(4) Some type of a unit payload charge which could be
applied as a minimum charge for each satellite or
each payload transported

{5) Shuttle transportation charges for the upper stage.

The composite approach for cargo charges combines the
best features of the cargo charge approaches investigated in the quick-

. look analysis,

The generalized formula for the composite approach is:

Shuttle Transportation _ [Minimum Variable] [Discount] - [M+C les]' [Dismunt]

Charpge for Payload X = |Charge * Charge Factors Factors
where:
M = Minimum charge
< = Charge rate for variable charge in the units of
$/Shuttle weight load factor
L. = Shuttle weight load factor for payload X,

s



The minimum charge is not applied to an uppuer stage with payload attached
since the payload is already paying the minimum charge and an additional
minimum charge for the upper stage would be paid for by the upper stage
payload, in effect churging more than one minimum charge to that payload.

The formula [ Tug transportation charge is similar but
contains no additional minimum charge over that charged by the Shuttle,
Tug transportation by the Shuttle iz recovered as well as the cost of opera-
ting the Tug,

The basic transportation charge without discount applies to
single payloads transported from the surface of the carth to orbit without
sharing the 8TS with other payloads, In the composite approach, discounts
are to be considered [or payloads sharing an up flight (up “light leg) or
sharing a down flight. Discounts also ave to be considered for return
payloads, whether sharing the return flight leg or not.

Typical transportation charges resulting from an analysis
of the October 1973 mission model are shown in Figure 4~1, The figure
displays typical payload charges for any up payload transported in the Shuttle
in the 1980-1984 time period. Payloads requiring an upper stage have a
higher charpge rate not shown on this figure. The minimuam charge appli-
cable to a payload trangpurted alone in this example is $4M, Thc variable
charge for a payload transported alone is $5M per unit payload load {actor.
This charge rate increases the Shuttle transportation charge as the payload
load factor increases (see Figure 4-1), The payload load factor for this
case is based on payload weight load factor or payload volume load factor,
whichever is greater. The payload sharing discount rate is 20 pefccnt
and is applied when there are multiple payloads on, in this case, the up
payload flight leg. Not shown on this {igure are the return payload rates
which would be reduced hy 60 percent for Shuttle transportation, It should
be noted that a 14,500 kg (32, 000 1b) payload will have a load factor of one
on a return trip; however, onthe up trip the payload load factor would be
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considerably less than one depending on the destination since the capability
of the Shuttle for up paylead trips would normally be between 18,000 kg
(40, 000 1b} and 29,500 kg (65, 000 1b}.

Other examples of payload transportation charges resulting
in application of a composite carge charge approach are shown in Section 6
of Part 2 of this volume.

One of the alternative charge approaches recommended for
further consideration provides for transportation charges according to
payload weight/size class for each of the five high~traffic destinations,
The payloads are divided into four classes: small, medium, large, and
extra large, The small and medium size payloads have a high probability
of sharing on multiple payload flights on the Shuttle or Tug. Large and
extra large payload size classes seldom share in multiple payload {lights.
Therefore, discounts for sharing are applied to the small and medium
size payloads but not for the large and extra larpge sizes,

The charge rates for cach of the five destinations are adjusted
to recover costs of STS flights to that destination, The five destinations
are noted on Figures 4-2 and 4~3. These figures show the payload charges
for each of the four payload classes. The loww st charge in cach case is
for the small payload class and charges are increased upward by steps
in accordance with the payload weight load factor range of each class of
payload., Charge rates for return {lights are one-half the charge for up

miyloads.
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5, TRENDS FROM EVALUATION OF CHARCE APPROACHES

The criteria and evaluation techniques discussed in Section 3
were applied to the payload transportation charges resulting from each
alternative flight charge approach in order to identify trends and select
candidate charge approaches for further consideration. Matricies showing
the results of these evaluations in térms of point ratings out of 100 are shown
on Tables 5-1 and 5-2. The tables display methods of allocating charges
to payloads on the same flight leg for each of the charge approaches con-
sidered in the column on the left, Across the top of the matrix the methods
of allocating charges between the up flight leg and the down flight leg are
displayed. These ratings include all criterin except insensitivity to mission
model, which could only be rated for the eight charge approaches considered

in the 12~year analysis,

Table 5-1 displays ratings for charge approaches recovering
‘costs for each flight. Comparing the ratings for a 50/50 revenue split for
up and down payloads with the rating when no charge is made for the return
trip, it is evident that the latter is a more desirable charge approach.
However, it was found that some revenue from the down leg is desirable
in order to keep the charges for larger payloads reasonable. This led
to selection of the 85/15 up/down revenue split for each flight on which a
return payload is carried, The latter analysis was run using the payload
weight load factor and a method of allocating charges to payloads on the same
flight leg. This scheme proved superior to the allocating of charges to
up or down flight legs by payload weight load factor or applying rates for
down payloads. The superiority of the weight load factor allocation of
charges to payloads on the same flight leg with the revenue split between
flight legs of 85/15 is evident not only from the high rating (89 points out
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of 100), but also [rom the facl that this approach is rated as satisfactory
against each of the six criteria being considered at this point in the analysis,
This led to giving further consideration to this charge approach and its

evaluation apgainst the 12-year mission model.

Tahble 5-2 displays the same type of matrix for the cargo
charge approaches. This matrix shows that splitting the revenue recovered
between the up and down flight legs is not desirable for cargo charge approaches.
The application of discount rates for down payloads proved to be more
satisfactory, The bottom two rows of the matrix display the ratings for the
composite charge approach, These ratings are superior to those obtained
in the rest of the matrix except for the payload size/weight class, As noted
in the footnote, cases were found fcr both these approaches which had
acceptable readings for each of the six criteria being considered at this

stage of the analysis,

The results of the 12-~year analysis obtained for the eight
charge approaches selected are shown in Table 5-3. The top three charge
approaches shown recover the costs by making an average charge for each
STS flight and splitting the charges between the payloads on that flight.

The last five charge approaches in Table 5-3 recover transportation costs
by charging payloads as ''cargo.!" The first seven charge approaches

shown recover the costs over each five-year period of Shuttle operation.
The last charge approach recovers costs over each yeur of Shuttle operation.
The ratings are shown in Table 5-3 in terms of satisfactory, unsatisfactory,
and marginal. Satisfactory designates that the rating meets or exceeds

the acceptable lower bound, Unsatisfactory means that the rating is below
the lower bound and another approach would be preferred. Marginal means
that the rating is unsatisfactory but may be rated as satisfactory if some
adjustiments were made either in the mission moilel capture or method of
applying the charge approach., The reason for marginal rates are piven

in footnotes and more study is needed,
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For the 12-ycar analysis, the criterion "insensltive to mission
model" was rated for the first time, This was made possible by the inclusion
of the 1972 mission model in the analysis. Seven of the eight ratings were
marginal, The 1972 NASA mission model uses expendable upper stages to
launch payloads in the {irst five years prior to obtaining the full-capability
Tug. Delta and Agena stages were used in the capture as well as Centaur
stages. The transportation charges for the Shuttle /Delta and Shuttle/Agena
combinations exceeded the transportation charges for comparable expendable
launch vehicles with the ground rules used in this analysis., Further study
of this is needed to establish the cost comparison on a firmexr basis, The
expendable launch vehicle costs should be evaluated as well as the expendable
upper stage costs per flight, The capture analysis should also be redone
with multiple payload launches on the expendable upper stages for the STS,
replacing the single payload launches on expendable Deltas, and in some cases

Agenas, in order to obtain more competitive transportation charges.

The last case analyzed with launch costs recovered over
cach year proved to have an unsatisfactory rating in the areas of payload
effects, sensitivity to mission model, and competitive with expendable
launch vehicles, The cost per flight was too high in the early viars (1980-

1982), which resulted in these unsatisfactory ratings.
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6.

OBSERVATIONS AND RECOMMENDATIONS

The STS User Charge Analysis progressed from the initial

quick-logok phase, where the objective was to eliminate low-ranking charge

approaches and develop the rationale for their elimination; through the charge

approach uprating phase, where the objective was to develop charge apprvaches

which could meet the criteria and become candidates for the final phase of

the analysis which tested the charge approaches against the 12-year mission

model, As the study progressed through these phases, observations were

made and rationale was developed for the elimination of certain of the charge

approaches. This section summarizes these observations and rationale.

I,

The Shuttle should charge the upper stage for Shuttle
transportation, Charging the upper stage for Shuttle
transportation results in fair cost sharing to the uscr;
for instance, when an upper stage shares a Shuttle
flight with a low=-altitude payload, the upper stage
pays a fair share of the Shuttle transportation cost.

A charge should be made for payload return, i.e.,
free payload return on either the Tug or Shuttle should
be eliminated. The return charge revenue is needed
to recover transportation costs and still remain com-
petitive with expendable launch vehicles for the up
flight.

The transportation charge rate for returning the down
payload should be low. The analysis shows that only
with a low charge rate for down payloads can payload
return and reuse be sufficiently competitive with the
launching of a new payload to encourage payload return.
Further, payload return is required in order to develop
high STS load factors, i,e., empty Shuttle return
flights represent inefficient (deadhead) STS operation,
It is desirable that the average spacecraft residual

“'value be very much greater than the cost of return

transportation.
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The magnitude of the reduction in rate for payload
return will probably differ for the Shuttle charge for
return payload transportation and for the Tug charge
for return payload transportation. The analysis {o

date shows that return payload charge discounts of

40 to 60 percent for composite cargo charge approaches
for the Shuttle are sufficient to attract payload return
for reuse and yet recover sufficient revenue for down
payloads, The corresponding discount for Tug payloads
will probably be lower in order to ensure recovery of
STS costs.

The simpler cargo charge approaches failed to satis{y
the criteria,

a. Simple payload length, or velume, or weight
is not as desirable a basis for payload trans-
portatior charges as is payload load factor.
Simple charges in terms of unit length, or
unit volume, or unit weight do not adcequately
consider changes in launch vehicle performance
with payload destination, The simple schemes
do not pass the fair share test nor do they result
in payload transportation charges which are
competitive with expendable launch vehicles,

b. Simple charge approaches such as unit charges
for payload transportation or charges per payload
trip are not as desirable as other approaches,
The simple charges cannot meet the fair share
criterion since heavier payloads transported to
the same destination are charged the same as
lighter payloads, and the mission model contains
a wide variety of payload weights,

c. Charging for upper stage payload transportation
' by the propellant increment required to transport
that payload can be eliminated, The charges
resulting from this approach are very similar
to those resulting from the payload weight load
factor approach which is a much simpler charge
approach and therefore preferred.



d, The eoncept of charging the payload for Shuttle
transportation in proportion to the energy added
to the payload, which was studied as one of the
cargo charge approaches, is less desirable
than charging by the payload weight load factor,
The launch azimuth effects on STS performance
are only partially accounted for using the eneruy-
added approach, Polar payloads du not pay their
fair share relative to low inclination payloads,

e, Tug transportation charge for payloads in pro-
portion of energy added to the payload is less
desirable than the weight load factor approach,
If two payloads weigh the same, and one is pul
into an escape orbif and one goes to synchrounous
equatorial orbit, the encrgies are approximately
the same, however, more is demanded of the
launch vehicle in putting ' . payload into synchronuvus
equatorial orbit than on a escape trajectory,

The primary reason for this is the performance
required of the launch vehicle to make the plane
change for synchronous equatorial orlit for
which the energy method does not account.

i, Ceiling for transportation charges is undesirable
in the view of the NASA Administrator. The
study was directed to delete further consideration,

It was also concluded that a composite cargo charge
approach combining the best features of the simpler
cargo charge approaches could be made to satisfy

the criteria, The composite cargo charge approach
combined a unit charge {minimum payload transporta-
tion charge) with a charge proportional to payload load
factor and incentives built in by reducing transportation
costs for returning payloads and payloads sharing the
same {light leg, Parametric studies of this composite
charge approach showed that:

a. Increasing the minimum payload charge from
$2M to $4M decreases the maximum charge for
large payloads significantly,

b. Substituting the cube rule weight load factor
approach for the straight weight load factox
approach increases the average Shuttle load
factor resulting in lower charge rates. The
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10,

11,

cube rule weight load factor approach dlsoe protects
the 8TS operator fram low revenue per {light on
high-volume, luv=density payloads.

d. A potential problem for the STS vperator with
the composite cargo charge approach as formulated
in this report is revealed if one congiders o wser
with a large payload who choses to {1y a light,
dummy payload along with the larve payload and
claim a shaving discount,  The sharving discount
can exceed the added cost for the sharing payload
if the sharing payload discount rate was on the
order of 20 percent or larger. This so-called
"dummy'" payload problem can be climinated by
reformulating the composite cargo charge approach,
Further study on tuig is recommended,

The payload size/weight class charge approach is o
recommended alternate to the composite cargo charge
approach, The analysis showed that the size/weipht
class charge approach has a satisiactory rating against
the criteria although its total point rating is lower than
the total point rating for the composite ¢arpgo chiarge
approach.

A four~ or five-year initial breakeven period for
recovery of STS costs is recommendoed.

The upper stage charge policy needs further study to
insure that, with expendable upper stages, the STS
will be competitive with expendable launch vehicles
such as the Titan IIID Centaur and Titan IIIF Centaur.

Further consideration should be given to additional
charges accounting for (a) Orbiter occupancy time in
excess of basic time lines, (b) high-priority [lights,
{c) use of ancillary equipment, and (d) STS flight
crew (above basic complement),

Charge approaches recovering costs for each {light
are not recommended. In order to meet the critevia,
these charge approaches must use the average charge
per flight over the first four or five years of Shuttle
operation, This fact obviates the potential basic
advantage of the approach recovering costs for cach
flight, since the charge estimate is bascd on future
traffic estimates, In addition, the approach haa a
deficiency of not allowing the user to project trans-
portation costs since they would depend on the detail
makeup of the flight manifest on which his payload is

transported.
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7. FUTURE STUDIES

It is recommended that NASA continue the user charge study

retainir;g the composite cargo charge approach eplion and the payload size/

weight class charge approach option. Primary consideration should be

given to the following items in continuation of the study:

1.

2-

3.

The sensitivity of the charges to Shuttle costs to be
recovered

Modifying the composite cargo charge approach to
eliminate the potential "dummy" payload problem

Improving the composite cargo charge approach as
applied to upper stage payloads, An increasc in the
minimuim charge may be desirable, especially for
expendable upper stages on the Shuttle., The increased
minimum charge for upper stage payloads may make
STS payload charges more competitive with expendable
launch vehicles., In addition, the cost per launch of
the expendable launch vehicles should bhe re-estimated
to establish a firmer base for this criterion.

T
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