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FOREWQORD

The Spacelab Level IV Programmatic Implementation Agsessment Study-was conducted

to assess the Level IV payload integration requirements. In the study, altemate Level IV
integration approaches were synthesized and evaluated fo establish the most cost-effective
experiment integration approach. Resource requirements or cost factors that were included
in the assessment pertained to the "hands-on" activities of ground processing. These re~

quirements included manpower, temporary duty subsistence and air fare, flight hardware
" and GSE transportation costs, and prorated flight hardware and GSE use costs based upon
the involvement time of these items for each mission, Programmatic inventories of flight
hardware and GSE were developed using representative payloads. These payloads were
defined to a leve! of detail that permitted o detailed assessment of the handling, installa-
hon, servicing and checkout requirements of the experiment end items, Spacelab flight
hardware and GSE support and interface requirements were identified. Buildup schedules
for the inventories were formulated, Altemate ground processing concepts were synthe-
sized and the processing of each of the representative payload through these concepts was
evaluated, Cost data for each, processing option was developed for each payload, The
specfrum of experiments and payloads used in the study facilitated the identification of
design characteristics to identify the ground processing activities. Guidelines were iden-
tified to assist experimenters in the development of payload designs that will permit cost-
effective ground processing,

The results of the Spacelab Level IV Programmatic Implementation Assessment Study
effort are presented In four volumes:

" VOLUME | REPRESENTATIVE PAYLOAD DEFINITION SD 78-SR-0009-1
VOLUME 1l GROUND PROCESSING REQUIREMENTS SD 78-SR-0009-2
VOLUME 111 OPTIMIZATION AND PROGRAMMATICS 5D 78-SR-0009.3
VOLUME 1V EXECUTIVE SUMMARY SD 78-SR-0009-4

iv

SD 78-SR~0009--3
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1.0 INTRODUCTION

Volume I Optimizations and Programmatics contains the results of the System Trade
Studies (Task 5.0), the Spacelab Programmatic Assessment (Task 6,0), and results of the
Troffic Mode! Variations {Task 7,1).

Three major system level trades were conducted in Task 5.0. They were performed fo
establish the most cost effective approach for each of the three ground processing concepts
developed in Task 4,0 for'each representative payload, The use of simulated (Subtask 5,1)
and dedicated (Subtask 5,2) Spacelab equipment was evaluated and the results presented in
section 2,0 entitled "Program Baseline-System Trade Studies"., Programmatic considerations
were evaluated by the synthesis of experiment ond payload reflight schedules and by assessing
their potential effect on flight hardware utilization and allocation. The cost, hardware re-
quirements - both Spacelab flight hardware and Level IV integration GSE, implications of
shared (progressive) Level IV integration of Spacelab flight hardware were evaluated, These
results of the shared Spacelab equipment utilization trade (Subtask 5.3) are presented in sec-
tion entitled "Shared Spacelab Equipment Utilization®, The most cost-effective approach
for each of the four representative payloads was selected from an analysis of the results of
the trade studies, The selections and recommendations from each of the major trade areas is
documented in section entitled "Approach and Cencept Evaluation™,

In Section 3,0 "Level IV Ground Processing Baseline Program™, the extrapolation of
the data generated for the four representative payloads to the entire Spacelab troffic model
is discussed. The six viable ground processing options selected fo be carried through the
programmatics are discussed, "The Traffic Mode!" section defines the model analysis that
was conducted to estanlish the numbers and types of Spacelab configurations and their
faunch dates. Section 3,0 defines the programmatic resource requirements for the Baseline
traffic model only, Sections 4,0 and 5,0 discuss the resource requirements and costs for
the 2/3 and 1/3 traffic models respectively.

An equivalency was established between the four representative payloads of the study
and the 560 Mission Mode!l, This data clong with the launch dates for each Spacelab mission
are developed and presented in section 3.0 on "Traffic Model Analyses”. The resource
requirements in the areas of personnel, Level IV Integration, Spacelab Flight Hardware,
and Trensportation costs are included in this volume in Section 3.0. Required inventories
of Spacelab unique flight and ground equipment, simulators, and major common payload
support items have been established and are documented in their respective sections of this
volume, Also included are the "hands~on™ manpower requirements af each involved Level
IV integration center, Transportation and shipping requirements and costs were identified
and reported along with o programmatic schedule and o summary of the composite ground
processing costs for the four areas listed above. The resulis of the sysiem level irades are
factored into the programmatics data presented in Sections 3,0, 4,0, and 5.0.
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1.0 INTRODUCTION

Volume [ll Optimizations and Programmatics contains the results of the System Trade
Studies (Task 5.0}, the Spacelab Programmatic Assessment (Task 6.0), and resulis of the
Traffic Model Variations (Task 7.1).

Three major system level frades were conducted in Task 5.0, They were performed to
establish the most cost effective approach for each of the three ground processing concepts
developed in Task 4.0 for each representative payload. The use of simulated (Subtesk 5,7T)
and dedicated (Subtask 5.2) Spacelab equipment was evaluated and the resulfs presented in
section 2,0 entitled "Program Baseline-System Trade Studies". Programmatic consideratjons
were evaluated by the synthesis of experiment and payload reflight schedules and by assessing
their potential effect on flight hardware utilization and allocation, The cost, hardware re-
quirements - both Spacelab flight hardware and Level IV integration GSE, implications of
shared {(progressive) Level IV integration of Spacelab flight hardware were evaluated, These
results of the shared Spacelab equipment utilization frade (Subtask 5.3) are presented in sec~
tion entitled "Shared Spacelab Equipment Utilization", The most cost-effective approach
for each of the four representative payloads was selected from an analysis of the results of
the trade studies, The selections and recommendations from each of the major frade areas is
documented in section entitled "Approach and Concept Evaluation".

In Section 3.0 "Level IV Ground Processing Baseline Program®, the extrapolation of
the data generated for the four representative payloads fo the entire Spacelab traffic model
is discussed. The six viable ground processing options selected to be carried through the
programmatics are discussed. "The Traffic Model™ section defines the model analysis that
was conducted to establish the numbers and types of Spacelab configurations and their
launch dates. Section 3.0 defines the programmatic resource requirements for the Baseline
fraffic model only. Sections 4,0 and 5,0 discuss the resource requirements and costs for
the 2/3 and 1/3 troffic models respectively,

An equivalency was established between the four representative payloads of the study
and the 560 Mission Mode!. This data along with the launch dates for each Spacelab mission
are developed and presented in section 3.0 on "Traffic Model Analyses". The resource
requirements in the areas of personnel, Level IV Infegration, Spacelab Flight Hardware,
and Transportation costs are included in this volume in Seciion 3.0, Required inventories
of Spacelab unique flight and ground equipment, simulators, and major commen payload
support items have been established and are documented in their respective sections of this
volume, Also included are the "hands-on " manpower requirements af each involved Level
IV integration center. Transportation and shipping requirements and costs were identified
and reported clong with a programmatic schedule and a summary of the composite ground
processing costs for the four areas listed above. The results of the system level trades are
factored info the programmatics data presented in Sections 3.0, 4.0, and 5.0,
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2,0 PROGRAM BASELINE - SYSTEM TRADE STUDIES

A series of trades were conducted to determine the cost cost-effective approach for each
of the ground processing concepts developed for the representative payloads. These frades in—
cluded the use of simulated or substitured Spacelab unique equipment for such items as RAU's,
IPS, SIPS, Spacelab module floor, cabling, pallet freon pump and the pallet inverter, Both
dedicated and simulated Spacelab unique equipment were also included in the trades,

Other programmatic considerations were introduced by synthesizing experiment and
payload reflight schedules and assessing their effect on the hardware utilizafion and allo-
cation, Cost and schedule implications of progressive Level |V integration of shared
Spacelab flight hardware were developed. The results of these trades were used to deter-
mine the most cost~effective Level IV integration approach for each of the representative
payloads,

SUBSTITUTED SPACELAB EQUIPMENT UTILIZATION

The baseline Ground Processing sequences and cost data are based on the assump-
tion that all the Spacelab equipment, with the exception of the lgloo and the Spacelab
Module shell, are available at the Level [V integration site. An alternate approach was
also analyzed wherein the use of simulated or substituted Spacelab equipment was used o
determine if savings in overall costs would result or offset the added cosfs of the substitute
equipment,

The savings which may accrue can be substantial. Flight hardware is limited in
quantity and any reduction in the involvement time by using substituted or simulated
equipment reduces the number required, thus reducing program cost.

L d

For example, if a substitute RAU would be used during installation and verification
of experimeni equipment, ond the actual flight RAU were later installed during Level 11
activity at KSC, the flight RAU would be free to support other missions during this time.
Any savings would be offset by the cost of producing a substitute RAU with the same

electronic capabilities, as well as the cost of removing the substitute RAU and installing
the flight RAU at KSC,

The most cost-effective approach for each item of Spacelab equipment has been identi-
fied and is found in the subsequent section entitled "Conclusions and Recommendations" of
section 2,0, This can then be factored into the baseline to defermine changes in the integra-
tion costs of flight hardware proration,

Criteria for Candidate Selection

The following criteria was established for the selection of candidate Spacelab equip-
ment which could or should be substituted or simulated:

2-1
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(@) High Capital Cost.  Items of Spacelab equipment which are especially
expensive stand to benefit the program the most by substitution. This is
true because the lowered involvement time resulfing from substitution re-
sults in lower costs per flight for the flight equipment,

(b) Low Utilization in Level IV, Equipment supplied at Level IV which
is really not needed, or needed very little, during Level IV integration,
can easily be replaced with substitute hardware to reduce involvement
time of the flight hardware.

(c) Low Risk for Deferred Verification,  When nonflight substitute equip-
ment is used in Level IV integration, verification of the functional
operation of the equipment and Hts inferfaces with experiment and sub-
system equipment must be deferred until the flight equipment is installed
in a lafer level, This entails a risk of schedule delays if verification is
not immediately successful, Therefore, equipment items which have in-
herently lower risk of problems in interface/functional verification are
better candidates for substitution.

During the development of the above criteria, it became evident that criferia
could be developed fo exclude equipment from substitution or simulation:

{a) Splccelab Subsystem Equipment Not Available in Level IV, I\/ic(r_\l)lf1 items of

subsystem equipment are nof available for Level IV integration, These in=
clude the Igloo, Spacelab module CRT~keyboard and the Spacelab module
heat exchanger, Since these are not present and not used af Level IV, sub-
stifution is not possible.

(b) Spacelab Equipment Required in Level IV. Equipment which serves
primarily as structural support for experiment equipment, such as racks
and pallets, must be used in the flight configuration in order fo accomp-
lish the goals of Level 1V integration. Substifution of non-flight equip-
ment would only necessitate later removal from the substitute hardware
and repetition of the Level IV installation task. Such equipment was,
therefore, considered not eligible for substitution.

Candidates Selected for Substitution Analysis

As a result of the application of the criteria discussed above, the following items
of Spacelab equipment were selected for detailed analysis,

(a) Instrument Pointing Subsystem (IPS) - This equipment is considered o
prime candidate for substitution af Level IV, i involves very high
capital cost (approximately $20 million), very limited availability and
minimal use during Level IV activities. The IPS, being incapable of
actual operafion in a one-G field, could only be partly checked out
affer integration.,
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Small Instrument Pointing System (SIPS} - This equipment, similar to
the IPS, is an excellant candidate for substitution; the high capital
cost ($8 million not including experiment cenisters), very limited
availability and minimal use during Level 1V activities makes sub-
stitution of o "non-flight SIPS" during Level IV very atiractive.

Module Floor Assemblies - The integration of the ATL and Life Sciences

payloads at Level IV assumed that floors were available for mounting
racks and routing of inter-rack cabling and fluid lines. Although floors
are not extremely expensive, considerable savings in fransportation
appear possible, and there is low functional utilization (carrying of
flight loads) in Level IV, Deferring the verification of the electrical and
fluid interfaces until Level HI/IT activity at KSC could increase the risk
involved of successfully completing the infegration activities.

Cabling and Fluid Lines - As noted above, the baseline appreach

assumed availability of flight floors {(and palleis) allowing permanent
installafion of flight cabling and tubing., Whether or not substitute
floor assemblies are used, flight cabling/tubing could be deferred to
later integration levels where fewer connect/disconnect steps and
reverifications would be required, and verification af Level IV per-
formed using GSE substitute cable assemblies,

Pallet Freon Pump - The Spacelab-provided Freon pump on the lead-
ing pallet frame of Space Processing and Combined Astronomy payloads
is relatively expensive ($110,000 for the package including accumula-
tor), More important, it is not mondatory that it be used in Level [V
activities, In order to use the Freon cooling system during experiment
checkout, a GSE Freon servicer must be connected to fili/bleed the
system and connect it to a Refrigeration Unit (GSE) for heat rejection.
These GSE items ubove can provide Freon circulation during operation,
hence the Freon pump need not be present. A fluid jumper line is in-
stalled between the pallet and the Refrigeration Unit,

Pallet Inverter (400Hz AC) - Like the Freon pump, the function of the

inverter can be performed by GSE or facility power supplies connected
to the system, Although AC connections to GSE are not essential (as
Freon connections are in the case of the Freon pump), DC connections
are needed to power the inverfer, and AC can be supplied from a GSE
motor/generator set or inverter, Hence the inverter can readily be
replaced with GSE connections {no substifute unit Is required) during
Level IV activifies,
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Small Instrument Pointing System (SIPS) - Substitution Analysis

A scenario was developed in order to determine the potential savings in involvement
time in the event there was a substituion for the SIPS, In the scenaric, the Level IV
activity consists of mounting a simulated SIPS on a simulated pallet and fabricating and
installing the necessary cable assemblies. These assemblies are then shipped to KSC
where they, along with the flight SIPS, are installed on the flight pallet during Level
[l activities, This sequence is depicted in Figure 2-1 for processing option A-1, In
this option, the Level 11l activity is lengthened three days by adding o three day Block
10. In other options, where payload checkout is involved (Blocks 7, 8 and 9) such as Option
A-2, this work can be integrated into those functions without an increase in overall time.

TIME 1 | :
DAYS 4 10 20 30 4 sb b
f 54,6 DAYS *;
FLT SIPS FLT SIPS AVAILABLE
INTRODUCTION FOR NEXT USE
[ stacinG ) ;
BASEL|NE SHIP {5)
== BLOCKS 5 & & (i)
SHIP (5)
BLOCKS 11-15 (28.4)
} BLOCK 16 DE-
! INTEGRATION(3)
[ s1aGiNG (2)
SHIP {2)
BLOCKS 5 & 6 (11)
StpS SUBSTITUTE SHIP {2)
BLOCK 10 {3)
BLOCKS 11-15 {28.8)
__1 BLOCK 16 DEINTEG, (2)
SIPS INVOLVE- je 33,6 DAYS »
MENT TIME '
REDUCTION
21 DAYS FLIGHT SIPS FLIGHT SIPS
INTRODUCTION AVAILABLE
FOR NEXT
USE

Figure 2-1,  Substitution Trades Methodology
(Simulated SIPS Inferface)

The total SIPS involvement time, shown in Figure 2-1, is changed from the baseline
54,6 days (from mounting the SIPS on the pallet during staging to removal during de~
integration) to 33.6 days (from mounting flight SIPS on flight pallet in Level Il to the
end of the abbreviated deintegration), The shorter period is due to shorter transporta-
tion fimes from KSC to infegration site (lead center or mini-center) and back to K5C;
ond the deferment of SIPS installation until Level Il integration at KSC. In the case
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where this installation must be done in Level 11, rather than during payload checkout
(Blocks 7, 8 and 9), this additional 3 day effort offsets in part the savings in transporfa-
tion fime. Figure 2-1, representing the timeline for option A-1, does not include this
additional savings.

In addition to reduced involvement time savings for the flight SIPS and pallet,
various other factors are affected, These include reduced deintegration effort, increas-
ed TDY for Pl support at KSC during Level 1ll, increased GSE cost based on the prorafed
cost of a substitute SIPS, decreased GSE involvement time, and increases/decreases in
transportation cost which balance each other. These are summarized in Table 2-1,
Sample Cost Derivation, which shows a net savings for all cost factors of $34, 950 for
the A-2 Processing Concept.

Table 2-1, Sample Cost Derivation ~ Deferred SIPS Installation -
Concept A-2

HNCREASE DECREASE
MANPOWER
INSTALLATION & REMOVAL OF CANNISTERS FROM 9,400
SIMULATED SIPS
REDUCED DEINTEGRATION 600
TDY
P1 SUPPORT DURING 5IPS/CANNISTER [NTEGRATION AT K5C 3,200
TRANSPORTATION
SHIP TO/FROM LEVEL IV SITE (WIDE LOAD) 8,000
STANDARD SHIPMENT 6,000
INTRA-SITE MOVES 2,000
GSE 170
SUBSTITUTE GSE 3,400
SPACELAB GSE (PALLET HANDLING & SERVICING) 1,440
SIPS GSE
FLIGHT HARDWARE
SIS 9,600
PALLET EQUIPMENT 31,220
CANMISTERS 1,260
20,770 55,720

NET SAVINGS
$34,950

Applying these factors fo the other baseline processing concept options, differing
amounts of increased and decreased costs were developed, These are summarized in
Table 2-2. A review of these data show that significant savings are realized for all
processing options with the exception of option C-1, which resulted in a net cost in—
crease of $28,580, This option results in a cost increase because the involvement fime
of the remainder of the Spacelab equipment is increased 3 days by the assumed 3 day

2-5
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SIPS/canister assembly activity in Level ll. In the other options, this 3 day period was
offset by the reduction in transporfation times from 5 to 2 days (wide load vs. standard
load), If this 3 day activity can be bypassed or paralleled with other activities, the C-1
option will also show a significont cost savings,

Table 2-2, Substitution Trade Summaries —- Dollars

Al A2 B-1 B-3 8-5 c-1 § c-3

MANPOWER +8,800 | +8,800 | +8,800 | +8,800 | +8,800 { +8,800 { +8,800
™Y +450 | 43,200} +1,650 | +1,850 | +1,650 +530 o
TRANSPORTATION -2,000 9 8 8 e | o 8
* GSE;

SUBSTITUTE +170 +170] +220| 280 +290 150 | +140

SPACELAB -3,750 | -3,600] -1,500 | -1,920 § -1,980 § 780 f -900

SIPS 21,320 | -1,440) -2,460 | 2,720 | -2,810 480 | -1,280
*FLT HARDWARE. ]

SIPS -8,800 | -9,600 |-10,000 {-12,800 {-13,200 } -5,200 } -6,000

PALLET EQUIP 28,710 | -31,220 [ -32,620 }-41,760 |-43,060 | -16,970}-19,570

CANNISTER ~1,260 | 1,260} -1,260 ) -1,260 | 1,260 +630] 320

51 (ADDITIONAL DAYS) 8 o 8 8 8 +41,900f
TOTALS S 36,420 | -34,950 |-37,170 |~49,730 |-51,570 | +28,580] 19,130

NOTE:

* PRORATED COSTS
- The dash represents the amount saved.

This analysis poinis out the imporfance of carefully examining the effect of defer-
ring use of flight hardware to determine if additional downstream efforts created by the
deferment may offset gains from reduced involvement time of Spacelab and GSE hardware,
The differences in cost savings befween concepis are primarily due to variations in the reduc-
tion of involvement times of the SIPS and its pallet. A transport savings of $2000 is offected
in the A~1 concept because the transportation fo the distributed site was reduced from a
wide lood to a standard load. In the other options, the SIPS/pallet was either part of o
wide load, or an additional intersite move was required,

Figure 2-2 indicates that there is a net savings for each of the options studied with

the exception of Option C-1. The added expense in Option C~1 is due to the additional
involvement time of the Spaceldb.
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Instrument Pointing Subsystem (IPS) - Substitution Analysis

Applying the methodology, factor analysis and rationale that was used for the SIPS
substitution, substantial savings were developed for the case of using o substitute IPS and
pallet during Level 1V. In this case, a simulated IPS would be used on a simulated Pallet
2 of the Combined Astronomy payload in Level IV to develop the flight cabling assemblies,
As with the SIPS study, the cable assemblies would go to KSC where they, and the flight
IPS, would be installed on the flight pallet and the combination checked out. Virtually
all of the comments presented in the SIPS-Substitution Analysis case would apply here as
well,

Table 2-3 presents the findings from this trade study, which results in net savings
ranging from $246,920 to $347,510 for the five processing options studied, In contrast
with the SIPS substitution frade, the IPS does not show savings in the areas of manpower,
TDY, deintegration and tronsportatien, Manpower does not decrease with the use of a
substitute IPS because, even with the flight IPS, there is no electrical connection or
operation of this zero-G equipment, and only @ mechanical mounting is entailed in either
case. TDY is unchanged because each option studied included Blocks 7, 8 and 9 where
the deferred assembly would be accomplished without additional serial time and with P!
personnel already covered by TDY for payload assembly/checkout work. Transportation
is unchanged because a wide load is still necessary to transport the balance of the experi-~
ment - the SIRTF and pallets 3/4. Deintegration costs are unchanged because it was
assumed that the IPS would be removed from the pallet during deintegration in the usual
manner,

Teble2-3,  IPS Substitution Trade Summaries ($)

@  IPS TRADES
OPFTION
A2 8-2 B-4 c-2 Cc4

MANPOWER - - - - -
Y - - - - -
IPS DEINTEGRATION - - - - -
TRANSPORTATION - - - - -
GSE;

IPS & SUBSTITUTE +7,4%0 47,4590 +6,8%0 +5,910 +5,320

PALLET -3,230 -3,230 ~2,980 2,550 -2,300
FLT HARDWARE:

1pS -304,000 | -304,000 | -280,000 | -240,000 | -216,000

PALLET EQUIP 47,770 | .-47,770 -44,000 | -37,710 -33,940

TOTALS -347,510 | _347,510 | -320,090 | -274,350 | 246,920
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Module Floor - Substitution Analysis

In the ATL payload, installation of experiment ST~25 {(Combustion Facility) involves
complex installations of wiring, plumbing and a combustion chamber on one floor seg-
ment of the manned module, This normally would require the availability of the floor
segment during Level IV integration. For this analysis, it was proposed that a substitute
floor segment be available, in which the wiring and plumbing could be mocked up and
fabricated in final form and the chamber could be test mounted for interface checkout and
experiment testing. The cabling, plumbing and chamber would then be removed, shipped
to the Level 1l location, and installed on the flight floor segment during either online
Level Il activities or during preparation for payload checkout, as applicable,

The same methodology for analysis was applied as in the previous studies, and the
results are presented in Table 2-4 for processing options A-1, A-3, B-1, B-3, B-5, C-1
and C-3, As can be seen, there is actually a cost increase resulting from this substitution
as compared to the baseline processing concept, although a negligible increase in most
cases. This appears to be due to the cost of the substitute floor proration and the added
manpower required to remove and reinstall cables, plumbing and chamber, all of which
is not offset by the savings in flight hardware involvement, This fact, coupled with an
increased risk of schedule impact from difficulties in the delayed integration, makes this
substitution option rather unatiractive.

Table 2-4, Floor Substifution Trade

@ ATL PAYLOAD

- OPTION -
A1 A3 B-1 B-3 B-5 c-1' ] C-3
o MANPOWER +1000 | +1000 |+000 | +1000 | +1000 | +1000 | *+i000
o GSE - - - - - - .
e TOY - - - - - - -
o TIME - FLOORS (-34d) |(-38.6d) | (-34d) |(-38.&d) ] (~34d) |{-26d) | (-26q)
- SUBSTITUTE (:29d) | (+33.6d) | (-29d) |(+33.6d) | (s29d) | (+27d) | (+27a)
o HARDWARE COSTS
- FLT FLOORS -816 926 | -816 926 | -Bis | -624 | e
- SUB. FLOORS +16 +134 | +116 +134 | +16 | +ios | +i08
- ATL SL HDWE - - - - - +3800 | +3800
TOTALS +300 | +208 | +300 +208 | +300 | +4284 | +4284

o
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Rack Cabling Substitution Analysis

The baseline Level 1V integration scenario calls for the flight cabling, both power
and signal, to be fabricated and installed into the Spacelab flight hardware at the Level
IV site. An alternative approach would be to fabricate GSE cabling fo be temporarily
connected between racks to permit experiment inferface verification and fotal payload
checkout. The flight cabling would then be installed af KSC during Level lil operations
and the interfaces reverified.

The benefits of this alternate approach would be reduced exposure of the flight
cabling to wear and tear, with corresponding improvements in reliability and replacement
expense, which have nof been quantified in terms of dollars. This analysis seeks to deter-
mine the cost of gaining this advantage, rather than seeking to show an overall cost bene-
fit from this substitution.

Table 2-5 presents the cost analysis for this substitution. As this table shows, the
cost of the cabling itself, the installation and removal manpower amounis to a cost increase
of $40,730 for Life Science and $45,450 for ATL. It is assumed that the cabling must be
designed and fabricated ‘custom-made" for each payload, and therefore cannot be re-
used or prorated.

Table 2-5.  Assessment of Substitute Cabling for Rack Inferconnections

® LIFE SCIENCE PAYLOAD

* GSE CABLE COST

700 CONDUCTORS X $40/CONDUCTOR = §28,000
38 CABLES X $200/CONNECTOR PAIR = § 7,600
¢ INSTALLATION COSTS
- (228 FEET) (0.25 HR/FT) (2 TECH) ($30/HR) = $ 3,420
* REMOVAL COST
ONE HALF INSTALLATION COSTS = 3 1,710

[ $40,730 T beta cost

& ATL PAYLOAD
o GSE CABLE COSTS

741 CONDUCTORS X $40/CONDUCTOR = $29,440

46 CABLES X $200/CONMNECTOR PAIR = § 9,800
* INSTALLATION COSTS

CABLE LENGTH X INSTALLATION TIME PER FOOT X MANPOWER

{276 FEET){0.25 HR/FT}(2 TECH)($30/HR) = § 4,140
* REMOVAL COSTS ’

ONE HALF INSTALLATION COSTS = § 2,070

[ s4s,450 | pera cost |

SUBSTITUTE IINTER-RACK CABLES ARE NOT COST-EFFECTIVE
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The installation and removal task for the GSE cabling was calculated on the basis
that it would take 25% of the time that flight cabling would take. Although this anal -
ysis is related to whether or not flight floors were present, in the sense that GSE cabling
would make more sense ih a GSE substitute floor, flight cables would be used even with
no floor present by positioning the racks in flight arrangement and carefully laying the
flight cabling between them, This would allow early discovery of flight cable incompati-
bilities which would not be possible with the substitute approach.

The cost savings associated with inter-rack fluid lines for experiments is not as sig-
nificant because there are significantly less lines and connectors involved. However,

the same rationale for use of flight lines applies as was used for the cabling.

Freon Pump/Inverter - Substitution Analysis

In the baseline approach, the lead pallet in a pallet only or pallet/module payload
comes equipped from KSC with a 400 Hz inverter and a Freon pump and accumulator pack-
age mounted on the front frame, Potential savings may accrue from not shipping the equip-
ment to the Level IV site and deferring their installation until Level 1ll. This allows the
equipment o be used on other payloads and reduces the running time on the equipment,
with atfendant reliability benefits,

The following factors were considered in this analysis.

(o) Cost Savings - Based on the cost of the Freon pump package and inverter
hardware, the prorafed cost of utilization of this hardware is:

Freon Pump Package $44/Day
400 Hz inverter — — 40/Day

Typically, deferring the installation of this hardware would save 35 days
of involvement time, or approximately $3000 per flight.

{(b) GSE Implications - A Freon Servicer and a Refrigeration Unit are required
af the Level IV site to fill/bleed/circulate the Freon system and provide
hedt rejection during experiment operation, even if a Freon pump package
is on the lead pallet, and serves the function of the package. There is
therefore no need to use the package. Also, only the lead pallet has a
pump package, so that frailing pallets in o multi-pallet payload would
have to use the Servicer and Refrigeration Unit - unless interconnections
were made and the checkout/servicing of the trailing pallets were made
dependent on the integration stafus of the lead pallet,

With regard to the 400 Hz inverter, although 400 Hz power could be
provided from the inverter fo the lead pallet {and trailing pallets by in-
terconnection, keeping in mind the limitations above) using 28 VDC power
from the integration facility, a facility 400 Hz power supply is relatively

2-10
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standard. Again, use of the facility power source would also save
running time on the flight inverter,

(c) Distributed Site Implications - In either the minicenter or progressive
situation, where the payload is dispersed geographically, the benefit
of the presence of the 400 Hz inverter and the Freon pump package are
only available fo the lead pallef site,

(d) Logistics Considerations ~ If the use of these two Spacelab equipment
items can be deferrad unfil Level 11l assembly, pallet logistics may be
simplified. The early description of lead pallet status and allocation

could become complex as a result of inevifable schedule delays during
the course of the program.

Remote Access Unit (RAU) - Substitution Analysis

The baseline scenario calls for Spacelab racks and pallets to arrive af the Level IV
site equipped with the necessary number of RAU's required for the payload. These RAU's
are then connected info the experiment hardware as it is installed, and used to function-
ally check the experiment data interfaces. The substitution approach would be fo leave
these RAU's off during Level IV, and installing a “substitute RAU" device elecirically
into the system. This reduces involvement time for the flight RAU’s, with attendant savings,
but necessitates removal of the substitute RAU's and replacement with flight RAU's at the
Level Il integration site. Checkout of the flight RAU interfaces would then be performed,

with the risk in defective RAU's or interfaces then being assumed during on-line KSC activ-
ities, S

Based on an estimated cost for the substitute RAU of $14,300 (one~tenth the cost of
the $143,000 flight unit), the cost factors follow.

Savings

Reduced invalvement time of RAU's - typically 35 days per flight

$143,000/2500 working days = $57,2/day
Savings in prorated cost - $57/day x 35 days/flight = $2002

Additional Costs

Cost of substitute RAU for 35 day period:

$6/day x 35 days/flight = $210

Cost of installation/removal of substitute RAU:

(2 techs) x (4 hours) x ($30/hr.) = 240

(1 engr) x (4 hours) x (35/hr.) = 140
2-11
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Retest requirements cost:
(2 engrs) x (10 hrs) x ($35/hr,) = 700
(1 tech) x (10 hrs) x ($30/hr) = 300
Total Additional Cost $15%0

Since the savings in prorated cost of flight equipment is very necrly offset by the
additional cost, and since the substifution approach infroduces potential risk associated
with deferred interface checkout with the flight RAU's, this substitution approach does not

appear to be viable,

Conclusions and Recommendations

As a result of the foregoing analyses, the following conclusions and recommendations
are presented,

{a) SIPS Substitution - Substifution is indicated and recommended on the
basis of the significant cost savings.

(b) IPS Substitution - Substitution is indicated and recommended, again on
the basis of even greater cost savings fo be realized.

(c) Module Floor Substitution - Substitution is not recommended, based
on the additional cost, rather than savings, being realized.

(d) Rack Cabling Substitution - Substitution is not recommended, since
the added cost of fabricating and installing GSE cabling appears to
be excessive compared with the speculative savings in wear and tear
on the flight cables,

(e) Freon Pump and Inverter Substitution - Substitution of GSE supplies
of 400 Hz power and Freon coolant is recommended, based primarily
on the reduction in operating time on these rather sensitive items of
flight equipment. The cost factor favors this approach also, though
nof significantly,

{f} Remote Access Unit (RAU) Substitution - Substitution of RAU simula-
tors for flight units is not recommended. The savings are insignificant
in view of the potential risk incurred from deferring RAU installation
and checkout of flight data interfaces.
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DEDICATED SPACELAB EQUIPMENT UTILIZATION

The baseline approach presumes that experiments are disassembled from the Spacelab
equipment after each flight and the Spacelab equipment is freed for integration with o
subsequent payload, In confrast, the effects of dedicating selected pieces of Spacelab
to specific experiments were explored and analyzed,

Certain savings in fime and manpower will accrue from such an approach. Not only
is the time and manpower needed to disassembly (or deintegrate) the experimental hardware
affer flight eliminated but also the fime and monpower required to re-integrate the same
equipment onto the Spacelab equipment for a subsequent mission, This savings then pyramids
when one considers the reduction in involvement time of the GSE used, the reduced TDY
expenses for integration personnel and the benefits of reducing the total processing time.

There are, of course, cost increases associated with dedication. Since the Spacelab
hardware (i.e. a pallet) is "tied up" with the experiment hardware installed for periods
of time between flights, there is a degree of underutilization of this hardware, The hard-
ware is extremely expensive (over $3 million for a pallet) and the loss of utilization must
be offset by the operating and other savings before dedication can be considered cost ef -
fective. This becomes a flight rate sensitive situation, because the degree of utilization
of the Spacelab hardware depends on how often that payload is to be flown, up fo the
limit that the hardware will support considering the total ground processing time. I is
noted that the total ground processing fime is lower for a dedicated configuration than
for one which must be totally integrated, such that it will support a higher flight rate than
the baseline concept,

Assumptions and Methodology

Certain assumptions were made concerning the payload and its ground processing
to render a consideration that dedicated Spacelab hardware is a viable option:

(1) Storage space for the payload hardware, in the integrated state, available
at KSC at no added cost to the program.

{(2) The experiment equipment of a type that does not have to be removed and
returned to the Principal Investigator to extract data following the flight.
It is assumed that the data is obtained from in-flight or ground recordings,
telemetry, film etc, or from specimens removed from the experiment equip~
ment and retumed fo the P, I,

(3) The experiment hardware is of such a design thai it can readily be reflown
for later missions of the same type with no significant medification required.
It is anticipated that new specimens will have to be inserted in the equip-
ment and perhaps minor adjustments performed, but major overhaul and mod-
ification activity is assumed to be unnecessary, The required specimen

2-13
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insertion, minor refurbishment and adjustment is envirioned to be per-
formed by a small cadre of P!, personnel in the rack/pallet storage area
or an adjacent laboratory af KSC, in an off-line period between flights.

(4) Refurbishment of the Spacelab racks and pallets dedicated to the experi-
ment equipment will be minor in scope and can be performed offline (as
is the experiment equipment refurbishment described above), and is not
a delta cost chargeable to dedication. In addition, it is anticipated
that the refurbishment required on this equipment between flights will
be substantially less than required for a non~dedicated rack/pallet,
since the wear and tear of integration and deintegration is avoided.

The methodology used to evaluate the option of dedicated Spacelab hardware was
as follows.

Candidafe Selection

The four payloads were reviewed, experiment end item by end item, to determine
those which most probably would show operational and financial benefit from dedicating
Spacelab hardware to the end item(s) in question. This screening consisted of completing
a questionnaire for each experiment and end item. The questions considered were as
follows.

(1) IS THE EQUIPMENT DESIGNED FOR MULTIPLE USE? That is, can the
equipment be used for several similar experiments? This question refers
to equipment such as the Space Processing Multipurpose Fumnace, which
is designed for flexibility, used with a variety of materials in melf experi-
menfs at various femperatures and time profiles, This characteristic indi-
cates that reflight will be carried out and that extensive modificafion will
not be required,

(2) IS THE EXPERIMENT ONE WHICH REQUIRES FREQUENT REFLIGHT TO
GET MEANINGFUL DATA? This question identifies items which, by the
nature of the experiment, depend on periodic flights for validity. An
example would be the Microwave Radiometer of the ATL-A payload,
used to measure ocean conditions of sea state, salinity, etc, One-time
data is of very limited value; frequent flights for data would be needed
for the experiment to be useful for weather forecasting, shipping or ocean-
ography. Such an experiment complement would be a good candidate for
dedication.

2-14 -
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(3) 1S THE EQUIPMENT OF A TYPE WHICH IS VERY DIFFICULT AND EX~
PENSIVE TO INSTALL AND/OR ADJUST AT LEVEL IV INTEGRATION?
This is one of the key factors, heavily weighted in determining the prime
candidates for dedication, since the economic feasibility of dedication
depends largely on the savings in integration costs offsetting the cost of
lower Spacelab equipment utilization, Equipment which is very costly
and time~consuming to integrate onto the Spacelab equipment offers the
greatest potential savings to accrue from dedication of the Spacelab
equipment to that experiment equipment.

(4) DOES THE EQUIPMENT OCCUPY A MINIMAL AMOUNT OF SPACELAB
EQUIPMENT, (I.E., ONE RACK RATHER THAN 5 RACKS}? The cost
of dedication resulting from lower utilization of the Spacelab equipment
depends in part on how much such equipment is "tied up", If the experi-
ment end item ties up only one rack, for example, it would take only 1/5
as much savings to justify dedication as an item occupying 5 racks, thus
making the former case a far better candidate for dedication.

(5) IS THE EQUIPMENT ESPECIALLY SENSITIVE TO WEAR-AND-TEAR
DAMAGE FROM REPEATED INTEGRATION? Another consideration
in analyzing the feasibility of dedication, though very difficult to handle
quantitatively, is the potential for damage during the activity of remov-
ing the hardware from the racks/pallets, and then later reinstalling it.
This would result in either degraded reliability or repair/scrappage,
Since the equipment in question is only conceptually designed, a cred-
ible analysis of the degradation in reliability is not possible, but some
idea of its vulnerability to such degradation is possible, and this has
been attempted here. Equipment considered especially susceptible to
such degradation is therefore considered a better candidate for dedica-
tion than those which are not so susceptible.

(6) 1S THE EQUIPMENT ONE WHICH MUST BE FLOWN ON SHORT LEAD
TIME SUCH THAT DELAY FROM THE INTEGRATION PROCESS S UN~
DESIREABLE? Certain experiments, such as instruments to measure solar
flare phenomena (not present in any of the study payloads), depend for
their efficacy 'on the ability to be flown and positioned in space when
the phenomenon is present and active, Since this is not predictable to
any extent and may not last for a prolonged period, the experiment would
have to be able to be puf into a payload in very short notice and hence
would have to be "standing by" in an already integrated (at Level 1V)
configuration. Dedication of its Spacelab equipment would be strongly
indicated in such a case.

* 2-15
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(7) IS THE EQUIPMENT SUCH THAT THE CONFIDENCE LEVEL OF SUCCESS
WOULD BE SIGNIFICANTLY HIGHER IF LEVEL 1V INTEGRATION WERE
NOT RERFORMED REPEATEDLY?  This question relates closely fo item 5
cbove, regarding the potential for damage during integrafion. This item
refers to more subtle effects which might occur, not evident as damage or
detectable degradation. Like the effects referred to in item 5, the loss
in relichility is not feasible to quantify and a "yes" answer is simply in-
dicative of a better dedication condidate than a "no" answer.

(8) CAN THE EXPERIMENT OBJECTIVES BE MET IF THE EQUIPMENT 15
LEFT INSTALLED IN THE SPACELAB HARDWARE? Some experiment
equipment, such as the Space Processing Electromagnetic and Acoustic
Levitation Melt facilities, are sealed units with test specimens installed,
equipment inerted and calibrated before sealing. The units must be re-
turned to the Principal Investigator for opening and removal of the speci-
mens, Hence it is not feasible fo dedicate any Spacelab equipment to
such experiment equipment, regardless of any other factors. A "No"
answer indicates a definite non-condidate for dedication.

A sample copy of this checklist form is enclosed as Figure 2-2. Another factor
which was used to reject equipment items as candidates was uncovered during the anal-
ysis - cases where the experiment end ifem is nof even integrated in Level [V Integra-
tion activities and therefore not mounted into Spacelab racks/pallete, ete. Equipment
mounted in the Orbiter Aft Flight Deck is the best example of this, and such equipment
evidently is nof a viable candidate for dedicafion,

Following review of each experiment end item and completion of the referenced
questionnaire, a "Dedication Candidate Rationale" sheet (Figure 2-3) was completed.
This sheet recaps the "Yes" factors for each end item of the payload, and allows for re-
cording and consideration of additional factors not covered in the questionnaire and
usually unique to the payload end item or experiment being considered. The total fac~
tors favoring dedication are then considered and o decision made on whether or not all
or part of the experiment should be considered a strong candidate for Spacelab hardware
dedication. No specific weighting factors are applied to any of the factors, but a de-
gree of subjective weighting was applied in accordance with the factor evaluation/des-
criptions above, with question 3 receiving the greatest weight.

Other less quantitative but equally tangible benefits accrue from dedication, some
of which are mentioned in the questions above. They include:

(1) The ability to fly a pay locd on shorf notice.

(2) Less involvement time of the integration facilities, whether KSC, Lead
Cenfter or mini-center. This results from the shortened integration serial
processing time and may or may not have real monetary value depending
on facility utilization.

2-16
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PAYLOAD ATE-A

s the equipment designad for multiple use, te,,
usable for several similar expariments?

EXPERIHENT

3T-3 Twizble laser for Atmospheric Condtotuents

END |

No Ho

Is the experiment one which by its pature, reguires
frequent reflight to get meaningfui dara?

Yed | Yes

is the equiprent of a type which is very difficult
and expensive to install/adjust at Level IVY

No Fo

Does the equipment occupy 2 minimal amount of
Spacelab equipment (1 e , one rack rather than
5 racks)?

Ves | Ve

Is the equipment especiaily sensftive to wear-and-
tear damage from repeated integratian?

No Ko

is the experipent ore which must be fiown on short
iead time such that delay of {ntegration process {s
undesirable?

No No

Is the equipment such that the confidence level of
success would be significantly higher if Level IV
integration were not performed repeatediy?

Ko o

* Can experiment objectives be met {f equipment 13
left {nstalled on Spacelab?

Yoo | Yed

* “No* fndicates a definite
non-candidate

TOTAL "YES“ FACTORS

L.

Figure 2-2,

Equipment Dedication Checklist — Sample Form

DEDICATION CANDIDATE RATIONALE

PAYLOAD _ ATL-A

CHECKLEST FINDINGS
EHD TTEM NUMBER/HAME

¥1 -« 14 except 11 - laser module
#11 = Sean/Taack Controtlen § CfD Panel

OTHER FACTORS ARD RATIONALE

Due o chechbest fondengs, eipecally won-mubfiuse nature of equepment and ease of tntegrafeon <ndo
both Paflet 2 and Rack 44, dedeeateon of agek on patlet <4 nof andicated

CONCLUSION
Not a candeidate for dedieateon

EXPERIMENT ST-3 Tnabfe losea fon Atmospheate Conslbituents

JOTAL YES FACTORS

Figure 2-3.

Dedication Candidate Rationale - Sample Form

ORIGINAL PAGE IS

OF POOR QUALITY:
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(3} Less risk of damage, misalignment, misadjustment, efc. resulting from
repeated removal and reinstallation.

(4) Less expense in refabrication of cables, harnesses and tubing runs which
are damaged in removal and cannot be reused for the next integration,

(5) Special skills required for integration may be dispensed with on reflighfs
to some degree, For example, if a certified brazing fechnician were
required tc install some fubing assemblies during integration, ond the
tubing were not removed after flight from the pallet because the pallet
was dedicated to that experiment, re-~integration of the experiment
would nof require the brazing specialist {unless repairs or modifications
were needed).

{6) The expense of shipping experiment equipment from KSC to the P. 1,
site, as well as the special packaging required, would be saved. Like-
wise, the packing and shipping back to the integration site for the next
flight would be saved,

Dedication Candidates

After exercising the selection rationale and procedure discussed above, the follow-
ing candidates for dedication were selected,

Space Processing:

" Pallet 1 dedicaied to Facilities 3 and 4. Rationale: High cost of infegrating
and multiuse capability of these focilities. Facilities 1 and 2 must be removed
fo obtain test data,

Combined Astronomy:

Pallet 1 - dedicated to experimenis AS-05 and UV-2, Rationale: High
infegration cost of SIPS assembly and harnessing onto pallet, and several
lesser factors favoring integration.

Pallet 3/4 - dedicated to AS=01-S (SIRTF). Rationale: High cost and com-

plexity of integrating harnesses, tubing, etc. onfo pallets, and several lesser
factors favoring infegration, The IPS (on Pallet 2} is assumed to be installed

and aligned offsite (in staging).

Advanced Technology Laboratory:

Pallet 1 - dedicated to experiment ST-10, Rationale: Experiment is very
complex and expensive to integrate onto pallet, and nature of experiment
indicates high reflight pofential, ST-25 cryo dewars are to be removed.

2-18
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Racks 5, 6 and Floor Assembly - dedicated to 5T-25 (Combustion Facility).
Rationale: The cost of integration is very high due to alignment of racks and
combustion chamber on floor, multiple cable and line runs efc. Also, facil-
ity is designed for multi-specimen use in zero-G combustion testing, enhancing
reflight probability, These two racks and floor segment form o complete exper~
iment unit which should remain integrated if frequent reflight is planned,

Life Sciences:

Racks 11, 12 and Floor Assembly - dedicated to experiment X-76. Rationale:
As with the rack/floor assembly in ATL-A, this assembly involves very costly

and complex integration installations and cost; by far the greatest of any ex-

periment in this payload, lts reflight probability is also good, and other fac-
tors favor its candidacy. The subject racks and floor are totally occupied by

this experiment, making it a complete experiment unif,

Dedication Cost Analysis - Ground Processing

[n order to determine the effect of dedicafion on the detailed Installation ond Test
Sequence in Level IV integration, the baseline I&T "waterfall” charts were reviewed,
In this review, those steps which would not have to be reperformed if the dedication
were in effect, were identified. Only installation steps were so identified; it was as—
sumed that a full sequence of experiment and pay load level testing would still be per-
formed., Some steps were eliminated and others shortened or modified in this review.
The manpower associated with the modified or deleted steps was tallied, and the effect
on total processing time calculated. The [&T charts were then revised to describe what
would occur on re-integration in the case of a dedicated set of Spacelab equipment for
each candidcte case listed in the above section, "Dedication Candidates”.

It should be noted that only the lead center |&T charts were used for this review,
and the resultant savings in manpower opplied to all processing options, This approach
is believed to be acceptable in that the specific steps deleted or modified as « result of
dedication would be the same whether the work was done af a mini-center, o lead cen-
ter or at KSC, ond whether it was followed by Blocks 7, 8 and 9 (Combined Checkout)
or nof,

Manpower Savings From Dedication

To obtain the manpower savings attendant to dedication for the de-integration se-
quence, the "Waterfall" charts for that sequence were also reviewed in the same manner
as the Installation and Test charts, and revised sequence charts constructed.

Figures 2-4 through 2-9 represent the revised Lead Center Installation and Test
"waterfalls" considering each of the dedication candidates, Figures 2-10 through 2-15
represent the deintegration waterfall charts revised in the same manner. The manpower
and time savings exiracted from this data was then subiracted from the baseline manpower

2-19
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estimates to determine the manpower and TDY costs for the dedicated approach. These
data are given in Table 2-11 through 2~16, along with figures for the other cost factors
discussed below.

Dedication Cost Analysis - GSE Utilization

To determine the effect of Spacelab hardware dedication on the cost of GSE, GSE
Utilization/Involvement Time charts were prepared as they were for baseline cost esti-
mation, For the dedicated case, however, the effects of dedication were infroduced.
These effects were basically (1) shortening of the total serial processing fime in Level
IV Integration (Blocks 3 through 9) and Deintegration (Block 16), with resultant shorten-
ing of involvement time, (2) deletion of some GSE items from use altogether and (3)
possible changes in fransportation requirements and costs, The total GSE prorated costs
were then calculated based on unit cost and involvement time, as they were for the base-
line costs. Transportation also wes refigured by the baseline procedure, where changes
were found,

Tables 2-6 through 2-10 present these data for the six dedication candidates, where
they vary from the baseline GSE data. The resultant cost figures are also shown in the
Dedicated Cost Analysis tables for each candidate,

2-20
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JSCENE SPACELAR FLIGKT EGUIPMENT WITH SURSYSTEMS INSTALLED; EXPERIWENT FLIGHT EQUIPMENT; COMSOLES) AND SPACELARERPERIMENT/COHSOLE-UNIQUE & COMMON O5E
TRAMSPORT ALL EGUIPMENT TG LEVEL [V WRE AREA GR TO STORAGE AREA (5

PERFORM RECEIVIRG (NSPECTION ON ALL EGUIPMENT EXCEPT THE SHUTTLE INFRARED TELESCOPE FACILITY (SIRTF} AND THE MEBIUM ENERGY GAMMA RAY DETECTOE (MEGRD) (8)
IMSTALL SIKTF PAREL “A* O THE PS5 PANEL RACK [8)

INSTALL SIRTF PANEL "3 ON THE PSS PANEL RACK (&) -

(HSTALL ¥ PHGTOMETER/TELESCOPE (UN/PT) PANEL IN THE 955 PAREL RACK (7

INSTALL SMALL INSTRUNERT FOIMIING SYSTEM (5IPS) PRNEL IN THE PS5 PAMEL RACK (3]

JRISTALL FAR UY SCHMIDT CAMERAS/TEL ESCOFE PAMEL IN PSS PANEL RACK () E/

Ty

INSTALL (MSTRUMENT POINTING SYSTEM (IF5) PAHEL IN PS5 PAREL FACK (4]

IMSTALL MEGRD PAMEL 1M P55 PANEL RACK (3}

GOMNECT PSS PANELS 10 CE57 AT PORT LEADING EDGE CF PALLET 71 [HRECT SIGMAL CANLES) & TO DPERAIONS COMSOLE [5/5 & EXMERIMENT LL UNMS} ¢4
CONMECT DRERATGRS CONSOLE 10 CL51 AT STARBOARD LEADING EDGE OF PALLET 1 (4)

COMNECT GSE FLEX FREDN LIMES TO THE $/5 FREGN tOOP BETWEEN PALLETS F1 & #2 ()

SOMNECT G54 SIGNAL CANLES BETWEEN FALLETS 11 & 72 (3
COMNECT FREDM SERVICER (T412034A) TO REFNIGERATION URIT (P3121154) & TO 5/5 FAEON LOQP Q70 AT THE I CONNECTOR IRACKET ON MORT LEADTNG EDGE GF PATLIT F1, CONMECT RSFEN, UNITTO
COMMECT GSE FLEA FRECM LINES TO THE %/ FREG N LUK JETWEEN PALLETS 74 & 5 (1) FACILITY Hz0, SERVICE 55 FAEQN SYSTEM (10)
COHMECT G5E FLEX FREIN LINES TO THE /5 FREQN LOOP BETWEEN PALLEYS 92 8.9 (5)
CONNECT GSE 510G MNAL CABLES BETWEEN PALLERS :4 &:s (L]

£5 DETWEEN PALLETS 92 & #2(5)
GUN’:‘ECI eﬁ;:mlcxcm:u:uu TO PERIPHERAL £2LIHAENT CONSOLE TO OPERATORS CONSOLE 10 P53 PANELS) & 7O GROUND POWER SOURCE, COMMAND SPACELAD SUBSYTTEAY N AT T2 PRIFHERAL
FQUIFIENT CARSELE (i

mir
[T Locare pALLET N1 1N 13 PALLET INTEBRATION FOSITION

PALLET §2

LOTATE PALLET #2 10 IT5 PALLET INTEGRATION POSITION
THSTALL HARMESS CONTALMING 5644, SC-7A & SC-GA BETWEEN CBSJ, PALLET 12, & THE 173 BASE CONMEGTIOR BRACKET (i) [}
JHSTALL HARMESS CORTAINING PC-34, & PC—IA BEPNEEM EFDB, FALLET 43 AMD THE IPS BASE (8 (1) -

PALLET 12/4

PZRFCAM RECEIVING IRSPECTION OF SIRTF EQUIPMERT « VERIFY TELESCOFE 15 EVACUATED (18]
LOCATE PALLETS 3/4 IN THEIR PALLET INTEGRATION POSITION
JNSTALL HARNESS CONTAINING SC-3, S04, S35, PC-18, & PGB BETWEGH THE MIC & THE IP3/SIATE L/F RINKS €8 - [STOW MIC END FOR LATER CORKECTION) 18
INSTALL HARNESS CONTAINING 5€-33 & PC-4 BETWEEN THE CRYDGER TANK HEATER & THE IPS/SIRTF 1/F PING C1. (ST HEATER END R LATER CORMEGTION] (8)
INSTALL HARMESS CONTAIMING SC-g5 4 PC-B BETWEEN THE RUMSHADE ACTUATOR & THE IFS/SIKTF IF RING: Ch - (STOW SUNSHADE BND FOR LATER CONMECTION) i
ANSTALL HARIESS GOMTAINING SC-3 {7 HES) & SE-20 (REMAINING 13 HRS) BETWEEN CBS1, PALLET #2 & THE STF ATTACH TRUNMIGHS POWER/SIGNAL DISTAIITION BOX (SC.53 ANT THE SIKTF COVER TONS (SC-ic) - S1CW
FFETALL HARNESS CONTATHING SC-0 & PC-5 BETWEEM THE SIRTF ATTACH TRUNMIGNS BOX ATHE IMENT WAL, FALLET £5 {5C.#), AND THE EPON, PALLET P4 (PG5} o m’:%cm
INSTALL PC-7 BETWEEN EPDR, PALLET 15, AND THE SIRIF COVER ACTUATORS - {STQY COVER END FOR TATER CONNECTION] (1) ("' l“"“‘”"’" wox CONNESTION (22t
HOIST SIRTF TO PALLETS K34 & LOCATE 1M POSITICN fg) . UDNP!I'.‘IION(IO)
PERFORM ALIGNMENMT OF SIRTF & TORQUE ATTACH BOLTS TO PALLETS F37d PER INSTALLAFION DRAWING {8}
GONNECT GROUND POWER CABLE T SIRTP EXTERNAL POWER RECEPTACLE FOR vACUUM PUNP] (1}
CONNECT ALL COMNECTORS LEFT STQWED PRIOR O SIRTF INSTALLATION [E]

PEXTCRM BCEIVING INSHECTIGH OF MEGRD EQLIFNENT (18)

LOCATE PALLET #5 |H IT5 PALLET INTEGRATICHN FOSTTION

HNSTALL HARHE 5C-1 & PC-5 BET AL, PALLET ¥ (SC-AIL, & EPDD, FALLET F3 (PC-2}, & THE MEGRD . {STOW MEGRD KNS FOR LANER CONMECTRONS (5)
HOIST MEGAD TO PALLET 45 & LOGATE 1N POSITIOH (3}

TERFOAM ALIGHMENT OF MEGRD & TCRGUE ATTACH BOLTS TO PALLET #3 FEK INSTALLATION DRAING B

CONRECT $C-1) & FS-P CORKECTORS 1O 1HE HEGRD (2)

D VEREY LEVEL IW INSTALLATIOINS OF THE LV/PT & FAR UV SCHMIDT CAMERAS/TELESCOPE FXPERIMENTS USING PS5 PANIL RACK]8).

a 5IPS MAIK FOWER CONTRGL FUNCT ION GRLGFF

', CANISTER LAUNCH,/ENTRY LATCH OPERATION

a, SIPS OPERATICN ASOLT 7 AXI5

. SIPS OFERATION ABCHT ¥ AX1S

«, CANISIERS ABOUI YOKE Z ARIS

JETTISOR CIRCLIT MTEGRITY

CANISTLR "A* PURGE PRESS URE

h. 5IPS SCHAMICT CAMERA DODE GPENJCLOSE FUNCTION

L SCHMIDT SYSTEA MAIN POWER CIM/OFF FUNCHION

[« SGHRMIBT S¥STEM CAMERA § & 2 OM/CFF FUNCTION
SCHAIDY SYSTEM TV CAMERAS DTERATING FUMCTION
SCHMIDT SPSTEM FILM ADYANCE CRERATIOH

m, SCHMIDT SYSTEM OATA RETURM

n, CAHISTIR "8 FLRGE FRESSURE

2. PHOTOMETER MAIN FOWER ON/OFF CONTROL FUNCHION
Pr CHAKMELTRQRS (C1 TO C7) & PHOTOMETER (FAM-1 TO PMet) LOW VOLTAGE QIN/GFF
5. CHANRELTRORS (CT-1 1O C1.3) & MDIDM!TEIS {PA-1 TO PMd} LOW VOLTAGE OH/OFF
fe PHOTOMETER MODE COMIROL LOCAL,REMOT|

+» PHOTOMETER CALIBRATICH SOURCE €T & Fh IN/UU‘I

b PHOTOMETER CONMAND ENABLE/EKECUTE

ue PHOTOMETEK STAL PRESENCE RELATIVE MAGNITUDE METER
4, MHOTOMITER TRACKER LOCK ON/OFF

wa PHOTCGMETER GETICTUN MALFUNCTION POWER QRAS I

y PHOTOMETER GETECTOR MALFUNCTION ALDIO SELF/TOT
7+ PHOTOMETER OFERATICN CONTROL FUNCTIDN

ATFI¥AD 00T O
81 IDHVE TVNIDTIO

[ ViR 1svEL Iv (STALLATIONS OF THE SIRTF EXPERIMENT USING THE PSS PANELS (Il

a. SIRTF PANELS AkS MAIN WJNER CONTROL.
b, [PS MY POMWER CONTAGH
o € POWER VOLTAGE A et
4y TEST COMMAND PROGRAMMED: SEGUENCE RECEIVED AT SINF
#, TELESCORE COVER ENGAGE/DISENGAGE LATCHES (SIMULATED)
T TELESCOPE COMER EXTEND,/RETRACT {SIMULATED)
g TELESCOFE TRUMMIGN EN\SAGE/DISENGA.GE ll PLACES) (SIMULATED)
h. iP5 RING - FELEXCOPE COUPLING (5
CRYDGENIC TANK PRESSURE READS)!
L. CAYGGENRT TANK PRESSURE QUANTITY!E!‘DUUT
« SUNSHADE EXTEMHO/RETRACT {SIMULATED)
1. SECGND MITROR FOSITKIN 1/POSITION 2
my 3IRTE ITERMAL CALILRATION
m VIDEO INSTRUMENT POINTING SYSTEM COMTROL FUNCTION
o BUM AYOID ONAOFF FUNCTION
pe SIRTF MODE SWITCH AUTCAATUAL FUNCTION
Qe GRYCHFLOW RATE CONTRQE FUMCTION
e CRYD PURGE QN/OFF FUNCTION (SIMULATER)
L. WATER DUMP COMIRGL FUNCTIO K 1SHAULATED)
1. PSR, Y & Z GOMIROL & RESPGNSE [}

D VERIFY LEVEL IV INSTALLATIONS OF THE MEGRO EXPERIMENT LiSING THE =55 PAREL PACK {T)

a, COMMAND & DISELAY PANEL POWER CUNTRDLFUNCI’IQN
b, POWIR 10 EXPERIMENT QN/QFF COTTROL FUNCTION

o HIGH VOLTAGE UPPER & LOWER SPARK CHAMIENL CONTWL FUNCTION & POWEL VOLYAGE AT EXPERIMENT

4, TIME OF FLIGHT FUNCTION

+, SPARK CHAMIER GAS PRESSURE CONTROL 2 DISPLAY FUNCTION

#. CRY & KEYBOARD FUHCTION & DISPLAY FOR 1TEMS o THRCUGH »

ERVEY IN0TI0)

COMMAND SPACILAL UBSYSTEAS “OFF™ AT THE FERIPHERAL ECIIPMENT CONSOLE & DISCONNECT ALL QI CADLING & FLEX LEKES {12)
AEMOVE ALL CONTECH & DUSFLAY PAHELS PROMTHE PS5 PAREL RACK A SEGURE PANELS FOR JHPME NT (-0
TECUNE PALLET I FOR SHIPMENT l6]
SECURE PALLET ¥5 FCX SHIFMENT (4}
SECURE RALLETS #2 & Fa/4 FOH SHIPHIENT (o "
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RECEIVE SPACELAB FLIGHT EGUIPMENT WITH SUBSVEIEMS | NSTALLED; EXPERIMENT FLIGHT EQUIPMENT; CONSOLES, AN SPACELAR/ENPENIMENT, CONSLE UNGUE & COMMOM 638
TRANSPORT AL EQUIPMERT TO: LEVEL 1Y WORK ARER OR TO STORACE ALEA (3]

FERFORM RECEY IS, INSPECTION M ALL EQUIPMENT EACEPT THE SHUTILE INFEARED TELESCORE FACIITY {SIRTE) ARG THE 46 DIUM EERGY GAMMA IAY DETECTOR (MECAD) {4}
INSTALL SIRTE PANEL “A® D THE PS5 PANEL RACK. (8)

INSTALL SIRTF PANEL "5+ OM THE PSS PANEL RACK )

INSTALL UV PHOTQIETER/TELESCOPE {UN/PT) PAMEL 1N THE P53 PANEL RACK ()

INSTALL SMALL IMSTRUMENT FQIINTING SYSTEM (5175) PANEL 1M THE PS5 PANEL RACK (3}

INSTALL FAR UV SCHANDT CANERAS/TELSSCOPE PAMEL IN PS5 PANEL RACK (4)

INSTALL (RSTRUMENT POINTING SYSTEM (PS) PAREL M PSS PANEL RACK [4)

INSTALL MEGRD PAREL (M PS5 PANEL RACK {51

CONNECT PSS PANELS TD C527 AT PORT LEADING EDGE OF PALLET #1 (DIRECT SIGHAL CASLES) 4 TO OPERATQRS CONSGLE [5/5 & EXMELIMENT L. UNITS) H)
COMNECT QFERATOR] GOMIOIE TO CpSL AT STARBOARD LEARING EDGE OF PALLET #| i)

CORNSET GSE FLEX FAEDM LINES TO THE 5/5 FEEON LOOP BETWEEN PALLETS #I & #2 (3)

COMNMECT GSE SIGMAL CASLES BETWEEN PALLETS Fi & F2 (5)

CORMECT FREDH SERVICER (%120044) 12 REFRIGERATION UIIT (FS121158) & TO 5/5 FRECH LODP Q/Di AT THE 1,F CONNECTON MACKIT ©N PORT LEADING :mol m,m ), CONMECT RIFER, UNIT Y
CONMECT G55 FLEX FREG LEMES TO THE 55 HRON LOOR MTWEER PALLETS #4 & 13 |3} LY M SERVICE % MCH lmu e
CONNECT GLE FLEX FRETN LINES TO THE 5/3 FREON LOOR ALTWEEN PALLETS #2 4 F3 1)

COMMECT GSE 5IG NAL CABLES BETWEEM PALLETS 41 8. f5 1)

COMNECT GSE 51GNAL CAMES 3ETWEEN PALLETS 2 4 43 ()

CQNh:ErT RUUMND PC’(\;J]ER CANLE TO PERIPHERAL EQUIFMENT CONSOLE; TO OPERATORS COMIOLE; TO M58 FANELS; & TO GROUND KIWER SOUACE, COMMARD SIACELAD SUTSYSTENS "Oh® AT THE MER[MHERAL
EQUIPMERT CONSOLE

Lnowiod

PBALLET 9L .
LOCATE PALLET #1 (M 1T PALLET INTEGRATION POSITION

HOIST S|P3 T PALLET M AND LOCATE 1N POSITION {8

PERFORA ALIGHMENT OF 5IP5 AMG TORGUE AFIACH BOLTS TO PALLET #) FER IHETALLATION DRAWING {1)

IHSTALL HARKESS CONTAINING FC. [AC), PC2 (DC), SC-1, 5C-3, AND SC-17 WETWEEN THE SIPS CONTROS, ELECTRONICS UNIT & ru:tm. FALLET 71 {AC.t 9C.Th THE EXPERIVENS WAL (5C-12 - S(#5 CONTROLL; THE EXPERIERE
INSYALL V/PT CAMISTER OM THE $IPS (81 RCOMHECTING SYATIOM {15] (5C-1-5CHMBT CONTEOL/DATy $C-2 « WW/PT CONTRCL/DATA} (1)
UNSTALL FAR UV SCHAMDT CANMERAL/TELESCOPE CANISTER OM THE !\P! []

COMNECT GHg SOURCE YO GD'S O B37H CANISTERS (1)

PALLET 12

OCATE FALLET £2 1M IT5 PALLET INFEGRATIOM FOSRLON
INSTALL HARNESS COMIAINING SC~5A, SC-7A 5 SC-BA BETWEEN CBSY, PALLET 72, & THE IPS BASE CONNECTQR BRACKET {0} W]
THETALL HARMESS COMTAINING PC-A, & PG4 SETWEEH EFDR, PALLEY 2 AKD THE |PS SASE B {5)

°G-g @nBiy

LT R
[T ) peirorm meck NG (MSFECTIGN GF SINTF EQUIPHENT - VERIF'Y TELESCOPE 15 EVACUATED {15}

PALLET 45

PERFCHEM RECEIVING. INSPECTION OF MEGRD EGUIPMERT {16)
LOCATE EALLEY P 114 IT5 RALLET INTEGRATION POSTICH
INSTALL HARNESS CONTAIMITKS SC-11 & PGP BETWEEN EXTERIMENT RAL, TALLET 3 [3C-11), & TIDB, PALLET ©2 (M), & PHE MEGAD ~ (FTOW MEGKD ENUS FOR EATER CONNICTIOMS (5}
HOET MEGRE TO PALLIT #5 & LOTATE [N POSIDN 4]
PERFCAM ALUGKMENT OF MEGRD & TORGIUE ATTACH BOLTS TO PALLET P5 FER IMSTALLATION DRAWING H
CONNECT 5C-1] L KC-9 CONNECTORS TO THE MEGAD 2)

[ veniew everL v sstaLLATIONS OF TIE UVYFT & FAR Uy SCHINIT CAMERAS/SELESCOTE EXPEMMENTS WSING PS5 PANEL RACKI{D)

SIFS MAIN POWER CONTAOL FUNCTION QN-OFF
CANISTER LAUNCH/ENTRY LATCH GPERATION
$195 ORERATION AGOLT 2 AXIS
5P5 CPERATION ABOLT Y AXIS
CANISIERS ABOUT YOKE T AMIS
JETISQN CIRCUIY (TEGHITY
CANISTER “A" PURGE PRESSURE
31P5 SCHIMIST CAMERA DODR OFEN/CLOSE FURCTION
SCHMIDT SYSTEM MALN FOWIR ON/GEF FUNCTION
SCHMIDT IYITEM CAMERA | & 2 ON/OFF FUNCTIDN -
SCHMIDT SYSTEM TV CAMERAS ORERATING FUNKTION
CHAIDT SYSTEM FILM ALVANCE OPERATION
SCHMIDT SYSTEM DATA RETURN
CAMISTER "4 PURGE PRESSLIRE
, PHOTONMETER MATM POWER QMAOFF COMTRAOL FUNCTION
CHAHMELTRO NS (01 T0 £7 & PHOTOMETER (PAL-1 TO pM-4] LOW VOLTAGE ON/OFF
o CHANMELTROHS (CT-1 10 GT-7) & PHOTOMETERS {Pik~] TO PM=4) LW VOKTADE OM/OFF
PHOTOMETER MODE CORTRCL LOCAL/REMOTE
PHOTOMETER CALIERATICH SOURCE CT & FM INOUT
PHOTGMETER COMMAND ENABLE/EXECUTE
PHOTOMETER STAR FRESENGE lmﬂ‘& MAGHNITUDE METER
FHOTOMETFR. TRACKER LOCK ON/GF
- PROTONETER DETECTOR MPUNCTION POWER CN/ORF
y A TELF/TOT
FHOTOIETER OF ATION CONRRDL TUMETIGN

o govd TVNIDIHQ
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VOl 900d 30
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[CTTT] VERIFY LEVEL Iv INSTALLATIGNS GF THE SIRTF EXPERIMENT USING THE 1SS PANELS (16

a, SIRTF PANELS AAR fAAIM FOWER CONTRGL
ba IPS MAIN POWER COMFROL
<. POWER VOLTAGE AT SIRTF
A=TEST COMMAND PRO™G RAMMED SEQUENCE RECEIVED AT LINTE.
=, TELESCOPE COVER ENGAGE/DISENGAGE LATCHES (SIMULATEC)
. JELESCOPE COVER EXJEND/RKTRACT [SIMULATEDY
@ TELESCOPE TAUNNION ENCAGE/DISENGAGE (l PLACES) (5| WILATID)
h. 1F5 RiG - TELESCOPE CAUPRLING {SIMULATED]
1, CRYQGENIC TAME PRESSUAE READKIUT
CRYQGENIC TARK PRESSURE QUANTITY READOUT
SUNSHADE EXTEND/RETRACT [HIMULATED}
I, SECOIND MIBRGR POSITION 1L/FOSITION 2
m, SIRTF JMTERMAL CALIBRATION
- WIDEG INSTRUMEMT FOINTING SYSTEM CONTRGL FUMCTION
SUN AVYQID OR/OFF EUNCTIGN
#a SIRTE MACDE SYITCH AUTO/MANUAL FUNCTION
q. CRYOFLOW PATE COMIROL FUNCTION
72 CRYO FURGE QRLIFF PUNCTICN (SIMULATED}
1. WATER DUMP CONTROL FUNCTION (swumsm
ta IF5 X, ¥ & Z CONIROL & RESPOMSE W)
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[0 vemry LEWEL 3 INSTALLATIGNS OF THE MEGRD EXPERIMENT USING THE R5S PANEL BACK ¢
€, COMMAND & DISTLAY PANEL POWER CONTROL FUNCTION
%, POWER 10 EXPERIMENT ON/OFF CONTROL FUNCTICH
- HiGH VOLTAGE UFFER & LOWER HPARK CHAMIEN CONTATL FUNCTION & FOWER MOLTAGE AT EXPERIMENT
. TINE OF FLIGHT FUNCTION
#. SPASK CHAMBER GAS PRESSURE CONTROL 4 DISFLAY FURCTION
f, CAT & KEYDOARD FUNCTION B DISTLAY FOR ITEMS o THROUGH «

MAMAND SPACELAN SAIBSYITEMS ~DFF* AT THE FENIPHERAL EQUINMENT CONSCLE & DISCONHECT ALL GSE CAMING & FLEX LINZS (19
PEMTYE ALL CONTROL & DISHLAY PAMELS FROM THE PS5 PANEL RAGK. & SECURE FANELS FOR SHIWENT 4]

SECURE PALLET A1 FOR SHIPMAENT ) .

SECURS PALLET 5 FOR SHIPMENT ()

L
[ SECURE PALLETS 2 & 43/4 FOR SHIPMENT fg"
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| RECENVE 8 INSPECT RACK 3 END ITEMS (14,08
INSTALL END ITEMS IN RACK 3 {14.0} .
INSTALL SEGNAL HARNESSES |N RACK 3 (2] 0)
[ INSTALL POWER HARMESS 1M RACK 3 {18 0}
[ RECEIVE & INSPECT RACK 4 END ITEMS {15,0)

- |_INSTALL END ITEMS IN RACK 4 (15,08
. l | INSTALL $IGMAL HARNESSES 1N RACK 4 {11,0)

| INSTALL POWER HARNESS IN RACK 4 (16,0)

| INSTALL PLUMBING LINES IN RACK 4 (16,0}

] l RECEIVE ANOD |NSPECT RACK 5 END ITEMS {5.0)
INSTALL END ITEMS IN RACK 5 (5 0)

. ENSTALL WATER LINES IN RACK 5 {8,0)
- INSTALL SIGMAL HARNESS IN RACK 5 (8,0)
INSTALL POWER HARNESS IN RACK 5 (8 ()
I RECEIVE & INSPECT RACK 6 EMND ITEMS {5 0}
|MSTALL END ITEMS IN RACK 6 (5.0)
IMSTALL WATER EINES |M RACK & (8,0}
INSTALL SIGMNAL HARMESS I[N RACK 4 {8.0}
‘ : INSTALL POWER HARMESS [N RACK & (8.0)
] RECEIVE AND INSPECT RACK 7 END ITEMS (5,0}
INSTALL END ITEMS IN RACK 7 (4,0}
ENSTALL PLUMBING LINES [N RACK 7 (12,0
INSTALL SIGNAL HARNESS IN RACK 7 (8,0)
TNSTALL POWER HARNESS {N RACK 7 (8.0)

RECEIVE & INSPECT RACK 8 END ITEMS (4 0)
INSTALL END ITEMS IN RACK 8 (8 0)

INSTALL POWER HARNESS 1IN RACK B (4,0)
[NSTALL PLUMBING LIMNES |N RACK 8 {6 0}

[ RECERVE & INSPECT RACK 9 EMND ITEMS (15.0)

] INSTALL END ITEMS IN RACK 9 (15 0)

L

I INSTALL SEGNAL HARNESSES {N RACK ¢ (22.0)

I INSTALL POWER HARNESS IN RACK ¢ (15.0)
. ‘ | INSTALL RADIOACTIVE GAS LINES IN RACK 9 (12.0)
‘ ] RECEIVE & INSPECT RACK 10 END ITEMS (13,0}
T ] NSTALL END ITEMS 1IN RACK 10 (15 o)
"] INSTALL SIGMAL HARNESSES IN RAGK 10 (17,00
[ | INSTALL POWER HARNESSES IN RACK 10 (16 0)

l ENSTALL PLUMBING LINES IN RACK 10 {18.0)

I RECEIVE & [NSPECT RACK 1) E,ND ITEMS (8.0}

:l RECEIVE & INSPECT RACK 12 END ITEMS {11.0)

[ ] rECEIVE & INSPECT FLOOR MOUNTED END ITEMS (9 0)

| BALANCE RACK COOLING SYSTEM AIR FLOW {16 0)
CONNECT AND CHECKOUT OPERATORS CONSOLE (16,09

Figure 2-6,

COMNMNECT EXP RELATED GSE {8,0)

Life Science Payload Options B4/B5 ~ Dedicated Racks 11/12/Floor

EXPERIMENT INTERFACE VERIFICATION TESTS (36 0)
COMBINED PAYLOAD CHECKOUT (14,0)
SECURE TEST $ETUP & GSE {8.0}

(Sheef 'E of 2) . ] I PREF FOR TRANSPORT (12,0}

SD 78-SR-0009~3
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i RECEIVE & INSPECT RACK 3 END ITEMS (15,00

TNSTALL SIGMAL HARMESSES TN RACK 3 (21.0)

{ l INSFALL END JTEMS EN RACK 3 {14,0)
i

INETALL POWER HABNESS |M RACK 3 (12,0)

RECE{YE & INSPECT RAUK 4 END ITEMS {15,0)
PNSTALL END ITEMS 1N RACK 4 {15.0)
ENSTALL SIGHNAL HARNESSES 1N RACK 4 (11.0)
[

} INSTALL PCAWER HARNESS 1 RACK 4 (k3,01

PERFOM INFERFACE VERIFICATIC M TEST (20, 0)

AMNSTALL FLUMBIMG LINES INRACK 4 {18,0)

FECEIVE & INSPECT RACK 3 END ITEMS [5,0)
THSTALL END ITEMS [N BACK 5 [5,0)
INSTALL WATER LINES IN FACK 5 (5.0)
IMSTALL SIGMAL HARMESS 1N RAGK & (4,0)
JMSTALL POWER HARMNESS IN RACK 5 (8,0

MERIFKCATION TESTS {12,0)

KRECENE & INSPECT RACK & END ITEMS (5,0)
LBESTALL END ITEMS IM RACK & {5.0)
INSTALL WATER LINES JN RACK 5 {8,0)

INSTALL SIGMAL HARMESS (M RACK & (8.0)
INSTALL POWER HARNESS |M RACK & (8.4}
VERIFICATION TESTS (12,00 T

RECEIVE & INSPECT RACK 7 ENT ITEMS (5,0}

INGTALL END ITEMS EN RACK 7 (5,0)

INSTALL PLUMBING LITES [N RACK 7 12,0}

|2TALL SIGNAL HARNESS [H RACK 7 {B.08

INSTALL POWER HARMESS N RACK 7 (8,0}
RECEIVE & INSPECT RACK 9 END TTEWS (.00
TNSTALL EMD [TEMS IN RACK B {3.0)

VERIFICATLIO N TESTS (9.0}
ENSTALL FOWER HARMESS N RACK B (4.0}
JRGTALL FLUMBING LINGS M RACK 8 {5.0]
VERIFICATION TESTS (%,0)
RECEIVE & INSPECT ZACK § END ITEMS (15,00
1

| INSTALL END ITEMS IN RACK 9 {15.0)

{ INSTALL SIGMAL HARMESS IN RACK @ (22.0)
IMSTALL POWER HARINESS 11 RACK ¥ (15,00

BECEIVE & FNSFECT RACK 10 ENG ITEMS (13,00
INSTALL END {TEMS 1M RACK 10 {15,0]

VERIFICATION TESTS (15,8}

FOLDOYL FRAME,

ORIGINAL PAGE I3
OF POOR QUALITY

| INSTALL RADIOACTIVE GAS LINES 1M RACK ¥ [(12.0)
VENEICATION TESTS (13.0)

INSTALL SIGNAL HASMNESSES IN RAGK 10 {17.0}
{MSTALL POWER HARMNESS 1IN RACK 10 {15.0)

| 3MISTALL FLUMAING LIFES 14 RACK 10 (18,0}

[ RECEIVE & INSPECT PACK 13 END ITEMS (8.0

1 recenve s nsrecr rack e imems (.0

T necemve 8 INSPECT FLOOR MOUNGER ESD TEMS (9.1}

Figure 2-6,

VENFICATION TESTS (150

LINES IM FLOOR ASSY {40,0] N

VERIFICATION ZESTS (17.0)

INSTALL GSE CABLES TG SIMULATE REMAINING FLOOR MOUNTED HARNESSES (17 CABLES) (18,00
EONNECT GSE POWER CABLES TO /L POWER 4US [2,0)

CONNECT EXPERIMENE RELATED GSE (8.0)

CONNECT & CHECKDUS CIPERAFORS CONSOLE (2,9

COMBINED PAYLOAD CHECXOUT (15,0)

SECURE TEST SETUP & GSE {8,9)

PREPARE FOR TRANSPORT (12.0)

INSTALL EXP 74 PLUMAEIHI

& 11/12/Floor
(Sheet 2 of 2)

Life Science Payload Optians B1/32 Dedicated Ra

PRECEDING PAGE BEANE NOT FILMED 2:27 2.28
£27, 2-
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EDCEWE & SHTECE AAGK 5 £ 4 END TEWS 9,00

INSTALL END ITEMS |4 RACK 5 (5,100

IMSTALL END ITEMS IH RACK 6 §6.0)

INSTALL THE COMMISTION CHAMAR (EXP $T—25 ERD ITEM 1) ON THE ALOOR SEGHERT 4.

JNSTALL POWER KARKESS QN ZACK 5 (12,01

INSTALL SIGMAL KARMESS ON RACK § (12,0)

IFSTALL POWER HARNESS iN EACK & (12.0)

ENGTALL 510G MAL HARMESS IN RACK § (12 0}

JHSTALL PUSMBNG LINES TQ COMBRISTIENN CHAMSER (12.0)

RECEIVE L IHSPECT RACK 1 EHD (TEWS (0.0

INISTALL ERD ITEMS 84 RATK 3 700 {fOLDOUT FRAME }
INSTALL POWER HARRESS 1 RAGK 3 {10 0

INSTALL SIGHAL HARNESS I8 RACK 3 (10,0}

INETALL GUMP LINE FROM EXP, ST-2| EMD ITEM & TO RACK 3A INTERCQNAECT FANEL (A_q.

RECEIVE § INSPECT KAGK £ END TTERS (8 0)

INSTALL END TTEMS 174 RACK 48 (4 ©)

LHSTALL END ITEMS INRACK 48 (5 0}

IMSTALL POWER HARMESS IN RACK 4B (5 8)

IKSTALL SIGHAL HARNESS IH PACK 48 (10.0)

INSTALL POWER HAZMESS (rd RACK 44 {6,0)

IMSTALL SIGMAL HAINESS IM RAGK 24 (10,0}

IRTALL AR COOLIG ASSY 2,01
BALANCE RACK COOLING SYSTEM (8.0)
THSTALL UNDER £ COR HARMESSES 132 0

RECEIVE & INSHECT PALLET 1 IRSTALLED END [TEMS (0.2
T INSAU A & ven unes (o

BECENE A& INSPECT F55 INSTALLED END ITEMS (8.0)

INSTALL EXP SF.2 END WEM 7 QNS5 (2,60

INSTALL EXP SF-2END ITEMS 16 QN F35 (2 0)

JRSTALL EXF ST ENG 1TEnLS 5 & 12 O 4 F55 (4.0}

INSTALL AOWER HARNESS ON F3S {8,0)

INSTALL SIGNAL HARNESSES OH ESS (10.09

ASIEMALE & INSTALL EXP 5T EMO ITEMS DM TRIMNION SUPPORT RASE OF QPTICAL IZNCH ASSY (14.0¢
ASSEMBLY £ X2 EMD ITEMS {5.0)
TNSTALL B3 X2 END ITEMS QN TRUNN QN SUPPORT EASE OF GFFICAL BENCH ASSY B.0F

IECENYE B JMSPECT PALLET 2 INSTALLED EMC ZEMS (1200
INSTALL EMD [TEMS ON PALLET 2

INSTALL POWER HARNESSES QM PALLET 21260
L SNSTALL SIGHAL HARHESSES ON PALLET 2 (52.00
ANATALYL OPTICAL BEMCH ASSY OM PALLET 2 {8 G}
INSTALL S, VEMT LINES 2.0
IBSTALL $H, CIvER BOARD BLEE LINES (6,00
PFOSTION PAYLCAD SUBASSEMALIES FOR VEEF ICATION TESTS (8,0}
CONNECT G5E FLUMBING {4.0)
CONKECT 35 TO RACK/FLOCR ASSY (4,0}
CROMMNECT PALLERS TO BAGK FLOOR ASSV(4,0)

CONMECT GSE POWER CARLES {3,0) [
FOLDOUT m _ | vemFicATiON TESTS (85 01

COMEINES PAYLOAD CHECKCHT (16,04
SEGLIME TEST EQUUPMENT {3,0)

DISCOMNECT PAYLOAD T30 ASSESLIES (5,0}
PREP FOR TRANSPONT (18,0,

Figure 2-7,  ATL Payload - Opticns B4/C4 Dedicated Pallet 1 (Sheet 1 of 2)

2429, 2-30
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MECEIVE AND IRSPECT RACK 3 END [TEMS 1,0}

INSTALL EMD TEMS IN PACK 3 7,0}

SMSTALL PCWER HARESS [N PACK. 3 (10,0}

INSTALL SIGMAL HARNESS IN RACK 2 (10 0

IMSTALL BUMP LIKE FROM ST-21 £ 6 TO RAGK 24 INTERCONNECT PAMEL (6,00
CONNECT FACIUTY FOWER AMD GSE 4 )

VERFICATION {8 0]

SECURE TEST SETUP (.0

EECENVE AND IHSPECT RACK 5 AND ¢ EMD ITEMS (8.0}

INSTALL EMO ITEMS [N-RACK 5 (5-0)

LHSTALL END (TEMS IN RACK § (5,0)

IHSTALL THE COMBUSTION CHAMSER (EXP ST-25 EI 1) &N THE FLODL SEGHENT .00

THSTALL POVWER HARMESS 1M RACK 5 (1.0}

INSTAIL SIGNAL HARPIESS 1M RAGK 5 (12 0}

THETALL POWER HARMNESS HN BACK 6 {12 0]

INSTALL SIGNAL HARNESS W RACK & (12,0]

THSTALL PLUMAING LINES TC EXP ST-35EL 1 (12.0)

L2777 mecense & IMSPECT PALLET 1 IKSTALLED ERD ITEMS @.0F

POSITHON & CONNECT RACKS 5 3 4 TO PALLET 1 & CONMECT G3E 0]
NERFICATION (20,01

SECURE TEST SETUP 2.3

MECENE & (NGIECT RACY. 4 END FrEms (8,00 Vo ORIG]N-AIJ PAGE ’IE
e e A LD . OF POOR QUALITY

INSTALL PFOWER HARNESS 1M RACK 43 [ G)

INSTALL $|GHAL HAZHESS IN RACK 42 (10,0

IMSTALY, POWER HARMESS 1N RACK 44 {50}

INSTALL SIGNAL HARNESS INRACK 4A [16,54

RECEIVE & [MSPECT F35 INSTALLED END [TEMS (203

INSTALL EXP SF-2 END ITEM 7 ON PS5 (2.0)

INSTALL EXP $F-2 END ITEMS 1 ONFSS (2 2

SPETALL EXP ST-288 M0 ITEM 5 & 10 ON FSS 4.0}

INGTALL FOWER HARHESS OM PSS (8.0}

INSTALL 51G NAL HARHESSES OH F$5 {10 €}
OORMECT GSE BETWEEN BACK 4 AMD F55 (4 ©)

ASSENVALE & FNSTALL EXP 570 END ITEMS DN TRUNNIDN SUFPORT BASE OF DFTICAL BEMCH ASSY {14.8)
ASSEMEILE EXP X~ END ITEMS (5 00
THSTALL £ X-2 ENEY [TERS M TRUNMOM SUPPCET BASE OF CFIICAL BEMCH ASSY (9,00

[T et et s s wssnito i s ot
IMSTALL END ITEMS QN PALLET 2 {14.00
¥ | IMSTALL POWER HARNESTES D84 PALLET Z (2000 NLDOUT mAM:;B SZ'J

I INSEALL SIGMAL FALLET 2 (34,0}
_ IRSTALL CRTICAL BEMCH ASSY OM PALLET 2 (L0
INSIALL S, VENT LINES (5.0}
IWSTALL FHy OVER BOARD HEED LIMES (6,00
COOPMECT PALLET G5E CANLES TO RACK 4 44,01
CONMECT FACILITY POWER & QISE CARLES 4,6}
1 VERFICATION TESTS fo,0]

SECURE TEST SETUF 2.0)
JNSTAZL RACKS 5 B 4 G FLOOR ASSY (6, 0)

. INSTALL UNDER FLOOR HARNESSES (220}
FOSTIGH PAY LOAD SUBASSEMBLIES FOR COMBINED #AYLOMS CHECKOUT [4.0)
|CONNECT INTER-PALLET GSE CANLES ¢.0)
: COMNECT F55 1) PALLET AND RACK/FLOOR ASSY H,0)
CONMECT PALLET T RACK/FLOOR ASSY {4,0)
CONMECT FACILITY GSE CABLES (5,0)
COMMMNED PAYLOAD CHECKOUT {14.0)
SECURE TEST EQUIPMENT (3.0}
DISCONRECT PAYLOAD SUBASSEMBLIES 8,01
PREF FOR TRANSPORT (1.0

ATL Payload - Options B1/C1/C3 Dedicated Pallet 1 (Sheet 2 of 2)

2-31, 2-32
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RECEIVE & INSPECT RAGK 3 END ITERS (2.0}
IRSTALL END ITEMS TMRACK 3 {7200
INSTALL POWER HARRESS 1M RACK 2 {10,8)

INSTALL SIGMNAL HARHESS 1M EACK 3 104}
[MITALL DUAP LINE FEOM EXF. ST-21 ERE [TEM & TOIACK $A INTERCONNECT BAMEL (4.9

RECEIVE & IMEPECT RASK 4 ENG TTEMS (.4
JNSTALL ERITY TEMS INRACK 48 (4.6)

i s O

INSTAEL S[5G AL HARMESS IN RACK 43 {161
INSTALL POWER HARESS [N IACK 44 (5.8
INSTALL SIGHAL HARNESS H PACK 44 0od

IMETALL AIR COOLING ASSY [2.0)
BALANCE RACK CODLING SYSTUN §5, 8
INSTALL UNDER FLOCH HAANESTES 02,8

FECEIVE & INSPECT PALLET | INSTALLED ERD ITEMS PO}
INSTALL ERGy ITEMS M BALLET 1 8.0

IHSTALL FILL & VENT LINES (4.0}

| INSTALL POWER HARMESSES DM PALLET 1 {34 )

] IMSTALL SKGKAL HARNESSES GM PALLET 1 [aa, 6]
INGTALL EXP ST-10 AHTENNA ASSY ONFALLET T (7.9

KECENVE & IREPECT F3S INSTAILED THD TTEMS (W31

INSTALL £ SF-2 EHD ITEM. 7 OMFS5 (2.6

TMSTALL EXP SP-2EHD ITEMS 1-6 OM F55 Q.0

IMSTALL EXP ST-248 END FIEMS 5 & 10 ONFSS (4,00

IMSTALL PCrWER HARNESS OM PSS (@.0]

LMETALL SIGHAL HARNESSES O N F5S (10,8

ASSEMBLE £ IMSTALL EXP $T-3 END ITEMS GN TRUNNKGN SUPPORT BASE OF OFFICAL SEMCH ASSY (4,8
ASSEMBLY EXP X-2 END ITEMS (5.0)
NSTALL EXP X2 ENO [TEMS OM TRUNNION SUFROIT WASE OF OFTICAL EECH ASSY A

] 1METALL FOWER HARNESSES QN PALLET 2 1250
] IMSTALL S1GNAL HARNESSES ON PALLET 2 (2.0

NSTALL OFTICAL BENCH AS3Y DN PALLET 2 (6.0

INSTALL $Hy VEMT LINES (5.0)

INETALL 5H, OVER BOARD HEED LIMES {5.5)

PFOSTIIN PAVLOAD SUBASSEMALIES FOL VERIFICATHIH TR &0, 04
CONHECT G3E PLUMMING {4,0)

OMNECT F5§ T3 RACE/FLOTR ASSY {4,08

CONRECT PALLETS TO RACK/FLOOR ASS Y0}
COMMECT GSE FOWER CABLES (7.0

RECEIVE & IMSPEGT PALLET T IMSTALLED EHOD [Toas (124
IMSTALL EINE TEEMS ON PALLET 2 (1.0

[

' | vemFiCATION TESI (65 )

Figure 2-8,  ATL Payload Opticns B4/C4 - Dedicated Racks 5/6/Floor {Sheet 1 of 2}

2-33, 2-34

FOLDOUT FRAME

F

COMBINED PAYLOAR CHECKOUT (14.5)

TECURE TEST EQUIRMERT 0.3

BHSCONNEGT PAYLOAD 38 ASSEMTLES (5,00
FREF FOR TRANSPORT Hée]

3D 78-SR-0009-3
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VE L [MSHCT PALLET 1 {NSTALLED ERO ITEMS (1,0)
INSTALL ENp {TEMS OH PALLET 1 (8.0
(]
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RECEVE AND |NSPECT RACK 3 END TEMS (8.0}
{NSTALLEND MEMS IN RACK 3 (7,0)
INSTALL POWER HARNESS 1M RACK 1 (18,8)
INSTALL SIGMAL HARMESS INRACK 3 (10 0}
INSTALL DUME LINE FiOM ST-21 Z1 4 TG RACK 3 INTERCONHECT PAREL (6.0
COMMNECT FACILITY POWER AND GSE 4,0
VIRIFICATIOH (6,00
SECULE TEST SETUZ ¢2.8) .

ORIGINAL PAGE I3 POLDOUT FRAME oA’
OF POOR QUALITY

[ ] mcive b INSPECT RACK 5 ANND 4 EMOITENG 3 0)

INSTALL FHLA & VENT LIPS

LNESTALL POWER HARNE SSES ON PALLET 5 300

INSTALL SKSMAL HARMESSES ON PALLES 1 (63 O

IMSTALL ST-TO EL 4 G2 PALLES 1 (B.0)

POSIEIAN & CONNECT RACKS § & 4 TO PALLET 1 & CONNECT GSE[4.0}
VERMCATION R0 0

SECURE TEST SETLP (2.0

MECENVE & | NSPECT RACK & ENDITEMS 8.0

IREALL END STEMS TN RACK 48 14,03

|NMSTALL ENO ITERS 1N RACK 44 (6.8

INSTALL POWEN HARMESS 1M RACK 40 (6.0)

INSTALL SIGNAL HARNESS IN RACK 48 (10,8}

ERETALL POWER LARNESS. [ RACK 4A [5.0)

INSTAZL SIGNAL HARMESS TH BACK 4k (10,64

RECEIVE & IMSFECT F5S INSTALLED END ITEMS (0.0}

INSTALL EXF $F-2 END [TEH 7 ONFSS {7 0}

INSTATL EXP SF-2 END ITEMS [-5 ONFS5 (2.0)

INSTALL ExP ST-248 EMO ITEM 5 1 19 ONESS ¢4 )

INSTALL POWER HARNESS ON FS5 (3.0

INSTALL SIGHAL HASMNESSES G FSS (10,0
CONMECT GSE BETWEEN RACK 4 AND F55 (1,0)

ASSEMBLE & INSTALL EXP S1-3 B0 EMS ON TAUNNION SUPFORT MASE OF OFTICAL BENCH ASSY (14.0)
ASSEMELE EXP X2 END [TENS {5.0]
INSTALL B X2 ENDI ITEMS N TRUNIO N SPPORE BASE OF OFFECAL BEaCH ALY (4.0}

PECEIVE & TRSPECT PALLET 2 |INSTALLED BND (TEMS (12,0}
IHETALL END FEMS QN PALLET 2 (14,0)
I ] INSTALL POWER HAGNESSES N PALLET 7 (26,7

I ] 1MSTALL SIGHAL HARHESSES ON PALLET 2 35,0

INSTALL GRTICAL BENCH ASSY ON PALLET 2 8.0}

SRETALL Sty VENT LINES (5.C)

IHSTAL 54, OVEL BOARD BLETD LINES §8.04

GEMNELT TALLET G5 CANLES TO RACK 4 (4 0}
COIMNECT FACILITY FOVER & GSE CADLES {#.0)

VERFICATION FESTS (a0

somETEST R )
IRGSTALL #8075 3 & 4 DM FLODR ASSY (6,08
Y HNETALL UKDTR FLOOR HARNESSES {32:0F

FOSTION PAYLOAD SUBSSSEMELIES FOR COMAINED FAYLOAD CHECKOUT (4.0

DOMMECT INTER-PALLET GSE CABLES (4 0)

CONMECE 55 TO PALLET ARD RACKFLOOR ASSY @, 0)

COMKECT PALLET 10 RACK/FLOOR ASSY [+,0)

CONMELT FACILITY GSE CABLES (3,0

COMHNED PAYLOAD CHECKOUT {16, 00

SECINE TEST EQUIPMENT [ 0

DISCONMNECT PAYLOAD SLEASSEMILIES 6.0}
LY FOR TRANSECHT (74,09

Figure 2-8,  ATL Paylond Options B1/B3/C1/C3 - Dedicated Racks 5/6/Flcor (Sheet 2 of 2)

: 2-35, 2-36
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RECEIVE & INSPECT FACILITY 1 EMD ITEMS 14 2 (1)

RECETNE & INSPECT FACILITY 2 ENG IVEMS 1,2 & 3 (1)

RECEIVE & THSPECT EXPERIMENT SUPPORT EQUIPMENT (7)

IMSTALL PALLET ON INTEGRATIGN TRQLLEY & ASSEMOLY STAWD (5}
INSTALL FACILITY /I PROCESSIKG GHAMBER [EL-Z) QM PALLET (2)
INSTALL FACILITY 2 CG-5 PROCESSING GHAMBER (EI-2} ON PALLET [2)

ORIGINAL PAGE IS

INSTALL PUWER HARNESS FROM FACILITY 1 E1-2 & FACILITY 2 E1-2 & 3 70 EPDE (i0)
INSTALL STGRAL HERNESS FROM FACILITY 1 EL-2 & FACILITY 2 £1-2 & -3 TO RAU {18)
INSTALL FAC 1,2,3,4 CONTROL/DISALAY PANEL EI-1 IN SIMULATED PSS EMPLACED ON FLDOR (2)
CONNECT OC POWER CABLE FROM FACILITY POWER TO OPERATORS CONSOLE & TO PALLET DG IN GONNECTOR (2}
CONNECT AC POMER CABLE FROM OPERATORS CONSOLE TO PALLET AC CORNECTOR (1)
COKNECT SIGNAL CABLE FROM OPERATORS CONSOLE 0 PALLET DATA EUS COMNECTOR (1)
CONNFCT DC CABLE FROM FACILITY T0 PSS PANEL RACK (1)
CONNECT SIGNAL GABLE FROM PSS PANEL RACK TO OPERATORS CONSOLE (1)
COMNECE SIGNAL CABLE FROM C857 T CAW PANEL SIMULATOR (1)
COMMECT GSE FREON SERVICTNG UNIT A REFRIGERATION UNIT & SERVICE SYSTEM - 6 FLEXLINES (7)
ERIFY LEAK-FREE GAS & FREON SYSTEM (8}
| VERLFY LEAX-FREE COOLANOL SYSTEW (4}
VERIFY APPLICATION OF POWER TO FACILITY 1 & 2 AT EL-1 {.25)
VERLFY FACILITY 1 TEST SEQUENCE TNITIATION AT PSS PANEL RACK (.25
VERIFY OPERATION OF CHAMBER HEATERS, CAMZRAS, SEQUENCER & M SYSTEM AT PSS PANEL RACK (2)
VERIFY TEST SEQUENCE TERHINATION AT PSS PANEL RACK {.25)
VERTFY TEST SEQUENCE INITIATION FOR FACILITY 2 ET-2 AT PSS PAMEL RACK {.26)

FOLDOUT FRAME /

VERIFY OPERATION DF ET-2 CHAMBER HEATER, ACOUSTIC GEMERATOR, SERVOLODP, SEQUENCER & LIMIT SWIVCHES AT PSS PANEL RACK (2]
YERIFY TEST SEQUEHCE TERMIMATION FROM FACILITY 2 EI-Z AT PS5 PAMEL RACK (.25)

YERTFY TEST SEQUENCE IHITIATION FOR FACILITY 2 EI-3 AT PS5 PANEL RACK [.25)

WERIFY QPERATLON OF EI1-3 CHAMBER HEATER, ACOUSTIC GENERATOR, SERYOLOOP, SEQUENCER & LIMIT SWITCHES AT PSS PANEL RACK (2)
YERIFY TEST SEQUEWCE TERMINATION FOR FACILITY 2 EI-3 AT PS5 PANEL RACK [ 25)

WERIFY TEST SECUEHCE IHITIATION FOR FACILITY 1 & 2 COMBINED TEST {.25)
YERIFY SIMULTANEOUS OPERATION OF FACILITIES 1 & 2 (2}
VEALFY REMOVAL OF COMDINED TEST SEQUENLE & POMER FROM FACILITIES I & 2 (.50}
VERIFY APPLICATION OF POWER & TEST SEQUENCE INITIATION To FACILITY 3 AT PSS PANEL RACK (.50)

VERIFY TEST SEQUENCE THITIATION FOR FACTLITY 3 & 4 COMBINED TEST {.25)
VERIFY STMULTANE(US OPERATION OF FACILITIES 2 & 4 (3.5)

VERIFY TEST SEQUENCE TERMINATTON & POWER REMOYAL FMOM FACILITIES 3 & 4 AT PSS PANEL RACK\( 50)
REMOVE ALL BSE EQUTPHMINT, CABLES & LTNES (6)

SECURE PAYLOAD EQUIPMENT FOR SHIPMENT (a)

Figure 2-9,  Spece Processing Payload - Lecd Center/KSC Flow - Dedicated Pallet

237, 238

' Rockwell International
Space Division

FOLDOUT FRAME 2
OF POOR QUALTTY
INSTALL FACILITY 2 C-7 PROCESSING GHAMBER ({EI-3) ON PALLET (2

VERIFY OPERATION OF FURNECE CORE HEATERS, IR4S UNIY, TURBOPUMP, ACCELEROMETEAS, GAS/VACUUM SYSTEM, PUWER CONDITIONER & PROCESS CONTROL BHIT OF FAGILITY 3 AT PSS PAMEL RACK (8}
YERIFY TEST SEQUEXGE TERMINATLON AT FACILITY 3, POWER APPLICATION TO FACILITY 4 & TEST SEGUENCE INLTIATION TO FACILITY 4 AT PSS PANEL RACX (.50)

VERLFY OPERATION OF ACCELEROMETERS, DPTICAL SYSTEM, FURMACE RF SYSTEM, IRAS UNIT, POMER EDNDIT!OHER GAS/VACUUN SYSTEM, TURBOPUMP, COIL/CHILL BLDCK ACTUATOR & PROCESSING
VERIFY TEST SEQUENCE TERMINATICH FOR FACILITY 4 AT PSS PANEL RACK (.25} COHTRIL

UNIT AT PS5 PAHEL RALK [8}

SD 78-5R-0009-3
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Space Division

L § 10 1|5 20 215 30 WORKING HOURS
REMOVE POMER HARNESS FROM PALLET 2(1)
REMOVE SIGNAL HARNESS FROM PALLET 2(1)

I DISCONNECT ALL SIRTF CONNECTORS ON PALLET TRAIN 3/4(4)

UNBOLT SIRTE ATTACHMENTS FROM PALLETS & FREPARE TO HOIST(6)

HOIST SIRTF FROM PALLETS & POSITION ON SHIPPING FIXTURE{2}
REMOVE CABLE PG-7(3)

REMOVE HARNESS SC-9/PC-5(2)

REMOVE HARNESS SC-5/SG-10(4)

REMOVE HARNESS SC-6B/PC-B(4)

: REMOVE WARNESS 5C-7B/PC-6{2)

I REMOVE HARMESS SC-3/SC-4/SC-8B/PC-3B/PC-4B(2)

[jj DISCONNECT SC-11/PC-9 CONNECTORS FROM THE MEGRD ON PALLET 5(1)

UNBOLT MEGRD FROM PALLET 5 & PREPARE TO HOIST(3)

HOIST MEGRD FROM PALLET & POSITION ON SHIPPING FIXTURE(2)
__J REMOVE HARNESS SC-11/PC-9 FROM PALLET(1)

[::l SECURE SPACELAB INTERFACES(2)
20,0

Figure 2-10,  Level IV Deintegration - Combined Asironomy - Pallet 1 Dedicated

-
on

5 —10 15 20 25 30 WORKING HOURS

I | REMOVE UV/PT CANISTER FROM SIPS(6)

REMOVE FAR UV/SCHMIDT CAMERA/TELESCOPE CANISTER FROM SIPS{6)
REMOVE PALLET 1 POMER/SIGNAL HARWESSES(1)

UNBOLT SIPS FROM PALLET 1 & PREPARE FOR HOISTING(2)
__J HOIST SIPS FROM PALLET 1 & POSITION ON SHIPPING FIXTURE(1)

[]Lrerove rouer narness Frou pALLET 2(1)
[ JRREMOVE SIGNAL HARWESS FROM PALLET 2(1)

[j? DISCONNECT SC-11/PC-9 CONNECTORS FROM THE MEGRD ON PALLET 5(1)
UNBOLT MEGRD FROM PALLET 5 & PREPARE TO HOIST{3}

HOIST MEGRD FROM PALLET & POSITION ON SHIPPING FIXTURE(2)
__J REMOVE HARNESS SC-11/PC-9 FROM PALLET(1)

l :SECURE SPACELAB INTERFACES(2)
8.0

Figure 2-11, Level 1V Deintegration - Combined Asironomy - Pallet 3/4 Dedicated

2-39
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Space Dvision

-

'1?2 123 | 43?1 y "

I | REMOVE POWER HARNESS FROM RACK 3 (4,0)
REMOVE SIGMNAL HARNESSES FROM RACK 3 (4.0)
I REMOVE END ITEMS FROM RACK 3 (4,0)

-

[ ] REMOVE PLUMBING LINES FROM RACK 4 (3,0)
REMOVE POWER HARNESS FROM RACK 4 (4.0)
REMOVE SIGNAL HARNESSES FROM RACK 4 (2.0)

| REMOVE END ITEMS FROM RACK 4 (12,0)

r REMOVE WATER LINES FROM RACK 5 (2,0)

REMOVE POWER HARNESS FROM RACK 5 (2.0)

REMOVE SIGNAL HARNESS FROM RACK 5 (2.0}
l REMOVE END ITEMS FROM RACK 5 (4.0)

E‘ REMOVE WATER LINES FROM RACK & (2,0)

REMOVE POWER HARNESS FROM RACK 4 (2,0}
REMOVE SIGNAL HARNESS FROM RACK 4 (2.0)

|| REMOVE END ITEMS FROM RACK 6 (4.0)

] REMOVE PLUMBING LINES FROM RACK 7 (2.0)

REMOVE POWER HARNESS FROM RACK 7 (2,0)

REMOVE SIGIMNAL HARNESS FROM RACK 7 {2,0)
~ | REMOVE END ITEMS FROM RACK 7 (5.0}

REMOVE PLUMBING LINES FROM RACK 8 (1.0}
REMOVE POWER HARNESS FROM RACK 8 (1.0)

l REMOVE END ITEMS FROM RACK 8 (7.0}

["] REMOVE RADIOACTIVE GAS LINES FROM RACK 9 (2.0)

REMOVE POWER HARNESS FROM RACK 9 (3.0)

REMOVE SIGINAL HARNESSES FROM RACK 9 (5, 0)

| REMOVE END ITEMS FROM RACK 9 (13.0}

f REMOVE PLUMBING LINES FROM RACK 10 {4.0)

REMOVE POWER HARNESS FROM RACK 10 (2,0)

REMOVE SIG NAL HARNESS FROM RACK 10 (3.0)

| REMOVE END ITEMS FROM RACK 10 (12.0)

[:' SECURE S/L SUBSYSTEM INTERFACES (2.0)

30.0

Figure 2-12,  Level IV Deintegration - Life Science Rack 11/12/Floor Dedicated

2-40
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Space Division

DAYS 1§ 2

IE
Hours{ 5 } 10 | 15 | 20 | 24

| REMOVE SIGMNAL HARNESSES ON THE FORWARD SUPPORT STRUCTURE (FSS} (4)
REMOVE POWER HARNESS ON THE FSS (2)
SPECIAL REMOVE ST-16B END ITEMS FROM THE FSS (1)

STE':;; REMOVE SF-2 END ITEMS FROM THE FSS (1)
REMOVE THE FORWARD SUPPORT STRUCTURE (2}
10 HOURS
E REMOVE POWER HARNESS FROM RACKS R—4A & 4B (4)
REMOVE SIGNAL HARNESS FROM RACKS R-4A & 4B (4)
E‘;ﬁ% 5 REMOVE EXPERIMENT END (TEMS (X2, 5T-20, 5T-3 & 5F-2) FROM RACKS R-4A & 4B (8)
14 HOURS
[] REMOVE EXPERIMENT ST-21 VENT AND DUMP LiNES FROM RACK L-3 VENT CONNECTOR PANEL (2)
REMOVE POWER HARMESS FROM RACKS L-3A & 38 {4)
REMOVE SIGNAL HARNESS FROM RACKS L-3A & 3B (4)
T.&éa%&g'aa REMOVE EXPERIMENT ST-21 END ITEMS FROM RACK L-3A ()]
REMOVE EXPERIMENT ST-1 END ITEMS FROM RACK =38 (2)
14 HOURS
] REMOVE EXPERIMENT ST-25 GAS SUPPLY LINES FROM AFT END CONE SUPPLY LINE CONNECTOR (2)
REMOVE EXPERIMENT 5T-25 VENT LINE FROM RACK VEMT LINE CONNECTOR PANEL (2)
REMOVE POWER HARNESSES FROM RACKS L-5 AND R-6 (3)
RACKS REMOVE SIGNAL HARNESSES FROM RACKS L-3 AND R-6 (3)
L;SF.ngR REMOVE EXPERIMENTS $T-25 & $T-10 END ITEMS FROM RACK R-6 AND FROM FLOOR [4)
REMOVE EXPERIMENTS $T-25 & ST-26 END ITEMS FROM RACK L-5 (2)
16 HOURS
DISCONNECT EXPERIMENT ST-5 OVERSCARD SH, BLEED LINE (2)
DISCONNECT EXPERIMENT ST-5 SH, VENT LINES (2)
REMOVE EXPERIMENT ST-3 OFTICAL BENCH ASSEMBLY FROM PALLET 2 (4)
REMOVE PALLET 2 POWER HARNESS (7)
ALLET 2 REMOVE PALLET 2 SIGNAL HARNESS (7)
EAllET 2 REMOVE EXPERIMENT ST-2 END ITEMS FROM PALLET 2 (1)
REMOVE EXPERIMENT X-2 END ITEMS FROM PALLET 2 (2)
REMOVE EXPERIMENT ST-20 END ITEMS FROM PALLET 2 (2)
REMOVE EXPERIMENT $T-5 END ITEMS FROM PALLET 2 (2)
22 HOURS
D_ REMOVE EXPERIMENT ST-25 FILL & VENT LINES (2)
D REMOCVE EXPERIMENT 5T-25 END ITEMS (2)
PALLET 1

I:] SECURE S/L SUBSYSTEM INTERFACES (2)
TOTAL = 24 HOURS

Figure 2-13,  ATL Payload Level IV Deintegration Pallet 1 Dedicated
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BAYS 1

i 2

E |
Howrs[ 5 [ w0 | 15 [ 20 | 24

I | REMOVE SIGNAL HARNESSES ON THE FORWARD SUPPORT STRUCTURE (FSS) (4)

REMOVE POWER HARNESS ON THE FSS (2)

REMOVE ST-16B END ITEMS FROM THE F55 (1}

1 | REMOVE 5F-2 END ITEMS FROM THE F55 (1)

REMOVE THE FORWARD SUPPORT STRUCTURE (2)
10 HOURS

[ ] REMOVE POWER HARNESS FROM RACKS R~4A & 48 (4)

REMOVE SIGNAL HARNESS FROM RACKS R-4A & 4B (4}

| REMOVE EXPERIMENT END ITEMS (X-2, 5T-20, 5T-3 & SF-2) FROM RACKS R-4A & 4B (&)
14 HOURS

REMOVE EXPERIMENT $T-21 VENT AND DUMP LINES FROM RACK L-3 VENT CONNECTOR PANEL (2)
REMOVE POWER HARNESS FROM RACKS L-3A & 38 (4)

RACKS
L-3A & 38

REMOVE SIGNAL HARMESS FROM RACKS L-3A & 3B (4)

REMOVE EXPERIMENT ST.2T END ITEMS FROM RACK L-3A (2)
REMOVE EXPERIMENT ST-1 END ITEMS FROM RACK L-38 (2}
14 HOURS

REMOVE EXPERIMENT ST-25 GAS SUPPLY LINES FROM AFT END CONE SUPPLY LINE CONNECTOR (2)
RACKS |_| REMOVE EXPERIMENT ST-26 END ITEMS FROM RACKL-5 (2)

L-5, R-6
& FLOOR

|— DISCONMNECT EXPERIMENT ST-5 OVERBOARD SH, BLEED LINE (2)

DISCONNECT EXPERIMENT $T-5 SH, VENT LINES (2}

REMOVE EXPERIMENT 5T-3 OPTICAL BENCH ASSEMBLY FROM PALLET 2 {4)

PALLET 2

REMOVE PALLET 2 POWER HARNESS (7}
REMOVE PALLET 2 SIGNAL HARNESS (7}
REMOVE EXPERIMENT ST-2 END ITEMS FROM PALLET 2 (1)

REMOVE EXPERIMENT X-2 END ITEMS FROM PALLET 2 (2)
REMOVE EXPERIMENT 5T~20 END ITEMS FROM PALLET 2 (2)
__] REMOVE EXPERIMENT 5T-5 END ITEMS FROM PALLET 2 (2)

22 HOURS

[} REMOVE EXPERIMENT ST-25 FILL & VENT LINES (2}

REMOVE PALLET 1 POWER HARNESS (8)

REMOVE PALLET 1 SIGNAL HARNESS (8)

PALLET 1

Figure 2-14,

REMOVE EXPERIMENT ST-10 ANTENNA ASSEMBLY (2)
REMOVE EXPERIMENT ST-~10 END ITEMS FROM COLD PLATES OF PALLET 1 (4)
_-J REMOVE EXPERIMENT ST-25 END ITEMS (2)
20 HOURS

D SECURE S/L SUBSYSTEM INTERFACES (2}
ORIGINAL pAGE I3
OF POOR QUALITY

TOTAL = 24 HOURS

ATL Payload Level 1V Deintegration Rack 5/6/Floor Dedicated

2-42
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ORIGINAL PAGE IS
OF POOR QUALITY

10 20 30 40 50
|

i

v

REMOVE FACILITY 1 EI-2(1)
REMOVE FACILITY 2 EI-2(1)
REMOYE FACILITY 2 EI-3(1)

REMOVE FACILITY 1 HARNESSES (4}

_‘ REMOVE FACILITY 2 HARNESSES(5)
:i SECURE SPACELAB SUBSYSTEM INTERFACES(2)

13,0

Figure 2-15,  Space Processing Payload Level 1V Deintegration
- Dedicated Pallet
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Mini=-
GSE REQUIREMENTS-COMBINED ASTRONOMY  Location Center 10pHon A1/A2 GSE REQUIREMENTS-COMBINED ASTRONOMY  Location Ceacior Option Bt
Unit Cost Invivm't | Prorate Unit Cost Invivm't ] Prorated

Quant ity Equipment Neme (5K} |Time{Days) Cosf/FlfdG) Quentity Equipment Name (S K3 [Time(Days)|Cost/Flt &)

0 Vertical Sling Kit 612006 10.5 - - 0 Vertical Shing Kit 612006 10.5 - -
1 Faed Thru Protective Covers 412008 3.0 15 18.00 5 Feed Thru Protective Covers 612008 3.0 28 148,00
1 Pallet Segment Floor Cavers 412010 3.5 15 21,00 4 Pallet Segment Floor Cavers 812010 3.5 25 140,00
1 Pallet Segment Support-Single 612013 47.0 15 282.00 3 Pallet Segment Support-3.ngle 612013 47 0 31 1748 a0
o Pailet Segment Support-Double 512013 - - - 1 Pallet Segment Support-Double 512013 24,0 26 977.60
1 Pallet Cover 612059 12.5 15 75.00 5 Paliet Cover 412059 12.5 26 650,00
i Pallet Platform-Single Pallet 412060 24,0 15 144,00 3 Pallet Platform=~Single Pallat 612060 24,0 3| 892,80
g Pallet Platform~Double Pallet 612060 - - - 1 Pallet Platferm=Double Pallet 612060 48.0 26 499,20

] Rack, PSS Panel S12XXX - - - 0 Reck, PSS Panel S12XXX 1.0 20 -
1 Desigeant Conaster-Large 612067 11.5 15 49,00 5 Desiccant Conister-Large 812067 11.5 26 598,00
i Active Environmental Centrel Cart 412071 33.0 15 198,00 1 Active Environmental Centrol Cart 612071 33.0 26 343,20
] Road Trenspert Tie Down Kit 5612106 10.5 15 63,00 4 Road Transport Tie Down Kit 412106 10.5 26 436.80
1 Harizontal Sting Kit 812110 53,5 15 321.00 I Horrzontal Sling Kit 612110 53.5 3 663,40
4 Trunnron Handlmg Fittings 512113 1.0 15 6,00 4 Trunnion Hondling Fittings 412113 1.0 3 49,60
1 Tremsportation Instrumentation ST14XXX 20.0 15 120,00 2 Transportation Instrumentation B14XXX 20,0 14 224,00
1 Qptical Alignment Kit 4612040 6.0 9 21,60 1 Cptical Alignment Kuit 612040 4,0 20 48,00
0 IPS Test and Checkout Kit 612208 120.0 - - i IPS Test and Checkout Kit 612208 120,01 ' 20 960,00

0 Conhinuity Tester 513038 0.5 - - 0 Conbinutty Tester 613038 90.5 - -
o] Ground/Bonding Tester 513039 31.0 — - 1 Cround/Bonding Tester 613039 31.0 20 248,00

0 Portable Leak Detector 612080 2,5 - - 0 Porteble Leck Detector 612080 2.5 - -
i Freon Servicer 612084 25,0 9 20,00 1 Frecn Servicer 612084 25,0 20 200,00
1 Cable Sets ond Adapters 513%XX  [1.5/ccble ] 5,40 i Coble Sets ond Adapters &13XXX  |l.5cable 20 12.00
1 Freon Leak Detector 412088 1.0 9 3,60 1 Freon Leak Detector 612086 1.0 20 2.00

0 Operator's Censole G12XXX% 20,0 - - 0 Operator's Console B12XXX 80.0 20 -
1 Refrigerafion Unit 412115 01,1 Q 363.96 1 Refrigeration Unit 612115 101,1 20 808,80
i GMN=2 Service Cart B12XXX 50,0 = 180,00 1 GM-2 Service Cort ST2XXX 50,0 28 560,00
0 Vacuum Pumping Un it S12XXX 25.0 - — 1 Vacuum Pumping Unit 612XXX 25,0 20 200.00
1 Cleening Kif S12XXX 11.5 9 41,40 1 Clearing Kit S12XXX 11.5 20 2,00
1 Desiceant Drying Oven 614022 27.5 9 99,00 1 Desiceant Drying Oven 614022 27.3 20 220.00
TOTAL 2121,96 TOTAL 10747.80

Table 2«6,  Combined Astronomy, Pallet | Dedicated Toble 2-6,  Combined Astronomy, Pallet 1 Dedicated
(Sheet 1 of 3) {Sheet 2 of 3}
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GSE REQUIREMENTS-COMBINED ASTRONOMY

Lacation KSC Ophion C4

GSE REQUIREMENTS-COMBINED ASTRONOMY  LacationCenter 2 Option A1/A2

Minr-

Unit Cos vin' Pra o Unit Cas Invivm' Prorgted
Quantity Equipment Nome S Bl | [Quantity Equipment Nome (55 [remelDoys)iCatsEs)
0 Vertical Sling Kit 412006 10.3 - - 0 Vertical Shing Kit 612006 10,5 - -
5 Feed They Protective Covers 612008 30 20 120,00 3 Feed Thry Protective Covers 412008 3.0 19 68,40
4 Pallet Segmant Floor Covers 612010 3.5 20 112,00 3 Pallet Segment Floar Covers 412010 3.5 19 79.80-
3 Pallet Segment Support-Single 612013 47.0 23 1297.20 1 Pollet Segment Support-Single 612013 47,0 19 357,20
1 Pallet Segment Suppeort-Double 612013 74.0 23 864,80 i Pallet Segment Support ~Double 612013 94.0 19 714,40
5 Pallet Cover 412059 12.5 i8 450,00 3 Pallet Cover 412059 12.5 19 285,00
3 fallet Platform-$ingle Pallet 612060 24,0 23 662,40 1 Pallet Platferm-Singte Paliet £12040 24,0 19 182,40
1 Pallet Platform -Double Pallet 612040 48.0 23 441,60 1 Pallet Plotform -Double Pallet 512060 48,0 19 344,80
1 Rack, PSS Panel 612X XX 1.0 i8 7.20 i Rack, PSS Panel S12XXX 1.0 12 4,80
5 Destccant Canister-Large &12067 11.5 18 41400 3 Desiccant Canister-Large 612067 11.5 19 262,20
1 Active Environmental Control Cart 612071 33.0 18 237,60 1 Active Environmental Control Cart 612071 33.0 19 250,80
4 Raad Transport Tre Down Kit 812106 10.5 18 302.40 1 Road Transport Tie Down Kit 412106 10.5 19 79.80
1 Horizeatal Sling Kt 612110 53.5 23 492,20 i Horrzontal Sling Kit 412110 58,5 19 406. 40
4 Trunnton Hondling Fiitings 612113 1.0 23 36.80 4 Trunnion Handling Fithings 512113 1.0 114 30,40
2 Transportation lnstrumentatien &14XXX 20.0 12 192,00 1 Trenspertatien Instrumentation 14X XX 20,0 19 152,00
i Optical Alignment Kit 412040 4.0 18 43 20 1 Optical Alignment Kit 512040 4.0 12 28,80
1 [P$ Test and Checkout Kit 612208 120,0 18 844,00 1 IPS Test ond Chackout Kit 612208 120.0 12 574,00
0 Centinunty Tester 413038 90,5 - - 0 Continuity Tester 413038 90.5 - -
i Graund/Bonding Tester 613039 30 18 223.20 0 Ground/Bonding Tester 613039 30 — -
0 Portable Leak Detectar 612080 2.5 - - 0 Portable Leuk Detector &£12080 2.5 - -
1 Freon Servicer 612084 25.0 18 180,00 i Freon Servicer 612084 25.0 12 120,00
1 Cable Sats and Adapters 613XXX  [1.5/coble 8 10,80 1 Cable Sets end Adapters &13XXX  l.5kcble 12 7.20
1 Freon Leak Detector 6120856 1,0 18 7,20 1 Fraon Leck Detector 612086 1.0 12 4,80
0 Operator's Console B12XXX 80.0 8 — 1 Operator's Console S12KXX 80.0 12 384,00
1 Refrigeration Unit 612115 101.1 18 727,92 1 Refrigeration Unat 612115 101.1 12 485,28
1 GN-2 Service Cart S12XXK 50.0 18 350 00 Q GN-2 Service Cart 812XXX 50.0 - -
i Vacuum Pumping Unit &12XXX 25,0 18 180,00 1 Vacuum Pumping Unit 612XXX 25.0 12 120,00
1 Cleaning Kit §12XKX 1.5 18 82.80 1 Cleaning Kit ST2XHK 1.5 12 55,20
1 Desiccent Drying Qven 614022 27.5 18 198,00 1 Desiccant Drying Oven 614022 7.5 12 132,00
TOTAL 8507.32 TOTAL 5151.88

Table 2-6,  Combined Astronomy, Pallet 1 Bedicated

(Sheet 3 of 3)
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GSE REQUIREMENTS-COMBINED ASTRONOMY

Leud
LocationCenter Ophion B84

GSE REQUIREMENTS-COMBINED ASTRONOMY

Location KSC  Option C4

Unit Cost Invlvm't | Prorated Unit Cosy lavivm't | Prorated
Qluantity Equipment Name (5 K) |Time(Days){Cost /F116) Quantity Equipment Name (5K} |Vime{Days}HCost/F1+E)
0 Vertical Sling Kit 612006 10.5 - - ¢ Vertical Sling Kit &12006 10,5 - -
5 Feed Thru Protective Covers 412008 3.0 28 148,00 5 Feed Thru Protective Covers 612008 3.0 20 120.00
4 Pallet Segmenk Floor Cavers 612010 3.5 25 140,00 4 Pallet Segment Floor Covers 412010 3.5 20 112.00
3 Paliet Segment Support-Single 612013 47,0 31 1748,40 3 Pallet Segment Support-Single 612013 47.0 23 1297.20
1 Pallet Segment Suppert-Double 612013 94,0 k]| 115,60 1 Pallet Segment Support ~Double 612013 94.0 18 676,80
5 Pallet Cover 412059 12,5 26 450,00 5 Pallet Caver 612059 12,5 18 450,00
3 Pallet Platform-Single Pallet 412060 24,0 kH 892,80 3 Pollet Platform=Single Pailet 412060 24,0 23 662,40
1 Pallet Platform -Double Pallet 4612060 48.0 31 595,20 1 Pallet Platfarm~Double Pallet 412060 48.0 18 345,60
o Rack, PSS Panel B12XX%X 1,0 20 - 0 Rack, PSS Panel S12XXX Lo 18 —
5 Desiccant Canister-Large 812067 1.5 26 598.00 5 Desiccant Cansster-Large 412067 11.5 18 414,00
1 Active Environmental Contral Cart 612071 33.0 26 343,20 1 Active Environmental Control Cart 412071 33.0 18 237,680
4 Road Tronspert Trie Down Kit 812106 10.3 26 436.80 4 Road Transport Tie Down Kit 612106 10.5 18 302,40
1 Herizontal Sling Kit 812110 33.5 31 463,40 ; Horizental Sling Kit 412110 53.5 23 492,20
4 Teunnion Hondl ng F]ﬂgngs &12113 I,O 31 49. 40 4 Trunmon Handllng F 1ithings 412113 1.0 23 36. 80
2 Tremsportation Instrumentation STAX KX 20,0 14 224,00 2 Tronsportation Instrumentation ST4XXX 20,0 12 192,00
1 Optical Alrgnment Kit 412040 6.0 20 48.00 I Cptical Alignment Kt 612040 6.0 18 43,20
1 iPS Test and Checkout Kit 412208 120.0 20 260,00 1 IPS Test and Checkout Kit 4612208 120.0 1] B&4,00
o Continuity Tester 413038 90.5 — - 0 Continuity Tester 613038 90.5 - -
1 Ground/Banding Tester 413039 31.0 20 248.00 1 Ground,/Bonding Tester 613039 31,0 18 223,20
] Portable Leak Detector 612080 2.3 - - 0 Portable Leak Detector 412080 2,5 - -
1 Freon Servicer 412084 25.0 20 200,00 1 Freen Servicer 412084 25.0 18 180,00
1 Cable Sets ond Adapters G13XXX  [l.5kcble| 20 12,00 1 Cable Sets and Adapters S13XXX  [l.5kcble] 18 10,80
] Freon Leok Detector 612086 1.0 20 8.00 1 Freon Leak Detector 412084 1.0 18 7.20
0 Operator's Console SI2XXX 20,0 20 - o Operater's Console S12XXX 80.0 i8 -
1 Refrigeration Unat 612115 101.1 20 808.00 i Refrigeration Unit 812115 101,1 18 727,92
1 GM-2 Service Cart 12X XX 50.0 20 400.00 1 GN-2 Service Cart E12XXX 50.0 23 460,00
1 Vacuum Pumping Unit GI2XXX 25.0 20 200,00 1 Vacuum Pumping Unit 12XXX 25,0 18 180,00
1 Cleaning Kit S12XXX 1.5 20 92,00 1 Cleaning Kit 612X XX 11,5 18 82,80
1 Destccant Drying Oven 514022 27,5 20 220,00 i Desiccant Drying Cven 814022 27.5 18 198.00
TOTAL 10871,00 TOTAL 8316.12

Table 2-7,
(Sheet 2 of 3)

Combined Astronomy, Pallet 3/4 Dedicated
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GSE REQUIREMENTS-LIFE SCIENCES Locction Site 8 Ophien A -1 G3SE REQUIREMENTS -LIFE SCIENCES Lecation Center Option B1/B3
Unit Cost{lnvivm't Prorated , Unei Cost(lnvivm't Prerated
Cluantty Equtpment Name 5) Time{Days) |Cost/Eit6) Quent ity Equipment Mome () [Fime(Days) C;:rr/FlrS)
1 Transport Delly, Rack & Floor 5120024 | 33,000 12 158.4 1 Transport Dolly, Rack & Floor 46120024 [33,000 29 382,8
2 Vertical Sling Kit, Rack & Fleor 6120064 | 10,500 10 84.0 1 Vertical Sling Kit, Rack & Floor 6120064 10,500 26 109, 2
Horizental Sling Kit, Rack & Floor 412110A Herizentel Sling Kit, Rack & Floer 612110A
1 Rack & Floor Shipping Cover 4120474 {8,000 15 48,0 1 Rack & Floor Shipping Cover 412047A | 8,000 24 76.8
1 Reck & Floor Tramsport Platform 612048A | 24,000 17 163,2 1 Rack & Floar Transport Platform 512048A | 24,000 29 278,4
i Rack & Floor Support Braces Kit 412049A 2,500 16 16.0 1 Rack & Floor Support Braces Kit 6120494 2,500 29 29,0
Double Rack Hndlg C/C & Tnspt Kt 6120504 | 9,000 Double Rack Hndlg C/C & Tnspt Kt 412050A | 9,000
Single Rack Hndlg C/O & Tnspt Kt 612065A | 9,000 Single Rack Hadlg C/O & Tnspt Kt 4120654 | 9,000
Desiceant Canister, Med, Dbl Rack 4120684 | 9,000 6 Desiccont Canister, Med, Dbl Rack 412048A | 9,000 25 540,0
4 Desiceant Cansster, Small, Sngl Rk 6120694 | 7,000 14 179.2 4 Desrccant Canister, Smali, Sagt Rk 6120694 { 7,000 25 280.0
Active Environ, Control Cart 46120714 133,000 ] Active Eaviron, Control Cart 612071A | 33,000 25 330.0
1 Road Tiedown Kit, U, S, 6121064 {10,500 16 67,2 ] Read Tiedown Kut, U, S, &12106A | 10,500 24 100.8
Cargo Lift Trauler, Rock & Fleor 414013 Carge Lift Tratler, Rock & Flaor 414013
Adapter Kit Cargo Lift Trauler 614014 Adepter Kit Cargo Lift Tratler 414014
1 Trenspertation Instrumentatich 614XXX | 20,cC00 16 128,0 1 Trensportation Instrumentation §14XXX [ 20,000 25 200.0
1 Operators Checkout Console 412X XX | 80,000 10 320.0 1 Operators Checkout Console 612XXX | 80,000 19 408,0
o CDMS Simulator o CDMS Simulator
# Ground Pwr Supply (Racks) W s Ground Pwr Supply {Racks}
Peripheral Checkout Equipment S12KXX, Peripheral Checkout Equipment H12XXX
s Analog Tape Recorder Unit * Analog Tope Recorder Unit
e Strip Chart, Recorder # Strip Chert, Recorder
Optical Alignment Kit 612040 Optical Alignment Kit 612040
1 Continuity Tester, Electrical 613038 90,500 10 3562.0 1 Centinuity Tester, Electrical 413038 90,500 i? , 87.8
1 Grounding/Banding Tester 4613039 31,000 10 1240 1 Grounding/Bonding Tester 413039 31,000 19 235.4
Portable Leak Detection Unit 4120804 Portable Leak Detection Unit 46120804
Freon Leak Detector{Rack Refrig/  612XXX Freon Leak Detector(Rack Refrig/  612XXX
‘Freezer Freezer
1 Vacuum Pumping Unit 612XXX | 25,000 to 100.0 1 Vacuum Pymping Unit S12XXX | 25,000 19 190.0
1 Rack Cooling Unit (Support C/0)  812XXX | 50,500 10 202.0 1 Rack Cooling Unit (Suppert C/C)  412XXX | 50,500 19 383.8
Gas, Bottles, Supply Unit 612XXX | 50,000 1 Gas, Bottles, Supply Unit H12XXX | 50,000 26 520.0
GiN-2 Service Set 414XXX 50,000 1 GN«2 Service Set 614XXX } 50,000 19 380.0
1 Cleaning Kit 812114A | 11,500 9 41.4 1 Cleaning Kit &12114A | 11,500 19 87.4
Desiceant Drying Kit/Oven 414022 27,500 Desiccent Drying Kit/Oven 4614022 27,500
Humen Physiological Simulator - 1 Human Physiologicel Simulator —_ 7
Frog Simulator 1 Frog Simulator — -]
Rat Simulator —_ 1 Rat Simulator —_ 11
Cculographic Simutator - 1 Qculagraphic Simulator — 10
Mass Spec Analoyg Data Simulator — 1 Mass Spec Anclog Data Simulator — ?
Rat Tempersture Qutput Stmulator — 1 Rat Temperoture Qutput Simuiater =~ 8
Monkey Physiologrical Simularor TOTAL 5 1993 4 1 Menkey Physiologreal Sumulator TOTAL 5 5419 &
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Life Sciences Payload - Dedicated Racks 11/12/Floor

GSE REQUIREMENTS -LIFE SCIENCES Loeshion KSC  Option C1/C3
Unit Cost{lavivm Prorated Unit Cost{lnvlvm't Prorated
Kluant by Equipment Name ) T ine(Days) [Cost/FI16) CGluantiky Equipment Name {9 [Time({Days) [Cost/FIt5)
1 Trensport Dolly, Rack & Flaer 612002A | 83,000 3 435,6 1 Transport Dolly, Rack & Fleor 6120024 | 33,000] 21 277.2
i Verhicol Sling Kit, Rack & Floor  612004A | 10,500 30 126.0 1 Vertical Sling Kit, Rack & Floor 6120064 | 10,500 24 100.8
Horizontal Sling Kit, Rack & Floor &612110A Horizontal Sling Kit, Rack & Floor 612110A
i Rack & Floor Stupping Cover &12047A § 8,000 28 89,6 i Rack & Floor Shipping Caover 6120474 | 8,0001 16 51,2
i Reck & Floor Trensport Platform 612048A | 24,000 33 316.8 i Rack & Floor Transport Platform 8120484 | 24,0001 21 201.6
1 Rack & Floor Support Braces Kit 5120494 2,500 33 33.0 Rack & Floer Support Braces Kit 6120494 2,500 21 21.0
Double Rack Hrdlg C/O & Tnspt Kt 4120504 9,000 Double Rack Hndlg C/O & Tnspt Kt 412050A 9,000
Single Rack Hndlg C/O & Tnspt Kt 612055A 9,000 Single Rack Hndlg C/O & Tnspt K& 6120654 9,000
& Desiceant Canster, Med, , Dbl Rack 612068A 9,000 29 626.4 I3 Desicecant Canister, Med., Dbl Rack 612048A 9,000 17 367.2
4 Desiccant Canister, Smoll, Sngl Rk 612069A 7,000 29 324,8 4 Desiccant Canuster, Small, Sngl Rk 41204694 7,000 V7 190.4
1 Active Environ. Centrol Cart 412071A 1 33,000 29 382.8 1 Active Environ, Contral Cart 612071A | 33,000 17 224.4
1 Rood Tiedown Kit, U.S. 612106A | 10,500 28 7.6 1 Road Tiedown Kit, U, S, 612106A | 10,500 16 67.2
Carge Lift Trailer, Rock & Floor 414013 Coargo Lift Trailer, Rack & Floor 414013
Adapter Kit Cargo Lift Trailer 614014 Adapter Kit Carge Lift Traoiler 614014
1 Trensportation Instrumentation 614XXX 1 20,000 29 232.0 1 Transportation Instrumentation 614%XXX | 20,000) 17 136.0
1 Operators Checkout Console 612XXx 1 80,000 23 736.0 1 Operators Checkout Console s12XXx ] 80,0001 17 5440
o CDMS Simulator o CDMS Simulator
e Ground Pwr Supply (Racks) s Ground Pwr Supply (Racks}
Peripheral Checkout Equipment 812XXX Peripheral Checkout Equipment A12XXX
& Analog Tape Recorder Untt e Analog Tape Recorder Unit
» Strip Chart, Recorder e Strip Chart, Recorder
Ophicel Alignment Kit 812040 Optical Alignment Kit 612040
1 Continuity Tester, Electrical 413038 90,500 23 832.6 i Continwity Tester, Electrical 613033 90,500 17 415.4
1 Grounding/Bonding Tester 613039 31,000 22 285.2 1 Grounding/Bonding Tester 613039 31,000 17 210.8
Portable Leak Detection Unit 4120804 Portable Leak Detection Unit 412080A
Freon Leak Detector(Rack Refrig/  612XXX Freon Leak Detector(Rack Refrig/  612XXX
Freezer Freezer
1 Vaeuum Pumping Unit g12xxx | 25,0001 23 220.0 1 Yacyum Pumping Un it s12xxx | 2s,000] 17 170.0
1 Rack Cooling Umit (Support C/0}  612XXX ¥ 50,300 23 464.6 1 Rack Cooling Unit (Support C/O)  §12XXX | 50,500 17 343.4
1 Gas, Bottles, Supply Unit s12Xxx | s0.coo| 30 600.0 i Gas, Boitles, Supply Unit &12xXxx | 50,0001 24 480,0
1 GN-2 Service Set 614XXX | 50,000 23 460.0 1 GIN-2 Service Set 614Xxx | 50,0001 17 340,0
1 Cleaning Kit 4121144 | 11,5001 23 105.8 1 Cleaning Kit s12t14a | 11,5001 17 78,2
Desiccont Drying Kit/Oven 414022 27,500 Desiccant Drying Kit/Oven 614022 27,500
1 Human Physiologicel Simulator — 5 1 Human Physiclogieal Simulator —_ &
1 Freg Simulator _ 5 1 Frog Simulator — 5
1 Rat Simulator — 7 1 Rat Simulator — io
1 Ceulegraphic Simulator —_ 7 1 Qculographic Simulator — g
1 Mass Spec Analoy Data Simulater - é 1 Mass Spec Analog Data Simulater — 8
1 Rat Temperature Ovtput Simulater  ~— ] i Rat Temperature Qutput Simulator  — 7
1 Monkey Physiological Simulator rGTAL 4 £398.8 1 Menkey Phystological Simulator TOTAL 4 4418 8
Teble 2-8,  Life Sciences Payload = Dedicoted Racks 11/12/Floor

¢

Y

|BUOREUIBIU| [ISMY00H

uoisiag aoedg



6v-¢

GSE REQUIREMENTSLIFE SCIENCES Location KSC  Ophien €4 Table 2-9,  ATL Payload, Dadicated Pallet 1

§I ADVd TYNIDIYO

EITTVAD 9004 40

Y

£-6000-4S-84 4S

Table 2-8,

(Sheet 5 of 5)

Life Sciences Payloed - Dedicated Racks 11/12/Floor

wEen ] Municenter
it Cest{lnvlvm't Prorated v
[Quantity Equipment Name () Tume{Days} [Cost/FIrS) Quantity Equipment Mame L(’rsulz)Cosf ':'T:::%r . zr;r:f;[c:
1 Transpart Dolly, Rack & Floor 412002A | 33,000 25 330.0 .
| verneal Sling Kt Rack & Floor 612006 | 10,500| 28 117.6 0 | Dauble Rack Hendling Kit 613050 9.0 0 0
Horizeatal Sling Kit, Rack & Floor 412110A I Vertical Sling Kit 612006A | 10.5 24 100,80
T | Rack & Flacr Shipping Cover 412047A | 8,000f 20 44,0 : Feed Thru Frot, Covers 412008 3.0 19 22,80
T | Rack & Floor Transport Platform  612048A | 24,000 25 240 0 Pallat Seg. Floor Covers 612010 3.5 24 33,60
1 Rack & Floor Suppert Braces Kit 6120494 2,500 25 25,0 ] Pallet Segment Support 612013 47,0 27 507,60
Double Rack Hndlg C/O & Taspt Kt 6120504 9,000 i Rack/Floor Shipping Cover 612047 8,0 22 70,40
Single Rack Hndlg C/O & Tnspt K 6120654 | 9,000 ¥ | Roek/Floor Transport Platform 612048 0| 2 10.80
1 Desiccant Canister, Med, Dbl Rack 612068A | 9,000 21 75,6 ! Rack/Flaor Supporr Braces 612049 2,5 27 27,00
4 | Desiccant Canister, Small, Sngl Rk 6120694 | 7,0000 21 235 2 1| Pallet Cover 612059 | 12.5 | 22 110.00
i Active Environ, Control Cart 4120714 | 33,000 21 277 .2 ! Pu”f‘"" Platform 612060 24,0 22 211,20
1 Road Tiedawn Kit, U, S, . s12106a | 10,500 20 84 0 1 Desiccant Cenister Large 612067 1.5 22 101,20
Cergo Lift Trailer, Rack & Floor 614013 ] Destccant Canister Madium 612068 9.0 22 79,20
Adepter Kit Carge Lift Trailer 614014 ! Active Environment Cart 612071A | 33.0 22 290,40
1 Transportation Instrumentation 614X XX 20,000 21 148 .0 ; ﬁond T'idrvg? K'*K_ 6:51?6 10.5 22 92_40
1 Operators Checkout Console S12XXX | 80,000 21 672.0 1 Tonzon ol 2ting Kit 812110 33,5 24 513,40
e CDMS Simulator runnien Hendling Fittings 612113 1.0 24 38,40
o Ground Pwr Supply (Racks) } Refrigeration Unat 412115 101,14 14 &47,04
Peripheral Checkout Equipment S12XXKX | ?:cl":k C°°II‘<"9 Uit S12XXX | 50,5 15 323.20
s Andalog Tape Recorder Unat R eaning Kit 612114 1.5 1L 73.60
s Strip Chart, Recorder ] Desiceant Drying Oven 614002 27,5 16 174,00
Optical Alignment Kit 615:040 WT Grounding/Bonding Tester 413089 31.0 14 198,40
1 Continuity Tester, Electrical 413038 90,500 2] 760.2 I EQEILS‘EI_S &;dDA:Iuprers 412
1 Greunding/Bending Tester 613039 | 31,0000 21 260 .4 | F°’ ° S" eax Detector mggg 22-5 16 16.00
Portable Leok Detection Unit 5612080A 1 Freon Ler\l:cher’ : <1286 .?.0 ;6 160,00
Freon Leak Detector(Rack Refrig/  612XXX : c;eon eak Letector .0 & 6,40
Freezer ptical Alignment Kit 612040 6.0 16 38,40
1 | Vacuum Pumping Unut s12xxx | 25,000 21 210 © } Tronsport Instrumentation 614XXX | 20,0 19 152,00
1 | Rack Cooling Unit {Suppart C/0)  612XXX | 50,500f 21 424 .2 o gp;-‘mfff; Ciﬂ?'e . 612xXX | 80.0 16 512,00
1 Gas, Bottles, Supply Unit 612xxx | 50,000 28 560.0 0 | P;‘g ?cr uppart Cart - 0
1 GMN-2 Service Set 614Xxx | 50,000 21 420,90 0 F“s“g’H I‘: "3_ qc - 0
1 Cleaning Kit 6121144 11,500 2] 96.6 0 8 d% ";g”]'g an \ aver - 0
Desiceant Drying Kit/Oven 614022 27,500 o ATD;‘J clns um:gu or - 0
1 Human Physiolegical Simulator — 4 ntenna support Lost - 0
1 Frog Simulater — 4 TOTAL 4512, 44
1 Rat Simulatar —_— &
1 Oculagraphic Simulator —_ ]
I Mass Spec Analog Date Simulator — 5
1 Rat Temperature Output Simulator — 5
1 Monkey Physiological Simulater TOTAL 3 5020.0
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Table 2-10.

Dedicated Pallet (Sheet 1 of 2)

o\

GSE Proration Space Pracessing Payload,

Lecd Center

N Unit Cost| Invivm't | Proreted
Quantity Fauipment Mome (5K) _ [Fime(Days)| Cost/FIE(S)
1 Feedthru Covers 612008 3.¢ 24 28.80
1 Pallet Seg. Floor Covers 612010 3.5 9 26,60
i Pallet Seg, Support 612013 47.0 24 451,20
1 Pallet Cover 612059 12,5 2 105.00
1 Pallet Platform - 612060 24,0 24 230.40
3 Desiccant Conister, Large 612067 11.5 21 289,80
1 Road Tiedown Kit 612106 1.5 21 88,20
1 Horizental Shing &12110 53.5 18 385,20
4 Trunnion Handlimg Fittings 61213 1.0 18 28.80
1 Transport Instrumentation 20,0 21 168,00
1 Ground/Bond-Tester 613039 3.0 21 240,40
é Cable Set ond Adapters 1.5 1i 39,60
] Portoble Leak Detector 612080 2,5 1t 11,00
1 Frecn Servicer 612084 25.0 13 110.00
1 Freon Leak Detector 612086 1.0 H 4,40
1 Refrig Unat 412115 101.0 il 444,40
1 Cleaning Kit 512114 1.5 24 110.40
1 Desiccont Oven 614022 27.5 6 66.00
1 Operctor’s Console 80.0 21 672,00
I PSS Pane! Rack 1.0 21 8.40
1 Active ECS Cart 612071 33,0 21 277.20
TOTAL 3805.80
Toble 2-10,  GSE Proration Space Processing Payload,
Dedicated Pallet (Sheet 2 of 2)
KsC
Untt Cost | Invelvmt | Prorated
Quanhty Equmeflf Name (s} Time(Duys) CDSf/F"(s)
1 Feedthry Covers 612008 3.0 16 12,2
1 Pallet Seg, Floor Covers 612010 3.5 15 21.0
1 Pallet Seg. Support 412013 47,0 16 300.8
1 Patlet Cover 612059 12,5 12 60,0
i Pallet Platform 612060 24,0 16 153.6
3 Desiccant Conuster, Large 612067 11.5 12 165,6
1 Road Tiedown Kit 512106 0.5 12 50,4
i Horizontal Sling 612110 53.5 15 321.0
4 Trennien Hondling Fithings 612113 1.0 15 24,0
1 Teansport Instrumentation 20,0 15 120,0
I Ground/Bond Tester 613039 e 3 37.2
) Cable Set and Adapters 1.5 7 25.2
1 Portable Leak Detector 4812080 2,5 2 2.0
i Freon Servicer 612084 25.0 8 20,0
i Freon Leak Detector 412084 1,0 2 0.8
i Refrig Unit 612115 101.0 8 323.2
1 Cleaning Kit 612114 1,5 4 64.4
1 Daesiccant Oven 414022 27,5 2, 22,0
] Operator's Console 80.0 9 288.0
1 £S5 Penel Rack 1.0 9 3.4
1 Achive ECS Cart 412071 33,0 12 158,4
TOTAL 2240, 4
250
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Dedication Break-Even Analysis - Purchased Equipment Approach

In the freatment of the cost tradeoff of dedicated Spacelab hardware, three possible
approaches were considered, In this section, it was assumed that a prospective Principal
Investigator would consider actual purchase of the flight equipment on a cash basis, He
would have exclusive use of the equipment for the entire Shuttle program {assumed to be
for 10 years). He could fly his payload af any rate he desired (or at the rate dictated by
space available}, and between flights, the equipment would sit idle, fully equipped with
his experiment equipment, During this time, modifications, repairs, etc, could be carried
out af leisure. If the Pl completed all the missions needed to accomplish his program ob-
jectives, he would be free to sell or lease the Spacelab equipment or keep it, since he held
full title to it. )

This approach addresses the question "How many flights must I fly, as Pl, fo make this
approach more cconomical and cost effective than leasing the equipment from NASA based
on prorated costs and going through the full integration/deintegration cycle for each flight ?"
To determine this, a break-even analysis was performed, charting the net effect of fixed |
costs per flight and those costs which are sensitive fo flight rate. Tables 2=11 through 2-16
presents the fixed costs,

In this approach, the cost of the flight hardware is sensitive fo flight rate and is
calculated based on the following costs for the dedicated hardware complements:

Combined Astronomy - Pallet 1

TPallet - =« - = - = - « - ~ . $3,022,000
1 SIPS with canisters - - - - - - - 1,500,000
3RAUs = - - = - - - - - - = 429,000
2 Interconnect Stations - - - -~ - = 6,000
TEPDB = - - -« - -« - - =« - - 88,000
1 Freon Pump/Accumulator Package ~ - - 110,000
TAC Inverfer = = = = =« = = = = 100, 000
2 Coldplates = ~ = =~ =« - = -~ - 54,000

TOTAL COST $5,309, 000

Combined Astronomy - Pallets 3 and 4

2Pallets- - - = = =« - - « < - §$6,044,000
TRAU = = = = = = = = -~ - - 143,000
1EPDB = = = = = = = = =« = -« 88,000
I Interconnect Station = - - - - - - 3,000
1 Coldplafe = = - -~ - - - - - - 27,000
TOTAL $6,305,000

2-51
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Life Sciences - Racks 11, 12 and Floor

2Single Racks = = - - - - - =~ $182,000
2EPSPs = = =« = = =« - - = =~ 176,000
TEPDBand CACB = = - « =~ = = 21,000
TRAU = = = = « = = =~ - = 143,000
1 Floor Segment, Double - - - =~ - ‘59,000
TOTAL $651,000
ATL Payload - Racks 5, 6, and Floor
2Single Racks = = = - = - - = $182,000
2EPSP's @ = = = = = =~ o~ - = 176,000
2RAUs = =« = « = = = - - =~ 286,000
1 Floor Segment, Double - - - - - 59,000
TOTAL $703,000
ATL Payload - Pallet |
1Pallef = = = = =« =« = = - =~ $3, 022,000
6 Coldplates - - = =~ = - = = 1,620,000
TRAU = - = = = = = = - - 143,000
1 Inferconnect Station = - = - - = 3,000
TEPDB = - = = = = -« - - = 88,000
TOTAL $4,876,000
Space Processing - Pallef
TPallet = = = = = = « =« - = $3,022,000
TRAU = = o = v = = = = - 143,000
1EPDB = = ~ = « = = « = =~ 88, 000
4 Coldplates = - - - - - - =~ 108,000
Tlverter = = = = = = « = =~ 100,000
1 Freon pump/accumulator package - - 110,000
1 Inferconnect Station = - - - - - 3,000
1 Experiment Heat Exchanger - - - = 150, 000
TOTAL $3,724,000

2-52
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Table 2-11.  Combined Astronomy, Dedicated Pallet 1
(Cost in 1977 $)

Cost Element N Concept AZ 82 84 C2 C4
MANPOWER
Installetion and Experiment Test,

Direct Labor (3,4,5,8) 114120 [ 114120 { 86340 | 114120] 86340
Payload Testing, Direct Lober (7,8,9) 34450 | 33190 | 24940 | 33190} 24940
instailation & Test Support (3 thru 9) 5880 71403 A140 14280 12320
Level 1H/11/1 Integration and Past Flight

Suppert (11,12,13,13) 25920 | 25920 | 25920 | 25920 25920
Dewmntegration, Dwect Leber  {14) 8350 8350} 8350 83501 8350
Deintegration Support  (16) 1680 1 1680 14680 1680 1680

TOTAL MANPOWER 190410 | 190400 [153410 | 1975401 159570
TDY EXPENSE
Installation end Exp Test, Direct Labor 4425 | 10111 | 12334 | 38475 24675
Payload Testing Direct Labar 12975 6150 4800 | 12300| 9500
Level 1H/11/1 Integratien and Post Flight

Support $000 9000 9000 200037 000

Dentegration, Direct Labor 1950 1950 | 1950 1950 1950
TOTAL TDY 28350 | 27211 28086 | 61725] 45225

TRANSPORTATION
To/Fram Level IV 44500 | 22000} 22000 30001 3000
GSE PRORATION 17065 { 14781 | 12663 12840 | 10974
TOTAL 280326 | 254392 [216159 | 275103 [218769

Table 2-12.  Combined Asironomy
(Cost in 1977 $)

Dedicated Pallet 3/4

Cost Element ..  Concept AZ BZ B4 [+ C4
MANPOWER
Installation and Experiment Test,

Direct Labor (3,4,5,6) 101670 { 101670| 73060 [ 101670 | 73080
Payload Tesring, Direct Laber (7,8,9) 24440 | 33190 24940 | 33190 | 24940
Installation & Test Support (3 thre 9) 5880 7140] 8160 | 14280 12320
Level /1171 Integeation and Post Flight

Support (11,12, 13, 15) 25920 | 25920| 25920 ] 25920 | 25920
Deintegration, Direct Labar (16} 8350 8350] 8350 8350 8350
Dentegration Support (16} 1480 1680] 1680 | 1680 1680

TOTAL MANPOWER 177960 | 177950| 140110 | 185090 | 146270
TDY EXPENSE
tnstallatton and Exp. Test, Direct Labor 6525 | 12211] 10443 | 40725 | 20887
Paylocd Tashing, Dicect Lobor 12975 4150] 4800 | 12300 9600
Lavel 1il/1i/} Integration and Post

Flight Support 9000 ] 9000| 9000 9000 | 9000

Deintegration, Direct Labor 1950 19501 1950{ 1930 1950
TOTAL TDY 30450 | 29311] 26193 | 639735 41437
TRANSPORTATION
To/From Lével IV 40500 { 22000| 22000 3000 3000
GSE FRORATION 15812 | 156126] 13783| 13013 11122
TOTAL 2464738 | 245387| 202086 | 265078 201829
2-53
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Table 2-13. Life Sciences, Dedicated Rack 11/12 Floor (Cost in 1977 §)

Cast Element N\ ___Concept Al A3 B1 B3 B4 C1 c3 c4
MANPOWER
Installation and Experiment Test,
Direct Labor B —= 6)
Site 1 15540 | 15540
Site 2 190 14190
Site 3 11730 11730
Site 4 7040 7040
Site 5 4550 4550
Stke & 159451 15945
Stte 7 15150 ] 15150
Site B 19995 19995
Lead Center - - 73%80 | 73980F 67450| 73980 73980| 67450
Payload Testing, Direct Labor (7,8, 9) - 14200 —_ 14200 9720 - 14200 9720
Instalation & Test Support (3 —» 9) - 4760} 2135 3045] 3342 gs4o] 12180| 13370
Level HI/13/T ktegration and Post Flight 48000 48000| 48000| 48000| 38400] 48000 48000 38400
Suppart (10,11,12,13,15)
Deintegration, Direct Laber {18} 16200 16200§ 14200 16200 16200 14200 16200 14200
Deintegration Support (16) 2100 2100 2100 2100 2100 2100 2100 2100
TOTAE MANPOWER 170440 | 189400 142415 | 157525| 1372121 148820 | 166660 | 147240
TDY EXPENSE
Installation and Exp, Test, Direct Labor - - 101741 10174} 9074| 199503 1995G| 18150
Payload Testing, Direct Labor — i0a0| - 2175 1500} — 4350 3000
Level /A Integration Support 29700 § 297001 297000 29700 28350 29700 | 297004 28350
Post Flight Suppert 4050 40501 4050 4050| 4050 4050 4050 4050
Detntegration, Direct Lobor 5100 5100 5100 5100 5100| 5100 5100 5100
TOTALTDY 38850 | 39900| 49024 | 51199 48074 | 58800 43150 58650
TRANSPORTATION
To/From Level iV 70000 | 70000) 17000 | 17000f 17000 | 3000 3000 3000
GSE PRORATION 15820 16973} 6340 7493 7275 4419 5572 6274
GRAND TOTAL 295110 | 3162731214779 | 2332171 209541 | 215035 | 238382} 215164

Table 2-14, ATL, Dedicated Rack 5/6/Floor (Cost in 1977 $)

Cost Element N\, Concept | Al | A3 Bl 83 84 = C4
AN POWER
Installation and Experiment, Direct 139780 1139780 | 139780 [ 139780 | 946980 |139780 139780 | 946980
labor (3,4,5,4)
Payload Testing, Direct Lobor (7,8,9) - 5930 - 5950 | 4470 - 5950 4470
lastallation Test Support {3 thru 9) - 2590 | 3045 | 3553 | 3553 | 3553 | 14210 | 14210
Level UI/UI/1 Integration and Post Flight 48000 | 48000 | 48000 | 48000 | 38400 | 48000 | 48000 | 38400
Support {10 theu 15}
¢ Demtegration, Direct Labor {is) 13440 | 13440 | 13440 | 13440 } 13440 | 13440 | 13440 | 13440
-Demtegration Support (16) 1680 1680 1680 1680 1680 14680 1580 1680
TOTAL MANPOWER 202900 1211440 [205945 212403 |158523 1205453 1223040 }169180
IDY EXPENSE
Installation and Exp. Test, Direct Labor 2450 { 9450 | 18074 | 18074 | 1318) { 36150 } 36150 | 24342
Payload Testing, Direct Labor - 1950 - 974 750 — 1950 1500
Level H1/11/1 Integration Support 29700 | 29700 29700 | 29700 | 28350 | 29700 | 29700 | 28350
Post Flight Support 4050 { 4050 4050 { 4050 | 4050 | 4050 | 4050 | 4050
Demntegration, Direct Labor 4050 4050 4050 4050 4050 4050 4050 4050
TOTAL TDY 47250 | 49200 | 55874 | 56850 | 50381 | 73950 | 75900 | 64312
TRANSPORTATION
To/From Level IV 34000 | 34000 14000 | 14000 | 14000 3000 3000 3000
GSE PRORATION 10184 | 10184 8167 8187 | 8167 | 5978 5978 5978
GRAND TOTAL 294334 [304824 2839846 291420 [231071 [289381 |307938 |[242470
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Table 2-15. ATL, Dedicated Pallet 1 (Cost in 1977 $)

Cost Element N\ Concept Al A3 Bl B3 B4 Cl 3 C4

MANPOWER

Installation and Experiment Test, Direct 131980 | 131980 | 131980 | 131980 88930 131980 | 131980 | 88930

Labor (3,4,5,6)

Payload Testing, Direct Labor (7,8,9) - 5950 - 5950 4470 . 5950 4470

Installation and Test Support (3 thru 9) — 2590 3045 3553 3553 3553 1 14210} 14210

Level UL/ Integration and Post 48000 | 48000 | 48000 48000 | 38400 48000 | 48000 | 38400

Flight Support (10 thru 15)
Deintegration, Direct Labor (16) 12000 | 12000 12000{ 12000{ i2000| 12000 | 12000 | 12000
Deintegration Support (16) 1480 1680 1580 1680 1480 1680 1680 1480
TOTAL MANPOWER 193660 | 202200 { 196705 | 203163 | 149033 § 197213 | 213820 | 159690

TDY EXPENSE

Installation and Exp. Test, Direct Labor 8935 | 8935] 17044 | 17044 | 12224 | 34087 | 34087 | 24450

Payload Testing, Direct Laber - 1950 - 976 750 - 1950 1500

Level HIL/H/L [ntegration Support 29700 | 29700] 297001 29700| 28350 29700 29700 | 28350

Post Flight Support 4050 4050[ 4050f 4050| 4050| 4050 405¢) 4050

Demtegration, Direct Labor 3600 35600 3500 3600 3600 3400 3400 3600
TOTAL TOY 44285 | 48235 54394 55370 48974 | 71437 | 73387 | 61950

TRANSPORTATION -

To/From Level iV 34000 34000| 14000 14000 14000f 3000| 3000§f 3000

GSE_PRORATION 9267} 9267 8167} BI67] Bl67| 59781 5978 ) 5978
GRAND TOTAL 283212| 293702 | 273266 | 280700 | 220174 | 277628 | 296185 | 230618

Table 2-16, Space Processing, Dedicated Pallet (Cost in 1977 $)

Cost Element N\ Concept | Al | A2 B1 84 [ Ci C4

MANPOWER

Instellation end Testing, Direct 23455 | 23750 | 23655 |23750 123655 | 23750

Labor (3,4,5,6,8,9)
Installation & Test Support (3 — 9) - - 2905 | 3150 | 5810 | 6300
Level U1/1}/1 Integration Support 17810 {17810 |17810 |i17810 [17810 17810
(11,12,13)
Pest Flight Support (15) 4745 | A745 | 4745 | 4745 | 4745 | 4745
Deintegretion Direct Labor (16) 2470 ?470 2470 | 2470 | 2470 | 2470
TOTAL MANPOWER 48680 148775 {51585 [51925 154490 |55075

TDY EXPENSE

Installation & Test Direct Labor 2700 | 3768 | 5400 | 7537 {10800 {15075

Level 111/11/§-Integration Support 7050 | 7050 | 7050 | 7050 | 7050 | 7050

Post Flight Support 1800 1 1800 | 1800 } 1800 | 1800 | 1800

Deintegration Direct Labor 200 200 200 200 200 200
TOTAL TDY 12450 1 13518 | 15150 | 17287 | 20550 | 24825

TRANSPORTATION

To/From Level IV 15000 { 15000 | 15000 | 15000 | 3500 | 3500

GSE PRORATICN 4116 ) 4116 | 4116 4116 | 2475 | 2475
TOTAL 80246 | 81409 | 85851 | 88328 {31015 | 85875
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Dedication Cost Analysis - Flight Hardware

In the baseline costing analysis, the cost coniribution due to the Spacelab Flight
Equipment (racks, pallets, floors, EPDB's, etc.) was calculated on a prorated basis. The
equipment was laid out aginst a total ground processing time flow (from staging through
integration, flight and deintegration) and the tofal days of involvement, together with
the unit cost, were used to prorate the flight equipment cost on a per-mission basis. In
the case of dedicated Spacelab equipment under the purchased equipment approach, a
different rationale applies. In effect, the experiment Principal Investigator concemed
"buys" the Spacelab equipment and has complete conirol of iis use. It is not available
for use on any other payload, Therefore he must pay the full value of the equipment
whether he is flying it in the: Orbiter or not. He must try fo schedule a maximum number
of flights for his payload or payload section fo amortize the value of the equipment, The
proper approach to costing in this case then is one of amortization, not proration, To
determine the cost of the flight equipment per flight, the flight rate must then be con-
sidered, The total cost of the dedicated equipment listed in the "Dedication Break-Even
Analysis - Purchase Equipment Approach" section is divided by the total number of flights
anticipated in the program - calculated on a 10-year program - fo get the cost amortized
to one flight, For example, in the case of the Combined Astronomy payload wi th pallets
3 and 4 dedicated to the SIRTF, the flight equipment cost fotals (6,305,000, For a fotal
of 10 flights during the program (an average flight rate of 1 per year), the cost per flight
would be $630,500. For 30 total flights, cost per flight would be $210, 167. No flight
rates beyond 4 per year {40 total) are included since the payload fotal processing time
would not permit more than 4 per year for one set of Spacelab hardware, This varicble
cost per flight is added to the fixed cost per flight from other factors.

It is possible that a P.l. with a dedicated pallet, for example, may arrange and
execute a flight rate for his payload which is above the break-even point {making dedi-
cation cost-effective) but below the saturation point of full utilization. In such a case,
the pallet would have time available to suppori other payloads and it might be argued
that this would require an adjustment in the amortized cost per flight. I principle, this
is true, but several pitfalls appear. First, the cost and time required to deintegrate the
dedicated payload, and reintegrate it, would cuf appreciably into the remaining time
available for supporting the "extra" payload flights. Secondly, the cost would have to
be bomne by the other experimenter since it would not be to the advantage of the dedicated
P.l. This would make it less atiractive than getting a stripped pallef directly from staging,
if it is assumed that the exira P.l. would be paying the same prorated cost per day from
either NASA-KSC staging or the dedicated P.1. Thirdly, the break-even points appear
to be high enough that a large amount of unutilized fime does not really exist, especially
if the time required fo deintegrate and reintegrafe is subtracted. Fourthly, many of the
advantages of dedication would be lost or reduced in such a "sub-lease” arrangement,

In any case, the potential for this additional usage between the break-even point and the
saturation point is highly speculative and impossible to determine so that an adjustment to
the original cost amortization could be made.
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Total Integration Cost Summary

Tables 2-11 through 2-16 present a Fixed Cost Analysis for all four study payloads for
the six dedication candidates, The table is divided into Manpower, TDY, Transportation
and GSE Proration cost sections. Manpower is subdivided into Level IV Integration, KSC
Operations Support and Host Center Support. The Level 1V Integration represenis the actual
"hands-on " manloading required for integration by P, 1. personnel. KSC Operations Sup-
port represents manpower supplied by the P,I, to KSC during post-Level IV activities fo
provide advisory and overseeing support to the payload. Host Center support represents
Lead Center or K5C personnel assisting Pl personnel during the Level IV integration task,
Those personnel away from their base of operations incur additional expenses under TDY
costs, which are calculated under that heading. Transportation costs are based on the
previously presented fransportaiion guidelines, and cover fransporting the payload itself,
Spacelab hardware and GSE,

These tables reflect the reductions in manpower and processing time resulting from
dedication, as calculated from the revised ground processing flow charts and GSE utiliza-
tion charts. A degree of averaging and rounding is involved to permit the format to be
followed as it was in the Baseline Cost Analysis tables, Trensporction, however, was not
found to be offected as far as cost is concerned. Unlike the Baseline Cost Analysis tables,
flight hardware prorated cost is not included in the dedication cost tables, since it is a
flight rate sensifive figure calculated in accordance with the paragraph entitled "Dedication
Cost Analysis - Flight Equipment" and incorporafed into the break-even charis data,

Break-Even Charts

Using the data presented in the Baseline and Dedicated cost analysis tables and the
technique ouflined in the paragraph entitled "Dedication Cost Analysis - Hardware™
for the value of flight hardware in the dedicated buy case, o plot of Total Integration
Cost vs, Total Flights was prepared for each dedication case. These are presented as
Figures 2-16 through 2-21 herein. For simplification, the results of all "A" options, "B"
options and "C" options were averaged to yield a single line for each basic option, The
points at which the baseline and dedicated plots cross each other (so that the dedicated
becomes less expensive than the baseline) is circled in each case, This point, the "break-
even point” represents the number of flights in the total 10-year program which must be
flown for that payload segment that would make the dedicated buy approach more cost
effective than the baseline approach. Any number of flights beyond that point would re-
sult in saving additional amounts of money fo the experimenter and the program, compared
to the baseline approach.
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Dedication Cost Analysis - Leasing With Concentrated Flight Schedule

In this approach, the P.], does not buy the Spacelab equipment, but leases it for a
[imited period of fime, During this fime period, he plans to fly all the missions needed for
his project on a rapid turnaround basis, with no deintegration or reintegration required,
Upon completion of the last flight of his project, the Spacelab equipment is refurned fo
NASA  for further utilization.

This approach concentrates, as did the previous approach, on the particular piece of
Spacelab equipment being dedicated, rather than on the whole payload. It assumes that
the other elements of the payload (other racks, pallets, etc.) are already fully instalied
and checked out on the experiment level before the dedicated item is avcilable for infe-
gration, Therefore, the Level IV tasks included in the Total Ground Processing fime in-
clude only {a) Receiving inspection of the pallet or rack, which has just retured from a
flight, been deintegrated from the payload, and moved to the integration site, (b) installa-
tion of experiment equipment not dedicated to that pallet/rack, (c) experiment level veri-
fication, (d) payload inter-connection, payload checkout and disassembly for shipment,
where these functional blocks apply, From this point on, the flow retumns to the baseline
flow except for an abbreviated deintegration operation as in the "dedicated buy" approach,

This approach results in the maximum reduction in involvement time for both flight
equipment and GSE and is therefore lower then the baseline cost plan for any flight rate,
However, it does require that the dedicated experiments must be flown very rapidly, with-
out any time lapse between flights to assess daia, make experiment modifications or ad-
justments of any magnitude. Many experiments cannot be performed effectively in this
manner, especially where dafa must be sampled over a wide period of fime or an iteration/
evolution process is required, based on previous flights, to obtain meaningful experiment
resulfs,

Dedication Cost Analysis - Flight Equipment and GSE

To determine the prorated cost of Flight equipment and GSE in this approach, the base-
line “waterfall " charts were re-reviewed and modified to reflect the deletion of pertinent
installation steps and the assumption that other payload elements were already integraied
and awaiting the dedicated element. This reduced integrafion time was then used as a basis
for involvement time of both flight and GSE equipment. The equipment cost per flight was
then calculated using the same prorating formula as in the baseline approach,

Dedication Cost Analysis - Manpower and TDY

Based on the deletion of installetion fasks determined from review of the baseline
"waterfall" charts, a reduction in the numbers of technicians and engineers and their in-
volvement hours were applied fo the baseline cost analysis sheets, The reductions were
effective only in Blocks 3, 5 and 16 {when applicable), leaving all other blocks unaffected.
The total manpower for each processing option was then recalculated. The TDY figures were
also adjusted to reflect the reduced manpower levels and these totals recalculated.
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Transportation was not affected by this dedication, and so no recalculation of this
factor was required,

Total Integration Cost Summary

Since the actual comparison between the Concentirated Lease Dedication and the Baseline
approach must consider only the costs associated with the dedicated Spacelab item, the total
payload data derived as stated above had to be reduced to reflect only the costs associated
with the dedicated item. Referring to the columns numbered in Table 2-17, this was done by
examining the baseline manpower costs and apportioning a part of this cost to the dedicated
segment of the payload (Column 1). Then, the total manpower for the payload in the baseline
approach was compared fo the total payload manpower in the dedicated case. This represents
a delta cost (Column 2) totally aftributable to the dedicated hardware, By subtracting this
from the portion of the baseline manpower attributable fo the dedicated hardware - Combined
Astronomy Pallet 1 in the case of Table 2-17 - a figure for the manpower cost for the palfet
in the dedicated case is obtained (Column 3). The same approach is followed for TDY costs
(Column 4, 5 and 6).

Transportation costs shown (Column 7) are simply an assigned portion of the total
payload fransportation, and is undffected by dedication.

In calculating GSE costs, the baseline GSE costs atiributable to the dedicated hardware
were determined by re-examination and abstraction from the total payload GSE requirements
(Column 8). To determine the effect of dedication, the percent reduction in involvement
time during Level 1V activities was determined from the modified waterfall charts presented
earlier (Column 9). Applying this percentage uniformly to the enfire GSE complement cost
resulted in a lower cost for the GSE in the dedicated case (Column 10).

Flight Hardware costs (Column 11) were calculated by prorafing the actual dedicated
hardware costs over the reduced involvement time represented in the dedicated flows.

The resultant cost summaries, and a comparison with baseline data for the dedicafed
hardware, are presented herein as Tables 2-17 through 2-22,

Cost Comparison Charts

[n order to compare the cosis of this dedication approach with the baseline costs of
integrating the same hardware/experiments, the data in Tables 2-17 through 2-22 were
plotted against baseline dafa. The plot of total integration cost (for the dedicated hard-
ware only) against fotal flights of the project shows the amount of savings to be realized
from this approach, Also, due to the reduction in tofal ground processing time in the
dedicated case, the number of flights that con be made in a year is increased, and this
is shown as well. These charts are presented herein as Figures 2-22 through 2-27,
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Table 2-17,  Dedicated Lease Cost Analysis -
Combined Astronomy-Pallet 1T Dedicated ($KY

I P/t {-Ded.| =Ded. | B/L - Dedf=Ded B/l |- % Red]=Ded, | Flt Total A Avg.
f" MP L oy | A | oY T | GSE fintv. | GSE |Hdwe o Ded. | B/t
ton Time
A2 61,0 ¥7 44 13 3 10 ¢ 4.7 19.7 3.8 127 194 194 228
B2 61.0 14 45 11 3 8 4 3.5 18 2,9 132 192

179 215
B4 49.0 | 20 29 10 2 8 4 3.1 23.1 2.4 123 166
Cc2 63.0 17 48 20 6 4 6 2.8 20 2,2 115 178
165 209
C4 51,0 | 20 3 17 3 14 b 2.4 30 i.7 106 153
B/l. = Baoseline TRANS = Tronsportation HDWE = Hardware
MP = Manpower RED = Reduction
DED = Dedicated INV = Involvement
TDY = Temperary Duty FLT = Fhght
/s
MAXIMUM FLIGHT PER YEAR P > BASELINE
| Baseline 3.6t0 4.3 s
Dedicared 4,010 5.0 ‘
R DEDICATED
8t
7 =
3
;5_ [
£
— 5 1
=
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Q
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T 3
g
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2 CONCEPT A v oo =
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Figure 2-22,  Dedicated Spacelab Equipment -
Combined Astronomy Dedicated
Leased Pallet 1
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Toble 2-18,  Dédicated Lease Cast Analysis

Combined Astronomy-Pallet 3/4 Dedicated ($K)

B/L |-Ded|=Ded | B/L |-Ded|=Ded B/L * |-% Red.]=Ded | Flt Total Av A
Optiod MP A | MP TDY | 2N | TDY|Trens GSE fin lnv. { GSE Hewe Cost 9 9
Time Ded. B/L
A2 | 88,2 | 23.1] 65.8 791 © 7.2} 17.8 6.4 16.7 5.3 |185.2 262 262 298
B2 89.0 { 23,1} 65.9 701 0 7.0 8.8 4.8 10.5 4,3 |i64.4 250
243 274
B4 74,0 1 16.3| 57.7 | 13.5] 2.2{11.3 8.8 4.2 15.1 3.6 |153.8 235
C2 § 92,6 | 2.7] 70.9 |23.1] 5.2117.9 1.2 3.8 13.3 3.3 §144.3 238
227 265
C4 | 77.2 16,0 61.2 | 22,3] 4.5}17.8 1.2 3.2 19.3 2.6 1133.4 216
8}

TOTAL INTEGRATION COST (M) FOR PALLETS 3/4

MAXIMUM FLIGHTS PER YEAR

BASELINE 3 6§ TO 4.3

DEDICATED 3,8TO 4.7

.
R BASELINE
P

- > DEDICATED

COINCIDES WITH

CONCEPT A
- == CONCEPT 8
_— CONCEPT C

fo 20 30 40 50
TOTAL ELIGHTS

Figure 2-23,  Dedicated Spacelab Equipment -

Combined Astronomy-Dedicated Lease Pallet 3/4
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Figure 2-24,
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Table 2-19. Dedicated Lease Cost Analysis
Life Sciences-Racks 11, 12 & Floor Dedicated ($K)
B/L |- Ded|=Ded | B/L }- Ded|= Ded| B/L |x%Redf=Ded [ Flt
Option] MP FAY MP DY § A | TDY] Trans GSE  |in Ihviv.] GSE Hdwe Total Avg |Avg.
Time Ded., {B/L
Al 23.0 |21.5 1,5 1.8 | NC 1.8 1 17,0 3.7 32.7 2.5 15.1 38
41 66
A3 23,0 |21.5 1.5 1 5.1 JNC | 5.1 7.0 3.7 25,8 2,7 17.3 44
B1 20,5 6.7 13.8 1.8 1 0.6 1.2 3.6 1.1 356.3 0.7 15.1 34
B3 20.4 6.7 13.7 1.8 | 0.6 1.2 3.6 1,3 29,0 0.9 17.3 37 36 44
B4 20,8 6.7 14,1 1.8 | 0.8 1.0 3.6 1.5 22,2 1.2 16,8 37
Cl 20,4 6.7 13.711.8123 |0 0.6 0.9 47.6 0,5 13.0 28
Cc3 19.4 6.7 12,7 1.8 123 10 0.6 1.2 35.8 0.8 15,2 29 29 40
c4 20,8 6.7 14,1 1.8 | 2,3 0 0.6 1,3 27.8 0.9 14,7 30
44
8
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Table 2-20. Dedicated Lease Cost Analysis
ATL Rack 5, 6, & Floor Dedicated ($K)

GLQ Rockwell International

TOTAL INTEGRATION COST ($M) FOR RACKS 5, 6, AND FLOOR

BASELINE 3.0T0 3.7 /
DEDICATED 3.6TQ 4.8 g

1.5 -
- DEDICATED
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1.0 1
05 - CONCEPT A
CONCEPT B
CONCEPT C
t y 4 t t
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Figure 2-25,  Dedicated Spacelab Equipment -
ATL-Dedicated Lease Racks 5/6 & Floor
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B/L |- Ded|=Ded [-B/L |- Ded|=Ded| B/L |x % Red]= Ded Flt

Optionf MP MP DY) 2N\ | TDY | Trans G3E  |in Invlv.] GSE | Hdwe Total Avg JAvg
Time Ded. |B/1

Al 19,8 16.2 3.6 2.0 1.0 1.0 8.5 1.9 32,9 1.3 16,9 31.3
33.2 |s3.2

A3 20,6 16,2 4.4 2.4 1.0} 1.4 8.5 1.9 25,2 1.4 19.5 35,2

B1 14,0 10,2 3.8 3.8 20} 1.8 4,2 0.5 43,1 0.3 16,9 27.0
B3 14,8 10.2 4.6 6.2 1.2 1 4.3 4,2 0.5 35.0 0.3 19.3 32,7 28,6 |45.6

B4 14,6 12.5 2.1 3.0 1.6] 1.4 4,2 0.5 33.0 0.3 17.9 25,9

C1 14,0 10.2 3.8 7.6 3.8 3.8 0.9 0.4 55.0 0.2 14,6 23.3
C3 4.8 7.2 5.6 8.0 3.2 4.1 0,9 0.5 42.5 0.3 17.0 27.9 24.3 |48.5

C4 14,6 12,5 2.1 6,0 3.2 2.8 0.9 0.5 40,9 0.3 15.7 21,8

s >BASELINE
Asc d
2.0 T ‘/' /
MAXIMUM FLIGHTS PER YEAR Y y
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Table 2-21, Dedicated Lease Cost Analysis
ATL - Pallet 1 Dedicated ($K)
B/L |-Ded{=Ded | B/ |- Ded|= Ded B/L  |x % Red|=Ded | Flit
Option| MP Al M Ty | AN FTOY | Trans | GSE | in lwviv] GSE | Hdwr Total Avg | Avg
Time _Ded ]B/L
Al 39.5 11.4] 28.1 20107 | 1.3 8.5 3.4 22,7 2.6 i23.3 164
-174 1195
A3 411 11,4] 29,7 24107 | 1.7 8.5 3.4 17.4 2.8 141.8 185
Bi 27.9 1 19,0] 8.9 3.8 1.5 | 2.3 4,2 2.4 3.4 1.6 123.3 140
B3 9.5 19.0} 10,5 6.2.1 1,5 | 4.7 4,2 2.8 28.0 2.0 139.8 i61 150 192
B4 29.1 ) 17,1} 12,0 | 3.0] 2.2 | 0.8 | 4.2 2,8 | 27.0 2.0 }|129.3 148
ct | 27.9 | 19.0] 8.9 | 7.6]4.5 | 3.1]| 4.2 1.9 | 43.9 1.1 |107.7 125
C3 29.5 19.0] 10,5 8.0 4.6 | 3.4 v 2.2 33.9 1.5 124.2 140 131 167
C4 29.1 7. 1§ 12,0 6.0 1 4.5 1.5 .7 2.2 33.4 1.5 113.7 129

TOTAL INTEGRATION COST ($M) PER PALLET 1

JMAXIMUM FLIGHTS PER YEAR

BASELINE 3,110 3.6 Ve

DEDICATED  3.4TO 4.5 o
57
s

= BASELINE

— DEDICATED
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A P />DED[CATED

b4

5..
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3 -+
CONCEPT A

21 e —  CONCEPT B
CONCEPT C

N

_
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Figure 2-26,  Dedicated Spacelab Equipment
ATL-Dedicated Lease Paller 1
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Table 2-22,  Dedicated Lease Cost Analysis
Space Processing~Pallet Dedicated

FLT TOTAL AVG AVG
S. SE
OPTION M/P DY TRAN G HDWE DED DED B/L
Al 48,7 12.5 1.50 4,1 80.0 160
160 266
A2 48.8 13.5 15.¢ 4,1 80.0 161
B-1 51.6 15,2 15.0 4,1 78.5 164
165 279
B4 51,9 17.3 15.0 4.1 78,5 167
C-1 54.5 20,6 3.5 2.5 66,6 148
150 275
C-4 55.1 23.8 3.5 2,5 66.6 152
10.0 A } BASELINE
. MAXIMUM FLIGHTS PER YEAR P
y/ 2
BASELIME 3.6 TO 4.1
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Figure 2-27.  Dedicated Spacelab Equipment
Space Progessing-Dedicated Lease Pallet
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Dedication Analysis ~ Short Term Lease Approach

In this approach, as in the approach discussed in the preceding section {Dedication
Analysis - Leasing With Concentrated Flight Schedule), the Principal Investigator leases
rather than buys the Spacelab equipment into which he integrates his experiment hardware.
However, in this case the lease is assumed to be for a period of one year. During that
year, he can fly as few or as many times as he wishes, within the maximum [imits imposed
as a result of the involvement time required to integrate and process the payload, He may
have a limited {ime between flights to analyze data from the previous flight: The anal-
ysis then addresses the question "what is the minimum number of flights required to make
this approach more economical than the baseline approach ?"

As with the previous approach, the analysis concentrates on the dedicated payload
elements only (such as Combined Astronomy Pallet 1) and makes the assumption thaf the
other payload elements are prepared off-line and are fully integrated af Level IV before
the dedicated element is available. Therefore, the Level IV fcsk§ are limited to (a) re~
ceiving inspection of the dedicated rack or pallet assembly and its experiment equipment,
(b) installation of experiment equipment not dedicated to that pallet/rack, (¢) experiment
level verification, and (d) payload interconnection, checkouf and disassembly for ship~
ment where these functional blocks apply. From this point, as in the previous approach,
the ground processing flow returns to the baseline flow except for the abbreviated deinte-
gration operafion.

Although the concept presented above is for a limited lease of one year, it can be
exfended to longer lease periods. This would result in increased savings over the base-
line approach. Unlike the previous approach, some time is allowed between launches
for data reduction, equipment modification and other purposes, Like the previous approach,
a minimum flight rate is required to make the approach cost effective, so that experiments
which require sampling or testing over a long period of time may not be feasible,

Dedication Cost Analysis -« Manpower and TDY

Since the ground processing flow is based on the same dedication elements as in the
previous approaches, and since the same assumption is made with regard to other payload
elements already being integrated before availability of the dedicated element, as with
the "Concentrated Lease" approach described above, the same manpower and TDY figures
as used in that section will apply in this approach, No chonge in the number of manhours
saved by dedication, nor the resultant TDY costs, results from this variation in the ground
processing scenario,

Dedication Cost Analysis = GSE and Transportation

The GSE costs associated with infegration, as in the case of the baseline resource
requirements, are based on prorating the unit costs of the equipment over the involve-
ment days of usage for each processing option. In the case of the Short Term Lease, the
involvement times ore the same as they were for the Concentrated Lease and so the GSE

t
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costs per flight are also the same. Hence the figures used in the Concentrated Lease sec-
tion are still applicable and are used in this approach as well, The baseline transportation
costs are not changed by this or any other dedication approach; hence the baseline costs
attributable to the dedicated payload element are again used in costing this dedication
approach,

Dedication Cost Analysis - Flight Equipment

The cost of the Spacelab Flight Equipment per flight in this approach is calculated
on a per-flight basis, for the dedicafed elements only. The total equipment cost figures
used are those presented in the "Dedication Break-Even Analysis-Purchased Equipment
Approach™ and have been used throughout all three dedication approaches.

In this approach, since the Short Term Lease is based on a one year period, an
"annual cost” is caleulated as 1/10 of the total equipment cost (based on a 10 year pro-
gram plan). To express this in cost per flight, this figure was then divided by the number
of flights to be carried out during the year, up to the limit imposed by the involvement
time required per flight. For example, if the total involvement time per flight for a given
payload (from staging, through all integration levels, flight mission, deintegration and
back to staging) were 50 working days, this would permit o maximum flight rate in a
250-working-day year of 5 flights, If the dedicated equipment costs $5 million, this
would yield an annual cost of $5 million divided by 10 years or $500,000, and a per-
flight cost, for 5 flights in the year, of $100,000. The P.1, would be charged a lease
fee of $500,000 for the year, and he could fly his experiments up to 5 times during the
year, or less if he so wished,

Total Integration Cost_Summary

The five integratin cost factors discussed above (Manpower, TDY, Transportation,
GSE and Flight Hardware) are summarized in Tables 2-23 through 2-28 following. Bcth
baseline and dedicated data are shown, since the comparison must be made between these
alternafives, Baseline cost-per-flight dafa were derived, as in the previous dedication
approaches, from the total baseline costs. For Manpower and TDY, the fotals were ap-
portioned to represent only that part of the totals applicable to the dedicated elements,
The transportation and GSE costs were apportioned by application of simple percentage
factors. Flight hardware cost is based on the baseline proration formula applied to the
cost of the specific dedicated flight hardware element. The total of these factors is
shown as Baseline Cost/Flight in these tables,

Baseline Involvement time is based on the total ground processing and flight mission
times as represented in Volume Il "Total Life Cycle Flow" charts. The "Max, Flights"
" are calculated from these times as explained in the "Dedicated Cost Analysis-Flight
Equipmenti" section, in both the baseline and dedicated cases,
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Cost Comparison Charts

The data presented in Tables 223 through 228 for the six dedication cases is dis=
played graphically in Figures 2-28 through 2-33, comparing the baseline and dedicated
cost totals as a function of flight rate for the year-long lease, .

The baseline cost is, of course, a constant per-flight cost for each option. The op-
tions are averaged to yield a combined A", "B", and "C" curves as was done previously.
To get the per-flight cost in the dedicated case, the fixed cost subtotal (averaged for the
letter option) was added fo the flight hardware cost for euach flight rate point, and the
total plotted. The maximum flight rates are shown as "barriers" at the end of each solid
plot line, and the intercepis of the baseline and dedicated plots are marked with small
circles, These represent the flight rate at which the fotal integration cost FOR THE DEDI-
CATED ELEMENT OF THE PAYLOAD is the same whether dedicated or undedicated, and
can be considered a "break even™ point beyond which the dedicated approach is the most
cost effective,

Since, in most cases, the break even point occurs af @ non-integer flight rate (which
is impossible in ¢ one year span), cost savings per flight and total are shown for the next
integral flight rate. In some cases this requires extrapolation of the curve beyond the max-
imum flight rate barrier. This is nof truly a fallacy since such scheduling devices as using
16-hour work days instead of 8-hour days could shorten the involvement time making such
a flight rate possible,

Conclusions and Recommendations

In exploring and analyzing the various ways in which Spacelab flight equipment might
be dedicated, it has been seen that dedication is feasible and cost effective in many, buf
not all, cases, Under any of the dedication approaches, a relatively frequent flight rate
is necessary to justify dedication.

A comparison of the three basic dedication approaches would not be valid, since each
approach has to be considered in the [ight of the planned flight schedule, project duration,
and financial implications. For example, a university or research center planning to fly
a series of astronomical flights with a SIRTF over a long period of time, at a flight rate of
twice a year, would be best advised to use the purchase approach. An industrial user
planning fo manufacture semiconductor crystals in the Space Processing fadi tity at a maxi-
mum capacity for a year, following which « major change in equipment would be necessary
allowing a slower flight rate for the same production, would probably benefit from the short
lease approach followed by a nendedicated lease arrangement. Hence a user considering
dedication would first determine which dedication arrangement best fit his plans, and then
determine if this arrangement would be cost effective i the flight rafe he plann ed to
follow, -

A review of the conclusions that might be drawn from each approach would be beneficial
in determining patterns leading to general guidelines for dedication.
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Table 2-23. Short Lease Dedication Cost Analysis
Combined Astronomy-Pallet 1 Dedicated
Dedicated Fixed Costs Per Flight Baseline
Option | Manpower DY Trans, GSE Sub—total |[Cost/Fit |Inv, Time | Max, Flts ‘é&’\?q %Ef//YFrl)f
' "
A2 44,0 10,0 9.0 3.8 66.8 228.0 62.3 4,0 '(2386)0
B2 45,0 8.0 4.0 2.9 59.9 228.9 69.3 3.6 215.4
B 29.0 8.0 4.0 2.4 43.4 || 201.9 66.3 3.8 3.7)
C2 46,0 14,0 0.6 2,2 62.8 221,4 61.3 4,1 208.9
.2
C4 31,0 14,0 0.6 1.7 47.3 196.4 58.3 4,3 “.2)
Dedicajed ’
Op- ir | Annual Flight Hardware Cost/Flight Invivmt Max,  |Avg. Max,
Rape |  Cost 1 2 3 4 5 6 Time Flts. Flt/Yr
A2 530.9 | 265.4 177.0 | 132,7 | 106.2 —_ 59.8 4,2 4,2
B2 62,3 4,0
4,2
B4 530.9 58.0 4,3
C2 54,3 4,6
4,8
C4 50.0 5.0
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[BUOKELISIU| [[oMYO0Y QT’



COST PER FLIGHT $K
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Figure 2-28, Short Lease Dedication

Combined Astronomy-Pallet 1 Dedicated
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Table 2-24,  Short Lease Dedication Cost Analysis
Combined Astronomy-Pallet 3/4 Dedicated
Baseline I Dedicated
. Inv. Max. (Avg Cost Sub- Involv. | Max. [Avg Max
Option | Cost/Flt Time Flts. | (Flts) M/P TDY | Trans. | GSE | Toial Time [Flts/Yr [FH'S/YI‘
{
a2 | 297.6 | 694 | 3.6 %78 Jlese | 79 |78 | sa |96 | ess | s | s
B2 286, 1 69.3 3.6 65.‘9 7.0 8.8 4.3 86.0 65,2 3.8
273.9 4.0
B4 | 2617 | 663 | 3.8 [ G 577 | s ] se | 3.6 [e1.4 [ 609 | 4.1
C2 277.1 61.3 4.1 70,9 17.9 1.2 3.3 93.3 57.2 4.4
264,8 4.6
02 '
C4 252,6 58.3 4.3 “.2) 61.2 17.8 1.2 2,6 82,8 52,9 4,7
Dedicated
Annual Flight Hardware Cost Per Flight
ost 1 2 3 4 5 6
630.5 630.5§ 315,21 210.2 | 157.6 } 126,1 |105.1

ualsialg adedg
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COST PER FLIGHT $K

00T
400 +

500 1

400 +

300

’LQ Rockwell International

Space Division

OPTION A

BASELINE E__ SAVINGS ATN =4

200+

1004+

o\w‘g_ $44K PER FLIGHT
1 $176,000 TOTAL

700 4
6004
500 4

4007
300

CPTION B

[ 3

200+

1001

BASELINE E_ SAVINGS ATN =4
$33K PER FLIGHT
$132,000 TOTAL

7004
400+

500+
400+

300

4 L
! T T T T

OPTION C

BASELINE

200+

100+

£ sayiNGs ATN =4
$19K PER FLIGHT

$76,000 TOTAL

—
N
(4]
o
(S0 =

Flights Per Year

Figure 2-29.  Short Lease Dedication -
Combined Astronomy-Pallet 3/4 Dedicated
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Table 2-25,

Short Lease Dedication Cost Analysis
Life Sciences = Racks 11, 12 and Floor Dedicated

Baseline . Dedicated
. Involv, Max. | Avg Cos Sub- Involv. | Max. |Avg,Max
Option [Cost/Fit Time | Fits. | (Flts) || M/ | TDY | Trans | GSE |roto)  |[Time  [Flis/Yr [Flts/Yr
Al 63.4 | 68.4 | 3.7 10.5 1.8 | 17.0 2.5 |31.8 |i58.0 4.3
65.9 4.1
A3 68.4 | 76.9 | 3.3 8.5) ld.s 1.8 | 17.0 2.7 132.0 || 66.5 3.8 |
B1 44,6 1 70.2 | 3.6 13.8 1.2 3.6 0.7 |19.3 | 58.0 4.3 |
B3 46.4 | 78.7 1 3.2 ‘g'j) 13.7 1.2 3.6 0.9 |19.4 | 6.5 3.8 | 4.0
B4 | 46.7 ) 73.3 | 3.4 140 ] 1.0 | 3.6 | 1.2 |19.9 IJ 6.5 | 3.9
C1 39.3 | 62.2 | 4.0 13.7 0 0.6 0.5 | 14.8 "50.0 5.0
40.3
c3 40,2 | 70.7 | 3.5 | @3.8) { 12.7 0 0.6 0.8 |14.1 [l 58.5 4.3 4.6
C4 41,5 | 65.3 | 3.8 14,1 0 0.6 0.9 |15.6 | 56.5 4,4
Dedicated
Annual Flight Hardware Cost Per Flight
Cost 1 2 3 4 5 6
65.1 é5.1 | 32.6 | 21.7 | 16.3 | 13.0 | 10.9

Y
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Figure 2-30. Short Lease Dedication -
Life Science-Racks 11, 12, Floor-Dedicated,
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Table 2-26,  Short Lease Dedication Cost Analysis
ATL Racks 5, 6, ond Floor Dedicated
Baseline Dedicated
] Involv.] Max. JAvg.Cos Sub- Involv. | Max. WKvg.Max
Option |Cost/Flt| 11 | Flights | Glg) | WP | TBY | Trans. | GSE o1 1 Time  [Firs/Yr [Flis/Yr
Al 51.9 70,3 3.6 53 3.6 1.0 8.5 1.3 14,4 60.0 4,2
3.4 ‘ 3.9
as | sas | 798 | a1 |G aa | 1 e | 14 sy [ess | ose
B1 43.8 75.9 3.3 3.8 1.8 4,2 0.3 10,1 60.0 4,2
B3 | 48.2 | 84.4 | 3.0 (géz) 46 | 43 | 4.2 | 03 |34 Jless | 3.6 3.9
B4 44,8 77.5 3.2 2,1 1.4 4,2 0.3 8.0 63.8 3.9 |
Cl 47,6 67.9 3.7 3.8 3.8 0.9 0.2 8.7 52,0 4,8
|
C3 50,0 76.4 3.3 (3'85) 5.6 4,1 0.9 0.3 10.9 60,5 4,1 4,5
C4 47.8 69.5 3.6 ﬂ 2.1 2,8 0.9 0.3 6,1 55.8 4,5
Dedicated
Annual Flight Hardware Cost Per Flight
Cost 1 2 3 4 5 ]
70.3 70.3 35.2 23.4 17.6 14,1 11.7

uoQIsiAlg 2oeds
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Figure 2-31,  Short Leuse Dedication -
ATL-Racks 5, 6, Floor~Dedicated
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Table 2-27,

Short Lease Dedication Cost Analysis
ATL - Pallet 1 Dedicated

Baseline Dedicated
. Involv. | Max, |Avg.Cos Sub- Invelv. { Max. [Avg.Max
Option |Cost/Flt | Time Flts, (Flts) M/P TDY ] Trans, GSE Total [[Time [Flts/Yr [Flts/Yr
195.9
Al 190.0 | 70.3 3.6 (3.4) 28.1 1.8 8.5 2.6 40,5 63.2 4.0
g [ 3.7
A3 201.7 { 79.8 3.1 29,7 1.7 8.5 2.8 42,7 72.7 3.4
Bi 186.6 | 75.9 3.3 8.9 2.3 4,2 1.6 17,0 63,2 4,0
191,
B3 | 198.8 | 84.4 | 3.0 | 5 105 | 47 | 42 [ 2.0 |214 [ 71,7 | 3.5 | 3.8
B4 190.2 | 77,5 3.2 12,0 0.8 4,2 2,0 19.0 66,3 3.8
C1 163.2 | 67.9 3.7 8.9 3.1 0.7 1.1 13.8 55,2 4.5
167.0
C3 172,4 | 76.4 3.3 (3.5) 10.5 3.4 0.7 1.5 16.1 63.7 3.9 4,2
C4 165,6 | 69.5 3.6 12,0 1.5 0.7 1.5 15,7 " 58,3 4,3
Dedicated
Annual Flight Hardware Cost Per Flight
xR Caost ] 2 3 4 5 6
487.6 487.6 | 243.8 | 162.5 | 121,9 | 97.5 81.3
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Figure 2-32.
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Table 2-28,  Short Lease Dedication Cost Analysis
Space Processing - Pallet Dedicated
Baseline Dedicated
) Involv., | Max. {Avg,Cost \ Sub= || Involv,| Max. [|Avg.Max
Option | Cost/Flt Time Flts {Fits) M/P Y Trans. | GSE Total Time |Flts/Yr |Flts/Yr
. 268.3
A2 268.3 69.1 3.6 3.6) 35.7 4.8 15.0 4,1 59.6 53.7 4.7 . 4,7
. |
B2/B4 | 281.4 | 68.1 3.7 223?17.)4 38.5 | 9.5 | 15.0 | 4.1 |é7.1 | 52,7 | 4.7 | 47
C2/C4 | 277.1 60,1 4,2 2(272)] 41.3 14,2 3.5 2.5 61.5 44,7 5.6 i 5.6
Dedicated
Annual Flight Hardware Cost Per Fiight
Cost 1 2 3 4 5 6
372.4 372.4 1 186.2 | 124.1 | 93,1 74,5 | 62,1

uoising acedg
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Figure 2-33,  Short Lease Duration -
Space Processing-Pallet Dedicated
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Dedicated Buy Approach

Reviewing the break-even charts and the calculations in this approach, several con-
clusions can be drawn, First, the effects of dedication are approximately the same re-
gardless of whether Concepts A, B or C are being followed., Secondly, it can be seen
that a rather extensive flight schedule is required for the savings from dedication to offset
the capital investment cost. This is particularly frue for pallet payloads which involve much
more expensive flight equipment. The pallet payloads require on the order of 30 flights
(except Space Processing) to pay off - the equivalent of 3 flights per year for the entire
program. Space Processing takes less fime because of very high cost savings realized from
dedication. Rack payloads, on the other hand, require only 15 to 20 flights to pay off and
are therefore better candidates for this form of dedication,

Dedicated Lease with Concentrated Flight Schedule

In this approach, areview of the cost comparison charts reveals that a savings can be
realized in all cases, regardless of flight rate, but of course since a concenirated launch
schedule is presupposed, this approach is inapplicable unless multiple flights on a tight
schedule are planned. The savings are less than dramatic (except for Space Processing as
explained above) until a large number of flights are reached. In this approach, the dif -
ference between pallet payloads and rack payloads is must less apparent, because the flight
hardware cost becomes less of o factor when it is based on proration rather than amortiza-
tion.

Dedicated Short Term Lease

The data for this approach, where full utilization is not presupposed as it was in the
Dedicated Lease with Concentrated Flights Schedule, involves a break-even situation again
as we saw in the dedicated buy approach., The savings from dedication are weighed against
the cost of underutilized hardware, and at a cerfain flight rate for the one year lease per-
iod, savings may be realized, The most significant conclusion evident from these break-even
charts is that, as with the dedicated buy approach, rack payloads exhibit quicker and more
dramatic savings than do pallet payloads. This, again, is due o the predominant effect of
flight hardware cost in an underutilization situation as we see here. Again, Space Pro-
cessing proves itself fo be an exception because of the very significont integration/deinte-
gration savings and somewhat lower pallet costs from the other pallet payloeds. With the
exception of Space Processing, pallet payloads appear to exhibit cost savings at 80 to 90%
utilization while rack payloads exhibit savings of only 50 or 60% utilization.

SD 78-5R-0009-3
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SHARED SPACELAB EQUIPMENT UTILIZATION

General

The objectives of this sub-task were fo determine costs and schedule implications of
shared Spacelab equipment utilization through progressive Level IV integration of shared
Spacelab hardware, This shared hardware included Spacelab unique equipment such as
racks, pallet segments, RAU's, and common support equipment (recorders, IPS, telescopes,

chambers, etc,) and GSE.

"Shared Level IV checkout flows" were developed and compared against baseline
Level 1V checkout flows fo form the basis for analyzing manpower requirements, cost data
and use (involvement) times for selected GSE, (A "shared checkout flow" is one which
moves the equipment and personnel from one principal investigator's facility to another in
the Leve!l IV shared buildup, assembly and checkout of payload equipment for specific
missions.) Shared flows were developed for four payloads, namely (1) Advanced Tech-
nology Laboratory, (2) Combined Astronomy, (3) Space Processing, and (4) Life Sciences,

It was not anticipated that this evaluation would prove that shared integration
would be cost effective, GSE inventory and TDY requiremenis would probably decrease
. but the increase in flight hardware involvement time and iransportation costs will signifi-
contly increase, Therefore, the significance of the data from the shared Spacelab hard-
ware analyses is to provide cost estimares that can be considered for those experiment/
payload cases that may not be integrated at a single Level IV integration site. That is,
experiment unique test equipment, test facilities, and/or safety constraints may greclude
transportation to an integration site. Environmental proof testing may be required at mul-
tiple sites for some payloads, The data from the shared hardware analyses can be of help
in assessing the cost implications of the ground processing of these unique payloads.

Certain assumptions were made for purposes of this analysis. These assumptions are
listed below and apply for all cases involved in this evaluation.

a) All Spacelab Equipment will be staged (stored, refurbished) at KSC
b) GSE and Spacelab Equipment moves with the payload

c) GSE and Spacelab Equipment moves progressively to each Principal
Investigator's Site

d) The involvement time for GSE is based on a dedication rule, that is, once
the equipmeni has been selected for use, even on an intermittent basis,
for a particular mission, it will be dedicated fo that task for the entire
mission period,

285
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Advanced Technology Laboratory (ATL)

The ATL payload consists of Pallet 1, Pallet 2, Rack 3a, 3b, 4a, 4b, 5 and 6 and
a Forward Structure, For purposes of this study, the equipment was subdivided into three
groups designated Mini-Center 1, 2 and 3. Mini Center 1 group of equipment consisted
of the floor, Pallet T, Rack 5 and 6, Mini Center 2 group of equipment consisted of Racks
3a and 3b, Mini Center 3 group of equipment consisted of Pallet 2, Racks 4a and 4b, and
the forward structure,  ATL Progressive Experiment/Facility Flow, Figure 2-34, presents
a means of quickly identifying experiments, sites and hardware. For example, Pallet No, 1
has experiment ST25 end items 4 and 5 installed af Site No. 1 and experiment ST10 end
items 1 thru 13 installed ot Site No. 2 ofter which Pallet No. 1 is shipped to KSC,

* 1

The progressive flows for the ATL payload are presented in chart form. Figure 2-35
shows Mini-Center No, 1 shared flow which utilizes 260 hours compared to 128 for
the baseline. Mini Center No. 2, shown in Figure 2-36, utilizes 112 hours for the pro-
gressive compared to 63 hours for the baseline. Mini Center No, 3, shown in Figure 2-37,
indicated 538 hours are required for the shared compared to 152 hours for the baseline,

Combined Astronomy

The Combined Astronomy payload is presented in three checkout cases, 1, 2, and 3.
Since this experiment contains three experiments, the equipment is subdivided such that
Pallet No, 1, the forward most pailet in the Payload Bay, is af one Principle Investigator's
(P1) Site while the mid pallets, No., 2, 3 and 4, are at Site No, 2 and Pallet No, 5, the
aoft pallet is processed af Site No, 3, Case No, T starts the initial Level IV activities at
thesame fime for the forward, mid and aft experiments - each experiment being integrated
at o different site. Case No. 2 starts the forward and mid experiment Level IV activity ot
the same time but delays the start of Level 1V tasks for the aft experiment so that the same
GSE can be used for both the mid and oft experiment. Case No. 3 adjusts the Level 1V
integration activities such that the forward, mid and oft experiments are checked out se-
quentially, This results in minimum GSE for Level IV integration activities,

Figure 2-38 presents a summary of the shared flows for the Combined Astronomy
payload, Shared flows for the three cases were compared with the baseline flows.
Case 1 initiates Level IV activity from a common timeline for the forward, mid and oft
pallet complements. Only the forward complement was cycled from one site to another
for experiment integration, Estimates indicated costs of $291,200 and 138 serial hours
for this shared case as compared to $89, 120 and 58 serial hours for the baseline, Case
1 utilized three sets of GSE. Case Il initiates forward and oft pallet Level 1V activities
af the same time. The mid pallet complement Level IV activity was scheduled such that
the oft pallet Level IV GSE equipment could be used for the mid pallet complement inte-
gration activities, The flow times are about the same as Case 1. In Case I, the forward,
mid and aoft pallet activities were scheduled such that only one set of checkout and ser-
vicing GSE was required. However, the involvement times for the flow increased to 501
serial hours.
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Space Processing

Space Processing utilizes only one pallet, The equipment is assigned to experiment
categories designatedfacilities, Facility | for example, includes experiment S9A, S9B,
and 521, Facility 1 is processed at Site No. 12, The Space Processing payload progresses
from Site 12 through Site 16, Site 13 is used to process Experiment CG5 and Site 14 is
used to process Experiment CG7, together they constitute Facility No, 2, Figure 2-39
illustrates the Space Processing progressive flow and includes a table showing the site,
facility and experiment relationships.

The pallet for Space Processing is shipped fo five different sites for Level 1V inte-
gration activities. The serial time fo accomplish this would be 595 hours, The processing
times for each of the four experiment groupings - designated Facility | through IV - is
shown in Figure 2-39 for comparison,

Life Sciences

Life Sciences, for purposes of this study, has been subdivided into equipment group—
ings called mini-centers, Eight mini-centers have been selected. Of these eighi mini-
centers, three were selected for purposes of comparison between the shared concept
and the baseline for Level IV integration. Mini-Center No, T consists of Rack No, 3
and the associated floor section. Mini-Center No. 2 consists of Rack No. 4 and Mini-
Center No. 6 consists of Rack No, 9, The experiments contained in the racks are listed
in the Life Science Matrix listed in Volume [ of this report. Figures 2-40, 2-41, and
2-42 show Site 1, 2 and 6 equipment installation and checkout sequences. Figure 2-43
depicts the comparison of Mini-Centers 1, 2, and 6 progressive flows compares to the
baseline flows.

The Life Science experiment shared flows are shown on Figure 2-43 for three
cases which were selected from the eight mini-center equipment groupings. These are
cross hatched as indicated for mini~centers 1, 2 and 6. A comparison of the times for
these cases and the baseline flows is presented, For example, Mini-Center No, 1 is 287
hours for the
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Maonpower Costs
The manpower costs were obtained by multiplying:

hours X number of men X rate in dollars per hour

where:  engineersrate = $35 per hour
technicions rate = $30 per hour

The manpower tasks are estimated from three categories, namely l(cx) Off-Site Support,
(b) KSC OPS Support, and (c} Shared Level IV effort for each option, As an example,
the $205,000 disted under manpower for ATL is comprised of:

17,550 Off-Site Support
64,220 KSC OPS Support
123,500 Progressive Manpower Level IV Effort

$205,270 Total

Temporary Duty (TDY) Costs

The TDY costs were obfained by determining the number of days and manpower in-
volved for each activity. A charge of $75 per man per day was used to arrive af the cost
figure. :

GSE Costs

The GSE costs were pro-rated for each item of equipment used per the following
formd a:
Days Involvement X Unit Cost of Equipment

Cost =
250 Working Days Per Year x 10 Year Life

Spacelab Flight Hardware Costs

The §/L FLT Hardware Costs were developed using the dedicated rule which states
that once an item of equipment is selected for a mission it is dedicated for that use until
the mission is completed, The cost is developed using the same formula as was used for
determining the GSE costs.
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Transportation Costs

Transportation Costs were developed using guidelines including those lisfed below:

A) To ship via oufsized carriers (in excess of 8 fi. width) for
1) Pallet Segment/Pallet Train
2) lLong Module Rack/Floor Sef
Shipping Time - 5 working days at 40 hours
Cost - $4000

B) To ship via standard carriers {within 8 ff. width)
1) Racks, Floor Segments, Short Modules
2} GSE
3) Experiment Equipment Shipping Containers
Shipping Time - 2 working days or 16 hours
Cost ~ $3000

C) To ship an outsized shipping container (in excess of 8 ft. width)
Shipping Time - 2 working days
Cost ~ $1500

Total Dollars Per Flight

Table 2-29 summarizes all of the cost factors for a mission for each of the four pay-
loads for the shared flow option selected. )

Baseline

The baseline costs are the total costs for the option selected for each of the four pay-
loads, For example, option A-3 baseline for the ATL is $55%,000. This option includes

activity blocks 5, 6, 7, 8, 9, 10 and 16, The identification of each activity block is
listed below.

Activity Block No. Description

Individual Experiment Rack/Pallet Installation
Individual Experiment Interface Verification
Interim Payload Inferconnect

Combined Payload Checkout

Disassembly for Shipments -

KSC Level 11l Buildup Assembly Racks/Floor Pallets
Spacelab Deintegration

OV,

1
1
Delta Over Baseline

The difference between the baseline cost and the Shared Trade Cost is shown in

this column. In all cases, this difference is positive (greater than) the baseline.
I
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Table 2-29.  Summary of Shared Trades Cost Data
o ;] 3
IS)
£ - o«
n N3 o~
& & &
K$) 3 5 A~ £ AR 4
L & N & [ & S g g /5&
‘ s/ g Q ¢ fer )/ &/ 09 s /§F
COMBINED A-2
ASTRONOMY CASEl | 218 13 23 | 1,141 45 1,440 1,348 92
CASE 1] 218 13 2 |1 39 | 1,467 {1,348 19
cast il 218 13 25 |1,252 | e | 1,624 |1,348 276
; -
LIFE AC) 224 41 2t 73 83 | a4z 389 53
SCIENCES A3 243 44 22 80 83 a7z | 422 50
SPACE A2 N4 9 10 166 28 327 | 249 78
PROCESSING
ADVANCED A-3 205 3 25 328 75 636 | 559 77
TECHNOLOGY
LAB
y
Summary

The resulis of the comparisons of progressive flows and baseline flows for all experi-
ments is presented in Table 2-29, The resulis are expressed in thousands of dollars for
each case. As can be seen, the delta over the baseline is positive in all cases. In the
results for Case [ll for Combined Astronomy, a delta of $276,000 is shown. This case rep~
resents the minimum sets of GSE and checkout equipment and the maximum serial checkout
time. The involvement fime required for the GSE and flight hardware as well as transpor-
tation costs confribute o drive the total cost higher than in Case | and Il as well as the

baseline.
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3-0

LEVEL IV GROUND PROCESSING REQUIREMENTS - BASELINE TRAFFIC MODEL

SCOPE OF PROGRAMMATIC ANALYSES

This section describes the programmatic analyses that were performed during the
study. If includes an overview of the ground processing options that were considered
plus the rationale for the selection of the 6 options studied in detail, A [isting of the
basic guidelines used in the programmatic analyses has been itemized. An iniroduction
to the resource categories is included.

This section also discusses the relationship of the reference traffic model {(viz. the
"560" traffic model) with the payload equivalency model used in the study. A buildup
analysis based on ground processing times were performed and are included along with a
schedule analysis reflecting the development of payload launch dates.

Spectrum of Options

Three Level IV infegration ground processing concepts were considered;
distributed site, centralized site, and launch sites. The distributed site concept reflected
multiple level IV infegration activities for a single Spacelab payload at geographically
separated locations. The centralized site concept required all experiment equipment and
Spacelab mounting/interfacing hardware for a payload at one geographical location. The
third concept required all experiment hardware af the launch site, KSC.

All three concepts reflected the same level of assembly end checkout prior to init-
iation of level 11i/1l integration activities at KSC, Preliminary assessment of the data being
developed for each payload for each concept indicated only minor differences, which could
be attributed primarily to variations in transportation requirements, In an attempt to pro-
vide a broader specirum of data, Rockwell expanded the number of options to be considered,
The expansion within the three baseline or generic concepts was based upon variations in
the experiment/payload integration,

DISTRIBUTED SITE OPTIONS

The principal characteristic of distributed site options is the independent buildup
and checkout of Spacelab mounting elements ot multiple geographical locations. For
example, an experiment system could be installed and checked out in one rack at a site,
while other experiment systems were being installed and checked out independently in other
racks at other sites. Muoltiple sets of checkout equipment are also characteristic of this
generic concepf,

. The variations within the generic distributed site concept pertain to the fevel of
payload assembly and checkout activities prior to initiation of level 111/11 integration
activities of the KSC-STS operations. One option {designated A-1) reflects rack/floor
and/or pallet train assembly in the STS operations, Also, in the A-1 option, the initial
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checkout of the integrated payload is accomplished after rack/floor installation into the
module, interconnection of the habitable module and pallet(s), and/or installation of the
igloo on the lead pallet and interconnection of pallets.

A functional flow diagram for this option is presented in Figure 3-1, A description
of the activities conducted in each block is presented in Table 3-1, The missing number

will be subsequenily assigned and

the activities identified in subsequent option definitions.
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Table

34 Indwvidual Expeniment - [11/11 Assembly Functional Deseriptions

Funetional
Block

Title

Descriptor

Functional
Block

Title

Descriptor

1

10

Prepare Experiment
Equipment

Prepare Spacelab
Equipment

Individual Experiment
Rack/Pallet

Installatien

Individual Experiment
Interface Venfication

KSC Asembly
Racks/Floors/Pallets

Recering and inspechion of experiment equip-
ment ot the level |V site, Preparation for
move/transfer to the lavel IV integration area

Reconfiguration of Spacelab flight hardware
to specific configuration and complement of
intesfacing Spacelab elements required for
next paylood. Conducted at KSC as part of
staging operation. [ncludes installation of
RAU's, I/C's, EPSP/EPDB's, Cold plates, efc,

Installation of ntro-rmck/pailet cable/fluid
lines, mounting of experiment hardware in
racks, on floor segments, and on pallet sey-
ments  Multiple mdependent assembly activ-
thies conducted as a funcfion of viable sub-
division of Spacelob mounting elements and
experiment systems for an mdividue] payload
(e.g. single rack, rack set, sack/floor seg-
ment, rack/paliet, pallet segment, etc ),

Functional checkout of mntefaces established
in block 8. Includes electrical and Fluid
inferconnections, Conducted on individyal
experiment system basis.  Interfaces may or
may not be maintained tn subsequenr frans—
fers and buildups, Includes ntra~rack/
pollet connections and interfaces between
experiment hardware and Spacelab inter-
faeing elements such os RAU's, EPSE/EPDB's,
1/C, ete.

Assembly of subdivided Spacelab mounting
element/experiment system {see block 5 des-
cription) into paylocd flight configuration
Includes rack/flaor assembly into a short
module/long module cenfiguration and meting
of pellet segments into pallet trains, Part of
KSC-5T5-C&C building operations and re=-
ferred to as level Il assembly activity,

11

K5C Assembly With
Electrical /Environmental
System and Command/
Control System

KSC Spacelab
Integrated Funttional
Checkeut

Level I/Pre-Launch
Integratien

Misston Operations

Post=Flight
Operations

Spacelab
De-integration

KSC-5TS operations which include installa-
tron of rack/floor sitas in modules, mntere
connection of Spacelab and experiment sys-
tem, installation of end core, pallet and/or
pallet train interconnections, and installa-
tion of lgloe (s applicabla),

Functional verification of all electrical ond
Flurd interfaces estabiished in blocks 10 and/
or 1T Includes Spacelab subsystem, Space-
lab/experiment and intra~experiment con-
nections, data/command transfer interfoces,
CDMS/experiment soffware, and loading/
stowage of loose experiment equipment,

OPF and Pad operations, Includes instal-
latron of Spacelab/payload mta Orbiter bay
and dedicated payload control and display
panels in Qrbiter Aft-Flight-Deck (AFD),
funetional verification of all electrical and
fluid interfaces established during instollo-
tion, servicing/top—off of payload flurds/
censumable, and loading of specimens,

Rafarence period of seven calendar days te
be used n detemunatron of flight hardware
invelvement times,

Safing of experiment system and off-loading
of erifical samples, specimens, data priar to
O&C building operations,

Removal of rack/floor sets from modules,
disassembly of pollet/pallet traing, removal
of experiment hardware from Spacelab
mounting elements,
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The second distributed site option (A-2) reflects combined payload checkout at K5C
after independent/individual experiment/mounting element integration at multiple dis-
tributed sites but prior to entering STS operations in the O&C building. For purposes of
this study, it was assumed that the off-line combined payload checkout activity at KSC
would occur in an industrial complex facility. This option is also characterized by the
by-passing of the level Il assembly activity in the O&C building. For example, inde-
pendently integrated pallets or pallet trains (pallet-only payload) would be interconnected
and checked out at the payload level in the off-line activity, disconnected, and then
transported directly to the level Il stand in the O&C building.

The third distributed site option (A-3} also inciudes off-line checkout at the pay-
load level at KSC. However, in this option, level Il assembly in the O&C building is
required, For example, rack/rack sets from multiple distributed sites would be inter-
connected and checked out in the off-line activity, disconnected and transported to the
O&C building, and then integrated with floor segments in the level II] assembly stand,

A functional flow diagram for the A-2 and A-3 options is presented in Figure 3-1, .
The delta activities for these options are reflected in functional blocks 7, 8 and 9. All
other functional blocks are essentially the same as described in Table  3-1. Activities
in blocks 7, 8, and 9 are summarized in Table  3-2, The destination from block 9 is
dependent upon the configuration of the payload upon arrival at the O&C building. [f
the payload is in the flight configuration, the flow by-passes block 10 (Option A-2). If
level 11l assembly is required, block 10 is included in the processing flow (Option A-3).
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Figure 3-2.  Individual Experiment Integration -
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Table 3-2,  Delta Activities for Individual Experiment Integration =
Pre 111/11 Combined Checkout

‘ Fugic:ccl’:a[ Title Descriptor

3 Experiment bhstallation and Installation of expariment equipment in the flight configured rackfloor
Paylood Assembly sets and/or pallet trains. Assembly of Spacelab mounting element/ex—
periment system into payload flight configuration. Includes rack/floor
assembly mto a short module/long module configuration and mating of
pallet segments mto pallet trams.

\ 4 Experiment Interface hcludes the sequential and progressive verification of individual experi-
Verifications ment systems ond of the interfaces established m Block 3. kcludes elec~
trical end fluid interconnections  Vertfications and functional tests con-
ducted on a completed payload configuration, Interfaces may or may not
be maintained in subsequent transfers and buildup,

7 Interun Payload Interconnect Assembly and/ar interconnection of individually integrated Spacelab
mounting element/experiment systems into a simulated flight configuration

8 Combined Payload Checkout Functional verification of multiple experiment/simulated Spacelah sys-
tem interfaces, Ihcludes. command/data transfer, power/cooling com—
pattbality, and CDMS/experiment software.

9 Disassembly for Shipment Dependent upon payload buildup opproach and location of combmed
payload checkout. If payload 1s in flight configuration at KSC only
preparchion for transfer to O&C building 1s required, [F transportation
width 15 a constrant > 12 feet) disassembly of long module rack/floor
and pallet frans is required, IF configuratien 1s only simulated flight
configuration individuatly integrated Spacelab mounting elements must
be prepared for shipment,

LEAD CENTER OPTIONS

The generic lead center concept is characterized by the performance of all pre-0&C
building integration activities at one geographical location other than KSC, The options
within this concept reflect variations in both the level of and approach to assembly and
checkout,

The first three lead center options are similar to the distributed site options. Although
experiment system/mounting element integrations are conducted on an individual basis, the
activities are scheduled to maximize the common usage/sharing of GSE. The First option
(B=T) would result in the infegration of individual mounting element ot a lead center. Sub-
sequently, these elements would be fronsferred to KSC for assembly into the flight config-
urafion of the payload in the O&C building. Option B-1 is comparable to option A-1.

Options B~2 and B~3 are comparable o options A=2 and A~3 with regards to pre-
KSC/STS assembly and checkout status. However, the combined payload checkout activ-
ity would be conducted af the lead center rather than in an off-line facility af KSC. Ex-
cept for the location(s) of this activity the functional blocks in Figure 31 and -2 for op-
tions A~1, A-2, and A-3 are the same for B-~1, B-2, ond B-3, respectively.

3-5
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If level IV integration is conducted at one geographical location installation of the
full complement of experiment equipment and/or Spacelab mounting elements prior to
checkout is feasible. Option B-~4 reflects this possibility, For example, an entire rack/
floor set would be available atthe level 1V site. Intra~ and inter~rack and floor cabling
_would be installed. Experimeni equipment would be installed in/on the racks and floor
segments. Individual experiment systems would be checked out followed by a combined
payload checkout. The totally assembled and integrated payload would then be trans-
ported directly to the level I} stand in the O&C building.

In order to assess the impact on ground processing of a potential road transportation
constraint, a fifth lead center option (B-5) was introduced. Repetitive road transporta-
tion through some states may be restricted to a maximum width of twelve feet, This con-
straint can be met if only single pallet and/or single modute rack/floor sets are transported.
Thus, for the B~5 option, payload assembly and preparation for shipment activities in the
B-4 option were revised to reflect the temporary interconnection of pallet trains and long
module rack and floor sefs. Also, the level lll assembly activity in the O&C building was
included in the KSC-STS operations,

The top level functional flow for the B~4 and B-5 options is presented in Figure
3-3.  Only functional blocks 3 (Experiment Installation and Payload Assembly) and
4 {Experiment Interface Verifications) are deltas to the flow presented in Figure 3-1,
Block 3 encompasses the installation of experiment equipment in flight configured rack/
floor sets and/or pallet frains. Block 4 includes the sequential and progressive verifica~
tion of individual experiment systems. The activities within blocks 8, 9, and 10 are
similar to those of the previously discussed options, but reflect the integrated payload
configuration of options B-4 and B-5.

ExP [
INSTALL & EXPERIMEET F-OMBINED DISASSEMALY
|ma] INTERFACE PAYLOAD
PAYLOAD Lt /o FOR
ASSEMILY RIFICATIONS! ST
) T
at),
PREPARE
EXP
ECIUIPMENT @ @ @
K:C VLI | e 7 —
UILOUP SPACELAY L
ASSEMBLY ] L INTEG Lok PEELAUNGH
@ RACKS/FLOOK CHECKOUT FUNC;IDNM. \NIEG
PALLETS /0
PREPARE
SPACELAR
EQUIFMENT
Tr......._.]
wmission 1 Drostuent SPACELAS
’ """| OFERATIONS r’ OIEFAYIGHNS ] "DE-SNTEG,
L d

Figure 3-3.  Payload Assembly and Checkout -~
Disassembly for Transportation
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KSC OPTIONS

In general, the KSC options are a special application of the fead center options.
All experiment equipment and Spacelab mounting elements are integrated at one geo-
graphical location, KSC, For purposes of this study, it was assumed that all the level
IV integration activities at KSC would be conducted in a facility in the industrial com-
plex. The one disparity between the lead center options and the KSC options is that
there is no KSC option comparable to B-5. A twelve-foot width constraint during trans-
poration of an infegrated poyload from the industrial complex to the O&C building at
KSC is not applicable.

SUMMARY OF GROUND PROCESSING OPTIONS

A composite of the functional flows for'the processing options is presented in Figure
3-4, _ A matrix of the twelve options for the three generic concepts and the applicable
functional blocks is presented in Figure 3—=5. As stated previously, the first three op-
tions for each generic concept encompass the same functional blocks (activities). Options
B~4 and C-4 are comparable; Option B-5 is unique to the lead center concept.

The predominant discriminators between options are as follows:

1. Level of pre-KSC/STS integration: Inclusion/exclusion of Combined Payload
Checkout - Block 8,

2. Approach to experiment installation: Individual experiment versus payload
buildup - blocks 5 and é versus blocks 3 and 4.

3. Level lil assembly af KSC: Inclusion/exclusion of payload flight config-
uration buildup at KSC - block 10.

Variations combinations of A, B, and C options for the ground processing of a pay-
load were briefly examined. Some combinations or hybrids are feasible and quite reason~
able. For example, part of ¢ payload might be integrated af a distributed site (A type
option) and then combined with the remainder of a payload at a lead center (B type option)
prior to transfer to KSC, The assessment of these types of hybrid options would not sig-
nificantly expand the spectrum of data of the basic twelve options. Also, the data for the
twelve options could be exfrapolated to various hybrids if other factors indicated the de-
sireability of a hybrid ground processing approach for an individual payload.

SD 78-SR-0009-3



‘l& Rockwell International

Space Division
© ® ® ®
Exp EXPERIMENT komsineD
‘Nﬁ‘}‘li'bfn |} InTERFACE FAYLOAD mw;s;imv
g
ASSEMALY VEUFICATIONS o SHIPMENT
® A
i
FREPARE
£xp
EQUIPMENT 0
@ @ R VE O ® @
3
INTERIM BUILDUP KSC SPACELAD LEVEL I/
CT PAYLOAD ASSEMLY of it Lo e [ meauncn
@ NTERCONNECT RACKS/FLOOK CHECKOUT [ FUNCTIONAL INTEG
PALLETS c/Q
PREPARE
SPACELAB
EQUIPMENT
©! o D .
INDIVIDUAL INDIVEDUAL I ussion POST-ELIGHT TAELAS
. Exb EXPERIMENT i: ey N N
aiher bo] Ty G 1 oroanions 4 oserations DE-IMIEG.
JNSTALL VERFICATION L—-—--——J

Figure 3-4, Ground Processing Options - Top Level
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Figure 3-5,
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Options Selected for Programmatic Evaluation

Six sets of ground processing options were analyzed fo determine programmatic impli-
cations, The selection of these sets was based upon the following criferia:

1. Reflect the maximum spectrum of assembly and checkout prior to KSC-5TS

operations between generic ground processing concepts (Distributed, cen-
tralized, KSC).

2. Reflect the maximum spectrum of assembly and checkout prior to KSC-STS
operations within generic concepts.

3. Reflect the maximom spectrum of Level IV infegration GSE requirements.

4, Reflect the maximum spectrum of Level 1V integration fransporfaiion
requirements.

4

A generalized application of these criteria fo the mafrix of 12 processing options
indicated that distributed site options A-=1 and A-3, centralized site options B-1 and B4,
and KSC options C~1 and C-4 were preferred., The A-1, B-1, and C-1 options reflected
only individual experiment/mounting element integration prior fo initiation of KSC-STS
operations. The A-3, B-4, and C-4 options reflected the maximum level of integration
of.the payload within a generic option prior to KSC-STS operations. Transportation and
GSE exiremes are reflected between distributed site options (A~T and A-3) and KSC optiens
(C=T and C—4),

A minor deviation from the generalized approach was required for the two pallet only
representative payloads, Space Processing and Combined Astronomy, KSC-3TS level Il
assembly, which would correspond fo an A-3 option not requiring Block 10, was nof required
for the Space Processing payload, The A-3 option contains Block 10 "KSC off-line assembly
of racks/Floor and pallets® for a single pallet payloads such as Combined Astronomy is activ-
ity that is not required. Therefore, the A-2 option {no KSC-STS Level 1lI assembly) will be
used for the Space Processing payload in conjunction with the A-3 options for the other payloads,

Conversely, the Combined Astronomy payload, which has canisters to be installed in the
SIPS, does require Level 1l KSC-STS assembly regardless of the option used due to the multiple
pallets and experiments, Therefore, the B-3 and C-3 opfions for the Combined Asironomy pay=
load will be used in conjunction with the B~4 and C~4 options, respectively, for the other pay-
loads,

3-9
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The payload ground processing options and programmatic sets that were analyzed
are summarized in Table 3-3,

Toble 3-3.  Payload Options Used - Programmatic Analyses

Data Pa%;d Combined Space Life
| Set Astronomy Processing Seience ATL
1. Al A=l ® A=l A-1
2, A-3 A2 A3 A3
3. B-1 Bl * . B-1 8-1
4, B-3 . B4 B4 B-4
5. C-1 C-1* C-1 C-1
8. C3 C-4 CH4 C4
* Data jnput to options A-2, B-2 and C-2 were revised to reflect deletion of
the combined payload checkout activity of functional blocks 7, 8, and 9.
Activity not required since all experiments are in a single pallet.

Programmatic Guidelines

The basic guidelines that were used in the programmatic analyses are as follows:
1, Mission Model:  The "560" traffic model will be used as the baseline,

2, Payload Equivalency: The equivalency between the represenfative pay-
loads used in this study and the payloads in the fraffic model.

3. Launch Schedule:  Within the consfraints of the types of Spacelab con-
figurations scheduled for any year, launches will be equi-spaced and
alternate between pallet-only and habifable module configurations, For
example, if six launches of each.configuration are scheduled in a year,
launches of alternating configurations will be scheduled at the rate of
one per month, Where possible, launches of each category of payload
will also be equally spaced. That is, if 4 ATL type payloads are sched-
vled in a year, one would be scheduled o be launched every three monfhs,

3-10
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lLearning Curve:  An 80 perceni leaming curve will be used fo exirap-
olate ground processing times appropriate to the operational era to inifial
payload integration activities. This learning curve will be applied fo the
first five flights or two years of operation, which ever is less, for each of
the four categories of payloads of the traffic model,

Resource Requirements:  The programmatics analysis will result in the
definition of hands-on personnel, Level [V Spacelab related GSE, Space-
lab interfacing hardware, transportation {to/from Level 1V sites), and
major Spacelab flight hardware requirements,

The manpower estimates will be adjusted to reflect personnel requirements
rather than manhours. "This results in a more reclistic estimate of the man-
power requirement deleting spikes in the personnel curve; however, it does
resulf in an increase in manpower costs. Annual salaries will not be reflected
in the manpower costs, Thai is, if a fechnicion is required for two months of
a year, then only one~sixth of his annual salary will be included in the pro-
grammatic cost compilations,

Interfacing hardware that will be specifically identified will be: rqcks:
pallet segments, IPS, SIPS, RAU's, EPDB's, floors, and cold plates,

One SIPS will be assumed for each combined astronomy payload plus one
additicnal one in the inventory to accommodate periodic 2 SIPS payloads.
One IPS will be assumed for every other combined astronomy payload,

Cost Estimating: —All resources will be costed in 1977 dollars, Inflation
rates will be compounded af the rate of 10% per year for European supplied
equipment and 7% per year for all other resources,

3-11
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Programmatic Resource Categories

For each of the six options evaluated during the programmatics analysis, there were
four major resources categories that were analyzed, These four are:

. Personnel Requirements

. Level IV Integration GSE

. Spacelab Flight Hardware Requirements
. Transportation Costs

The personnel requirements covered the categories of direct "hands-on" integraiion
manpower, Host Center support and Pl support for KSC Operations. The Level IV integra-
tion manpower requirements as well as the TDY and support level of Pl's at KSC during the
STS Operations,

The Level IV integrafion GSE analysis evaluated these GSE end items required fo
support the Spacelab equipment utilized during the Level 1V integration activities, [t
represents that GSE required as a result of the installation and checkout activities relating
to the Level IV integration of the experiments and the Spacelab flight hardware,

The third resource category is the Spacelab flight hardware. In this analysis, the re-
quired inventory of flight hardware needed to support each of the six ground processing
options evaluated was derived from an analysis of the serial ground processing flows (in-
volvement times), the specific payload configuration of each representative payload, and
the launch rate and schedule of the traffic model being evaluated.

The transportation resource cafegory includes those costs associated with the ship-
ment of Spacelab flight hardware and GSE from the various level 1V infegration sites to
the launch site. I also contributes to the overall ground processing serial timelines by
defining the time allocated to the equipment shipments.

These four resource categories are defined in detail, for the Baseline Traffic Model,
in the next four subsections. These corresponding subsections are also discussed for the
2/3 and 1/3 Baseline troffic model analysis of sections 4.0 ond 5.0.

3-12
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TRAFEIC MODEL ANALYSIS

Payload Eguivalencies

The traffic model baseline used in this study was the "STS Traffic Manifest, 1980 -
1991" dated December 1976, This model contains the representative types of payload
activity being planned for the Shuttle, The missions reflect the generic payloads over

a 12 year period from 1980 through 1991.

Accommodation of the generic payload types resulted in a requirement of 560 Shuitle
flights throughout the fiscal year time frame including abort reflects and 83 expendable
launch vehicle flights. The following fable (Table 3-4) is a summary of the Spacelab flights
that are in the total "560" traffic model that was used as a baseline,

3-13
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Table 3-4, 560 MISSION MODIL
SPACELAB AND SPACE STRUCTURES
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Payload to Troffic Model Equivalency

Initial effort in the programmatics task included the development of an equivalency
between the four representative payloads defined in this study and the Spacelab froffic
model, This equivalency is summarized in Table 3-5.

SD 78-SR-0009-3

Table 3-5.  Spacelab Troffic Model Equivalencies
. Study .
Representative Tm;f"io'::d""l Coafiguration Leunch Schedule
Paylosd i 81 82 8 B5 86 B7 88 89 90 91
Combined AS-01
Astronomy SVl Astrophysics 5 Pallets 0 ¢ 2 4 4 5 4 4 4 4
IR=1
V-2 Solar 5 Pallets 2 2 2 2 2 2 2
SH-3 Terrestrial
PA-1 Physics and 5 Pallets 1 3 3 3 3 3 3 3 3
Astronomy
. g 1 5 9 9 10 %9 ¢ 9 9
Life Sciences LS-09 Life Sciences Leng Module 2 2 2 2 2 2 2 2 2 2
ATL-A AP-06 Solar Terrestrial | SH Mod + 3 Pallets 2 2 2 2 2 2 2 2
ATL-1 Space Tech SH Mod + 3 Pallets T 1 1T 2 1 2 1 2 1 2
MU Molti-User Long Mod + Pallet 1 3 3 3 2 2 2 2 2 2
MU Applications SH Mod + 3 Pallets i 2 2 3 3 3 3 3 3
CSPOIS Non-NASA Long Mod + Pallet 2 2 3 3 3 3 3
COM-1
FSP 015 Foreign S/1. Long Med + Pallet i1 1
EON_— ESA . SH Mod + 3 Pallets 2 2 2 2 2 2 2 2
GPN
— 3 4 10 14 12 15 14 15 15 16
Space Proc. MU Multi-User 3 Pallet 1
ASN Forelgn 5/L 2 Paliet P12 1 2 11
CSN
S5 Space hdustn- Pallet Train 2 2 3 3 3 3 4 4 4 4
alization
SPN-SP ESA 1 Pallet Tt 1t 1 1 0 1
SPN-4P W, Gemmeny 1 Pallet 3 3 2 2 2 2 2 2
3 2 7 8 7 8 8 9 8 B
3-16




Buildup Analysis

The Spacelab Ground Processing times developed for the study payloads were based
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on an operational steady-state condition, That is, the payload buildup and task sequences

were assumed fo be done under normal operafing conditions. For example, no provisions
were made fo accommodate for learning times in the early portion of the flight schedule,

Therefore, some period of time must be added to the initial group of payloads that are in-
troduced info the system through any center.

ational steady-state activity achieved by the fifth mission passing through that center,
The 80 percent learning curve is shown in Figure 3-6, The curve illustrates the time-

The NASA has provided this study with a leaming value of 80 percent with an oper-

multiple factors for the initial payloads up through the fifth mission at which time all
subsequent missions proceed through the ground processing flows based on the operational
timelines established in this study,

NORMBL | ZED LERRN TIME

The actual equations used to determine the learning curve factors is:

Learning Curve Factor = (Leaming Curve)

logn
log 2

where n is the number of payloads over which the learning Jis sprecd

(in this case n = 5),

LEARNING CURVE VS NO 0OF EVENTS

2'n
. Normalized
Fligh
. \ — 'oht Factors
\ 1 1,679
2 1,341
1B \ 3 1,178
L/C I = 4 1.074
5 1.000
£.4
~
1.2 \
1.8
B
L] i B 2R ag Y.p 5.8

NO OF EVENTS

Figure 3-6,  Leaming
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The above curve indicates that the ground processing sequence will require approxi-
mately 68 percent more time in the buildup sequence for the first payload entering the
system at its' particular center, The learning times were computed by the normalizing-factors
shown in the table in Figure 3-6.

An example of the application of the learning curve is shown in Figure 3-7, The first
five missions were taken from the "Schedule Analysis" section and used fo show the opera-
tion and effect of the application of the learning curve, The first 5 missions are shown in
Table 3-6, which includes the type payload, year and day of year of launch,

Table 3-6.  Early Missions Subject to Learning Curve

No, Mission Year Launch Day
1 ATL-1 1980 130
2 ATL-2 1981 32
3 Space Processing 1981 65
4 ATL-3 1981 97
5 Life Science 1981 130

The more reasonable method of illustrating the affect of the leamning curve was to
select a situation which would include the median ground flow times, The selection should
also include a lead center-activity time butted against the KSC activity time with the addi-
tional time of staggering included. Consequently, Option B-1 was selected,

Table 3-7 indicates that the total time including the normalization for learning at
both the Lead Center for that particular payload plus the time (normalized) 4t KSC. Know~
ing the total time lengths of each payload, scheduling processes can be employed to deter-
mine the necessary start time to achieve the scheduled launch date,

SD 78-SR-0009-3
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Ground Processing Times Normalized For Learning

Table 3-7.
Payload| Staging & |Learning | Lead Cir ] KSC Learning KSC 2 [[Total Time
or Gnd Proc, X Curve = Gnd Prod| Proc Time| X Curve {=Time T plus Comments

Mission | Time (Days)] Factor  [Time(Days) || (Days) Factor Only(Days) 2

ATL~1 33.9 1,679 56,9 42 1,679 70.5 127.4 This is the first payload for
both the ATL Lead Center

il and KSC,

ATL-2 33.9 1,341 45.5 42 1.341 56,3 101.8 This is the second payload

for both the ATL Lead Cen-
I ter and KSC,

SP-~1 31.0 1.679 52,0 36.2 1.178 42,6 I 94,6 This is the first payload for
the SP Lead Center; how
ever, this is the third pay-
load for KSC,

ATL-3 33.9 1.178 39.9 42 1.074 45,1 85.0 This is the third payload for
the ATL Lead Center; how-
ever, this is the fourth

. payload for KSC,

LS-1 29.8 | 1.679 50.0 40.4 1.000 40,4 90.4 This is the first payload for
the LS Lead Center; how-
ever, the fifth for KSC,
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In addition, should potential conflicts appear due o the overlapping of ground pro-
cessing tasks both thai fact and this amount of overlap can be identified. Such an overlap
is indicated in Figure 3-7, highlighted by the circle, Once identified, schedule medifica-
tion by shifting the launch dates of the affected payloads by the overlap may be considered.

QOPTION 8-1 (BASELINE TRAFFIC MODEL)

1980
[pAYs 20 40 &0 80 100 120 140 T80 180 200,
t t t + + ¥ t t t t t T — fem i e e g f
A
ATL-) ALY
[ i
R R R R R ATL-2
3
_ 1981
200 20 240 260}0 20 40 60 80 100 120 140
it t t t t T + t + T + + o
A A A A
ATL-2 Sp-) AlL-3 L5-1
o
5 | F/' 4
R R R T a CAN BE ELIMIMATED
BY A 7 DAY SHIFT 1IN
{sm I SCH'D LAUNCH
1.8 | SLALLLLTLSSL LSS TA LIS
\
Y ATL-3
LECIN A C 1 T

* HEITETTITTHIREETN.
N LEARNING Y
1.4 N CURVE 80% £5-1 N }

3
L
Y
> - ' - o .-
124 s CODE /:g_.
“ POTENTIAL CONELICT 2ND
Lo ~ EZZZ7)  CORE MODULE CORE MODULE REQUIRED
. - - KNSR PALLET ONLY
+ T t i t +
12 3 4 5 &
MISSIONS

Figure 3<7,  Potential Conflict - Overlap of Equipment
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Schedule Analysis

The previous section, Buildup Analysis, indicated that scheduling of payloads can
become very critical especially as the number of flights per year increases. As long as
the ennual launch rate remains low (i.e. less than 4/yr), the ground processing times,
relatively short (i.e. less than 60 days) and the launch dates equally spaces {i.e. 1 per
quarter) scheduling does not become a problem, However, where launch dates are rela-
tively close and the ground operations time are such that they overlap conflicts arise with
insufficient quantities of ground processing equipment.

An example of conflicts in the launch rate and ground processing cycle is shown in
Figure 3-8. The example consists of 3 cases. Case A is the ideal situation where 3 flights
are evenly spaced through the year, Theoretically one set of ground processing can be
used since there is no overlap in either the flight or ground equipment.

Case B indicates the need of ot least two sets of ground processing equipment due to
the proximity of launch dates, Case C is an example of what a worse case situation might
be. The quantity of ground processing would equal the total number of simultaneously over-
lapping missions. In the case shown (Case C), three complete sets of equipment would be
required.

@  3FLIGHTS PER YEAR

1 2 3 4 5 & 7 8 9 10 N a2 MONTHS

i |

NO CONFLICTS

A A A
| e
A ) CASE B
i COMFLICT SINCE 2 P/L'S ARE
) IN PROCESS AT THE SAKE TIME
= 2 SETS OF SOME EQUIP ARE REQ'D.

CASE C

CONFLICT-3 P/L'S IN
PROCESS AF THE SAME
TIME

Figure 3-8,  Launch Rate (Date) and Ground Processing
Cycle Impact
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In order to reduce the number of ground processing equipment sets due fo the number
of conflicting missions, a study model was generated, Table 3-8, This model consists of
297 missions of the four study payloads based on the "560" model discussed supra in the
section titled "Payload Equivalencies®.

This mission model is established using the following ground rules:

EQUALLY SPACE LAUNCH CENTERS. The objective is to schedule
the launch dates equally apart. The typical 5 day~-work week was
used as the standard, When divided into 52 weeks, a net result of
260 total annual processing days per year. The number of 260 divid-
ed by the number of missions per year determines the schedule spacing.

ALTERNATION OF SPACELAB CONFIGURATIONS (where possible}.
If, in any given year, there are pallet and spacelab module payloads,
an attempt should be made fo rearrange the schedule permitting an
altemating sequence (i.e. pallef, module, pallet, module, etc.).

EVEN DISTRIBUTION WITHIN A GIVEN YEAR, This rule pertains
to payloads having the lowest flight rate. For example, if only one
such launch per year was scheduled, the subsequent flight would be
scheduled 12 months after the first, Similarly, 2 flights per year
would be scheduled 6 months apart,

Based on these ground rules, the baseline mission model ("560" model) and the
spacelab traffic model equivalencies {Table 3-5), the following study model was pre-
pared, Table 3~8. Since only a single mission was found for the ATL payload, it was
scheduled at the mid-point of the year (day 130 & the year 1980). In the year 1981,

8 missions were identified and scheduled approximately 32,5 days appart. In the years
1987, 1989 and 1991, a maximum of 35 missions were_identified consequently the schedule
between launches averaged 7.4 days.

3-22
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Table 3-8.  Study Mission Model

g€

PAYLOAD PAYLOAD PAYLOAD
YEAR FLIGHT DAY YEAR FLIGHT DAY YEAR FLIGHT DAY
15 | amnfca | sp L5 |arjca | s s | ATL| cA
1980 1 130 X 1983 16 208 X 1585 ] 43 b4
{Cont'd) 17 221 X {Cont'd) 7 55 X
Tatal - 1 - - 18 234 X 8 43
2 M 3 247 X ? 70 X
1581 ] pid X 20 260 X 10 78 X
3 97 X 2 7| 4 7 n 86 X
4 130 X 12 bl
M 162 X 1984 1 10 X 13 102 X
2 21 X 4 ne X
195 X
$ et % 3 2 X 15 18 X
8 260 X 4 4 « X 16 126
2 3] -3 3 5 17 134
3 &5 X 18 141 X
1982 1 29 X 7 75 X 19 149
2 58 X g g: X 20 157
3 87 X X 2 165
4 Hé X 10 108 X 22 e X x
5 145 X n 1y X 2 181 X
6 174 X 12 130 x 24 189
7 203 X 13 140 X 25 197 X
8 232 X 14 15 X 2 264 x
9 260 X 15 162 X 27 212 X
2 | 4 | 1 2 16 173 X 28 220
17 18 X b1 228 X
1583 1 13 X 18 195 X 30 234 X
2 26 X 19 4208 X 31 244 X
3 39 " X 20 216 X 32 252
: g % 2 227 X 33 260 X
22 233 X
& 78 X 2o
2 249 X
7 91 X 24 260
8 104 X X 1986 1 8 %
9 17 X 2| w0l s 7 2 7 X
10 130 X o | ; x 3 2%
N 143 X 4 34 X
2 15a x 2 15 . X 5 43 X
13 189 X 3 ‘,ﬁ X ) 52 X
14 182 X 5 30 X 7 &0
15 105 X ¥ 8 49
? 78 %
10 86

. £-6000-4S-84 4S

XIrvad 900d A0
81 $0Vd TVNIDIYO

UoISIAI] 89edSg

[euoneuIaUj [[omyo0Y QY‘



£-6000-YS-84£ dS

(A

Study Mission Model (Cont'd)

PAYLOAD
YEAR FLIGHT DAY
AtLlca | sp

1986 3] 95 X
{Cont'd) 12 104 X

13 12 X

14 121

15 130 X

16 138 X

i7 147 X

18 154 X

19 164 X

20 173 X

21 182 X

22 190 X

23 199 X

24 208 X

25 2% %

26 225 X

27 234 X

28 242 X

29 251

30 260 X

" 12 ? 7
1987 1 7 X

2 4 X

3 21 X

4 29

5 a7 X

[ A4 X

7 51 X

8 58

? &6 X

10 74 X

3 81 X

12 88

13 95 X

14 103 X

15 111 X

16 na X

17 125 X

Table 3-8,
PAYLOAD
YEAR FLIGHT DAY
ATL | CA | 5P
1987 18 132
{Cont'd} 19 140 X
20 148 X
21 155 X
n 162 X
23 149 X
24 177 X
25 185 X
2% 192 X
27 199 X
28 206 X
29 214 X
30 222 X
3 229 X
32 236 X
3 243 X
34 251
35 259 X
15 [0 ] 8
1988 1 7 X
2 15 X
3 23 X
4 3
5 39 X
6 47 X
7 55 X
8 63 X
9 70 X
10 78 X
11 8 X
12 94 X
13 102 X
14 10
15 118 X
1% 26
17 134 X
18 141 X
19 149 X
20 157

IPAYLOAD
YEAR FLIGHT DAY
s [lAaTL]cAa | sp
1988 21 145 X
{Cont'd) 22 173 X
23 181 X
24 8¢9 X
25 197 X
26 204 X
27 212 X
% 220 b
29 228 X
30 236 X
K] 244 b4
2 252 X
33 261
2 | 9|8
1989 1 7 X
2 14 X
3 21 X
4 % X
5 37 X
3 44
7 51 X
8 58 X
¥ & X
10 74
b 81 X
12 ] X
13 25 X
14 03 X
15 1m X
16 118 X
17 125 x
8 132 X
11 140 X
20 148 b3
21 155 X
2 1462 %
23 169 X
24 177 b3
25 185 X
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Table 3-8. Study Mission Model (Cont'd)
PAYLOAD BAYLOAD
YEAR FLIGHY DAY YEAR FLIGHT DAY
15 | ATL[CA | SP ATL|{ CA [ sp
1989 2 192 X 1990 2% 19 x
{Cont'd) 27 199 X (Cont'd) 27 204
2 206 X 28 212 X
29 214 x 29 220 X
30 222 X 30 72 X
31 229 X 3 %
32 235 X g; 54: X
33 243 X 33 252
24 251 x H 260 X
35 259 X 5| 7 | B
2 tist 919
. 1991 1 7 X
1990 1 7 X 2 14 X
2 14 X 3 21 b
3 21 X 4 P X
4 28 X 5 a7 X
5 35 X 5 4 X
6 42 X 7 51 X
7 50 X 8 58 X
8 58 X ? 56 X
9 L) X 10 74 X
1 4 X n 81 X
1 82 X 12 a8 X
12 %0 X 12 o5 X
13 78 x 14 103 X
14 106 b 15 i X
15 114 X
16 18 X
16 122 ‘ X 17 125
7 130 X 18 132 X
18 137 X ® %0 x
1 144 X 20 148 X
20 151 X
21 155
21 158 X 22 142 X
22 185 X 23 149
23 172 X ¥ 177 X
24 179 X 2 185 X
25 188 X

PAYLOAD
YEAR FLIGHT DAY
LS ATL | CA sp
129 26 192 X
(Contd} 27 199 X
28 206 X
2% 214 X
3c 22 X
ki 222
a2 236 X
3 243 X
34 251 X
35 259 X
2 16 9 8
o0
=k
et
w %
82
“ K
8
2
% o
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PERSONNEL REQUIREMENTS - BASELINE TRAFFIC MODEL

Manpower Baseline

The manpower requirements evaluated for this study were in three categories: direct
"Hands~on" integration manpower, host Center support and Principal Investigator (PI) sup-
port for KSC Operations.,

The direct hands-on personnel consist of technicians and engineers involved in the
actual installation and checkout tasks associated with Level 1V integration. Both engin-
eers and technicians were viewed as being multi-disciplined, i.e., both mechanical and
electrical technicians and engineers were considered to be required for the different types
of equipment and installations required, In addition to these technicians and engineers,
inspection personnel (inspectors) and cerfain support technicians such as crane operators
were included in the estimates, In thinking out the manpower requirements, it has been
assumed that all of the "hands-on" personnel were Pl employees, other than perhaps the
support fechnicians. It should be noted that, since only "hands-on" personnel were in-
cluded, manpower requirements for system engineering, mission analysis, design engin-
eering, operations analysis ond similar supporting tasks are not included.

The second category of personnel, referred to as Host Center Support, consists of
those engineers and technicians provided at either the minicenter, lead center or KSC by
the resident organization to provide support for nonresident Pl personnel doing the hands-
on effort, The magnitude of this support is relatively small, being greatest at KSC and
least af the minicenters,

The third category of personnel studied are termed KSC Operations Support personnel,
consisting of Pl personnel on TDY at KSC in support of Level 11l and subsequent operations
on the payload, These personnel would be few in number, primarily engineers acting as
"Pl Representatives" and advisors to KSC Operations during these activities. The nunber
of such personnel would be the same for all processing options, since this phase of payload
handling and operations is the same regardless of the Level IV option.

As explained in Volume [I, the manpower requirements were initially derived from a
. detailed analysis of the lnsfullahon and Test task charts, assigning a number of technicians
and engineers to each detailed step for the estimated time requ:red Then, inspection and
support personnel were added, and the total manpower required, in terms of "head count®,
was smoothed to provide a realistic manpower level, These smoothed manpower levels were
applied in the development of the Personnel Cost Analysis Tables. Further rounding of the
manpower levels was required in this operaticn to develop consistent and meaningful data,

In conjunction with developing manpower levels and costs, a very significant part of
total personnel costs is the Temporary Duty (TDY) allowance paid to traveling personnel,
which varies widely with the processing option. Based on the concept and scenario of
travel for hands-on, Host Center Support or KSC Support personnel, « rate of $75 per day
was used to defermme the magnitude of this expense. In taking the numbers of personnel
on TDY and the duration of the TDY assignment, it was assumed that all assignments started

3-26
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on Mondays, so that any assignments longer than 5 days involved TDY for intervening weed-
ends in addition to working days. Assignments terminating on a Friday would not involve
TDY for the following weekend. TDY costs vary with the processing option, being greatest

for the KSC (C-X) options, since many Pl personnel must travel to KSC to perform Level IV -
integration tasks,

Personnel Cost Analysis Tables

Using the smoothed manpower levels for each functional block in the Level 1V inte-
grafion process, and the Serial Processing Time for each of these blocks (reported in Vol -
ume 1), the manpower was expressed in terms of manhours. Multiplying this by $35 per
hour for engineers and $30 per hour for technicians, the direct manpower costs for each
processing option on each payload were developed. This represents the data in the first
part of the Personne! Cost Analysis tables presented herein as Tables 3-9 through 3-12,
These tables present the data for each payload in tum, as follows:

Life Science Payload - Table 3-9

Combined Astronomy Payload - Table 3-10
Space Processing Payload - Table 3-11
Advanced Technology Laboratory - Table 3-12

In these tables, the manpower costs are summarized under several headings, "Installa-
tioh and Experiment Test" represents the activities of Activity Blocks 3, 4, 5 and 6 (os
applicable) in installing experiment equipment onto Spacelab racks and pallets and check-
ing installafion integrity af the experiment level by test, "Payload Testing, Direct" refers
to Activity Blocks 7, 8 and 9 wherein the Spacelab racks and pallets, with experiment
equipment installed, are interconnected and tested as a complete payload to verify inter-
faces made during integration, and to verify checkout software, "Installation and Test
Support" refers to personnel ot the infegration site other than "hands-on™ labor, engaged
in.providing logistic, facility and other types of support to the actual integrating per-
sonnel during performance of Activity Blocks 3 through 9. “Level Il1/11/1 and Postflight
Support" refers to Pl personnel at KSC during these Spacelab/Orbiter operations acting
as advisory and support personnel. "Deintegration Direct" and "Deintegration Suppori"
refers to hands~on and supporting personnel, respectively, performing the deintegration
of experiment hardware from the Spacelab elements ofter flight and higher level deinte-
gration - as covered in Activity Block 16, )

As can be seen from these tables, the great majority of the personnel costs are Prin-
cipal Investigator (PI) personnel costs, These data will be carried further strictly in the
form of the dollar amounts from these tables.

3-27
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The TDY Costs in Tables 3=9  through 3-12 is broken down in a similar manner.
“Instaliation and Test Direct" refers to Acﬁvify Blocks 3 through 9, combining Installation
and Expenmem Test with Payload Test, covering TDY expenses for all non-resident Pl
personne| in both categories. "kevel III/Ii/I and Post Flight Support" was explained prevlously
as monpower, as was "Deintegration Direct”, There is no entry for TDY for Deintegration
Support, since these personnel are always resident KSC personnel,

1

Programmaiic Manpower Requirements

Since the personnel costs presenfed and explained in "Personnel Cost Analysis Tables"
refer to the costs for o single mission, the process for applying these data to the entire pro-
gram, as represented by the Baseline Traffic Model, consists of simply multiplying these per-
flight totals by the number of flights in a given year to determine the manpower costs for
that year. It should be noted that, although some of the manpower associated with a par-
ticular flight may be expended in the year prior to the flight year, no aftempt has been
made fo separate these costs, Hence, all manpower costs associated with a flight are
charged in the year the flight occurs,

Tables 3-13 through 3-18 presents the total personnel costs, including both man-
power and TDY, for all four payloads, on a year-by~year basis for the 1980 to 1991 time
span of the Baseline Traffic Model. Al amounts are in 1977 dollars. The six tables cover

these costs for Options A-1, A-3 (A-2 for Space Processing}, B-1, B4, C-1 and C-4, The
payload fotals are also shown.

In developing the personnel cost data for the final resource tables ond charfs, both
annual and cumulative, the Manpower and TDY figures were combined and expressed in
millions of dollars.
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Table 3-9,  Personnel Cost - Life Science
(Costs in 1977 %)
Cost Flemnent \ Option A=l | A3 1 B [ i HEER A o1
Manpower
instl and Exp Test,
Direct {3, 4, 5, 6) 121465 121465 [BB680 [82530 (88630 (62530
Payload Test, Direct {7,8,9) - 14200 - 9720 - 0720
instl & Test Support
{3 through 9) - THO 2133 | 3342 | 8540 {13270
Level IIT/1I/1 and Postflight
Support {10,11,12, 13, 15) 48000 | 48000 [48000 | 38400 |48000 | 38400
Derntegration Direct (16} 21900 | 21900 21900 | 21900 [21900 | 21900 ORIG]NAL PAGE IS
Deintegration Support (14) 2100 2100 | 2100 2100 2100 2100 OF POOR QUA_LITY
!
TOTAL MANPOWER 193465|212425(16 2815 {157992[160220 148020
TDY Expense
Insil & Test Darect
{3 through 9} - 9600 {11957 | 14157 |30825.] 35625
Level III/IU/T & Post flight
Support 14850 [14850 |14850 ) 13500 | 14850 | 13500
Deintegration Direct Labor 6900 | 6500 | 6900 | 6900 | 6900 | 6200
TOTAL TDY 21750 | 31350 | 33707 34557 5257556025
TCGTAL PERSONNEL COST 215215 |243775/196522| 192549} 221795[ 20404 5

Table 3-10,

(Costs in 1977 §)

Personne! Cost -~ Combined Asfronomy

Cast Element

\, Option

at a3 | B } B2 | a e
Manpower
Instl and Exp Test,

Direet (3,4, 5, 6) 124870 {124870]124870| 96860 124870 [ 96860
Pavload Test, Direct(7,8,9) ~ 33460 - 24940y - 24940
Instl & Test Support

{3 through 9} - 5880 7140| 6160 | 14280 | 12320
Level ITI/1I/1 and Postflight

Support (10,11, 12,13, 15} 25920) 25920] 25920] 25920 25920 25920
Deintegration hrect (16} 13000 | 13000 | 13000 | 13000 | 13000} 13000
Deintegration Suppeort {16} 3120 3120 3120 3120 3120 3120

r
1 TOTAL MANPOWER 166910 [206250{174050{170000(181190 |176160
i
' TDY.Eernse
! [nstl and Test Darect
[ {3 through 9} 652518750 {12215 22915] 48750145825
| Level III/T1/T and Postilight
E Support apoo} 9000 | 5000 | 2000 | 9000] 9000
|
Deintegration Phrect Labor 47257 4725 | 4725 | 4725 | 4725; 4725
' TOTAL TDY 20250 32475 | 25040 | 36640 |62475 [59550
TOTAL PERSONNEL COST 187150 [238725(199990 206643_243665 235710
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Table 3-11,  Personnel Cost - Space Processing
(Costs in 1977 §)

Cost Element \ Quotion Al AZ BL B4 Ccl c4
Manpower
Installation & Exp Test,
Drirect Labor (3,4, 3, 6) 84875 {86870 | 84875 | 86870 { 84875( 86870
Payload Testing, Dir Labor - 1805 - 1805 - 1805
(7. 8,9}
Instl, & Test Support (3 thru 9) - - 5320 | 5565 (10640 | 11130
Lavel IITI/II/T and Postflaght
Suppert {11, 12, 13, 15) 22555 |22555 | 22555 | 225551 22555 22555
Dentegration, Direct (16} 11590 { 11590 { 11390 | 11590 | 11590 11590

Demtegration Support (16) - - - - - -

TOTAL MANPOWER 119020[122820]124340 |L28385|L29660]133950

TDY Expense

Instl, and Test, Direct

(3 through 9} 1312 | 7537 {14625 [15075 {29250 | 30150
Level [II/II/I and Postflight
Support 8850 | 88350 | 8850 | 8850 | 8850 | 8850
Deintegration Direct Labor 4500 | 4500 | 4500 | 4500 | 4500 | 4500
TOTAL TDY 20662 | 20887 | 27975 [28425 | 42600 | 43500
TOTAL PERSONNEL COST 139682143707 152315 [156810 172260 [ 177450

Table 3-12, Personnel Cost - ATL .
(Costs in 1977 $)

Cost Element N, Option Al (a3 | ® B4 a c4
Maznpower " : y
i
Instl and Exp, Test, é '
Direct (3,4, 5, 6) 1278900127890 (127890 123400 1278901123400
1
Pavload Testing, Direct I :
(7,8,9) - 25640 - 15000, - | 15000
Instl and Test Support !
(3 through 9} - 4760 | 6190 7105 12180 | 14210
Level HL/TI/T & Postilight .
Support (10, 11,12, 13, 15) 48000 | 48000 48000 | 38400 148000 i 38400
[
Deintegration Direct {16} 150060 | 15000 15000 | 15000 | 15000 :15000
! |
Derntegration Support (16) 3120 31203 3120 3120 3120 l 3120
TOTAL MANPOWER 194010 224410 P00200 ;202025 206194 209130
TDY Expense | i i
Instl & Test Direct } i !
{3 through 9} 9395 19795 (18700 | 272601 37575{ 34525
Level IIL/IE/T & Postflight :
Support 17100 |17100 (15750 ; 17100115730 | 17100
Deintegration Inrect Labor 4500} 4500 | 4500 4300f 4500 4500
1
TOTAL TDY 30995 | 41395 39040 | 488601 57825|76125
El
TOTAL PERSONNEL COST 225005) 265805239240 ;250885?264015 2B5255
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Table 3-13. BASELINE TRAFFIC MODEL

OPTIOM: Axl (1977 § K) MANPOWER COSTS
ATL LIFE SCIENCE COMB, ASTRONOMY |SP,' PROCESSING ]
¥r EL'Q_MIP IDY FLTE M/P py | FLTd M/P TDY _|FLTst M/P 1 TDY
1980 1 194 3 - - - - - - - - - 194 31
1981 3 | s82 93 2 | 386 44 - - - 3 357 63 |1,325 200
1382 4 | 776 124 z { 386 44 1| 167 20 2 238 42 1,567 230
1983 7 | 1358 a7 z | 388 a4 1 | 668 80 ? 833 147 |3, 245 488
1984 |10 | 1940 o 2 | 386 44 5 | 835 100 7 833 147 §3,994 601
1985 |14 | 2716 434 2 | 386 44 9 | 1503 180 8 952 168 |5, 557 826
1986 |12 | 2328 3tz 2 | 386 44 9 | 1503 180 7 833 147 15,050 743
1987 (15 | 2910 465 2 | 386 44 0 | 1670 200 8 952 168 |5,918 877 |
1988 |14 | 2716 434 z | 386 44 9 | 1503 180 8 952 168 15, 557 826
1989 |15 | 2910 465 2 | 386 44 9 | 1503 180 9 1071 189 |5,870 878
1990 |15 | 2910 465 2 | 386 44 9 | 1503 180 8 952 168 [5,751 857
991 |16 | 3104 496 z | 386 44 9 | 1503 180 8 952 168 |5,945 888
Totals ]126 |24,444 (3,906 |22 [4,246 | 48¢ |74 |12,358 1,480 |75 | 8,925 |.1,575 149,973 [ 7,445

Teble 3-14, BASELINE TRAFFIC MODEL
(977 § K) MANPOWER COSTS

OPTICN: A-3 -
ATL LIFE SCIENCE COMB,' ASTRONOMY | SP, PROCESSING

Yr FLTS| M/P TDY |FLT5| M/P TDY |[FLTS] M/P TDY |FLTS] M/T TDY. M/P TDY
1980 1 224 41 - - - - - - - - - 224 41
1981 3 672 123 2 424 62 - - - 3 369 63 1,465 248
1982 4 896 164 2 424 62, 1 207 32 2 246 | 42 1,773 300
1983 7 1, 568 287 2 424 62 4 828 128 7 861 147 3, 681 624
1984 10 | 2,240 410 2 424 62 5 1035 160 7 861 147 4,560 | 779
1985 14 ]3,136 574 2 424 62 9 1863 288 8 984 168 6,407 1 1092
1986 12 | 2,688 492 2 424 62 9 1863 288 7 | 86k 147 5,836 98
1987 15 3, 360 615 2 424 62 10 2070 320 8 984 168 6,838 1,165
1988 | 14 3,136 574 2 424 62 9 1863 288 8 984 168 b, 407 1,092
1989 18 | 3,360 615 2 424 62 9 1863 288 9 1107 189 4,754 | 1,134
1990 15 | 3,360 615 2 424 62 9 1863 288 8 984 ' 168 6,631 1,133
1991 16 |3,584 656 2 424 62 9 1863 288 8 984 168 6,855 | 1,174
Tote‘ﬂa 126 |28, 224 | 5,166 | 22 4,664 | 682 74 | 15,318 | 2,368 |75 | 9,225 |1,575 | 57,431} 9,791

FLTS = Flights
M/P Manpower 3-31 .

TDY Temporary Duty SD 78-SR-0009-3
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Table 3-15, BASELINE TRAFFIC MODEL

{1977 § K) MANPOWER COSTS

o\

Space Division

Rockwell internahonal

OPTION 8.1 L

B ATL LIFE'SGIENCE “COMB. ASTRONOMY | _SP, PROCESSING ]
Yr FLTY M/P TDY |[FLTS] M/P TDY |FLTS| M/P | Thy [FLTS| M/P TRY. M/P DY
1980 1 200 39 - - - - - - - - - 200 39
1981 3 600 117 2 326 68 - - - 3 372 84 1298 269
1982 4 800 156 2 326 68 1 174 26 2 248 56 1548 306
1983 | 7 1400 273 2 326 68 4 696 104 7 868 196 3290 641
1984 | 10 2000 390 2 326 68 5 870 130 7 868 196 4064 | 784
1985 |14 2800 546 2 326 68 9 1566 234 8 992 224 5684 | 1072
1986 | 12 2400 468 2 326 68 9 1566 234 7 868 196 5160 966
1987 | 15 3000 585 2 326 | 68 10 1740 260 8 992 224 6058 | 1137
1988 | 14 2800 546 2 326 | 68 9 1566 234 8 992 224 5684 | 1072
1989 | 15 3000 585 2 326 68 9 1566 234 9 1116 252 6008 | 1139
1998 | 15 3000 585 2 326 | 68 9 1566 234 8 992 224 5884 | 1111
1991 | 16 3200 624 2 326 | 68 9 1566 234 8 992 224 6084 | 1150

TOTAL|126 | 25,200| 4,914 | 22 | 3,586 | 748 74 | 12,876 1,924 | 75 9,300} 2,100 | 50,962) 9,686

Table 3-16. BASELINE TRAFFIC MODEL
{1977 $ K) MANPOWER COSTS
CPTION B4
ATL LIFE 5CIENCE COMB. ASTRONOMY | SP. PROCESSING

Yr |FLTS| M{P | TDY FLTé M/P TDY IFLTIL MR TRY jFLrst. . MB Ty | M/P DY
1980 1 202 49 - - - - - - - - - 202 49
1981 | 3 606 147 2 316 70 - - - 3 184 84 | 1,306 301
1982 | 4 808 196 2 316 70 1 170 a7 2 256 56 11,550 359
1983 | 7 1,414 | 343 2 316 70 4 680 148 7 896 196 |} 3,306 757
1984 | 10 2,020 | 490 2 316 70, 5 850 185 7 896 196 |4,082 941
1985 | 14 | 2,828 | 686 2 316 70 9 1530 333 8 1024 224 |5,698 [1,313
1986 | 12 | 2,424 | 588 2 316 70 9 1530 333 7 896 196 | 5,166 | 1,187
1987 |15 | 3,030 | 735 2 316 70 10 1700 370 B 1024 224 |6,070 |}1,399
1988 |14 | 2,828 | 686 2 316 70 9 1530 333 8 1024 224 |5,698 |13,313
1989 |15 3,030 | 735 2 316 70 9 1530 333 9 152 252 |s&,028 |1,390
1990 | 15 3,030 | 735 2 N6 70 9 1530 333 8 1024 224 [5,900 | 1,362
1991 J16 | 3,232 | 784 2 3t6 70 9 1530 333 8 1024 224 |6,102 {1,411

Totals {126 |25,452 | 6,174 | 22 3,476 | 170 74 | 12,580 { 2,738 § 75 | 9,600 | 2160 | 51,108 |11,782

3-52
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Table 3-17, BASELINE TRAFFIC MOBEL

(1977 $ K) MANPOWER COSTS OF POOR QUALITY
OPTION. -l OPTION C-1
ATL LIFE SCIENCE COMBINED ASTRONOMY| SPACE FROCESSING -
YEAR |FLTS M/P DY FLTS MP DY FLTS M/P DYy ELTS M/P TDY M/ DY
1980 | 1 206 58 | - - - 1. - - . . - 206 58
981 | 3 6181 1724 | 21 3 | 106 | - - - 3 a0 | 129 | 1,346 | 409
1982 | 4 824 | 232 2 333 | 108 ! 181 2 | 2 260 g6 | 1,603 186
1983 | 7 | La42 § 406 | 2] 3B | 106 | 4 724 | 248 | 7 o0 | ao1 | 3.4 | 1,08
1984 (10 | 2060 | s80 | 2| am | w08 | 5 o5 | 30 | 7 ot0 | 301 | 4,213 | 1,297
1985 14 2,884 Bi2 2 338 106 -4 1,629 558 8 1,040 344 5,891 1,820
1986 |12 | 2472 | s9s | 2] 3. | we | 9 | 1,629 | 558 | 7 90 | 301 | 5,39 | 1,661
w87 |15 | 300 | ero [ 2] 33 | w06 |10 | 180 s0 | & | o060 | a4s | 62 | 1,940
1968 |14 | 2884 | si2 | 2 | 31 | 106 | 9 | 1629 58 | 8 | 1,000 | 34« | 589 | 1,82
1989 15 3,090 870 2 338 104 9 1,629 558 9 1,170 an7 6,227 1,921
1590 |15 | 3,00 | s0 | 2| 31 | 106 | 9 | e | ssm | 8 | 1,040 | aas | 6097 | 1,878
w9l |16 | 3,296 | 928 | 2 | 3w | 1ws | o | 169 | s58 | 8 | 1,040 | a5 | 6308 | 1,986
TOTALS|{26 25,955 7,308 22 3,7i8 1,166 74 13,394 | 4,588 75 2,750 3,225 52,818 14,287

Toble 3-18.  BASELINE TRAFFIC MODEL
{1977 $ K} MANPOWER COSTS

OPTION  C-4 B OPTION C-4
ATL LIFE SCIENCE COMBINED ASTRONOMY| SPACE PROCESSING

Fis| me | Ty |Fuas| me | oy [FLIS| M/e | ToY RS | M | TBY | M | TDY

1980 | 1 209 7% | - - - - - - - - - 209 76
1981 | 3 627 | 22 | 2 B/ | N2 | - - - 3 s02 | 132 | 1,365} 472
1982 | 4 836 | 304 | 2 B N2 |1 176 60 | 2 268 88 | 1,616 564
1983 | 7 | 1463 | 82 | 2 B | N2 | 4 704 | 240 | 7 988 | 308 | 3,441| 1,192
1984 |10 | 2,09 760 | 2 By Nz | s g0 | 300 | 7 | s | aos 4,244 | 1,480
1985 |4 | 292 | 1,064 | 2 33 { nz | o | 1,584 ] 540 | 8 | 1,072 | 352 [ 598 2,068
1986 | 12 | 2,508 912 { 2 a6 | 1z | 9 | 1,54 | 540 7 sa8 | 308 { 5,36 1,872
1987 |15 | 3135 | 1,140 | 2 336 | nz {0 |,760 [ 60 | 8} v072 | 352 | 6303] 2204
1988 14 2,924 1,044 2 336 112 ? 1,584 540 8 |, 1,072 352 5,918 2,058
1989 [ 15 [3,335 [ 1,140 | 2 26 | 1z | 9 | vses | sa0 | 9| naos | o% | 6261 2,188
190 [ 15 [3,335 [1,140 | 2 36 | 12 | 9 |14 | s | 8| 1072 | 3% | 6127 2,144
1991 16 3,344 1,216 2 336 P12 4 1,584 540 8 1,072 352 6,336 2,220
TOTALS126 26,334 | 9,576 |22 | 3,696 [1,232 | 74 |13,024 | 4,440 | 75 | 10,050 | 3,300 | 53,104 | 18,548

3-33
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GSE REQUIREMENTS - BASELINE TRAFFIC MODEL

Intreduction

The Ground Support Equipment (GSE) considered in this study was limited to that
equipment required to support the installation and checkout of Spacelab equipment during
the Level 1V Integration task. Equipment of a general purpose nature which would serve
for installation/testing of experiment equipment as well as Spacelab equipment, such as
mulii-purpose sling sets, was included. However, equipment especially designed for use
with experiment equipment (Fumished by the Principal Investigator) was also assumed to
be supplied by the P.1. The rationale for this assumption was that the P.1. would have
to develop and build such equipment af his "home location" to accomplish assembly and
testing operations at that level, and this equipment should be made available for use in
subsequent integration levels for similar tasks.

Because the GSE considered was designed for handling, transportation or testing
{checkout) of Space lab equipment, almost all of this equipment was taken from the
Spacelab GSE ltems Description Document (MSFC 40A99006) Rev. A, A few special items
were conceived to supporf checkout of Spacelab-experiment interfaces and other tasks not
effectively supported by the GSE in the referenced document.

In determining 4+he GSE required to support the specific payloads studied, several considera-
tions were made, First of all, if was assumed that only interface verifications would be
performed, as opposed to functional or specification testing. [n other words, the festing
required would only verify thaf all "copper paths" between experiment equipment and
Spacelab equipment interfaces were complete, and would not attempt fo verify that the
Spacelab or experiment equipment was operating in accordance with its specification require-
ments. Also, testing performed at an earlier stage would not be repeated, unless it was
required for some new reason, such as to verify compatibility between experiments at a
payload-level assembly.

Methodology .

The determination of what GSE would be required to support a payload as well as how
fong it would be required was accomplished by the preparation of GSE Utilization charis,
A sample chart of this type was presented as Figure 4=1 in Volume Il of this work., The
procedure for developing such a chart was as follows:

(@) Lay out a timeline at the top, covering, for the payload and processing
option in question, the period from the beginning of postflight Level IV
Deintegration through Staging, ‘Transportation to the Level IV Integration
site, Level IV Integration itself, and Transportaiion to KSC Level Il
Integration site, (This was considered the period during which the type
of GSE being considered would be utilized.) Lay out a time scale in
working days below this functional block timeline.

3-34
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(b)

(c)

(d)

(e)

)
(9)

§$% Rockwell International

Space Division

On a table along the right side, [ist all items of GSE that would be required
for assembling, transporting, servicing, testing, or checkout of experiment
equipment, considering the guidelines outlined in Iniro. above. For items
taken from MSFC 40A99006, list the GSE number from that document.

List also the quantity required to support the payload during that period,
and the unit cost of each GSE item in accordance with the LaRC price
information, GSE items not covered in the MSFC document nor priced

by LaRC were priced by estimation based on cost of similar equipment.

Below the fimeline {reference (a) cbove) and alongside the listing for
each piece of GSE, draw in solid lines covering the actual time during
which the GSE would be in use. This would be the time for positioning/
installing/connecting as well as active physical use of the equipment,

Examine the amount of utilization time shown in step (¢) in terms of the
proportion of total time it occupies, If there are gaps in the utilization of
approximately 50% or more of the total timeline, the gap represents time
available for possible use by other payloads. Also consider fransportation
time to get the GSE to the integration site from the GSE depot ot KSC, and
return it to the depot affer use, Using these considerations, place delta
symbols at the beginning and end of these periods to define the total
involvement time, In the table o the right, enter this total involvement
time in working days,

For each GSE line item, calculate the prorared cost of the GSE involvment,
using the following formula:

Quon. x Unit Cost x Invelvement time

250 day x 10 years ~
-W—

Prorated cost =

Repeat the above process for each payload and each processing option.

Total the prorated costs for each payload and option to get the total GSE
cosfs on a per-flight basis,

* Study groundrule that GSE had a 10 year uvseful life.

This process was followed to derive the fotal baseline GSE costs per flight as reported in

Volume I,

In developing the total involvement time, it is helpful to segregate the GSE used
in processing the payload from that used solely for transportation, Processing GSE are
those irems of GSE used for assembly/disassembly, checkout, handling, and servicing.
These items are normally used only during actual Level IV installation and checkout
activities. Transportation items, such as pallet support structures, pallet covers, rack
handling and shipping fixtures, etc, are used chiefly for fransportation, though some
(such as the pallet support) may also be used throughout the active integration cycle.

3~35
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In this study, it was assumed that the transportation GSE was in use and involved for the
entire integration period plus the transportation periods as well, The following Figure 3-9
diograms illustrate this relationship and the resultant significance of the distinction
between the two types.

Options B~1, B-4

Trans. GSE = x + 15 days
. GSE = d
Deint] (3 days) Proc, G5 x days
{
{ ng (2)
} T | )
; Level 1V Int. { {(X days)
( 3 LI
| E - ! WA
rocessing -

E le— "2 — Mission
|
|
{

C

v

€&——————— Transporfation GSE

QOptions C-1, C-4

Trans, GSE = x + 7 days
Proc, GSE = x days

Deind (3 days}

b st @

, T (1)

i Level IV Int { { (X days)

t {

| ! T

| ! I Level 18/11/1 { { Int,

: i&_.. Procc:fsssEing _.....__z_.: Mission
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I
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«— Transportation GSE ————>

Figure 3-9 GSE Utilization
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As can be seen from the above diagrams, the transportation time (labeled T) is the primary
factor differentiating the B options (Lead Center) from the C options (KSC), but in both
cases there is o significant difference between the involvement time of the Processing
GSE and the Transportation GSE. As a result, viewing GSE requirements from a
programmatic standpoint, it is evident that more sets of fransportation GSE than processing
GSE will be required fo support any given flight rate/traffic model.

Programmatic GSE Assessment

In establishing the GSE requirements for the baseline per—flight resources, the approach
described above in steps {a) through (g) was followed, analyzing the involvement fime for
each item of GSE separately. In determining GSE requirements for the enfire programand
its three traffic models, this approach was modified somewhat, The following discussion is
limited to Baseline Troffic Model. |t was recognized that, in fact, GSE will not really be
available for other usage between several usages on one payload cycle. Time will not per-
mit shipment of GSE to another integration site, usage at that site, and then retum to the
initial site for o second use, without schedule impact, Therefore, in the programmatic GSE
assessment, the GSE s assumed to be involved for the entire period; i.e., processing GSE is
assumed to be involved for the entire Level IV Integration period (x days in the above dia-
grams) and transportation GSE is assumed to be involved for the period from start of deinte-
gration through shipping fo KSC and start of Level [l activity.

To determine GSE requirements for programmatic purposes, the GSE for a given payload
is treated as a processing set and a transportation set, as opposed to individual items,
Based on the involvement times derived as described above, one of these sets can support
a certain flight rate of the given study payload (determined by dividing 250 working days
per year by the involvement time of the set of GSE, rounded to the next lower integer).
When, according fo the traffic model being used, this flight rate is exceeded, o second GSE
set must be provided.

EXAMPLE:
Processing GSE set Involvement Time = 45 days

Flight Rate supported by one set = 250 + 45 = 5,55 (rounded to 5)

Year 1980 1981 1982 1983
Flight Rate 3 4 é 12
GSE Sets Needed 1 1 2 3

Using this methodology, the GSE requirements for each year in the Baseline Traffic Model
were determined, and therefrom the GSE spending requirements for each year - on the basis
that the funds would be expended the year before the year in which the GSE equipment
would be needed.
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Life Science GSE Requirements

The Life Science payload was studied in ferms of GSE requirements, both numbers of

analysis was carried out for processing options A-1, A-3, B=1, B-4, C~1, and C-4. In
the A-1 and A-3 options, Level IV integration is carried out in eight {8) minicenters

at scattered Pl sites around the country. Tobles 3-19 through 3-26 present the composi-
tion and cost of a single processing and transporfation set of GSE (designated Pand T in
the tables) for each of the minicenters. Table 3-27 presents the additional set of GSE,
and its costs, required af KSC fo support Option A-3,

For Options B-1 and B-4, a similar analysis was carried out, and the GSE sets and
costs required for the lead centers are presented in Tables 3-28 ond 3-29,

For options C-1 and C-4, composite GSE sets were developed to handie all four
payloads af KSC on a shared basis. The composition and cost of these sets are pre-
sented in Tables 3-30 and 3-31.

Combined Astronomy GSE Requirements

The Combined Astronomy payload also was sfudied in terms of GSE requirements, both
numbers of sets and spending requirements, in accordance with the same methodology ex-
plained above, Opfions A-1, A-3, B-T, B-4, C-T and C4 were examined. In the case
of this payload, the distributed concept consists of three mini-centers rather than the eight
centers of the Life Science payload. Tables 3-32 through 3-34 present the composition
and cost of a single processing and transportation set of GSE (designated P and T in the
tables) for each of the three mini-centers, which correspond to the forward, mid and oft

pallet complements,

For options B-1 and B-4, a similar analysis was carried out, and the GSE sets and
costs required for the lead center are presented in Tables 3-35 and 3-36.

For options C-1 and C—4, composite GSE sets were developed to handle all four pay-
loads at KSC on a shared basis. The composition and cost of these sefs are presented in
Tables 3-30 and 3-31 .

Table 3-37 presents the GSE requirements for sets and items of GSE required at KSC
to support payload integration, payload checkout subsequent to experiment level check-
out (Option A=3 only).

3-38
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Table 3-19.  Life Science Payload - GSE Requirements

Minicenter 71

END ITEM P UNIT  1TOT, COST (3)
NO. DESCRIPTICN /1 C(I?S‘ST b T
612002 Transport Delly P 33,0 33,0 -
612006 Vertical Sling Kit T 10,5 - 10.5
512047 Rack & Floor Shipping Cover T 8.0 - 8.0
612048 Rack & Floor Shipping Platform T 24,0 - 24,0
612049 Rack & Floor Support Braces Kit T 2.5 - 2,5
612050 Double Rack Handling C/O & Transport Kit T 2.0 - -
612065 Single Rack Handling C/O & Transport Kit T 9.0 - -
412068 Desiccant Canister, Medium, Double Rack T 2.0 - 2.0
612069 Desiccant Canister, Small, Single Rack T 7.0 - -
412071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10.5 - 10.5
612110 Horizontal Sting Kit T 53.5 - 53.5
412114 Cleaning Kit P 1.5 1.5 -
612XXX Vacuum Pumping Unit p 25,0 - -
S612XXX Gas Bottles, Supply Unit P 50,0 - -
S12XXX Rack Ceoling Unit P 50.5 50.5 -
613039 Grounding/Bonding Tester P 31.0 31.0
ST1IKKX Operator C/O Console P 80.0 80.0
614022 Desiccant Drying Oven P 27.5 - -
S1IXXX Transportation Instrumentation T 20.0 - 20,0
TOTALS 206.0 | 138.0 |
Table 3-20.  Life Science Payload - GSE Requirements
Minicenter #2
UNIT - Iror, cosT (8K
Ei:,%{TEM DESCRIPTION P/T &7 1 TL :
612002 Transport Dolly P 33.0 33.0 -
812006 Vertical Sling Kit T 10.5 - 10.5
612047 Rack & Floor Shipping Cover T 8.0 - -
612048 Rack & Floer Shipping Platform T 24.0 - 24,0
612049 Rack & Floor Support Braces Kit T 2.5 - -
612050 Double Rack Hendling C/O & Transport Kit T 2.0 - 9.0
5612065 Single Rack Handling C/O & Transport Kit T 2.0 - -
612048 Desiccant Canister, Medium, Double Rack T 2.0 - 2.0
5612069 Desiccant Canister, Small, S ingle Rack T 7.0 - -
612071 Active ECS Cart T 33.0 0 -
4612106 Road Tiedown Kit T 10,5 - 10.5
612110 Harizental Sling Kit T 53.5 - -
612112 Cleaning Kit P 1.5 11,5 -
ST2XXX Vacuum Pumping Unit P 25.0 25,0 -
SI2ZXXX Gos Bottles, Supply Unit P 50,0 50.0 -
612XXX Rack Cooling Unit P 50,5 50.5 -
613039 Grounding/Bonding Tester p 31.0 31.0 -
S1IXKNK Operator C/O Console p 80.0 80.0 -
614022 Desicocant Drying Oven P 27.5 - -
S13XXX Transportation Instrumentation T 20,0 - 20,0
’ TOTALS 281.0 | 83.0
P = Processing
T = Transportation
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Table 3-21,  Life Science Payload ~ GSE Requirements
Minicenter 73
END.ITEM ESCRIPTION P/ gg‘lsrr TOT,COST (K$)
NO, D I T (KS) P T
612002 Trensport Dolly P 33.0 33.0 -
612006 Vertical Siing Ki# T 10.5 - 10.5
612047 Rack & Floor Shipping Cover T 8.0 - -
612043 Rack & Fleor Shipping Platform T 24,0 - -
612049 Rack & Floor Support Braces Kit T 2,5 - -
612050 Double Rack Hendling C/C & Transport Kit T 2.0 - -
612065 Single Rack Handling C/O & Transport Kit T 2.0 - 9.0
4612068 Desiceant Cenister, Medium, Double Rack T 9.0 - -
612069 Desicemt Canister, Small, Single Rack T 7.0 - 7.0
612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10.5 - 10.5
412110 Harizental Sling Kit T 53.5 - -
412114 Cleaning Kif P 1.5 11,5 -
S12XXX Vacuum Pumping Unit P 25,0 -
612XXX Gus Boitles, Supply Unit P 50,0 -
612XXX Rack Cooling Unit p 50,5 50,5 -
4613039 Grounding/Bonding Tester P 31,0 31,0 -
B13XXXK Operator C/O Console P 80,0 - -
614022 Desiccant Drying Oven P 27.5 - -
S13XXX Transportation Instrumentation T 20,0 - 20,0
TOTALS 126.0 | 73.0
Table 3-22,  Life Science Payload ~ GSE Requirements
Minicenter 74
END TEM DESCRIPTION P lcos  |TOTCOsTKs)
NO. T p T
KS)
612002 Transport Dolly P3 | 33.0 33.0 -
612006 Vertical Sling Kit T 10.5 - 10.5
612047 Rack & Floor Shipping Cover T 8.0 - -
612048 Rack & Floor Shipping Platform T 24.0 - -
612049 Rack & Floor Support Braces Kit T 2,5 -
612050 Double Rack Handling C/O & Transport Kit T 2.0 2.0
612065 Single Rack Hendling C/0 & Transport Kit T 2.0 - -
612068 Desiccant Caruster, Medium, Double Rack T 2.0 - 2.0
612069 Desiccant Canister, Small, Single Rock T 7.0 - -
612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10.5 - 10.5
612110 Horizental Sling Kit T 53.5 - -
612114 Cleening Kit p 11,5 11.5 -
&12XXX Yacuum Pumping Unit p 25.0 - -
S12XXX Gas Bottles, Supply Unit P 50,0 - -
612XXX Rack Cooling Unit P 50.5 50.5 -
613039 Grounding/Bonding Tester P 31.0 31.0 -
SIIAANH Operator C/O Console P 80.0 - -
614022 Desiccant Drying Oven P 27,5 - -
S13XXX Transportation Instrumentation T 20,0 0 20.0
TOTALS 126,0 | 59.0
ORIGINAL PAGE IS
3-40 OF POOR QUALITY
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Table 3-23, Life Science Payload - GSE Requirements OF POOR QU.
Minicenter 75
END ITEM P/ UNIT TOT, COST (KS)
NO, DESCRIPTION T ({:%%T P T

612002 Transpert Dolly P 33.0 33,0 -
612006 Vertical Sling Kit T 10.5 - 10.5
612047 Rack & Floor Shipping Cover T 8.0 - -
612048 Rack & Floor Shipping Platform T 26.0 - -
612049 Rack & Floor Support Braces Kit T 2.5 - -
612050 Double Rack Handling C/O & Transport Kit T 2.0 - 0
612065 Single Rack Hondling C/Q & Transport Kit T 2.0 -
412068 Desiccant Caonister, Medium, Double Rack T 9.0 - 9.0
612069 Desiccant Canister, Small, Single Rack T 7.0 - -
612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kif T 10.5 - 10.5
412110 Horizental Sling Kit T 53.5 - -
612114 Cleaning Kit P 11.5 11.5 -
S12XXX Vacuum Pumping Unit P 25.0 -
612XXX Gas Bottles, Supply Unit P 50.0 -
H612XXX fack Cooling Unit P 50,5 50.5 -
613039 Grounding/Bonding Tester P 31.0 31.0 -
S13XXX Operator C/O Console P 80.0 - -
614022 Desiccant Brying Oven P 27.5 - -
S13XXX Transportation Instrumentation T 20.0 - 20.0

TOTALS 126,0 5%.0

Table 3-24,  Life Science Payload - GSE Requirements

Minicenter 76

END ITEM UNIT TOTAL (K3$)
NO, P COsT
DESCRIPTION /T ) P T

612002 Transport Dolly P 33.0 33.0 -
612006 Vertical Sling Kit T 10.5 - 105
612047 Rack & Floor Shipping Cover T 8.0 - -
612048 Rack & Floor Shipping Platform T 24,0 - -
512049 Rack & Floor Support Braces Kit T 2.5 - -
612050 Double Rack Handling C/O & Transport Kit T 9.0 - 2.0
612065 Single Reck Handling C/O & Transport Kit T .0 - -
612068 Desiccent Canister, Medium, Double Rack T 9.0 - 2.0
612069 Desiccant Canister, Small, Single Rack T 7.0 - -
612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10.5 10,5
612110 Horizental Sling Kit T 53.5 -
612114 Cleaning Kit P 11,5 11.5
S1ZXXX VYacuum Pumping Unit P 25.0 - -
612XXX Gas Bottles, Supply Unit P 50.0 50.0 -
S12XXX Rack Cooling Unit P 50.5 50,5 -
613039 Grounding/Bonding Tester P 3.0 310 -
A13XXX Operator C/O Console P 80.0 80.0 -
614022 Desiccant Drying Oven P 27.5 - -
S13XXX Transportation Instrumentation T 20,0 - 20.0

TOTALS 256,0 | 59.0

3-41

SD 78-SR-0009-3



a h Space Division
Rockwell International

Table 3-25.  Life Science Payload - GSE Requirements
Minicenter #7

END ITEM P UNIT | 7OT_COST (Ks)
COsT
NG, . DESCRPTICN /3 (5]
612002 Transport Dolly P 33.0 33.0 -
612006 Vertical Sling Kit T 10.5 - 10.5
612047 Rack & Floor Shipping Cover T 8.0 - -
612048 Rack & Floor Shipping Platform T 4.0 - -
612049 Rack & Fleor Support Braces Kit T 2.5 - -
412050 Double Rack Handling C/O & Transpert Kit T 9.0 - 9.0
612065 Single Rack Hondling C/O & Transport Kit T 2.0 - -
612068 Desiccant Connister, Medium, Double Rack T 2.0 - 9.0
612069 Desiccant Cannister, Small, Single Rack T 7.0 - -
4612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10.5 - 10.5
612110 Horizental Sling Kit T 53.5 - -
612114 Clecning Kit P 11.5 1.5 -
S12XXX Vacuum Pumping Unit P 25,0 -
S12XXX Gas Bottles, Supply Unit P 50,0 -
S12XXX Rack Cooling Unit P 50,5 50,5 -
613039 Grounding/Bonding Tester P 31.0 31.0 -
413XXX Operator C/O Console P 80.0 - -
614022 Desiccant Drying Oven P 27.5 - -
S13XXX Trensporfation Instrumentation T 20.0 - 20.0
TOTALS 126.0 59.0
Table 3-26,  Life Science Payload - GSE Requirements
Minicenter 78
END ITEM P UNIT | TOT, COST (K3)
NO. DESCRIPTION & [ r -
412002 Trensport Dolly P 33,0 33.0 -
612006 Vertical Sling Kit T 10.5 - 10.5
612047 Rack & Ficor Shipping Cover T 8.0 8.0
612048 Rack & Floor Shipping Plotform T 24,0 24.0
612049 Rack & Flaor Support Braces Kit T 2.5 - .5
412050 Double Rack Handling C/O & Transport Kit T 2.0 - -
612065 Single Rack Handling C/O & Transport Kit T 9.0 - -
612068 Desiccant Canster, Medium, Double Rack T 2.0 - -
612069 Desiccant Conister, Small, Single Rack T 7.0 - 7.0
612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10.5 - 10.5
612110 Horszontal Sling Kit T 33.5 - 53.5
612114 Cleaning Kit P 11.5 11.5 -
L12XXK Vacuum Pumping Unit P 25,0 25.0 -
H1ZXAX Gas Bettles, Supply Unit P 50.0 50.0 -
SIZXXX Rack Cooling Unit P 50.5 50,5 -
613039 Grounding/Bonding Tester P 31.0 31.0 -
S13XXX Operater C/O Console P 80.0 80.0 -
614022 Desiccant Drying Oven P 27.5 - -
H13XXX Transportation Instrumentation T 20,0 - 20,0
TOTALS 281,0 | 143.0
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OF
Table 3-27. Life Science Payload - GSE Requirements POOR QUALITY]
KSC GSE Set for Option A-3
END ITEM P UNIT  [TOT.COST (K3)
NO. DESCRIPTION 1R [ T
612002 Teansport Dolly P 33.0 33.0 -
512006 Vertical Sling Kit T 10,5 -
612047 Rack & Fleor Shipping Cover T 3.0 -
512043 Rack & Fleor Shipping Platform T 24,0 - -
612049 Rack & Floor Support Braces Kit T 2,5 - -
612050 Double Rack Hendling C/O & Transport Kit T 2.0 - -
812065 Single Rack Hendling C/O & Transport Kif T 2.0 - -
§12068 Desiccont Canister, Medium, Double Rack T 2.0
612069 Desiccant Conister, Small, Single Rack T 7.0
612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10,5 - -
612110 Herizontal Sling Kit T 53.5 -
612114 Cleaning Kit P 1L5 11.5
B12XXX Vacuwum Pumping Unit P 25,0 25,0 -
S12XXX Gas Bottles, Supply Unif P ] 50.0 50,0 -
S12XKX Rack Cooling Unit p 56,5 50.5 -
613039 Grounding/Bonding Tester P 31.0 310 -
G13XXK Operater C/O Console P 80.0 80,0 -
614022 Desiccent Drying Oven P 27.5 - -
S13 XXX Transportation Instrumentation T 20,0 - - ‘
TOTALS 281.0
343
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Table 3-28.  Life Science Payload - GSE Requirements
Lead Center GSE Sets
Option Bx1l

r

END {TEM P, %%ng TOT, COST (K$)
NO. . DESCRIPTION T (KS) P T
612002 Transport Colly P 33.0 33.0 -
612006 Vertical Sling Kit T 10.5 - 10.5
612047 Rack & Floor Shipping Cover T 8.0 - 8.0
612048 Rack & Floor Shipping Platform T 24,0 - 24,0
612049 Rack & Floor Support Braces Kit T 2.5 - 2.5
4612050 Double Rack Handling C/O & Tronsport Kit T 9.0 - 2.0
6120465 Single Rack Handling C/O & Transport Kit T 2.0 - 2.0
612068 Desiccant Canister, Medium, Double Rack T 2.0 - 2.0
612069 Desiccant Canister, Small, Single Rack T 7.0 - 7.0
612071 Active ECS Cart T 33.0 - -
612106 Road Tiedown Kit T 10.5 - 10,5
612110 Horizontal Sking Kit T 53,5 - 53.5
612114 Cleaning Kit P 11.5 11.5 -
S12XXX Vacuum Pumping Unit P 25,0 25.0 -
612XXX Gas Bottles, Supply Unit P 50.0 50.0 -
S12XXX Rack Cooling Lhif P 50.5 50,5 -
613039 Grounding/Bonding Tester P 31.0 31.0 -
S13XXX - | Operator C/O Console P 80.0 80,0 -
614022 Desiccant Drying Oven P 27.5 27.5 -
S13XXX Transportatien Instrumentation T 20.0 - 20,0
TOTALS 308.5 | 276.5

Toble 3-29.  Life Science Payload -~ GSE Requirements
Lead Center GSE Sets

— Option B4
END ITEM P UNIT [TOT.COST (K$)
COST

NO. DESCRIPTION /1| K9 p T
612002 Transport Dolly P 33.0 33.0 -
612006 Vertical Sling Kit T 10,5 - 10.5
812047 Rack & Floor Shipping Cover T 8.0 - 8.0
612048 Rack & Floor Shipping Plaiform T 24.0 24.0
612049 Rack & Floor Support Brages Kif T 2.5 - 2.5
612050 Double Rack Hendling C/Q & Transport Kit T 2.0 - -
612045 _Single Rack Handling C/O & Transport Kit T 2.0 - -
612068 Desfecant Canister, Medium, Double Rack T 9.0 - -
612069 Desiccant Canister, Small, Single Rack T 7.0 - -
612071 Active ECS Cart T 33.0 - .0
612106 Road Tiedown Kit T 10,5 10,5
612110 Herizontal Sling Kit T 53.5 - .5
612115 Cleaning Kit P 1.5 1.5 - ‘
B12XXX Veacuum Pumpint Unit P 25,0 25,0 -
612XXX Gas Bottles, Supply Unit P 50.0 50.0 -
612XXX Rack Cooling Unit P 50.5 50.5 -
613039 Grounding/Bonding Tester P 31.0 31,0 -
613XHX Operator C/G Console P 80.0 80.0 -
414022 Desiccant Drying Oven P 27.5 27.5 -
B13XXX Transportation Instrumentation T 20.0 - 20.0

TOTALS 308.5 |162,0
3-44 ORIGINAL, PAGE 15
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Table 3-30. KSC Option Level 1V GSE Toble 3-31, KSC Option Level IV GSE

Sr¢

Requirements - Option C~1 Requirements — Option C~4
i
N NIT | TOT,COST (K$)
END ITEM p, [UNIT  [707.COST (3K) END ITEM ESCRIPTION P osT :
NO, DESCRIPTION 1T [ T NO, PESCRI A % R T
412002 Trantport Dolly P 3.0 33.0
G706 | Veir ety U I el 412006 |Vertlce! Sting Kit T | s 0.5
612008 Faed Through P C I S P 412008 Feed Through Protoctive Covers T 30 @30
oo0 Tarounn Protective Covers T] ot~ 30 612010 |Pallot Segment Floor Covers v | 3s ®3.5
£12010 | Pallat Sogment Floor Covers T s B35 412018 | Paflot Secpmont So T |ae | 70
612013 | Pallet Sogment Support T 4 Duz.0 012040 | Opticol Aitgmment & Pl s |eo ],
ggg:g ROpchI fhgmeat Kt d ¢0 &0 612047 Racks & Floor Shippmg Cover T 8.0 a0
ocks & Floor Shipping Cover T 8.0 8.0 4.0
612048 Racks & Floor Trontport Platfars T 24,0 24,0 612048 Racks & Floor Tramsportation Plotform .'lr' 2;.2 e
pport y . 612049 Racks & Floor Support Braces X X
£12049 | Racks & Floor Support Braces Tl 23 D25 412050 | Double Rock Hondiing & Trensport Kir T | 9%
612050 Double Rock Handling & Tronsport Kit T 2.0 @IV.O s Pollot o g T 12.5 25
812059 | Paller Cover T ) s 2.5 : &N
0504 N 812060A | Pallat Platiorm, Stngle T 24.0 .0
20600 | rolter Hettorm, o LA e Qf,?'g §120606 | Pallet Platform, 2-Train T | 40 40
812045 Singlo Rack Handling & Tronsport Kit T 9.0 oy 612065 Slngle Rack Hundling-& Transport ¥it T 9.0 bou.s
612067 Deslccant Connlster « Lorge T 1.5 ®n.5 612067 Destesant Cannister - Large T 1.5 .
812068 | Dessceant Cannlter - Mediom T e @90 o ot st i 1| e
612069 | Desiccant Cennlstor - Small T] 70 @70 < e . 2
412071 Active Fnviron Conirel Cort T 33,0 2.e
61207} Actrve bnviren, Control Cort | 350 33,0 412080 Portoble Leak Detector Unit P 28 2.5
612080 | Postls Laok Detactor Unit p| 25 | 25 12084 [Freen Sersioer p | =0 |20
12084 Freon Serrlcer P | 20 | 250 .
* * 4612086 Freon Loak Datector P 1.0 1.0
$120%8 | Fraon Ledk Detoctor Pl io | o L@ 612106 | Road Tiedown Kit T ]| ws o s
812110 Her: h» 151 "m TR 10.5 512110 Horizental Sling Kit T | 2.5 53,5
eefiontal Sling Kit I 3.5 585 412113 Trunnion Holding Fittings T 10 ®1,0
812113 | Trnnion Holding Fittings T 10 @10 12114 Clecning Kit P lus |ns
81204 | Cleaning Kit Pl s | s s ¢ {10 fono
612115 Refrigeration Unit 0 .
ﬁﬂ lxsx l‘:'efrl'gerugum :mun s 1:23; g lg;.g S12X00X Vacuum Pumping Unt N 230 {250
ocuum Pumping I3 - .
S12XXX Rack Cooling Unit P 50.5 50,5 412XXX Rock Cooling Unit P 50,5 50.5
612x%% 1 G Bottie Supply Unit P | s00 |00 S12X%% | Ges Bortie Supply Unit P} 50,0 gg.g
Opera y . H12XKX Operators Conscle P 80,0 .
2}%§ G :{m C;::le T P so.0 fo.0 613039 Gf:mdlng/Bmdma Tester P 31,0 31,0
rounding/Bonding Tester Pl 8o |30 414022 |Deslccant Drymg Oven P | 25 j27.s
614022 Desiceant Drying Qven P 275 7.5 bz S14XXX Trentportation Instrumentetion T 200 B20.0
G14XXX Tronsportation kstrumentotion ) 09 0,0 S12XXX P55 Panel Rack P 1,0 10
612%XX | PSS Panel Rack P 1.0 1.0 e HRA e 0 | so0 |00
612XXX | Purpe Cort GNy P s00 |00 o z | —
Totols 495.0 |83z s Totals HP5.0 | 705.0
O = Quentlty of ltems O = Quantity of Hems
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’ ‘ Space Division
Rockwell International

Toble 3«32,  Combined Asironomy-GSE Requirements
Options A=1,A~3, Minicenter #1 (Forward Complement)

END JTEM _ p UNIT |[TOT COST (KS)
NO, DESCRIPTION ‘/T C(SOKS;F P T
412002 Transport Dolly P 33.0 33.0 -
5612006 Vertical Sling Kit T 10,5 - 10.5
&£12008 Feadthrough Protective Covers Kit T 2,0 30
612010 Pallet Segment Floor Covers T 3.5 3.5
612013A Pallet Segment Support=Single Pallet T 47.0 - 47.0
6120138 Pallet Segment Support-2 Train Pallet T 47.0 - -
612040 Optical Alignment Kit P 6.0 6.0 -
&12059 Pallet Cover T 12.5 - 12,5
512060A Pallet Plctform-Single Pallet T 24,0 - 24.0
41204608 Pallet Plafform=2 Train Configuration T 48.0 - -
5120467 Desiceent Cannister - Large T 1.5 - 11.5
812071 Active Envir, Controf Cart T 33.0 - 33.0
612084 Freon Servicer P 25.0 25,0 -
612086 Freon Leak Detector 4 10 1.0 -
612106 Reoad Tiedown Kit T 10,5 - 10.5
612110 Horizontal Sling Kd T 53.5 - 53.5
412113 Trennton Holding Fiftings T 1.0 - 1.0
612114 Cleaning Kit P 11.5 1.5 -
612115 Refrigeration Untt P i01.1 101.0 -
812XXX Operutors Console P 80.0 80.0 -
612XKXX Purge Cart GN2 4 50.0 50,0 -
S12XXX Vacyum Pumping Unit P 25.0 25.0 -
613039 Grounding/Bonaing Tester P 31.0 31.0 -
£14022 Desrecant Drying Oven P 27.5 27.5 -
614XXX Rack Simulcted AFO P i.0 1.0 -
414XXX Trensportahion Instrumentation T 20.0 - 20,0
TOTALS 3%92.0 |236.5

Table 3-33, Combined Asi'ronom%/-GSE Requirements
Options A=1, A-3, Minicenter 72 (Mid-Comgplement)

END ITEM p ggsl}‘ TOT.COST (KS)
NOC, DESCRIPTION /T ®5) P T
412002 Transport Doliy P 33,0 -
612006 Verhical Sling Kit T 10.5 - 10.5
612008 Feedthrough Protective Covers Kit T 3.0 - 3.0
612010 Pallet Segment Floor Covers T 3.5 - 35
612013A Pallet Segment Support-Single Pallet T 47.0 47.0
5120138 Pallet Segment Support-2 Tram Pallet T 47 0 - 47.0
612040 Optical Alignment Kit P 6.0 6.0 -
612059 Pallet Cover T 12.5 - 12,5
612060A Paliet Platfarm=Single Pallet T 24,0 - 24,0
4120608 Pallet Plaform-2 Train Configurction T 48.0 - 48,0
612067 Desiccant Cannister = Large T 11.5 - 1.5
612071 Active Envir, Controf Cart T 33,0 - 33.0
612084 Freon Servicer P 25.0 25,0 -
612086 Freon Leak Detector P 10 Lo -
612106 Road Ttedown Kit T 10,5 - 10.5
4612110 Horizental Sking Kit T 33.5 - 53.5
812113 Trunnien Holding Fittings T 1.0 - 1.0
612114 Cleaning Kit P 1.5 1.5 -
612115 Refrigeration Unit P 101,0 101.0 -
S12XXX Operators Consala P 80.0 80.0 -
S12XX%X Purge Cart CN2 P 50.0 50.0 -
&T2XXX Vacuum Pumping Unit P 25,0 25.0 -
613039 Grounding/Bending Tester P 310 3.0 -
614022 Desiceant Drying Oven P 27.5 27.5 -
ST4XXX Rack Simylated AFD P i.0 1.0 -
S14XXX Trensporfation Instrumentation T 20.0 - 20.0
TOTALS 359,0 |458.0
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Table 3-34.

ORIGINAL PAGE 15
OF POOR QUALITY

o\

Combined Astronomy~GSE Requirements
Options A-1, A3, Minicenter #3 {Aft Coﬁmplemeni‘)

Space Division
Rockwell International

END ITEM p UNI‘[r TOT.COST (KS)
NO. DESCRIPTION T 28 ) 7
612002 Transport Dolly P 33,0 33.0 -
612006 Vertical Sling Kit T 10.5 - 10.5
612008 Feedthrough Protective Covers Kit T 3.0 - 3.0
412010 Pallet Segment Floor Covers T 3.5 - 3.5
4120134 Pallet Segment Support-Single Pallet T 47.0 - 47,0
6120138 Pallet Segment Support-2 Tram Pallet T 47.0 - -
412040 Optical Alhignment Kit P 4,0 6.0 -
612059 Pallet Cover T 12.5 - 2.5
6120604 Pallet Platferm ~ Single Paliet T 24,0 - 240
6120608 Pallet Platfcrm « 2 Tran Configuration T 48.0 - -
612067 Desiccont Cannister ~ Large T 11.5 - ir.s
612071 Active Envir, Control Cart T 33.0 - .0
612084 Freon Servicer P 25.0 25,0 -
612084 Freon Leok Detector P 1.0 1.0 -
612106 Read Tiedown Kit T 10.5 - 10.5
412110 Horizontal Sling Kit T 53.5 - -
612113 Trunnion Holding Fittings T 1.0 - 1.0
612114 Cleaning Kt P 1.5 11.5
512115 Refrigerction Unit P 101,0 {101.0
612XXX Operators Console P 80.0 80.0 -
BIZKXXX Purge Cart GIN2 P 50.0 50,0 -
S12XXX Veaeuum Pumping Unit P 25.0 25.0 -
§13039 Grounding/Bonding Tester P 3L.0 31,0 -
614022 Desiccent Drying Oven P 27.5 27.3 -
S14XXX Reck Simulated AFD P 1.0 1.0 -
STXXX Trensportation Instrumentation T 20,0 - 2.0
TOTALS 392.0 [179.5
Table 3-35. Conbined Astronomy-GSE Requirements
Option B-1
END ITEM™ P UNIT | TOT,COST {KS)
COST
NO. DESCRIPTION /1| $ ; =
612002 Trensport Dolly p 33.0 33.¢ -
612006 Vertical Sling Kit T 10.5 - 10,5
612008 Feedthrough Protective Covers Kit T 3.0 - 3.0
612010 Pallet Segment Floor Covers T 3.5 - 3.5
512013A Pallet Segment Support-Single Pallet T 47,0 - 47.0
6120138 Pallet Segment Support~2 Train Pallet T 47.0 - 47.0
412040 Optical Alignment Kit P |- 6.0 8.0 -
612059 Pallet Cover T 12.5 - 12,5
&12060A Pallet Platform=Single Pallet T 24,0 - 24.0
46120403 Pallet Platform-2 Train Configuration T 48.0 - 48 ©
612067 Desiceant Cannister-Large T 1.5 1.5
612071 Active Envir, Control Cart T 33.0 - 33.0
612084 Freon Serviger P 25,0 25,0 -
412086 Freon Leak Detector P 1.0 1.0 -
412106 Road Tiedown Kit T 14,5 - 10,5
612110 Horizontal Sling Kit T 53.3 - 53.5
412113 Trunnion Holding Fattings T 1.0 - Lo
412114 Cleaning Kif P 1.5 1.5 -
612115 Refrigeratron Unit P 101,90 101.0 -
H12XXX Operators Console P 80.0 80.¢ -
SI2XXX Purge Cart GN2 P 50,0 50,0 -
S12XXX Vacvum Pumping Unif e 25,0 25,0 -
613039 Grounding/Bonding Tester P 3.0 3o -
614022 Desiceant Dryng Oven P 27,5 27,5
&14XXX | Rock Simulated AFD P 1.0 1.0 - !
S14XXX Tronsportation lnstrumentation T 20,0 - 20.0
TOTALS 392.0 | &50.5
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Space Division
Rockwell International

Table 3-346, Combined Astronomy-GSE Requirements

Option B-4 )
END (TEM P UNIT. |TOT.COST (K$)
NO- DESCRIPTION AR T
612002 Transport Dolly P 33.0 - -
612006 Vertical Sling Kit T 10.5 - 10.5
412008 Feedthrough Protective Covers Kit T 3.0 - 3.0
612010 Pallet Segment Floor Covers T 3.5 - 3.5
4612013A Paller Segment Support=Single Follet T 47.0 - 47.0
6120138 Pallet Segment Suppert-2 Train Pallet T 47.0 - 47.0
612040 Optical Alignment Kit P 60 6.0 -
412059 Pallet Cover T 12.5 - 12,5
612060A Pollet Piatform-Single Pallet T 24,0 - 24.0
6120508 Pallet Plafform«2 Train Configuration T 48.0 - 48,0
612067 Desiccont Canruster-Lorge T 1.5 - 11.5
612071 Active Envir, Control Cort T 33.0 - 33.0
412084 Freon Servicer e 25.0 25.0 -
612086 Freon Leck Detector 3 1.0 .0 -
412106 Road Tiedown Kif T 0,5 - 10.5
612110 Horizontal Sling Kit T 53.5 - 53.5
612113 Trunnion Holding Fittings T 1.0 - 1.0
612114 Cleaning Kit P .5 11.5 -
612115 Refrigeration Unit P 101,06 {101,0 -
B12XXX Operators Console P 80.0 80.0 -
612XKX Purge Cart G2 P 50.0 50.0 -
612XXX Vaewum Pumping Unit P 25.0 25,0 -
613039 Grounding/Boading Tester P 31.0 31,0 -
514022 Desiceant Drying Oven P 27.5 27.5 -
BTAXXX Rack Simylated AFD P i.0 1.0 -
ST4XXX Transportation Instrumentotion T 20,0 - 20.0
TOTALS 359.0 | 650.5

Table 3-37., Combined Astronomy~GSE Requirements
Payload Integration and Deintegration (KSC)

ENE 'OT EM DESCRIPTION o ShIL | TOT.COST (K$)
: {KS) P T
612002 Transport Doliy P 33.0 - -
412006 Vertical Sling Kit T 10.5 - 10.3
612008 Feedthrough Protective Covers Kit T 3.0 - -
412010 Pallet Segment Floor Covers T 3.5 - -
5612013A Pallet Segment Suppert - Single Pallet T 47.0 - -
6120138 Pellet Segment Supperf - 2 Train Pallet T 4£7.0 - -
612040 Optical Alignment Kit P 6.0 &.0 -
612059 Pallet Cover T 12,5 - -

» 612050A Pallet Platform - Single Pallet T 24,90 - -
46120508 Pallet Platform - 2 Tram Configuration T 48.0 - -
612067 Desiccont Conruster - Large T 11.5 - -
612071 Active Envir. Control Cart T 33.0 - 33.0
612084 Freon Servicer P 25,0 25.0 -
5612086 Freon Leak Detector P 1.0 1.0 -
612106 Road Tiedown Kif T 16.5 - -
612110 Herizontal Sling Kit T 53.5 - 53.5
6112113 Trunnion Holding Fithings T 1.0 - 1.0
412114 Clecning Kit P 11.5 1.5 -
612115 Refrigeration Unit P 101.0 101,0 -
S12XXX Operators Console P 80.0 80.0 -
S12XXX Purge Cart GN2Z P 50.0 50,0 - '
S12XXX Yacuum Purping Unit P 25,0 25.0
513039 Grounding/Bonding Tester P 31.0 31.0
514022 Desiceent Drying Oven P 27.5 - -
&14XKX Rack Simulcted AFD P 11.0 1.0
S14XXX Trensportation Instrumentction T 20.0 - -

TOTALS 331.5 | 101.0
348
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’l& Rockwell International

Space Division

Space Processing GSE Requirements

The Space Processing. payload, consisting of only one pallet, was similarly studied to
determine GSE requirements, in terms of both GSE set composition, and set cost, treating
the GSE set as fransportation and processing subsets, The same methodology as explained
above was used, and in this case, the options were A-1, A-2, B-1, B-4, C-1 and C-4.
Option A-2 was substituted for A-3 in this case because Option A-3 simply is not feasible
- functional Block 10 cannot be performed on a one~pallet payload. Another variation is
that there are no minicenters in the usual sense, because with only cne Spacelab element
involved, the effort connot be subdivided further, Hence, the approaches for options Al
and A-2 actually represent a lead center type activity located at-one of the Pl locations.
Because of this, the GSE requirements are the same for all options except for additional
GSE required at KSC o support additional testing in Option A-2,

Table 3-38 presents the composition and cost of a single set of transportation and
processing GSE (designated by the headings T and P respectively) for processing options
A~1, A-2, B-1 and B4 at the integration site, Table 3-39 presenis the composition and
cost for additional GSE set required at KSC in support of the additional testing in Opfion
A-2. For options C=1 and C~4, composite GSE sets were developed fo handle all four
payloads at KSC on a shared basis. The composition and cost of these sets are presenfed
in Tables 3-30 and 3-31.

3-49
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Table 3-38,

o\

Space Processing GSE Requirements

(Options A-1, A-2, B~1 and B-4)

Space Division
Rockwell Internatonal

UNIT | TOIALCOS
END ITEM DESCRIPTION P | cost ki
NO. Tl sy P T

612006 Verfical Shing T 10.5 — 10.5
612008 Feed Through Covers T 3.0 - 3.0
612010 Pallet Segment Floor Covers T 3.5 — 3.5
412013 Patlet Segment Support T 47.0 - 47.0
612058 Pallet Cover T 12,5 — 12.5
612050 Pallet Platform T 24.0 - 24,0
612067 Large Desiceant Canister T 11.5 - 11.5
612071 Active ECS Cart T 33.0 - 33.0
612080 Portable Leak Detector P 2.5 2.5 —
412084 Freon Servicer |4 25.0 25.0 -
612084 Freon Leak Detector P 1.0 1.0 -
612106 Road Tiedown Kif T 10.5 - 10.5
612110 Horizontal Sling T 53.5 -— 53.5
612113 Trunnion Hondling Fithings T 1.0 - @1.0
612114 Cleaming Kit P 11.5 11.5 -
612115 Refrigerafion Unit P 101.0 |101.0 -
S12XKX Operatars Console ) P 80.0 | 80.0 —
613039 Grounding/Bonding Tester P 31.0 | 31.0 ~—
614022 Desiccant Drying Oven P 27.5 | Z7.5 -
S14XXX Tronsportation Instrumentation T 20.0 - 20.0
S14XXX PSS Panel Rack P 1.0 | 1.0 -

Total 280.5 | 233.0

O = Quantity of Items
Table 3-39.  Space Processing GSE Requirements (KSC Option A-3)
UNIT TOTAL COST |~

D oM DESCRIPTION P, | cost ékl‘

. " (SK3 P T
412006 Vertical Sling T 10.5 - -
612008 Feed Through Covers T 3.0 - -
612010 Pallar Segment Floor Covers T 3.5 - -
412013 Pallet Segment Suppart T 47.0 - -~
5120358 Pallet Cover T 12.5 - v
612060 Pallet Platform T 24.0 - -
612067 Large Desiccant Canister T 1.5 - ~-
612071 Achive ECS Cort T 33,0 - 33.0

- 412080 Portable Leak Detector P 2.5 2.5 -
612084 Freon Servicer P 25,0 25.0 -
512086 Freon Lesk Detector P 1.0 .0
612106 Read Tiedown Kit T 10.5 -— -
412110 Horizental Sling T 53.5 - 53.5
612113 Trunmion Hendhing Fittings T 1.0 - 1®1.0
612114 Cleaning Kit P 11.5 11.5 ~-
612115 Refrigeration Unit P 101.0 101.0 -
B12XXX Operaters Console P 80.0 80.0 -
613039 Grounding,/Bonaing Tester P 31.0 3.0 —
614022 Desiccant Drying Oven P 27.5 e -
S14XKX Transportation Instrumentafion T 20.0 = ——
S14XXX PSS Panel Rack P 1.0 1.0 ——

Total 233.0 90.5
O = Quantity of ltems -
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‘l‘ Rockwell International
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Advanced Technology Laboratory - GSE Requirements

The ATL payload, which consisis of a short inhabited module and two pallets, was
studied to determine GSE requirements in the same manner as the other three payloads.
The composition and cost of both processing and transportation GSE, constituting a GSE
set, was determined using the same methodology as previously described in the section
entitled "Methodology™”. As before, the options studied were A-1, A-3, B-~1, B4, C-1

and C-4, This payload, like the Combined Astronomy payload, is divided into three mini-
centers for Options A1 and A-3,

The GSE requirements for options A-1 and A-3, minicenters 1, 2, and 3 are presented
in Tables 3-40 through 3-42, Table 3-43covers additional GSE requirements af KSC to
support additional Level IV checkout tasks there for Option A~3 only.

Tables 3-44 and 3-45 present the lead center GSE requirements, represenfing pro-
cessing options B~1 and B4, )

For options C-1 and C-4, composite GSE sets were developed to handle all four
payloads at KSC on a shared basis, The composition and cost of these sefs are presented
in Tables 3-30 and 3-3I .

3-51
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Table 3-40,
{Minicenter 71

ATL GSE Requirements
Options A-1 and A-3)

UNXT

Rl DESCRIPTION P/ | cost {IOTLCOST LX)
- {36} P T
612002 | TRANSPORT DOLLY P 3.0 | - -
612006 | VERTICAL SLING KIT T 10,5 - 10,5
612008 | FEED-THROUGH PROTECTIVE COVERS T 3.0 | - 2.0
612010 | PALLET SEGMENT FLOOR COVERS P 2.5 .5 -
612013 PALLET SBEGMENT SUPPORT T 47.0 - 47.0
612040 | OPTICAL ALTGIMENT KIT P 6.0 6o} -
612047 | RACRS & FLOOR SHIPPING COVER T 8.0 8,0
612048 | RACKS & FLOOR TRANSPORT PLATFORM T 24,0 24.0
612049 | RACKS & PLOOR SUPPORT BRACES T 2.8 | - 2.5
612050 | DOUSLE RACK HANDLING & TRANSPORT KIT | T 9.0 -
612089 | PALLET cover T 125 | - 12.5
612060 PALLET PLATFORM T 24,0 - 24.0
612067 | DESICCANT CANISTER — LARGE T 11.5 - 11.5
61206A DESICCANT CANYSTER -~ MEDIUM T 9.0 - 9.0
612071 | ACTIVE BNVIRONMENT CONTROL CART T a0 | - | 330
612080 PORTABLE LEAK DETECTCR UNIT P 2.5 2.5 -
612084 FREON SERVICER P 250 25.0 -
612086 | FREON LEAX DETECTOR P 1.0 1.0] -
612106 | ROAD TIEDOWN KIT T 10,5 - | 0.5
612110 | HORTZONTAL SLING KIT T 53.5 - | sas
612112 | TRUNNION HOLDING FITTINGS T 1.0 w @390
612114 CLEANYING KIT P 11.5 11.% -
612115 | REFRXGERATION UNIT # |101.0 [r000f -
H1DK RACK COOLING UNIT P 50.5 50.5 -
612004 OPERATORS CONSOLE P 80 0 80,0 -
613029 | GROUNDING/BONDING TBSTER P ale | stol o
614022 DESTCCANT DRYING OVEN P 27.5 - -
610 TRANSPORT&TTW INSTRUMENTATION ’ T 20,0 - 20,0
——— s —J
TOTALS 21z o | 273.0
o Quentlty of ltems

Table 3-41.

ATL GSE Requirements

(Minicenter #2  Options A~1 and A-3)

END 172H DESCRIPTION P/ | cosr  [Tomcosr t90
) p T

612002 TRANSPORT DOLLY P 33.0 33,0

612006 VERTICAL SLING KIT T 10.5 10.5

612008 FEED-THROUGH PROTECTIVE COVERS T 3.0

612010 PALLET SEGMENT FLOOR COVERS P 3.5

612013 PALLET SEGMENT SUPFORT T 47.0

612040 OPTICAE ALIGNMENT KIT P 6.0

612047 RACKS & FLOOR SHIPPING COVER T 8.0

612048 RACKS & FLOOR TRANSPORT PLATFORM T 24.0

612049 RACKS & FLDOR SUPPORT BRACES T 2,5

612050 DOUBLE RACK HANDLING & TRANSPORT KIT | T 9.0 9,0

612059 PALLET COVER T 12.5

612060 PALLET PLATFORM T 24.0

612067 DESICCANT CANISTER - LARGE T 11.5

612008 DESTCCANT CANISTER = MEDIUM T 9.0 2.0

612071 ACTIVE ENVIRONMENT CONTIRCL CART T 33.0

612080 PORTAELE LEAK DETECTOR UNIT P 2.5 2.5

612084 FREON SERVICER P 25.0

612086 FREON LEAX DETECTOR P 1.0

612106 ROAD TIEDOWN KIT T 10.5 10.5

612110 HORYZONTAL SLING KIT T 53,5

612113 TRUNNION HOLDING PITTINGS T 1.0

612114 CLEANING KIT P 1.5 11.5

612115 REFRIGERATION UNIT P 101.0

612008 RACK COOLING UNIT P 50.5 50.5

S 20 OPFERATORS CONSOLE P 80,0

613039 GROUNDING,/BONDING TESTER P al.o 310

614022 DESICCANT DRYING GVEN 4 27.5

6140 TRANSPORTATION INSTRUMENTATION T 20.0 20,0
ToTALS 75,5 | 59.0

uosing aoedsg
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Table 3-42,

ATL GSE Requirements

(Minicenter #3  Options A=1 and A-3)

= Ten DRESCRIPTION A Thar  |romecosT tsol
{3K) Ld
612002 TRANSPORT DOLLY P 33,0 33.0
612006 | VERTICAL SLING XIT T | 10,5 .
612008 | FEED-THROUGH PROTECTIVE COVERS T 3.0,
612010 | PALLET SEGMENT FLOOR OOVERS P 2.5
612013 | PALLET SEGMENT SUPPORT r | w0
612040 OPTIICAL ALIGNMENT KIT P 6,0 6.0
612047 RACKS & FLOOR SHIPPING COVER T 8.0
612048 | RACKS & FLOOR TRANSPORT PLATFORM T | 2400
4612049 | RACKS & FLOOR SUPFORT BRACES T 2.5
612050 | DOUBLE RACK HANDLING & TRANSPORT KIT § T %0 |
612050 | parrer cover T | 125
612060 PALLET FLATFORM T 24.0
612067 | DESICCANT CANISTER ~ LARGE T | n.s
612068 ) DSICCAMT CANTSTFR - MEMIUM T 9.0
612071 | ACTIVE ENVIROMMENT CONIROL CART T | 3.0
612080 | PORTABLE LEAK DETECIOR UNIT P 2.5 | 2.5
612064 | FREON SERVICER P [ 250 | 250
612086 | FREGH LBAK BETECTOR P 1.0 | 1.0
612106 | RoAp TYEDOWRN XIT r | 10,8
612110 | HORIZONTAL SLING KIT T | sus
612113 TRINNICON HOLDING FITTIRGS T 1.6
612114 | CLEANING KIT P | us | s
612115 | REFRIGERATION UNIT F |00 |ore
610008 RACK CUstNG UNIT . | 0.5 5045
61200 | OPERATORS cowsoLE r | 80,0 | =00
613039 | GROUNDING/BONDING TESTER P | sLo |30
614022 PESICCANT DRYIKC OVEM P 27,5
61000¢ | TRANSPORTATION ITNSTRUMENTATION t | 2.0
T0TALS 3a1.5

Table 3-43.

ATL GSE Requirements

(KSC Integration Requirements Option

A-3)

R DRSCRIPTION P/ |cosr  |HEmaoszL0)
. 18K) P T

612002 TRANSPORT DOLLY P 33.0 33.0
512006 VERTICAL SLING KYIT T 10,5 10,5
612008 FEED-THROUGH PROTECTIVE COVERS - T 3.0 3.0
612010 PALLET SEGMENT FLOCR COVERS P 3.5 3.5
512013 PALLET SEGMENT SUFPORT T 47.0 47.0
612040 OPTICAL ALIGNMENT KIT P 6.0 5.0

612047 RACKS & FLOOR SHIPPING COVER T 8.0

6120453 RACKS & FLOOR TRANSPORT PLATFORM T 24.0

612049 RACKS & FLOOR SUPPORT BRACES T 2.5

612050 DOUBLE RACK HANDLING & TRANSPORT KIT | T 9.0 9.0
612059 PALLET COQVER T 1z2.5 12.5
612060 PALLET PLATFORM T 24,0 24.0
612067 DESICCANT CANISTER - LARGE T 1l.5 11.5
612068 DESICCANT CANISLER - ,EDUM T .0 3,0
612071 ACTIVE EMVIRONMENT CONTROL CART T 23.0 23.0
612080 PORTABLE LEAK DETELCTOR UNIT o 2,5 2.5

612084 FREON SERVICER P 25.0 25.0

£12086 FREQN LEAK DETECTOR P 1.0 1.0

612106 ROAD TIEDOWN KIT T 10.5 10.5
512110 HORIZONTAL SLING KIT T 53.5 53,5
612113 TRUNNION HOLDING FITIINGS T 1.0 1.0
612114 CLEANING KIT P 11,5 11.5

612115 REFRIGERATION UNIT P 10l.0 jol.o
S120% RACK COOLING UNIT P 5.5 50,5

S1 23000 OPERATORS CONMSOLE P 80.0 80.0

613030 GROUNDING /EONDING TESTER P a1.0 31.0

614022 DESICCANT DRYING OVEN P 27,5

61800 TRANSPORTATION INSTRUMEKTATION ~ T 20,0 20.0

TOTALS 2415 | 251.0
© = Qupntity of ttems .

KIrvnd 1o0d 40
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Table 3-44,

(Option B-1)

ATL GSE Requirements

Table 3-45.

(Option B-4)

ATL GSE Requirements

D TTEM DESCRYPTION Pl coer  fromcost rs)
_{$K) P T

612002 TRANSPORT DOLLY P 33,0 33.0
612006 VBRTICAL SLING KIT T 10,5 10.5
612008 FEED-THROUGH PROTECTIVE COVERS T 3.0 3lo
612010 PALLET SEGMENT FLOOR COVERS P 3,5 3%
612013 PALLET SEGMENT SUPPORT T 47,0 a7lo
612040 OPTICAL ALIGNMENT KYT P 6.0 6.0

612047 RACKS & FLOOR SHIPPING COVER T 8,0 8.0
612046 RACKS & FLOOR TRANSPORT PLATFORM T 24.0 24.0
612049 RACKS & FLOOR SUPPORT BRACES T 2.5 2.8
612050 DOUBLE RACK HANDLING & TRANSPORT KIT | T 9.0 ® 9.0
612059 PALLET COVER . T 12,5 Diz.5
612060 | PALLET pLATPORM r | 24,0 ®z4,0
612067 DESICCANT CANISTER -~ LARGE ‘Tt 11.5 “911.5
612065 DECICCANT CANISTER - MEDTUM T 9.0 (U
612071 ACTIVE ENVIRONMENT CONTROL GART T 33,0

612080 PORTABLE LEAK DETECTOR UNIT P 2.5 2.5

612084 FREON SERVIGER P 25,0 25,0

612086 FREON LEAK DETECTOR P 1.0 1.6

612105 ROAD TIEDOWN KIT T 10.5 10.8
612110 HORIZOWTIAL SLING KIT T 533.5 5335
612113 TRUNNION HOLDING FITTINGS T 1.0 1.0
612114 CLEANING KIT P 1.5 11.5

61211% REFRIGERATION UNIT P oo 1010

1200 RACK COGLING UNIT . r 50,5 | 50.5

610008 QPERATONS CONSOLE P B80,.,0 80.0

612039 GRONDING/BONDING TESTER P 31.0 | 31.0

614022 DESICCANT DRYING OVEN 4 27.5 27 s

614000¢ TRANSPORTATION INSTRUMENTATION T 20.0 20.0

TOTALS 369.0] 224 5

O = Quantlly of lrems

1
END ITEM *  DESCRIPTIONM Pre oot
: ey e | T
612002 | TRANSPORT DOLLY P | 33.0 | 230
612006 | verTrcAL stinG XIT T | 10.5 10,5
612008 | FEED.THROUGH PROTECTIVE COVERS T 3.0 2.0
612010 | PALLET SEGMENT FLOOR COVERS P 2.5 3,5
612013 | PALLET SEGMENT SUPPORT T | ar.0 47.0
612040 | OPTICAL ALIGNMENT KIT P 6.0 60
612047 | RACKS & FLOOR SHIPPING COVER T 8.0 8.0
612048 | RACKS & FLOOR TRANSPORT PLATFORM t | 240 24.0
612049 | RACKS & PLOOR SUPFORT BRACES T 2.5 2.5
612050 | DOUBLE RACK HANDLING & TRANSPORT KIT | T $.0
¢12059 | PaLLET covir . 't 12.5 12,5
612060 | PALLET PLATFORM T | 2.0 @24.0
612067 | DESICCANT CANISTER ~ LARGE T | 1.5
ul2C68 | DESTCCANT CANISIER ~ HEDTUM T 5.0
612071 ACTIVE ENVIRONMENT CONTROL CART T 33.0 33,0
612080 | PORTABLE LEAK DETECTOR UNIT P 2,5 2.5
612084 | FREON SERVICER P [ 250 | 2s.0
612086 | FREON LEAK DETECTOR P 1.0 1,0
612106 | ROAD TIEDOWN KIT t | 10.8 30.5
512110 HORYZONTAL SLING KIT T 53.5 £3.5
612113 | TRUNNION HOLDING FITTINGS T 1.0 1.0
612114 | cLeanmng k1T P ] 1.5 | 118
612115 | REFRIGERATION UNIT ¢ {1020 |101.0
61200¢ | RACK COOLING UNIT - P | s0.5 | 0.8
G100 OPERATORS CONSOLE b 80.0 BO.O
613039 | GROUNDING/BONDING TUSTER P | m.0 | 210
614022 | DESTCCANT DRYING OVeN P | 275 | 275
61000 | TRANSPORTATION INSTRUMENTATION T | 20.0 20,0
TOTALS 265,0] 289.5

O = Quanilty of Items

uotsingg aoedsg
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GSE Requirements by Option

In the previous sections, we have discussed and presented the GSE requirements for
a single set at each integrating location studied, In this section, the GSE requirements
for all four payloads will be integrated together in proportion to their flight rate in accord-
ance with the Baseline Traffic Model. Tables 3-46through 3-51 presents the fotal costs
for GSE for each processing option on a year-by-year basis, All figures are.in 1977 dollars,
and processing and fransporfation GSE subsets have been totaled in all entries. The final
column adds a 20% factor for spares which would be required. Spares are not included in
earlier numbers of GSE items required, and so are added here only at the monetary level.

As stated before, funds for GSE procurement are entered in the year before the year
in which the equipment is needed, Tables 3-46 through 3-51 present this under each pay-
load or minicenter column by beginning with one set at each location. When the flight
rate for the year (as one goes down the column) requires a second set, an entry 2T {second
set of transportation GSE) or 2P (second set of processing GSE) was mede in the year when
the equipment was required. The money for this additional set was enfered under the pre-
vious year. A similar entry was made for third and further additional GSE sets.

Table 3-52 presents a final recap of the foregoing GSE costs by option, including
the 20% spares adjusiment, At the botfom of the table, all figures are escalated and sum-
marized for inflation af the rate of 7% compounded, The factors used in this escalation
computation are based on 1977 as the beginning year and are as follows:

1977 - 1,000
1978 - 1,070
1979 - 1,145

1980 - 1.225
1981 - 1,311

1982 - 1,403
1983 - 1,501
1984 - 1,606

1985 - 1.718

1986 - 1,838

3-55

1987 - 1,967
1988 - 2,105

1989 - 2,252
1990 - 2.410
1991 - 2,579
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Table 3-46. Amnual GSE Expenditures, Baseline Traffic Model
(Option A-1) (1977 $K)

OPTYON A-1
LIFE SCIENCES aTL COMBINED ASTRON.| SP_ | ToTALS
YBARAKSC | 3 | 213 |4 s |6 |7 B 1 |2 3 1 2 ] 3 |1 |jomecr |+ spares
1979 585 {187.5|592.5 1365 1638
1980 344 | 364 | 199|185 | 185 [315 | 185 | 42a 513.5|2714.5 | 3257.4
1981 28,5 217 |57L.5 2017 2420.4
1982 273 251 sza 528.8
1983 2T 21
1984 585 | 50 |so2.d asg 233 |1027,5 | 2313
' 2p/ 2p/
1985 st| 21 3T [236.5| 2r 2t | 236.5 | 283.8
1986|' 2T 179.5 179.5 | 215.4
1087 2T
1988
1989 '
1990
1901,
TOTAL 341 {364 |100 | 185 {185 [ 315 |185 |a24 l14a3 246.4 1436] 865 | 2275 | 751 |746.5) 8o6a  |107s6.8
Table 3-47. Annnal.GSE BExpenditures Baseline Traffic Model
{Option A-3) (1977 $K)
OPTION A-3
__LIFE SCIENCE ATL COMB, ASTRON, |sp TOTALS
yEAR | Kse
1 2 3 4 | s 6 7 g |1 2 s | 1 2 |3 1 | brrecr |+ spares
1975 | 342 4 585 ]1a7.5|502.4 1707.5 | 2040
1980 24a | 364 | 200 | 185|185 | 315 f185 ] 424 513,5| 2714.5 | 3257.4
1981 273 251 |628.5| 817 |s7as| | | asa1 3049,2
1082 ar | s | 2r 233 | 202 350.4
1983 o1 as8 or | ass 549.6
1984|342,5 585 s02.50236.5] 21 h79.5 1936 2323,2
2p/
J 2P,
1985 . ﬁ; r | *F 2T
1986 458 as8 549.6
1087 3T
1988 .
1989
1990 .
1991
voraLl 685 | 344 | 364 {199 | 185 lums 315 | 185 |aza | 1443 |245.5014306 | 865 |1733 | 731 |746.5) 10107.0] 12120.0

ORIGINAL PAGE IS
356 OF POOR QUALITY
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Annval GSE Expenditures Baseline Traffic Model
(Option B-1)

+

Table 3-48.

{1977 4K}
OPTION B-1
AR LIFE . COMBINED SPACE ToTaLs
SCIENCES ASTRONCOMY PROCESSING DIRECT + SPARES
1979 | 693.5 693.5 832.2
1980 585,0 518.5 1098.5 1318.2
1981 324.5 1042,5 1367.0 1640.4
1982 2T 233,0 233.0 279.6
1983 369.0 21 369.0 442,08
1984 2P 324.5 650,5 975,0 1170.0
1985 3T 21
1986
1987 s :
1988
1989
1990
1991
TOTAL 585.0 1711.5 1693,0 746.5 4736,0 5683.2
Table 3.49, Annual GSE Expenditures Baselaine Traffic Model
{(Optaion B-4}
(1977 3K}
QPTION B-4
LIFE COMBINED SPACE TOTALS
YEAR SCIENCE ATL ASTRONOMY PROCESSING DIRECT + SPARES
1979 658.5 658.5 790,2
1980 470.5 513.5 984.0 1180.8
1yl 289.5 1009.5 1299.0 1558,8
1982 2T 233.0 233,0 270.6
1983 369,0 b1y 369,0 442.8
1984 2P/289.5 650,5 940.0 1128.0
1985 ar 21
1986
1987
1988
1989
1990 !
1991
TOTAL 470.5 1606,5 1660.0 746.5 4483,5 5380.2
£
3-57
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TABLE 3-50, ANMNUAL GSE EXPENDJTURES BASELINE TRAFFIC MODEL

(OPTION C-1) (1977 $K)
COMBINED KSC GSE SET

Space Division

Rockwell International

Processing Trorisportation Total Total
Yeor GSE GSE Direct With Spares
1979 369.0 324.5 693.5 832.0
1980 76,0 135.5 211.5 254.0
1981 51.0 369.5 420.5 505,0
1982 496.0 496,0 596.0
1983
1984 494.0 829.5 1325.5 1591.0
1985
1986
1987
1988
1989
1990
1291
Total 1488,0 165%.0 3147.0 3778.0
TABLE 3-31, ANNUAL GSE EXPENDITURES BASELINE TRAFFIC MODEL :
{OPTION C-4) {1977 $K)
COMBINED KSC GSE SET
Processing Transporiation Total Total
Year GSE GSE Diract With Spares
1979 369.0 289.5 658.5 790.0
1980 76,0 4.5 90.5 190.0
1981 50.0 401.0 451.0 541.0
1982 495.0 495.0 594.0 -
1983
1984 495.0 703.0 1200.0 1440.6
1985
1986
1987
1988
1989
1990
1921
Total 1485.0 1410.0 2895.0 34740

3-58
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TABLE 3-52, GSE COST SUMMARY, BASELHNE TRAFFIC MODEL

SD 78-SR-0009-3

79 20 81 82 83 284 85 84 87 a8 a9 20 b | Totals
- =
<] 1638 | 3257 {2420 | 629 | - |2313 | 284 | 215 10,756
[y,
4 2050 | 3257 3049 | a3s0 | ss0 | 2323 550 12,129
N oe32 | 1318|1640 | 280 | 443 iz 5,683
g
B3l 7e0 | net | 1559 | 280 | 443 | n2s 5,381
RiT
*1 9
vl 832 254 | 505 596 1591 3,778
Jl 720 ] w09 | s | 596 1440 3,474
| 1876 | a990 {3173 | ee2 | - |a715 | 488 | 395 14,519
3| 2347 | 300 |3997 | 491 | 825 a7m - on 16,392
g| 4] 953 [ 1615 |2150 | 393 | ess [1ee | - | - 7,655
5
o
1| 905 | 1447 2044 | 393 | 665 {182 - |- 7,266
3 953 311 | 662 836 { - 2555 - - 5,217
Jloos | wafzoe [ s3] - foma | - |- 4,894
3-59
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SPACELAB FLIGHT HARDWARE

Spacelab Flight Hardware Element Evaluated

The quantities of Spacelab Flight Hardware required o support each of the four design
reference missions were established by ¢n analysis of the serial ground processing times for
the element of Spacelab hardware being evaluated and by the proximity of launch dates
for the payload being evaluated. Table 3-53 lists the major elements of Spacelab flight
hardware that were evaluated as a part of these programmatics analyses,

Table 3-53 . Spacelab Flight Hardware [tems
COST COST
ELEMENT (1977 $ M) ELEMENT (1977 $ M)

Core Module 35.0 Rack - Single 0,179
Igloo 10.0 Rack - Double 0,229
iPS 10,0 EPDB 0.088
SIPS 1.5 Floor Segment 0,039
Pallet Segment 3.022 Cold Plate 0.027
RAU 0.143 .

The costs for these elements were supplied as a study input by NASA, The quentity
of each of these items that are required o support a given program are determined by:
e involvement fime in the ground processing flows of each option
e quantities required for a given payload configuration

o flight rate and launch schedule of the payload configuration for
any given year of the traffic model,

The summary of the serial ground processing times for each configuration and ground
processing options is discussed in the section entitled Traffic Model Analysis of this volume.
These processing times were utilized throughout this section in the defermination of the
final equipment complements.

3-60
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Table 3-54 illustrates the specific quantities of each of the major hardware end items
required by each of the reference payloads.

Table 3-54.  Payload S;;ace!qb Flight Hardware Requirements

SPACELAB PAYLOAD

HARDWARE - .

ELEMENT s/P C/A L/S ATL
Core Module - - 1 1
Igloo 1 1 - -
IPS . - 1 - -
SIPS - i - ~
Pallet Segment 1 5 - 2
RAU 1 9 4 4
Rack-Single : B - - 4 2
Rack-Double - - ) 2
EPDB . I 5 3 3
Floor Segment - - 3 1
Cold Plates 4 5 - 4

Some of the Spacelab flight hardware end items evaluated related to only a porfion
of the four design reference payloads (e.g. Core Modules only pertain to the habitable
module payloads Life Science (LS) and Advanced Technology Laboratory (ATL) and Igloos
only pertain to the two pallet only payloads - Space Processing(S/P) and Combined Astron-
omy (C/A). There are two items, RAU's and EPSB, that are required by all payload con~
figurations,

The flight rates of each of these four payloads is shown on Table 3-55. The deriva-
tion of this Baseline Traffic Model ftom an equivalency analysis of the "560" mission model
and the studies of the four design reference missions is defined in detail in the section
entitled "Traffic Model Analysis® of this volume. The launch dates of each of these missions
is also defined and listed in that section.

3-61
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Table 3-55,  Design Reference Mission Flight Rate
(Baseline Traffic Model)

YEAR
PAYLOAD

1980 § 81 82 83 84 85 86 87 88 89 Q0 21
Space Processing - 3 2 7 7 8 7 8 8 9 8 8

Combined
stronomy - - 1 4 5 9 91 10 o1 9 o1 ¢
Life Science - 2 2 2 2. 2 2 2 2 2 2 2
ATL 1 3 4 7 10 14 12 15 14 15 15 16
TQTALS 1 8 9 20 24 33 30 35 33 35 34 35

Derivation of Flight Hardware Quantities

As stated earlier, there are three things that determine how much flight hardware will
be needed on a specific payload and/or mission. One of these three - the specific items re~-
quired by the configuration - is fixed and a constant. For example, every time o Combined
Astronomy payload is involved in Level IV integration activities, 5 EPDB's and 5 cold plates
(see Table 3-54) are required. The influence of the ground processing flows are measured
by the length of the processing activities. For example, if during a typical year (260 work-
ing days = 52 weeks/year X 5 days/week), an igloo is involved for 45 working days; then
that particular piece of equipment would be able to ot best support 6 processing cycles per
year,

260 available working days/year

6 cycles/year ,
45 working days/cycle yeles/y

The next important variable in the determination of the quantities of Spacelab flight
hardware requirements is the launch schedule and flight rate. Both factors are important
because as tllustrated in Figure 3~10 the flight rate without a law nch schedule can be mis-
leading.

3-62
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@ 3 FLIGHTS PER YEAR
YEAR
1 2 3 ' 4 5 & 7 78 9 "o 11 12 MONTHS
A A &

I | I '

R T NO CONFLICTS

| iy

CONFLICT SINCE 2 P/L'S ARE
IN PROCESS AT THE SAME THVE
2 SETS OF SOME £QUIP ARE REQ'D

CASEC

COMFLICT-J P/L'S IN
PROCESS AT THE SAME

RN TIME

Figure 3-10,  Launch Schedule Impacts

Ilustrated in the figure are three cases of one flight rate - 3 flights per year, In
the first case, there are no equipment conflicts because the launch dates are farther apart
(4 months) than the length of the processing cycle (3 months), However, inthe second
example, the second and third flights are only two months apart. In order to meet this
launch schedule, two sets of equipment would be required, In the third case (C), there
is one and a half months between the first and second launch and one month between the
second and third. In this example, possible three sets of equipment would be required to
facilitate this launch schedule, Therefore, it can be easily seen from the illusiration
that the launch schedule can be of greater importonce that the annual launch rate, With
this in.mind, the launch dates of each flight of the baseline traffic model were established
to provide the maximum possible separation in launch dates (equi-centered) of each con-
figuration both within a configuration and also between different types of payloads,

The determination of the individual launch dates is defined in the "Troffic Mode]
Analysis™ section of this volume. Ground processing flows were developed (see Volume
II, Ground Processing Requirements) for each payload and each viable ground processing
option. A summary of the serial ground processing fimes for each major activity block of .
each payload option is contained in Table 3-1 of the Traffic Model Analysis section.
Figure 3-11 illusirates how these ground processing flow fimes influence the Spacelab
flight hardware quantities.
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Figure 3-11,  Ground Processing Flow Impact

In the example above, the Spacelab flight hardware end items are involved during
either {ust the activities beginning with Level Hll or during the entire ground processing
flow. In the case of the distributed (A-1 and A-3) and the centralized options (B-1 and
B-4), there are varying amount of time for the shipment of equipment from the KSC staging
operations to the level IV infagration site. This fransportation time varied from 5 seridl
processing days in the distributed and centralized options to 2 days in the KSC options,
Based on existing NASA decisions and selections arrived at during the evaluation of the
study system level frades, it has been determined that the first four items (Core Module,
Igloo, IPS, and SIPS) would remain at KSC and would not be sent to level IV integration
sites, The other seven hardware end items will be staged at KSC and then sent fo the
level IV integration for installation and subsequent checkout of the experiment equip-
ment with their Spacelab mounting element,

The Core Module requirements for all options are shown in Table 3-56.  These
module requirements were derived from an analysis of the ground processing (involvement
times of the Core Module in the KSC flows for the ATL payload and the Life Science pay-
loads. The serial processing time estimates are 41,6 days for ATL and 39.2 days for Life
Science type payloads 1), Learning curve factors have been applied to the first four
launches of the traffic model and evaluated to determine the latest date at which addi-
tional Spacelab flight hardware would be required.

(1) ASA/ESA SPACELAB GROUND OPERATION'S ASSESSMENT AND ANALYSIS
REPORT, Dated 22 July 1977 (MDC Y0001).
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Table 3-56,  Core Module Requirements for all Options
{Basefine Traffic Model)

FLIGHTS TOTAL UNITS %

YEAR PROCESSING REQ'D UTIL,
LS ATL | TOTAL DAYS

1980 - 1 1 71 1 27
1981 2 3 5 233 - 88.8
1982 2 4 ) 245 - 94,2
1983 2 7 9 370 2 1.1
1984 2 10 12 494 - 95.1
1985 2 14 i6 661 3 84.7
1986 2 12 i4 578 - 74,1
1987 2 i5 17 702 - 20.1
98¢ 2 14 7 16 661 - 84.7-
1989 2 15 17 702 - © 90,1
1990 2 15 17 702 - 0.1
1991 2 16 18 744 - 95.4

Figure 3-12 illustrates an example of the type of analysis that was conducted to deter-
mine the need dates of additional equipment, The figure, using Option B-1 as an example,
contains both the Level IV processing times indicated by the bar marked with the payload
type and the number of that particular mission. It also shows the processing steps at KSC
following shipment of the integrated pallets and/or racks from the centralized location.

The KSC involvement times are indicated by the shaded bars. As can be seen from the
learning curve plotted at the left hand side of the figu e, varying learning factors were
applied to the steady state values for each of the first four missions. These dates were

then analyzed to defermine their impact of Spacelab flight hardware, GSE, and manpower.
The time difference between the launch dates of the third ATL mission and the first Life
Science mission is 33 days. The Life Science involvement time forthe Core Module is

39.2 deys. The shaded circle illustrates the potential conflict that would result from fhese
dates and ground processing flow ftimes. As defined, the 80% learning curve ond the launch
rate of 5 habitable module flights on the second year of the program would require two Core
Modules to support the schedules. An evaluation showed that with either a seven day delay
in launch date for the LS payload or an advancement of seven days in the ATL flight could
postpone the requirement for the second Core Module until 1983, the fourth year of the
traffic module, when there are nine habitable module flights. The third Core Module is
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required in 1985 when the flight rate reaches 16 flights per ya;qr. Table 3-57 illusirates

the number of flights per year a Core Module can support and the percent utilized for each
hardware element.

Table 3-57,  Core Module Flight Rate Capability

UNITS | FLIGHTS PEF-{;,:ENT
e { 1 6 9.2
2 12 93.2
3 19 98.4

These figures are based on a mix of half LS and half ATL flights. They are also based
on their being ot least 21 days between flights when there are two in the inventory and 14
days for the case with three Core Modules.

The Igloo requirements were established using the same methodology. The processing
times, learning curves; and minimum delta between launch dates were analyzed to establish
the required flight hardware complements.

The lgloo requirements for all options of the baseline traffic medel are illustrated in
Table 3-58. As in the Core Module example, this table lists the Igloo's required fo sup-
port a program with the indicated launch rate and schedule, [t also contains a column
marked percentage utilization (% Util,). This dafa quantitizes the percentage of the avail-
able working days in a given year that these lgloos are involved in the ground processing
flows, from the initiation of Level HI/1l activities at the O&C building through the com-
pletion of the deintegration operations following a mission. The example, Table 3-59
indicates that in 1987 to support the flight rate of 18 pallet only launches that year
there would be 3 Igloos required and further each one of them would be utilized an
average of 78.9 percent of the available working days that year. The remaining 21.1%
of the time could be available for unspecified activities such as confingencies, schedule
slips or unplanned or unscheduled maintenance to the subsystems in the lgloo, Also from
Table 3-58, it can be seen that these three igloos, with proper scheduling, are capable
of supporting an additional four pallet only launches,
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Table 3-58.  Igloo Requirements for All QOptions
(Baseline Traffic Model)

B I R
CA Sp TOTAL DAYS

1980 - - - .

1981 - 3 143 1 55.0
1982 1 2 105 39.6
1983 4 7 1 376 2 72.3
1984 5 7 12 410 78.9
1985 9 8 17 581 3 74.5
1986 9 7 16 547 70.2
1987 10 8 18 616 78.9
1988 9 8 17 581 74,5
1989 9 9 18 616 78,9
1990 9 8 17 581 74.5
1991 9 8 17 581 74.5

Table 3-59.  lgloo Flight Rate Capability

UNITs | FLGHTs | FERCENT
] 7 92,0
2 15 98.7
3 22 96.5
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These figures are based on a fotal program taunch schedule that aliows af least 34 days
between launches in the case of one Igloo, 17 days minimum delta for 2 Igloos and 11,3
days in the three-lgloo case,

The Instrument Pointing System (IPS) and the Small Instrument Pointing System (S1PS)
flight hardware requirements are contained in Table 3-40,

Table 3-40, IPS and SIPS Hardware Requirements

FLTS TOTAL | UNITS REQ'D 9% UTIL
YEAR C/A PROC
DAYS SIPS | IPS Sips | 1ps

1980 - -

1981 - _

1982 1 37 2 1 14,3 | 7.2
1983 | 4 149 2 ) 57.2 | 28.6
1984 5 186 2 71.5 | 35.8
1985 9 335 3 64,4 | 32,2
1986 9 335 | ¢ | 64.4 | 32.2
1987 10 372 . 71.5 | 35.8
1988 9 335 64.4 ) 32.2
1989 9 335 sh .4 | 32,2
1990 9 335 64.4 | 32.2
1991 9 335 f J s4.4 | 32,2

These quantities were established utilizing the study groundrule that there would be
an additional SIPS added to the inventory to accommodate those planned missions that
would be flown with two SIPS pedestals and 4 canisters,

The 1PS quantity was determined by the groundrule that the IPS would be flown on
every other Combined Astronomy payload. Therefore, under those conditions, one IPS
can support the entire traffic model,

Spacelab Flight Hardware Reguirements by Option

In the previous sections, the hardware requirements for Core Madules, Igloos, 1PS,
ond SIPS were defined. These programmatic quantity requirements were determined for all
six options, This was possible because these end items do not leave the KSC area and are
not shipped to the Level IV integration area, The remaining seven elemens of Spacelab
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flight hardware are influenced by the ground processing opticn being evaluated and their
quantities vary across the processing options.

The six options evaluated as a parf of the programmatics analysis are discussed in
detail in the section entitled "Traffic Model Analysis” of this volume, The selection
procedure will not be repeated here. The following six sections, however, will contain
the defined Spacelab flight hardware requirements for each of the six selected options
(A-1, A3, B~1, B4, C-1, C-4).

Option A-1 Spacelab Flight Hardware Requirements

The rack and pallet requirements to support the four design reference missions and
the Baseline traoffic model of Option A-1 are contained in Table 3-61.

Table 3-61.  Option A~1 Rack & Pallet Requirements

ATL LS C/A 5/P TOTALS

YEAR IR P R P R P R P R
1980 |25 2p| 2 N/A | N/A N/A 25 2D 2
1981 |454D| 4 [4S 4D 1 |858D 5
1982 5 10
1983 6 2 13
1984 |6S6D| 8 10 10S 12D | 20
1985 |85 8D| 10 15 3 [12514D | 28
1986 e |
1987
1988
1989
1990 *
1991 125 14D | 28

R = Rack 2S - 2Single

P = Pallet 2D = 2Double

N/A = Not Applicable
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The RAU, cold plate, and floor segment requirements for Option A-1 are listed in

Table 3~62.,

Table 3-62,  Option A-1 RAU, Cold Plate and Floor

Segment Requirements

VEAR _ ATL LS SP CA TOTALS

R CP | FLR R FLR | R cp R CP R CP [ FLR
1980 4 4 1 4 4 i
1981 4 2 1 4 9 8 3
1982 8 8 2 9 5 22 17 4
1983 2 8 23 21 4
1984 12 |12 3 18 110 | 36 | 30 5
1985 16 | 16 4 3 12 | 27 15 50 | 43 6
1986 50 | 43 6
1987 20 | 20 5 54 | 47 7
1988 54 | 47 7
1989 " 54 | 47 7
1990 54 47 7
1991 54 | 47 7

R =RAU, CP =Cold Plate,

FLR =Floor Segment

The Experiment Power Distribution Boxes (EPDB's) required to support the traffic model
are driven by the payload configurations being evaluated, Table 3-63 contains the number
of EPDB's required by each payload and during each year of the Option A-1 program,

Table 3-63,  Option A-] EPDB Requirements
YEAR | 80 81 82 | 83 {84 185 |86 87 | 88 | 89 | 90 [ 91
EPDB'S
REQ'D 3 8 13 16 | 24 | 34 34 34 | 34 134 | 34 34

e EPDB Requirements per configuration:

per experimen{ segment

One/Pallet, one per core segment, two

Cs ES P Total
ATL i - 2 3
LS 1 - 3 -
CA - - 5 5
SP - - 1 1
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The rack and pallet requirements for options A-3, B-1, B-4, C-1, and C~4 are

contained in Tables 3-64 through 3-68.

Table 3-64, Option A-3 Rack and Pallet Requirements

ATL LS CA SP TOTALS
YEAR R P R I P R P R P R p
1980 {25 2D} 2 N/A | N/A N/A 2¢ 2D
1981 {4S4D| 4 {45 6D i 85 10D 5
1982 é 5 1 8¢ 10D i2
1983 (65 6D] 8 5 2 105 12D 15
1984 10 10 2 10S 12D 22
1985 |'Bgp! 12 15 3 | 145 16D] 30
1986 )
1987
1988
1989
1990 ¥ i
1991 145 146D 30
Note 1 R =Rack, P =Pallet, S =Single, D =Double, N/A =Not Applicable
Table 3-65. Option B~1 Rack and Pallet Requirements
ATL LS CA SP TOTALS
YEAR
R p R P R P R P R
1980 (252D§ 2 N/A | N/A N/A 252D
1981 (454D} 4 45 6D 1 8S 10D
1982 4 5 8s 10D 10
1983 6 2 85 10D 13
1984 [6S 6D 8 10 10S 12D 20
1985 |85 8D} 10 15 3 125 14D 28
1986 10 A 125 14D | 28
1987 | Gop| 12 ¢ 145 16D | 30
]988 8 LS
1989
1990 A W
1991 145 16D 30
Note 1 R =Rack, P =Pallet, S =Single, D =Double, N/A=Not Applicable
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Table 3-66. Option B-4 Rack and Pallet Requirements

ATL (s CA 5p TOTALS
YEAR

WEERE Pl R | p | R | P R P
1980 |25 20| 2 N/A | N/A N/A 25 2D
1981 |45 4D| 4 145 6D 1| 858D
1982 5 |- \ 10
1983 6 2 13
1984 165 6D] 8 10 105 12D | 20
1985 |85 8D} 10 15 3 1125 14D | 28
1986 ]
1987 {%op | 12 20 145 16D | 35
1988 [
1989 |
1990 i ‘
1991 145 16D| 35

Note 1 R=Rack, P=Pallet, S =Single, D =Double, N/A=Not Applicavle
Table 3-47. Option C-1 Rack and Pallet Requirements

ATL LS CA Sp TOTALS
YEAR
R p R P | R P | R p R p
1980 {25 2p] 2 N/A | N/A N/A 2% 2D
1981 [454D] 4 145 6D} 1 Jss joD
1982 5 : 10
1983 6 _ 2 13
1984 {6S6D| 8 10 105 12D | 20
1985 |8S 8D 10 125 14D | 22
1986 - 15 g 27 ‘
1987 a 28
1938 :
1989
1990 ]
1991 125 14D | 28

Note 1 R=Rack, P=Padllet, S=Single, D =Double, N/A=Not Applicable
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Table 3-68, Option C-4 Rack and Pallet Requirements

ATL LS CA sp TOTALS
YEAR R p R P R | P I R P R P
1980 |2s2D| 2 N/A | N/A N/A 25 2D 2
1981 454D | 4 U4séD 1 |sswD | 5
1982 5 10
1983 6 2 13
1984 165 6D} 8 10 105 12D | 20
1985 |85 8D{ 10 15 125 14D | 27
1986 | 27
1987 : 3 28
1988 ‘?
1989
1990 \
1991 125 14D | 28

Note 1 R=Rack, P =Pallet, S =Single, D =Double, N/A =Not Applicable

As can be seen from the fables the options thai require the least amount of racks and
pallets are the KEC opfions C-1 and C-4 and the distributed option A-1. The RAU, Cold
Plate, and Floor Segment Spacelab Flight hardware requirements for options A~3 through
C-4 are contained in fables 3-69 through 3-73.

Toble 3-69. Option A-3 RAU, Cold Plate, ond Floor Segment Requirements

ATL LS sp CA TOTALS
YEAR
) R I CP JFIRJ R JFIR| R 1 cP | R JCP | R | CP|FIR
1980 4 4 | 1 . 4 4 |1
1981 4 | 2 1 |4 9 8 | 3
1982 8 8 | 2 o |5 {22 117 ] 4
1983 12 12 | 3 2 |12 18 {10 |37 |34 |5
1984 16 | 16 | 4 41 |38 | 6
1985 20 | 20| 5 27 {15 |54 | 47 | 7
1986 K
1987 |
1988
1989 ' ~ ;
1990 i |
1991 54 47 | 7
R=RAU, CP=Cold Plate, FLR =Floor Segment
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Table 3-70 . Option B-1 RAU, Cold Plate, and Floor Segment Requirements

VEAR ATL LS sp CA TOTALS
R | cp | FIR FLR | R CP | R | P R CP | FIR

1980 4 4 4 4 | 1
1981 2 1|4 9 g8 | 3
1982 8 g | 2 9 | 5 22 1315
1983 12 12| 3 2 | 3 27 | 25 | 6
1984 18|10 36 30
1985 20 201 5 3 {12 27 |15 (54 | 47 | 7
1986 ‘
1987 ,
1988 BB
1989 NN
1990 1 Vg
1991 54 | 47 | 7

R =RAU, CP =Cold Plate, FLR =Floor Segment ,

Table 3=71 . OptionB~4 RAU, Cold Plate, and Floor Segment Requirements

ATL__ LS 5p CA TOTALS
YEAR
R | CP | FLR FLR | R CcP i R _|CP R CP | FIR

1980 4 4 1 1 4 4 | 1
1981 2 1| 4 9 g8 | 3
1982 8 g | 2 2 | 8 9o {5 |23 {21 | 4
1983 12 12 3 i8 o 36 30 5
1984 ‘
1985 20 | 20 | 5 3 |12 127 |15 |54 |47 | 7
1986 1 ]
1987 |
1988
1989
1990 ]
1991 54 | 47 | 7

R=RAU, CP=Cold Plate, FLR =Floor Segment
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ATL LS SP CA TOTALS
YEAR — _
R CP | FLR R FLR R CP R CP R CP | FLR
1980 4 4 1 . 4 4
1981 4 | 2 1 | 4 9 8 | 3
1982 | 8 8 | 2 9 |5 22 |17 | 4
1983 2 8 23 21
1984 12 12 3 18 W'IO 36 30
1985 16 16 4 . 40 34 6
1986
1987 27 |15 49 39
1988
1989 3 |12 50 43
1990
1991 20 20 5 54 47 7
R =RAU, CP=Cold Plate, FLR =Floor Segment
Table 3-73 . Opiion C~4 RAU, Cold Plate, and Floor Segment Requirements
VEAR ATL LS Sp CA TOTALS
R CP | FLR R FLR R CP R Cp R CP | FLR
1980 4 4 1 4 ]
1981 4 | 2 1 14 9 8 | 3
1982 8 8 2 9 5 22 13 4
1983 2 8 23 21
1984 12 i2 3 18 10 36 30 5
1985 16 16 4 27 115 49 39
1986
1987 20 20 5 53 43 7
1988
1989 3 i2 54 47
1990
1991 54 47 7
R=RAU, CP =Cold Plate, FLR =Floor Segment
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Table 3-74 summarizes the EPDB requirements for options A-3, B-1, B-4, C~1, and C-4.

Table 3-74, Baseline Traffic Model EPDB Requirements

OPTION YEAR

1980 |1981 | 1982 [1983 [19e4 | 1925 1986 | 1987 {1988 |1989 | 1990 | 1991
A-3 3 8 15 19 24 35 = =1 35
B-1 3 8 13 16 24 33 33 36 - - 34
B4 {3 | 8 |13 |16 | 24 |33 |33 {41 |= 41
c1 |3 {8 |13 |16 ] 2427 |32 a3 - | 33
C-4 3 & i3 is | 24 32 32 33 - > 33

The number of RAU's, Cold Plates, and Floor Segments required to support each of
the options were identical, The only differences between options were the years in which
these equipment items were required to support the traffic model, Option C-1 does not
require the last four cold plates and RAU's and the last floor segment until the last year
(see Table 3-72) of the traffic model when the ATL fiight rate reaches its maximum of
16 missions, Option B-4 requires the equipment the earliest, All end items are required
by 1985, some six years earlier than option C-1,

Spacelab Flight Hardware Cost Summaries

The following six tables 3-75 through 3-80 summarize the Spacelab flight hardware
costs, including the year incurred, for each of the six program options evaluated,
[ncluded in each table are the costs of each hardware end time (study input) and the fotals
in 1977 dollars and the escalated (at 10% annuclly) annual tofals.  The Spacelab flight
hardware costs for all six options are nearly equal, Three of the options C-1, C-4, and
A-1 have the lowest total program costs (77$) of 252 million dollars with A-3 and B=1 being
the next closest at approximately 259 million dollars and option B-4 being the most
expensive option at 274 million dollars.
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Table 3-75. Spacelab Hardware Costs (1977 $M)
(Baseline Troffic Model)

OPTION cow

A3 | RACKS | PALLETS| RAU [FLOORS |,occ | EPDB TOTAL COST
YeAR | 38% | 3.022 | 143 | .039 | .027 | .o@8 | §77 | ESCAL.
979 | "o 6004 | 572 | .03 | 108 | .264 | 7.843| 9.4
1980 }ggg 9.066 715 .078 .108 440 13,313 | 17.720
1981 21154 | twse | o0 | .243 | .e16 | 23,911 35 008
1982 | 328 9,065 | 2,145 o3 | 459 | .as2 | 12.877| 20.75
1983 15000 | 572 | .00 | .tos | .ad0 | 16269 | 28.829
184 |7 Faoz00 | vese | Lo | .23 | ses | as.ser] ceiia
1985

1986

1987 15,118 15.170] 39,190
1988

1989

1990

1991

TOTALS| 5 oaq | 90.66 | 7.722 | .23 | 1.269 | 3.080 | 124,284 219.119

Table 3-76, Spucefob Hardware Costs (1977 $M)
- (Baseline Traffic Model)

OPTION coLlp

A-l_| RACKS | PALLETS| RAU [FLOORS |piates | EPDB TOTAL COST
vear | B3R | a0 | 143 [ L0390 027 | .088 $77 | ESCAL,
179 |38 | 604 | ;2 | Loz | Lies | 264 | 7.ma3] e.ss0
1980 };2;3 9,066 | .286 | .07 | .108 | .440 | i2.384| 17.149
1981 15,130 | 1.859 .039 .243 440 17.691| 25,900
1982 9.066 | 143 108 | 264 9.531| 15.435 ’
1983 jigg 20154 | 1,859 | 039 | .243 | .70¢ | 24.815| 43,972
184 | 328 | 24078 | 2.002 | .oo0 | L350 ) .es0 | 2r.264] 55087
1985

1986 572 | .39 | .1cB o 7i%]  1.095
1987

1988

1989

1990

1991

TOTALS|3 206 | 84.616 | 7208 | 27 | 1.269 | 2.992 | 100797 168,728
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Table 3-77.  Spacelab Hardware Costs (1977 $M)

OPTION

_ (Baseline Traffic Model)

5] RACKS | PALLETS| RAU |FLOORS PCLfT[éDS EPDB TOTAL COST
vear | 3333 1 3,022 | 143 039 | .027 088 | $77 | ESCAL,
99 | 38 | eou | 572 | o | o8 | L2 | o7.e3] suds0
1980 }2;3 9.086 | 715 078 | o8 .40 | 13,313 17.720
1981 15.110 1 1,859 .039 .135 440 17.583 | 25.741
1982 9.066 | .715 .039 324 .264 10,408 16.767
1963 ﬁgg 21,154 | 1,287 . 135 J704 | 24 096 42,498
iwee | 38 | 2ezs | 27 | Lo7e | sy | w2 | 28095 56316
1985
1986 ;335 6,044 . 264 7.124 | 16.798
1987
1988
1989
1950
1991
TOTALS 3;222 90 66 | 7.722 243 | 1.269 1 3.168 | 109,262] 185,53

Table 3-78.

Spacelab Hardware Costs (1977 $M}
(Baseline Traffic Model)

OPTION coLD
3.4 | RACKS | PALLETS| RAU [FLOORS -| eroe TOTAL COST
B PLATES
YEAR | +3Bp | s.o22 | 143 039 | .027 | .088 | S77 | ESCAL.
w79 | 38 | som| .s;2 | .ose | o8 | L2 | 7.83] 9.450
T.074
1980 |1am | %0861 .75 | .o78 | .08 | .40 | 13.313] 17.720
1981 15000 | z.002 | L0390 | L3510 | .40 | 17.942] 26.267
1982 9,086 | 1.859 | 03¢ | .243 | .264 | .47 18.480
358
1983 | azg | 21.154 704 | 22,674| 40,178
1988 | 38 | aqs | 25 | o5 | .59 | 792 | 28.895| 56,316
1985
.358
1986 | Tyss | 21.154 J04 | 22.674] 53,465
1587
1983
1989 )
1990
1991
2,506 _
totaws| 2:3% l1es.77 | 722 | .2m3 | 1269 | 3008 | 124,802 221,906
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Table 3-79,  Spacelab Hardware Costs (1977 $M)
(Baseline Troffic Model)

OPTION colp

C-1 | RACKS | PALLETS| RAU [FLOORS [, pmcc | EPDB TOTAL COST

YEAR | 5852 | 3.022 {143 039 | .o27 | .ose | s77  escaL

1979 | 328 | soea | .572 | 039 | 08 | .26 | 7.843| 9490
1,074

1980 |1'g3p | 9.066 | .715 | .o78 | .18 | .440 | 13.3:13] 17.720

1981 15,110 1.859 .039 .243 440 17.691 | 25,900

1982 9,066 | .143 108 | .264 | 9.581| 15.435
.358

1983 458 21,154 { 1.85% .039 .243 704 24,815 ] 43.972

g4 | 398 o084 | 572 | .39 | .18 | 264 7.8431 15.286

.458
1985 15,110 440 15.550 | 33.33%
1986 3.022 | 1.287 .135 .088 4,532 10,686
1987
1988 . 143 .108 0,251 0.71&
1989
1990 572 039 .08 0.7191 2,547
1971
2,148

TOTALS| 3 204 84,616 | 7.722 273 1,269 2,904 | 102.138 | 175,091

Table 3-80.  Spacelab Hardware Costs (1977 $M)
{(Baseline Traffic Model)

OPTION coLD

G4 | RACKS | PAULETS| RAU [FLOORS | oygs | EPDB TOTAL COST
YEAR 1221 3022 w43 | .039 | .027 | .o@8 | s77 | ESCAL.
w79 | 32 | som| sm 039 | .10 | .264 | 7.aa] 9.4%0
wao |1 'oas | wess| s | .o | i | L0 | 1a.313] 17720
1981 15.116 | 1859 | .039 | 135 | .40 | 17.583| 25.741
1982 9.066 | .143 216 | 284 | s.es9] 15,609 )
358

1983 | ugg | 21,154 1859 | .039 | .243 | 704 | 24.815| 43,972

1984 | 38 | 21is4 | nese | L0390 | 243 | .704 | 24.815] 48,384

1985

" 1986 3,022 .572 .039 .108 .088 3.839F 9.052

1987

1988 L 143 L108 . 251 0.716

1989

1990

1991

2.148
TOTALS| 3°20s | 84.616( 7.722 273 | 1269 | 2904 | 102.148] 170 s64
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TRANSPORTATION COSTS '
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The costs of shipmeni of Spacelab flight and GSE hardware to/from Level IV inte-
grafion sites other than ot KSC were predicated upon the total number of end items and
the width of the shipment. No costs were included for shipment of experiment equipments.
It was assumed that these costs would be independent of the processing option because the
site of manufacture/assembly of the experiment equipment could be af a vendor, contractor,

laboratory, university, etc,, and thus, shipment to the integration site would be required
in all options,

Transportation Factors

Two basic load types were identified: (1) the Standard Cerrier and (2) the Outsized
Carrier,

The Standard Carrier, Figure 3-13 , sometimes referred fo as a van, is a commercial-
type vehicle such as a moving van or it may be o flatbed low-boy as shown, If is of the
type used daily on the public highway system without the need for special road permits
for either excess weight or excess width (viz, wider than eight feet), The Qutsized Car-
rier, in confrast to the Standard Carrier, is one which exceeds the normally accepted
road widths of the public highway system. The need for such a vehicle is to accommodate
the standard dual spacelab pallet train, Typical examples of Oversized Carriers are shown
in Figures 3~14 and 3-15 .

+

CHARACTERISTICS DIMENSIONS

STD VAN SELF-CONTAINED | DOOR - 9'H X 7,6'W
ECS (INSIDE)
AIR-RIDE OUTSIDE ~ 13" 6"H X
8'W X 45'L

FLATBED OUTSIDE:

AIR-RIDE 3120 X 8'W X 45°'L

LO-BOY OUTSIDE:
20"H X 8'W X 24'9"L

Figure 3-13 .  Stondard Carriers Characteristics

3-81
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ACCESSORIES
STORAGE

13FT6IN
T0 17 FT

—

17 FT 6 IN

Figure 3-14 ,  Outsized Carrier - Single Pallet Configuration

COVER

o jﬁﬁ
J

— HEMOVABLE SPACER

TRUNNION FITTINGS

11 FT BIN TO
13IFT 2N

1IFT 21N

Figure 3-15 .  Outsized Carrier - 2 Train Pallet Configuration
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A standard single Spacelab pallet is approximately 3M (8.8 Ft.) long by 4.6M (15 Ft)
wide, When placed inside o Transportation cover and mounted on a Carrier as shown in
Figure 3-14 , it protrudes 2 feet on either side of the carrier exceeding the standard width
by 4 feet, Similarly, with a dual pallet configuration the total width becomes 16 ft. with
4 feet overhang as shown in Figure 3-15 . In both cases, the total fransportable widihs
exceed 8 feet and must be considered as outsized loads. The width cannot be reduced by
alternate mountings of the pallets because of a height limitation of 13 feet 6 inches,

Affer the various types of carriers were identified, trip durations were established.
For standard carriers, a single trip was moximized at two days and for outsized carriers at
five days for one-way trips while using public highways. When frips were necessary be-
tween facilities at KSC, the maximum allotted time for either carrier is one day.

A similar analysis was performed to determine cost per frip. Table 3-81 is a summary
of the types of vehicles used in the study and the cost per irip based on the allotied dura-'
tion of asingle trip. It is noted that for the condition known as DEAD HEADING (an
empty refum trip), no consideration was made for cost and duration,

Table 3-81 Transportation Factors
o Cost Per Trip Duration
Carrier Types Trip (3} ! (Days)

Outsized Carrier 4000 1 5
Standard Carrier (Standard 3000 ; 2

Carrier - Van) .
Qutsized Carrier Deadhead Return 1500 : 2

i

Standard Carrier Deadhead Return 0 l 0
Standard Carrier Equipment 3000 ! 2

Container Shipment
Qutsized Carrier-intra-KSC 1000 1
Standard Carrier=Intra-KSC 500 | 1
Standard Carrier - Partial Load 2000 2

3-83
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Transportation Requirements

The costs of shipment of Spacelab flight and GSE hardware to/from Level IV inte-
gration sites other than at KSC were predicated upen the total number of end items and
the width of the shipment. Shipmenis requiring an outsized carrier - greater than 8 feet
in widith - required five working days and cost $4000, Standard shipments of 8 foot in
width were assumed to require two days and cost $3000.

Shipments within the KSC complex were assumed to require one day and cost $1000.

Experiment shipment costs were not included based on the assumption that they would
be independent of the processing option. That is, since the experiment equipment would be
manufactured or assembled at a vendor, contractor, laborafory, university, or the like, ship-
ment to the integration site would be required in all options.

In the development of transportation costs partial shipments of equipment were avoided,
[f a complement of end items was estimated fo require a complete fruck-load, then a ship-
menf was assumed, But piece-meal shipment of end items as a function of specific need
times was not considered (see the subsequent GSE Requirements section),

Tables 3-82 thru 3-85 summarize the transportation/shipment requirements and costs
for each payload and their applicable processing options. Distributed site options are the
most costly because of the duplication of out-sized carrier shipments, Lead center option
costs reflect the feasibility of multiple out-sized elements contained in one shipment, As
expected KSC shipment costs are minimal,

Optimum Transporfation Costs - Baseline Model
The following six tables, Table 3~86 through 3-91 , are summaries of the franspor-
tation costs of the six options studied in detail: A-1, A-3, B-1, B-4, C-1 and C~4, Each

of the tables summarizes the studied options for each year and for the 12-year duration of
the study mission model.

sD 78-SR-0009-3
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Table 3-82. Space Processing Transporiation Table 3-83 , Combined Astronomy: Transportation
Requirements Requirements
Processing Transportation Equipment Uatt Cost {Total Cost Processing Trensportation Equrpment Unet Cost |Totai Cost
Payload Option {To/From Level IV} {5K) (SK) Payloed Cption {To/From Leve! 1V) (5K} (5K}
Combined Al 4 Wide Loads 4,0 24.0
Spclce A—-2 2 W:de I.Oﬂdi 4.0 B 0 Af & Sl‘ dard L d A/ 3 1
Processing 1 Stendard Loeds (Vens) 3.0 3.0 sironomy andard Loads (Vans) .0 _._8'0
2 Partial St Loads {Vans) 2.0 40 42.90
15.0 A-2 6 Wide Loads 4.0 240
6 Standard Loads {Vans) 3.0 18,0
2 Partial Wide Loads (KSC) 1.0 2,0
B-2 2 ‘N|de Loads 4.0 8.0 1P 15 L W &
} Standard Loads (Vans) .0 | 3.0 rbial Std Loads (Vens) (<3C) ho | Lo
2 Partial Std Loads (Vans) 2.0 4.0 45,0
13.0 B-1 4 Wide Leads 4,0 16,0
2 Standard Loads (Vens) 3o 6.0
Bt 2 Wide Loads 4,0 8.0 2290
i Standard Loads (Vans) 3.0 3,0 )
2 Partial Std Loads (Vaons) 2,0 4,0 B-2 4 Wide Loads 4.0 16.0
o 2 Stenderd Loads (Vans) 3.0 6.0
. 220
c-2 2 Wide Loads (KSC) 1.0 2,0 B84 4 Wide Locds 4,0 16 9
1 Standard Loads (Vans) (KSC) 1.0 1.0 2 Standard Loads (Vans) 3.0 .0
2 Partial Std Loads {(Vans) (KSC) 5 _1_9_ 22.0
4.0
C-1 4 Partial Wide Locds (KSC) W5 2,0
2 Partial Std Loads {Vans) {KSC) .5 1,0
C4 2 Wide Leads {KSC) 1,0 2,0 ;"6'
1 Standard Loads {Vans) (KSC) 1,0 1.0 -
2 Parhial Std Loads (Vans) (KSC) .3 Lo co2 4 Partial Wide Loads (KSC) 5 20
4.0 2 Partial Std Loods (Vans) (KSC) .5 1.0
30
C-4 4 Partial Wide Loads {KSC) .5 2.0
2 Partial Std Loods {Vans) (KSC) .5 1.0
3.0
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Teble 3-84 ., Life Sciences Transportation Table 3-85 .  ATL Transportation Requirements

98¢

€-6000~4S-8Z 4S

Requirements
Pavload Processing Transportation Equipment Unit Cost|Totel Cost Pavload Processing Trensparfaion Equipment Uit CosHllotal Cost
v Cpticn {To/From Level IV) ($K) (SK) Qyloa Qption {To/From Leve| V) (5K) (5K}
Life Al 4 Wide Loads 5.0 20,0
Sciences i4 Standard Loads (Vans) 30 48,0 ATL A-l Z ;v'd:, L:“is ds (Vans) g,gl :g'g
2 Partial Std Loads (Vans) 1.0 2.0 tandard Loads (Vans . 180
0.0 34,0
A3 4 Wide Leads 40 16,0
A=3 4 Wide Lodds 5.0 20.0 '
16 Standard Loads (Vans) 3.0 48,0 6 Standard Loads (Vons) 3.0 1_8_'.9_
2 Partial Std Loads (Vans) 1.0 2.0 34,0
0.0
B-1 2 Wide Loads 4.0 8.0
B-1 2 Wide Loads 5.5 11.0 2 Stondard Loads (Vens) 3.0 6.0
2 Standard Loads (Vans) 3.0 4,0 14,0
17.0
B3 2 Wide Locds 4.0 8.0
3-3 2 Wide Loads 5.5 1.0 2 Standard Loads {Vens) 3.0 6.0
2 Standard Loads {Vans) 3.0 4,0 14,0
17.0
B4 2 Wide Loads 4.0 8.0
Bt 2 Wide Loads 5.5 11,0 2 Standard Loads {Vens) 3.0 6,0
2 Stundard Loads (Vans} 3.0 6.0 14,0
17.0
B-5 2 Wide Loads 4.0 8.0
8-5 2 Wide Loads 5.5 110 2 Standard Loads (Vens) 3.0 6.0
2 Standard Loads {Vans) 3.0 4.0 14,0
17.0
C-1 2 Wide Loads (KSC) 10 2,0
Cl 1 Wide Load (KSC) 3,0 30 2 Standerd Loads (Vans) (K3C) 5 Lo
3.0 .0
C-3 2 Wide Loads (KSC) 1.0 2,0
¢-3 1 Wide Load (KSC) 01 360 2 Stendard Loods (Vans) (KSC) 5 1.0
3,0
.0
-4 1 Wide Load {KSC) 3.0 30 Cud 2 Wide Loads (KSC) 1.0 2.0
3.0 2 Stendard Loeds (Vens) (KSC) .5 1.0
3.0
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Table 3-86 . Summary Baseline Traffic Model Transportation Cost - Option A-1
OPTIOM- A1 YEAR
: TOTAL
PAYLOADS 80 81 82 83 84 85 86 87 88 89 90 91 (8K}
Combined Astrenomy - - 42 | 168 210 {378 {373 | 420 | 378 | 378 { 37 | 378 308
Space Processing - 45 530 « 105 105 120 105 120 120 135 120 120 1125
Life Science - 140 | 140 | 140 140 | 140 140 140 | 140 | 140 | 140 | 140 1540
Advonced Technology 34 102 § 136 238 340 | 476 408 510 476 510 510 | 544 4284
TOTALS (§) 34 287 | 348 | 651 795 [1114 [wem [ rvieo |14 | 1s3 | 1148 | 1182 || 10057
Table 3-87 . Summary Baseline Traffic Model Transportation Cost — Option A-3
OPTION A3 YEAR
PAYLOADS g0 | 81 | 82 | 83 | 84 | 85 | 8 |87 | s [ 89 | 90 [ |T"
Combined Astronomy - - 45 180 225 405 405 405 405 405 405 405 3285
Space Processing - 45 30 105 105 120 105 120 120 135 120 120 1125
Life Science - 140 | 140 | w0 | 140 | 140 140 | 140 | w0 | 140 140 | 140 1540
Advanced Technology 34 102 135 238 340 476 408 510 476 | 510 510 544 4284
TOTALS (3) 34 287 | 351 663 | e1o | 1iar tiose [uzs | Lawo {175 | zoy | o234
Table 3-88 , Summary Baseline Traffic Model Transportation Cost — Option B=1
OPTION B} YEAR
PAYLOADS 80 | 81 |82 | a3 | 8s |85 |86 |87 | 88 |m | 90 |90 TR
Cambined Astronomy - - 22 88 110 | 198 | 198 §{ 220 | 198 | 198 198 | 1%8 1628
Space Processing - 45 30 105 105 120 105 120 120 135 120 120 1125
tife Science - 34 34 34 34 34 34 34 34 34 34 34 a74
Advanced Technology 4 42 56 98 40 | 196 § 168 | 210 | 196 | 210 | 210 | 224 1764
TOTALS ($) 14|z 142 | 325 389 | 548 | 505 | 584 | 548 | 577 | 562 | 576 4891
3-87
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Toble 3-89 . Summary Raseline Traffic Model Transportation Cost -~ Option B-4
OPTION B4 YEAR
— TOTAL
PAYLOADS 80 81 82 83 84 85 8s 87 88 | 89 9 | 9 ®
Combined Astronomy - - 22 88 | 10 198 198 | 220 198 | 198 | 198 198 || 1628
Space Processing - 45 30 105 105 120 105 120 120 135 120 120 1125
Life Science - 34 34 34 34 34 34 34 34 34 34 34 374
Advonced Technology 14 42 56 o8 | 140 [ 196 [ 188 | 210 | 196 | 210 | 210 | 224 | 1784
TOTALS  (§) M {121 | 142 | 325 {380 | s48 | s05 | s84 | 548 | 577 ) 562 | 576 || 4891
Table 3-90 . Summary Baseline Traffic Model Transportation Cost - Option C-1
OPTION: C- YEAR
PAYLOADS go | 8 | 82 | &3 g4 | 85 | 86 | 87 88 | 8 | 0 [ o1 §THE
Combined Astronomy - - 3 i2 15 27 27 30 27 27 27 27 222
Space Processing - 12 8 28 28 32 28 32 32 36 32 32 300
Life Science - é é 5 6 [ -] é -] & .} ] &6
Adveonced Technology 3 9 12 21 30 42 36 45 42 45 45 48 378
TOTALS (8} 3 27 29 &7 79 | 107 97 | ua [ w7z | 4 | 110 | N3 966
Table 3-91 .  Summary Baseline Traffic Model Transportation Cost = Option C-4
OPTION, C4 YEAR
PAYLOADS g0 | 8 | 82 | a3 | 84 |85 {86 {67 | 88 |89 | o0 | ;1 |TRAL
Combined Astronomy - - 3 12 15 27 27 30 27 27 27 27 222
Space Processing - 12 8 28 28 32 28 32 32 36 a2 a2 300
Life Science - & ) [ [3 ] é 6 -] -] & 6 &6
Advenced Technology 3 9 12 21 30 42 3% 45 42 45 45 48 378
TOTALS (5) 3 27 29 | &7 79 | 107 7 13 w7z g | 10 | 113 966
3-88
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A summary table has been generated which details the various opfions— studied with
regard to the Baseline Traffic Model based on the four study payloads, Table 3-92,

OPTION,  The options which were studied in detail are A-1, A-3, B-1,
B-4, C-1 and C-4, There is no option A-3 for Space Processing; however,
option A-2 was studied in its place.

YEAR.  The mission model fime span weos a 12-year period scheduled from
1980 through 1991,

COST PER FLIGHT-BASELINE,  These are the costs in thousands of dollars
as established in the section entitled "Transportation Requirements”,

NUMBER OF FLIGHTS,  For each payload studied, « fotal number of
flights are identified based on the Baseline Traffic Model for each year.

TOTAL TRANSPORTATION COSTS.  The dollar amount in this column
is a result of multiplying the number of flighis times the transportation
costs per flight (i.e., in 1984, there are 10 flights scheduled X 34(000)
dollars = 340(000) dollars).

ALL PAYLOADS TOTAL,  This is an accumulation of each payload'’s
Total Transportation Cost column,

INFLATION FACTOR. An inflation factor was calculated for each of

the years in the mission timeline based on an annual 7% compounded rate.

INFLATED COSTS.  These are the final escalated fransportation costs
caleulated by multiplying the straight totals by the inflation factor,

3-89
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BASELINE TRAFFIC MODEL

PAYLOADS —w= ATL CA L3 5P 10TALS
QPTION YEAR COST PER | NUMBER TOIAL | COSTS PER | NUMBER OTAL | COSTS PER | NMUMBER TOTA COST PER
N FLIGHT - | ©F ANSFORT | FLIGHT - TRAR SPORT | FLIGHT » TR ORT FLIGHT - Nuc'# E m;%?ékr 131751_ m:kggN még\&m
BASELINE | FLIGHTS OSTS | BASELINE | FLIGHTS COSTS | BASEL FLIGHTS COSTS | MASELINE | FLIGHTS OSTS
%) (5K} (%) [133] (K} #4K) (3K} %)

1980 1 34 - - - - - - M Fo225 41,45

1981 3 102 - - 2 140 3 45 27 1,311 376 26

V982 r 136 1 42 2 . 2 30 e 1,403 488,24

1983 7 238 4 148 2 7 105 851 1,561 777,15

1984 10 340 5 210 2 7 195 795 1606 1276 77

1985 " 478 4 378 2 8 120 n4 L718 1913 85

Al 1986 u 12 409 42 ? a7 n 2 15 7 105 103t 1,838 1894, 58
1587 15 519 1o 420 2 8 120 teo 1,967 240 73

1908 i 474 ¢ 378 2 8 120 N4 2,105 234497

1989 15 510 ? 378 2 b tas 1143 2,252 2419 08

1990 13 510 ? an 2 ] 120 1148 2,410 2744,69

1991 1% 544 g e 2 140 s 120 Ha2 2,57 048 38

1980 1 3 - - - - - - " 1.225 41.!’-5

1981 3 102 - - 2 140 3 45 87 Lan 374,24

1982 i 136 1 45 2 2 0 351 1,408 492,45

1983 Fi 28 4 180 2 7 166 &3 LSO 995,16

1984 to 340 5 25 2 7 165 an I 406 1300, 85

A<a 1985 N 78 ¢ 405 F [ 120 141 t 718 1960 24
peronsy| 1% u 12 408 4 9 405 n 2 15 7 15 1086 1838 | 1974 60
1987 15 510 10 450 2 ] 120 1220 1 987 299,74

1988 t4 476 9 405 2 ) 120 1Tt 2,105 240181

193¢ ] 510 9 405 2 ¥ 135 1190 2,252 247988

1990 15 510 v 405 2 ] 120 175 2,410 2831 75

1991 18 544 H 405 2 140 8 120 1209 2 579 e, ol

1980 ] " - - - - - - 14 1,225 17,15

1981 3 42 - - 2 ] 3 5 121 1,31 158,43

1982 4 56 1 22 2 2 30 142 1,403 19¢.23

1983 7 °8 4 88 2 7 105 325 1,501 487 83

1984 i) 140 ' 5 19 2 7 05 w9 1,606 % 73

1985 u " 96 2 9 158 7 2 . ] 120 348 1,718 M1 48

B-1 1985 12 168 9 195 2 7 105 565 1,838 928,19
1987 15 210 1 20 2 [} 120 584 1967 148,73

1989 " 196 9 198 2 8 120 548 2,105 1153 54

1989 15 210 9 198 2 9 135 577 2,252 1299 40

1590 15 210 ] 198 2 8 120 562 2,410 1354 42

1991 1% 24 ] 198 2 3 1 120 578 257 1485,50

1980 1 u - - - - - - 14 1,225 17 15

1981 K] 42 - - 2 H 3 45 [Fi} | B B 158 63

1582 4 54 | 2 2 2 30 142 1403 199 22

1983 7 o8 4 88 2 4 103 325 1 501 487,83

1984 10 140 5 10 2 7 105 389 608 &4 7

"t 1995 14 u 19% 9 198 2 [ 120 548 1718 M1 46
1988 12 168 2 9 198 7 2 15 7 108 505 1899 928 19

1987 15 210 ) 20 2 [ 120 584 1,967 1148 7

1988 " 196 ¢ 198 2 8 120 548 2,105 1153 54t

1509 15 210 ? 198 2 ? 135 577 7 252 1299, 40'

1990 15 210 H 199 2 8 120 582 2,410 1354,42

1991 1% 224 ¥ 19 2 3 8 120 574 2,579 1485,50!

1980 1 3 - - - - _ . 3 1225 3,68

1981 3 ¢ - - 2 [ 3 12 27 1,311 35,40

1982 4 12 1 3 2 2 8 » 1,400 40,89

1983 7 21 4 12 2 7 2 47 50 100,57

19a4 10 0 5 15 2 7 P ™ 1 506 126,87

e 1985 3 14 42 3 ¥ 27 3 7 4 8 a2 1or 1,78 183,89
= 988 12 34 ? 7 z 7 m o7 1838 13,5
1987 15 45 9 30 2 s 32 1 b 967 222,21

. 1988 14 4z 9 7 2 2 32 w7 2105 225 U
1989 15 is ? 27 2 v 3 BT 2 252 256,73

1990 15 A5 9 7 2 'l 32 1g 2 410 265,10

1991 1 43 9 7 2 & 8 a2 113 2,579 %4

1980 1 3 . - - - . R 3 1,225 3,68

1981 3 9 - - 2 4 3 12 7 1,31 35,40

1982 4 12 1 3 2 2 8 Fid 1,403 40,69,

1983 7 21 4 12 2 7 20 &7 1,501 100 57

1984 10 0 5 5 2 7 by 7 1 506 126 87

.y 1995 3 14 iz 3 9 27 3 2 n 8 2z w7 1,718 109,83
1986 12 36 ? 7 2 7 % 7 1,838 178,2%

1587 15 5 t0 3 2 [} EH "3 1.967 .

1988 u 42 0 7 2 M n 107 2,106 25,24

1y8% 15 a5 9 7 1 ¢ 3% 14 2,252 266,73

1990 15 A5 9 Frd 2 B a2 ilg 2,410 245,10

1991 14 48 ¢ el 2 5 2 22 13 .57 291,43
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RESOURCE SUMMARY - BASELINE TRAFFIC MODEL
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The previous six sections have defined the six options that were selected for
programmatic evaluation and they have covered the traffic model analysis. Explanations
are contained for the payload equivalency that defined the study extrapolation from the
four design reference missions o the entire "560" mission model. The exact launch
dates of each flight of the traffic model and the impact on the buildup operations of the
study leamning curve are also discussed in previous sections. Four major resource categories
were defined: Personnel, Level IV htegration GSE, Spacelab Flight Hardware Require-
ments, and Transportation costs. Each of these four major resource categories is defined in
detail in Sections 3,3 through 3,6 inclusively,

The summation of the costs of these resource categories and their distribution within
any given, year within the 12 year program are defined in this section and displayed both in
tabular form and graphically. There are fwelve figures (two for each option) that define
the annual spending and cumulative spending requirements for all options. Figures 3-16
and 3~-17 illusirate the Annual Spending and cumulative spending respectively for

Option A-1 (Distributed
payload C/0).

Option - Individual Experiment C/O no pre-level 111/1l combined

40
ANNUAL FitHaw [ ___ "}
EXPENDITURES ‘ ] Personnel RN
$ M 104 Transport'n  secemsmssess
(1977
DOLLARS) _
20} “_‘
10
%
rarr) %
z3/ el ~
RESOURCENYR| 79 80 81 a2 83 84 85 86 87 88 89 %0 TOTALS
FLT HOWE 7.84)12.88 | 17,69 | 958 | 24.82( 28 26| .. 072 - - - - -~} 0on79
PERSOMNEL — 0.23) .53 1.80| 373 4.60| 63| 579| 680 | 638 | 6.75 | 661 [ 683 ] 57423
GSE 1641 3260 242 0663 - | 2.31] 028 02| - | — — | = — | 107
TRANSPORT'N.| - | 003 029} 035 oas| oo i) 1oa| v | e s | s | 1005
TOTALS '77% | 9.48 | 16.40 {20.93 [12.36 | 2920 | 3597 | 7.77 | 776 | 7.99 | 7.49 | 7.91 | 7.764 | 8.01 | 180.03
ESCALATED § ] 11.37 | 21.46 [s1.46 | 19.33 ] 50,55 | 67.78 |13.37 {14.64 |15.71 {is5.78 [z.e2 16,70 |20.67 | 318.64.

Figure 3-16 .

Option A-T Resource Summary (Annual Spending)
(Baseline Traffic Model)
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CUMULATI|VE
EXPENDITURES FLIGHT HARDWARE
'| .
$ MILLION o
(1977 DOLLARS)
50 1. WEL e o
?ERS(?T ______ -
----- p"---...
""""" GSE
e ieoeeeeeeecsemeesmsemeennemeR R RTATION
RESOURCE \YR 1979 | 1980 | 1983 | 1982 | 1983 | 1984 §1985 {1986 | 1987 | 1988 | 1989 | 19%0 | 199
FLT HDOWE 7.84 | 20.72 | 38.41 | 47.99 ] 72 81 [101.07 [ 101,07 100 79 [ 101.79] 101.79] 101,79 101.79{ 101 79
PERSONNEL — § 023| 178] 2.56] 7.29| v 89| 18,27| 24.06} 30.86} 37.24| 43.99| 50.60( 57.43
GSE leal 49| 7.32| 7.95] 7.95] 10.26 | 10.54| 10,76 | 10.76} 10.76] 10.78| 10.74 10.78
TRANSPORT'N, | oo} o0.321 o.67| 1320 22| 3.23| 4.26] s5.45f 6.58] 7.721 .87 10.05
TOTALS *77 § 9.48| 25 83 | 47.81 | 60.17 | 89.37]125 34} 133.11| 140,87} 148,86 | 156 35] 164.24 172,02| 180.03
ESCALATED § 11.35 | 33.90 ¢8.55 | 94.40 | 153 88| 235.97} 271 73[311.85] 356.63 [ 405.26 | 460.10] 520.63] 588.28

Figure 3-17 . Option A-1 Resource Summary (Cumulative Spending]
(Baseline Traffic Model

Below the bars in Figure 3-16 which define the total spending within any given
year there are tabulations of the component elements of each bar. For example, in 1984
Figure 3-16 indicates that $35.97M would be required by the program, Of that total,
$28,26 M would be for Flight Hardware requirements; $4.6 M for Level IV hands-on
personnel; $2,31 M for GSE; and $0,8 M for transportation. The figures below the
annual totals are the escalated annual funding requirements. The escalation factor
used was 10% for Spacelab Flight hardware and 7% of the other resource categories.

Figure 3-17 shows the cumulative spending for Opfion A-1, It also lists the
totals both in constant dollars (1977 $) and also the escalated dollar amounts,

The majority of the resource requirements for the opfion are for the spacelab flight
hardware end items ($101.79 =57% of the ground processing resource total). The
majority of the spacelab flight hardware is required in the first five years of the program
when the flight rate grows from one mission in 1980 to eight in 1981; then 20 in 1983
and 33 in 1985. The rapid growth of the flight rate requires that 70% of the flight hardware
be purchased by 1983 and that 98% of it be acquired by 1984, The personnel cost require-
ments grow at almost the same rate as the spacelab flight hardware, but are delayed by
approximately one year in reaching their peak requirements. The spacelab flight hardware
costs are placed in the year preceding their first use. The manpower costs for the Pl's,
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their technicians and the appropriate Host Center support, KSC operations support or the
TDY costs are factored into the program fotals in the year in which the flight occurs.
GSE costs are allocated in the same manner as the flight hardware - costs are allocated
in the year preceding first use. Transportation costs are accumulated in the year that the

shipment occurs,

The next ten Figures 3-18 through 3-27

illusirate both the annual funding require-

ments and the cumulative spending curves for the other five options evaluated.

Table 3-93, Total Level IV Ground Processing Resource Summary
PROGRAM OPTION
RESOURCE A-=1 A-3 B-1 B-4 C-1 C-¢
FLT HARDWARE 101.79 124,281 109.26] 124.80 102,13 102.15
PERSONNEL 57.43 67.23 60, 67 62,88 69,12 71,67
GSE 10,76 12,13 5,68 5.38 3.78 3.47
TRANSPORTATION 10,05 10,28 4,90 4,90 0.97 0.97
TOTALS 180,03 213.92 | 180.51 | 197.96 176,00 178.26

Table 3-93 contains the total Level 1V ground processing resource summary for all
options evaluated as a part of the analysis of the Baseline Traffic Model. The three
lowest total cost options are C«1, C-4, and A-1 in that order,

The Spacelab flight hardware costs are almost identical, The KSC options C-~1 and
C-4 have slightly higher flight hardware costs because while the transporfation times
are shorter, the overall ground processing flows are almost idenfical and the hardware
involvement times for some end ftems are longer because while in the distributed site
approach (A-1) the checkout GSE is duplicated af each site; in the KSC (C~1 and C-4)
and the ceniralized approach the checkout of the individual experiments is staggered
to permit use of only one set of checkout GSE, In options A=1, B-1, and C-1 the checkout
is not accomplished in a payload flight configuration. In options B—4 and C-4 the
experiment equipment is installed in rack sets and on pallets; ond all equipment, including
cabiing and coolant lines, are installed for all experiments prior fo interface testing, The

3-93
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assembled configuration is essentially the payload flight configuration. Because of the poténtial
of sharing sets of GSE at the centralized and KSC sites the GSE costs are 50 to 60 percent
l[ower than for the distributed options. The transportation costs for the centralized options
are approximately one half of what they are for the disiributed sites. While there are
only four centralized sites as opposed to 15 distributed sites, the transportation cost savings
are modified by the larger more expensive irips that are required in the centralized
options. The personnel costs for the KSC options are higher than for their centralized or
distributed counterparts because of the additional costs for TDY and Host Center support
that are not as prevalent in the distributed options. The $16 M of savings in GSE and
transportation costs of the C-1 option over the distributed option A-1 are almost balanced
by the $11,7 M additional personnel costs for C-1. If the annual flight rate of the

traffic model were fo warrant the establishment of a group of KSC support personnel,

then a major portion of the TDY costs in the KSC options could be saved.
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4,0 LEVEL IV GROUND PROCESSING REQUIREMENTS -
2/3 TRAFFIC MODEL

SCOPE OF PROGRAMMATIC ANALYSIS

This section describes the programmatic anclyses performed during the study based
on the 2/3 Traffic Model, The same site options were considered for analysis as described
in section 3.0 of this volume, The same basic guidelines itemized in an earlier section
were also applied here.

The 2/3 Traffic Model is a derivation of the "560" traffic model based on the
study (equivalency) model using the four selected payloads. Buildup analyses based on
ground processing times were performed and included along with a schedule analyses
reflecting the development of payload launch dates.

Spectrum of Options

A detailed description of the options applicable to the analysis based on a 2/3
traffic model is found in section 3,0 of this volume. The options considered for the
2/3 model were: (1) Distributed Site; (2) Lead Center; and (3) KSC. The same six
buildup opfions were also used in the Programmatic Evaluation using similar criteria found
in Section 3, "Options Selected for Programmatic Evaluation.” Table 3-3 lists these
options.

Programmatic Guidelines
The concept behind the "Programmatic Guidelines” found in Section 3 of this

volume is applicable; however, these guidelines were adjusted as required by the
reduction in the payload quantity to two-thirds of the baseline traffic model.

TRAFFIC MODEL ANALYSIS

Payload Equivalencies

Payload equivalencies were based on the "STS Traffic Manifest, 1980-1991" as
described in Section 3 of this volume biased by a reduction in missions of a factor
approximating 2/3.

Prior to applying the 2/3 factor on equivalency traffic model was produced relating
the four study payloads fo the basic model. The equivalency model is shown in Table 3-5 .
Table 4=1 identifies the 2/3 Traffic Model used.
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Table 4-1, 2/3 Traffic Model for Programmatic Analyses

kS - 1 1 1 1 1 i 1 4 1 1 1 11

ATL 1 3 3 5 7]l 1wliw)jiwjfirw)|iw|iwlio 8y

CA - - 1 3 3 & 6 6 & & & 6 49
2/3

5p - 2 } 5 5 5175 5 5 5 ) & 50

Total i & & 14 16| 22| 22 | 22 2t |23 199

Buildup Analysis

The Spacelab Ground Processing times developed for the baseline traffic model
were applied to the 2/3 traffic model, Similarly to the baseline buildup analysis, the
NASA provided 80 percent learning curve would be applicable.

Schedule Analysis

A schedule analysis similar to that performed on the baseline traffic model was
performed to derive the 2/3 mission model, the only difference being that the quantity
of flights was reduced, The same ground rules and guidelines were used in the 2/3
schedule analysis as were used in the baseline model. A detailed description is found in
Section 3 entitled, "Schedule Analysis," Table 4-2 is a defailed scheduling of the
2/3 mission model,
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Table 4-2, 2/3 Traffic Model
PAYLOAD
YEAR FLIGHT DAY
' LS ATL | CA Sp
1980 1 130 X
- 1 - -
1981 1 44 X
2 87 X
3 130 X
4 174 X
5 217 X
6 260
1 3 - 2
1982 1 44 - X
2 a7 X
3 130 X
4 174 X
5 217 b:4
6 260 X
1 3 1 1
1983 1- 19 X
2 38 X
3 56 X
4 75 X
5 93 X
6 112 X
7 130 X
8 149 \ X
9 168 X
10 -—186 X
T
11 205 X
12 223 X
13 242 X
14 260 X
1 5 3 5
4.3
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Table 4-2, 2/3 Traffic Model (Continued)

PAYLOAD
YEAR FLIGHT DAY _
LS ATL | CA N
2 33 X
3 49 X
4 65 x
5 82 X
6 98 x
7 114 X
8 130 X
9 147 X
10 163 X
11 179 X
12 195 X
13 212 X
14 228 X
15 244 X
16 260
1 7 3 5
1985 1 i1 %
1986 2 23 <
1987 3 35 X
1988 4 47 %
1989 5 59 X
6 71 X
7 82 X
8 94 x
9 106 X
10 118 X
11 130 X
12 141 %
13 153 X
14 165 X
15 177 X
16 189 X
17 201 X
18 212 X
19 224 X
20 236 <
21 248 X
22 260 X
1 10 6 5
4-4
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Table 4-2. 2/3 Traffic Model (Continued)

PAYLOAD
YEAR FLIGHT DAY
LS ATL | CA SP
1991 2 22 X
3 34 X%
4 45 <
5 56 x
6 68 X
7 79 %
8 90 X
9 102 - X
10 113 X
11 124 X
12 136 X
13 147 <
14 158 X
15 170 X
16 181 b's
17 192 x
18 204 X
19 215 X
20 226 X
21 238 %
22 249 X
23 260 X
1 10 6 6
4.5
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PERSONNEL REQUIREMENTS - 2/3 TRAFFIC MODEL

The manpower and TDY requirements developed for each payload on a permission
bosis were described in section 3 under Personnel Requirements. These data are applicable
in this section as well, including Tables 3-13 through 3-18 .

In applying the 2/3 Traffic Model to this data, the same approach was followed
as with the Baseline Traffic Model. The total costs per flight for each payload were
multiplied by the number of flights for that payload in the given year, to give the total
cost for the year for each payload. These were then totaled for the four payloads to
yield the ennual grand total costs for personnel, both manpower and TDY, Payload totals
are also shown for reference. This data is presented in Tables 4~ 3 through 4~ 8 for
options A-1, A-3, B-1, B-4, C-1, and C-4 respectively,

Table 4-3,  2/3 Troffic Model
(1977 K $ ~ Manpower Cosfs)

OPTION A-1
ATL, LIFE SCIENCE COMB. ASTRON, SP PROCESSING

vYEAR {FrTsl M/P T0Y |FPLTS] M/P TDY {FLTS|M/P TDY |FLTS| M/P | TDY M/P | TDY
1980 | 1 194 a1 - - - - - - - - - 194 [ 3:
1981 | 3 582 93 1 192 | 22 - - - 2 238 42 1,013 | 187
1982 | 3 582 93 1 193 22 1 167 20 1 119 21 1,061 156
1983 | s 970 156 1 193 | 22 3 501 60 5 595 108 2,259 [ 34z
1984 | 7 | 1,358 217 1 193§ 22 3 501 60 5 595 105 2,647 | apa
1985 | 10 | 1,940 310 1 193 | 22 6 | 1,002 120 5 595 105 3,730 | 557
1986 { 10 | 1,940 310 1 193 | 22 6 | 1,002 120 5 595 105 3,730 557
1987 { 10 | 1,940 310 1 193 | 22 6 | 1,002 120 5 595 105 3,730 1 557
1988 | 10 | 1,940 310 1 193 | 22 6 { 1,002 120 5 595 105 3,730 557
1989 | 10 § 1,940 310 3 193 | 22 6 | 1,002 120 5 595 105 3,730 | 557
1990 | 1o }1,940 310 1 193 | 22 _6 {1,002 120 6 714 126 3,849 | 578
1991 | 10 {1,940 310 1 193 | 22 6 | 1,002 120 6 714 126 3,849} 578

roraLl 89 17,266 |2, 759 11 | 2,123 | 242 49 | 8,183 ygo |se |s,950 | 1,080 |33,522] 5,031
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2/3 Traffic Model

{1977 K$ - Manpower Costs)

N\
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OPTION A-3
ATI, ILIFE SGIENCE COMB, ASTRON, SP PROCESSING
YEAR |[FLTS| M/P TDY |[FLTS| M/P TDY [FLYTS] M/P TDY {FLTS| M/P TDY | M/P TDY
1980 1 224 41 - - - - - - - - - 224 41
1981 3 672 123 1 212 31 - - - 2 246 42 1,130 | 196
1982 3 |+ 672 123 1 212 31 1 207 32 1 123 21 1,214 | 207
1983 5 | 1,120 205 1 212 31 3 621 96 5 615 105 2,568 | 437
1984 7 1, 568 287 1 212 31 3 621 96 5 ‘615 105 3,016 519
1985 10 2,240 410 1 212 31 [ 1,242 192 5 615 165 4,309 | 738
1986 10 2, 240 410 1 212 31 [ 1,242 192 -5 615 105 4, 309 738
1987 10 12,240 410 1 212 31 6 | 1,242 192 5 615 105 4,309 | 738
1988 10 | 2,240 410 1 212 31 6 | 1,242 192 5 615 105 4,309 | 738
1989 10 | 2,240 410 1 212 31 6 | 1,242 192 5 615 105 4,309 | 738
1990 10 | 2,240 410 1 212 31 6 | 1,242 192 & 738 126 4,432 | 759
1991 10 2,240 410 1 212 31 6 | 1,242 192 [ 738 126 4,432 | 759
TOTAL | 89 }19,936 | 3,649 11 2,332 | 341 49 |10,143 | 1,568 | 50 6,150 1,050 | 38,561 | 6,608
Table 4-~5, 2&/3 Traffic Model ’
(1977 K $ - Manpower Costs)
OPTION B-1
| ATL LIFE SCIENGE COMB, ASTRON. | SP PROGESSING
YEAR IFLTS M/P TDY [FLTS| M/P TDY |FLTS| M/P TDY |[FLTS|M/P TDY |M/P TDY
1980 1 200 39 - - - - - - - - - 200 39
1981 3 600 117 ! 163 34 - - - 2 248 56 1,011 | 207
1982 3 600 117 1 163 34 1 174 26 1 124 28 1,061 205
1983 5 |1,000 195 1 163 34 3 522 78 5 620 140 2,305 | 447
1984 7 1,400 273 1 163 34 3 522 78 5 620 140 2,705 525
1985 | 10 |z 000 390 1 163 34 6 [ 1,044 156 5 620 140 3,827 | 720
1986 | 10 | 2,000 390 1 163 34 6 | 1,044 156 5 620 140 3,827 | 720
1987 {10 |2,000 390 1 163 34 6 | 1,044 156 5 620 140 3,827 | 720
1988 |10 |2,000 390 1 163 34 6 | 1,044 156 5 620 140 3,827 | 720
1989 {10 |2,000 390 1 1463 34 6 11,044 156 5 620 140 3,827 ) 720
1990 |10 |2,000 390 1 163 34 6 {1,044 156 6 744 168 3,951 | 748
1991 |10 |2,000 390 1 163 34 6 | 1,044 156 6 744 168 3,951 | 748
TOTAL | 89 (17,800 | 3,471 11 1,793 | 374 49 | 8,526 | 1,274 |50 |6.200 {1,400 34,319 [ 6.519
4-7
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Table 4-6, 2/3 Traific Medel
{1977 K$ - Manpower Costs)
OPTION B-4 R
ATL LIFE SCIENCE COMB, ASTRON, SP PROGESSING
YEAR {FLTS| M/P TDY {FLTS| M/P TDY |FLTS| M/P TDY |[FLTS| M/P TDY M/P TDY
1980 | 1 202 49 - |- - il - - - - 202} 49
1981 3 606 147 1 158 35 -1 - - z 256 56 1,020 | 238
1982 | 3 606 147 1 158 35 1 170 37 1 128 28 1,062 | 2a7
1983 | 5 1,010 245 1 158 35 3 510 111 5 640 140 2,318 | 531
1982 { 7 | 1,414 343 1 158 5 3 510 111 5 640 140 2,722 | 629
1985 | 10 }2,020 490 1 158 35 6 | 1,020 222 5 640 140 3,838 | 887
1986 | 10 | 2,020 490 1 158 35 6 ] 1,020 222 5 640 140 3,838 | 887
1987 | 10 | 2,020 490 1 158 35 6 | 1,020 222 5 640 140 3,838 | 887
1988 | 10 | 2,020 490 1 158 35 6 | 1,020 222 5 640 140 3,838 | 887
1989 | 10 |} 2,020 490 1 158 35 6 | 1,020 222 5 640 140 3,838 | 887
1990 |10 |z,020 490 1 158 35 6 | 1,020 222 6 768 168 3,966 | 915
1991 |10 {2,020 490 1 158 35 6 | 1,020 222 b 768 168 3,966 | 915
TOT;&L 89 17,978 | 4,361 11 | 1,738 | 385 49 | 8,330 1,813 |50 |[6,400 |1,400 | 34,446 7,959
Table 4-7, 2/3 Traific Model
(1977 K$ - Manpower Costs)
OPTION G-1
ATL LIFE SCIENCE COMB, ASTRON, SP PROCESSING
YEAR |[Frrs| M/P TDY |[FLTS| M/P TDY [FLTS| M/P TDY [FLTS| M/P TDY M/P TDY
1980 1 206 58 - - - - - - - - - 206 58
1981 3 618 174 1] 169 53 - - - 2 260 86 1,047 | 313
1982 3 618 174 1} 169 53 1 181 62 1 130 43 1,098 | 332
1983 5 {1,030 290 1] 169 53 3 543 186 5 650 215 2,392 { 744
1984 7 |1,442 406 11 169 53 3 543 186 5 650 215 2,804 | &0
1985 10 |2,060 580 1| 169 53 6 | 1,086 372 5 650 215 3,965 |1, 220
1986 10 | 2,060 580 1| 169 53 6 | 1,086 372 5 650 215 3,965 |1,220
1987 10 |z, 060 580 1} 169 53 6 | 1,086 372 5 650 215 3,965 [1,220
1988 10 | 2,060 580 1| 189 53 6 | 1,086 372 5 650 215 3,965 11,220
1989 10 |2,060 580 1| 149 53 6 | 1,086 372 5 650 215 3,965 |1, 220
1990 10 | 2,060 580 1| 169 53 & | 1,086 372 6 780 258 4,095 |1,263
1991 10 | 2,060 580 1| 189 53 6 | 1,086 372 é 780 258 4,095 [1,263
TOTAL | 89 |18,334 | 5,162 | 11 | 1,859 | 583 49 | 8,869 {3,038 |50 |6,500 |2,150 {35,562 {10,933
4-8
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ATL LIFE SCIENGE COMB, ASTRON. SP PROCESSING
YEAR [FLTS} M/P TDY |FLTS|{M/P TIDY |FLTS| M/P TDY _{FLTS| M/P TDY M/P TDY
1980 1 209 76 - - - - - - - - - 209 7%
1981 3 627 228 1 168 56 - - - 2 268 88 1,063 | 372
1982 3 627 228 1 168 56 1 176 60 1 134 14 1,105 388
1983 5 | 1,045 380 1 168 56 3 528 180 5 670 220 2,411 ) 238
1984 7 | 1,463 532 1 168 56 3 528 180 5 670 220 2,829 988
] 1985 10 | 2,090 760 i 168 56 6 | 1,056 360 5 670 220 3,984 1,396
1986 10 2,090 760 1 168 56 [ 1,056 360 5 670 220 3,984 1,396
1987 16 | 2,090 760 1 168 56 6 1 1,086 360 5 670 220 3,984 1,396
1988 10 | z,090 760 1 168 56 6 | 1,056 360 5 670 220 3,984 11,396
1989 10 | 2,090 760 1 168 56 6 | 1,056 360 5 670 220 3,984 (1,396
1990 10 | 2,090 760 1 168 56 6 | 1,056 360 6 804 264 4,118} 1, 440
1991 10 z, 096 760 i 168 56 6 1,056 360 6 804 264 4,118 1, 440
TOTAL| 89 [18,601 |6, 764 11 {1,848 | 616 49 | 8,624 2,940 | s0 | 6,700 [2,200 35,773 112,520
4-9
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GSE REQUIREMENTS - 2/3 TRAFFIC MODEL

In this section, the GSE quantities and costs associated with the reduced flight
rates of the 2/3 Traffic Model are presented. The GSE sets required for this traffic model
are presented in the previous section as follows:

Life Science Payload - Tables 3-19 through 3-31

Combined Astronomy Payload - Tables 3-32 through 3-37

Space Processing Payload ~ Tables 3-38 through 3-39

Advanced Technology Laboratory Payload ~ Tables 3-40 through 3-45

In order to establish the GSE resource spending requirements for the reduced flight
rate associated with the 2/3 Traffic Model, the methodology described above under Pro-
grammatic GSE Assessment was applied for the new flight rate, and a new set of year-by-
year expendifure charts prepared for each payload and processing option. These are pre-
sented herein as Tables 4-9 through 4-14, As in "GSE Requiremenis" in section 3, a final
summary table also escalating the cost figures is then presented as Table 4-15,

In reviewing the summary data by option, it is evident that GSE costs decrease sig—
nificantly from the minicenter approach to lead center, and further from lead center to
KSC. This is due to increased sharing and utilization of the GSE, In the distributed con-
cept, there is considerable duplicaiion of GSE between minicenters (15 minicenters for the
four payloads), This duplication is largely eliminated at the lead centers where a single
set for the payload being integrated is used ~ o maximum of 4 sets of GSE with only partial
duplication for common usage items, In the case of KSC integration, this is reduced even
further because of sharing one common GSE set between payloads, These cost differentials
are due nof only to a need for more GSE as integration sites are distributed, but also an in-
crease in transportafion costs required to ship GSE from and to the KSC depot in the lead
center and distributed cases, This effort is evident when comparing the total GSE costs
between A-1, B-1 and C-1, and between B4 and C-4 options.

The primary effect and difference between the results of studying this Traffic Model
and the Baseline model is, of course, lower expenditures for GSE. Since a basic set of
GSE is still required for each payload, the reduction is not all proportional to the reduc-
tion in flight rates, but is evident that fewer second GSE sets are required, and NO third
GSE sets are required.

4-10
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Table 4-9 , Annwal GSE Expenditures — 2/3 Traffic Model

(1977 $K)
OPTION A-1
LIFE SCIENCE ) ATL COMR, ASTRON. SP TQTALS

YEAR| KsC 1 2 3 4 5 6 7 8 | 1 2 3 1 2 3 1 |DIRECT |+ SPARES
1979 585 [187.5|592.5 1365 1638
1980 344 } 364 | 1991 185| 185 |315 ] 185 | 424 513.5 2714.5 | 3257.4
1981 ) 628.5| 817 |571.5 2017 2420.4
1982

1983 273 251 524 628.8
19841 21 ar

1985

1986

1987

1988

1980

1950

.
1001
TOTAL 344 | 364 | 190 1185 § 185 |315 | 185 | 424 | 858 |187.5|843.5|628.5 817 |571.5|513.5|6620,.5 |7044.6
Table 4-10. Annual GSE Expenditures - 2/3 Traffic Model
. (1977 $K)
OPTION A-3
- LIFE SCIENCE ATL COMRB .ASTRO., sSP TOTALS

YEAR | KsC| 1 2 3 4 5 6 7 8 1 2 3 1 2 3 1 | DIRECT [+ SPARES
1979 13425 585 |187.5{592.9 1365 1633
1980 344 | 364 | 199 f185 | 185 j 315|185 | 424 513.5| 2714.5| 3257.4
1981 628.5( 817 |571.5 2017 2420.4
1982

1983 273 251 524 628.8
1984 2T 59 2T 59 70.8
1985 27 236,5| 458 694.5] 833.4
1986 2T |2t

1987

1988

1989

1990

1991 ’

TOT. 344 [ 364 |199 |a18s | 185 | 315 | 185 | 424 | 858 |246.5|843.5 865 (1273 |571.5|s13,5] 7374 | sBas.s

4-11
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Table 4-11, Annual GSE Expenditures - 2/3'Traffic Model

(1977 $K)
OPTION B-1
YEAR LIFE ATLAA COMBINED SPACE TOTALS
SCIENCE ASTRONOMY PROCESSING DIRECT + SPARES
1975 693.5 693,5 832,2
1980 585 513,5 1098.5 1318,2
1981 1042,5 1042.5 1251,0
1982
1983 324.5 324,5 389.4
1984 2T
1985
1986
1987
1988
1989
1990
1991
TOTAL 585 1018 1042.5 513.5 3159.0 3790.8
Table 4-12, Annual GSE Expenditures — 2/3 Traffic Model
(1977 %K)
OPTION B-4
YEAR LIFE ATL-A ASTRONOMY PRgggggING p——
SCIENCE DIRECT |+ spaRres
1979 658.5 * 658, 5 790,2
1980 470.5 513,5 984 .0 1180.8
1981 1009.5 1009.5 1211,4
1982
1983 289.5 289.5 347.4
1934 21
1985 650.5 - 650,5 780.6
1986 2T
1987
1988
1989 369,0 369.0 442.8
1990 2p
1991
TOTAL 470,5 ) 1317.0 1660,0 513.5 3961.0 4753.2
4-12
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Table 4-13. Annual GSE Expenditures - 2/3 Traffic Model
{1977 $K)
Combined KSC GSE Set
OPTION C-]
YEAR PROCESSING TRANSPORTATTON TOTAL TOTAL
GSE GSE DIRECT WITH SPARES

1979 869.0 324.5 693.5 a32.0
1980 76.0 135.5 211.5 254.0
1981 51,0 369.5 420.5 505.0
1982 496.0 496.0 596.0
1083

1984

1

1983

1986

1087

1988

1989

1990

1991

TOTAL 992,0 829.5 1821.5 2187,0

Table 4-14, Apnual GSE Expenditures - 2/3 Traffac Model
{1977 $K)
Combaned KSC GSE Set
OPTION C-d
YEAR PROCESSING TRANSPORTATION TOTAL TOTAL
GSE GSE DIRECT WITH SPARES

1979 369.0 289.5 658, 5 790.0
1980 76,0 14.5 90.5 109.0
1981 50.0 401.0 451,0 541.0
1982 495.0 495.0 594,0
1983

1984

1985

1986

1087

1988

1989

1960

1591

TOTAL 990.0 704.5 1694.5 2034.0
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Table 415, GSE Cost Summary — 2/3 Traffic Model
79 80 a1 a2 83 84 85 86 87 88 89 50 91 | TOTALS
" - 4—
- § 1638 | 3257 | 2420 629 7944
9
< | 2049 | 2077 | 2420 629 71 833 8079
w
]
éé. 8s2 [ 1318 | 1251 389 3790
8 <t
o 4] 790 | 1181 | 1211 347 781 443 4753
2
T
u]| 83z 254 s05 | s96 2187
. " T
Ol 790 109 541 | 594 2034
1
<1876 | 3990 | 3173 944 9983
i
w] “12346 | 3647 | 3173 944 114 1431 11655
1 4
gl @| 953 | 1615 | ledo 584 4792
& v
S o 905 | 1447 | 1588 521 1342 908 6801
<
b ~
3 4] 953 311 662 | a3e 2762
1
o} 90s 134 709 | 833 2581
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SPACELAB FLIGHT HARDWARE REQUIREMENTS (2/3 BASELINE TRAFFIC MODEL)
Spacelab Flight Hardware Element Evaluated

The Spacelab flight hardware elements analyzed for the baseline traffic model were
also utilized to determine the quantities required to support the 2/3 Baseline Traffic model,

The elements evaluated are contained in Table 4-16, Their costs in millions of 1977 dol-
lars are also listed. These costs were supplied as a study input by NASA,

Table 4-16.  Spacelab Flight Hardware ltems

COST COST
ELEMENT (1977 $M) ELEMENT - | (1977 $M)
Core Module 35.0 Rack - Single 0.179
Igloo 10.0 - Double 0.229
[PS 10.0 EPDB 0.088
SIPS 1.5 Floor Segment 0.039
Pallet Segment 3,022 Cold Plafe 0.027
RAU 0.143

The same methodology employed with the Baseline Traffic model analysis was used
again in this iraffic model sensitivity analysis. Principally, the three major factors that
establish programmatically the quantities required to support each option evaluated are:

. Involvement time of the Spacelab flight hardware in ground
processing flows of each option

Quantities required for a given payload configuration

Flight rate and launch schedule of the Payload configuration for any
given year of the traffic model,

The configuration dependent Spacelab Flight Hardware end items are illustrated
in Table 4-17,

SD 78-SR-0009-3
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Table 4-17,  Payload Spacelab Flight Hardware Requirements

SPACELAB PAYLOAD

HARDWARE

ELEMENT SiP C/A L/S ATL
Core Module - - 1 1
Igloo 1 1 - -
IPS - [ - =
SIPS - 1 - -
Pallet Segment o 5 - 2'
RAU 1 9 4 4
Racks-Single - . - 4 2
Racks-Double - - 6 2
EPDB 1 5 3 3
Floor Segment - - 3 1
Cold Plates 4 5 - 4

Of these eleven hardware end items the first four are not as option dependent
as they are configuration dependent. It has been determined both by previous NASA
studies (Core Mcdule and Igloo) and by the system level frades (IPS and SIPS - see
section 2.0 of this volume) that the end items would remain at KSC and would not be
involved in the Spacelab Level 1V integration activities, Therefore, the quantities of
these hardware end items required to support a given traffic model are equal across the
options evaluated in this study.

The annual flight rate of each of the payloads of the 2/3 baseline traffic model
is shown in Table 4-18, The [aunch dates of each of these missions are defined in the

payload equivalency analysis that is defined in the section entitled, "Traffic Model
Anclysis . "

SD 78-SR-0009-3
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Table 4-18.  2/3 Baseline Traffic Model

YEAR
PAYLOAD

80 | 81 82 83 84 85 86 87 88 89 90
Life Science - 1 1 I i 1 1 1 1 1 1
ATL ] 3 3 5 7 110 10 i0 10 10 | 10
Combined
Astronomy - | - i 3| 3] ¢ 6 | 6 6| 6] 6
Space Processing | - 2 1 5 5 5 5 5 5 5 6
Totals 1 6 é 14 1 16 | 22 22 | 22 22 | 22 | 23

Derivation of Flight Hardware Quantities

The quantity of Core Modules required to support all options of the 2/3 baseline
traffic mode! is shown on Table 4-19, The Core Modules are required to support the
habitable module flights; therefore, only the launch rate and schedule of the ATL and
Life Science missions are a driver on the required program totals of Core Modules. As
discussed in section 3,0 under "Spacelab Flight Hardware Requirements™ at the present
KSC assessed serial ground processing times a single Core Module can support up to six
flights per year (given the launches are af least 42 days apart). Therefore, from
Table 4~19 i can be seen that the second core module is not required until 1984 when
the combined launch rate (LS + ATL) reaches eight flights. Since the capability of two
Core Modules is up to 12 flights per year {given a minimum of 21 day intervals between
flights), the second Core Module can meet the program requirements of 11 missions per year.
The table also lists the percentage utilization of each of the Core Modules, For example
in 1983 when there are six habitable module flights scheduled the Core Module is being
utilized some 95,1% of its available time, 247.2 days out of a potential 260 working days
per year, At the eleven flights per year rate each Core Module is utilized on average of
87.5 percent of the available fime,

4-17
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Table 4-19,  Core Module Requirements for all Options
(2/3 Baseline Traffic Model)

FLIGHTS
ez ' rocessinG | UNTS | %
LS ATL TOTAL DAYS

1980 - 1 1 71 1 27,0
1981 i 3 4 18%9.0 72,7
1982 1 3 4 164.0 63.0
1983 i 5 6 247.2 95,1
1984 1 7 8 330.4 2 83.5
1985 i i0 11 455,2 87.5
1986 1 10 1 ‘ 1
1987 1 10 1

1988 1 10 11

1989 1 10 11

1990 1 10 i1

1991 1 10 1 ¥

The igloo requirementis for all options of the 2/3 baseline traffic model are
illustrated in Table 4-20, The IPS and SIPS requirements for all options are also shown
on Table 4-20, The study ground rule used in the determination of the final SIPS and
IPS program totals is that in the case of SIPS there would be an additional flight unit
added to accommodate those missions planned to fly with fwo SIPS. The IPS quantity
requirements were modified by the ground rule that the 1PS would enly be used on every
other Combined Astronomy fype mission,

SD 78-5R-0009-3



IS
OF POOR QuALITY

‘LQ Rockwvell International

Space Division

Table 4-20,  Igloo, IPS, and SIPS Requirements for all Options
{Baseline Traffic Model)

FLTS ‘ lgloo | Total | o | Tofal SIPS and [PS
Y& | ca Jsp |0 Rty Pros- lusil. | ea° | sips % uril]|1PS |% Uril
1980 | - | - -
eer | - 12 | 2 | 68.4 |26.3 t+1 | 14.3 | 1 7.2
g2 | 1 L1 | 2 s8.4 |26.3| 37.2 | | 429 | 215
1983 | 3 | 5 8 | 2 |273.6 [52.6] 111.6 42.9 21.5
1984 | 3 ‘ 5 8 52.6 : 85.8 42,9
1985 | 6 | 5 | 11 3762 |72.3 | 223.2 | ] I
1986 | 6 | 5 | N 1 4 \ _
1987 | 6 i 5 | 11
1988 | 6 5 111 i
1989 | 6 | 5 | 1 B *
1990 | 6 1 o6 | 12 41041 78.9 5 :
1991 | 6 + 6 |12 | 1 |410.4 i o HEEEEE

Spacelab Flight Hardware Requirements by Option

The following sections will define those hardware quantities that are option

dependent. These items are: Racks (double and single), Pallet Segments, RAU's, Cold
Plates, Floor Segments, and EPDB's, The following six tables 4-21 through 4-26 contain
the Rack and Pallet requirements for each of the six options evaluated in the study.

419
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Table 4~21. Option A~1 Rack and Pallet Requirements (2/3 Traffic Model)

_YEAR
OPTION 80 | 81 |82 | 83 | 8 | 85 | 86 | 87 | 88 |89 | 90 | 9
ATL
RACKS 25 2D 45 4D | 6S 6D
PALLETS 2 4 | 6 8
LS
RACKS 45 6D
C/A
PALLETS 5 10
S/P )
PALLETS i 2
TOTAL o 105
RACKS 25 2D 1 65 8D] 65 8Dl6s 8D |8s 100 N2pi - = | '“T2p
PALLETS 2 3 8 11 i3 20 PUNE S N e B 20

Table 4-22. Option A-3 Rack and P~!let Requirements {2/3 Traffic Model)

YEAR
OPTION 80 181 |82 | 83 |84 | 85 | 8 |87 |8 |8 | 90 |9
ATL
RACKS 25 2D 45 4D | 65 6D
PALLETS 2 4 3 8
1S
RACKS 45 6D
C/A
PALLETS 5 |10
S/p
PALLETS 1 2
TOTAL

105 o 10
RACKS 25 2D 165 8D |4S 8D | 6S 8D|8S 10D} 12D} — $20
PALLETS 2 3 g8 116 | 18| 2 | =—A4——-—j~ - |- = 120

4-20
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Table 4-23. Option B-1 Rack and Pallet Requirements (2/3 Traffic Model)

. YEAR

PTION 80 | 81 182 | 83 |64 | 85 |86 {87 | 88 |89 | 90 |91
ATL

RACKS 25 2D 45 4D |65 6D

PALLETS 9 4 | 6 | 8

LS

RACKS 4S 6D

C/A

PALLETS 5 10

5/

PALLETS 1 2

TOTAL

RACKS |25 2D [65'8D 8s10D{1% | = b 10
PALLETS 2 3 te |nm s |20 — — | 20

Table 4-24, Option B-4 Rack and Pallet Requirements (2/3 Traffic Model)

YEAR

OPTION 50 181 182 | 83 |84 | 85 |8 |8 |8 |8 |9 |9
ATL

RACKS 25 2D 45 4D |65 6D

PALLETS 2 4 | 6 | 8

LS

RACKS 45 6D

C/A

PALLETS 5 10

S/P

PALLETS | 2

TOTAL os
RACKS 25 2D |65 8D 85 10D 103,01 = - |20
PALLETS 2 {3 g |11 l1s |20 | = — | 20

4-21
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Table 4-25. Option C=1 Rack and Pallet Requirements (2/3 Traffic Model)

YEAR _
OPTION 80 | 81 |82 | 83 | 84 | 85 | 86 | 87 | 88 |80 | 90 |9

ATL
RACKS 25 2D 45 4D
PALLETS 2 4 6

LS
RACKS 45 6D

/A
PALLETS 5 10

5/P
PALLETS 1 2

TOTAL
RACKS 2S 2D 65 8D {65 8D {6S 8D BS 10D 18S 10D

PALLETS 2 3 8 11 13 | 18 18

Table 4-26, Option C—4 Rack and Pallet Requirements (2/3 Traffic Model)

YEAR
80 81 82 83 | 84 | 85 86 87 88 89 20 21

OPTION

ATL
RACKS 25 2D 4S 4D 6S 6D
PALLETS 2 4 6 8

LS
RACKS 45 6D

C/A
PALLETS 5 10

S/P
PALLETS 1 2

TOTAL
RACKS 252D 658D | ~=—p—= 85100

PALLETS 2 3 8 il 13 18 -

gs 100 %op %320
18 | 20 | 20

[}
IRAR |

4-22
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Five of the six options required the same amount of flight hardware - 10 single
racks, 12 double racks, and 20 pallef segments. The years in which these quantiiies were
required varied only slightly. Option A-3 required 16 of its 20 palleis in the fourth year
of the program (1983) while the other five options could meet the launch schedules with
13 pallefs until the sixth year of the program, Because of its shorter ground processing
Flow times option C-1 had the smallest flight hardware requirements, This option could
meet the total 2/3 baseline traffic model with 18 racks (8 single, 10 double) instead of 22,
and with 18 pallet segments rather than 20 as required by the other five options.

Option C4 has almost the same hardware requirements as C~1 with the exception of
during the last two years of the program when the flight rate goes from 21 missions per
year to 22, This option requires an additional two single and two double racks plus

two more pallet segments to its inventory. But for the first ten years of the program both
Options C~1 and C-4 have identical Spacelab flight hardware requirements.

The following six tables 4~27 through 4-32 list the RAU, Cold Plate, end Floor
Segment requirements for each of the six options. Option A=3, because of its longer
processing times, required the most RAU's, Cold Plafes, and Floor Segments 40, 3,
and 6 respectively,

Table 4-27. Option A~1RAU, Cold Plate end Floor Segment Requirements
(2/3 Traffic Madel)

YEAR
50 : 81 {82 {83 [ 84 [85s |86 [87 {88 |80 | 0 |9

QPTION

s ATL
RAU' 4 8 12
Cold Plates 12
Floor Segment 3 2 3

s LS
RALs 4
Floor Segment 2

s CA
RALPs Q 18
Cold Plates 5 10

e 5P
RAU's 1
Cold Plates 4

~
-]

s Total
RALS 4 g 18 23 23 34 36
Cold Plates 4 8 13 21 21 30 - 30
Floor Segment 1 3 3 4 4 5 » 3

4-23

SD 78-SR-0009-3



‘l‘ Rockwell International

Space Division

Table 4-28, Option A-3 RAU, Cold Plaie and Floor Segment Requirements
(2/3 Troffic Model)

YEAR
OPTION 20 | 81 | 82 | e3 [ 84 {85 | a6 | 87 | a8 | 89 91
e ATL
RAU's 4 8 12 16
Cold Plates 4 8 12 16
Floor Segrrent 1 2 3 4
e LS
RAU"s 4
Floor Segment 2
*» CA
RAL"s 4 8
Cold Plates 5 10
s SP
RALU's 1 2
Cold Plates 4 8
« Total
RAU"s 4 ? 18 23 27 40 - 40
Cold Plates 4 8 13 21 25 34 - 34
Floor Segment 1 3 3 4 5 ] - 6

Table 4-29, Option B~1 RAU, Cold Plate and Floor Segment Requirements
(2/3 Troffic Model)

OPTION

YEAR

80

8i

82

33

84

35 | 86

87

88

8%

1

ATL
RALNs

_Cala Plares
Floor Segment

-]

12

LS
RAU's
Floor Segment

CA
RALPs
Cold Plates

sp
RAL's
Cold Plates

*

Total

RAU's

Cold Plates
Floor Segment

13

23
21

t

36
30 -

35
30

4-24
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Table 4-30, Option B~4 RAU, Cold Plate and Floor Segment Requirements
(2/3 Traffic Model)

YEAR
OFTioN g0 ! 81 1 g2 [ g3 I8 |85 186 [ a7 |e3 [0 [0 |9
s ATL
RALs 4 8 12
Cold Plates 4 8 12
Floor Segment 1 2 3
e LS
RAUs 4
Fleor Segment 2
e CA
RAU'S ? 18
Cold Plares v 5 10
s 5P
RAU's
Cold Pletes 4 8
s Total
RAU'S 4 ¢-"18 |23 |27 |36 —r- 36
Cold Plates 4 8 13 21 25 30 30
Floor Segment 1 3 3 4 5 - p 3

Table 4-31, Option C-1 RAU, Cold Plate and Floor Segment Requirements
(2/3 Traffic Model)

YEAR
OFTION g0 | 81 182 [ 83 Psa |as [ 86 is7 [ |eo [0 .o
e ATL
RALU's 4 8 i2
Cold Plates 4 3 12
Floor Segment 1 2 3
e LS
RAU's
Fleor Segment 2
s CA
RALFs 9 182
Cold Plates 5 10
» 5P
RAUs 1 2
Cold Plates 4
s Total
RAU's 4 @ 18 23 23 36 —t 36
Cold Plates 4 8 13 21 21 30 30
Floor Segment 1 3 3 4 4 5 3
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Table 4-32. Option C~4 RAU, Cold Plate and Floor Segment Requirements
(2/3 Traffic Model)

YEAR
OFTION 80 81 82 83 34 a5 86 87 88 | 89 20 21
e ATL
RALs 4 8 12
Cold Plotes 4 8 12
Floor Segment 1 2 3
e LS
RAL's 4
Floor Segment .
s CA
RAU's 9 18
Cold Plates 5 10
s SP
RAU's i
Cold Plates 4
» Totel
RALs 4 9 18 23 23 36 36
Cold Plates 4 8 13 21 21 |30 =~ | 30
Floor Segment 1 3 | 3 4 4 5 5

The Electrical Power Distribution Boxes required to support the 2/3 Baseline
Traffic model are driven both by the configuration requirements of each payload as well as
by the option béing evaluated, Table 4-33 contains the number of EPDB's required by
each option,
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Table 4-33. EPDB Requirements for all Options 3%1%003 Qu

(2/3 Baseline Traffic Model)

YEAR

OFTION 560 | 81 | 82 83 [ 84 85 |8 |87 |83 |89 |90 |01
Al 13 te dmngmlz s | L L 12 ]

' A3 13 16 Im 1922 |25 | S

\ B-1 3 6 11 {14 {17 | 25 25

i B4 |3 e T {14a]17 |2 ' 25

e 13 e lu |4z |2 22

L Cd |3 t 6 J 14ty |2 L 12 s

i umbe  ebm s

o EPDB Requirements per configuration: One/Pallet, One per Core Segment, Two
per Experiment Segment

CS ES P Total
ATL 1 - 2 3
LS ] 2 - 3
CA - - 5 5
SP - - 1 1

Option C-1 requires the least amount {25) of EPDB's to support the 2/3 Baseline
traffic model. All other options require 25 to meet the 199 missions of the traffic model.
Option C-4, however, does not need the last three EPDB's until the eleventh year of the
program. Therefore, in this category for the first ten years of the program both Options
C-1 and C~4 require the fewest number of EPDB's to support the traffic model.

Spacelab Flight Hardware Cost Summaries

The following six Tables 4~34 through 4-39 summarize the Spacelab Flight
hardware costs, including the year those costs were incurred, for each of the six program
options evaluated, The costs of each hardware end item (study input) were allocated in
the year preceding their first usage; that is, if a pallet segment were required in an
option in 1984 the costs for that pallet were added to the total in 1983 in enticipation of
first usage., Included in each table are the costs of each end item in 1977 doliars and also

the escalated annual fotals, The escalation utilized for Spacelab flight hardware is a 10%
annual factor.

Option C-1 has the lowest fotal cost for Spacelab flight hardware with a cost of
$166,207M (1977 dollars). The highest option is the distributed option A-3 with the
combined P/L C/O (prior to Level i11/!} operations). The A3 costs are $74. 050M.
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Table 4-34.  Spac (1977 $ M)
(2/3 Traffic Model)
QPTION oLD
Al | RACKS | PALLETS| RAU |FLOORS |pya7es | EPDB Y|  TOTAL COST
YEAR- :ﬂﬁfb 3,022+ 143 .039 027 .088 $77  |EsCAL,
wre | 38 | soaal 72| o9 | L8 | L2844 | 7.843] 9.490
1980 | 103 | 302 5 | o8 | .18 | 264 | e.277| 8355
1981 15.110 | 1.287 035 | L440 | 16.972] 24.847
1982 9.066 | 715 | .039 | .216 | .264 | 10.300| 16.593
1983 | ‘iop | 6.0 266 | 7.124] 12,624
s | 330 | 21054 | ey | Loa9 | 243 | 704 | 24.815] 48.3e4
1585
1986
1987
1988
1989
1990
1991
TOTALS| 3700 | c0.44 | 5.148 195 | sio | 2,200 | 73,331{ 120.273
Table 4-35,  Spacelab Hardware Costs (1977 $M)
(2/3 Traffic Model)
OPTION coLD
A3 | RACKS | PALLETS| RAU |FLOORS |pa7es | EPDB TOTAL COST
vear | -34dp | 3,022 | 143 039 | .oz7 .38 | $77 | ESCAL,
1979 | dee | eaa| 572 | Lowe | Lios | .2e4 | 7.883] 9,490
1980 1:;}2 3.022 | .75 .078 108 264 6,277 8.355
1981 15,110 | 1.287 35 | 440 | 16.972| 24.847
1982 24076 | 15 | .39 | .26 | (704 | 25,850 47.644
1983 3322 6.044 | 572 .039 .108 264 7.843| 13.897
1984 :igg 6.044 | 1,859 .039 | .243 .264 9,265 | 18.057
1585
1986
1987
1988
1989
1950
1991 ;
TOTALS| 3'008 | 60-44 | 5.720 | 234 | .18 | 2200 | 74.050| 116,291
4-.28
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Table 4-36,  Spacelab Hardware Costs (1977 $M)
(2/3 Troffic Model)
OPTION COoLD
B-1 | RACKS | PALLETS] RAU [FLOORS EPDB TOTAL COST
Bl PLATES
YEAR | +28b | 3.022] .43 | .os9 | 027 | .os8 | 577 | ESCAL.
2358
1979 | “saa | ec4| .72 | .os | .10 | 264 | 7.243] o.490
.716
1980 | 17374 | 3.022| 715 { .o78 | .10 | .26 | s.277| a.355
1981 15,110 | 1.287 35 | a0 | 16972 24,847
1982 9,066 | 715 | .03 | .216 | .264 | 10.300{ 16593
3%
1983 | Tasg 6,044 | 572 | Lo39 | .108 264 | 7.843| 13.898
1984 |38 o1sa | 1287 a3s | 706 | 24.096| 46.963
1985 . .
1986
1987
1988
1989
1990
1991
1,790
TOTALS| 2 74 | 60.44 | 5.148 | 195 | .8l0 | 2.200 | 73.331|120.146
Teble 4-37,  Spacelab Hardware Costs (1977 $M)
(2/3 Traffic Model)
OPTION coLp
B4 | RACKS | PALLETS| RAU |FLOORS |pares | EPDB TOTAL COST
YEAR | -Mgp | 3,022 | 43 039 | .027 | .088 | $77 | ESCAL,
979 | B8 | eoa4 | 572 | Los9 | .108 | .26 | 7.843] e.490
1080 |1a | %02 5 | Lo | e | 2e | e27| 838
1981 15.110 | 1.287 L35 | a0 | 1e.972| 24.847
1982 9.066 | 715 | .03 | .216 | .264 | 10.300] 16.5%
1983 | S | sows | 572 | .03 | .08 | 284 | 7.843| 13.898
184 | 35 | 21184 | 1,287 | s [ .70a | 24,096 ] 46 953
1985
1986
1987
1988
1989
1950 )
1991 ]
1,790 :
TOTALS| 2.748 | 60.440 [ 5148 | 155 | .s10 | 2.200 | 72.331]120.146
429
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Table 4-38,  Spacelab Hardware Costs (1977 $M)
(2/3 Traffic Model)

COPTION CcOLD

ol | RACKS | PALLETS| RAU [FLOORS |, xrge | EPDB TOTAL COST
viar | :2%0D | 30227l 143 | Lose | .02z | .oss | s77  [EscaL.
w9 | 38 | eois| 2| o9 | os | s | 7.8a3] s.ae0
w80 | 10ove | s.022| ;5| Lo | s | 264 | s27] 8.5
1981 15110} 1,287 35 | 440 | 16 9v2] 24.847
1982 9.066| 715 | .o39 | .216 | .26¢ | 10.200] 16.593
1983 :igg 5,044 : 264 7,124} 12,624
1984 15110 | 1.859 | .09 | .243 440 | 17.691] 24.480
1985

1986

1987

1988

1989

1990

1991

TOTALS| 2 3as | 54.39% | s.us | 195 | Lei0 | 193 | os.207) 106 389

Table 4-39,  Spacelab Hardware Costs (1977 $M)
(2/3 Troffic Model)

OPTION “oLD

C-4 | RACKS | PALLETS] RAU [FLOORS |, uqes | EPDB TOTAL COST
verr | o348y | 3022 143 | Loa9 | ooy | Loes | swm | escal,
wre |t | eoa | sm2 | Lose | e | 264 | 78] .90
ws0 {18 | so| s | Lo | s | as | e277| sass
1981 15,110 | 1,287 35 | Lad0 | 16 972 24.847
1982 9.066 { .715 | .039 | .216 | .264 | 10.300( 16.593
1983 ;Zﬁg 6,044 .264 7 124| 12,624
1984 1510 | 1859 | .o3e | 243 | .ad0 | 17.491| 34.280
1985

1986

1987

1988

1989

1990

o1 | 53 | e.om 264 | 7.124] 27,080
TOTALS| 3729 | c0.40} s.es | es | 810 | 2200 | 77331 133.438
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TRANSPORTATION COSTS

Transportation Factors

The transporfation factors are identical to those discussed in Section 3 "Transportation
Factors" of this volume. The same type vehicle requirements exist, the same cosfing factors
and the same trensportation times; however, these factors are balanced against the 2/3
traffic model,

For details as fo these factors, refer to the appropriate discussions in Section 3.0

Transportation Requirements

Similarly as with the "Transportation Factors" discussed above, iransportation require~
ments remain the same for the 2/3 fraffic model, The cost of shipment of Spacelab flight
and GSE hardware to/from Level 1V integration sites other than at KSC were predicated upon
the total number of end items and the width of the shipment. Shipments requiring an out-
sized carrier - greater than 8 feet in width - required five working days and cost $4000,
Standard shipments of 8 foot in width were assumed fo require two days and cost $3000.
Shipments within the KSC complex were assumed to require one day and cost $1000,

In Section 3.0, Tables 3-82 thru 3-85 summarize the fransporfation/shipment require-
ments and costs for each payload and their applicable processing options, Distributed site
options are the most costly because of the duplication of out-sized carrier shipments. Lead
cenfer option costs reflect the feasibility of multiple out-sized elements contained in one
shipment. As expected, KSC shipment costs are minimal,

Optimum Trensportation Costs - 2/3 Traffic Model

The following six tables, Table 4-40 through 4-45, are summaries of the fransportation
costs of the six options studied in detail: A-1, A-3, B-1, B-4, C-1 and C-4, Each of the
tables summarize the studied options for each year and For the twe[ve year duration of the
2/3 mission model,

Table 4-40, 2/3 Traffic Model

OPTION- A-] YEAR
PAYLOADS 80 81 82 83 84 85 86 87 as 89 20 A TOTAL
Combined Asfronamy - - 42 | 126 124 252 252 | 252 252 252 | 252 252 42058
Space Processing 30 15 75 75 75 75 75 73 75 20 %0 750
Life Science - 70 70 70 70 70 70 70 70 70 70 70 770
Advanced Technology 34 102 102 | 170 238 340 340 | 340 340 340 | 340 340 3026
TOTALS (§) 34 172 214 | 366 434 662 562 | 662 662 662 | 662 662 6604
4-31-
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Table 4~41, 2/3 Traffic Model
OFTION. A-3 YEAR
PAYLOADS 80 8] 82 83 84 85 86 87 88 89 %0 N TOTAL
Combined Astronomy — | ~ 45 | 135 135 270 270 | 270 270 270 | 270 270 2205
Space Processing - 30 15 75 75 75 75 75 75 75 20 20 750
Life Science - 70 70 1 70 70 70 70 | 70 70 70 | 70 70 770
Advenced Technology 34 102 102 | 170 238 340 340 [ 340 340 340 | 340 340 3026
TOTALS  (§) 34 | 202 232 | 450 518 755 755 | 755 755 | 755 | 7 770 ] 6751

Table 4-42, 2/3 Troffic Model

OPTION  B=] YEAR
PAYLOADS 80 Bi 82 83 84 85 86 87 a8 89 90 k) TOTAL
Combined Astronomy - -~ 22 66 &6 132 132|132 132 132} 132 132 1678
Space Pracessing -— 30 15 75 75 75 75 75 75 75 %0 90 750
Life Science - 17 17 7 i7 17 17 17 17 17 17 17 187
Advanced Technology 14 42 42 70 98 140 140 | 140 140 140 | 140 140 1246
TOTALS ($_) 4 85 6 § 228 256 289 289 {289 289 28% | 289 289 3261

Table 4-43, 2/3 Troffic Model

OPTION. B~4 YEAR
PAYLOADS 80 81 82 83 84 85 86 87 88 89 90 91 TOTAL
Combined Astronomy - |- 22 66 &6 132 132 182 132 183z | 132 132 1078
Space Processing - 30 15| 75 75 75 75 | 75 75 75 90 90 750
Life Science _— 17 17 17 17 17 17 | 17 17 17 7 17 187
Advanced Tachnolagy 14 42 42 | 70 98 140 140 | 140 140 140 | 140 140 1246
TOTALS {3) . 14 89 .96 | 228 256 as4 364 | 364 364 364 | 379 379 ] 3260
4-32
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Table 444, 2/3 Traffic Model

OPTION. €1 YEAR
PAYLOADS 80 81 82 83 a4 85 86 87 88 89 90 91 TOTAL
Combined Astronamy - - 3 9 9 18 18 i8 18 18 i8 18 147
Space Pracessing — 8 4 20 20 20 20 20 20 20 24’ 24 200
Life Seience - 3 3 3 3 3 3 3 3 3 3 3 33
Advanced Technology 3 ? 9 15 21 30 30 30 30 30 30 30 267
TOTALS (3) 3 20 19 47 53 71 71 7 71 71 75 75 647
Table 4-45, 2/3 Troffic Model
OPTION., C~4 YEAR
PAYLOADS 80 81 82 83 84 85 86 87 as 39 20 21 TOTAL
Combined Astronomy - — - 3 9 ? i8 18 18 18 18 18 129
Spacs Processing - -— 8 4 20 20 20 20 20 20 24 24 80
Life Science - 3 3 3 3 3 3 3 3 3 3 3 33
Advanced Technclogy 3 9 9 15 21 30 30 30 30 30 30 30 267
TOTALS 3 12 20 25 53 62 71 71 71 71 75 75 4609
4-33
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A summary table has been generated which details the various options studied with
regard to the 2/3 Traffic Model based on the four study payloads, Table 4-46.

OPTION.  The options which were studied in detail are A-1,
A-3, B-1, B4, C-1 and C-4, There is no option A~3 for Space
Processing; however, option A-2 was studied in its place.

YEAR,  The model time span was a 12-year period scheduled
from 1980 through 1991,

COST PER FLIGHT-BASELINE,  These are the costs in thousands
of dollars as established in the section entitled "Transportation
Requirements”,

NUMBER OF FLIGHTS,  For each payload studied, a total
number of flights are identified based on the 2/3 Traffic Model
for each year.

TOTAL TRANSPORTATION COSTS,  The dollar amount in this
column is a result of multiplying the number of flights times the
transportation cosis per flight (i.e., in 1984 there are 10 flights
scheduled X 34(000) dollars = 340(000) dollars),

ALL PAYLOADS TOTAL.  This is an accumulaiion of each
payloads’ Total Transportation Cost column,

INFLATION FACTOR.,  An inflation factor was calculated for
each of the years in the mission fimeline based on an annual 7%
compounded rate.

INFLATED COSTS. These are the final escalated transportation
costs calculated by multiplying the straight totals by the inflation
factor.

4-34
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2/3 TRAFFIC MODEL

PAYLOAD —+ ATL CA [ P 10TALS
TOTAL | COSTPER | NUMBER | TOTAL | COST#ER TOTAL
OFTION R COsT R ng:aza TRARUPORT | Sovaer | NUMAER | o AKPORT| FLIGHT TRANSPORT) FLIGHT | NS | srort] AL | INFLATION| INFUATED
YEA BASEUINE { pryours | COSTS | JASELINE { FLIGHTS OSTS | BASELINE | FLIGHTS COSTS | BASELINE | pyyoure | COSFs | TOTAL | pacyor | GOST
13} K 5K} (5K} (3K} GK) [\13] (5K}

1980 1 M - - - - - - 7 1225 41,65

1981 3 102 - - i 7 2 30 202 131 284,82

1982 El 102 1 42 1 15 229 1403 321,29

1983 3 70 3 126 5 s 441 1 501 o6l 94

1984 7 220 3 gg : 75 509 1 606 817,45

1985 1 340 ¢ 75 737 1,718 1264,17

A 1964 u 10 o 42 & 252 o 15 3 75 77 1,838 1354 61
1987 1o Mo é 252 3 75 T 1,967 1449 58

1988 10 e IS 252 5 s a7 2,105 1551,39

1989 1 340 [ 252 3 75 37 2,252 1659, 72

1590 1 340 ) 252 & 20 2 2,410 1812,32

1591 o o 4 52 7 L4 $0 2 2,579 1939, 41

1980 1 34 - - - - - - " 1,225 41,85

1961 3 102 - - § D 2 30 202 191 254,82

1982 3 102 1 45 1 i5 232 1.403 25 50

1983 5 1) 3 135 5 75 450 1501 478 45

1984 7 p <l 3 135 3 75 518 1 606 81,91

A3 1985 I 0 40 a [ 270 - 5 L] 75 755 1718 1297,09
(zrorse)| 1986 10 340 ] 270 5 7 755 i 838 1387,69
1997 0 340 L3 270 5 75 755 1 747 1485,09

1988 10 340 & 270 5 75 755 2,105 1509,20

1989 10 340 8 270 5 75 755 2,452 1700,26

1990 10 340 & 270 é 70 740 2,410 1855,70

(L] 10 Mo [ 0 i w0 [ %0 70 2 579 1985 83

1930 1 14 - - - " - - 4 1,225 17,15

1981 k] A2 - - | 17 2 0 89 131 114,48

1982 3 42 1 2 | 15 96 1403 134 69

1903 5 70 3 4 5 s fH] 1 501 m s

:gg‘; " 7 o8 : ‘gg : 75 256 1 606 41,14

10 Mo 22 75 J44 t 718 625,35

8.1 1983 0 140 & 13z 7 13 5 7 364 1.238 9.0
Va7 10 1o [ 132 5 75 354 1 957 715,99

1988 0 140 s 132 5 75 384 2105 766,22

1989 1t 4o & 122 5 75 384 2 252 8197

1990 10 140 & 132 [ 20 w 2,410 913 39

1994 10 140 L3 132 17 3 %0 279 2 579 017,44

1980 1 ] - - - - - - 14 1 225 i7.15

1981 3 42 - - 17 2 30 av 131 114 48

1982 3 42 1 2 1 s % 1463 134,69

1983 5 b 3 & 5 7% 228 1 50 2.2

1984 " 7 8 2 & 5 75 254 1 804 441,14

B4 1985 10 140 2 & 132 ” 5 5 75 a4 1718 425,35
1985 10 40 s 132 5 75 264 5,838 9,03

1997 16 o 4 132 s 7 s t 947 715,99

1988 10 140 ) 132 5 75 364 2105 788,22

1989 10 140 4 132 5 75 384 2 252 819,73

1990 19 140 4 132 I %0 ary 2 410 913,39

1991 19 140 3 132 1 17 & 70 el 2 57% 9774

1980 1 3 - - - - - - 3 1225 3,60

1981 3 9 - - 1 k] 2 ] 20 1,3h 26,22

1982 3 9 1 3 1 4 t? 1 doa 25 64

1983 5 . 15 3 ¢ H 20 a7 1508 70.55

1984 7 21 J ¢ 3 20 53 1 604 85 12

1085 10 n é 18 5 20 71 1 #18 12,58

c-l 1983 3 to p 3 ] 18 3 4 5 20 7t 1 835 130 50
1987 0 30 6 18 5 2 b 1547 139,46

1938 i0 30 6 18 5 2 71 2105 9 46

1989 10 30 & 18 5 ] 7 2 252 159 89

1990 10 0 4 la ] u 5 2 410 180 75

1991 10 a0 s 18 i 3 L] u o] 2,575 193 43

1980 ! 3 - - - : - - 3 1,225 3,50

1581 3 ? - - 1 3 2 [ 2 1,31 26 22

1982 3 9 1 3 1 4 ? 1.403 26 64

1923 5 15 3 9 5 20 47 1500 70 55

}g lg 4 g ; 5 2¢ 0 1606 85,12

1 5 20 7

[ ] 1986 3 10 30 3 & 18 3 4 H . 4 } ;;g :g{l,:;:
1987 o a0 & 1] 5 20 71 1 947 139.66

1v85 10 a0 - & 18 5 0 -7 2 103 149,46

999 to ) [ 18 5 2 n 2,252 159.89

%40 10 30 6 18 4 4 73 2,410 190,75

1991 to ) ) 13 3 6 24 » 2 579 w343

(19pow 214441 £/7)
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RESOURCE COST SUMMARY (2/3 BASELINE TRAFFIC MODEL)

This section summarizes the resource costs for all six options evaluated with the 2/3
Boseline Traffic Model. The previcus six subsections defined the options that were eval -
uvated (A-1, A-3, B~1, B-4, C-1 and C~4) and they defined the traffic model (199 Space-
lab flights) including the derivation and listings of the launch dates for all options.

The summary of the annual spending profile for option A-1 is demonstrated on Figure
4~1 with the cumulative spending curve being displayed as Figure 4-2 ., The tota! fund-
ing requirement for this option is $229.46M (1977%) with the peak funding year oceurring
in 1984, the year in which the second Core Module is required to support the increase in
the fraffic model. In 1984, the number of habitable module flights increases from six
(1-LS and 5-ATL) to eight (1-LS and 7-ATL). At the current assessed KSC ground pro-
cessing flow times a Core Module can only support 6 launches per year (if they are spaced
at least 42 days apart). This increase in ATL type missions also increased the need for
pallet segments and racks in the Spacelab Flight hardware program inventory, This equip-
ment and some additional EPDB's have required an additional $42,84M in the 1983 furd ing
requirements (costs allocated in the year preceding first use of the equipment) for all
options of the 2/3 Baseline Traffic model.,

404

B - EltHbwr [ |
Parsonnel :\\\X\\\\\\\
ANNUAL GSE o
EXPENDITURES Trensport's
$ R 201 ] ;
(1977
DOLLARS)

228000

LN
P I\ I

RESOURCE !YRi 80 8l a2 84 ' 85 L] a7 88 8% 20 91 TOTALS
FLT HOWE 628 | 1698 | 10,30 248 | | - — - | - - - i7m®
PLRSONNEL - 1 oozz| vir) 2 | 260f 3,05 | 429 | 429 | 429 | 420 | a29 | 4ie3 | 443 | 8857
GsE et | s26| 242 — Joss| — | | - | — | - | =1 7
TRANSPORT'N., - npo3| 0z0| o023 0.44 | 0.51 | 074 0,74 0,74 0 M 0,74 07 | 075 & 61
TOTALS '77 S 948 9.7% | 20 77y 11,75 | 10,79 | 28,37 p 5031503 5.03 503 | 503 518 518 | 126 44
ESCALATED % 11,84 | 12,38 |30.04 | 18,50 | 18 74 | 54,97 ; .40 110 67 1142 {1z 2t a3 o7 |14 37 {15 38 | 235,39

Figure 4-1 , Option A-1 Resource Summary (Annual Spending)
(2/3 Traffic Model)
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FLEGHT HARDWARE

il

e

N

/ TRANSPORTATION
- GSE /

f—‘:—-’_‘-_’/
RESOURCE \YR 1979 1 1980 1981 | 1992 1983 | 1984 | ivas 1984 1987 1988 | 1989 | 199G | 1991
FLT HDWE 7.84 |14 12 | 30,09 45,39 |48,51 | 73,33 {73.33 |7M.33 |73 | WB | RN |RN BB
PERSONNEL - o2 139|260 (521 8,26 {1255 1688 [21,13 (2542 | 29 71 |34 14 |38 57
GSE P4 | 49 7 32| 7,32 7.95 7.9517 % 7.95 7,95 7.95 951 79 795
TRANSPORT'N - o0 0 23| 046 020 L41 ] 215 289 | 346 | 437 | 5.11) 5.8 6,61
TOTALS 1773 9.48 }19 27 14003 |51 76 162 57 | 9095 {95 98 01,0t {los.pd 111 07 {116 10]121,23 |i26.46
Figure 4-2 ., Option A-1 Cum Spending (%/ 3 Traffic Model)

-

The next fen figures are the annual spending charts and the cumulative spending
curves for the other five options of the 2/3 Baseline Troffic Model.
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20-
FirHder [ ]
ANNUAL Pecsonnel  $HLAL
EXPENDITURES GSE .
s R et l_ Teansport'n  eesmsmmee
(7
DOLLARS)
101
elR
L]
RESQURCE \YF 7% 80 Bl 82 B3 84 85 86 87 88 a9 90 21 TOTALS
FLT HOWE 784} 628} 1698|2585 | 784 { 926 | - - - N -] | s
PERSONMEL | — fo27 | 1,33 1.42| 3,00 354 | 505] 505 505 | 505 |505 {519 | 519 | 4519
GSE 205298 | 242 — 0,63 | 007 | 0,83 | - - - - - - a9
TRANSPORT'N,} == 0 03 0 20 0.23 045 | 0,52 076 ] 076 | 076 0.78 1075 077 0,77 &.77
TOTALS '77 § 9.89 | 955 120,93 |27,50 | 11,92 {13 39 564 | 5B1 5 81 581 5.81 595 5 9L 134,99
ESCALATED $ | 11,84 j12 38 |an,04 |43 95 |20 01 (24,88 1 40 110,467 {11 42 112 21 1307 |14 37 |15 38 | 221 42

Figure 4-3 . Option A-3 Resource Summary (Annual Spending)
(2/3 Traffic Model)

. '.o"
.‘
+ P
125 10'.“.-'
-
sy :
S
100 +
CUMULATIVE
FLIGHT HARDWARE
EXPEMDITURES
75T
$ MILLION
{1977 DOLLARS)
504
-
e
/yﬁpﬂ"f/
E-.
GSE
'
TRAMSPORTATION .
RESQURCE \YR 197% | 1980 1981 | 1982 1983 | 1984 | 1%8s ] 1988 1987 1988 | 1989 | 19?0 1 1991
FLT HDWE 7,864 F14 12 | 21,10] 56 95 | 44.79| 74 o5 [74.05 |74.05 | A 05 (74,05 | 05|74 05 |74 05
PERSONNEL - 027 140|302 6,02 54 4,81 [19.66 | 24,71 |29 75 | 34 81 [40 00 | 43,19
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Figure 4-4 , Option A-3 Cum Spending 2/3 Baseline Traffic Model
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Figure 4-5 ,  Option B-1 Resource Summary (Annual Spending)
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Figure 4-6 .  Option B-1 Cum Spending (2/3 Baseline Traffic Model)
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Figure 4-7 .  Option B-4 Resource Summary (Annual Spending)
(2/3 Traffic Model)
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Figure 4-8 .,  Option B-4 Cum Spending 2/3 Baseline Traffic Model
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Figure 4-9 . Option C~1 Resource Summary (Annual Spending)
(2/3 Troffic Model
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Figure 4-10,  Option C~1 Cum Spending 2/3 Baseline Traffic Model
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Figure 4-11,  Option C~4 Resource Summary (Annual Spending)
(2/3 Troffic Model)
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Figure 4-12.  Option C—4 Cum Spending 2/3 Baseline Traffic Model
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Table 4-47 contains a summary of the tofal resource requirements for. all six options
evaluated for the 2/3 Baseline Traffic Model, Option C=1 has the lowest total program
costs at $218.56M (1977 $). Option C~1 has the lowest total ground processing Level
IV integration costs because in three of the four categories it had the lowest costs of the
six options evaluated, In the area of Spacelab flight hardware costs, this option and
C—-4 required the least amount of Spacelab flight hardware ($7M less than the second
closest option). Option C=1 and B-1 also required the least amount of GSE ($2, 19M)
and it had the lowest fransportation costs (also the same amount for C-4), The lower cost
requirements in these three areas offset the fact that options C-1 and C—4 had the highest
personnel costs of all six options.

Table 4-47 . Summary of Option Costs (1977 $§ M) =
2/3 Baseline Traffic Model

OPTION
RESOQURCE
A-1 A3 B-1 B-4 Cw1 C4
FLI%}HQDWARE 73,33 74,05 73.33; 73.33( 66,20| 73,33
PERSONNEL 38.57 | 45,19} 40.87| 42,45 46,52 | 48.31
GSE 7.95 8.98 3.79| 4.75 2.19| 2,03
TRANSPORTATION 6.61 6,771 3.25] 3.25 0.651 0.65
TOTALS 126,46 134,99 121,241 123,78 [ 115,56 (124,32

The differences in total costs between all six options are shown below:

Delta $ M % Delta
C-1 115,56 0 0
B-1 121.24 5.68 4.9
B-4 123.78 8.22 6.2
C-4 124,32 8.76 7.6
AT 126,46 10.90 2.4
A3 134,99 19.43 16.8

443
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5.0 LEVEL IV GROUND PROCESSING REQUIREMENTS

1/3 TRAFFIC MODEL

SCOPE OF PROGRAMMATIC ANALYSIS

This section describes the programmatic analyses performed during the study based on the
1/3 Treffic Model. The same site options were considered for analyses as deseribed

in section 3,0 of this volume. The same basic guidelines itemized in an earlier section
were also applied here.

The 1/3 Traffic Model is a derivative of the "560" troffic model based on the siudy
(equivalency) model using the four selected payloads. Buildup analyses based on ground
processing times were performed and included along with a schedule analyses reflecting
the development of payload launch dates.

Spectrum of Options

A detailed description of the options applicable to the analyses based on a 1/3 iraffic
model is found in section 3.0 of this volume. The options considered for the 1/3 model
were: (1) Distributed Site, (2) Lead Center, and (3) KSC. The same 6 buildup
options were also used in the Programmatic Evaluation using similar criteria found in
section 3.0 "Options Selected for Programmatic Evaluation". Table 3=3 lists these
options.

Programmatic Guidelines

The concept behind the "Programmaiic Guidelines" found in section 3.0 of this volume
is applicable; however, these guidelines were adjusted as required by the reduction in
the payload quantity fo 1/3 of the baseline traffic model.

TRAFFIC MODEL ANALYSIS

Payload Equivalencies

Payload equivalencies were based on the "STS Traffic Model, 1980-1991" as described
in Section 3.0 of this volume biased by a reduction in missions of a factor approximating

1/3.
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Prior to applying the 1/3 factor an equivalencie traffic model was produced relating
the four study payloads to the basic model. The equivalencie model is shown in Table 3-5.
Table 5-1 identifies the 1/3 traffic model used.

Table 5-1,  Troffic Model for Programmatic Analyses

¥

Year 80 81 82 83 84 85 86 87 88 89 90 91 Totals
LS - -t ST ST T - T oo 6
ATL Vi s e 4l s s st s s s
13 CA T 1} 2] 3} 3] 3313t alal o
sp -1 ] 2l 2 3)afsfsf2)a)2] s
Total LS A T A T B T AR Y ST NTTNE NPT ARTU I 99

Buildup Analysis

The Spacelab Ground Processing times developed for the baseline traffic model were
applied fo the 1/3 traffic model. Similarly to the baseline buildup analysis, the NASA
provided 80 percent learning curve would be applicable,

The study groundrule used in the buildup analysis was that the [eaming curve would
be used for either the first five flights or two years of operations, whichever comes First,
For example, in the 1/3 Traffic Model in the distributed and lead center options, those
centers associated with the Life Science payloads do not become “operational™ (achieve
steady-state processing times) until 1983 (third year of operations), the ATL centers are
operational in 1981 (second year of operations), the Combined Astronomy and Space
Processing cenfers in 1983 {also second year of operations). In the case of the KSC op-
tions, this Level IV processing site would be a steady-state level in the 198182 time
frame because the launch site, of that time, would be in its second year of operations
and be processing its fifth flight.

Schedule Analysis

A schedule analysis similar fo that performed on the baseline traffic model was per—
formed to derive the 1/3 mission model. The only difference being that the quantity of
flights were reduced., The same groundrules end guidelines were used in the 1/3 schedule
analysis as were used in the baseline model. A detailed description is found in Section
3.0 enfitled "Schedule Analysis",

SD 78-SR-0009-3



Table 5=2.  1/3 Traffic Madel Table 5-2, /3 Traffic Model
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IV NIDIE0

. PAYLOAD PAYLOAD
YEAR FLIGHT DAY YEAR FLIGHT DAY
LS ATL | CA sp LS ATL | CA
1980 1 130 x I 1996 3 71
= 1 = = 4 95 x
1981 1 87 % 5 119 x
2 173 x & 142 x
3. 260 x 7 146
1 1 1 8 189 X
1982 1 a7 ? 213 x
2 i73 x 10 236 X
3 240 11 240
~ ] i 1 = S5 3
1983 1 7 X 1989 1 24 X
2 74 x 1991 2 48 ®
3° 2R x 3 71 x
4 149 X 4 95
5 186 x 5 13 %
é 223 x & 142 x
7 260 X 7 166 X
1 3 1 2 ] 189
1984 1 33 ® 2 213 %
2 45 x 10 234 b3
3 28 X 11 280 X
4 130 x 1 5 3
5 163 X
-3 195 P
7 228 ®
8 260 X
- 4 12 2
1985 1 24 ®
1987 2 48 x
3 Vo7 %
4 95 x
5 119 x
3 142 X
7 166 ®
8 189 X .
2 213 X
10 234 x
1 260 X
] 4 2 3
1984 1 24 x
1988 2 48 X
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PERSONNEL REQUIREMENTS - 1/3 TRAFFIC MODEL

The manpower and TDY requiremenis developed for each payload on a per mission
basis were described in the "Manpower Baseline" and "Personnel Cost Analyses Tables"

in section 3.0 of this volume., These data are applicable in this section as well, including
Tables 3-9 through 3-12,

In applying the 1/3 Traffic Model fo this data, the same approach was followed
as with the Baseline and 2/3 Traffic Models. The total preflight costs for each payload
were multiplied by the number of flights for that payload in the given year, o give the
total cost for the year for each payload. These were then totaled for the four payloads
to yield the annual grand total costs for personnel, both menpower and TDY. Payload
totals are also shown for reference. This data is presented in Tables 5-3 through 5-8
for Options A-1, A-3, B-1, B-4, C~1, and C~4 respectively.

As with the 2/3 Traffic Model data, the annual spending largely stabilizes ofter
the first four or five years, due to the nearly constant flight rate of the payloads. Annual
personnel costs are strictly afunction of the flight rate, This trend is more evident in the
annual and cumulative cost charts in the section entitled, "Resource Cost Summary

(1/3 Baseline Traffic Model). "

In order to compare the "Hands-on" Level 1V integration manpower costs, it is nec-
essary to first compare the costs between like options (Option A-1 1o B-1 fo C-1), The sec-
ond part will be an evaluation among cases of the same option group (A-1 to A-3, B-1 fo
B-4, C-1to C~4). In general, the total payload manpower costs will increase from the
dlsfrlbufed options (A-1, 19.14 M$)} to the Lead Center options (B-1, 20.53 M$) and the
highest being the KSC ophons (C-1, 23.08 M$). This difference is a’ri‘rlbui'qb[e fo two
factors: TDY and Host-Center Suppori‘ Of the four major elements of the Level IV per-
sonnel costs:

Level IV Integration "Hands-On" personnel
KSC Operations Support

TDY Costs

Host-Center Support

the first fwo elements remain almost constant from one optfion to another. The technicians
and engineers required fo physically install and checkout the Drop Dynamics experiment in
its double rack will be the same if this effort is done by the Principal Investigator (Pl) and
his staff ot the Jet Propulsion Lab (JPL) in Pasadena (an example of a Disiributed Center),
or at MSFC (Lead Center), or ai KSC, Also, the KSC Operations Support category which
is the PI's and one or two key personnel that they may require on site at KSC during the
STS Operations (functional blocks 10 thru 15 of this study) will be the same for all options
since the KSC Operations Support requirements are independent of the Level IV infegration
site, Therefore, the factors that would vary between options are the TDY and Host Center
Support requirements, These two elements vary according to the Level IV Integration site
being considered and also according fo the payload being evaluated. At the distributed
sites there was a smaller amount of TDY required because of the nature of selecting the

5~4
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the distributed sites. They were chosen by the logic groupings of the flight hardware. In
the L/S example, 8 mini-centers were selected. This payload had 20 different experiments
and, therefore, at most 12 Pl's would be traveling. In the actual analysis, there were less
than the 12 Pl's who were required to travel to a mini—center. In the centralized options,
there were more required to more because there was only one LS centralized site, But it
was assumed that site selected as Lead Center would be done so because they were spon-
soring some significant portion of the effort on that particular payload, The average worked
out that approximately one~half of the Pl's for a given payload would be resident af the
Lead Center, In the KSC case, if was assumed that all Pl's and their staff would be on TDY
status during the level IV integration activities at KSC, The Host Center support estimates
were made utilizing the same rationale, Namely, that progressively at each site, from
Distributed to Lead Center to KSC, there would be increasing requirements for the Host

site to provide some effort in support of the Pl's and their stoffs that were traveling to that
site, and as such were relatively unfamiliar with the procedures and the location, The
comporison between options will show that the ~3 and -4 options always have higher per-
sonnel cosis thon their corresponding -1 options: A~3 (22.4 M$) compared to A~1 (19,1 M$),
B4 (21.0 M$) and B-1 (20,5 M$), and C~4 (23.9M$) to C-1 (23. 1 M3$). This results
from the additional infegration activities associated with the combined payload checkout
(Functional blocks 7, 8, 9).

5-2
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QFTION A-~1 TABLE 5-3,  1/3 TRAFFIC MODEL
(1977 K$ - MANPOWER COSTS)
ATL ~LIFE SCIENCE | COMB ASTRON., SPACE PROC.
YEAR | p7s [msp DY BLTS | M/P oy _|risi me | Toy |rirs | me | iy | MP ] TOY
1980 1 194 a1 | - - - - - - - - - 194 31
81 1 194 31| 1 193 22 - - - 1 ny 21 506 74
82 1 194 [ - - 1 167 20 |1 ne 21 480 72
83 3 582 93| 1 193 22 1 167 20 | 2 238 42 1,180 | 177
84 4 776 124) - - - 2 334 40 | 2 238 42 1,38 | 206 |
85 4 776 124 1 193 22 3 501 6 | 3 357, 3 1,827 | 269
86 5 970 155 - - - 3 501 6 | 3 357 63 1,828 | 278
87 4 776 124] 1 193 22 3 501 | 3 357 63 1,827 | 269
88 5 970 155 - - - 3 501 0 | 3 as7 &3 1,828 | 278
89 5 970 155{ 1 193 22 3 501 60 | 2 238 42 1,902 279
90 5 970 155 - - - 3 501 6 | 3 357 &3 1,828 278
91 5 970 155 1 193 2 3 501 60 | 2 238 42 1,902 279
TOTALS | 43 8,342 1,333 6§ 1,058 1 132 |25 | 4,175 s00 125 | 2,975 1 525 | 1s.650| 2,490
OPTION A-3 TABLE 54, 1/3 TRAFFIC MODEL
{1977 K$ - MANPOWER COSTS)
ATL LIFE SCIENCE COMB ASTRO _SPACE PROC.
vEAR [LTS [ M/P my |[Fs [ Me [y |Ras| me | oy [Fus] me | oy o | Tow
1980 ] 224 41 - - - - - - = - - 224 A%
81 1 224 41 1 212 31 - - - 1 123 21 599 93 __
82 1 224 4] - - - 1 207 32 |1 123 2 554 94
83 3 672 123 1 | a2 3t ] 207 a2 | 2 246 42 1,337 | 278
84 4 896 164 - - - 2 414 6 | 2 246 42 1,55 | 276
85 4 896 164 1 212 3 3 821 % | 3 369 63 2,098 | 354
85 5 1,120 205 - - - 3 621 9% | 3 369 83 2,10 | 364
87 4 896 164 1 212 31 3 62 9% | 3 369 &3 2,098 | 354
88 5 1,120 205| - - - 3 61 9% | 3 369 &3 2,10 | 384
89 5 1,120 205 [ 1 212 3l 3 621 9% | 2 246 42 2,199 | 374
90 5 1,120 205 | - - - 3 621 9 | 3 369 63 2,110 | 364
2 5 1,120 205 | 1 212 31 3 621 9% | 2 246 42 2,199 | 374
TOTALS | 43 9,632 1,763 6 | 1,272 | 186 |25 | 575 800 |25 | 3,075 | 525 | 19,954 | 3,274
5-6
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QPTION B-1 TABLE 5-5, /3 TRAFFIC MODEL
{1977 K$ - MANPOWER COSTS) ORIGINAL PAGE IS
OF PCOR QUALITY]
ATL, LIFE SCIENCE COMB ASTRON, SPACE PROC.
YEAR kg5 | pasp oY _ _|FLis | e IDY |FLTS | /P Yy |FLTS | e DY M | TDY
1980 1 200 2| - - - - - - - - - 200 39
81 1 200 | 1 163 34 - - - 1 124 28 487 101
82 1 200 ?F - - - 1 174 26 | 1 124 28 498 93
83 3 400 17| 1 163 34 1 174 2% | 2 248 56 1,185 233
84 4 800 156 - - - 2 348 52 | 2 248 56 1,306 1 264
85 4 800 56| 1 163 34 3 522 78 | 3 372 84 1,857 | 352
86 5 1,00 195 - - - 3 522 78 | 3 372 84 1,894 | 357
87 4 800 1561 1 163 34 3 522 78 | 3 372 84 1,857 | 352
88 5 1,000 95| - - - 3 522 |, 78 | 3 a72 84 1,804 | a7
89 5 1,000 195 | 1 163 M 3 522 78 | 2 248 56 1,93 363
90 5 1,000 1950 - - - 3 522 78 | 3 372 84 1,894 | a7
91 5 1000 125 1 143 34 3 522 78 2 248 84 1,933 3463
TOTALS] 43 8,600 | 17l 978 204 | 25 | 4,3% 650 125 | 3,100 | 7o0 1 17.0081 3.231
OPTION Bad TABLE 5-6, 1/3 TRAFFIC MODEL

(1977 K$ -~ MANPOWER COS1S)

ATL LIFE SCIENCE COMB ASTRON, SPACE PROC,
YEAR Imrs | me [ toy  lers | mp | toy deurs | m/e | Tby  lmas |ome | TDY MP | TDY
1980 | 1 202 o] - - - - - - |- - - 202 49
8 1 202 4| 158 a5 - | - - 1 128 28 488 12
82 1 202 o - - - 1 170 7 |1 128 28 500 114
83 3 406 M7l 158 35 1 170 7 |2 256 56 Lo | 275
84 i 808 1wl - | - - 2 | 340 74 | 2 256 56 1,404 | 326
85 4 808 196 1 158 5 3 | 5100 m |3 384 84 1,860 | 426
86 5 1,010 as{ - | -~ - 3 | si0 m | 3 384 84 1,904 | 440
87 4 808 195 1 158 35 3 | 510 m |3 384 84 1,850 | 426
88 5 | 1,010 45| -] - - 3 | 510 TR E 384 84 1,904 | 440
89 5 1,010 245 | 1 158 35 3 | sl0 nt | 2 256 56 1,934 | 447
90 5 | 1,01 245 - | - - 3 | si0 NTEIE 384 84 1,904 | 440 |
91 5 | 1,010 245 | 1 158 35 3 | 510 | 2 256 56 1,934 [ 447
:
TO1ALS [ 43 | s,e86 t 2,007 6 | o948 | 210 M 25 | 4,250 925 125 | 3200 | 700 | 17,084 3,942

5-7
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QPTION C-1 TABLE 5-7. 1/3 TRAFFIC MODEL
(1977 K% ~ MANPOWER COSTS)
AL LIEE SCIENCE _ COMB ASIRO SPACE PROC
VEAR FLTS | M/P DY FLIS | M/P DY FLTS MP Y FLTS M/ Y M/P 10Y
1980 1 206 58 - - - - - - - - - 206 58
81 1 206 58 1 162 53 - - - 1 130 43 205 154
82 1 206 58 - - - 1 181 62 1 130 43 517 163
83 3 618 174 1 169 53 1 181 &2 2 ] 260 86 1,228 375
84 4 824 232 - - - 2 362 124 2 250 86 1,446 442
85 4 824 232 1 16% 53 3 543 186 3 390 129 1,924 600
86 "5 1,030 290 - - - 3 543 186 3 390 129 1,963 405
87 4 824 232 1 169 53 3 543 184 3 390 129 1,926 4600
88 5 1,030 290 - - - 3 543 186 3 390 129 1,963 605
a9 5 1,080 220 1 169 53 3 543 186 2 260 86 2,002 61 L
20 5 1,030 290 - - - 3 543 186 ) 3 390 129 1,963 405
N 5 1,030 290 1 169 53 3 543 186 2 260 86 2,002 615
TOTALS | 43 8,858 2,494 6 1,014 318 25 4,525 1,550 | 25 3,250 1,075 17,647 1 5,437
OPTION C-4 TABLE 5-8, 1/3 TRAFFIC MODEL
(1977 K$ - MANPOWER COSTS)
ATL LIFE SCiENCE COMB ASTRON, SPACE PROC
VEAR LTS | M/P oy FLTS M/P 1Y FLTS M/P Y FLTS M{P DY /R DY
1980 1 209 76 ] - - - - = = - = - 209 74
g1 1 209 76 1 168 35 = - - 1 134 44 511 176
82 1 209 76 - - - 1 176 60 1 134 44 519 180
83 3 627 228 1 168 56 i 176 40 2 268 88 1,239 432
84 4 836 304 - - - 2 352 120 2 268 88 1,456 512
85 4 836 304 1 168 56 3 528 180 3 402 132 1,934 672
84 5 1,045 380 - - - 3 528 180 3 402 132 1,975 692
87 4 836 304 1 168 56 3 528 180 3 402 132 1,934 672
-~ 88 5 1,045 380 - - - 3 528 180 3 402 132 1,975 692
89 5 1,045 380 1 148 56 3 528 180 2 248 a8 2,009 704
90 5 1,045 380 - - - 3 528 180 3 402 132 1,975 692
1 5 1,045 380 1 168 56 3 528 180 2 268 88 2,009 704
TOTALS | 43 8,987 3,268 6 3,008 336 25 4,400 1,500 125 3,350 1,100 17,745 } 6,204
5-8
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ERIGINAL PAGE IS
GSE REQUIREMENTS - 1/3 TRAFFIC MODEL ©F Poor quaLITY,

In this secfion, the GSE quantities and costs associated with the reduced flight rates
of the 1/3 traffic model are presented, The composition and per-set cost of the GSE sets
associated with each payload end processing option are not chonged as a result of the re-
duced flight rates, because the sets themselves represent the minimum equipment required
to process a payload, even if only flown once. Therefore, the GSE sets required for this
traffic model were presented in Section "GSE Requirements", as follows:

Life Science Payload - Tables 3-19 through 3-31
Combined Astronomy Payload - Tables 3-32 through 3-37

Space Processing Payload - Tables 3-38 and 3-39
Advanced Technology Laboratory Payload - Tables 3-40 through 345

In order to establish the GSE resource spending requirements for the reduced flight
rate associated with the 1/3 Treffic Model, the methodology described above under Pro-
grammatic GSE Assessment-was applied for the new flight rate, and a new set of year-by-
year expenditure charts prepared for each payload and processing option. These are pre-
sented herein as Tables 5-9 through 5-14,  As in section entitled GSE Requirements, a
final summary iable also escalating the cost figures for inflation is presented in Table 5-15,

In reviewing this summary data by option, it is evident that GSE cosfs decrease sig~
nificantly from the minicenter approach to lead center, and further from lead center to
KSC, This is due to increased sharing and utilization of the GSE. In the distributed con-
cept, there is considercble duplication of GSE between minicenters (15 minicenters for the
four payloads), This duplication is largely eliminated af the lead centers where a single
set for the payload being integrated is used — a maximum of 4 sets of GSE with only partial
duplication for common usage items, In the case of KSC integration, this is reduced even
further because of sharing one common GSE set between payloads, These cost differentials
are due not only to a need for more GSE as infegrafion sites are distributed, but also an in-
crease in transporfation costs required to ship GSE from and to the KSC depot in the lead
center and distributed cases, This effort is evident when comparing the tofal GSE costs
befween A~1, B~1, and C-1, and between B-4 and,C-4 options.

" The difference between the results of this study with minimum flight rates and the
Baseline Traffic Model is again lower expenditures for GSE, Again, the reduction is not
proporhonql to the reduction in flight rate because of the minimum number of sefs required.
In fact, in this traffic model, only one basic complement of GSE sefs was required, and no
second sefs were required For the entire program period. .

5-9.
SD 78-5R-0009-3



’L‘ Rockwell International

Space Division

. TABLE 5-9. ANNUAL GSE EXPENDITURES

OPTION A~1 (1977 $K} 1/3 TRAFFIC MODEL

Life Science ATL Comb. Astr, sp Totals

1 21a |als |edzlelvlalslvjz:lal |bi + Spares

7
1979 585 J187.5 1592.5 1355 14638

Year | KSC

1980 344 364 [ 199 | 185 | 185 | 315 | 185 | 424 513.5| 2714.5 | 3257.4

1981
628,51 817 [971.5 2017 2420,4
1982

1983

1984

1985

1986

1987

1988

1982

1920 '

921

Total 344 | 364 |t99 |85 | 185 {315 | 185 | 424 | 585 {187,5{592,5 (628.5| 817 [571.5]|513.5] 6096.6 | 7315.8

TABLE 5-30, ANNUAL GSE EXPENDITURES
OPTION A-3 (1977 $K) i/3 TRAFFIC MODEL

L ifo Science ATL Comb, Astr. 5P Totals
Year | KSC| 1 2 3 4 |5 é 7 8 i 2 3 1 2 3 } Direct | +Spares

1979 |342.5 585 |187.5 }592.5 1707.5 | 204¢

1980 344 384 | 199 | 85| 185 |313 | 185 424 - 513,5 | 714.5 | 3257.4

1981 628.5 { 817 | 571.5 M7 2420.4

1982

1983

1984 3

1985

1986

1987

1788

1989

1950

Ay
1991
Torlsi342.51244 [364 f199 | 165 | 185 315 | 185 j424 | 585 [189.5(592.5[628.5 817 [571.5{513.5] 6439 7726.8
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OPTION B~1

TABLE 5-11,

’i Rockwell International

ANNUAL GSE EXPENDITURES

(1977 $K)

Space Division

1/3 TRAFFIC MODEL

Year

Life
Science

ATL

Combined
Astronomy

Space
Processing

Tolals

Diyect + Spares

1979

693,5

693.5 832,2

1960

585

513.5

1098.5 1318.2

1981

10425

1042.5 1251

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

Totals

585

693.5

1042,5

513.5

2834.5

OPTION B-4

TABLE 5.12,

"
3

ANNUAL GSE EXPEND|TURES

{1977 $K)

1/3 TRAFFIC MODEL

Year

Life

Science

ATL

Combined
Astranomy

Space
Processing

Totals

Direct, + Spares

1979

638.5

658.5 790.2

1280

470.5

513.5

784 1180.8

1281

1009.5

1009.5 1211.4

1982

1983

1984

1985

1986

1987

1988

1989

790

1921

Totals

470.5

1009.5

513.5

2652 3182.4

SD 78~SR-0009-3
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TABLE 5-13.  ANNUAL GSE EXPENDITURES ,
(1977sK) . _____
OPTION C-1 COMBINED KSC_ GSE SET 1/3 TRAFFIC MODEL
Yoor Processing Trensportation 7 T?mi Total
GSE GSE Dirgct With Spares
1979 369.0 324.5 693.5 'w2.0
1980 76.0 135.5 211.5 254.0
1981 51,0 369.5 420,5 505,0
1982 T
1983
1984
1985
1986
1987
1988 ’
1989
1950 )
1991 )
Total 496.0 829.5 1325.5 ‘1591.9
TABLE 5-14,  ANNUAL GSE EXPENDITURES
{1977 $K)

OPTION C—4 COMBINED KSC GSESET /- RAFFIC MODEL

Pracessing Trunq:;orfuﬁon Total Total
Year GSE GSE — Direct With Spares
1979 369.0 289.5 £58.5 790.0
1980 76.0 14,5 90.5 109.0
1981 50.0 401,0 451.0 541.0
1982 ]
1983 -
1984 ‘ 7
1985
1986
1987 ] _
1988
1989
1990 -
1991
Tofal 495.0 705.0 1200.0 1440;0

5-12
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TABLE 5-15, GSE COST SUMMARY , 1/3 TRAFFIC MODEL
79 | 80 | & 82 | 83 g4 | 85 86 87 | s8 | 89 90 | 91 Totals
Uiesm | 3258 | 2420 7316
o
J2049 | 3258 | 2420 7727
Sl N ez [3s |25 3401
A -
lé A 790 {ner | zn 3182
ey 1
J] 832 254 505 1591
oo | w9 | sn 1440
= -
<hers |39 | 3173 9040
5
<i2346 13991 | 3173 $510
2| 2| 933 [re15 | 1640 4208
[
E i
8] =] 905 1447 1588 3940
g .
i
Vlesy | 31 | se2 1926
' ~
A 905 134 709 1748
5-13
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SPACELAB FLIGHT HARDWARE REQUIREMENTS (1/3 BASELINE TRAFFIC MODEL)

Spacelab Flight Hardware Elements Evaluated

In the analyses and evaluations conducted for the 1/3 Baseline fraffic model, the
same Spacelab Flight hardware end items were reviewed as in the baseline and 2/3 base-
line traffic models. The end items and their costs in millions of 1977 dollars are shown

in Table 5-16.

Table 5-16 . Spacelab Flight Hardware Items

COST COST
ELEMENT (1977 $M) ELEMENT (1977 $M)
Core Module 35.0 Rack - Single 0.179
lyloo 10.0 ~ Double 0.229
IPS 10.0 EPDB 0.088
SIPS 1.5 Floor Segment 0.039
RAU 0.143 .

As in the andlysis of the other two fraffic models, the determination of the Spacelab
flight hardware requirements is governed principally by three major factors:
involvement time of the Spacelab flight hardware in the ground
processing flows of each option

quantities required for a given payload configuration

. flight rate and launch schedule of the payload configuration
for any given year of the fraffic model

The configuration dependent Spacelab Flight hardware end items are illustrated in
Table 5-17 . The first two payloads Space Processing and Combined Astronomy are pallet
only payloads and do not require habitable modules (Core Segment and Experiment Seg~
ment) nor do they require experiment racks. The last two payloads, the Life Science and
the ATL, are habitable module payloads that would nof require an Igloo.

5-14
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Table 5-17 . Payload Spacelab Flight Hardware Requirements OF POOR QUALITY

_Spacelab Payload
Hardware
Element S/P C/A L/ ATL
Core Module —— - 1 1
Igloo 1 i — -
IPS —— 1 - —
Pallet Segment 1 5 - 2
RAU i 9 4 4
Racks = Single - — 4 2
-~ Double — - 6 2
EPDB 1 . 5 3 3
Floor Segment - - 3 1
Cold Plates 4 5 - 4

The Life Science and ATL payloads do not utilize the SIPS nor the IPS as a part of
their Spacelab flight hardware complement, The first four of these hardware end ifems
(Core Module, Igloo, 1PS and Pallet) are not as option-dependent as they are configura~
tion—dependent. It has been established that these four end items would remain af KSC
and not be shipped to an integration site for Level IV integration, These four end items
become involved in the Spacelab ground processing flows at the appropriate time in the
Level 1/l integration operations in the O&C building. The variations in the total ground
processing flows, at KSC, for each of these groups of payloads are so minor (2 pallet
only CA and SP, 2 habitable module LS and ATL) that the quantities of these hardware

. end ifems required io support the 1/3 baseline traffic model are equal across all options
evaluated in this study. Therefore, to establish the programmatic totals of Spacelab
flight hardware the annual flight rate and launch schedules of the 1/3 baseline traffic
model (shown in Table 5-18) must be the determining factors,

Table 5-18 . 1/3 Baseline Traffic Model

YEAR
PAYLOAD
1980 | 81 182 |83 |34 {8 | 8 {87 |88 |8 | 90 |9
LIFE SCIENCE - - - 1 - | - 1 - 1 - 1
ATL 1 1 1 3 4 4 5 415 5 15 5
COMBINED y
ASTRONOMY - - 1 1 2 3 3 3 (3 3| 3 3
SPACE ”
PROCESSING - 1 1 2 2 3 3 3| 3 2 | 3 2
TOTALS 1 3 3 {7 s in {1 | nln |nn 1

5-15 |
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It should be noted that while each of the last seven years of this traffic model have
11 flights, the distribution of these flights between the four payloads varies.

Derivation of Flight Hardware Quantities

The quantity of Core Modules required to support all options of the 1/3 Baseline
traffic model is shown in Table 5-19 . As previously discussed in the section entitled
"Spacelab Flight Hardware Requirements", at the present KSC assessed serial ground
processing times a single Core Module can support up fo six habitable module flights per
year (given that the launches are af least 42 days apart, Therefore, from an inspection
of the traffic model (Table 5- 1 ) and the launch dates (see section entitled "Personnel
Requirements" of this volume), it can be seen that one Core Module would support all
options, The utilization of that single Core Module would, however, be quite high av-
eraging between 80 and 95% over the last seven years of the program.

Table‘ 5-19 .  Core Module Requirements for all Options
(1/3 Baseline Traffic Model)
vEAR il procEssING| UNTS | %
LS ATL | TOTAL DAYS
1980 - 1 1 71 1 27.0
1981 1 i 2 106 40.8
1982 - 1 1 45 17.3
1983 1 3 4 164,0 63,0
1984 4 4 166.4 64,0
1985 1 4 5 205.6 79.1
1986 5 5 208.0 80.0
1987 1 4 .5 205,6 79.1
1988 5 5 208.0 80.0
1989 1 5 6 247,2 95.1
1990 5 5 208,0 80.0
1991 i 5 [ 247,2 95,1
5-16
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The Igloo, SIPS and IPS requirements for all options of the 1/3 baseline traffic model
are contained in Table 5-20, The study ground rule used in the establishment of the final
SIPS and IPS program totals is, in the case of SIPS there would be an additional flight unit
added fo accommodate those missions planned to fly with two SIPS units. The IPS quantity
requirements were modified by the ground rule that the IPS would only be used on every
other Combined Astronomy type mission.

Table 5-20 , Igloo, IPS, and SIPS Requirements for All Options
(Baseline Traffic Models)

5

Flts lgloo | Total | "] Total SIP & IPS
{ ' Total Yunits | Prog % | Prog o :
Pve jca ' sp | 7 IR | Days |unl | ca [SIPS |%Usit | IPS |% unil
;1980 § - -] - [
981 - 1 | 1 34.2 | 13.2 : l
w21 1| 2 68.4 | 26.3] 37.2{1+1 143! 1 | 7.2
1983 LR 102.6 | 39.5| 37.2 4311 7.2
w84 |2 2 | 4 | 136.8 | 52.6| 74.4 28.6 | | 143
1985 13 3 {6 | | | 205.2|78.9] 111.6 2o {215
1986 13 , '3 | 6 ! 205,2 78.9E } ;
98713 3 |6 | 0 | 2052 |78.9 | ? ;
wes s 3 |6 | | 2052|789 | | ’
1989 ;3 2 |5 |1 | 1710 | é5.8 L_ RN
1990 23 . 3 | 6 \; 2052 | 78.9| ¢ : ,i, L v
199113 2 |5 | 1 | 71.0|ess] 1me] s ja2n | 4] 215

ORIGINAL PAGE IS
OF POOR QUALITY

SD 78-SR-0009-3



‘La Rockwell International

Space Dwvision

Spacelab Flight Hardware Requirements by Option

The following sections will define those hardware quantities for end items that are
option dependent. These items are Racks, Pallet Segments, RAU's; Cold Plates, Floor
Segments, and EPDB's. The Table 5-21 contains the Rack and Pallet requirement for
each of the six options evaluated.

Table 5-21 .  Rack ond Pallet Requirements for All Options
(1/3 Baseline Troffic Model)

Year
Op-~ Equipment
tion 80 | 81 lez |83 | 84| 85| 86|67 |88 |8 |90 |9
Rack 25 2D |4S 6D 6S 8D
A=T 1 bollet 2 | 3 8 10
A-3 Rack 25 2D4S 4D 6S 8D
=3 | pPallet > |3 {8 |10
Rock 25 2D |43 &D S0
B-1 | pallet . 2 | 3 g | 10
Rack AW AR S
B4 | pallet 2 | 3 g |10
c.1 | Rack 75 2D [45 éD (658D
Pallet 2 3 8 10
Rack 2S 2D 1S 6D A4S 8D
C4 | pallet 2 |3 8 10

Because of the relatively low flight rates of the model, the sume amount of Spacelab
flight hardware is required fo support all six options the only differences between options
are the actual year in which the equipment is required. In options A-1, C-1 and C-4, the
final four racks (2 double and 2 single) and ATL flight rates climbs above 3 per year.

Table 5-22 lists the RAU, Cold Plute, and Floor Segment requirements for each of
the six options,

SD 78-5R-0009-3
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Table 5-22 . RAU, Cold Plate, and Floor Segment Requirements
for all Options (1/3 Baseline Traffic Model)
Op-| g YEAR
tion | 9P §yoe0l 81 | 82 |83 |84 |85 |8 |87 |88 |89 |90 | o1

RAU 419 Ll 22

A-1 1 Cold Plate | 4 | 8 13 § 17 '
Floor 1 i 3 4
RAU 4 19 |8 22
A-3 | Cold Plate { 4 } 8 13 17
Floor LI i 4
RAU 4 19 s i 22
Cold Plate { 4 ; 8 13 17
B=1 % Floor 1 ; 3 ‘ 4

) ]
RAU 4 9 |8 22
B4 | Cold Plate | 4 8 13 17
Floor T+ 3 4
i
RAU 4 . 9 18 22
o ; Cold Plate | 4 | 8 13 17
Floor 1 i 3 4
i RAU 4 i 9 18 22
C-4 | ColdPlate { 4 | 8 13 17
Floor 1 ; 3 4
DRIGINAT, PAGE IS
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The quantities required to support all options are identical, The year in which the
resources are required are also identical, At the flight rates of the 1/3 baseline troffic
model there are no differences in the requirements for these three Spacelab hardware end
items,

The EPDB's quantities for each option are illusirated in Table 5- 23,

Table 5-23 . EPDB Requirements for All Options
(1/3 Buseline Traffic Model)

OPTION YEAR
80 |81 82|83 {84] 85| 86|87 |88 |80 io0]o
Al 1316 |1 14
A3 |3 le6 11|14
B-1 |3 16 {1114
B4 |3 16 |11 14
I ca1 |3 16 | 14 I
1 c4 |36 | 14 ;

While all options require the same amount of EPDB's, three options A-1, C-1, and
C-4 do not need their last 3 EPDB’s until 1984 when the ATL launch rate increases and
an additional 3 EPDB's are required to support this increased flight rate. Because of the
shorter total ground processing time lines, the increase in flight rate is not felt in those
three options until a later datfe,

Spacelab Flight Hardware Cost Summaries

The following six tables (Tables 5-24 thru 5- 29 ) summarize the Spacelab Flight
Hardware costs, including the year these costs were incurred, for each of the six program
options. The costs of each hardware end item (study input) were allocated in the year
preceding their first usage. Included in each table are the cosis of each end item in 1977
dollars and also the escalated annual totals, The hardware end item costs were escalated
using a 10% ennual factor. The cost of each option in constant dollars (1977 $) are equal
at 96.1 million. The launch rate and schedule of the 1/3 Baseline traffic model are not
sufficiently high enough to provide a discriminafor with respect to the quantities of flight
hardware required. While it is true that the ground processing times of the KSC options
(C-1 and C-4) are lower then that of other options, the flight rates evaluated in this model
did not fully utilize the equipment to such an extent that differences between options would
surface,

5-20
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/
Teble 5«24,  Spacelab Hardware Costs
(1/3 Traffic Model)
OPTION oD
A-1__| RACKS | PALLETS] RAU |FLOORS EPDS TOTAL COST
T - PLATES
Q
YEAR 358 | 3,002 143 .03% .027 . 038 577 ESCAL.
1979 | Sm b eom| 72 | a0 | 108 | 264 | 7.se3] e.se0
.358
1980 ol | 3.022( 715 | .o78 | 108 | .24 [ 5.461| 7.269
1981 15.110 | 1.287 .135 A0 | 16,972 24,847
1982
.358
1983 | ‘sz | 6.044| .572 | 039 | .08 | .264 | 7.843{ 13.898
1984
1985
1986
1987 '
1988
1989
1590
1991
1.074
TOTALS| 1Tg32 | 30.220 3.146 | 156 | .459 | 1.232 | 38.119| 55.504
Table 5-25.  Spaceldb Hardware Costs
(1/3 Traffic Model)
QOPTION COLD
A3 | RACKS | PALLETS| RAU |FLOORS |p arps | EPDB TOTAL COST
YEAR | :363p | 3.022 | 143 | o3 | .027 | .0s8 | $77  |ESCAL.
1979 | ‘i | som| 572 | Loz | Lo | .24 | 7.es3] 9.4%0
980 | a8 | aozm| .75 | .o | 108 | 264 | sder| 7.269
1981 15,10 | 1,267 .35 | .40 | 16.972] 24.847
1982 | a2 | .04 264 | 7024 | 11477
1983 572 | 039 | .08 0.719] 1.274
1984
1985
1986
1987
1988
1989
1990
1991
1,074
TOTALS| 1'g3p /| 30.220 | 3.146 | .156 | .459 | 1.232 | 38.119| 54.357
5-21 !
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Table 5-26,  Space lab Hardware Costs
(1/3 Traffic Model)

OPTION o -

B-1 | RACKS | PALLETS| RAU [FLOORS EPDB TOTAL COST

B2l _ PLATES

vEar | c258p | 3.022 [ 143 | 039 | 027 | .08 | S77 | ESCAL

1979 | 28 | e | .72 | Loee | 108 | 266 | 7.843] 9.4%0
-358

1980 | To1a | 3.0221 .75 | .o78 | .08 | .264 | s5.461] 7,269

1981 15110 | 1,287 35 | .40 | 6972 24.847
1358

1982 | 338 6,044 264 | 7o nLam

1983 572 | L8 | Lios 0.79| 1.274

1984

1985

1985

1987

1988

1989

1950

1991
1,074

TOTALS| 1laa2 | 30.220| 3.146 | 156 | 459 | 1.232 | ss.nig| s4.3s7

Table 5-27,  Spacelab Hardware Costs
(1/3 Traffic Model}

OPTION coLp

B4 | RACKS | PALLETS| RAU [FLOORS [pargs | EPDB TOTAL COST
vear | 30221 3022 43 | Los9 | .027 | .08 | S77 | ESCAL.
1979 ;:gg 6,044 | 572 039 108 2264 7.843| 9.4%0
w80 | ‘o | 3.022| s | .ol | .0e | .24 | s.ae| 7,269
1981 15.116 { 1.287 35 | 440 | 16.572| 24.847
1982 :223 6,044 .264 7.124 | 11.477
1983 572 | .09 | 108 19l 1,274
1984

1985

1986

1987 |

1988

1989

1990

1991

TOTALS };2;"2‘ 30,220 | 3.146 | 156 | 459 | 1.232 | 38.119] 54.357

5-22
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Table 5-28,  Spacelab Hardware Cosfs
(1/3 Traffic Model)
OPTION o
C-1_{ RACKS | PALLETS| RAU [FLOORS [,"7ze | EPDB TOTAL COST
vear | +3485 | s.022 | 143 | 039 | .02z | .ce8 | s77 | escAL.
1979 | 338 | o4 | 572 | o390 | .08 | .26 | 7843 9.490
1980 23?2 3.022 | 715 078 | .108 .264 5.461| 7.269
1981 15.110 1.287 138 A0 16.972 | 24,847
1982
.358°
1983 | tiZa | 6044 | 572 | .039 | .108 | .24 | 7.843] 13,898
1984
1985
1986
1987
1983
1989
1950
1991
1.0/
ToTas| 1ga | 30.220 | s.iae | 156 | Lase | nmz | ssiief s5.504
Table 5-29.  Spacelab Hardware Costs
(1/3 Troffic Model)
OPTION coLD
C-a | RACKS | PALLETS| RAU |FLOORS |, cs | EPDB TOTAL COST
vear | 328 | so22 | .14s | o3 | .oer | .ss | s77  |EccaL
1979 | 328 | sosa | 572 | Loss | .o | L2ss | 7843 .90
1980 :3?2 3.022 | .715 .078 .108 264 5.461 | 7.269
1981 15110 | 1.287 Ja3s | .0 | 16.972] 24,847
1 1982
358
1983 | Tasg | 6044 | .572 | .039 | .08 | .264 | 7.843 13.898
1984
1985
1986
1987
1988
1989
1990
1991
1.074
ToTALS| 1838 | 30.220 | 3046 | 1ss | asv | 122 | as.mi9| ss.s04
. 5-23
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TRANSPORTATION COSTS

Transportation Factors

The transportation factors are identical fo those discussed in the section "Transporta-
tion Factor® of this volume, The same type vehicle requirements exist, the same costing
factors, and the same fransportation times; however, these factors are balonced against
the 1/3 troffic mode!,

For details as to these factors, refer to the appropriate discussions in Section 3.0 and
4,0,

Transportation Requirements

Similarly, as with the "Transportation Factors" discussed above, transportation re-
quirements remain the same for the 1/3 traffic model, The cost of shipment of Spacelab
flight and GSE hardware to/from Level IV integration sites other than at KSC were pre-
dicated upon the total number of end items and the widih of the shipment. Shipments
requiring an oufsized carrier - greafer than 8 feet in width - required five working days
and cost $4000, Standard shipments of 8 foot in width were assumed to require two days

and cost $3000.  Shipments within the KSC complex were assumed to require one day
and cost $1000.

[n Section 3.0, Tables 3- 82 through 3-85 summarize the transportation/shipment
requirements and costs for each payload and their applicable processing options, Distrib-
uted site options are the most costly because of the duplication of out-sized carrier ship-
ments, Lead cenfer option costs reflect the feasibility of multiple out-sized elements
contained in one shipment. As expected, KSC shipment costs are minimal,

Optimum Transportation Costs - 1/3 Traffic Model

The following six tables, Table 5-30 through 5-35 , are summaries of the trans-
portation costs of the six options studied in detail: A-1, A-3, B~1, B-4, C-1 and CH4,
Each of the tables summarize the studied options for each year and for the twelve year
duration of the 1/3 mission model.
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Table 5-30, 1/3 Traffic Model

ORIGINATL PAGE IS
OF POOR QUALITY"

OPTION  A-1 YEAR .
PAYLOADS B8O 81 82 83 84 85 86 87 BB\ na, ! :?ﬁ 91 TOTAL
¥ *a
Combined Astronomy - - 42 42 84 | 126 126 | 126 126 | 12 “ N\ 126 1050
N b,
Space Processing - 15 15 30 30 45 45 45 45 30 . Q§ 375
Life Science - 70 - 70 - 70 - 10 - 70 - 420
3+
Advanced Technology 34 34 34 102 136 136 170 136 170 170 170 170 \4562
-
TOTALS  ($) 34 19 9l 244 250 { av7 341 a7y 341 39 |34 396 330, "\
'\13
Table 5-31, 1/3 Traffic Model
OPTION: 4.3 YEAR
PAYLOADS 80 81 82 82 84 85 86 87 88 a9 %0 %1 TOTAL
Combined Astronomy - - 45 45 |79 |135 135 |15 (w5 [135 135 |35 1125
Space Processing - 15 15 30 30 45 45 45 45 30 45 30 375
Life Science - 70 - 70 - 70 - 70 - 70 - 70 420
Advanced Technology 34 34 34 102 136 | 136 170 | 136 | 170 | 170 170§ 170 1462
TOTALS $ 34 ng 94 247 256 | 386 350 | 386 | 350 }405 350 | 405 3382
Table 5-32, 1/3 Traffic Model
OPTION. B-j YEAR
PAYLOADS 80 a1 62 83 84 85 86 87 88 89 20 21 TOTAL
Combined Astronamy - - 22 22 44 66 66 66 66 66 3 66 550
Space Pracessing - 15 15 30 30 45 45 45 45 30 45 30 375
Life Scrence - 17 - 17 - 17 - 17 - 17 - 17 102
Advaneed Tachnology 14 14 14 42 56 56 70 | s6 70 70 70 70 602
TOTALS (%) 14 46 51 i 130 184 81 | 184 181 183 181 {183 1629
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Table 5-33,
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OPFION:  B-4 YEAR
PAYLOADS 80 81 | 8z | @3 84 85 86 | 87 88 | a9 90 | 9 TOTAL
Combined Astronomy - - 22 22 44 66 66 66 66 66 66 66 550
Space Processing - 15 15 30 30 45 45 45 45 30 15 30 375
Life Science - 17 - 37 - 17 - 17 - 17 - 17 02
Advenced Technalogy 14 14 14 42 56 56 70 56 70 70 70 70 602
TOTALS  ($) 14 46 51 11 130 | 184 181 | 184 181 183 181§ 183 1629
Table 5-34, 1/3 Traffic Model
OPTION: c-1 YEAR
PAYLOADS 80 8l | 82 | e3 84 85 86 | 87 88 | 89 % | 9 TOTAL
Combined Astronomy - - 3 3 é 9 9 9 9 9 9 9 15
Space Processing - 4 4 8 8 12 12 12 12 8 12 8 100
Life Science - 3 - 3 - 3 - 3 - 3 - 3 18
Advonced Technology 3 3 3 9 12 12 15 12 15 15 15 15 129
TOTALS $) 3 10 10 23 25 36 36 36 36 35 36 35 322
Table 5~35, 1/3 Traffic Model
OPTICN C-4 YEAR
PAYLOADS 80 81 | 82 3 B4 85 Bs | 87 g8 | 89 9w | 9 TOTAL
Combined Astronamy - - 3 3 & g 9 9 9 9 9 9 78
Space Processing - 4 4 8 8 12 12 12 12 8 12 8 100
Life Science - 3 - 3 - 3 - 3 - 3 - 3 18
Advanced Techaology 3 3 3 9 12 12 15 12 15 15 15 15 129
TOTALS ($) 3 10 10 23 26 36 36 36 36 35 36 35 322
5-26
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A summary table has been generated which details the various options studied with
regard to the 1/3 Traffic Model based on the four study payloads, Table 5-36.

OPTION.  The options which were studied in detail are A-1, A-3,
B-1, B-4, C-1 and C-4, There is no option A=3 for Space Processing;
however, option A-2 was studied in its place.

YEAR,  The model time span was a 12-year pericd scheduled from
1980 through 1991,

COST PER FLIGHT-BASELINE., These are the costs in thousands

of dollars as established in the section entitled "Transportation Requirements”,

NUMBER OF FLIGHTS,  For each payload studied, a total number
of flights are identified based on the 1/3 Traffic Mode! for each year,

TOTAL TRANSPORTATION COSTS. The dollar amount in this

column is a result of multiplying the number of flights times the frans-
portation costs per flight (i.e., in 1984 there are 10 flights scheduled
X 34(000) dollars = 340(000) dollars),

ALL PAYLOADS TOTAL,  This is an accumulation of each payload's
Total Transporfation Cost column.

INFLATION FACTOR,  An inflation factor was calculated for each
of the years in the mission timeline based on an annual 7% compounded

rate,

INFLATED COSTS,  These are the final escalated transportation costs
calculated by multiplying the straight fotals by the inflation factor,
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1/3 TRAFFIC MODEL -
PAYLOADS ATL CA LS 5 TOTALS
COST PER ER | TOTAL | COST PER TOTAL | COST FER TOTAL | COST PEX T

OPTION VEAR FLIGHT ng:ﬂ TRANSPORT FLIGHT Nug?“ TRAMNSPORT FLIGHT NUQFDER TRANSFORT|  FLIGHT Ntﬁ&k TRAI%%T ALL {MFLATION] INFLATED

WSEUNE | girs | COSTS | BASEUNE | pygurc | SOSTS | BASELINE | pyigurs | COBTS | BASELNE | i | GONTS | TOTAL | sacroR [ COM

K} 113} [119) K} $8K) (K} $K) (K} %) %)

1980 1 a - - - - - - 3 1225 41.45

1981 1 u - - 1 70 1 15 119 13N 156,00

1982 1 a4 1 47 - - 1 15 kil 1463 127,47

1983 3 102 1 42 t 7o 2 o] 244 1 561 364,24

1984 4 136 2 g‘ l- _n; 2 30 250 1 606 401,50

1985 4 136 3 5 3 45 arz 1 718 547,49

At 1984 u p 17 42 3 126 n - - s 3 4 341 1 838 626,76
1987 4 135 3 126 1 0 k] A5 a7 1,967 741,58

1988 5 5 3 126 - - 3 It 341 2108 717,81

1589 5 W70 3 126 1 7t 2 30 3% 2 252 891, 7

* 1990 5 i70 3 126 - - 3 45 K| 2,410 821,81
1991 5 0 3 126 1 By 2 30 396 15m 1021 22

1980 1 N - - - - - - ” 1225 a,é5

1981 1 X - - 1 b 1 15 119 131 156,01

1982 1 M ] 45 - - 1 15 o 1403 131,88

1983 3 102 § f,: 1 70 2 % 247 1 501 37075

1984 4 13 2 - - 2 256 1 806 410,14

A3 1985 £ i 138 42 3 135 70 ) Fu] 13 3 45 386 1718 583 15
A2 FOR 57 1584 5 170 3 135 - “ 3 45 50 1 038 843 30
1987 4 134 3 135 1 n 3 45 388 1967 759 26

1988 5 170 3 135 - - 3 45 350 2 105 736 75

1989 5 170 k| 135 1 7 2 e 405 2 252 12 04

1950 5 170 3 135 - - 3 43 150 2,410 843,50

1991 5 70 3 135 1 ™ ? 0 405 2 579 1044 49

1980 1 " . . - - - - in 1.225 17,15

1991 1 M . - 1 17 1 15 46 1,301 40,31

1982 1 n 1 22 - - 1 15 51 1.403 71.58

1983 2 2 \ 2 1 17 2 30 n 1501 186 61

1984 i Py 2 a“ - - 2 % 130 1 &00 200 78

1985 " 4 5 e 3 13 17 1 17 15 3 45 184 1.718 38 11

! 1986 5 ™ 3 pre - - 3 45 181 i 838 332,49
1987 4 5 3 & 1 17 3 45 184 1 967 361 9

1988 5 E 3 & - - 3 45 18l 2103 201 o1

1959 5 ] a ] 1 7 2 30 133 2 252 412 12

1990 5 " 3 6 - - a a5 18§ 2 410 434,21

1991 5 m 3 & 1 17 2 30 18 2 579 471,95

1980 1 "% - - - - - - 14 1225 1715

1984 , ) " - - 1 7 1 15 i 1,311 0,31

1982 t " 1 2 - - 1 15 51 1,403 71.55

1983 3 2 1 2N 1 7 2 30 M 1 501 166,61

:% 4 56 2 :46 ; G 2 30 130 1 &06 208,78

N 56 3 3 45 184 1,718 g, 11

84 1986 1 3 4 u 3 o 7 - - 5 3 45 181 Vese | a0z.e8
1987 4 56 3 5 1 17 3 45 184 | 967 361,99

1988 5 n 3 & - - 3 45 181 2105 281,01

1989 5 70 3 [ 1 7 2 0 183 2 252 412,12

1990 5 7 3 8 - - 3 45 181 2 410 435,21

1991 5 7 3 4 1 7 2 0 183 2 579 471 95

1980 1 3 - - - - - - ] 1,225 2,48

1981 1 2 - - ' 1 1 4 10 130 13,1

1782 H 3 ] 3 - - 1 4 10 1,403 14,08

1983 1 ] 1 3 1 E] 2 8 2] 1,501 34,52

1984 4 12 2 6 - - 2 [ % 1606 41,74

o 1585 3 4 12 3 3 ¢ 3 ! 3 4 3 12 % 1718 61,85
1986 5 15 3 ? - - 3 12 3 1838 86,17

1987 r 12 3 b 1 3 3 12 % 1,967 70,81

1958 5 15 3 ? - - 3 12 36 2,105 75,79

1959 5 15 3 ? 1 2 2 8 s 2,252 78 82

1990 5 13 3 ? - - k] 12 34 2 410 25 76

1991 5 15 3 7 1 3 H 8 s 2 57¢ 50,27

1980 1 3 - - - - - - 3 1,225 2,68

1981 1 k] - - 1 3 1 4 10 1,31 13,1

1982 i 3 1 3 - - 1 4 0 1,403 14,03

1983 k] ? 1 2 ] 3 2 B 3 1,501 34,52

:ﬁ 4 :; 2 [ - 3 2 L g 1 406 41,76

4 3 9 H 3 12 1 718 81,85

c-4 1985 3 5 Is 3 3 ¢ 3 - - 4 3 12 » t 838 8,17
1987 4 12 3 3 1 2 3 12 3 1,947 m.81

1788 5 15 3 ? - “ 3 12 3% 2,105 .7

1989 5 15 3 ? 1 3 2 ] » 2 252 78,82

1990 5 13 3 ? - - 3 12 3% 2 410 85,75

1991 5 15 3 9 1 3 2 ] 3 2,57% 0,27

» "9g-G @[qoL

(|opowy 214341 £/1)
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RESOURCE COST SUMMARY (1/3 BASELINE TRAFFIC MODEL)

This section summarizes the resource costs for all six options evaluated with the 1/3
Baseline traffic model. This section summarizes the costs developed for the four major
resources areas: Spacelab Flight Hardware, Level IV "hands-on™ personnel costs, Level
IV Spacelab GSE, and Transporiation costs. The launch schedule of the 1/3 Baseline
Traffic Model builds up to a rate of 7 flights/year by the fourth year of the program (1987).
The maximum flight rate is 11 flights/year, To support the launch schedule of this program,
in all options, 91.8% of all the Spaceldb flight hardware must be purchased by the third
year of the program, This is illustrated on Figures 5~ 11 thru 5-12 |, These are the annual
spending figures and the cumulative program resource requirements for each of the six op~
tions evaluated,
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20 | . _
15 |
T —
ANNUAL ! Personnel 22777777
EXPENDITURES GSE
L 103 Transport'n  M—
11977 1
DOLLARS)
54
oz N
y
] 7
! e Y Z %Z_“_ZZ _EZQ 42
RESOURCE \YR| 79 go | 81 82 | 83 84 85 86 | 87 88 39 90 91 | 1oraLs
FLT HDWE 7.84 | s5.46{1697 | - | 7.84 | — _ — | - — | -1 = — | =s
_ |PERSONINEL — | 023 058) o0.55] 1.36] 1.55 {250 |21 200 | 20} 28] 2.0 | 218 1916
GSE j.64 | 3.26 2,42 - — _— - — - — —_— - -— 7.32
TRANSPORT'N, | —- | 0.03 | 0.12| 0.09]| 0.24] 025 1 0.38 {0.3¢ o038 | 03¢ | 0.0 034 | 0a0| am
TOTALS 778 | 9.48| 8.98 | 20,09 | o0.64| 9.44 | 1.80 | 2.48 {2.45 | 248 | 2.45 | 258 | 2.45 | 2.58 | 67.90
ESCALATEDS | 135 | 11.24 | 28.93 ) o0.90{17.21 | 2.90 |4.25 {4.50 |4.86 | 5.15 | 5.80 | 5.90 | &.54 | 109.53
Figure 5-1. Option A~1 Resource Summary (Annual Spending)
(1/3 Traffic Model)
75}
]
PROTR ™
B!
.-"‘.-—
.I-‘-‘-
» et
-o-"‘—
50 4 vt
CUMULATIVE POY Ll
EXPENDITURES
§ MILLION FLIGHT HARDWARE
(1977 DOLLARS) '
05 L ORIGINAL. PAGE IS
OF POOR QUALITY
pERSON e
. GSE
/<--.:-:-.:'.:'.'.'.'.‘.'.'.'.'.'.'.'.'......................-....---------------"“""““"""fﬁf&f\iél;aémnON
ResOURCE \YR | 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1983 | 1989 | 1990 | 1991
FLT HDWE 7.84 | 13,30 | 30.27| 30.27] 38.11 ag.n
PERSONNEL — | 023} o.81| 36| 2.72| 4.27 | 6.7 | 8.48 | 10.58 | 12.49 | 14,87 | 16.98 | 19,16
GSE 64| 490} 7.32 7.32
TRANSPORT'N, — | 003} 0.15| 0,24 o048 073 } 1.0t | 1.45 | 1.83] 27| 2.57| 2.91| a3
TOTALS '77 § 9,48 | 18.46] 38.55 | 29.19| 48.63 | 50.43| 52.91| 55.36 | 57.84 | 60.29 | 62.87] 65.32| 67.90
Figure 5-2 . Option A-1 Resource Summary (Cumulative Spending)

. (1/3 Troffic Model)
5.-30
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ANNUAL FleHdwr [ ]
EXPENDITURES 15 Personnel Y77
$ M ,
Transport'n  Eee—
(1977 ] ’
DOLLARS) N
3 .
oSy w
* 7 9
~ 7 / n
ResOURCE \vR| 79 | 80 81 82 83 84 85 86 | 87 88 | 89 90 91 | TOTALS
FLT HDWE 7.84 | 5.46 1697 | 712 72} - -} - —_ - | - - 38.11
PERSONINEL - (0271 0.65] 065 | 157} a3 245 | 2,47 | 2,45 | 247 2.57 | 2.47 | 257 | 22.42
GSE 2,051 3.26 | 242] - - - -1 - | - S IO - 7.73
TRANSPORT'N.| - | 0.03 | 0.12] 0.09] 0.25 | 0,26 0.39 | 0.35 | 0,39 { 0.35) 0.41 | 035 | 041 3.40
TOTALS '77% | 9.89 | 9.02 | 20.16| 7.86 | 2.56 | 2,09 [ 2.84 | 2.82 | 2.84| 282 2,98 | 282 [ 298 1 71,66
ESCALATEDS [I1.84 | 11,20 | 20.02] 12.52 | 3.99 | 8.34 | 4.87 | 5.19 | 558 | 5.95] 6.70 | 6.80 | 7.68 | jj4.77
Figure 5-3,  Option A-3 Resource Summary (Annual Spending)
(1/3 Traffic Model)
751
et
,‘Oﬂ\\.‘ =t
""“’
o=t
CUMULATIVE o
EXPENDITURES
FLIGHT HARDWA
$ MILLION i —
(1977 DOLLARS)
25 4.

----- dvapasesnEEdBR

TRANSPORTATION

RESOURCE \YR 1979 | 1980 1981 | 1982 1983 ] 1984 | 1985 1985 1987 1988 | 1989 | 1990 |} 1993
FLT HDWE 7.84 1 13,30 30,27 |37.39 | 38,11 §36,%1 | 38,11 138,11 138,11 | 38,11 | 38,131 § 38.11 [ 38.11
PERSONNEL - 0,27 | 0,92 | 1.57 3,14 | 4,97 | 7.42 | 9,89 |12,34 [ 14,8} }17,38 119,85 | 22,42
GSE 2,05| 5.03| 7.45 } 7.45 7.45 | 7.45 | 7.45 | 7.45 | 7.45 7.45 | 7,45 | 7.45 ) 7.73
TRANSPORT'N, - 0.03 ] 0,15 0.24 0,49 | 0,75 1,14 1,49 11,88 .23 ] 2,64 | 2,99 | 3.40
TOTALS '77 § 9.89 |_18.91 | 39,07 | 46,93 § 49.47 | 51.56 | 54,40 | 57.22 { 60.06 | 42.88 | 65.86 | 48.48 | 71,66

Figure'5- 4 , Option A-3 Resource Summary (Cumulative Spending)

(1/3 Troffic Model)
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ANNUAL
EXPENDITURES 13 7]
$ R Flehdwe [ ]
P ! w2
_ . a7
(1977 10 GS
N T t'n SR
DOLLARS) . ransport'n
5 .
; - 7 7 7
7, B 7 7. 7 7
RESOURCE \YR| 79 80 81 82 83 84 a5 Bs | 87 68 | 8¢ 90 91__| TOTALS
FLT HDWE 7.84 | 5.46 |l6.97 | 7.12 } 0.72 -— - - - - - -— - 38,11
PERSOMNMEL - 0.24 | 059 059 1 1,42 186 2221 | 2.25 | 2,21 | 2,25 | 2.30 | 2.25 | 2,30 | 20.27
GSE .83} 1.32 f 25| -- - - - - — - _— U 3 40
TRANSPORT'NL | —- 0.0) foo5 | 005 | o.1ni 0.13) 0,18 o0.18 { 0,18 | o,18 10,98 | 0,18 | 018 1,61
TOTALS '77 § g s7] 703|886 | 7.76 | 2.25 | 1.79| 239| 2,43 ] 2.39 | 2,43 | 2,48 | 2.43 | 2.48 |' 63,39
ESCALATED $ | 10;44 ) 9.9 | 27.32 |12.38 | 3,57 | 2.88) 4.12| 4,47 | 4.7t | 5,12 } 5,58 | 5.86 | 6.39 102,03
Figure 5-5,  Option B-1 Resource Summary (Annual Spending)
(1/3 Traffic Model)
75 4- .
101.:\' --"“'
Ll
s nu-l“-"
1"—'-
‘1" .
3 ',o‘
CUMULATIVE _‘___..u
wt
EXPENDITHURES -t
FLIGHT HARDWARE
$ MILLION
{1977 DOLLARS)
ORIGINAL PAGE IS
=T OF POOR QUALITYi
geRSONIEL
vennener GSE
T
i JRANSEQRTATION. ...
RESOURCE \YR 1979 | 1980 | 1981 {1982 | 1983 | 984 [1985 | 1986 | 1987 § 1988 | 1989 | 1990 | 199
FLT HDWE 7.84 1 13.30 | 30.27] 37.39 | 38.11] 38.11 | 38,11 § 38,41 | 38,11 [ 38.11 § 38,11} 38.11 | 38,11
PERSONNEL -— 0.24 0.83] 1.42 2.84| 4.50 6.71 | 8.96 | 11,17 | 13.42 | 15,72 17.97| 20.27
GSE 0.83} 2.15 | 3.40] 3.40 | 3.40| 3.40] 3.40| 3.40 | 3.40 | 3.40| 3.40] 3,40} 3.40
TRANSPORT'N. -- 1 0,01 0.06f 0,11 | 0.22] o.35! o053 0.77{ o.89] 1,07 1.95| 1.43] 1Le6lf
TOTALS *77 § 8.67 1 15.70 | 34.56] 42.32 | 44.57| 46,39 [ 48.77 | 51.18 | 53.57 | 56.00| 58.48] 60,91| 63.39
Figure 5-6 .,  Option B~1 Resource Summary (Cumuletive Spending}

(1/3 Troffic Model)
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ORIGINAL P{i&m
ANNUAL OF POOR Q
EXPENDITURES 15 7
5 8 Flt o [ ]
P
persoane W2
(1977 10
7 Trmspclt'n Mee———
DOLLARS) _—
5 —
A &
[7 7 k. V7 i
, 7.0 24 U A ) 7
RESOURCE wR| 79 a0 81 82 83 84 85 B4 87: 88 89 %0 91 | YOTALS
FLT HDWE 7.84| 5,48 | 1497 | 712 | 072 { -- - - - - - - - 38.1t
PERSONMEL = [ 025 | 06006 | a7 | 173 | 229 ) 234 | 229 | 2,34 2,38 [ 2.34 |z.38 | 21.0
GSE 07| s La| - -] - - — - - - — 3.8
TRANSPORT'N|  ~- | 0,01 § 0.05 | 0.c5 | o.11 | 0.13 | o0.18 0.18 3 0,18 |0.18 |o1s jois |oig 1,61
TOTALS 775 | 8.63) 6.90 |18.83 | 7.78 | 2,30 | 1.86 | 2.47 2,52 | 247 j2.52 ) 2,55 1252 | 258 | 3.9
ESCALATED S 110,39 | 9.03 | 27.28 {12,41 | 3.64 | 2.9 | 4.25 464 | 4.86 |53 |5.77 | 6,09 | 6.61 | |o3.27
Figure 5-7,  Option B~4 Resource Summary (Annual Spending)
(1/3 Traffic Model)
751 .
ws”
OIS wme™
‘.nﬂ‘-
st
o —---—“"
" e
50T me
CUMULATIVE ™t
EXPENDITURES
FLIGHT HARDWARE
$ MILLION
(1977 DOLLARS)
25 -
B e
9E%§9§3i""'
e paaeetttt \ GSE
e TRANSEQRTATION... oo eereeemveeee oo
RESQURCE \YR 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1585 | 1986 | 1987 | 1988 1989 | 1990 | 199
FLT HDWE 7.84] 13.30§ 30.27) 37.39( 3811 38.11 | 3810|380y | 3e.01 2811 [ 2e.11 | 3. 11 38, 11
PERSONMNEL - 0.251 0.85] 146 2.93( 4.66] 6.95 | 9.29 | 11.58 ) 13.92 | 16.30 18.64 | 21,02
GSE .72 .97 3.18) 3.8 3.8| 3.18] 3.0 3,18 .18 3,18 3,18 3.18| 2,18
| TRANSPORT'N. =t 0.01{ 0.68] G.il| 0.22| 035] 053 | 0.7 | 89| 1.07) 1.25| 1.43 1,61
TOTALS 77 § 8.631 15,53 | 34.36] 42,14 | 44,44 | 46,30 | 48.77 | 51,29 | 53.76 | 56 28 58.84 | 61,35) &3.92

Figure 5-8 ,  Option B—4 Resource Summary (Cumulative Spending)
(Traffic Model)
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DOLLARS) -
5 -
£/
220 7B, , : %7
RESOURCEWR 79 80 81 82 83 84 85 86 a7 58 89 90 91 | TOTALS
FLT HDWE 7,841 5.48( 16,97 ~- 7.84 1 - - -} - - - - — 38,1
PERSOMMEL —_ 0,2& 0.858 0,48 1.60 1.89 2.53 2,57 2,53 2,57 2,62 2,57 2 42 23.10
GSE 0.83 § 0.25 | 0.51 - - - — - - - - -— - 1 59
TRANSPORT'N] —- — J o0t} o00 §foozto0 joos |004 |God |004 Jo04 o4 |0.04 0 35
TOTALS '77% | .67 | 5.97 | 18.15 | 0.69 | 9.46 | 1,92 | 2.57 | 2.61 | 2.57 | 2.61 | 2.66 | 2.81 | 2.& £3.15
ESCALATED S | 10.44 | 7.89 [ 26.37 | 0.96 { 16,34 | 3.07 [ 4.40 [4.79 [ 5.04 |5.49 }5.97 [6.28 |e.84 103.90
Figure 5-92, Option C-1 Resource Summary (Annual Spending)
(1/3 Traffic Model)
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* FLIGHT HARDWARE
{1977 DOLLARS) P
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€L, e
pERSONE
e AN LR AT Ik oarnnes cereers
RESOURCE \YR 1979 1 1980 | 1981 j 1982 | 1983 {1984 | 1985 )iess | 1987 | 198 | 1989 | 1990 | 1991
FLT HDWE 7.84 113,30 | 30,27 | 30,27 | 38,1t ] 3801 | 3811 ] 3611 381 | 38| 38,11] 38,71 | 38, 11
PERSONMEL - | 026 | 0.92] 1e0| 3.20] 5.00| 7.62] 10.19| 12.72| 15.201 17,91 20.48 | 23.10
GsE 0.83 | 1.08 | .59 1.59| 1.59| 1,52 .59 1.59| 1.59| 1.59| 1591 1.59} 1.5¢
TRANSPORT'N. — | — loo1]| o002 004] 0.07| o.11 | 0.35| 0.09| 023] 0271 031| 0,35
TOTALS 77 § 8.67] 14.64132.79 | 33,48 | 42,94 | 44,86 | 47.43 | 50.05 ] 52 61| 55,22 | 57,88 | e0,49 | 63,15

Figure 5-10 ., dpfion

C-1 Resource Summary (Cumulative Spending)
(1/3 Troffic Model)
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RESOURCE \v&| 79 | 80 | & 82 | a3 84 | 85 | 86 | 87 | 8 89 | 90 91 |TOTALS
FLT HDWE 7.84 | 5.46|16.97 - 7.84 - i - —-— - — - -— 38.11
PERSONNEL — | o029l 0.69] 070 { 1.67 | 197 21 | 2,67 {261 | 2,67 |27 | 267 | 270 | 2.97
GSE 0,791 0.11] 0.54 - — - -— — - — _- -— — .44
TRANSPORT'N.] -~ | — | 0.01 | 0.0t | 0.02 | 003]|0.04 |0.04 {004 | 0,04 [004 | 0,04 | 004 ]| 035
TOTALS 773 | 8.63| 5.86]18.20 | 0.71 | 9.53 | 2.00] 2.65 | 2.71 [ 2.65 | 2.7 | 275 | 271 | 2.75 | e3.87
ESCALATED § | 10.39 | 7.76| 26,47 | 0,99 | 16.44 | 3.20 | 4.54 | 4.97 | 5.20 | 5.69 | 6.19 | 6,52 | 7 09 | 105.45
Figure 5-11,  Option C~4 Resource Summary (Annual Spending)
(1/3 Traffic Model)
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RESQURCE \YR 1979 1980 1981 | 1982 1983 1984 1985 1984 1987 1988 1989 1990 1991
FLT HDWE 7.84 | 13.30 | 30.27{ 30,27 | 38,11 ] 38,11 38,11} 38,11 [ 38.11| 38,11 [ 38,11 | 38,31 [ 33,1
PERSONNEL - 0.25 | 0.98] 1,68 3.35] 5.32  7.93) 10.60{ 13,21 15.88 | 18,59] 21.26| 23,97
GSE 0.79 | 0.50 VA4 144 | 4 | 144 44 ) V44| 144 T4 1.44] 144 144
TRANSPORT'M. - - 0,01] 0,02 | 0,04 0,071 0,11 § 0,15| 0.19| o023} 0.27]| 0.31] 0.35
TOTALS 77 § 8,63 114.49 | 32.70{ 33.41 | 42,94 144,94 |47.59 | 50,30 | 52,95 | 55.66 | 58.41 | 61.12] 63.67

Figure 5-12.

Option C-4 Resource Summary (Cumulative Spending)

(1/3 Troffic Model)
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Table 5-37 contains the fotals of the four resource categories for the six options
evaluated, In this 1/3 Baseline Troffic Model, the lowest total option costs are for
C-1 the KSC option with dependent experiment checkout and no combined payload
checkout prior to Level /1] integration af the O&C building. Despite the high per-
sonnel costs, the transporfation GSE and flight hardware costs for this program are the
lowest of any of the six options and the resultant total is also the lowest. Since these
options all require the sume amount of Spacelab flight hardware, the total dollar (1977 $)
differences for the other three resource categories are:

Option Total © Delta %
C-1 25,14 - -
B-1 25.41 .27 1.1
C-4 25.76 .62 2.5
B-4 25,81 .67 2,7
A-1 29.51 4,37 17.4
A3 33.27 8.13 32.3

* for personnel, GSE, and Tronsportation only

Table 5-37.  Summary of Cption Costs (1977 $M)
(1/3 Baseline Traffic Model)

OPTION
A-l A-3 B-1 B~4 C-1 C-4
FLIGHT HARDWARE 96.11 96.11 96,11 96,11 96.11 96,11

RESOURCE

PERSONNEL 19.16 22,421 20.21 21,02 23,10 23,97
GSE 7.04 7.45 3.40 3.18 1,60 1,40
TRANSPORTATION 3.31 3.40 1.74 1.61 0.35 0.35

TOTALS 125,62 | 129.,38¢ 121,52 | 121.92 | 121,16 121.83

ORIGINAL PAGE IS
OF POOR QUALITY
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While the first four options are almost equal in cost, there does exist a 4 million
dollar difference between these four and the distributed option A~1, and an 8 million
dollar difference between A-3 and the four fowest, ’

At the lower flight rates of the 1/3 Baseline traffic model, the resouce requirements
for the ground processing categories of "hands-on" Level IV personnel, the Level IV inte~
gration GSE ond the Transportation cost totals are all relatively equal for the Ceniralized
and the KSC cptions. These two sefs of options are,however, less expensive than the dis-
tributed site options. Because of their lower fotal ground processing serial flow times, the
KSC options would offer the additional advantage of utilizing less of the available total
werk days on the Spacelab flight hardware. The Combined Astronomy serial ground pro-
cessing flow times for option C-1 are 53,9 working days. In option B-1, these same pro-
cessing activities fake 61,9 days, an 8 day difference. At the peak flight rate of the
1/3 Traffic Model (11 flights per year), there are 3 Combined Astronomy missions. The
requirements of each option can be satisfied with one set of 5 pallet segments in either
case. Therefore, for these missions, the Spacelab flight hardware costs for pallet seg-
ments would be identical. The processing times, however, would be 161.7 days total
for option C~1 and 185, 7 days for option B-1. This 24 day difference is not significant in
that af 3 flights per year it does not add flight hardware equipment costs but it does re-
duce the ability of option B-1 to accommodate schedule slippages and contingencies, Also,
opfion C-1 is capcble of supporting a fourth C/A missicn without any additional flight
equipment (215, 6 days processing time) and with some margin in its capacity. Option
B-T on the other hand will require 247, 6 days out of the 250 available working days (99%)
Thus, while the equipment requirements (at the launch rate of the 1/3 Baseline traffic
model) are the same Option C-1 would have the advantage because of shorter ground pro-
cessing flows, of tieing up the equipment and facilities less than any other option.

5-37
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A
AAM
AC
ACCEL
AFD
AMP
ANAL
ARC
ASSY
ATL
ATT
AVG

8/l
BLKHD
BRKT
BSHF
BUP

c
CA
CACB
cB
ccTv
c/b
CDMS
cg
CITE
CM
CMD
c/0
CNTR
COAX
CONN
CORE
CPU
CRT
CRYO
cs
CTRL
caw

Dbl

DC
DDU
DED
DEMOD
DEP
OFP
DiAa
DIFFER
DIsT
DWG
DY

6 E Space Division
Rockwell International

ACRONYMS AND ABBREVIATIONS LIST

Angstrom

Ambient Air Moniter
Alternate Current
Acceleration

Aft Flight Deck
Amplifier

Analysis

Ames Resecrch Center -
Assembly

Advenced Technology Loboratory
Attitude

Average

Baseline

Bulkhead

Bracket

Bio Science Holding Facility
Buyildup

Centigrade

Combined Astronomy

Center Aisle Connector Bracket
Conister Brocket

Clozed Cireurt Television
Controls/Displays

Command and Date Manogement System
Center of Gravity

Cargo Interface Test Equipment
Centimster

Command

Checkout

Control

Couaxial

Connector

Common Cperational Research Equipment
Centrol Processing Unat
Cathede Ray Tube

Cryogenics

Command/Coatrol System
Control

Caution ond Waming

Double

Direct Current
Data Display Unit
Dedicated
Demodulator
Dependent
Dedicates Freon Pump
Dicmeter
Differential
Distribution
Drawing
Dynamics

Engineer
£lectracordiogram
Environment Contral System
Expetiment Definitien Pockage
Explere Gamma Ray Experiment Telescope
End Item
Electrocardiogram
Electrolite
Electromagnetic Interference
. Qevlographic
Experiment Power Distribution Box
Expeniment Power Switching Panel
Electrical /Environment System
Experiment
Experiment

FACL
FILT
FLT
FOV
Fs5
F55
FT
FUNCT
FURN
FWD
FZR

g

GE
GiN2
GPR
GSE
GSR

HDWE
HDRM
HE

He

HF

He

HV
Hz

ICRS
MU

IND
INT
INVERT
INSTAL
INVAY
IR

IRY

1O

Facility

Filter

Flight

Field of View

Flight Support System
Forwerd Support Structure
Foot, Feet

Function

Fumish

Forward

Ereezer

Gravity

General Electric

Gaseous Nifrogen

Giound Processing Requirements
Ground Suppert Equipment
Ground Suppert Requirements

Hardware

High Data Rate Multiplexer
Heat Exchanger

Heljum

Holding Factlity

Haur

High Voltage

Hertz

Intercomm Remote Station
Inerfial Measurement Un it
Inch

independent

Integrated

Inverter

Installation

fnvohvement .
Infrared

Inertial Reference Unit
Input/Qutput

Instrument Pointing System
Interconnect Station
Introventricular

Jettison Cable
Johnson Spaceflight Center

Kelvin
Kilogram
Kennedy Spaceflight Center

Lower Body MNegative Pressure
Large

Liqui/Gas Heat Exchanger
Liquid Helium

Liquid Nitrogen

Life Science

Meter

Measure

Mechanisr, Mechanical

Medium Energy Gamma Ray Detector
Metered

Million Electren Volts

Multiple Instrument Compartment
Miscellenecus
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mm

MOD
M/P, MP
MPE

Ms

Mss
MTRS

QAF
Q&c
QEM
OFLA
ONLA
OFF
OPS
OsC
QOSCILL

PC
PDB

B/L
PMT
PNL
POS
PSS
PWR

RAD
RAL
RBC
RCS
RCVYR
REC
Red
RESPIR
r f.
R.O.

Milimeter

Module

Manpower

Moltipurpose Fumnace
Mass Spectrometer
Mission Specialist Station
Meters

Orbiter Aft Flight
Operations and Checkout

Crbital Environment Monitor

OFff-line Assembly
On-line Assembly

Orbiter Processing Facrlity

Operations
Oseiloscope
Cscilloscope

Pawer Cable

Power Distribution Box
Principal Investigator
Payloed
Phatomultiplier Tube
Panel

Position

Payload Special Station
Power

Radius

Remote Acquisition Unit
Red Blood Cell

Reaction Control System
Recerver

Recorder -
Reduction

Respiration
Radio.Frequency

Read Out

5C
SCINT
SEG
SHe
SI1G
S1Ps
SIRTF

s/

SPAR
SPECT
S5Us
STBD
$TS
suB
SURV

oY
TELE
LM
TRANS

uv
VERIF
YAC
voC

KMTR
XPORT

g Q Space Division
Rockwell Internatonal

Signal Cable

Scintilator

Segment

Super Critical Helrum

Signal

Small Instrument Pomting System
Shuttle Infrared Telescope Faeility

Spaceiab

Space Processing

Space Processing Application Rocket
Spectrometer

Sold Spinning Upper Stage
Starboord

Space Tronsportation System
Substitute

Survey

Technicion
Temporary Duty
Telescope
Telemetry
Transportation

Ultraviolet
Verify, Verificotion
Yoltage Altemating Current

Voltage Direct Current

Traasmstter
Trensport
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