View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by NASA Technical Reports Server

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)


https://core.ac.uk/display/42846184?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

e R-MEDe

¢ (NASK=CEK=171850~-Vecl~-3) SPAMCE NB5-200C2 }
. THANSEURTATTIOIN SYSTBM (S1S) EROPBLLANT |
J SCAVBNGING SYSTEN STUDY, VCLUME 3: COST

Unclas

| AND WORK ERBAKDOWS STBUCTUBE-TICTIONARY
FinaZ Repnct (Rockwell Intgrqatzonal Corp.) q3/16 ‘!8133

STS 84-0570

. SPACE TRANSPORTATION SYSTEM (STS)

. PROPELLANT SCAVENGING SYSTEM STUDY FINAL REPORT

| - VOLUME T11 p

COST AND WORK BREAKDOWN - -
STRUCTURE/DICTIONARY

JANUARY 1985

;._ M

Contract NAS9-16994
~ DRL T-1811

i

‘li Rockwell International

{( . Space Transportation
e R smemlnlmlon

L
o



STS 84-0570

SPACE TRANSPORTATION SYSTEM (STS)
PROPELLANT SCAVENGING SYSTEM STUDY FINAL REPORT
VOLUME 111
COST AND WORK BREAKDOWN
STRUCTURE/DICTIONARY

JANUARY 1985

Contract NAS9-16994
DRL T-1811

‘l' Rockwell International

Space Transportation
Systems Division




Section

Space Transporiation ‘ Q
Systems Division

CONTENTS

COSTING APPROACH, METHODOLOGY, AND RATIONALE
1.1 Parametrized Scavenging System Costs
1.2 Cost Ground Rules

SUMMARY COST PRESENTATIONS

COST ESTIMATES BY WBS ELEMENT

TOTAL PROGRAM FUNDING

ECONOMIC ANALYSIS

WORK BREAKDOWN STRUCTURE AND DICTIONARY

ii

L}

STS 84-0570-3

Rockwell
Internationsal

Page

W o -

10

i
i

Pt



Figure

Wy -

Table

Ly —

Space Transportation ‘
Systems Division

ILLUSTRATIONS

Cryogenic Propellant Cost Sensitivity

Summary Schedule for STS Propellant Scavenging System
Cryogenic Propellant Scavenging System Funding
Storable Propellant Scavenging System Funding

TABLES

Propellant Scavenging Program Cost Summary
Propellant Scavenging Program Element Costs
Propellant Scavenging DDT&E and Production Costs

iii

STS 84-0570-3

Rockwell
international

Page

w0 0o Co =

Page

3T R

A IS

o

“

N T

s,

2

L e L




Space Transportation ‘ Rockwell
Systems Division International

1, COSTING APPROACH, METHODOLOGY, AND RATIONALE

Fundamentally, the voiumes of the oxidizer and fuel propellant scavenged
from the orbiter and external tank (ET)} determine the size and weight of the
scavenging system., The optimization of system dimensions and weights is stim-
ulated by the requirement to minimize the use of partial length of the orbiter
payload bay. Thus, the cost estimates begin with weights esatablisred for the
optimum design.

Both the design, development, test, and evaluation (DDT&4E) and
theoretical first unit (TFU) hardware production costs are estimated from
parametric cost~welght scaling relations for four subsystems. For cryogenic
propellants, the widely differing characteristics of the oxidizer and the fuel
lead to two separate tank subsystems, Iin addition to the electrical and
instrumentation subsystems., Hardware costs also involve guantity, as an
independent variable, since the number of production scavenging systems is not
firm, For storable propellants, since the tankage volume of the oxidizer and
fuel ‘are equal, the hardware production costs for developing these systems are
lower than for cryogenic propellants, S8caling factors are presented for the
storable propellant tanks relative to cryogenic systems, These ¢ost data are
presented at the third level of the work breakdown structure (WBS).

In addition, isolated estimates are included as responses to questions
beyond those of DDT&E and TFU hardware costs of the propellant scavenging
system., Examples of such estimates are spare parts provisioning, orbiter
vehlecle modification costs, and ground operations costs for the propellant
scavenging systems.

The WBS used in structuring the costs is presented in Section 6, Also, a
complete WBS indentured list and dictionary is found in this section,

1.1 PARAMETERIZED SCAVENGING SYSTEM COSTS

The tank developments for DDT&E and TFU are costed for both the compact,
high-density cylindrical LO, tank and the large-volume, low-density ring-
shaped LH, tank, Transfer fines, pumps, and pressurization systems, as well
a3 thrust transmitting structure weights, are added through Saturn S-II stage
weight cost estimating relationships (CER's).

$84 DDT&E = 91,000 w ~0.282
1p tank system

$84 TFU = 46,200 W ~0-420
b tank system

S5TS 84-0570-3

TR TRT

2L ASERTSITITE
N

9?.1.";.,-_, e e e e e



, Space Transportation ‘ . Rockwel)
Systems Division International

Electrical subsystem costs are estimated from the CER's:

$84 DDTAE = 153,100 w ~0-416
1b ' elec

$8U4 TFU « 21,540 w ~0-216
1b elec

The instrumentation system includes equipment such as capacitance probes,
bubble detectors, pressure transducers, remote power controllers, multiplex
interface adapters, signal conditioners, and a microprocessor. Instrumenta-
tion CER's were developed by adjusting the level of published CER's with point
values from the Orbiter program, These CER's are given by:

$84 DDT&E « 269,000 W ~0.404
1 - instr.

$84 TFU = 87,500 w ~0.404
1b instr,

The DDTXE CER assumes prequalified components and allows for design,
integration, and testing of the subassembly. A completely new system would
have a substantially higher CEP. The TFU CER i{s based on Apollo command and
support module data as well as Saturn S-II data at a complexity and cost about
40 percent that of orbiter,

Production hardware costs versus quantity are determined from Saturn S-II
productlion data on a 91,1-percent cumulative average (Wright) curve:

$84 Hardware = $84 TFU Q -0,1342
ib 1t

The relationship between cryogenic propellant and storable propellant system
DDT&E and TFU hardware costs was defined, For unmanned vehicles, the CER's
are:

$DDTXE (Stor) = 0.833 $ DDT&E (Cryo)
$ TFU (Stor) = 0.625 $ TFU (Cryo)

1Klemetson, R.W., and P.W, Garrison. Space Station Propulsion Technology
Study. Jet Propulsion Laboratory (December 1983).
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The provisioning (spares) costs are based on Shuttle contract experience and
are given by the feollowing CER:

$84 PROV = 0.115 ($ DDTAE + & TFU)
1.2 COST GROUND RULES

The ground rules used in developing the cost data for the propellant
scavenging systems are:

e Costs presented in 198Y% dollars

¢ Ccst of orbital maneuvering vehicle (OMV) propellant at $120/1b
e OMV development or deployment costs not included

» Cost two tankage sets for each tankage size

e Checkout/refurbishment costs are $0,25 million per flight

o Cost medifications to four orbiters for elther cryogenic or storable
gystems

e Cost of additional 3pace Transportation System (STS) flights at
$101.4 miliion each

2. SUMMARY COST PRESENTATIONS

The total program costs developed from the CER's listed in Section 1.1
are presented in Table 1. The data inc¢ludes informatlion for the baseline
flight manifest, which consists of 202 flights for both ¢ryogenic and storable
propellant scavenging systems, Data for cryogenic propellant systems with a
relaxed manifest of 216 flights are also included, A discussion of the
relaxed manifest is presented in Veolume I of this report. The data presented
ineclude the cost of the OMV propellant required to transfer the scavenged
propellant from 160 nautical miles to the space depot on those STS wissions
that only go to the 160-nautical mile altitude. A breakdown of the OMY
propellant costs s presented in Section 3. Any costs associated with
deployment of the OMV have not been included.

The last column of Table 1 presents the cost of delivering the propellant
te the space depet in dellars per pound, This column indicates cryogenic pro-
pellant can be delivered cost effectively if the quantity required i{s no
greater than 1,25 million pounds, If the 2.5-million=pound target is required
for orbital transfer vehicle (OTV) purposes, the cost increases substan-
tially, For storable propellants, the cost-effective maximum quantity is 1.5
million pounds. All of the cost values presented in the table can be compared
to the same value for a dedicated tanker, which would be $2,030 per pound,
not ineluding the ¢ost of DDT&E or TFU for the tanker development,

- 8TS 84-0570~3

3. {cningl

5 R =

e AR Mk a0 gt et BB e b 8 B o mts e e - )

ST | Sty
.y



Rockwell
international

Space Trnnnportmlon‘ ‘
Systems Dlvision

Table 1, Propellant Scavenging Program Cost Summary

Propellant Total Propellént
Propellant Flight Number of | Delivered Coat. Cost
System Manifest Tank Sizes {(klb) ($M) {(8/710)
Cryogenic e aseline ' 926 75.6 82
{202 flights) 2 1,042 91.3 88
3 7,182 106.5 90
i 1,220 118 g8
5 1,247 128.4 103
15 1,321 223,14 169
e Relaxed 5 2,507 1,583.7 632
(216 flights) Co
Storable Baseline 1 1,403 1591 113
(202 flights) 2 1,491 175.9 118

The data presented in Table 1 can aisc be interpreted to determine the
propellant costs for different quantities of propellant dellvered to the space
depot. This data was specifically requested for cryogenic propellant systems
-and is presented in Figure 1, The smallest cost for obtaining propellant
oceurs at about 0,75 to 1.25 million pounds. For delivered quantities below
this range, the hardware development and productlion costs cause the propellant

g0 - *DELIVEREO PROPELLANT IS 10 YEAR TOTAL /
* DEDICATED TANKER COST V/QULD BE $2030/L8 ol
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Figure 1. Cryogenic Propellant Cost Sensitivity
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costs to increase., Above this range, the avallable space in the orbitepr
payload bay limits the avallable quantity; therefore, remanifesting the flight
schedule (s required to increase the quantity, The remanifesting causes con-
siderable increases in the propellant cost., The concept of remanifesting can
only be applied opportunistically within the flight manifest, At some point
above 2.5 million pounds of preopellant, a much steeper slope ls obtained
because {ncreasingly smaller quantities of propellant are made avallable for
scavenging as flights are remanifested.

In conclusion, the data presented herein can be utilized to define a
cost-effective syastem for delivering either cryogenic or storable propellant
to a space-based propellant depot. The type of propellant system (cryogenic
or storable) required, use of a baseline manifest or some relaxed version that
inclydes more STS flights, and the number of tank slzes required are all
questions that cannot be answered until a definition is provided for on-orbit
propellant requirements,

3. COST ESTIMATES BY WBS ELEMENT

The program costs for each of the WBS elements are shown in Table 2, The
total cost data shown in this table is the same as that presented in
Table 1, The cost data is presented for the baseline flight manifest for both
eryogenic and storable propellants and for the relaxed manifest for cryoganic
propellants only. The scavenging system costs are provided for the appro-
priate WBS headings shown in the WBS in Section 6, The costs associated with
modifying the existing orbiters and for the propellant required by the OMV to
transfer the scavenged propellant from a 160-nautical mile orbit to the space
depot are shown as other costs. The OMV propellant cost does not Llnolude any
values for DDT&E, production, or deployment of the OMV, The orbiter modifica=-
tion costs assume all four orbiters are modified for either cryocgenic or
storable propellant scavenging.

The study ground rules required that the propellant scaveng.ng systems be
treated separately, Therefore, no attempt was made to account for scar welght
and/or costs of a storable system in the evaluation of the deli{verable propel~-
lant and costs of a eryogenic scavenging system. The opposite is also true in
evaluating a storable scavenging system. The ground rules used for developing
the system costs are presented in Section 1.1.

The individual cost elements for DDT&E and production are presented in
Table 3, The data in this table also Indicate the weights used to evaluate
the CER for each parameter. In cases with multiple tankage, the welght of the
largest tank was used for all the tankage costs. It was assumed that two
units of each tank size would be procured so sufficient tankage would exist to
satisfy vehicle turnaround requirements.

STS 84-0570-3
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4. TOTAL PROGRAM FUNDING

A representative propellant scavenging system schedule for a Phase C/D
design and production contract is presented I{n Figure 2. The operational
support for the flight decade from 1991 through 20U {s not included in this
figure, The schedule i{s valld for both cryogenic and storable propellant
scavenging systems,

The time-phased cost expenditures for DDT4E, production, and operations

are shown in Figures 3 and 4, Provisioning costs are included with production

costs.’ The data in Figure 3'for a cryogenic propellant system is valid for
the concept of the baseline manifest utilized with five different tankage
sizes, For a storable propellant system (Figure 4), the data is for the
concept of one tankage size., Both figures indicate peak funding in late FY
1989, with a demonstration flight in the middle of FY 1990 and the first
operational flight in January 1991, The costs associated with orbiter
modifications or .OMV propellsnt requirements are not included in these
figures,

5. ECONOMIC ANALYSIS

The cost trades associated with propellant scavenging are shown in
Table 2, which presents the program costs for delivered propellant based on
the quantity of propellant delivered to the space-based depot on orbit.
Figure 1 presents the cost in dollars per pound for differing.quantities of
cryogenic propellant delivered, These data can be utlilized when on-orbit
propellant requirements are flnalized,
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Flgure 2. Summary Schedule for STS Propellant Scavenging System
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INTRODUCTION

This document ccntains the expanded contract work breakdown structure
(WBS) for the propellant scavenging system Fhase C/D program.

The WBS consists of an indentured list of WBS elements, a dictionary of
element definitions, and an element logic diagram. The indentured list and
logic diagram identify the interrelationships of the elements. The dictlionary
defines the types of work that may be represented by or be classified under
each specific element. The currently identified elements are sufficient to
classify all foreseen work under the statement of work, including on-site,
off-site, supplier, subcontractor, and interdivisional effort and material,

The WBS is neither a statement of work nor a work aulhorization document.
Rather, it is a framework around which to define requirements, plan effort,
assign responsibilities, allocate and control resources, and report progress,
expenditures, technical performance, and schedule performance. The WBS element
definitions are independent of make-or-buy decisions, crganizational structure,
and activity locations unless exceptions are specifically stated.

13
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INDENTURED LIST

LEVEL
2 3 4 18
PS.0 PROPELLANT SCAVENGING SYSTEM

PS.1 DESIGN, DEVELOPMENT, TEST, AND EVALUATION

PS.1.1 MANAGEMENT AND SUPPORT

PS.1.1.1 BUSINESS MANAGEMENT

PS.1.1.2 CONFIGURATION MANAGEMENT
P5.1.1.3 QUALITY MANAGEMENT AND SUPPORT
PS.1.1.4 PROCUREMENT AND IDWA MANAGEMENT
PS.1.1.5 PRODUCT SUPPORT

PS.1.1.6 TECHNICAL MANAGEMENT

PS.1.1.7 LOGISTICS AND GFE MANAGEMENT
PS.1.1.8 FACILITIES

PS.1.2 SYSTEM ENGINEERING

SYSTEM REQUIREMENTS AND SYNTHESIS
FLIGHT TECHNOLOGY ANALYSIS
SAFETY AND RELIABILITY

DESIGN AND PROJECT CONTROL
LABORAYORY AND TEST SUPPORT
SPECIAL STUDIES °

MAINTENANCE ENGINEERING ANALYSIS

PS.1.3 FLIGHT HARDWARE DESIGN, DEVELOQFMENT, AND QUALIFICATION

PS.1.3.1
PS.1.3.

STRUCTURES

FLUID SYSTEM

AVIONICS SYSTEM

MECHANICAL SYSTEM

SYSTEM INTEGRATION
INTEGRATED MOCKUP AND TRAINER

PS.1.4 GROUND SUPPORT EQUIPMENT (GSE)

PS.t.5 TOOLING

PS.1.5.1
PS.1.5.2

DIMENSIONAL AND FABRICATION TOCLING
INTERFACE CONTROL TOOLING

14
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LEVEL

23143
PS.2 PRODUCTION AND GROWTH
PS.2.1 MANAGEMENT AND SUPPORT

BUSINESS MANAGEMENT
CONFIGURATION MANAGEMENT
QUALITY MANAGEMENT AND SUPPORT
PROCUREMENT AND IDWA MANAGEMENT
PRODUCT SUPPORT

TECHNICAL MANAGEMENT

LOGISTICS AND GFE MANAGEMENT
FACILITIES

a *
. &
. =

-3 A W

U 'Yy 'U°m ‘o 'dy
mmmsﬂmmmm
NN
el B il ol il

8
ENGINEERING SUPPORT
I

pPs.2.2

P5.2.3 FLIGRT HARDWARE PRODUCTION
PS.2.3.1 FLIGHT UNIT NO. 1
PS.2.3.2 FLIGHT UNIT NO. 2
PS.2.3.3 FLIGHT UNIT NO. 3
PS.2.3.4 FLIGHT UNIT NO. 4
P5.2.3.5 FLIGHT UNIT NO. 5

PS.3 PROVISIONING

PS.3.1 MANAGEMENT AND SUPPORT

PS.3.1.1 BUSINESS MANAGEMENT'
PS.3.1.2 CONFIGURATION MANAGEMENT
PS.3.1.3 QUALITY MARAGEMENT: AND SUPPORT
PS.3.1.4 PROCUREMENT AND IDWA MANAGEMENT
PS.3.1.5 PRODUCT SUPPORT
PS.3.1.6 TECHNICAL MANAGEMENT
PS.3.%.7 LOGISTICS AND GFE MANAGEMERT
PS.3.1.8 FACILITIES
PS.3.2 ENGINEERING SUPPORT
PS.3.3 PROVISIONED FLIGHT SPARES
PS.3.4 PROVISIONED GSE SPARES
PS.3.5 PROVISIONED OVERHAUL AND REPAIR
PS.3.6 PROVISIONED MODIFICATIONS
PS.3.7 SPECIAL PROVISIONED HARDWARE
PS.3.8 OPERATION AND MAINTENANCE DOCUMENTATION
PS.3.9 MAINTENANCE ENGINEERING ANALYSIS

15
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LEVEL
2 343
PS.4 OPERATIONS SUPPORT
PS.4.1 MANAGEMENT AND SUPPORT

PS.4.1,1 BUSINESS M:WAGEMENT
PS.4.1.2 CONFIGURAT.ON MANAGEMENT
PS.4.1.3 QUALITY MANAGEMENT AND SUPPORT
PS.4.1.4 PROCUREMENT AND IDWA MANAGEMENT
PS.4.1.5 PRODUCT SUPPORT
PS.4.1.,6 TECHNICAL MANAGEMENT
PS.4.1.7 LOGISTICS AND GFE MANAGEMENT
PS.4.,2 OPERATIONS SUPPORT ENGINEERING
PS. 4.3 IDENTIFIED PROJECTS

16
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PS.1

PS.1.1
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DICTIONARY

PROPELLANT SCAVENGING SYSTEM

This element encompasses tasks associated with development, produce
tion, and support of the propellant scavenging system. The tasks
include system design, fabrication, assembly, installation and check-
out, and quality control; engineering studies und testing; support
equipment; tooling; procurement activities; facility activation;
system interface definition; control and integration of government-
furnished equipment (GFE) into the propellant scavenging system;
spares provisioning; operations support; and requisite program manage=-
pent activities.

This element is subdivided into the following Level 3 elements, each
representing a progran phase:

PS.1 Design, Development, Test, and Evaluaticn
P8,2 Production and Growth

PS.3 Provisioning

PS.4 COperations Support

DESIGN, DEVELOPMENT, TEST, AND EVALUATION

This element encompasses those tasks associnted with the design,
development, test, and evaluation (DDTAE) of the propellant scaveng-
ing system and tasks associated with demonstration of system perform-
ance capabilities., The tasks include operations analysis, study, and
testing; establishing facility requirements and planning, designing,
constructing, and activating facilities; providing training equipment
and services; defining system interfaces; designing and building
tooling and support equipment; and management activities.

. MCTSTITT

-

This element iz subdivided into the following Level U elements:

.1 Management and Support

.2 System Engineering

PS.1.3 Flight Hardware Design, Development, and Qualification
PS.1.4 Ground Support EqQuipment

PS.1.5 Toecling

MANAGEMENT AND SUPPORT

This element contains tasks associated with management and support of
the propellant scavenging system, The tasks include planning,
organizing, and defining requirements; establishing schedules and
allocating resources to attain objectives; reporting progress and
providing program status visibility; and controlling the program
activities.

17
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This element is subdivided into the following Level 5 elements:

PS.1.1.1 Buaineaa Management

PS.1.1.2 Configuration Management
PS.1.1.3 Quality Management and Support
FS.1.1.4 Procurement and IDWA Management
PS.1.1.5 Product Support

PS.1.1.6 Technical Management

PS.1.1.7 Leogistics and GFE Managemeni
PS.1.1.8 Facilities

BUSINESS MANAGEMENT

This element contains tasks required to implement and operate an
integrated performance management system that will epsure integrated
planning, scheduling, budgeting, work authorization, cost accumula-
tion, and management visibility of all propellant scavenging system
activities, Included are the tasks of consolidating program require-
pents; preparing budgets and schedules; analyzing, summarizing, and
reporting perforumance measurepent data; identifying problems; reconms
mending solutions; and tracking problem resoclutions,

Included alao are coordination and analysis of contract change author=
izations (CCA's), schedule change doocuments, and other related change
documents to develop cost projections., In addition, this element
incjude= the analysis, coordination, processing, and statusing of
contract specification and end-item documentation; the preparation
and review of shipping and acceptance documentation; the coordination
and preparation of contract data and engineering and contract change
proposals; the factefinding and conduct of proposal negotiations; ard
the preparation and submittal of reports on contract status. This
element also includes propellant management system information managee
ment tasks required to identify, define, schedule, control, and
disseminate documentation produced by the contractor; to receive and
maintain documentation accountability records and files; and to
maintain the information requirements document, which contains the
DDT&E descriptions and aschedules for information required by NASA.

CONFIGURATION MANAGEMENT

This element inoludes the tasks required to establish and maintailn
the definition of the propellant scavenging system hardware configu-
ration. The tasks include identifying the propellant scavenging
system configuration baselines, controlling changes to those base=
lines, maintaining current accountability of the status of those
baselines, and progreasively verifying that the as=built configura=
tion agrees with the ourrent configuration baselines or that differ-
ences are identified.
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PFS.1.1.5
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Space Transportation ‘ Rockwell
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QUALITY MANAGEMENT AND SUPPORT

This element includes all quality sssurance effort and resources
related directly to production of the propellant scavenging syrstem
and ground system, except inspection. (The inspection tasks are '
included under applicable hardware-related WBS elementa.) Thia
element also inoludes tasks, such as resource management and visie
bility, quality information and viaibility, and source surveillance,
which are not identifiable to a apecific subsysten.

PROCUREMENT AND IDWA MANAJEMENT

Thia element includes a jystem f'or management and technica) control

of subcontractors, suppllers, and IDWA's. The tasks include provide
ing contractual direction, authorizing suboontractor tooling and
equipment, and analyzing aubcontractor and IDWA reports, Additional
tasks include subcontractor reviews, on-aite coordination and evalua-
tion, asseassment of subcontractor technical schedule and cost perforpe
ance, and the managemant and negotiation of subocoatract changes and
their integration into the Rockwell change control system.

PRODUCT SUPPORT

This element encompasses propellant-poavenging-system-related produce
tion plenning, production control, and resource planning; support
related to the definition of vehicle packaging and transport require-
ments; and material preparation and kitting activities, This element
alse includes usage material and other lowevalue material not ordie
narily charged to a specific subsysatem, part, or assembly.

TECHNICAL MANAGEMENT

Thia element includes tasks required to provide engineering technical
direction, prepare detailed engineering technical schedules, support
the performance management system, manage resources, maintain the
engineering release aystem, and aupport the Technology Utilizatien
Program. Test management and planning are also included,

El
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LOGISTICS AND GFE MANAGEMENT
This element includes logistics panagement for the propellant scave
enging system and ground system. It also includes logistics support

for mortality spares, modification hardware, equipment, and repair
services for maintenance requirements.
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Thia elepent alsoc includes internal property zanagement of government
equipment, property, fluida, propellants, and pressurants iasued to
Rockwell. The management of equipment and dooumsntation furnished by
the goverament includes ildentification of requirements, analysis,
acheduling, tracking, and problem resolution. Also included are
maiastenance of the propellant scavenging system and ground syatem GFE
requirements dooumentation; development of Rockwell internal GFE
property management procedures, including procedures for receiving,
inspecting, maintaining, storing, and accounting for GFE; and prep=
aration of acquinition documentation.

FACILITIES

This element includes specific tasks related to required facilities:
(1) preproduction effort (i.e., plant rearrangements, minor facilie
tiea modifications, and consclidation or establishment of areas to
support manufacturing and test activities involving initial occupancy
of buildings; installation of equipment; and inatallation of seconde
ary utilities); and (2) maintenance of manufacturing test systems for
the propellant scavenging system, subsystems, and GSE. Additional
tasks are preparation and maintenance of the overall facilities plan;
planning, scheduling, and control required to manage facilities
activities; resource management activities; transportation planning;
support to safety and environmental pollution control programs; supe
port to surveys of major subcontractor fabrication and testing capa-
bility; and installation of new support equipment and tooling.

SYSTEM ENGINEERING

This element defines requirements for the design, development, pro-
duction, and test of the propellant scavenging system, including
analyses that support the development of designs and verify compatie
bility of deaigns with requirements and tasks required to control and
direct engineering activitiies related to the design of the system.

This element is subdivided into the following Level 5 elements:

PS.1.2.1 Syatem Requirements and Synthesis
P8.1.2.2 Flight Technology Amalyais
PS.1.2.3 Safety and Reliability

PS.1.2.4 Design and Projéct Control
PS.1.2.5 Laboratory and Test Support
PS.1.2.6 Special Studies

PS.1.2.7

Maintenance Engineering Analysis

SYSTEM REQUIREMENTS AND SYNTHESIS

This element includes those tasks required to perform analyses and
studies to further define the performance and configuration require-
ments (including subsystem requirements) for the propellant scaveng-

ing system during all flight and mission phases; perform techniecal
integration activities for propellant scavenging aystem performance
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and oonfigurstion requirements and interfaces; prepare, maintain, and
gontrol propellant soavenging systez techniocal plans, requiremsnts,
document specifications, measurement lists, and interface documents;
perforn studies of alternatives to design approaches to develop
parametric design tradeoffs; perform saleated analyses to determine
propellant scavenging system cbaracteristios and capabilities during
all flight and mission phases and during abort conditions, and deter=
mine the impact of uncertainties; and define test requiremsnts for
the propellant scavenging system and prepare test prooedures and test
plana for the conduct of such tests,

FLIGHT TECHNOLOGY ANALYSIS

This elemont includes analysis of data and design requirements to sup-
port evaluation of performance asgainst performanoe requirements set
forth in the propellant scavenging system specifications, Included
are activities asaociated with thermodynamics and heat transafer analy-
8is to establish thermal response and thermal design requirements for
thermal control.

SAFETY AND RELIABILITY

This element sncompasses establisbiny, implementing, and maintaining
safety standards and hardware relisbility in the designh and develop~
ment process of the propellant acavenging aystem through systematic
evaluation, analysis, review, and assessment. Safoty includes systen
safety in regard to subaystem and system deaign, and design of pro=
pellant acavenging-related support equipment. Also, safety includes
related auppoert to mishaps, accidents, and incidents, support to
program reviews; definition and control of safety guidelines, cofe
straints, and requirements; performance of hazard analysis and risk
assessmenta; safety review and analysis of changes; participation in
design and postflight reviews; and support of analysis. Safety also
includes test operation safety activities,

Raliability includes analysis and surveillance over the propellant
socavenging system and ground aystems., It also includes the implemen-
tation of a design drawing check, a deaign release=cycle approval
system, and an analysis and reporting system related to the measure-
ment of engineering product quality.

DESIGN AND PROJECT CONTROL

This elemesnt includes those tasks required to provide design control
of the propellant scavenging system, such as deaign ocontrol of the
overall system, conf'iguration definition of the basic internal
arrangement and the interrelationship between the struature and subs
aysteps, and design acontrol of the pajor manufacturing and operational
assemblies and field joints, Thia element alsc includes supporting
the chief progran engineer to ensure that engineering tasks, proced=
ures, policies, and interface astivitius are carried out concerning
vehicle and test articles, engineering change ocontrol, and NASA
interfaces.
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LABORATORY AND TEST SUPPORT

This element includes laboratory equipment and test activities that
support propellant scavenging systenm enginsering but cannot be iden-
tified to one subaystem. Three main functions are inoluded:

(1) acquiaition (design, fabrication, and procurement) of noncapital
propellant~scavenginge-aystem-unique engineering special teat equip-
ment {STE), development of STE checkout speaifications and operations
manuals, and paintenance of configuration control records; {2) maine
tenance, repair, and checkout of engineering STE used for propellant
scavenging system development, and qualification testing, SIE
troubleshooting, and replacement of failed components to maintain
propellant scavenging system engineering SIE; and (3) tent management
and planning tasks, such as centrrl project control, facility and
equipment assurance, engineering test requirements planning, suppert,
and control, and disposition of engineering test hardware,

SPECIAL STUDIES

This element encompasses the effort to perform program~ and NASA-
directed studies of nonbaseline approaches toc the propellant scaveng-
ing system, ground support systems, and interfaces, and for selectaed
analyses of the performanve, cost, operation, configuration, mate-
rial, and development of nonbaseline system and subsystem options
that conceptually enhance or improve the propellant scavenging systen
performance beyond ourrent specification parameters.

MAINTENANCE ENGINEERING ANALYSIS

This element provides for maintenance engineering analysis to deter-
mine propellant scavenging aystem and GSE hardware maintenance
requirepents and procedures.

FLIGHT HARDWARE DESIGN, DEVELOPMENT, AND QUALIFICATION

This element includes detailed design of atructures, system compo=
nents, and interface hardware for the propellant scavenging system;
fabrication and testing of development and qualifiocation units; and
evaluation and utilization of test results to finmalize preduation
designs. Work effort imcludes inspection, procurement, and support
to safety and reliability,

This element is subdivided into the following Level 5 elementa:

P5.1.3.1 Structures

PS. 1. 302 Fluid Syﬂtam

P8.1.3.3 Avionics System

PS.1.3.4 Mechanical System

PS.1.3.5 System lntegration

PS.1.3.6 Integrated Mockup and Trainer
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PS.1.3.6

PS.1.4

Space Transportation ‘ Rockwell
Systems Division Internationnl

STRUCTURES

This element includes dosign, development, and qualification of
atructural components for the propellant scavenging aystem, including
primary and secondary structures and thermal protection items for
structures, Also included are assembly of the satructural teat arti-
cle, atructural tests, and structural, dynamic, and material analysia
to support the atructural design effort,

FLUID SYSTEM

This element includes deaign, development, and qualification of proe
pellant storage and transfer components, including fluid lines, din-
connects, valves, tanks, and component thermal protection itens,

Also included are assembly and testing of the complete fluid aystem.

AVIONICS SYSTEM

This element includes design, develepment, and qualification of
inatrumentation, displays, aontrols, data proceasing, and electrical
distribution and control components of the propellant scavenging sys-
ten. Also included are assembly and testing of the complete avionica
aystem,

MECHANICAL SYSTEM

This element includes design, development, and qualification of
latches and other mechanisms of the propellant ascavenging systef.

SYSTEM INTEGRATION

LAnes

This element includes apsembly, testing, and analysis of multisystem
hardware. Included are laboratory teating of the propellant scaveng-
ing system, installation and testing of the firsat unit in the payload
bay of the orbiter vehic v, and flight test support.

INTEGRATED MOCKUP AND TRAINER

e BIRTRREL LT

This element includes design and fabrioation of the propellant acave
enging system mookup for fit check in the crbiter payload bay and .
subsequent use for training purposea. f

GROUND SUPPORT EQUIFMENT (GSE) v

This element includes deaign, development, manufacture, and checkout i
of GSE and GSE modificatiops. GSE includes equipment for habkdling, i
inatalling, and providing access to propellant scavenging system com=

ponents; servicing fluid systems; applying and controlling electrical

power; and purging, draining and safing systems. Alsc included are

special off-highway tranaport equipment, packaging and transport

designs, and GSE installation and atation activities.
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Excluded are dimensional and fabrication tooling (see WBS PS,1.5.1),
material bandling equipment, parts protection equipment, and facili-
ties and laboratory test fixtures and equipment, Also excluded are

laupnhesite=paculiar USE and GSE provided by the government.

TOOLING

This element encompasses propellant acavenging aystem tooling and
interface control tooling. Included are the services and materials
neceasary to furnish, modify, or repair tooling.

This element is suudivided into the following Level 5 elements:

PS,1.5.1 Dimenaional and Fabrication Tooling
P5.1.56.2 Interface Control Tooling

DIMENSIONAL AND FABRICATION TOOLING

This element includes the services and materials neceasary for the
design, development, and fabrication of propellant scavenging system
Level III dimensional and fabrication tooling (both system tooling
and GSE tooling) to support the propellant scavenging system produc-
tion requirements., Excluded ia Level II interface control tooling,
which 18 included under WBS Element PS.1.5.2. .

INTERFACE CONTROL TOOLING
This element includes the services ard mpaterials necessary to fure

nish, modify, or repair Level II interface control tooling to neet
the requirements of other propellant scavenging system element con=

tractors and NASA centers, Excluded are the design, development, and

fabrication of Level III interface control tooling, as this is cop-
tained in WES Element PS.1.5.1.

PROPELLANT SCAVENGING SYSTEM PRODUCTION AND GROWTH

This element encompasses all unique activities neceasary to pruduce
and deliver propellant scavenging system flight units. This system
includes the propellant tanks, all subsystems, and installed and
integrated GFE. Tasks include unique deaign, manufacturing, quallty
control testing, assembly, installationm, checkout, and procurement
effort required during the production phase to produce complete pro=-
pellant scavenging system flight units as well as in-line and retro=
fit modifications for the purpose of providing capability growth.

This element is subdivided into the following Level 4 elements:

.Ps5.2.1 Management and Support

P5.2.2 Engineering Support
P5.2.3 Flight Hardwere Production

1)
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MANAGEMENT AND SUPPORT

This element contains tasks associated with management and support of
the propellant socavenging system production phase, The tasks include
planning, organizing, and defining requirepentsa; eatablishing ached-
ules and allcoocating resources to attuin objectives; reporting prog-
ress and providing program status visibility; and controlling the
program activities,

This element is subdivided into the following Level 5 elements:

PS.2.1.1 Business Management

PS.2.1.2 Configuration Management
PS.2.1.3 Quality Management and Support
PS.2.1.4 Procuremsnt and IDWA Management
PS.2.1.5 Product Support

PS.2.1.6 Technical Management

P$5.2.1.7 Logistica and GFE Management
PS.2.1.8 Faecilities

BUSINESS MANAGEMENT

This element contains tasks regquired to operate an integrated perform-
ance mandgement system that ensures integrated planning, scheduling,
budgeting, work authorization, cost accumulation, and management
viaibility of all propellant scavenging system activities, Included
are the tasks of consolidating program requirements; preparing budg-
ets and schedules; analyzing, summarizing, and reporting performance
measurement data; identifying problems; recommending solutions; and
tracking problem resolutions.

Included alsc are coordination and analysis of contract change author-
izations (CCA's), achedule'change documents, and other related change
doocurenta to develop cont projections. In addition, this element
includes the analysis, cocrdination, procesaing, and statusing of
contract aspecification and end-item documentation; the preparation
and review of shipping and acceptance documentation; the coordination
and preparation of coatract data and engineering and contract change
propusala; the fact-finding and conduct of proposal negotiations; and
the preparation and submittal of reports on contract status. This
element alsc includes propellant management syaten information man=-
agement task= required to ldentify, define, schedule, control and
disseminate documentation produced by the contractor; to receive and
maintain documentation accountability records and files; and to pain-
tain the information reguirements document, which contains the DDT&E
deacriptions and schedules for information required by NASA.

CONFIGURATION MANAGEMENT

This element includes the tasks required to maintain the definition
of the propellant scavenging system hardware configuration. The
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tasks include ideatifying the propellant scavenging system configura-
tion baselines, controlling changes to those baselines, maintaining
current accountability of the status of thoae baselines, and progres-
sively verifying that the aa=built configuration agrees with the cur-
rent configuration baselines or that differences are identified.

QUALITY MANAGEMENT AND SUPPORT

This element includes all quality assurance effort and resources
related directly to production of the propellant scavenging system
and ground system, except inspection. (The inspection tasks are
included under applicable hardware-related WBS elements.) This ele~-
ment alse includes taska, such as resource management and visibility,
quality information and visibility, and source surveillance, which
are not identifiable to & specific subsystem.

PROCUREMENT AND IDWA MANAGEMENT

This slement includes a syatem for menagement and technical control

of asubcontractors, suppliers, and IDWA's. The tasks include provide
ing contractual direction, authorizing subcontractor tooling and
equippent, and analyzing subcontractor and IDWA reports. Additional
tasks include subcontractor reviews, on-site coordination and evaluse
tion, assessment of aubcontractor technical schedule and cpst perform-
ance, and the management and negotiation of subcontract changes and
their integration into the Rockwell change control systen.

PRODUCT SUPPORT
This element encompaases propellant=scavenginge-systep-related produce

tion plahning, production control, and resource planning; support
related to the definition of vehicle packaging and transport require=

ments; and material preparation and kitting aoctivities. This element .

also includes usagn material and other low=value material not ordinar-
ily charged to a specifi¢ subsystem, part, or assembly.

TECHNICAL MANAGEMENT

This element includes tasks required to provide engipeering teohnical
direction, prepare detalled engineering technical schedules, support
the performance mahagement system, manage resources, and maintain the
engineering release system. Test management and planning are alaso
included.

LOGISTICS AND GFE MANAGEMENT
This element includea logistics management for the preopellant scav-
enging system and ground system. It also includes logistics support

for mortality spares, modification herdware, equipment, and repair
services for maintenance requirements.
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This element alao inoludes internal property management of government
equipment, property, fluids, propellants, and pressurants issued to
Rockwell. The management of aquipment and dooumentation furnished by
the government includes identification of requirements, analysis,
scheduling, tracking, and problem resclution. Also i-iluded. are
maintenance of the propellant scavenging systez and ground aystem GFE
requirenents dooumentation; development of Rockwell internal GFE
property management procedures, including procedures for receiving,
inspecting, maintaining, storing, and accounting for GFE; and prepa-
ration of acquisition documentation,

FACILITIES

This element includes maintonance of manufacturing test systems for
the propellant scavenging system, subsystems, and GSE. Additional
tasks are preparation and paintenance of the overall facilities plan;
planning, scheduling, and control required to manage facilities
Betivities; resource management activities; tranaportation planning;
support to safety and envirommental pollution control programs; sup-
port to surveys of major subcontractor fabrination and testing capa=-
bility; and installation of new support equipment and tooling.

ENGINEERING SUPPORT

This element includes system engineering tasks, multiunit deasign and
test support, and other engineering tasks required to support propele
lant scavenging system production. Also included are special studies
and engineering tasks necessary to analyze, define, develop and imple=
ment (either in-line or by retrofit) capability growth provisions
authorized by NASA.

Excludes engineering effort that can be identified to specific produce
tion units.

FLIGHT HARDWARE PRODUCTION

This element includes all design, manufacture, inspection, and accept=
ancs tesat activities that are unique to the production of specifie
f£light units of the propellant scavenging system. Included also are
production of modification kits required to implement make-work
changes as well as capability growth changes,

Excluded are provisioned spares, overhaul and repair, and modifica-
tion of delivered units.

Thia element is subdivided into the following Level 5 elements:
PS.2.3.1 Flight Unit No. 1
PS.2.3.2 Flight Unit No. 2
PS.2.3.3 Flight Unit No. 3

PS.2.3.4 Flight Unit No. 4
PS.2.3.5 Flight Unit No. 5
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PS.2.3.2

PS.2.3.3

PS'etsuu

PS.2.3.5

Ps.3

FLIGHT UNIT NO, 1
This element includes
facture, iospect, and
syatem flight unit,
FLIQHT UNIT NO, 2
This element includes
facture, inspect, and
system flight unit,
FLIGHT UNIT NO. 3
This element includes
facturs, inspect, and
systep flight unit,
FLIGHT ONIT NO. 4
This element includes
facture, inspect, and
system flight unit.
FLIGHT UNIT HO. §
This element inc¢ludesn
facture, inspect, .nd
system flight uni-..

PROVISIONING

Space Transporation ‘ ' Rockwell
Systems Divislon International

all unique
acceptance

all unique
acoceptance

all unique
aceeptance

all unique
acceptance

all unigue
acceptance

activities neceassary to design, manu=
teat the firat propellant scavenging

activities necessary to deaign, manu=
test the second propellant scavenging

activities necessary to design, mahu-
teat the third propellant scavenging

activities neceassary to deaign, manu-
tenst the fourth propellant scavenging

activities necessary to design, maru-
test the fifth propellant scavenging

This element encompasses operational spares planning and production,
overhaul and repair (O4R), hardware modification, operation and main=-
tenance documentation, maintenance engineering analysis, GSE spares,
flight spares, related management and support tasks, and special pro-

visioned bardware.

This element is subdivided into the following Level U elements:

PS.3.1 Management abd Support
PS.3.2 Engineering Support

P5.3.3 Provisioned Flight Spares
PS.3.4 Provisioned GSE Spares
PS.3.5 Provisioned Overhaul and Repair

PS.3.6 Provisioned Modifications

PS.3.7 Special Provisioaned Hardware
PS.3.8 Operation and Maintenance Documentation
PS.3.9 Maintenance Engineering Apalysis
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MANAGEMENT AND SUPPORT

This element contains tasks assoclated with management and support of
the propellant scavenging system provisioning operations. The tasks
include planning, organizing, and defining requirementa; establishing
schedules and allocating resources to attain objectives; reporting
progress and providing program status viaibility; and controlling the
program activities,

Thia element is subdivided into the following Level 5 elementa:

PS.3.1.1 Business Management

P8.3.1.2 Configuration Management
PS.3.1.3 Quality Management and Support
PS.3.1.4 Procurement and IDWA Management
PS.,3.1.5 Produot Support

PS.3.1.6 Techrical Manageirent

PS.3.1.7 Logistics and GFE Mapagement
PS,3.1.8 Facilities

BUSINESS MANAGEMENT

This element oontains tasks required to operate an integrated perform-
ance management system that will ensure integrated planning, schedul-
ing, budgeting, work authorization, cost accumulation, and'management
visibility of all propellant scavenging system activities, Included
are the tasks of consolidating program requirements; preparing budge
ets and schedules; analyzing, summarizing, and reporting performance
seasurement data; ldentifying problems; recommending solutions; and
tracking problem resolutions.

included also are coordination and analysis of contract change author-
izations (CCA's), schedule change documents, and other related change
documents to develop cost projections. Ibn addition, this element
includes the analysis, coordination, processing, and statusing of con=-
tract specification and end=item documentation; the preparation and
review of shipping and acceptance documentation; the coordination and
preparation of contract data and engineering and coatract change pro-
posals; the fact-finding and conduct of proposal negotiations; and

the preparation and submittal of reports on contract status, This
element also includes propellant management system information mane-
agement tasks required to identify, define, schedule, control, and
disseminate dooumentaticn produced by the contractor; receive and
maintain documentation accountability records and files; and maintain
the information requirements document, which oontains the DDT&E des~
criptions and achedules for information required by NASA,

CONFIGURATION MANAGEMENT

This element includes the taska'required te maintain the definition
of the propellant scavenging asyatem hardware configuration. The

1
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Systems Dlvision International

tasks {nclude identifying the propellant acavenging systemz configura-
tion baselines, controlling changes to those baselines, maintaining
current accountability of the status of those baselines, and progres-
sively verifying that the as=built configuration agrees with the cur-
rent configuration baselines or that differences are ideatified,

QUALITY MANAGEMENT AND SUPPORT

This elemgent includes all quality assurance effort and resources
related directly to production of the propellant scavenging system
and ground system, except inspection. (The inspection tasks are
included under applicable hardware-related WBS elements.) This ele-
pent also includes tasks, such as resource management and visibility,
quality information and visibility, source surveillance, ete., which
are not identifiable to a specific subsystemn.

PROCUREMENT AND IDWA MANAGEMENT

Tnis element includes a system for management and technical control

of subcontractors, auppliers, and IDWA's, The tasks include provide
ing contractual directicn, authorizing subcontractor tooling and
squipment, and analyzing subcontractor and IDWA reports, Additional
tasks include subcontractor reviews, on-site coordinatici and evalua=-
tion, assessment of subcontractor technical schedule and cost perform~
ance, and the management and negotiation of subcontract changes and
their integration into the Rockwell change control aystem.

PRODUCT SUPPORT

This element encompassea propellant scavenging system provisioning-
related production planning, production control, and resource plan=
ning; support related to the definition of vehicle packaging and
transport requirements; and material preparation and kitting aotivi-
ties. This element alsc ihcludes usage material and other low-value
material not ordinarily charged to a specific subsystem, part, or
assembly.

TECHNICAL MANAGEMENT

This element includes tasks required to provide engineering technical
direction to provisioning activities, prepare detailed engineering
technical schedules, support the performance management system,
manage remsources, and maintain the engineering release system. Test
sanagement and planning are also included.

LOGISTICS AND GFE MANAGEMENT
This elempent includes logistics management for the propellant scav-
enging system and ground system, It.also includes logistics support

for mortality spares, modificatiocn hardware, equipment, and repair
sarvices for maintenance requirenments.
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This element also includes internal property management of government
equipment, property, fluida, propellants, and pressurants issued to
Rookwell. The management of equipment and dooumentation furnished by
the government includes identification of requirements, analysis,
scheduling, tracking, and problem resolution. Alsc included is maine
tenance of the propellant scavenging system and ground aystem GFE
requirements documentation; development of Roakwell internal GFE
property management procedures, including procedures for receiving,
inspecting, maintaining, storing, and accounting for GFE; and prepa-
ration of acquisition documentation.

FACILITIES

This element includes maintenance of manufacturing test aystems for
the propellant scavenging system, subsyatems, and GSE provisioning
activities, Additional tasks are preparation and maintenance of the
provisioning support facilities plan; planning, acheduling, and con-
trol required to manage facilities activities; resource management
activities; transportation planning; support to safety and environ-
mental pollution control programs; and support to surveys of major
subcontractor fabrication and testing capability.

ENGINEERING SUPPORT

This element encompasses engineering support to operational spares
and other provisioned activities. Tasks include support to applica~
ble procurement, manufacturing, inspection, and logisties activities;
reliability and safety; and design release activities (including both
contractor=made and subcontractor-made items), material review
actions, and evaluation and analysis for the selection of new
suppliers,

Excluded are engineering apalysis and‘deaign aince these tasks are
ineluded under the hardware, maintenance engineering analysis (MEAX),
and operation and maintenance documentation (OMD) WBS elements.

PROVISIONED FLIGHT SPARES

This element includes provisioned materials and services necessary to
provide propellant scavenging system flight spares, both for initial
‘layin and for replepishment. Tasis ineclude engineering analysis and
deaign, tooling (i,e., refurbishment, maintenance, and storage of
required tooling), fabrication, procurement, assembly, functional
testing, inspection, packaging, and shipment of spares. This work is
directed by NASA through PO's, contract change authorizations (CCA's),
and contracting officer letters and ip released by Rockwell through
business master change records (MCR's) and provisioning authorizaticn
records (PAR's).

Excluded are modifications to delivered operational flight spares and
modification of development hardware to fulfill operational flight

spares requirements (see WBS PS.3.6) and overhaul and repair activi-
ties (see WBS PS.3.5).
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PROVISIONED GSE SPARES

Thin elepent includes materials and services neceasary to provide GSE
apares provialoned for support of GSE located at government=operated
sites. Tasks include engineering analyais and deaign, tooling (i.e.,
refurbishment, maintenance, and storage of required tooling), fabrie ’
cation, procurement, assembly, functional testing, inspection, packe
aging, and shipment of USE sparea, This work is direaoted by NASA
through PO's, CCA's, and contracting officer letters, and is released
by Rockwell through MCR's and PAR's.

Excluded are modifications to delivered operational GSE apares and
modification of development hardware to fulfill operational GSE
spares requirements {see WBS PS.3.6) and overhaul and repair activi-
ties (aee WBS PS.3.5).

PROVISIONED OVERHAUL AND REPAIR

This element encompasses provisioned overhaul and repair (O&R) of
delivered propellant scavenging system and GSE parts and operational
spares. Tasks include teardown and evaluation, failure analysis, and
repair as autherized; preinstallation testing; and overhaul of appli-
cable and operational parts,

Excluded are hardware modifications {see WBS PS.3.6), unless the med-
ification is authorized as part of the O&R cycle for & particgular
hardware item.

PROVISIONED MODIFICATIONS

This element encompasses provisioned modifications to delivered pro-
pellant scavenging system and GSE parts and operational spares. Tasks
include fabrication, assembly, inspection, in=-process testing of
podification kits, and acceptance teating of the modified hardware.

Excluded are modifications authorized for accomplishment as part of
the O4R cyele for a particular hardware item (see WBS PS.3.5).

SPECIAL PROVISIONED HARDWARE

This element. includes apecial hardware provisioned by NASA in support
of provisioning operations activities for the propellant scavenging
system.

QPERATION AND MAINTENANCE DOCUMENTATION

This element provides for manuals and other doocumentation describing

the requirements and procedures for operating and maintaining the
propellant scavenging system and GSE.

32

STS 84-0570-3



o T R s

Rockwell
International

Space Transporiation ‘
Syslems Divislon

PS.3.9 MAINTENANCE ENGINEERING ANALYSIS

This element provides for maintenance engineering analysis to deter-
mine propellant scavenging system and GSE bardware maintenance
requirements and procedures.

PS4 OPERATIONS SUPPORT

This element encompasses unique tasks necessary to aupport the tran=
sition frem development flights to operational flights of the propel-
lant scavenging system, the activation of the propellant-scavenging-
systup-related facilities, and the operational flight and ground
operations at ESC, VAFB, and designated alternative landing sites,

Alvo included is support to JSC activities.
This element i8 subdivided into the following Level U4 elements:
PS.4.1 Management and Support
PS.4.2 Operations Support Engineering
PS.4.3 Identified Projects

PS4 MANAGEMENT AND SUPPORT
This element contains tasks associated with management of bropellant
scavenging system operations support sctivities. The taskas include
planning, organizing, amd defining requirements; establishing sched=
ules and allocating resources to attain objectives; and reporting
progress toward the attainment of objectives,

This element is subdivided into the following Level 5 elements:

Ps.4 Business Management
P3. Conf'iguraticn Management
Ps. Quality Management and Support

1.4
4.1.2
4.1.3
PS.4,1.4 Proourement and IDWA Management
4.1.5 Product Support
4,1.6 Technical Management

1.7 Logistics and GFE Management

PS.4,1,1 BUSINESS MANAGEMENT

Thia element contains tasks required to implement an integrated per=
formance management system that will ensure integrated planning,
scheduling, budgeting, work authorization, cost acoumulation, and
management visibility of all activities. Included are the tasks of
consolidating program requirements; preparing budgets and schedules;
analyzing, summarizing, and reporting performance measurement data;
identifying problems; recommending solutions; and tracking problen
resolutions,
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Inocluded alao are coordination apnd analysis of contract change author=
izations (CCA's), sohedule change doouments, and other related change
documents to develop cost projections. In addition, this element
includes the analysis, coordinstion, procesaing, and statusing of
contract specification and end-item documentation; the preparation
and review of shipping and acceptance documentation; the coordination
and preparation of contract data and engineering and aontrait change
proposala; the fact-finding and conduct of proposal negotiaticas; and
the preparation and submittal of reporta on contract status.

This element also includes operations support information management
tasks required to identify, define, schedule, control, and dissene
inate documentation produced by the contractor; recelve and procesa
government=furnished and subcontractor documentation; maintain doou-
pentation accountability records and files; and prepare and zaintain
the Operations Support information requirements document, which cone-
tains the descriptiona and schedules for information required by NASA.
In addition, this element includes the editorial, text production,
and illustration services necessary to prepare the documentation
required by the Operations Support informstion requirements document.

PS.4.1.2 CONFIGURATION MANAGEMENT

This element includes the tasks required to maintain the dafinition
of propellant=scavenging=syaten hardware configurationn. The tasks
include controlling changes to configuration baselines, and progres-
aively verifying that the as-built configuration agrees with the cure
rent configuration baselines or that differences are identified.

PS.4.1.3 QUALITY MANAGEMENT AND SUPPORT

This element includes all quality assurance effort and resources
related direoctly teo propellant scavenging system operations support.
This element also includes tasks, such as metrology laboratory active
ities, resources management and visibility, quality information and
visibility, and source surveillance, that are directly related to
operations support tasks,

Preparation and maintenance of Rockwell quality-assurance directive
documents are also included in this element.

PS.4.1.4 PROCUREMENT AND IDWA MANAGEMENT

This element includes a system for management technical control eof
subcontractors, suppliers, and major interdivisional work authoriza-
tions (IDWA's). The tasks include providing contractual direction
and analyzing subcontractor reports. Additional tosks include sube
contractor or supplier reviews, on-site coordination and evaluation,
assessment of subcontractor technical schedule and coat performance,
and the management and negotiation of subcontract cshanges and their
integration into the Rockwell change control system.
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PRODUCT SUPPORT

This slement encompamases manufacturing planning, manufacturing cohe
trol, resource planning, support r-.lated to the definition of packag-
ing and transport requirements, and material preparation and kitting
activities, This element also inoludes usage material and other lovw-
value material.

TECHNICAL MANAQGEMENT

This element includes tasks required to provide engineering technical
direcstion, prepare deta:'.ed engineering technical schedules, support
the performance managemu:nt system, manage resources, and maintain the
engineering release systen, Test management and planning are also
included, )

LOGISTICS AND OFE MANAGEMENT

This element includes admininmtration tasks, advance planning and
technical support, change management, and budget and coat control for
logistics activities supporting propellant scavenging system
operationa.

This element alsc includes internal property management of governmesnt
equipment, property, fluids, propellants, and preasurants issued to
Rockwell. The management of equipzent and documentation furnished by
the government includes the identification of requirements, analysis,
scheduling, tracking, and problem identification and resclution.

This element also includes maintenance of the propellant scavenging
system and ground system GFE requirements documentation; development
of Rockwell internal GFE property nanagement procedures, including
procedures for receiving, inspecting, meintaining, =toring, and
acoounting for GFE; and the preparation of asquisition documentation.

OPERATIONS SUPPORT ENGINEERING

This element encompasses technicasl management tasks required to pro=
vide engineering techniocal direction, aoordinate angineering techni-
cal effort to prepare detailed enginsering technical schedule and
cost estimates, support the performance management system, manage
rescurces, and malntain the engineering release systen.

Propellant scavenging system and subsystem project engineering tasks
are included, as are engineering support activities such as engineers
ing work control, engineering performanae management, and surveil-
lance, These tasks are for both propellant scavenging systems and
ground systems.,

This element also encompasses production delivery of dooumentation in
support of safety requiremsnt and procedure definitiens, hazard
analysis, and safety-critical GSE hazard analysis. Also included are
production and delivery of documentation in support of reliability
analysis and surveillance activities,
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PS.4.3 IDENTIFIED PROJECTS

! This eslement encompanses projects for whioh NASA has directed sepa~
rate accounting,
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