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FOREWORD

Three appendixes in support of VYolume V|| - SPS Program Plan
and Economic Analysis, are contained in this document. This work
was completed under the SPS Concept Definition Study {(Contract
NAS8-32475), Exhibits A and B. The three appendixes are:

Appendix A - Satellite Power System Werk Breakdown Structure
Dictionary

Anpendix B - SPS Cost Estimating Relationships
Appendix C - Financlal and Qperatlional Concept

~ Other volumes of the final report that provide additlional
detail are listed below.

Volume

! Executive Summary
bl SPS System Requirements
bil SPS Concept Evelution
1V SPS Point Design Definition
y Transportation and Operations Analysis
I

v 3PS Technology Requirements and Verification
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SATELLITE POWER SYSTEM WORK BREAKDOWN
STRUCTURE DICTIONARY

SOLAR PHOTOVOLTAIC, CONCENTRATION RATIO {CR)-2

INTRODUCTION

The Satellite Power System (SPS), because of its magnitude, duratien,
dollar costs, and interrelationship with other pregrams and users, is a very
complex program. To establish a werk breakdewn structure (WBS) that properly
_ ericompasses the multiple facets of this effort requlres seme inhevative adjusts
¢ ments to the nermal WBS display. At the same time it is impertant that the
? WBS retain, as nearly as possible, the standard WBS format with which managers
are familiar. .

AR 40t AL ) e T T

Generally a werk breakdewn structure is thought to be a product oriented
family tree composed of all the hardware, software, services, and other tasks
2 ) necessary te define the program. - It effers visual display, relates project
5 - elements, and defines the work to be accemplished. The WBS is then a teel
‘ for facilitating communications and understanding of a cemplex program by
dividing this program inte less complex, more manageaable subdivisiens or
elements. To maximize this effectiveness, the WBS must be consistent and
legical. ' ' :

The greatest shortcoming of a single WBS is its inability te be all
‘things for all people. It is most desirable that the WBS provide a uniferm
basis for management and contrel, cest estimating, budgeting and reperting,
scheduling activities, erganizational structuring, specification tree genera-
tion, weight allocatien and control, procurement and contracting activities,
and serve as a teel for progiam eValuatnmn. To de all these things and at
the same time meaningfully relate elements of the program in an eptical dis=
play and define the total work to be accomplished places demands upon the
WBS that usua]ly necess!tate compromises.

Therefore the WBS deve]oped anhd defined herein is primarily tallared
to the unigque cost, economic, and pregrammatic requirements of SPS. Other
users of the WBS may find some sherteomings with the structure, but it should
gerve all users reasonably well. This WBS is designed to allow a standard
and legical fermat for estlmatlng SPS project cost, while at the same time
permlttlng cost and econemic cemparisens of SPS to alternate and competltiVe
I candidates for preduc:ng pewer

SO 78-AP-0023-7
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WBS MATRIX

The total WBS matrix shown in Figure 1 is a three=dimensional structure
that shows the Interrelatienship of (1)} the ‘hardware and activities dimension,
(2) the accounts and phases dimension, and (3) the elements of costs dimen-
sion. This Tatter dimension is not further developed at this time but is
providéd te show the oeoverall expansion capability built Into the WBS matrix.
This dimension will betome moere importanu in later years when the SPS program
approachas & Phase €/D start and is defined te the extent that the elements
of cost can be planned and estimated with realism.

There is, of gourse, the fourth dimensien of time which cannet be
graphically shown but must be considered also. Each entry on the other three
dimensions varies with time, and it is necessary to kiéw these cest values by
year for budget planning and approval, and te establish cost streams for dis-
ceuntlng purpeses. ‘

While a mu]tlple-dlmensaonal appreach may at first appear unduly complex
it actually provides benefits that far outweigh any such ¢encern. This
structural interrelationship provides the capability te view and analyze the
SPS from a number of different financial and management aspects. €Costs may
be summed by hardware groupings, phases, functions, etc. The WBS may be used
in a number of three-dimensional, twe-dimensional, or single=listing format

applications.

'ACCOUNTS AND PHASES DIMENS ION

The accounts and phases dimensjon differs somewhat from the typical
breakeut for government aérospace preograms In that it has been developed to.
also accommodate the finanelal invelvement of the private sector, hence, the
inclusion of the breakout of financial divisiens or "acecounts." Entries for
taxes and insurance have been provided, and distinctions have been made

- between capital expenditures, which are recoverable by annhual depreciation

charges and are not deductible as expenses, and operatien and malntenance

charges against income, which are deductable as expenses in thé year lncurred.

To accomplish this objective five financial accounts have been establish~

ed. Research and experimental (ReE) expenditures include the costs Tor
directed supporting résearch and technclegy (SRT), advanced studies, and
design development, test, and evaluation (DPDT&E). Initjal capital investment
includes the costs asseciated with initlal precuremént and. emplacement of the
SPS plant and equipment. Replacement capital investment includes the costs
associated with capital asset replacements over the operating life of the SPS

A2
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{(e.g., subsystem spare parts, overhauls; etc.). Operatiens and maintenance
(06M) includes the rosts of expendables (e.g., propellants for the propulsion
subsystem thrusters), minor maintenance, repair crews, etc. Other expenses
include the costs eof taxes and insurance. The interrelationship of the

financial accounts to the normel aerospace program phases of DDT&E, investment,

and operations are alse shown in this dimension of the WBS matrix to permit
traceability to these more commonly recognized terms.

It should be noted that the REE expenditure dccount is subdivided inte
several separate DDTEE accounts. This appears desirable because of the
expected long duration of the SPS DDT&E phase and because it will likely be
funded in steps. Each of these subdivisions actually constitutes a mini- -
program in itself and, when viewed in this Tight, again breaks down inte
design and development, investment, and operations phases just as the total
$PS program does. The number and timing of these steps are not vet known,
and the feur subdivisions preséently designated are meant only te suggest
probable development and test pregrams leading to the full scale SPS develop-

ment. They undoubtedly will change as the definition of the development

pregram matures. Some of these steps may well be accomplished as a means of
developing space-to~space power fo NASA and may not then be censidered a
part of the SPS DDTEE as such. :

'HAREIDWA‘RE AND ACTIVITIES WBS DIMENS ION

~ The hardware and activities WBS dimehsion contains all the presently
defined SPS hardware elements of the satellite system and ground system sub-
divided inte subsystems and assemblies. Irherent within this dimensioen is
the capability for further subdivision te lewer levels of detall limited
en1y by the realism of the requirements.

Required suppert hardware, pessibly develeped under the spomsership of
other programs, is also displayed here for completeness and includes such
items as space stations, assembly and support equipment, and transpertation
vehicles. Some or all of these support elements may be developed for multiple

preoject applications. A determination will be made later as te how much, if

any, of the development costs ef these suppert elements should be displayed
under the SPS banner.

Each of the elements of support hardware is brokem out enly at a summary
level within the SPS WBS. However, they each have their own detailed work
breakdown structure which could be displayed in depth under the SPS WBS if
required. . .

Finally, the hardware and activities WBS dimensjon alse includes the
necessary system tevel and project level activities of program management,
systems engineering and integrat ton (SE&1), operations, etc., required teo

-accempl ish the everall $PS missions,

sh 78-AP-0023~7 -
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DICTIONARY ORGANIZATION

The SPS dictionary is divided inte:

1. A graphic display of the three-dimensional WBS matrix (Reference
Figure 1},

2. The definitions of terms of the acecounts and phases dimerision.
3, The definitions of terms of the WBS hardware and activities dimension,

A systematic numerieal toding system coordinates the rows of the hardware and
activities dimension to the columns of the accounts and phases dimension such
that all matrix locations are identifiable by WBS number.

th Figure ! a dot sighifies each matrix position that cerresponds teo an
identifiable task that must be completed in the SPS program. Therefere, each
dot alse corresponds te a cost that will bé ifcurred and must be accounted,
Since each dot corresponds to one particular row of the hardware and activities
dimensioh and alse te ofe particular celumn of the accounts and phases dimen-
sion, a complete definition of any dotted matrix pesition is constructed by
combining the definitions frem the twe applicable dimensiens, That is, to
avoid repetitien, definitiens are provided only once for each hardware and
activities dimension rew and only once for each accounts and phases dimensioen
column, and a complete definition for any dotted matrix pesition is a cembina-
tion of these twe definitions.

SD 78=AP=0023+7
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DEFINITIONS OF ACCOUNTS

WBS TITLE: SATELLITE POWER SYSTEM
WBS NUMBER: 1000-

This element is the total SPS preoject inecluding all accounts and phases
as well as all hardware and activities.

WBS TITLE: RESEARCH AND EXPERIMENTAL EXPENDITURES
WBS NUMBER: 1100-

This element is an account of the SPS project,

The REE expenditures account is a summation of those expenditures
ineident to the research, design, and development of technigues, processes,.
hardware, systems, ete., that are required and necessary te establish a viable
SPS. This account includes costs of SRT efforts directed toward SPS applica-
tion, costs of advanced studies (prior to Phase C/D), and the DDTEE costs
(Phase C/DB) of the SPS project. These subaceounts are defined later in this
document and are graphically displayed on the WBS matrix (Figure 1}). Costs
of general supporting research and technelegy woerk that weuld be perfeormed
regardless of the SPS project are not included, even though the SPS proJect
may indireetly benefit from that woerk.

This acecount includes costs of all the elements appearing in the hardware
and activities dimension of the WBS matrix (Figure 1) for which a dot appears
in any of the R&E expénditures eolumps. . :

For SPS income tax purpeses, REE costs may be deducted in the year
incurred in the same manner as business expenses,

- Anb o
SD 78-AP-0023-7
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i : WBS TITLE: INITIAL CAPITAL INVESTMENT
‘ : WBS NUMBER: 1200-

This element is an account of the SPS projéct.

The initial capital investment account is a summation of those plant and
equipment expenditures made for the initial procurement and installation of
each full scale SPS. That is, this acecount collects the production, assembly,
installation, transportation, test, etc., costs of each individual satellite
and ground statien that is associated with, and necessary to, bringing the
power plant on-line (in government aerospace terminelogy, this corresponds to
costs in the investment phase). Examples of costs collected in this account
are the procurement cost and launch cost of the satellite system itself, the

: procurement cost of the ground system (including installation), and all other
| necessary costs to achieve this end such as theose attributable te space
'~ stations, launch vehicle fleets, ete. Alse included in pro rata share of
such functional costs as program management. SE&l, ete., related to the fore-
going systems. Only costs Incurred after the end of the DDTEE phase and prior
to the initial operational capabi]ity.(ioc).ef'each 5PS are collected in this
acecount, :

BRI

T EsMeEORRYTE - L T e

This account includes costs for all the elements appearing in the hard-
ware and activities dimension of the WBS matrix {Figure 1) for which a dot
appears in the initial eapital imvestment column.

For SPS income tax purposes, the investment costs in this acceunt are
recevered by annual depreciation charges.

PRI MRS BT L e e T

WBS TITLE:  REPLACEMENT CAPITAL [NVESTMENT
WBS NUMBER: 1300-

; _ This element is an account of the SPS project.

The replacement capital investment account is a summatien of these plant
and equipment expenditures made for capital asset replacement and major
maintenance overhauls that are expected te last more than 1 year and result
in an improvement te the operating system. Examples of costs collected in
this account are the costs of spares, their installation and asseciated
launch costs or ground transpertatien costs, permanent imprevememts in the
system such as rotary joint replacement, installatien of impreved design
satellite control equipment, etc., as well as pro raté shares of functional

5 - costs, These expehditures begin at the [0C and econtlnue over the life of
b each SPS, '

i . ' This account includes costs for all the elements épﬁearing in the hard-
y ware and activities dimension of the WBS fiatrix (Figure 1) for which a dot
@ ' appears inh the replacement capital investment column,

E ' - For SPS income tax purposes, the investments in this account are
i o regovered by annual depreciation charges.

? -
. | | 5D 78-AP-0023-7
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WRS TITLE:  OPERATIONS AND MAINTENANCE
WES NUMBER: 1400-

This element is an account of the SPS project.

. The 05M acceunt is a summation of those expenditures incurred in the
day-to-day operations beginning with the [0C and continuing ever the life of -
each SPS. Examples of costs collected in this acecount are wages of eperations
and maintenance personnel, minor repairs and adjustments -te systems to wmaintain
an oerdinarily efficient operating condition, expendables and consumables, launch
costs for transfer of on-orbit personnel and resupply of expendables and can-
sumables, etec. '

. This acecount includes costs for all the elements appearing in the hard-
ware and activities dimension of the WBS matrix (Figure 1) for which a dot
appears in the 0&M column,

For SPS inceme tax purpeses, the costs collected in this account are
deductible as business expenses in the year in whieh they are incurtred.

WBS TITLE:  GTHER EXPENSES | B g - . |
WBS NUMBER: 1500~ - | |

This element is an acceunt of the SPS project.
The other expenses account is « summation of those expenditures incurred

for taxes and Insurance and casualty losses beginning with the [0C and
gontinuing ever the life of each SPS. Examples of costs collected in this

. aegount are federal and state income taxes, property taxes, ptoperty insurance;

payload and launch vehicle losses, ete.

This account ingludes césts for all the elements in the hardware and
activities dimension of the WBS matrix (Figure }) for which a dot appears .in
the other expenses column. '

For SPS Income tax purpeses, the costs collected in thls account are
deductible as businéss expénses in the year in which they are incurred,

A-8
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WBS TITLE:  DIRECTED SUPPORTING RESEARCH AND TECHNOLOGY
WBS NUMBER: 1110-

This element is a subaccount of the R&E expenditure account.

The directed SRT. phase is an SPS dlSctpl|ne~er1ented activity very basic
and furdamental .in nature that is pursued in a step~by- step manner, but is in
general not schedule orierted or related. Directed SRT is designed to reveal
a fundamental truth or aspect of natural law or an element of a physical
science related te the SPS project. The product is usually data rather than
hardware. - However, the results may be applicable to specifie SPS hardware
developmen ts and ‘resulyin improved means of accomplishing the SPS mission.

An examp]e of directed SRT is a study of the likely effect of orbital
space debris on the SPS satellite: An example of general SRT not accounted
for in the SPS WBS is an Air Force Study to c¢ataleg such objeects in Earth
orbit, if the study would have been undertaken with or without the SPS.

WBS TITLE:  ADVANCED STUDIES
WBS NUMBER: 1120~ :

' This alement is a subaccount of the REE expenditure account,

The obJective of the advanced studies phase is to conduct efforts and
system studies that examine the future direction of the SPS project. New
space systems, mew operational concepts, and advanced uses of existing
systems evolve from these studies in terms of conceptual designs, trade
studies, and requizement definitions. -Emphasis is given to both the utiliza-=
tion of existing systems that can be used to advanee the SPS projéct capabili-
ties at a minimum cost and studies of potential new systems and operational

concepts.

Examples of advanced studies are Pre=Phase A, Phase A, and Phase B
studies. Pre-Phase A and Phase A studies are concerned with the analysis of
alternate overall SPS project approaches or concepts, the identification of
majer project elements, and the consideration of the feasibility of the SPS
obJect|Ves. in these phases, contracted effort is often limited to auxiliary
studies in support of in-house activity, Phase B effort invelves more detail-
ed study, analysis, and preliminary systems design directed toward facillitat-
ing the cheice of a single project approach from the alternate approaches
selected through Phase A. In Phase B, the major effort is nermally acgompl ish=
ed by contracted studies.

) ‘?“‘l | |
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WBS TITLE:  SPS SUBSYSTEMS DDT&E (AUTOMATED)
WBS NUMBER: 1130~

This eélement is a subacéount of the REE expenditure account.

-The SPS subsystems DDTSE (automated) subaccount has been included as a
generic subaccount only and Is subject to medification as the definition of
the SPS development program evelvés. This subaccount is meant to inélude
any Shuttle automated payload develepments defined as part ef the eoverall
SPS DDTSE and is subdivided inte 3 areas:

1) WBS Number 1131 - DDT&E. ‘The DDTSE area comnsists of eonestimé costs
associated with the design, development, and evaluatien of compén=
ents, subsystems, and systems required in subsystem suppoert of
Shuttle automated payload developments defined as a part of the
overall SPS=DDT&E phage.”

2) WBS Number 1132 = INVESTMENT. The Ihvestment area consists of
one-tlime post DDT&E efferts requlred for the initial precurement
~and Installation utiliZing Shuttleé autemated payloads.

3) WBS Number 1133 = OPERATIONS. The Operations area consists of the
effart required to operate and maintaln the SPS projecc wtilizing
Shuttle automated payloads éver the operatienal 1ifatime.

As established, the SPS WBS includes four such generic subaccounts, WBS

humbers 1130, 1140, 1150, and 1168. Tegether, these four subaccounts comprise

the DDTSE phase of the entire SPS project.

A=10
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WBS TITLE:  SPS SUBSYSTEMS DDT&E (SORT!E)
WBS NUMBER: 1140~

This element is a subaccount of the RGE expenditure account.

The SPS subsystems DDTSE (sortie) subaccount has been ihcluded as a
generic subaccount only and 1§ subject to modification as the definitlon of
the SPS development program evolves. This subaccount is meant to include
any Shuttle sortie payload developments deflned as part of the overall SPS

 DDT&E and is div:ded inta 3 lower level areas:

1) WBS Number-llhl -~ DDTEE. The DBT&E area consists of one-time costs
assoclated with the design, development, and evaluation of compen-~
ents, subsystems, and systems required in subsystem suppoert of
Shuttle sertie paylead developménts defined as part of the overall
SPS-DDTEE phase.

2) WBS Number 11&2_* INVESTMENT. The investment area censists of
one-time post DDTGE effort required for the initial procurement
and installatien utillizing Shuttle sortie payloads.

3) WBS Number 1143 - GPERATIONS. The Operatlons area consists of the

effort requiired to operate and maintain the SPS Shuttle sortie pay~
loads over the eperatienal lifetime.

As establlshed the SPS WBS inecludes four such ggnarié-subaceouﬁts; WBS
numbers 1130, 1140; 1150, and 1160 that comprise the DDTSE phase of the
entire SPS preject.

$p 78-AP-0023-7
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WBS TITLE:  SPS DDT&E (SUBSCALE)
WBS NUMBER: 1150~

This element is a subaccount of the REE expenditure account.

The SPS DDTSE (subscale) subaccount has been included as a generic
subaccount only and is subject to medification as the definition of the SPS
development program evelves. Thls subaccount is meant te Include any sub=

scale developments (beyend Shuttle) defined as part of the overall SPS DDT&E
and is divided into 3 subareas:

1) WBS:Number 1151 - BDT8E. Thls DDTSE area consists of one=time costs
associated with the design, deve]opment, and evaluation of compenents,
subsystems, and systems required in any subscale developments (beyond
Shuttle) defined as part of the overall SPS DDTSE phase.

2} WBS Number 1152 - INVESTMENT. The investment area consists of one-
time pest DDT&E effert required for the initial procurement and
installation of subscale developments (beyend Shuttle).

3) WBS Number 1153 - QPERATIONS. The Qperatieons area of this element
is included as a part of SPS-WBS element numbers 1380, 1400, and
1500 within the Operations Phase of the SPS commercialization
program. '

As established, the SPS WBS inc¢ludes four such gérneric subsgecounts, WBS

numbers 1130, 1140, 1150, and 1160. Together, these four subaccounts cemprise

the BOTSE phase of the entire SPS project.

SD 78-AP=Q023-7
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WBS TITLE:  SPS DDTeE (FULL SCALE)
WBS NUMBER: '1160-

This element is a subaccount of the REE expenditure account,
The SPS DDTSE (full scale) subaccount has been included as a generie

subaccount only and is subject to modification as the definition of the $PS
deve lopment program evelves. This suba€count is meant to include the develop~

_ments defined for the operational full scale SPS project and is divided into_

3 subareas:

1) WBS Number 1161 - DDT&E. The DDTSE area consists of one~time costs
associated with the Phase €/D design, development, evaluation and
test of componefts, subsystems, and sSystems (satellite, grourd
system, HLLY, ete.) required to complete DDTSE developments as
defined for the operational full scale SPS project.

2) WBS Number 1162 - [INVESTMENT. Thé investment area consists of
-pne=time post DDTEE effort required for the initial procurement
and installation of defined developments (technology advancements)
and their validation on an oeperational full scale SPS project.

3) WBS Number 1163 ~ OPERATIONS. The Operations activity of this
element (and associated cests) become a part of SPS-WBS elements
(Numbers. 1300, 1400, and 1500} within the Operatiéns Phasé of the
SPS commercialization plan, '

As established, the SPS WBS includes four sueh generic subaccounts, WBS

aumbers 1130, 1140, 1150, and 1160. Together, these four subaccounts cemprise
the DDT6E phase of the entire SPS préject. '

Sp 78-AP-0023=7
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DEFINITIONS OF PHASES

WBS TITLE: DESIGN, DEVELOPMENT, TEST, AND EVALUATION
WBS NUMBER: N/A

This element is a phase of the SPS project.

The DDTEE phase eonsists of the éne~time costs associated with designing,
developlng, and evaluating the components, subsystems, and systems required .
for the SPS project. |t includes the development engineering, testing, and
support hecessary to translate a performance specification inte a design.
1t encompasses the preparation of detailed drawings for system hardware fab-
rication, system integration, and (deperiding on the system, subsystem, or
component) structural, -envirenmental, and other required tests. |t includes
all ground tests, sortie tests, subseale and full seale SPS tests, and all
hardware fabrication required for such tests. Also Included are the analysis
of data and whatever redesign and retest activities are necessary fo meét
specifications. It alse includes ground support equipment, special test
equipment, and other program peculiar costs not associated with repetitive
production. . All SPS related suppoert systems such as transportatiom, assembly

~and support facilities, and assembly/support equipment nécessary to acecomplish

the DDT&E phase are Included at present for compieteness. |t may later be
determined that some of these support systems will exist with or without 5P5;
therefore, they may not be chargeable to the SP3 pro;ect

As merntioned earlier in this repert, the SPS DDT&E phase is actuaily cam=
posed of several miniprograms. Generiec subaccounts have been provided for
these miniprograms, and these were defined previously. - Some of these mini-
pregrams may materlalize for reasons other thanm SPS and, hence, may not be
chargeabie to the SPS project.

{For a graphic display of the equivalency of the REE expenditures aceount
and the DDT8E phase, see the WBS matrix illustrated in Figure 1.)

5D 78-AP-0023-7
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WBS TITLE:  INVESTHENT
WBS NUMBER: N/A

. This elemént is a phase of the SPS project.

The investmént phase consists of the one-time post=DDTEE efforts required
for the initial procurement and installation of each operational full scale
SPS. The costs of this phase are collected ih the initial eapital investment
dcecount (WBS number 1200). (For a graphic display of the equivaleficy of the
initial capital investment account and the investment phase, see the WBS
matrix illustrated in Figure 1.)

This element includes plant and equipment expenditures made for the
initial procurement and installation of each full scale SPS including costs
attributable to the satellite system {tself, ground system, space assembly
and support facilities, launch vehicle fleets, and supporting functions such
as program management and system engineering and integratien,

WBS TITLE:  OPERATHONS
WBS NUMBER: N/A

This elemémt is a phase of the SPS project.

The eperations phase consists of the efforts required te operate and
maintain the SPS preject over its operational I fetime. This phase includes
the recurring provisiening of spare parts for unscheduled repair, refurbish=
ment, and major maihtenance operations, the casts-of‘which aré éollected in
the replacement capital investment account (WBS number 1300). Alse included
in this phase are the day=to~day mission operatiens, miner maintenance,

‘administration, and ether activities such as trailning required to effect the

‘gontinuous opeéfration of the SPS, the eosts of which are collected in the
operations and maintenance account (WBS number 1400)., in addition, insurance
and taxes are covered in this phase, and the costs are collected in the other
expenses account (WBS number 1500). (For a graphic display of the accounts
inc]uded'yithin the éperatiens phase, see the WBS matrix (1lustrated im
Figure 1.
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Space Division

DEFINITIONS OF HARDWARE AND ACTIVITIES
WBS TITLE:  PROGRAM MANAGEMENT
WBS NUMBER: =~01-00-00
This functional element includes efforts and material required to direct,
manage, and centrél the projeét., This element encompasses the fellewing

functions:

Program Administration

Program Planning and Control

Contracts Administration

Engineering Management

Manufacturing Management

'Support Management

Quality Assurance Management

Configuration Management

Wom B W I W N

Data Management.

This element sums all of the direct effert required to provide management
‘control including planning, erganizing, directing, and ceordinating the project
te ensure that overall project objectives are accomplished. These efforts
overlay the functiemal werk areas (e.g., engineering, manufacturing, etc.) and
assure that they are properly integrated, These element alse includes the
efforts required in the coerdinatien, gathering, and dissemination of manage-
ment informatien.

WBS TITLE: SYSTEMS ENGINEERING AND INTEGRAT|ON
WBS NUMBER: -02-00-00

This fuhnctional element includes the engineering efforts related to the
establishment and maintenance of a technical baseline for a system by genera-
tion of system chFiguratlan parameters, criteria, and requirements. [t
ineludes reguirements analysis and Integration, system definitlon, system
test definitioen, interfaces, safety, reliability, and maintainability. It
alse includes these efforts required to moniter the system development and
operatiens te ensure that the design conferms te the baseline specifications.

SD 78<AP=0023-7
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WBS TITLE:  SATELLITE SYSTEM
WBS NUMBER: =03-00-00.

This element is a system of the SPS project.

The following subsystens are included in this element:

Program Management
SE&l

Structures

Power Source
Mieréwave
Prepulsioen

Avienics

Thermal Control

“Ground Assembly and Integration

System Ground Test Hardware
System Ground Test Opérations

Operations

Ground Support Equipment {GSE).

‘l‘ Rockweil international
Snace Divé

This element inzludes the hardware and activities that comprise the
satellite subsystems utilized to convert solar energy to electrical energy
and for transmitting this energy by microwave to the ground statien system,

$D 78~AP-0023-~7
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WBS TITLE: PROGRAM MANAGEMENT
WBS NUMBER: =03-01-00

This element 15 a subsystem of the satellite systenm.

This functional element includes efforts and material required te direct,
manage, and control the project. This element encompasses the fo]lownng

BERRST ot e

B K

—
-

A functions:

Program Administration {
Program Planhing and Control A
Contracts Administration

Engineering Management

Manufacturing Management

Suppert Management

Quality Assurance Management

Configuration Mahagement

Data Management,

W0 o~ 0N U e oW N
-

This element sums all of the direct effort reguired te pruvide management
contre! including plamrning, erganizing, directing, and ceerdinating the pro-
ject to ensure that overall project GbJECtIV&S are accomplished, These efforts
overlay the functienal work areas (e.g., engineering, manufacturing, ete, } and

‘assure that they are preperly intégrated. This element alse includes the

efforts required in the coerdination, gathering, and dissemination of manage=
ment infermation.

WBS TITLE:  SYSTEMS ENGINEERING AND INTEGRAT |ON

WBS NUMBER: =03-02<00
This element s a subsystem of the satellite system.

This functional element includes the engineering efforts related to the
establishment and maintenance of & technical baseline for a system by genera=

tion of system configuration parameters, eriteria, and requirements, It
includes requirements analysis ahd integration, system definition, system test
definition, interfaces, safety, reliability, and maintainability. It alse

includes these efforts required to meniter the system development and opera-
tions te ensure that the design conforms to the baseline specifications,

A-18 | o
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WBS TITLE:  STRUCTURES
WBS NUMBER: -03-03~-00

This element is a subsystem of the satellite system.

This element includes the mechanical members that form the basic frame-
work for the SPS satellite as well as the sécondary structure utilized to
mount equipment. Alse included in this element are rotary jeint structure
and mechanisms that alleow the antenna to change orientation relative to the
main satellite body, and any mechanisms for pesitioning and actuatzng that
are not an integral part of another subsystem,

The Fo]lowing assemblies are included in this element:

}. Antenna Structure

2. Power Source Structure

3. Rotary Joint
4. Mechanisms:
5

5. Secondary Structure.

WBS TITLE:  ANTENNA STRUCTURE
WBS NUMBER: -03-03<0]

This element is an assenbly of the structures subsystéem.

_ ‘This element includes the basic supporting framework for the microwave
antenna from the interface with the rotary jeint. The antenna structure
provides support and does not include the waveguides or the radio frequency
assemblies associated with the microwave subsystem, This element is limited
to the primary load cafrying elements and déees -not include secondary structure
such as eguipment mounts, platforms, and Space suppert equipment supports.

A=19.
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“L' Rockwell International
’ Space Division

WBS TITLE:. POWER SOURCE STRUCTURE
WBS NUMBER: -03-03-02

This element is an assembly of the structures subsystem.

This element Includes the basic suppofrting framework for the energy
conversion section of the satellite up to the interface with the rotary
Jjoint including the nen-rotating inner ring structure that interfaces with
the rotary joint. The power source structure provides support and does not
include any power source subsystem elements. This element is limited to the
primary lead carrying elements and does not include secondary structure such
as equipment mounts, platforms, and space support equipment supports. This
element includes that portion of the power distribution function where tha
primary structure serves as an electrical cenductor.

WBS TITLE: ROTARY JOINT
WBS NUMBER: ~03-03-03

This element is an assembly of the structures subsystem.

The rotary joint allews the antenna to rotate relative to the satellijtes
main body so &s to maintain a fixed attitude relative to the ground statien/
rectenna. This element inciudes the movable Interface between the power
source structure and the antenna structure excluding brush boxes, brushes,
and slip rings as included in WBS element 03-04-03.

WBS TITLE:  MECHANISMS

-WBS NUMBER: =03-03-04

This element is an assembly of the structures subsystem.

This element includes all mechanical, electromechanical, hydraulic, and
pneumatic devices that pesitien, actuate, er artléulate elements ef the
satellite. This element includes the ScreWJaCkS that align the microwave
antenna subarrays.

5D 78-AP-0023-7
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| ‘l Rockwell International

Space Division

- WBS TITLE: SECONDARY $TRUCTURE

WBS NUMBER: -03-03-05
This element is an assembly of the structures subsystem,

This element includes all structure required as an interface between the
primary structure and the mounting attach points of components, assemblies,
and subsystems. It also includes any structure required between two or more
compenents or assemblies, Excluded are any mounting brackets that are
provided as an integral part of a component, assembly, or subsystem.

WBS TITLE: POWER SOURCE

. WBS NUMBER: =03-04-00

This element is a subsystem of the satellite system.

This element includes the compenents for the generation of electrical
pewer using a sélar energy source. This element includes the distribution
and ¢onditioning of the electrical power up to the interface with the retary
joint. The follewing assemblies are included in this element.

. Soiar Cell Blankets

2. Conecentrators

3, Power Distribution and Conditiening

WBS TITLE:  SOLAR CELL BLANKETS
WBS NUMBER: =03-04-01

This element is an assenmbly of the power seurce subsystem.

This element converts selar energy to electrical enerdy and provides
power to the buses in the power distribution and conditioning assembly. [t
includes the selar cells, cell covers, substrate, interconnects, filters and
thermal coatings, integrated power conditiening equipment such as switching
diedes, if applicable, and mechanical attachments for mounting to the power
source structure., Excluded are the toels and suppert equipment reguired for

deployment of the blanket. o

A-21
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WBS TITLE:  CONCENTRATORS

WBS NUMBER: ~=03=04-02
Thiv element is an assembly of the power source subsy§tém.

This element concentrates the solar energy onto the solar cell blanket
or selar energy abserber. It includes the reflector substrate and reflective

coating, plus any attachments required for mounting te the structure. Exclud=

ed are tools and support equipment required for deploymeit.

WBS TITLE:  POWER DISTRIBUTION AND CONDITIONING

This element is an assembly of the power sourée subsystem.

This element includes pewer conducters and switches necessary te trans=
mit electrical power from the pewer source to the rotary jeint. Alse

ineluded are the slip rings, brushes, and brush boxes required té cenduct

power across the rotary (mevable) jJoint; and energy storage provisiens such
as these provided by batteries. The slip ring/brush serves twe functions:
1) to transmit power actoss the movable joint and 2) to act as a bearing for
loads frem the stationary te the rotating strugturé. Conductors that would
be an integral part of aneother assembly eor subsystem, such as in the case of
structures, are not jncluded.

CA-22
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WBS TITLE:- MICROWAVE
WBS NUMBER: <~03<05-00

This element is a subsystem of the satellite system.

This element inciudes the components of the microwave power transmission

subsystem. This subsystem, whose interface begins at the rotary joint, is

qti]ized to couavert the power sourceé output to high pewer miéréowave énergy
for transmission te the ground=based reéceiving statioen.

The felléwing assemblies are Included in this element:

1. Radie Frequency (RF) Generation and Beam Control
2. Waveguides

3. Power Distribution and Conditiening.

WBS TITLE: RF GENERATION AND BEAM CONTROL
WBS NUMBER: =03=05-0]

" This ¢lement is an assembly of the miérewave s-ubsys’tem.

This element in¢ludes the electreni¢s necessary te convert the direct
current (de) electric power previded by the power distributien and condition-
- TAg assembly te RF microwave power. Included are the high power RF transmit-
ting devices such as klystrons and eother related equipment including driver.
amplifiers, frequeney Gontrel electfenics, and phase control electrenies.
This element alse includes the computer interfaces, software, and electronics

equipment for retrodirective beam contrel. : :

WBS TITLE:" WAVEGUIDE
WBS NUMBER: <03-05-02

This element i5 an assembly of the micrewave subsystem,
This element includes the waveguide that receives the RF power from the

. RF generation and beam control assembly and radiates It to the ground-based
- Fecténna. A , o ' T :

A=23
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WBS TITLE:* POWER DISTRIBUTION AND CONDITIONING

1 WBS NUMBER: =+=03-05-03

f: This element is an assembly of the microwave SuSsVStem

%‘ This element zncludes the pewer conduetors, switches, and cenditioning

o : equipment that conduct dé or jew frequency alterhating current (ac) electric

power from the rotary jeint and provide regulated dc power to the RF géner=
atien and contrel eguipment and any other peower censuming equipment lecated
en- the antenna.

TR TR

WBS TITLE:  PROPULSION (ATTITUDE CONTROL AND STATI@NKEEPING SUBSYSTEM)
WBS NUMBER: -03-06-00

R DU i R

This element i$ a subsystem of the satellite system.

This element includes all the propulsien compoﬁents reguired te effect
and mathtain the SPS satellite specified pesition and erientation in space.

SN \:.‘IF_.,. P A.—.“:' .

The following assemblies are ingluded in this element:

]. Attitude Control
2. Orbital Maneuvering (Stationkeeping).

Hardware which is commen te both attitude contrel and orbital manéuvering
shall be included in eorbital mansuvering.

5
T,
4

%
.
1

WBS TITLE:  ATTITUDE CONTROL
~WBS ‘NUMBER: =03-06~01

This element is an assembly of the prepulsion subsystem.

This element includes the propulsion hardware that provides the torques
required to erient the satellite and maintain its required attitude relative
to the Sun: Both chemical propuisien and electrical prepulsion may be re-
S quired, and hardware elements Include thrusters, tankage, lines and valves,
o propellants, support structure, and electronigs. Excluded are attitude
' sensors and reaction wheels that &re Included in the avienies subsystem.

A=21
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WBS TITLE:. ORBITAL MANEUVERING (STATIONKEEPING)
WBS NUMBER: .=03-06-02

This element is an asseiibly of the probu1s!en subsystem.

This element includes the propulsion hardware that provides the thrust
required to transfer the satellite from its assembly orbit to its required

" operational position In geosynchrenous Earth orbit {(GEQ). Satellite station=

keeping Is also maintained by this assembly. Both ¢hemical and electrical
propulsieon may be required, and hardware elements include chemlecal engines,
thrusters, tankage, lines and valves, prepellants, support structure, and
electrenics. This element is required only when the propulsion units are

an integral part of the satelllte and are not intended for reuse on other SPS
sate]lltes

wss TITLE:  AVIONICS

WBS NUMBER: =03-07-00
This element is a subsystem of the satel lite system.
Thfs element includes those electrical and electronic cempenents requir=

ed for the communications (ineluding telemetry), tracking, data handling,
5|gna1 farmatt;ng, and attitude sens;ng and centrol for the satellite.

The fellew:ng assemb) ies are |nc1uded in this eIement
1. Data Management

2, Communications and Trackifg

3. Instrumentation

h. Attitude Contrel,

WBS TITLE:  DATA MANAGEMENT

WBS NUMBER: -03=07=01
This element  Is an assembly of the avionics subsystem.
This element includes those components that process information onboard

the satellite., This |ncludes 51gnal conditlon:ng, farmattlng, cemputatlens
and signal routing. o . S

: Af-_2‘5
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 WBS TITLE:  COMMUNICATIONS AND TRACKING

WBS NUMBER: =03=07-02
This element is an assembly of the avienlcs subsystem.

This elemént includes those cemponents of the satelllte that trahsmit
signals to and/or recelve signals from cther orbiting statioens and the

greund stations.

’ Ineluded are coemmunications, telemetry, tracking, and cemmand equipment.

WBS TITLE:  INSTRUMENTATION
WBS NUMBER: =03-07-03

This element is an assembly of the avionics subsystem.

This element includes those componénts that measure various parameters
on board the satellite su¢h as temperature, veltage, flow rates, etc. This
element Includes the semsers, remote sigral conditiening equipment, and the
signal reuting and distribution eguipment. Excluded from this element are
those Sensers that measure the attitude of the satellite.

WBS TiTLE: ATTITUDE CONTROL
WES -NUMBER: _~03§07504

This element is an assembly of the avienics subsystem.

This element includes any'onbeard compenents that sense the attitude of
the satellite. This element alse includes any control mement gyres (CMG) eor
reaction wheels that are used for attitude contré] plus figure centrol

sensors and actuators, but excludlng MW figure cantro1 actuaters
(contained in 03-03-04). .

A-26
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WBS TITLE: - THERMAL CONTROL

WBS NUMBER: =-03-08-00

This element is a subsystem af.the satellite system.

~This element includes any onboard equipment fer dissipating er acquiring
heat that is not an integfal part of another subsystem. Included in this
element are insulatien, radiaters, heatérs, and heat transfer devices such
as heat pipes that are used to c¢ontii] the temperature of another subsystem.

WBS TITLE:  GROUND ASSEMBLY AND INTEGRATION
WBS NUMBER: =03-09-00

. This element is an activity of the satellite system.

This element inciudes the ground=based assembly and physical integratien
of flight subsystem and assembly hardware. |t includes the assembly, test,
and c¢heckout reguired te integrate assemblies inte an accepted flight article.
Included are ground assembly and integration of the SPS subsystems develep=
ment satellites such as the autemated, sortie, subscale, and full scale
satellites as well as the full scale operational satellite system. The degree
of assembly varies with the flight system, For example, the automated pay=
loads and possibly seme sortie payloads are completely assembled eon the

ground; however, because of the large size of the subseale and full scale

satellite systems, ohly certain subsystems and/or assemblies may be assembled
prior to launch.

WBS TITLE: SYSTEM GROUND TEST HARDWARE
WBS NUMBER: =03-10-00 '

This element is a subsystem of the satellite system.

This elemenht inéludes the satellite system hafdware requiréd for ground-
based systems tests including qualification tests and other developmert tests
invelving twe or more subsystems eor assemblies. |t includes the productien,
assembly, integration, and checkout of the hardware imte a full er partial
system test article. This element excludes hardware that will subsequently
be used as operational proteflight or flight hardware. This element also
excludes test facilities or test fixtures requlred fer the tests.

COA27
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Space Division

WBS TITLE:. SYSTEMS GROUND TEST OPERATIONS
WBS NUMBER: =03=11-00

This element is a subsystem of the satellite system.

This element inéludes the effort required for ceonducting ground-based
systems tests including qual ificatien and other development tests invelving
two or mére subsystems or assemblies. It includes the planning, documenta-
tten, and actual test operations. This element alse includes design, develop-
ment, and manufacture of special test equipment, test fixtures, and test
facilities that are net included in other elements such as GSE.

WBS TITLE:  OPERATIONS
WBS NUMBER: -03-12-00

This element is ah activity of the satellite system.

This element includes the planning, development, and conduct of opera=
tional sequences for ground support of assembly and checkout, paylead Jaunch,
erbital assembly and chieckout, and operation of the dssembled SPS. :

The following suberdinate elements are included in this element:

1. Gféund Dperatisns
2. Orbital OperatioRs.

‘WBS TITLE: GROUND QPERAT [ONS
WBS NUMBER: =03-12~01

This element 1s a subactivity of eperations.

This element includes the planning, develepment, and conduct of ground
operations required Inh support of the satellite erbital assembly and check-
out. Ground operations reguired in suppert of satellite erbital transfer
and satellite operations and maintenahce are in¢luded in gFound statien
system operations. For the early DDTEE programs such as automated (WBS
number 1100) and sortie (W8S number 1208), this element includes the ground
mission eperations required to accempllsh the orbital tests and evaluatioens,
Excluded are the launch vehicle mission operations that are included in '
element numbers 1100-08-02 and 1200=08-02.
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‘l‘ Rockwell International
Space Divisko

WBS TITLE:  ORBITAL OPERATIONS
WBS NUMBER: =03-12-02

This élement s a subactivity of operations.

This element includes the planning, development, and conduct of the
on-orbit operations associateéd with orbital assembly and checkout, orbital
transfer, and the orbital eoperatlons and maintenance of the SPS. |t
Includes the en-orbit personnel ‘and expendable maintenance supplies to
support these activities, plus the Saterllite operations and maintenance
base located on the operatichal satellite.

WBS TITLE: ~ GROUND SUPPORT EQUIPMENT
WBS NUMBER: =03-13-00

This element i§ a subsystem of the sate]TTfe syStem.:

This element includes all ground-~based hardware required in support of
handling, servicing, test, and checkout of the satellite subSystems. 1t alse
includes special hardware required for simulations and trainming. included '
are the costs for design, develapment, manufagture, acceptance, qualificatien,
and maintenance of the GSE equipment. It is recognized that various equip-

‘ments can serve multipurpeses. For example, a devéleopmental mockup may

later serve as & training aid after it has served its eriginal purpese. In
these instances, the original acquisition cost is charged te the original
or first purpose use, and subsequent usage wlll :ncur only the recurrlng
operational and maintenance costs.
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WBS TITLE:. GROUND STATION SYSTEM
| WBS NUMBER: ~04<00~00

This element is a system of the SPS project.

This element includes the land, facilities, and equipment that comprise
the ground subsystems utllized to receive the radiated microwave power beam
and 9 provide the power at the required veltage and type of current for
entr) .into the national power grid. Alse in¢luded are the equipment and
facilities necessary to provide operational centrol over the satellite.

The following subsystems are included in this element:

l. Program Management

| 2. SEs
! ‘3. Recténna
4, Satellite Control

Utility knterface
E 6. Site and Facilities

7. Operatiens.

¥
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WBS TITLE:  PROGRAM MANAGEMENT
WBS NUMBER: =04=01-00 '

This element 15 a Subsystem of the ground station system.

This functional element inc¢ludes efforts and material required to direct,
manage, and contrel the project. This element éncompasses the following
functions:

1. Program Administration’

2. Program Planning and Centrol

3. Contracts Administration

4, Ehgineering-Ménagement
| ' 5. Manufacturing Management
! ' 6. Support Management
7. Quality Assurance Management
8. Configuration Management
9. [Data Mahagement. N _ _ . ;
This.element sumﬁ altl of Ehe direct effort required to pre&ide management

contrel inecluding planning, organizing, directing, and coerdinating the pre=
ject to ensure that everall preject objectives are accomplished. These efforts
overlay the funétional work areas (é.g., engineering, manufacturing, etc.) and
assure that they are properly integrated. This element alse includes the i)
efforts required in the coerdination, gathering, and disserination of manage= '
ment information.
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WBS TITLE:. SYSTEMS ENGINEERING AND INTEGRATION
WBS NUMBER: ~04-02-~00

This element is a subsystem of the ground station system.

This functional element includes the engineering efforts retated to the
establ ishment and maintenance of a technical baseline for a system by genera-~
tion of system confliguration parameters, criteria, and requjrements. It
includes requirements analysis and integration, system definition, system
test definition, interfaces, safety, reliability, and maintainability. It
also Includes those efforts required to menitor the system development and
operations to ensure that the design conforms to the baseline specifications.

WBS TITLE:  F=1TENNA

WBS NUMBER: =04=-03-00
This element is a subsystem of the ground station system.

This element Includes those assemblies that receive the microwave power
radiated from the satellite systems to the ground. This element censists
of the antenna array élements, the poweér busses and switching elements, and
the supperting structure and ground plane.

The follewing assembiles are included in this element:

¥. Dipele Rectifiers
2., Power Distributioen and Conditiening
3. Support and Ground Plane Structuré.

WBS TITLE: DIPOLE RECTIF{ER ELEMENTS

WBS NUMBER: ~04-03-01]
| This element is ah assembly of the reétenna subsystem.

This element includes the'dipoles that are the antenna array elements

associated with the actual reception and rectification of the microwave radia- .

tion. These elements are in serles and parallel as required te deliver the
desired output voltage.
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WBS TITLE:- POWER DISTRIBUTION AND GONDITIONING
WBS NUMBER: -04-03-92

This element is an assembly of the rectenna subsystem.

This element inciudes those components that accept the dc signals from
the dipoles and route, control, and switch this power which includes power
conditioning and power boosting. This element, therefore, covers those

compenents that process information within the Rectenna perimeter including
signal conditiening, formatting, computations, and signal routing.

WBS TITLE:  SUPBORT AND GROUND PLANE STRUCTURE
WBS NUMBER: -04-03-03

This element is an assembly ofthe rectenna subsystem.
This element includes the components that provide the physical suppert

to the rectenna elements and form an electrical ground plane for the antenna
elements. . _ :

WBS TITLE:  SATELLITE CONTROL
WBS NUMBER: -04-04-00

This element is a subsystem of the ground statien Systém.

- This element includes the hardware that will be used te moniter and
control the satellite from the ground:. The subsystem will track the satellite
and menitor the microwave beam characteristics, compute phase cerrectiens and
provide frequency standard signals for the satellite, and communicate with
the GEO space statlen crew.

The following assemblies are included in this element:
1. Traeking
2. -Beam'Monitor?mg'and Control

3. Data Managemént

4, Communications
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WBS TITLE:r TRACKING
WBS NUMBER: =-04-04=0)

This element is an assembly of the satellite contrel subsystem.

This element will. include the ground-based radars or lasers employed
to menitor the orbital stabillty of the satellite.

WBS TITLE:  BEAM MONITORING AND CONTROL
WBS NUMBER: =04-04-02

This element is an assembly of the satellite contrel subsystem.

This element includes the ground equipment for adaptive or command.
- control of the satellite micrewave beam.

WBS TITLE:  DATA MANAGEMENT
WBS NUMBER -0#-04*03

This element Is an assembly of the sate]itte control subsystem

This element includes the equipment needed to analyze signals and data
from the satellite and ground-based systems to compute control Signals and
correction data to maintain safe and optimum perfermance. This excludes
rectenna power distribution menitering and signal rduting (see 04=03-02).

e

A-3h

SD 78-AP=0023=7



o O R

‘l‘ Rockwell Intemational
4 -

WBS TITLE:  COMMUNICAT)ONS
WBS NUMBER: ~04-04=04

This element is an assembly of the satellite control subsystem.

This element includes the ground-based equipment required to maintain
communicatjons between the ground statien and the SPS satellite. Included
are the communications with the space station crew, and telemetry and command
equipment net included in thé beam monitoring and contral assembly.

WBS TITLE:  UTILITY INTERFACE
WBS NUMBER: - -04=05-00

This element is a subsystem of the ground statien system.
This -element includes the power Genversion equipment that receives the

‘energy from the rectenna and cenditions it for input into the electrlcal
power distribution networks.

WBS TITLE:  SITE AND FACILITIES
WBS NUMBER: =04-06-00

This element is a subsystem of the ground station system.

This element encempasses the site and facilities for the ground station
system which ingludes the rectenna, utility interface, and satellite control
sybsystems. Included are the land, $ite preparatien, roads, femces, utilities,

bujldings, and maintenance equ;pment required to house and suppert the other
ground statien subsystems..
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WBS TITLE:- OPERATIONS
WBS NUMBER: =04=07-00

This element is a subactivity of the ground station system.

This element includes the planning, development, and cenduct of all
operations associatad with the ground statioh system activities. Included
are the personnel required for satellite system support and fer operatien
and maintenance of the rectenna, satellite contrel subsystéem, utility inter=-
face, and site ard facilities. This element alse includes the expendable

' marntenance supplies required to accomplish these activities.

WBS TITLE: SPACE ASSEMBLY & SUPPORT FACILITY

WBS NUMBER: -05-00-00

This element is the space assembly and suppert facility project.

This element includes the Space base and construction facllities requir=
ed to assemble, check out, operate and maintain the satellite system through _
10C. The following sub@rdlnate elements aré included in this element: .

1. LE@ Base

2. GEO Construction Base

WBS TITLE:  LED BASE

“WBS NUMBER: 4@5-01-0@

This élemert is a system ef the space assembly and support facility
project .

This element inciudes the DDTEE, investment, and operations of the base
(power, crew/hab, operations, and SUppert madules) lecated in low earth orbit
(LEO).. iricluded are grew life support facilities, the central centrol/stag»
ing féeility, and power generation fagcilities, required supervisory activities
for the direct transfer of crew and equipment between the HLLV and OTV's for
up and down paylead traffic. Excluded are facillvies and equipment unique
to the assembly of the $PS, sincé these are included in thée assembly and
support equipment preject.
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WBS TITLE:- GEO CONSTRUCTION BASE
WBS NUMBER: ~035-02<00

This element is a system of the space assembly and support facllity
proJect .

This element includes the DDT&E, investment, and operation of the

- construction base required in GED to support the assembly, fabrication,

and constructlon activity and to previde safe ecrew habitability/support
prGVISIODS for resldent crew members. Excluded are the facilities and

equipment that are unique asseribly and support equipment, sihce these are
Included in WBS element 06-00-00.

WBS TITLE: ~ ASSEMBLY AND SUPPORT EQUIPMENT PROJECT
WBS NUMBER -eeaoefee

This eIemant is the assembly and SUppert equ:pment project.

This element includes the DDTEE, [nvestment, and operatiens of all SPS

- _unlque assembly and suppert equipment. Ihcluded are beam machines, assembly

Jjigs, manipulaters, teleoperators, carge handling equipment, propellant depots,
maintenance and repair facilities, and other speclial equipment required in the
assembly, c1eckout erbit transfer, and operation and maintenance of the satel-=
lite system. This element excludes equipment provided by the space assembly
and support fa i]aty project (WBS Element 05-00-00).

WBS TITLE:  HEAVY LIFT LAUNCH VEHICLE (HLLV) PROJECT
WBS NUMBER: ~07-00-00 :

This element is the HLLV project.

This element ingludes the DDTEE, investment, and operations of the HLLV

vehiéles required to support the satellite system assembly ahd operation.

Inéluded is the HLLY cost per flight which covers the launch te LEQ of all
space assembly and suppert facilities, space assembly and support equipment,
satellite system hardware, orbital transfer vehicles, propellants, and other
consumablés requi red througheut the satellite lifetime. Alse included are
the payload launch operations that censist of the physical integratien of the

paylead inte the HLLY payload bay and any paylead unique repair and/er check=-

out activity at the launch site during launch preparatiens. The following

systems are included in this element:
1. HLLY Fleet

2. HLLV Opérations.
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WBS TITLE: HLLV FLEET
WBS NUMBER: =07-01=00

This element is a system of the HLLV project.

‘This element provides a hardware and activities dimension row line item

.agalnst which to- charge the necessary HLLV DDT&E and fleet {vehicie) procure=

ment required te support the SPS préject. HLLV. DPTSE is charged against the
aczount or subaccount dimension column that cerresponds to the first user.
That .is, for example, if the SPS DDTEE (full scale) has the first requirement
for the HLLV, the HLLV DDT6E Is charged against the WBS matrix pesitien that
corresponds to the HLLV fléet row and the DBTGE column of the SPS DDTEE (full
scale) subaccount. Similarly, the HLLV vehiele inventory required by the

SPS DDT&E (full scale) is charged against the matrix poesitien that cerresponds
te the HLLY fleet row and the investment celumn of theSPS DDTEE (full scale)
subaccount. ’

WBS TITLE:  HLLV OPERATIONS : \
WBS NUMBER: <=07=02=00 — o

This element is an activity of the HLLY project.

This element provides a hardware and activities dimensien rew line item
agalnst which te charge the necessary HLLV operations (user charge per flight
including payload integration) required te support the SPS project. HLLY
operations are charged against the matrix pesition that correspends te the

HLLY ¢peratieons row and the operations column of the acceunt or subaccount

for which the operations were Inecurred.

WéS'TITLE: SPACE TRANSP@RTATION SYSTEM (sTS) PROJECT

WBS NUMBER: =08=00- eo

This element. Is the SP§S peculiar portion of the STS project.

This element includes the oeprations of the STS vehicles (shuttle and
upper stages) required to support the SPS project. Included are the STS

vehicles costs per flight which cover transpertation te orbit of all personnel

and ecritical hardware Ttems. Alse included are the paylead launch operations
which consist of the physical 1ntegmatian of the paylead inte the shuttle pay-
load bay and any paylead unique repair and/er checkeut activity at the launch
site during launch preparations.. :

The follewing systems are included in this element:

1. STS Fleet.

2. §TS Operations.
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‘l Rockwell International
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WBS TITLE: . STS FLEET
WBS NUMBER: -08-01-00

This element is a system of the STS pré}éet.
This element provides a hardware and activities dimension row line item

against which to charge the necessary STS fleet (vehicle) procurement. For
example véhicle inventory required by the SPS DDTEE (full scale) is charged

against the matrix position that corresponds to the STS fleet row and the

investment column of the SPS DDTSE (full scale) subacéount.

WBS TITLE:  STS OPERATIONS
WBS NUMBER: . -08-02-00

‘This elemeént is an activity of the STS project.

This element provides a hardware and activities diménsion row line item
against which to charge the necessary STS operatlen (user charge per flight
including paylead integration) required to support the SPS preject. STS
operations are charged against the matrix positlen that ceorrespends te the
STS operations row and the operations column of the acéount or subacéeunt fer
which the eperations were inhcurred.

WBS TITLE: CARG® ORBITAL TRANSFER VEHICLE (COTV) PROJECT
WBS NUMBER: =09=00-00

. This element is the €OTV project.

| This element includes the DDTEE, investment, and operatién of the COTV
vehicles required to support the assembly (if assembled in GEQ) and the

eperations and maintenance of the SPS project. Included are the CTOV cests

per flight which cover the LEO to GE® transfer of replacement hardware

 {spares), propellants, and consumables required throughout the SPS project

Iifetime.
The following systems are included in this element:
1. COTV fleet

2. LOTV Operatiens.
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WBS TITLE:- €OTV FLEET

WBS NUMBER: =~@9~01-00

. This eleient is a system of the COTV preject.

This element provides a hardware and activities dimension rew line item

against which te charge the necessary COTV DDTSE and fleet (vehicle) procure-

mént required to suppert the SPS project. COTV DDTSE is charged against the
account ¢r subaccount dimension column that corresponds te the first user.
That is, for example, if the SPS DDT&E (full scale) has the first requirement
for the COTV, the COTV DDTEE is charged against the WBS matrix pesition that
corresponds to the COTV fleet row and the SPS DDT&E (full scale) subaceount -
DDTEE column. Similarly, the COTV vehicle inventory required by the S#S
DDTEE (full scaie} is charged against the matrix pesition that correspends

te the COTV fleet row and the investment columnr &fF the SPS DBPTEE (Ffull scale)
subaceeunt.

WBS TITLE: COTV OPERATIONS
WBS NUMBER: -09-02-00

This element is an activity of the £OTV preject.

_ This element provides a hardware and activities dimemsion row line item

against which te charge the necessary COTV operation (user chiarge per flight

including paylead |ntegwat|on) ‘required te support the SPS preject. COTV
operations are charged against the matrix position that corresponds to the
COTV cperations row and the operations celumn of the acceount er subacecount
for which the operatiens wefe incurted. o

WBS TITLE:  PERSONNEL GRBITAL TRANSFER VEHICLE (POTV) PROJECT
WBS NUMBER: =10=00-00

This element is thE_FGTV~praje¢tm

This element includes the DDTSE, investment, and operatien of the POTV
vehicles reguired to suppert the: checkout and the eoperations and maintenance
of the SPS project. Included are the POTV costs per flight which cover the
LE® to GEO transfer of all personnel and crltucai hardware {tems required
threugheut the SPS project lifetime.

The fai%owing-systems are ineluded in thjs'eiément:

1. POTY Fleet

2. POTV Operations.
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 WBS TITLE:  POTV OPERATIONS

‘l Rockwell International
" SpaceDivision

WBS TITLE:- POTV FLEET
WBS NUMBER: =18-01-00

This element is a system of the POTY project.

This element provides a hardware and activities dimensleon row line |tem
against which te charge the necessary POTY DDTEE and fleet (vehicle) precure=
ment required to support the SPS project. POTV DDTEE is charged against the
acecount or subacceunt dimension column that céorresponds to the first user.
That is, for example, if the SPS DDTSE {full scéale) has the first require~
ment for the POTV, the POTV DDTSE is charged against the WBS matrix position
that correspends to the POTV fleet row and the $PS DDTSE (full scale) sub-
acéount PDTEE column. Similarly, the POTV vehicle inventery requlred by the
SPS DDTEE (full scale) is charged against the matrix pesition that corresponds
to the POTV fleet and the investment column of the SPS DDTSE (full scale) sub- :
aceount, . 5

o

WBS NUMBER: ~10-02-00
This element is an aetivity of the POTV project.

. This element provides a hardware and activities dimensior row line item : |
against whieh te charge the necessary POTV operations (user charge per flight . o
including payload Integration) required to suppert the SPS project. POTV |
operations are charged agalnst the matrix pesition that cerresponds to the
POTV operations rew and the operations celumn of the account or subaccount

for which the operations were incurred.

WBS TITLE: FAEILITIES

WBS NUMBER : ~11-00-00

This element is the facilities project.

This element Ingludes major ground facilities required te suppert DDT&E,
productien and assembly, and cperations of the 5PS project systems. included
in this element are the HLLV launch and recévery facility, the space construc-
tien base ground support facility, major test facilities such as test stands,
and majer preduction fagilities required specifically for the SPS project.
Excluded are facilities that are included inm ether systems such as the ground
station system site and facllities, '
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WBS TITLE:- TAXES

'WBS NUMBER: <12-00-00

This element is a system level cost of the SPS project.

This eiement includes the taxes that are directly paid by the SPS ewner '
and passed on as part of the SPS electricity generation costs. The tax charges
that are included are those that are SPS concept dependent. Both property
taxes and income taxes may vary between SPS cencepts. Sales taxes, on the
other hand, are not cencept dependent and, therefere, need not be considered.

The follewing subelements are included in this element:

1. Prepemty Taxes

2. Income Taxes.

WBS TITLE: PROPERTY TAXES
WBS NUMBER: -=12-01-00

This element is & subelement &f taxes.’

This element includes property taxes on the greund statlen system.

WBS TITLE: INCOME TAXES
WBS NUMBER: -12-02-00

This elemert is a subelement &f taxes.

This element includes the state and federal carporatlon income taxes an
the revenue frmm the SPS electricity generat|an '
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WBS TITLE:-  INSURANCE
WBS NUMBER: =13-00-00

This element Is a system element cest of the SPS project.

This element includes the insurance directly paid by the $PS owner en
SPS property and space transportation ef that preperty, and passed on as part
of the SPS electriclty generatien costs,

The following subelements are included in this element:

1. Property‘LnSuranee

2. Launch Insurance {Losses).

WBS TITLE:  PROPERTY INSURANCE
WBS NUMBER: =13-01-00

This element is a subelement of insurance.
THis element includes caswalty and llability property insurance oén the

ground station system and the operating satellite system (not including launch
insurance) . :

WBS TITLE:  LAUNCH INSURANCE (LDSSES)

WBS NUMBER: =13-02-00

This element s a subelement of lInsurance.

This element includes casualty amd |iablility imsurance on payloads and
space transportatioen vehicles during transfer froem the Earth's surface te LEO
or GEO and return. {Casualty losses resulting from transportatien vehicle

failure may be assumed to be abserbed by the SPS owner. These loSses can
be caleculated from vehicle reliability estifiates.)
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APPENDIX B
SPS COST ESTIMATING RELATIONSHIPS (CER'S)

B.0 INTRGDUCTION

This section provides & brief narrative description of each CER utilized
in the 8PS computer cost medule, its application, input parameters, and com-
puter calculated cost for CD {BPTEE); CLRM {cost of lowest repeating module);
CTFU (cost of theoretical first unit); CIPS (investment cost per satellite);
CRI (replacement capital investment cost), and CO&M (operations and maintenance
cost). Alse included are the costing ground rules and assumptions, costing
methodology and detadled cost breakdowns. Table B=1l provides definitions of
¢omputer cest medel eélements.

Table B-1. Definitions of SPS Cost Model Elements

fc = COST IN MILLIONS OF 1977 “DOLLARS

cD a DDTEE COST

'CDCER = DDTEE COSYT ESTIMATING RELATIGNSH!P (CER)
TCDEXP = DDTGE SCALING EXPONENT

iCER w COST ESTIMATING RELATIONSHIP .

CF = COMPLEXITY FACTOR

liciCER = INITIAL CAPITAL INVESTMENT COST ESTIMATING RELATION-
: SHIP (CER)
TCIEXP w INITIAL CAPITAL INVESTMENT COST SCALING EXPONENT
iCIPS = INVESTMENT PER SATELLI{TE COST

CLRM = LOWEST REPEATING MODULE COST
jcosM = OPERATIONS AND MAINTENANCE C@ST PER SATELLITE PER
K § YEAR

CRE| = REPLACEMENT CAP|TAL INVESTMENT COST PER SATELLITE
o PER YEAR

CTFU =  THEORETICAL FIRST UNIT COST

DDT&E = DESIGN, DEVELOPMENT, TEST AND EVALUATION

DF = DEVELOPMENT FRACTTON

£ = 1.0 + LOG (PHI) + LOG (2.0)
i Bl = |NITIAL CAPITAL INVESTMENT

ANV. PER SAT. = AVERAGE UNIT INVESTHMENT COST (2 THRU N)
1 & MASS POWER, AREA ‘OF LOWEST REPEATING MODULE.
1#RM = HUMBER -OF REPEATING MODULES

0PS = OPERATIONS
10eM = ' OPERATIONS & MAINTENANCE CGST PER SATELLITE PER YEAR
PHA = PROGRESS ‘FRACTION
IR = ANNUAL SPARES FRACTION

‘RCY =  REPLACEMENT CAPITAL INVESTMENT COST PER SATELLITE
: : PER YEAR
1T = TOTAL (MASS, POWER, AREA) PER SATELLITE

TF =  TOOLENG FACTOR _
FTFRUY = THEORETICAL FIRST UNAT
121 = TFY REQUIREMENT
122 . = SPS OPTIDN: QUANTITY
123 =  TOTAL SPS REQU.IREMENT
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B.1 COSTING 'GROUND RULES AND ASSUMPTI:ONS

The foliowing majer ground rules and assumptlons were considered in
developing SPS cost data during the study: '

1. Cost estimatzs ars in constant mid=1977 dollars.
2. Costs are rwco;tad by WBS level in terms oF
a. Developmenf ‘¢ost and TFU (theoretical flrst unit)

b. Inltlal capital investment average cost per satelllte
(satellites TFU and No. 2 through No. 120)

¢. Replacement capital investment (RCI) cost and operations
and maintenance cost {0&M) per satellite per year (assumed
SPS operational 1lfetime of 30 years with maintenance)

3. Assumed 1985 technolegy base and resources supply/demand
: cenditions.

.4. Assumed 90% launch vehicle lead fagctor in calculat!ng cost of
mass flew te LEO.

5. A 30-percent satelllte mass contingency is reflected in only
" those satellite costs with mass dependent cost calculations.

B.2 COSTING METHODOLOGY

The satellite and ground station cests were develeped utilizing the NASA/
MSFE computer cost medel with cértain CER variatiems. Costing of the remaining
WBS elements such as the space station elements, launch vehicles, orbital
vehicles; space eguipment, facilitles, taxes, amd insurance wtilized the MSFC
medel but with slight modifications in some areas In order to exercise a more
simplified direct functien. Therefore, much of the methodology diseussion and
the CER ratidnale and descriptions are based upon that developed by MSFC for
the cemputer cest medel.

There are basically four types of cost equations in the mede! cerrespomd-
ing to the four WBS accounts—DDTEE, initial capital investment, replacement
capital Imvéstment, amd operations and maimtenance.

The DDTEE equation (€D) estimates the cost of the design, dévelopment test
ahd evaluation, non-recurring (excluding ground test hardware}, ground test
operations, program management (PM), and &ystems engineering and integratiem
(SE&!). Program management and SE&! are shown as separate line items in the
WBS at project level and at system level. Separate factors are provided for
calculating the project and system pregram management and SE&| costs. [In view
of the gross nature of the level of information available at this time on the
ground test hardware and the ground test operatiens, the cost of these twe WBS

itéms has been assumed to be the equivalent @f one-half the satelTite system
first-unit costs. :

The appropriate inputs for the DDTEE CER's are the applicable tetal system
mass, ared, or power. A development facter is provided in the equation (DF) to

B=2
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adjust the cost to refiect only that portion of the total system mass, area or
power considered necessary for development of the complete system where it is
not required to develop the total mass, area, or power. The CD cost equatien
also allows for the applicatlon of a complexity factor (CF) to adjust the cost
results when it is determined that the item being estimated is either more or
less complex than the CER base data.

The initial capital investment (ICI) cost equations estimate the initial . i
capital fnvestment cost of hardware items as a fumction of theif mass, area or

power. The IC] cost equation is expressed in three different forms==CLRM, CTFU e

and CIPS, The CLRM (cost «f lowest repeating module) equation requires that

the input correspend to the mass, area, or power of the lewest repeating module
(M). This is necessary because of the physical scale of the SPS and the produc-
tion quantities required for many of the hardware elements. It is not reason-
able to estimate the SPS initial capital investment cost as a historical function
of the entire SPS mass, area, or pewer. Instead, it Is desirable to cost the
number of repeating medules requiref per satellite to establish the satellite
theoretical first-unit cost (TFU), and then input the satellite TFU cost into a
progress (learning) function for the quantity of satellites required te calcu- ‘
late the average unit cests (IPS), This caleculation involves two steps in the

cost eguations. The first step (CLRM) is simply the portien of the equation
which estimates the theeretical Tirst repeating medule cest as discussed above.
The second step (CTFUY) has the progress functien incorporated into the equation
for the quantity of repeat modules required per satellite. |t automatically
takes into acceunt the progress over production quantities required when calcu-
lating CIPS. in some ICI cost eguatiens, such as avienics—display and controel
and space station elements, the appropriate input feor the CLRM cost calculation o
is the total mass per satellite/module, In these cases the cost equatienm cal- !
culates the value of one LRM and exercises this LRM value im the normal manner '
as the TFY value te calculate the [PS.

- At the current level of SP§ definition, it was difficult to decide just
what is a repeating medule. It is often impossible to know with any certainty
Jjust what portien ef the total mass is appropriate to run through the equation’
as a medule. It is just as difficult to identify how many distinmet types or
designs of modules will be reguired fTor ahy subsystem or asscmbly. In suech’
cases, the study simply assumed a module mass (or area or power) based on
engineering best judgment.

Replacement capital investment (CRCI) CER's simply provide for the multi-
plication ef the annual spares fractiomn {R) of each system by that system’'s

initial Investment cost to arrive at an RCI cest per satellite per year.

@perations and maintenance costs (COEM) are estimated in terms of 0§M cost

per satellite per year. O0%M costs include thosé expenditures inecurred in day-

to-day eperations beginning with SPS initial eperatinmg capability (10C) and
continuing over the life of each satellite. They consist of wages of operations
and malhtenance persennel, miner repairs and adjustménts to systems te maintain
an ordiparily efficient operating cenditien, experdables and consumables, launch

costs for delivery and transfer 6f en-~orbit personnel and carge resupply of

expendables and coensumables, ete. O08M costs are reflected in the folleowing
WBS items: : : - _ _

8-3 -
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03-06-00. "Propuision

03-12-00 Satellite System Operations
04~07-00 Ground Station System Operations
07-02-00 STS/HLLY Operations

08-02-00 |0V Operations

09-02~-00 COTV Operations

10-02=00 POTVY Operations

The cost methodology seeks to account for five separate effects which
influence SPS cost. These are scaling, specification requirements, complexity,
the degree of automation, and preduction progress. Scaling refers to the
relatienship in cost between items varying in size, but similar in type. Econ-
omies of scale usually assure that sueh a relationship will net be strictly
linear, but rather as size increases, cost per unit of size will decrease.

The slope of this relationship is reflected by the equation expenent which
results from the regression analysis of the data used to develop the cost
estimating relationship.

Specification requirements have beén accounted for by normalizimg the CER
data based to manned spacecraft specificatieon levels using factors from the RCA
Price Model. Froem that model, an average cost facter te adjust MILSPEC to
manned spacecraft ts around 1.75 for DDT&E and 1.6 for production cest. Under -
the assumption that seme relaxation of Apwilo-type specifications cam be made
for the SPS, a facter of 1.5 was assumed for both BDTEE and production cost,
Furthermere, it was assumed that a factor of 3.0 would adjust commercial speci-
fications te SPS requirements. Therefere, military or commercial cost data
used in the CER's were adjusted upward by facters of 1.5 and 3.0, respectively.

The cost equations allow a complexity factor input te adjust the cest
result when it is determined that the item being estimated is either more or
less complex than the listed CER data base.

The degree of automation is accounted for in certain cest equatiens through
an adjustment to the CER coefficient by the teoling facters given in Table B-2,
The effect of tooling is dependenmt upen the annual preductionm rate. Higher
production rates allow harder tooling and, thus, effect cost reductions. The
tooling facters are used only on these CER's which are based on histerical
aerospace pregrams with VTimited anpual preduction rates. Toeling Facters are
not used on these CER's which are based on data already reflecting automated

production technigues (e.qg. P the commercial electronlcs data for the micrewave

antenna CER).

Finally, the deéreasing cost effects of progress due te preductien preocess
improvements or direct laber learning are accounted feor through standerd progress
functions. Many SPS compenments will be mass produced in a capital intemsive
manner and will experience little laber learning. Other SPS hardware items,
however, will be produced at very low annual rates, much in the labor-intensive
manner of historical spacecraft programs, and therefore would experience learn=
ing. (Technically distinguishable frem learning, but still predictable with

1Equipment Specification Cest Effect Study, Phase 1t Final Report,
Nov. 30, 1976, by REA Government Systems Division.
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Table B-2. SPS Toallng Factors
AVERAGE ANNUAL ‘ TOOL ING : PROGRESS
PRODUCT ION RATE FACTOR FRACTION
(AAPR) (TF)_ o {8)
1-2 1.0 0.80
3-5 0.9 - 6.80
6-9 0.8 0.80
t0-19 0.7 0.85 :
20~39 0.6 0.85 R
- b0=69 0.5 0.85
70~109. 0.4 0.85
110-159 0.3 0.90
160-219 0.2 - 0.90
' 220-999 {AAPR)-0.35 . D.90 .
1000-9999 (AAPR)-0.35 _ 0.95 :
10,000 (AAPR) -0.35 0.98

the same form of exponential function, are the effects of production precess
improvements,. In this medel, when pregress functions are used, they are meant
to account for both of these effects.} A constant relationship has been assumed
between the progress fraction and the annual production rate as givef in Table\B

As required by the costing ground rules and assumptions, all CER's are in
terms of 1977 dollars. The study did assume 1985 technology and 1985 supply/ -
demand conditions which, in seme cases, resulted in differential {nen-general)
price inflation or def]at:on batween 1977 and 1985 being included In the CER's.
Specifically, it was assumed that compesite raw material prices and some elec-

“tronic component prices will decrease relative to geperal pilces while aluminum

coll stock prices will increase relative te general prices. Such effects sre
allowed for by the CER's, but enly to the extent that the expected price thanges

. differ from expected general price changes. The CER's affected are the antenna

structure CER, the,power source structure CER, und the microwave antenna CER

‘B.3 £OST BREAKDOWNS

Tables B~3 and B-4 reflect detail cost data at SPS-WBS system, subsystem,
and assembly levels as developed since the submittal of the SPS Final Report
{April 1978). Table B~3 sheaws SPS projeéct=related development=DDTEE ¢ost (CD)
through the first full 5~GW satellite (TFU) including space transportation
fleets (HLLV's and OTV's); initial space assembly and support requirements; and

" the facilities needed to establish the SPS operational capability of building

more than one SPS system. . Table B-4 details the irivestment cost per satelllite
(CI1PS); and the replacement capital investment cost (CRCI) and eperations and
mainténance cost (COsM) per satellite per year. Figure B-1 shows a comparison
of the cost relationship of the summary WBS elements for each of the above,"

B.3.1 Development. Cost (nnraa)

The DOTSE phase cen:tsts of the one-time effort assedéiated with des%gning,
developing, and evaluating the compoments, subsystems, and systems required for
the SPS project. It an1udes the development engineering, testing, and support

| | . b5
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‘ equipment necessary to accomplish the satellite BDT&E phase are also included.
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+ necessary to transiate a performance specification into a design. 1t encompasses

the preparation of detailed drawings for system hardware fabrication, system
integration, and {depending on the system, subsystem, or component) structural,
environmental, and other required tests. It includes the early supporting
research and technology analysis, advanced study efforts and requirements defin-
itien related to the SPS microwave power transmission system, power conversion,
structure and assembly and power distribution; component development; integrated
ground test programs; the GEQSAT space tests and LEO Shuttle sortie demonstrations
~both shared and dedicated. It also includes related Shuttlie~derived HLLY trans-
portation systems and development of a 1-GW SPS prototype demonstiration satelljte
which, following demonstrations, will be upgraded to the full 5-GW satellite (TFU).
Also included are the analysis of data and whatever design and retest activities
are necessary to meet specifications. It also includes ground suppert equipment,
special test equipment, and other program-peculiar costs not associated with
repetitive productien. All DDTSE effort associated with SPS-related support
systems such as transportation, space construction base, and assembly/suppoert

F

The total project development cost through the first full 5 GW satellite
(TFU) system is $60.0k6 billien (BDTEE is $34.705 billion and TFU Is $25.341
billien). Table B-3 identifies the main areas of cost by WBS category.
Figure B-i reflects this relationship within the DDTSE and TFU cest areas.
The, satellite pertion of the DDTSE cost is $10.687 billien {30.8%). Cost to
develop the space assembly _and suppoert eguipment is $3.78 blllien (28.2%); _
and the space transpertation DDTEE is $8.915 billian‘{?5.7%)w ‘ -

In view of the physical size of the satellite subsystems and the large
guantities required for certain parts and cempenents, it was not censidered
reasenabie to estimate the satellite subsystem DDTEE costs as a function of the f
tetal mass, area or power per satellite--whieh is genmerally the methed. Instead,
it was considered desirable to determine the satellite subsystem DDTEE costs by
the application of a development facter; the development factor was determined
by englneering. In general, the development factor was estimated to be 20%,
with a few exceptions. This means that it was determined by engineering that
the appropriate DDTEE cost necessary to develop the total subsystem would
equate to the cost of 20% of the total subsystem mass, area er pewer per
satelllte. |n some cases, it was determined that the facteor should be slightly
higher. The develepment facter for attitude contrel was estimated te be 30%;
the microwasve antenna 40%, amd the amtenna structure at 50%. Seme of the
avienics coemponent development facters are less than 20%. The computer cost
data tables reflect the application of the development facter (DF) fer each
satellite subsystenm.

The detailed DDTEE cost breakdowns shew that the structure, ground test
hardware and ground test eperations make up the largest portion of the satellite
system DDTEE cost at about 25% of the total for each. The pewer seurce system
accounts for only 3.14%; the microwave antenna for 2.37%; attitude control and
avionics less than 1%; and thermal contre]l of less than .4%.

Costing of BBTEE for the space station elements, STS-HLLV, and the assembly
and suppert equipment followed the mere conventienal methed of determining DDT&E
cost-~that is, based upon total subsystem mass, areas, or power. This technique

B=12
I . . i /
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was used mainly from the standpoint that the cost data utilized to develop the
applicable CER's for these elements were comparable and were developed on the
basis of total subsystem mass, area, or power. i{n the case of t e satellite,
comparable historical DDTEE cost data were just not available for the magnitude
of the satellite subsytems. ‘

The TFU cost breakdown shewn in Table B-3 and Figure B-1 reflects a some-
what different makeup of cousts when compared to DDTEE costs. TFU estimates at
$25.341 billien Include the full dollar assessment for the initial satellite
and ground station buildup including space transportation fleets (HLLV's and
0TV's), initial space assembly and suppert equipment requirements; and the
facilities needed to establish a 5-GW SPS operational capability. This means
that the TFU cost includes elements with a Tifetime capability of servicing/
building more than one SPS system. In this regard, analysis will show that. ~
space assembly and support equipment represent the largest pertion of tetal
TFY costs—$9.557 billien. Satellite system costs are $5.928 billion; space
transportation, $3.552 billion; and greound facilities, $3.250 billlen. In the
space assembly and support equipment TFU costing, the LEO/GED satellite con- - .
struction base makes up 53% of the total space assembly and suppert equipment -
estimate, but will be used to construct the remaining satellites, )

L r s P DS b g ke e A F B

B.3.2 Investment and Operatiens

Table B-4 reflects the detailed investment and operatiens cest data
develaped during the study. Investment coests were developed at two levels:
(1} initial capital investment (IC)}, which is the cost of productien, assembly,
installatien, tramspertation, and tests of each individual satsllite produced,
'ﬂi) and the ground station system and associated effert necessary te bring the pawer
’ satellite on line to a full 5-GW eperational capability: and (2) replacement
capital Tnvestment (RCl}, which are these expenditures relating te capital asset
replacement and major maintenance overhauls that are expected te last for more
thapn ene year and result im an improvement te the eperating system. Replacement
capital requirements fer the systems used to construct the satellite through
ioC {initial operating capability) are included in the Initlal capital invest~
ment (CIPS) cests. Cests for the fleet needed te support 05M (eperatiens) is
estimated and included as replacement capital investment. Operations costs
censist of the effeort required te operate and maintain the SPS project ever its
eperatienal lifetime.

lnvestment per satellite is eguivalent te the average unit cost of the
tetal SPS requirement=—TFY plus Satellites 2 through 120. This tetal average
cost of $9.780 billien (Figure B-1) includes $4.937 billien for the satellite;
$2.261 billien for the ground station (rectenna); $1.326 biilien for space
transpertation; and $.902 billien for space assembly and suppert equipment.
The total average (investment) cost per 5-GW satellite yields am investment of
$1556/kW.

$PS replacement capital and operations/maintenamce phases have been com~
bined and are estimated at an annual cest of $.309.billion per satellite-year
‘or for $9.27 billion over the 30-year operational peried. Satellite require-
ments comprise $.145 billion of the cost, or 46.9 percent.

;— .::_.'._..,:. ,,B"EB
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01+00-00 PROGRAM MANAGEMENT (PM) CER's

This activity includes project level pregram management, |t sums all of the
direct effort required to provide management contrel including planning, eorganizing,
directing, and coordinating the project to ensure. that overall project objectives
are accomplished, These efforts overlay the functional work areas (e.g., engineering,
manufacturing, etec.) and assure that they are properly integrated, This activity
also includes the efforts required in the coordination, gathering, and dissemination
of management information,

Project level program management refers to pregram management efferts required
during the integration and operation of the total SPS Pregram. This includes these
efforts which cannot be charged directly to a system, but which retate to the
program as a whele and provide for @ viable SPS. This activity encompasses the
following functions:

Pregram Administration

Pregram Planning and Control
Contracts Administration
Engineering Management
Menufacturing Menagement
Suppert Management

Quality Assurance Management
Corfiguration Management
Data Management

Data from several launch vehicles, manned spacecraft, and wnmanned satellites
were analyzed to determine their applicability to the SPS project level requirements,

From these data, the CDCER and CECER percentage facters were developed
which can be used with project costs to estimate the SPS project level program

management, see table B=5.

The cost data bases for application of the factors are as follows:

¢D = Project DDTRE Cost (03-00-00 thru 13-00-00) plus SE&I
Cost,

CTFU = Project TFU Cost (03-00-00 thru 13=00-00) plus SE&!
Cost,

CIPS = Project Inv, per Sat, Cost (03=00-00 thru 13-00-00) plus

» SE&! Cost, _ _

CRCH =  Project RCI Cost (03-00-00 thryu 13=00-00) plus SE&!
Cost

CO&M = Project O&M Cost per Satellite per year (03-00~00 thru

13=00-00) plus SE&! Cost.

B-14 sD 78-AP-0023-7
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TABLE B-5. Glw0D=0D PROGRAM M@Nmﬁmmzmw
SGW PHOTOVBLTAIC CR=2

INPLT PARAME TERS

T= D40 TF= 0.
M= 0.e0 O&¢= Gal
CF = Dol Z1i= 1o GOOG00
PM] = Jel 2= 12040000040
Re 0.0 3= 1204000000
DF = 0,0

CALCULATED ValLUVES
CO=COCER x {7 X DF)XX(CRDEXP) X CF
CLRMaCICER X (M)XX(CIEXF)Y X CF X TF
#EM =T / M
E =le@ ¢ LOGIPHI) / LOG(Z2.0)

CIFUS{CLRME / EIXC(HRM X 2L+ SIXX(EY =04BXX (L))

CIPSH((CLRMZEI X [ (#Rm X 23 ¢ DeBIXX{E) =0e5XX{E))

CRCI = CIPS X R
COKM = Onh
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02-00-00 SYSTEM ENGINEERING & INTEGRATION (SE&I) CER's

This activity includes project level systems engineering and integration,
Project level SE&I refers to SE&| efforts required during the integration and
operations on the total SPS project. This includes those effort which cannot
be charged directly to a system, but which relete to the preject as a whole
and provide for a viable SPS,

This activity includes the engineering efforts related to the establishment and
maintenance of @ technical baseline for the pregram by generatior of program
configuration purameters, criteria, end requirements, It includes requirements
analysis end integration, program definition, pregram test definition, interfaces,
safety, relichility, ond maintainability, It alse includes these efforis required to
moniter the program development and operations to ensure that the design conforms
to the beaseline specifications,

Data from several launch vehicles, manned spacecraft, and unmanned sateliites
were analyzed te determine their applicability to the SPS project level requirements.
From these data, the CDCER and CECER precentage factors were developed which
can be used with project costs to estimate the SPS project level SE& cosis,
see table B-6.

The cost data bases for application of the faciors are as follows:

Cb =  Projeet DDT&E Cest (03=00=00 thru 13-00-00)

CTFU = Project TFU Cest (03-00-00 thru 13-00-00)

CIiPsS =  Project Inv, per Satellite Cost (03~00-00 thryu 13-00-00)
CRCI = Project RC| Cost per S~tallite per year (03-00=00 thry

13=00-=00)

SD 78-AP-0023-7
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TABLE B-6. N2=00=0¢ SE&T
SGW PHOTOVOLTALIC CR=2

INPUT PARAME TERS

Ts Del TF=x
M= el Chr=
Cf= B0 il=
PHl= el 2=
R= B0 3=
Df = el

CALCULATED VALVES
COSCDCER X (T X DFYXX{CLEXP) X CF
CLRM=CICER X (M)XX(CIEXP) X CF X TF
WRM =T / M
E 3la0 ¢ LOG(PHI) / LOG{Z,0)

PR

e

e QUOMGQ
120, 0900
1 a0y bduaddd

CTFUB(CLRM / EXX((MRM X Z1+,5)XX(E) =~0eBXX(E))

CIPS= L{CLRMAE) X { (HRM X Z3 ¢+ GaBIXRLEY

CRCI = CIPY X R
CoaM = D&M
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03-01-00 PROGRAM MANAGEMENT (PM) CER's

This activity includes system level program management. Systems [evel program
management includes those management efforts which relate directly to @ complete
system, Relative to the SPS there are two complete systens, The first is the
Satellite system and the second is the Ground Station system, This achivity encom-
passes the following Satellite system functions:

Pregram Administration

Progtam Planning end Control
Contract Administration
Engineering Management
Meanufacturing Management
Suppert Management

Quality Assurance Management
Configuratien Management
Data Management

This activity also includes the efferts required in the coordination, gathering,
and disseminafion of management information,

Data from several launch vehicles, manned spacecreft, and unmanned satellites
were analyzed to determine their applicability to the SPS system level requirements,
From these dafa, the CDCER and CICER percentage factors were developed which
can be used with the satellite system cost to estimate the SPS system leve! program
managements, see table B-7.

The cost data bases fer the opplication of the factors are as follows:

CD
CTFU
CIPS
CRC!

CO&M

= Satellite System DDT&E Cost (03=00=00 thru 03-13-00)
plus SE&I Cost,

=  Satellite System TFU Cast (03=03~00 thru 03-13=00)
plus SE&I Cost

= Satellite System Inv, per Sat, Cost (03=03-00 thru
03-13-00) plus SE&[ Cest

=  Satellite System RCI Cost per Satellite per year (03<03=00
thru 03=13-00) plus SE&! Cost

= Safellite System O&M Cost per Satellite per year

B-18
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TABLE B-7. 03=01-00 PROGRAM MANAGEMENT

56N PHOTOVOLTAJC CR=2

INPUT PARAME TERS

I= Do IF= Qe
M= (o0 OhH= (/)
CF= Do Z1l= ley0@o0En
PHi» 0ol ie= 1204600000
R= Oe D 3= 120 00 w00
F = Bael)

CALCULATED VALWES
COSCOCER X (T X DF)XX(CDEXP) X CF
., CLRMECICER X (M)XX(CIEXP) X CF X TF
2 HRM 3T / H
£ =210 ¢ LOGI(PHL) / LOG(2,0)

CTFUS(CLRM / EIX((RAM X Z1¢,5)XX(5) =0 Bxa({k))

CIPS= ( (CLRM/E) X (#RM X 23 ¢ DuSIRALE) =0e5AXK(E))
CRC1 = CIPS « R
ConM = O&M
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03-02=00 SYSTEMS ENGINEERING & INTEGRATION (SE&I) CER's

This activity includes system level systems engineering and integration,
Systems level SE&! includes those SE&I efforts which relate directly to a
complete system, Relative to the SPS there are two complete systems. The
first is the Satellite System ond the second is the Ground Station System,

This activity includes the engineering efferts related to the establishment
and maintenance of a technical baseline for a system by generation of system
configuration parameters, criteria, and requirements. [t includes requirements
analysis and infegrafion, system definition, system test definition, interfaces,
safety, reliability, and maintainability, [t alse includes those effort required
te monitor the systemdevelopment end operations to ensure that the design
¢onforms to the baseline specifications,

Data from several launch vehicles, manned spacecraft, end unmanned sate-
Ilites were analyzed te détermine their applicability fo the SPS system level
requirements. From these data, the CDCER and CICER percentage factors were
developed which can be wsed with the satellite system ¢ ost to estimate the SPS
system level SE&! cests, see fable B-8.

The cost data bases for application of the factors are as follows:

Ccb = Satellite System DDT&E (03-03-00 thrv 03-13~00)

CTFU =  Satellite System TFU Cost (03<03=00 thru 03-13=00)

CIPS =  Satellite System Imv. per Sat, Cost (03-03-00 thru

_ 03-13-00C)

CRCI =  Satellite System RCI Cost per Safellite per year (03-03-00

thry 03=13=00)

B-20
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Ta Qo b
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INPUT PARAMETERS IpPWT
TF = el . .. COCER= . .
Oz el COEXP=
Zl= 14006000 CICER=
Z2= 120 o 800000 CIEXP=
Z3= 120006000

CALCULATED VALUES

CO=COCER X (T X DF)X

CLRM=CICER X (M}Xx{C

w

- H
NOERM =T 4 0M

{-£700-dV-8L @S

E =lell * LRGIPHI)

X (CDEXP) X CF

IEXPY X CF X TF

/ LG tEd®)

CTFUS(CLRM / E)X((#RM X Z1e B AX(E) =0,5%XX(¢E))

CIPS={ (CLRM/ZE) X ( (#RM X £3 % DeBIXANE) =02BXX(E)) ) v iZ2

CRCI = CIPS X R

COsH = Bt
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03=03-01 MICROWAVE ANTENNA STRUCTURE CER's

This element includes the basic supporting framework for the microwave
antenna power fransmission subsystem up te ifs interface with the rotary joint,
The structure has three main components; a tension web made frem composite
wires or tapes, @ catenary cable that transfers the web tension to the vertices
of the third com 1ent which is @ hexagonal compression frame. The antenna
structure provides o structural support but dees not inciude the waveguides or
the radio frequency assemblies associated with the miecrewave subsystem. This
element is limited to primury load carrying elements and does not include other
secondary structure such us equipment meunts, platforms, and space support
equipment supporfs,

The antenna structure CD CER was developed using graphite composite
data obtained from NASA's Redstar Data Bese, The following data peints
were used:

Space Telescope Shell
ATS=F Truss

HEAQ Optical Bench
Shuttle Payload Bay Doors

The antenna structure 1Cl is the cost of raw materials enly since the costs
associated with fabrication and assembly are charged against erbital assembly.
The antenna structure IC! cost equation is based on raw compesite material stock
(prepregnated graphite) cost, These materials cost are based on Engineering cost
estimates, see tdble B=9. '

Range of Data

DDT&E 30,0 te 2000.0Kg
I[€l:  Unlimited

Input parameters T&M are in kilogrems of mass,

B-22
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TABLE B-9. 03m03=01 ANTENMA STRUCTURE
5GH PHOTOVOLTALC Ck=2

INPUT PARAME TERS

Te 1774004062 TF= 1000000

Mu 3250 ¢00024 D&Mz o

CF= 14000000 Z1s 1,000000
PHla 14000000 z2= 120,000000

Re 09010000 73= 1204008000

DF= e 500000

CALCULATED VALUES
CD=CDCER X (T X DFIXX(CREXP) X CF
o CLRMECICER X (M)XX(CIEXP} X €F x TF

i -
w HRM BT /M

E 2lel + LOGIPHI} / LOG(2.0)

CTFUS(CLRIM / EIXC(RRM X Z1e S)XX(E) =0,5XX(E))

CIPS=((CLRM/EY X { (#RM X 23 ¢ DWBIXXK(E) wleHXX(E )Y
CHCT = CIPS X R
COaM = D&M

COMMENTS 1

INPUT COEFFICTEMTS

CRCER=

CREXP=
CICEKH=
ClEXP=

Y 7 22

U [ 023{3 e . -
(laBOO0GHO
DY LHD
l,uenton

$9MILL LONS
6B 4427
iy L6
239,200
1o 060

38,870

ZRLBT70
te 3649
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This element includes the basic supporting fremework for the energy conversion
section of the satellite up to the interface with the retary joint.,
structure supports, but does mot include, power source subsystem elements,
element does not include other secondary structure such as equipment mounts,
platforms, and space support equipment supports,
portion of the pewer distribution function where the primary structure serves as
The primary function of the power source structure is to
provide support for the solar cell blankets and solar cencentrators,
assemblies are mode vp, besically, of tri<beam girders, tension cables, and joints.
The fabrication and assembly of these structures are accomplished on arbit by beam
machines and supporting auxiliary equipment,
individually withstand the forces, torques, and dynamics imposed by the construction
Onece built up to an assembly level (e.g., solar array wing, rotary
jeint, etc.), the structure must have sufficient strength and stiffness to withstand
forces, torques, and dynamics generated by the envirenment (gravity=gradient
tarques), the attitude contrel system (forces and frequencies) and the operatienal
eguipment (rotary joint torques, microwave induced thermal envirenment, etc.).

The level of strength and stiffness are dictated by other subsystem requirements such

electrical conductors.

prG!ClBSS .

03-03-02 POWER SOURCE STRUCTURE CER's

‘l Rockwell International

Space Division

These structural elements must

@s pointing accuracies and ACS bandwidth frequencies

The pewer source structure CD CER wus developed using cost data obtained
from NASA'd Redstar Dafta Base,
spacecraft, unmanned satellites and aircraft programs were used and are listed below:

Apolle Command Medule
Apolle Lunar Medule
Apollo Service Medule

Apolle SLA
ATS=A
ATS-B
ATS~E
ATS~F

B-70

C<5A
Centaur
DSCS-II

G emini
HEAO=B
IUE
Mariner 1964

Data from a variety of

OAO-A1/A2
050-1
Pioneer~F
Saturn V
$=IC

S=1i
S~IVB
Skylab=AM
Skylab-OWS
TACSAT
Tiros=M

VELA IV

sh 78-AP=0023+7

The power source

This element includes that

The structure

launch vehiclte, manned
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‘l‘ Rockwell International

Space Division

The power source structure ICI CER is the cost of raw materials only since
the costs associated with fabrication and assembly are charged against orbital
assembly,

The power source structure ICI cost equriien is based on raw a@luminum
coil stock cost plus such ground based processing as cufting te size and application

of anodize finish. Material and Ffinishing costs are based on vender quotes from
Reynolds Metals and Alcoa Aluminum companies and Coil Anodizers, see table B-10.

Range of Data

D&D:  40.0 to 100,000 kg
ICI. Unlimited

Input paremeters T&M are in kilograms of mass,

sp 78-AP-0023=7
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TABLE B-10. 03~03=02 POWEP SOUKEE STRUCTURE
S5Gw PHOTOVOLTAIC CR=¢

INPUT PAKAME TERS

s 3712800400 TF= 1.000000
M=z 3250 00024 Crip= Qe
CF= 1 ¢ 000000 21= 1, 000400
PHI= by 000000 2= 120, 000000
R= He01OODO 3= 120, 500000
Lf= Do 200000

CALCULATED ValUES
CORCDCER X (T X DFIXX(CREXP) X COF

CLRMsCICER X (MIXX(CIEXF) X CF x TF

g

#RM =T / M
£ ®1,0 ¢ LOGIPHI) / LOG(2,0)

CTFUS(CLRM / EYX((HRM X ZLleD)XXLE) =0,5XX(E)}

CIPS=( (CLRMAE )X ¢ (HRM X 73 ¢ 04BIXX{E) =D oBXX(E))
CREYI = CIPS X R
CORM = QM

CIOMMENTS. 2

LLPUT COEFFICIENTS

COCER=
GOt XP=
ClCEks=

CIEZXf=

Y /¢

DaZ23a0 00
Ve&53000)
BJHUOQNS
l,000u00

FoeMIl LIONS
1535,157
Jedlb
1l42.400
la00U®

18,964

1Re564
Da4186

.U
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‘l Rockwell International

Space Division

03-03-04 MECHANISM CER's

The structual mechanisms consist of active structural subassemblies that
articulate, rotate, or otherwise cause or allow motion between the primary

structure and other subsystem elements or between subsystem elements them-
selves,

The IC| production cost CER was based on data provided by the following
manufacturers:

Manufac turer Application

Poly=Scientific High Energy

Poly=Scientific Radar

Electro-Tec Mavy Destroyer Propeller System
Electro~Tec Satellite Selar Array

lLE.C. Navy Shipboard Hoist

Due to the difference in complexity and the specification requirements differ-
ences between ground and space qudlified equipment, the following factors were
applied.

Complexity Factor x 3
Specification Uprating Factor x 3
Total x 9

Due to the relatively low production rate of 1 to 5 units per year,the
tooling facter is assumed te be 1.0,

Range of Datas

DDT&E: 6.0 to 15,000, 0Kg
IC; 6.0 to 15,000.0Kg

Input parameters T&M are in Kilograms of mass, see table B-11.

B-27
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TABLE B-11. 03=03=04 MECHANISYS
560 PHOTOVOLTAIG CR=2

INPUT PAPAME [ERS

T= 553000 ¢ 062 TF= 00 054900
f= RS9, 000860 UhM=z Qe
CF m 1, 0200000 1= l,000000
PHI= 0o 998 0O 2= 120,C00600
R Qe B1QOO0 L3= 12000000
DF = 0e 200000

CALCULATED ValLUES
CO=CDCER X (T X DFIAX(CDEXP) X CF
CLRM=CICER X {(MyXX(CIEXP) X CF X TF
#RM =T / M
E =1.0 + LOGIPHI) / LOG(2.0)

ETFUS{CLRM / E)XC(&M X ZLe SPAX{EY =0,5xX(k))

CIPS=( (CLRM/ZE Y X ¢ ¢ #RM X 3 % BeBYAXUE) =0.5x%0FE))
CREI = CIPS X R
COMM = B&KM

COMMENTS 4

INFUT COEFFICIEMTYS

COCEH=
COF A=

CICER=

ClE &b =

04166000
BeBLI0AN
Ny NOOTHA
Be PHOLVN

FoMILLIONS
59,276
Net)}7
100,000
Va9t

11,064

TeT:aT
e NTH

Uau

uoISIAL 2oeds
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‘l‘ Rockwel! Intemational

Space Division

03=03=05 SECONDARY STRUCTURE CER's

This element includes all structure, consisting of mounting brackets, clamps
and installation structure required es an interface between the primary structure
and the mounting attach points of compenents, assemblies, and subsystems. It
also includes any structure required between twe or more compenents or assemblies,

Development of the secondary :tructure CER for DDT&E was based on cost
data contained in the MSFC Redstar Data Base. Data frem a variety of launch
vehicle and unmanned satellite programs were available and the applicable data
points are iisted below,

S-IVB Interstage W\’ [nstrument Mount Assembly (ASM)
$S-IC Forward Skirt Solar Array and Beom Structure (ATS-F)
$-IC intertank Squib Inferface Unit (ATS~F)
Solar Telescope Housing Assembly Interstage (Centaur)
(ASM)
Commen Mount Assembly (ASM) Nese Shroud (Centaur)
Telescope Gimbal Assembly (ASM) Fixed Airlock Shrowd (Skylab)
Commoen Mount Actiaters (ASM) Payload Shroud (Skylab)
Telescope Gimbal Actuaters (ASM) Pallet Segment (Spacelab)
Array Platform Elevation Poinfing 0s0O-1

A-tyater (ASM)
WV Gr.bal Mount Actuaters (ASM) ATS-F

S=}l

The IC! preductien cost CER was based upen an Engineering Cost estimate,
Range of Data;

DDT&E: 6.0 to 15,000,0Kg
iCl: 6.0 to 15,000,0Kg

Input parameters T&M are in kilogram: of mass, see table B=-12.

B-29
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TABLE B-12. 33«0 3=0% SECONDARY STRUCTURE
55w PHOTOVEL TAIC Cr=2

INPLT FARAMETERS ILPUT COEFFICTENMTS
T= £051400.00 TF= e BTI0Q _ .. CDRCER= VelHEH0O
M= 62500001 b 4= el CuE XiP= Uebillyon
Cfm 1 ¢ 060 0RO Ll= 1« HOOQOD CleER= Ba161000
Pl e D, 9800040 lée 2000000 CIEapP= 0,355%0u0
Re N 010060 13= 1204000000
b« B}e20065Y

CALCULATED VALUWES
CO®CDCER X (T X DF)KX(CBEXP) X CF
CLAM=CICER X (M)XX{(CIEXP) X CF X 1F
WRM =T / H
£ =10 4 LOUIPHID) / LOGE2,0)

CTFU=(CLRM / FIX{{MRAM X 23+ BIRXEY =0,5%XX (L))

CIPS= ((CLRM/EIX L (WRM X 23 ¢ 0eBIXXKIEY ~0,5xx(E)) Y /22

CPCl = CIPS x R
COBM = O&M
CUMMENTS 5

HeMTELTONS
115,188
deliQl}
215859.937
4971

322,056

204109
AHH1

Dot

uoisia-acedg
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‘l‘ Rackwell International

SpaceDivision

03=04=01 SOLAR BLANKET CER's

This element converts solar energy to electrical energy and provides pewer
to the busses in the power distribution and conditioning assembly. The solar photo-
voltaic power subsystem consists of the solar cells, blankets, reflector (Concentrator)
membranes and attachment devices. Gallivm aluminum arsenide (GaAlAs) cells
have been selected, The cell consists of GaAs junction with @ GaATAs window,
substrate, adhesive, current collectors, and an anti=reflective coating., The solar
blanket consists of @ Kapton membrane upen which the cells are fastened with a
thermo=setting FEP adhesive, Also included in the blanket are the interconnects,
thermal coating, attachments/tensioning devices, and sensers,

Historical cost data on selar arrays from previous satellite programs were
readily ayailable frem the Redstar Data Base and were used to develop the
CD CER. However, due to the rapidly changing technelegy, historical data
is not applicable for use in estimating the SPS solar blanket production cost.
The department of Energy (DOE) has imitiated the U,S. Phofeveltaic Conversion
Program, Twe main objectives of ihis program are to develep by 1986 the tech-
nological end industrial capability te produce silicon solar arrays at a price of
less than $500 per peck KWe and to establish by 2000 the viability of even lowers
cost ($100 to $300 per KWe) and/er mere efficient alternatives wutilizing novel
materials and devices, Since it is generally believed throughout the photoveltaic
industry that low cost solar arrays are achievable ard dependent on the demand for
high preduction rates and since some progress toward meeting the DOE geal has
already been made, it was decided to base the SPS solar array cost estimates on
projected costs rather than historical costs,

The CD CER was based on solar array histerical cost data from the following
programs,

Skylab (OWS)
Skyldb (ATM)
FRUSA

SEPS (Est.)

The cost of array structure and mechanisms was not included so that the data
would be compatible with the SPS concept of on-orbit structure fabrication and
assembly, Although there is a large difference in size between the above arrays
and the SPS array, the SPS array will consist of @ large number of smaller wnits,
The development fraction (DF) was uti'ized to nermalize the CD cost to reflect
cost of only that portion of the total selar array area required te develop the
power system.

B-31
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‘l‘ Rockwell international

Space Division

The initial capn-el investment CER (Cl) to estimate the production cost is

based upon cm engiheering "Grass Roots" projected estimate of average cost
The engineering estimate reflects

of $60. OO/M for the GaAlAs solar cell array,
1977 dellars and essumes 1985 technology. The average cost per M was converted
to TFU eost $71 60/M in order to exercise the Cl cost equation.

Range of Data

DDT&E: 10 te 300 square metars
ICl: Unlimited

Input parameters T&M are in square meters, see table B=13

B-32
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TABLE B-13. @3w04=0]1 SOLAR BLANKFTS
BGW PHOTOVOLTAIC CR=2

INPUT PARAMETERS

T= 30376000, 0 TF = 003000
M= 16250 o 0000 O&tt= e fl
CF= 1 p GOOOQD 1= oL
PHl= e 990000 le= TE2We OOQGOO
= 04010400 Z3= 120, 040000
PDF = e 200000

CALCULATED VALUES
CDECBCER X (T X DFIXX(CLEXP) X COF
CLRMSCICER X (M)XX(CIEXP) X CF X TF
#RM =T / M
E Elel + LOGOPAHI)Y / (0B(Z.0)

CTFUZ (CLAM / E)X((HRM X Z14,5) XXCE) =0,5XX(E))

CIPS=({CLRM/E) X ( {¥RM X Z3 + 02D )AX(E) =UeBAXPEY)
CRCI = GIPS X K
COEM = Q8K

COMMENTS b

Sl _ r3

INPUT COEFFICTENTS

COCEH=

COEXF=

Cl1CEP=

CLEXP=

Y /22

@9VHLHVNﬁ§ﬁE3

ggmﬂVﬂD'ﬂooa:m?
st

e lnlappd
e 3FUGOD
Gafiphove
lepibrgnn

BeMILL JONS
15,967
o163
16569292
e FHG

19TR el

184%, 648
18,459

D0}

uoIsiAKg aoedg

[euogeULSIY| [BMYSOY .T'




TR T R S SR A LT
e S

ST R S T R

LR

‘l Rockwell intermational

Space Division

03=04=02 CONCENTRATOR CER

This element concentrates the solar energy ente the selar cell blanket, This
concentrator membranes are used to reflect the sun onte the solar cell surfaces and
obtain @ neminal cencentratien ratie of 2. The sencentrater |§ made of (0.,5-mil)
aluminized Kapten. The membranes has a mass of 0,018 kg/m* and is meunfed on
the structure using attachments end tensioning devices, Excluded are tools and
support equipment required for deployment,

The DDT&E CER (CD) is based on thin sheet aluminum verdor data, The
ICI CER for concentrators is based on Rockwell data for Type H Kapten material
with an aluminized coating., As concentrator thickness decreases, cost per wnit
area decreases due to the dimimished maferial requirements, Hewever, at around
25 micrens (1 mil), the cost reductions are cancellsd by the increased difficulty of

processing thin materials and the overall cost per unit area begins to rise, Rockwell

date from Dupent indicates that the current cest of 0.5 mil concentrater for the
SPS would be mbout $4.73 per squere meter, At increased demand and increased
yields, cost could potentially reach $1.61 per square meter., However, the mest
likely value, and the value on which the concentrater ICI CER is based, was
quoted at $2.58 per square meter, For the purposes of the CER this was round=d
to $3.00 per square meter fo include sensors and mounting attachments and scaled
at a slope of 0,95 to reflect anticipated large army econemies,

Range of Data
2 2
DDT&E: 160 M 100, COOM
IC s Unlimited

Input parameters T&M are in square meters, see fable B=14.

B-34
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TABLE B-1h. 03=04m02 CONCENTRATOPS
SGW PHOTOVOLTAIC Cr=2

TNPUT PARAME TERS

T= 647400000 TF= 1o O 040
M= T 16250« 000D Dbz Qe
CF= 1 o 0:0:0 000 1= 1o 3OO0
PHI= 0. 980000 22 1204 UD0¢00
R= Ua010000 £3= 120, 630000
BFf = G o 200000

CALCULATED VALUES
CO®COCER X (T X DF)XX(CDEXP) X CF
w CLRMZCICER X (M)XX{CIEXF) X CF » TF
Y ONRM =T /M
€ =1.0 + LOG(PHI) / LOG(2,0)

CTFU= (CLRM / EXXC(HRM X ZLe,5)AX(E) =0,5xx(E))

CIPS= ( CCLRM/E) X (4 BRM X 23 % DeBIXXUEY ~DaBXNIE))

CRET = CIPS X R
CLiM & O8M

COMMENTS 7

[WPUT COEFFICTENTS

CRCERS .
CWE Xirs
CICER=
CItxf=

) /2

0.027000
Ue3F4 04
UeliGNON3
0,9590000

BoulL L IONS
17.123
e IO
IVbae HOD
0.7l

96, 74R

Riylhl
0, 42

040
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‘l Rockwell International

Space Division

03-04-03 POWER DISTRIBUTION AND CONDITIONING CER's

This element includes pewer conductors, rotary joint slip rings and switch
gears necessary to fransmit electrical power from the power source to the rotary
jeints. The power converter and conditioners convert the existing bus veltages
to the subsystem voltage requirsd for the various subsystem loads, The switch
gears are solid-state to reduce the overall mass of switches. The voltages and
currenfs being handled by these switches will be monitored by the IMCS fto
determine their status and to establish a need for the epening and closing of
these switches, The switches are generally held in the closed state during the
steady=state mode of operation, During the startup and shutdown eperations,
the switches will be monitored by the IMCS and when certain voltage levels
are reached @ command signal will epen or close switches as required,

Fower obtained at the subarray is transferred to @ summing bus through a
switch-gear ($/G) and manually-eperated circuit=breaker. Power is them trans-
ferred from the nonrotating member of the rotating member of the rotary joint
thtough slip=rings and brushes, On fthe rotating member, power is conducted
through switch gears to DC/DC converters which output the 6 primary veltages
required by the klystrons, Each voltage is conducted to @ summing bus through
a switch gear, Subsequently, each veltage is conducted from the summing buses
te the 135,864 klysirons,

Batteries and battery power conditioning equipment are included alse to
provide the power storage required to support satellite station l.eeping activities
during the periods when power is unavailable from the solar array blankets, This
storage would be necessary during these infrequent times when the satellite is
in shadew or when it is in-@ charge-orbit mode.

CONDUCTORS & SWITCHES

The power distribution system utilizes Flat aluminum 6101/Té conductors with
1 MM Kapten insulation on beth sides, The flat conductors are net considered part
of the main structure. They will nermally be passively cooled by radiation te
free space.

The switch gears are of the Penning design. They are used for isolation of
solar array blankets due to array failure and when performing maintenance work.
The switch gears are used alse fo prevent large line transiemts upon starfup and
shutdoewn and during ecliptic periads.

B-36
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The CD CER was based on historical cest data obiained from the Redstar
Data Base on the following safellite pregrams.

DSCS~I1i - ATS-A
ATS-F ATS-E
OSO-1 HEAQ
ATS<B

The ICI CER wos based on preprocessed aluminum material cost data and the
use of 6101/T-6 aluminum, Differential aluminum inflation between current prices
and expected mid 1986 prices was included, Cost data was abtained from the
following menufacturers:

Reynolds Metals

Aleoa Aluminum

Amechem Produets, Inc,

The Yeder Company
Range of Data

DDT&E: 20 to 150 kilograms
ICH Unlimited

Slip Rings and Brushes

The slip-rings and brushes located in the rotary joint are utilized to transfer
power from the SPS fixed member to the SPS retating member upon which the micro~
wave anténna is located, The power fransferred includes both thet required to
operate antenna-meunted eguipment, as well as that te be transmitted to the ground,

The slip-rings consist of an alyminum core with coin silver elodding on each
slip=ring, The core cross section is 41.3 CM2. The slip-ring diamete: is 1.13 KM.
Length is 3.55 KM, Each slip=~ring weighs 0.0403 x 10° Kg. A total of (4) slip-
rings are required per satellite,

The shoe brush assembly material coensist of 75% MeSz, 25% Me + Ta,

Each shoe brush assembly has 868 CMZ of contact area., There are (64) brushes
in each shoe assembly,

B=37
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‘l‘ Rockwell International
Space Divisior

The slip-rings cost dota are based upon large ground cemmercial end military
s'ip-rings, Since all but one of the base data slip-rings were designed for ground
application, it was decided that these data should not be used es a basis for
estimating DDT&E costs, |+ was determined that the data should be used only as
a basis for estimating ICl production cests and then only after applying complexity
and specification uprating factors, The following facters were applied:

Complexity Facter x 3
Specification Uprating Facter x 3

Total X 97

The IC! production cost CER was based on data provided by the following
manufacturers,

Meanufacturer Application

Poly ~ Scientific High Energy

Paly = Scientific Radar

Electro = Tec Navy Destroyer Propeller System
Elecire = Tec Satellite Selar Array

LE.C, Navy Shipboard Hoeist

Due to the relatively lew production rate of 1 fo 5 units per year, the
tooling facter is assumed to be 1.0,

The DDT&E cost was estimated with @ CER developed for secondary structure
which consisted of space qualified hardwere of approximately the same complexity,
See the discussion of the secondary structure CER,

Range of Data

DDT&E: 6 fo 15,000 kg
ar 11 to 7,300 kg

Batferies

This element consist of sodium cholride batteries, Battery changing, regulation
and conditioning equipment are included in the battery power conditioning CER,

B-38
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The DDT&E and the ICI CER's were developed using battery data from the
manned uvnmanned spacecraft list below:

APOLLO Lunar Module ATS=F
APOLLO Lunar Rover HAWKEYE
ATS=E OS50~| f -

Range of Data

DDT&E: 1.0 to 180.0 kg
ICI; 1.0 to 180.0 kg
Battery Power Conditioning '
This element provides the mechanism for the charging of the satellite batteries
and the distribution and regulation of power to and frem the batteries, Included
are the battery chargers, power regulators, pewer conditioning and power cendition-
ing equipment which directly interface with the battery subsystem. Specifically
excluded are conditioning equipment associated with the power source/power
conditioning subsystem,
The DDT&E and fhe IC1 CER's were developed using data frem the manned |

and unmanned spacecraft below:

APOLLO Lunar Medule G EMINT
APQLLO Lunar Rover HAWKEYE
ATS-E Os0O-=I
ATS~F

Range of Data

g9

DDT&E: 2.0 to 68.0 k
2.0 to 68.0 kg

ICls .0 toe

Input parameters T&M are in kilograms of mass, see table B-15.
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TABLE B-15. D3=G4=03 POWER DISTe & COND
56K PHOTQOVOL TALC CR=2

INPUT PARAME TERS

T= 9100004125 TF= . l.000000
Mz 1263.50010 Okta= del
CF = 1.4 000000 Z1= 1,000000
PHI= 1+ 000000 22= 1204 800 W00
R= 04010000 13= 120« 3090C 0
DF 2 00200009

CALCULATED VALVES
CO=CDCEF X (T X DFIXX(CDEXP) X CF
CLRM=CICER X (M)XX(GCIEXP) X CF X TF
WRM =T s M
£ =1.0 % LOG(PHI} / LOG(2.0)

CTRU={CLRM / €)X ((#RM X T1e,5)XXK(E) =0,5xx 0 ))

CIPS=( (CLRMAEI X ( (RM X I3 + NeBIXXIE)Y =0aXX{ED)D
CRET = CIPS X R
COMM = KM

COMMENTS 8

TN e T

—-CONDICTORS

Fhi L S

THEUT COEFFICIEMTS

COCER=
COE Xi=
CICFfF=
CLE&F=

b 158000
Nel2¥TlUNL
gallOOBGG
1.0000600

SaMILLTUNS

T20.165

lL.000

Ne 005

3,640

.640
(e 036

g.0
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TABLE B-1%. PNIA=04=3 POWER DISTe & CUOMD,
BGEK PHOTOVOLTAIC ChR=g

INPUT PARAME TERS

T= 59511006062 TF= le00GUOE
M= TR0 « 309000 Lriitaz (0 0]
CF = 14500600 ll= 1.000000
PHl= ) o FOU0O0 2= 1206 UQOWGE0
i 0010000 Za= 120e000000
DF = 0.0 200000

CALCULATED VALUES
CR=CRCER X (T X DF)XA{CUEXP) X CF
CLRMeCICER X (MIXX(CIEXP) X CF X TF
NRM =T / M
E =le@ & LOGIPHIY / LOGLI240)

CYFUS{CLRM 7 E)X((#RM X Z14,B)XA(E) =0abXX(E})

CIPS={ (CLRMAE) X { ( HRM X 23 % DeBIXA(E) =05XX (L))
CRC1I = CIPS X R
fOAM & B&M

COMMENTS 9
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INPUT COEFFICIENTS
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0950000
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Zh-1

CTFUZ(CLRM / EJX{(HRM X 214,5) %X (E)

TABLE B-15. 03=04=n3 POWER DISTe & CUNDa

BEW PHOTOVOL TALIL CR=2

INPUT PARAME TERS

T= 297700 ,000 TF= laliGODYO
M= 1263. 60010 Ofti= el
CF= 16450000 1= 1, 000000
PHI=® 0o 950000 ig= 120,0000u0
He 04010000 3= 1eVeDUOGLD
DF= De 200000
CALCULATED VAaLWES
COeCRCER X (T X DF)XA{CHEAP} & TOF
CLRM=CICER X (MIXX{CIEXPY X GF x TF
BAM =¥ /M
£ BleQ ¢ LOGIPHIY / LUDG{2.0)

-0 5X%(E))

CIPS= ({CLBMAE) X ( (MRM X I3 ¢+ 0W5)AK{E) =Da5XX(R))

CRCTI = €IPS X R
Clv‘&M -4 @F&H!

COMMENTS 1o

=Aw 1 TLHING

TLPUT COEFFICLENTS

CUCER= GalSb0un
Cutxf= Ne P9 7000
LICEE = Deul&ON
CIEXP= 1. 00000UOD
$aMILLIONS &
6o 400
De 733
235.597
Ve9206
124 ,729%
Y /i R7,334
NgRT3
040

uotsing soeds
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TABILE B-15. OI=04=HF POWER FSTs & CONDS

S5GW PHOTOVEOL TALC Crs=?

INPUT PARAMF TERS

= 260003600 TF= Jell THEO0O
Mz 654000000 08 k= 0ef
CF = 10000080 ll= 1 BRQOEO
PHI= 04950000 Z2= 120 Cuoviy
Rz Qe BHELTO L3= 120 GOBRON
BF = 0200030

CALCULATED VaLwESs

CLO=EDCER X (T X DF)}XX(CDEX¥) X CF

CLRM=CICER % (MIXX(CIEXR) X CF X TF
#RM =T /s M
E a0 ¢ LOGIPHL)Y / [LGG{I2.00

CTFUSEELRM / E)XCI#RM X Zle S5)AN(E) =0 54X (F))

CIPS={ (CLRM/E) X { (WRM X I3 % 0eBIXXKEE) =045X% (L))
CREI = CIPS % R
CO&M = O&M

COMMENTS 11

g ATTERILES

IOFUT COLFF JGTEM

LUCER=
COF X f=
CItE! =
CiLAE=

KLrvad a004d
BI B9Vd TYNIDIRIN

Dendiuilu

S LR S ER ]
NaOerdui}
0;2‘%1{']9'@

Fedil LIONS

19,755
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1 gtritd
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TARLE B-15. 03=04=03 PCWIR UISTse & CUHDa

55w PHOTOVOLTAIC CTR=Z2

INPUT FARAMETEHS

s 13000,00800 TF = By 0u3ly
M 5.50000p1 Ghmk= G0
CF= 1.000000 1= FeGONULGU
PHl= 06950000 lex= 120aBUBULO
Ra 0,0100800 Li= 120, nneana
Di = GeB0000D

CALCULATED VALUES
COSCDCER X (T A DFIXXICLEXP) X CF
CLRM=CICER X (M)XX(CLEXP) X CF X TF
¥RM =T 4 M
E =1.0 ¢ LOG(PHI) 7 LOG(240)

CTFUR{CLRM / EYX{(dRrM X [JLle B)IXXR(E) =0 5AALEY)

CIPS={ (CLRM/ZE}YX{(#RM X 23 % DWeBIXX(E) =0,2XX{E})
CRCI = CIPS x R
COaM = D&M

COMMENTS 12

«BATTORY FOWER

ItpuT COEFFLICIENTS

cuLets= N.0543000
Lot k= OeHIOUNY
CICEP= Nabiconn
ClEXF= NeBHRGGO

)

Syl L10ONS

131,150
0013
eNeNa0io
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3,169
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z a0 g
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Space Division

03-05-00 MICROWAVE ANTENNA CER's

This element inciudes the components of the microwave power transmission
subsystem. This subsystem, whose interfaces begins at the rotary joint, is utilized
to convert the power source output to high power micrawave energy for transmission
to the ground-based receiving station.

RF generation and beam control, waveguides and power distribution and
conditioning are assemblies of the microwave subsystem, RF generation and
beam control include the electronics necessary fo convert the direct current (dc)
electric power to RF microwave power. Included are 50kw kilystrons mounted in
the center of a power module which is 1.02M by 2,33M in size, There are
136,000 kiystrons located in the satellite microwave antenna, Ofther refated
equipment, such as driver amplifiers, frequency control electronics, and phase
control electronics are included. Waveguides receive the RF power from the
RF generation and beam control assembly, und radiate it to the ground-based
rectenna, The power distribution and conditioning assembly includes the power
conduclors switches, and conditioning equipment that conduct dc or low frequency
alternating current (ac) eleciric power from the rotary joint and provide regulated
dc power to the RF generation and beam control equipment and other power
consuming equipment located on the antenna.

Also included in this element are the klystrons heat pipes and resonant cavity
radiator (RCR). Heal pipes remove heat from the klystrons body and transter it to
the RCR face. The pipes lie between the radiating slots of the RCR, The heat
pipes all use water as @ working fluid, encased in a copper liner. The outer tube
is aluminum to eliminate the single~point contact of dissimilar metals, The spacing
of the axial groove heat pipes is 11,4 cum. Any one of the arterial wicked pipes
can fail, and the system will still reject the incident heat load and mointain allow-
able temperature limits,

Historical date for some twenty phased array radars ranging over a period of
the last twenty years were extracted from the Redstar Deta Base and. or obtained
from various contractors, The data were analyzed, normalized and the costs were
adjusted to reflect 1977 dollars, In addition, for all cosis utilized, the facility
receiver subsystem hardware, data subsystem costs and basic facility ‘housing cosis
were emoved,

The cpplication of phased array radar costs to the development cost estimates
of the microwave antenna was pertinent since the design and develcpment of
these physically large ground installations was conducted in much the same manner
that is being utilized for the SPS. The ground a.oy radiating elemen's were assem—

bfi[-;ed in sub-array panels, complete with the radiating elements, waveguides, ond
cabling.

B-45
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Space Divislon

The sub~arrays were then mounted into the facility framewerk, sub-array cabling,
and plumbing connection completed ot system level and confidence testing con-
ducted, The same general assembly philosophy is expected to be followed for
the microwave antenna, the difference being that the microwave cntenna will be
totally essembled in the space environment.

The DDY&E CER was based on data from four DOD claessified projects identified
only as Projects 21, 22, 23 and 24 as well as the Cobra Dane, AN/SPS-48 and
SAM-D (PATRIOT) radar systems,

A different approach war taken to develop the TFU CER's. After reviewing
the various redar systems' cost, it wos determined that not enough insight was
afforded inte the components; therefore, @ "grass—roots" approach was under-
taken,

For purposes of developing a “grass~roots" estimate for the TFU, a segment
of the antsnna measuiing 2.4M*“ was assumed to the lowest repeating module (M),
In addition, to arrive at an "average® (M), it was necessary to evenly distribute
atl components ever the antenna, The required components were determined through
analysis, Letters and telephone calls were directed te hardware manufacturers
requesting technical data and cost quotes for the specified components, Where
multiple quotes were obtained, the avermge cost was used, In seme instances,
estimates had te be relied upon. It was further assumed that the components ore
the seme in each configuration with only the power tubes changing with the
exception of the klystron configuration where the IRF amplifier is different,

Data contoined in the Redstar Data Base were utilized fo develop integration
facters which were added to the vendor quotes. To account for the microwave
antenna, ¢ 20% instrument facter was also applied to the vendor quotes.

input parameters are as follows:

Anfenna

T&M are in square meters

Heat Pipes
T&M ere in kilograms

see Table B-16.
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TABLE B-16. 03=05=081 MICHOWAVE =1EAT PIFMES
SGW PHOTOVOLTAIC Cusd
INPUT PAPRAME TERS [t.PUl CORFFICIES TS
1= 1106300,00 TF = 0.005b0C CACEN= Ualbt000
M= Ba034001 Otz Uyl COF xp= HeB11000
Ct= 1s900000 Z1= la0udpng CiCEl= DeB0O%00
PHl= 0980000 Z2= 120. 0000wl ClExD= l-0uuptty
Rz DeD1BBOD Z23= 120, 0060060
DF s 0.200000
CALCULATED VALUES STl L TONS
CL=COCER X (T x DF)XX(CDEXP) X CF 126,026
CLRM=CICER X (M}IXX(CIEXP) X Cf X TF e lIOD
(o]
1
=) #RM =T /s M V377u2. 187
] E =140 % LOG(PHL) / LOB(2,0) Vey7]
CTFUS(CLPH / E)X{(HKHM X 21+ ,5)XX(E)} =habxa(b)) 5,937
m
=
~ CIPS=((CLRM/ZE) X ({#RM X 23 + ieG1XX{E) =u,oxx{F)) Vo222 5 lb0 }.‘_
i &
5 CRCI = CIPS X R (PRI Y-
8 e B o
N COLM = D&M NPT 0, 8 @
T Ry g s
- COMMENTS 14 -
o 3 g
@
3 3
- o
. =
Q
3
o
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03=05m02 MICROWAVE ~ANTE WA
56W PHOTOVOL TAIC Cr=2

TABLE B-16,

INPLT PARAMETERS

T= 8000004600 TF = leU0BUO0 COCER=
Mz 1204000000  G&M= Ceb Lk %=
CF = 14000000 il= 1o 000060 CILEF=S
PHE= 04 960000 l2= 120, 000000 CItar-=
'E:= ‘B . m 1\ 0\0 @40\ Z 3|= 1 2 l-'] 'Y l'}ﬂ@ U lﬂ 0
OF = 00 4010000
CALEULATED VALUES 4%;
3 G
CO=CDCER X (T X DF)IXX(CBEXR) X CF % 2
D, .
CLARMECICER = (MY)XX{CIEXP) X €F x 7TF i;S;
e
HRM =T/ M T @
3%
E 210 * LOG(PHI) / LOG(2.,0) =
CTFUSR(CLRM / E)X( (#RM X ZLe 5)XX(E) =0 HXX (L))
CIPSa{ (CLEMAE ) X (L #RM X Z3 % DBIXX(E) =0 5XXUED}] ) /4 de

CREI = CIPS X K
CoOnM = D&M

COMMENTS 15

NPT COEFFICIENTS

{l.e 056D
baBBFUNR
DaMOILIO
L., 00000

STl L FONS

127,152

04376
ﬁ@bh.uh@
(e97]

1996, 33%

1 739,509
‘1 7.355‘

0 .00
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Space Division

03-06-00 ATTITUDE CONTROL AND ORBITAL MANEUVERING CER's

This element includes all the on-board prepulsien, attitude centrol and
orbital maneuvering components required to effect and maintain the specified
SPS position and orientation in space. The propulsion and orbital maneuvering
hardware components provide the necessary torque forces required to orient the
satellite and maintain its required aftitude reletive to the sun. Thrust required
te transfer the satellite from its assembly orbit to its required operational orbit
is also provided by this element. Hardware elements include Argon Bembard-
ment thrusters, tankege, lines and valves and support structure. The thrusters
are located with @ ten meter separation to minimize the rmal problems when
servicing a thruster with a servicing cob and firing an adjecent thruster. The
thrusters are serviced by replacing the grids and cathodes annually, thereby reducing
the frequency of replacing with new thrusters.

The attitude reference determination system features Charge Coupled Device
({CCD), star and sun sensers as well os electrostatic or laser gyros and dedicated
microprocessers, Five attitude reference determination units are located at various
locations on the satellite in order to sense thermal ond dynamic body bending, and
te desensitize the system to these disurbances, The control algorithms will feature
statistical estimators for determining principal exis orientation, body bending state
observers or esiimators, and a quasi-linear propulsion thrust command policy fo
provide precise contrel and minimize structural bending excitation,

Historical cest data were obtained form NASA's Redstar Data Base. Historical
data relative to electrical propulsion is limited, consequently, study data have been
utilized where necessary, lon bombardment thrusters use Argon propeltants with @
low thrust but @ significantly higher specific impulse, thus reducing propellant re=
supply cest,

Development of the propulsion subsystem CER's was based on the spacecraft
programs listed below:

SEPS (Boeing) Study ATS-F {lon Experiment)
SEPS (Rockwell) Study Rockwell SPS Study
SERT-H SERT=C Study

Range of Data:
DDT&E and ICH  18.0 te 107,500.0kg

Input perameters T&M are in kilegrams, see table B-17.
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TABLE B-17. §3~06=00 ATIITUDE CONTROL AND URb, MAN,

SGW PHRTOVOLTAIC CR=2

INPUT PARAME TERS

¥s 39390 .4 00 39 1t = 0a10%900
M= 390,000008  Ukl'= 0 v 066620
Cf = 14100000 1= 1,000000
PHI = 04900000 22= 1204000006
R Do 200000 l3= L 20 o 0l B0
DFf = 3o 3900000

CALCULATED VALUES
CO=COCER X (T X DFIXX(CDEXP) X ©F
CLRM=CICER X (MYXX(CLEXF) x €F x TF¢
#RM =T / M
E =1a0 + LOGIPHIY 7/ LOG(2.0)

CTFUS(CLRM / EDX(ERRM X Z1e,5) XXCE) =@aBXACED)

CIPS= (LCLRM/EYX ((WRM X Z3 4 0.5IXR(EY =0.5XX (F))
CRCI = CIPS X R
CO&M = &M

COMMENTS 14

HPUT COEFFICIENTS

COCER= l.1220u0
£k &P = fle1900WY
CloER= G 0BTOON
CUEXp= Do 729000

FedILL JONS
T.33)
0,5)4
1@1.@5&
0ot 4H

e 151
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?e932
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‘l‘ Rockwell International

Space Division

03-07-00 AVIONICS CER's

This element is an assembly of the avienies subsystem and includes those
compenents which process infermation on-board the sateliite, This includes signal
conditioning, fermating, cempufaiions, and signal routing. This element is separ~

ated into three general hardware groups for cesting purpeses, They are computers
electronics components and data bus,

C OMPUTERS

7

Historical cost deta were obtained for compuiers from the Redstar Data Base

system and are listed below:

Gemini=3
Minuteman

Sk ylab

Viking Lander
MOL
HEAO

A 50% integratien facter was included in the DDT&E CER's to allow for

subsystem level coests,

DDT&E and ICI:

ELEC TRONIC COMPONENTS

The electronic -emponents associated with Avienics imclude the Submultiplexors

1.8 to 75.7 kilograms

r

Remote Acquisitica Units, Micro-processers, Bus Centrel Units and imstrumentation,

Develepment of an electronic components CER was based on the selected
compenents of the ATS~F and OSO-8 spacecraft, These 19 elecironic components

are listed below:

ATS-F

Aux, Digital Sun Sensors
Menopulse Unit

Wide Band Data Unit

C Band Data Unit

$/L Band Transmitter

VHF Receiver

Command Decoder

Data Acg, & Control Unit
Daia Swiiching Unit

050-8

Selar Power Supply

Power Supply

Contrél Decoder/Demodulator
Remote Deceder

PCM Decoder

Fomat Generator

Wheel Clock

Sail Cleck

S Band Transmitter

VHF Transmifrer

B-51
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Range of Data
DDT&E and ICI: 1.1 to 19,6 kilograms
DATA BUS
This element consist of both cepper wire and fiber optics. Histerical cost
data were obtained from the Redstar Data Base to produce the data bus DDT&E CER,

Commercial prices were used for the deta bus ICI CER,

Production cest information obtained from private industry for "off-the=shelf"

fiber optics and copper wire are listed below: i
i
FIBER OPTICS: "
Manufac turer _Tyne Chptacter-ighig_s Cost per Meter :
ITT Electro=Optical GG-0: Single Fiber (1<10 km)
Produwcts Division 50 M Dig. $3.25
GS-02 Single Fiber 52,50
50 M Dia,
Valteec Fiberoptics MG-05 Single Fiber $2.25
Division 65M Dia.
Galilee Electro = - Single Fiber $1.58
Optics Corporation 88 M Dia,
Average cost per meter $2.40

One indusiry spokesman estimates that the cest of optical fibers would fikely
decrease to 40% by 1980, This study assumes a $2.40 per meter average price
: reduced by 40% to $1,44 per meter,

COPPER WIRE:

Manufacturer Characteristics Cost per Meter
') Dearborn Wire & Cable 22 gage stranded $0.807
b silver plate 7
| Standard Wire & Cable 22 gage stranded $0,705
. Silver plate
s Karen, Inc, 22 gage, 2 con= $0,807
' ducter silver
|. Pulwg-‘he

B=52
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Mil-Spec Wire & 22 gege, 19-30  $0,610
Ceble Corporation stranded

Average cost per meter 50,732

Instrumentation input parameters T&M are in kilograms .
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TABLE B~18. 03=07=¢1 AVI(NICS=MEC
S PHOTOVOL TAIC CH=S
INPLUT PARAMEITERS paT COEFFLICTIEITS
T= 1300,00000 TF= B5200G0HY CUCER= 340010
M= 650600000 {&p= 0eG Col k1= UebZluun
CF = 1 e 000000 1= LaGRGOUO CICEMs el 7Rl
PHI= (e BAOGHD Ie= 120000000 CIEXP= Geb3d9aun
R= e B1COOD 3= 120,060000
OF = 04500000

CALCULATEL VALUES

COaCDCER X {T X BDF)AX(CDEXP) X CF 1R, 690

CLRM=CICER X tM)XX(CIEXRY X CF x TF 44951

WRM BT / M 2e0D

E =l.0 + LOGUPHI) / LOG(2,0) LabTR

CTFU={CLRI / E)X(LMRM X J1e,5)XX(F) =0,5%X(E}) 9027

CIPS=({CLPM/E) X { (#RM X 73 + NuS)XX(E) =045XX(E)) y 4 27 et
CRLI = CIPS x R 0,025

Gl

oAk = OnaM

COMMENTS 17
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CD=COCER X (T X DF)XX(CDENP)

CLRMSCICER X

§9-9

E

CTFUS{CLRM / EXX((#RM X 21+ ,5)XX(E)

/-€200~dV¥~gL @S

TAaBLE

Ts
M=
CF=

PRl =

157
DIF =

B-19.
BGW PHOTG

I NPLIT

260000000
260 00000
1000000
0 o800 0Ho
0eQ@10BOO
I «000Q 000

CALCULATED VALUES

ARM =T /M

Slel + LOG{PHI}

CRC
COKM = DRM

COMMENTS

(M) XX (CIEXP)

CIPSE ((CLRMZE) X ¢ (#RM X
= CIPS % &

18

O3mQT=02 AVIONTCS={s AND [
VOLTALC CR=2

PARAME TERS

TF=
@] STETS
Zls=
2=
3=

X CF

X CF X TF

/ LOG(2,0)

23 + 0uBIYXX(E)

f.300000

Uell

Teog0OUGY
12040 0g% o
120« 0000 oY

wDabDXRAF))

RLITVAD Y004 .

ST @SV "TYNIONIG

[PUT CUEFFICTENTS

CUCEKS e lBZ0D0
COE xb= NeBRIYOHO
CICER= BeMNEADNM

CLlF X = BeSTUOO
BevILLTNNS
13,532
14375
L)
Leb 7B

1,407

Y £ e [(JTe-1N
o104

]
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TABLE B-20. P3=07 =03 AVIONICS=SC
56 PHOTOVGL TAIC CR=Z
ITNPUT PARAMF TERS TEPUT COFFFICTENTS
Tz . . 109.200012 TE= be7THOUBAD CCERS heBO3ANAA
M= 16 e 199997 Ly = 0 a0 Cuf xPs= 0¢%21000
CF= 1e00Q000 Zi= laBound CICERkx Uull?luut
PHI = YeHB0000 2= 120 00W0H0 ClEaPs Ne B350
Ra DeQLTHNA 23= 120.00G000
VIF = My 200000
CALCULATED ValLuESs FeMILLEONS
CR=COCER X (T X DF)XX(CPEXF) X CF 31,1%6
CLRM=CICER X (MYXX(CLIEXFY X CfF X TF 0aHb09
HRM =T 7 M ' by 00N
E 2l,0 ¢ LOGIPHI) / LOb(S,0) e 7hk
CTFU (CLRM / E)X((#PM X Z1e S)XKLE) =0 BXX(EY) 2eb16
CIPS=((CLRM/EYRA{{NRM A £3 4 O BYXXUE) =0 5RX(F} ¥ y /O Le 0,950
CREI = CIPS x R W, iy
COaM = O&M . g

uoisiig eoeds
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TABLE B-21.

03=0DT7=04 AVILNICS=HC
56W PHOTOVOLTALIC Cw=2

TNPUT PARAME TERS

= £73:.393902 itz CetsQGUUD COEEY=
M= 18,199997 D&tz Uel Cukaft=
CF= 1,G600006 i1= l.COONOO CICEF=
PHl= DaH550000 2= 120.06GG00Q ClExp=
Hz 0.,01080086 Z3= 1envGuluuy
DF = D.030000
CALCULATED VALULS
CO=CUCER x (7 X DFIXA{(CLEXP}) X (F
CLARMSCICER X (MyXX(CIEXf )Y X CI x TF
HEM =T / W
E Tle * LOGIPHI) / LCGI2.0)
CTFUS(CLRM / FIALLARM X 716 5)XxX{E) =0,59%x{L))
CIPS={{CLEM/ZEY XL LERM 23 % haBixt(b) =0 ,SxXX1F}Y | I A 4

CHCI = CIPS % ®
COaM = Q&M

COMMERTS 2u

AR N

HRErTVRD Mo0T
Bt S

THRUY COEFFICIENTS

U.B33000
ta22i000
L./.J??Uﬁ"’
Ja9535000

HaMTLL IONS

3,30
1 325
37.000

0a.788B
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TABLE B-22. 03=07=05 AVIGNTICS=BUS CONTRFOL

SGw PHOTOVOL TALLC Cr=Z

I4PUT PARAME TERS

Te 5343400000 TE= DeCTELOQ
Mz 54500001 O&t = .9
CF = 1,6000u0 = 1.000B00
PR = De¥HRGNO lex 20« 00000Q
R= Dl OOLG 3= l2de0Go00
DF = DeWO1200

CALCULATEDL VALUES
CO=CRCER X (T X DF)XX{CDEXP) X CF
CLRM=CICER X (M)X&A{LCIEXF) X CF x Tk
HRM =T s M
E =le® 4 LOGIPHI) / LuG(2.0)

CTFUS{CLRM / EFX{irnM X Z14,5)AK(E) =0,5XKX(E))

CIPS={{CLRM/E) X ¢ { #R™M X 23 ¢ MNaSyxatE) =0,54% (F))
CRCl = CIPS X R
COnE = DaM

COUMMENTS gl

UM T

COLES
(k&K
CICkd
LIE &S

)

1PUT

Houoan

s 22

COEFFICIENTS
GalOZOUDO
e W IBUYUO

Je a0
UeBhH7000

Sl LIONS
1,522
WetilS
e BN
1e G286

K.N32

L). A3R
o &

et
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TABLE B-23. I Twho AVIONICS=tICHDPROCE SSORS
56 PHOTOGVOLTAIC Fr=2

INFUT PARAME TEAS

T= 58%0,.50000 Tf = Q.0/3000
Hz H,500001 Lkl = (1.0
CF = 1060000 1= J«GDOANLO
PHI= Je9500006 lé= 120000000
Rz D.10GOC 23z 12040900060
LF = O,b@Y300

CALCULATED VaLUES
COSCOCER X (T X DFYxX(CDEXP) X CF
CLRM=CICER X (M)xx{CIExP} X CF x TF
sRM =T / K
E 2l.6 ¢ LOGIPHI) / LUG(2.0)

CTFUS{CLRM 7 EIX{{(#PM X Z14,5)2A(E) =0ah%XA(t))

CIPS= ({CLRMZE)Y X ( (RRM X 23 ¢ 0.H)XALE) =Ua.oXxx (b))
CKCI = CIPS x ¥
COWM = Q4AM

CUMMENTS 2e

HOvg 'IV.-’\;';’:.\!“-‘-

APDvey o

B
Ei 5

IhPeT CURERF LCTENITS

Cncre s BelOZ0LL
COFXF= Catr 7900
CIi{Efr= e NBANLDN
Cltaps 04557000

el IONYS

Nen31

Net]15H
iTteqiC
Ue.975

TeR24

y £ 2¢ H.%G3
0,055

el
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TABLE B-Zh. 03=07=07 AVIONICS=RA alb) €
55 PHOTOVOLTAIC CR=?

INPUT PARAME TERS

T= Ga0Z7,50600 1F= UaOb9RGE
M Be5N0O00G1 Latta el
GF = 1,0UCH00 1= leGOLBLDG
PHIL= 0920000 lé= 12U BAONEN
Re Dett1l0OLOC 3= 120 00L0ONG
BF = BeGOLEGON

CALCULATED ValLUES
CO=CDCER X (T X DF)XACCLEXF) X CF
CLRM=CICER X (M)X&{CIEXF) X CF x TF
#RM =T / M
£ ®lal) ¢ LOG(PHI) 7/ LDG(2,0)

CTFUS{CLRM / EXX{LIHRM X 714 ,B1AX(E) =ueBHXX (L))

CIPS={{CLRM/EYX{ (KRM X Z3 + N,5)XX(E) =0a5£41L))
CRCI = CIPS 4 R
COAM = D&M

COMMENTS 23

IMPUT CUEFEICIENRTS

COCER=
LUt KF=
CICkk=
CILxE=

VA

GelOZ000
BeETHOND
L 0B950NMD
GeBBTRON

FadILLIONS
0,522
NeNl4
GRS (U0
lhaG2b

HehP?

h.U‘SS
ncn‘bl

a0

ueIsiang asedg

\
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TABLE B-25. 03=07=08 AVIONICS=SULMUL T IPLEXDKS
SGw PHOTOVELTALL CR=g
INFUT PARAME TERS

Te 1209004 000 Tk = bel22000

M 3,900007 GRM= 0e0
CF = 1,00000¢ 21= Le@00G0OD
PHIE 0o 98000 2= 126G, 306000

He 0o 01w00n Z3= 120e B OO0
DF = e GO 032

CALCULATED VALUES
CO=CDCER X (T % DF)AX(CDEXP) X CF
CLRM=CICER X (M)XX(CIEXP) & CF x TF

#RM =T / #

E  =l.0 % LOGIPHIY / LOG(2.0)

CTFUZ(CLRKM / E)X( (WM X JL1e ,S)XX(E) =b 5XX (k7))

CIPS® ( (CLAMVE) X { (uRM X 23 % Qa5IXXAE) ~0u5XXCE)D)
CRCI = CIPS X R
COBM = ORM

COMMENTS. 24

IPUT COEFFICTENTS

COCEN s 0102000
Tl XP= e BTIOMH
CICERS 0468 0u0
CIEXF= UaDSTUHo

S YELEL TONS
0.33%
NeO3
30999 ,952
va9 7L

Th %23

Y 2 £ by 257
U . hb“'l

G

vaising avedy

[RUOEELIBIU[ ||SMMO0Y .T'
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TABLE B-26. Q3w0T =09 AVIGNICS=THNSTHRUMETAT ] O

56W PHOTOVOLTALC CR=2

INPUT PARAME TERS

1% A362T00 00 TF = LaGUGROD
Miz GeD74100 O iz 0as0
CF = LeGROOCE Zl= la00GHAT
PRLE e FHOAVEY 2= 120, 0Q80000
R= DeG0lUuwdn 3= LeteuGauie
WiF = lo0)0Q0C0Q

CALCULATED VALUES
CO=COCER X (T X DF)XX(CREXP) X CF
CLRM=CICER & (MIXX(CLEXP) X CF X TF
WRM =T / H
E =1.0 ¢ LOGIPHI) / LOG(2.U)

CTFUS{CLRM / E)X({#RM X Z1e,8)XX(E) =) ,5xX{E))

CIPS= ((CLRM/E) X { (#RM X £3 % GBI ARAE) B HXXTE) )

CRE] = CIPS X R
COaM = Quld

COMMENTS 25

COCE
COEXE
CICEN
Cit X

)

INPUT COEFF JCIENTS

/L7

A, BBLING -
LeBUAODO
Da00040N
1,060000

SyWILLi“NS

36,270
By 00D
4894739, 00
Cay?)

95,383

HZ . 960

0 o 3>

E).D

uoisingasedg

|BUOEUIBIY| [|OMMOCY .Y'
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TaBlLE B-27.
INPUT
Te BO+600008
Miz 0000006
Ck = Ve 00BOY
PHI= o 950000
Ke e UIDOOD

CALCULATED VALUES

PaRAME TERS

T =
GRit=
Zl=
2=
3=

CO=COCER X (T X DF}&AX(COEXP} & CF

CLRMsCICER X (M) XX (CIEXF)

#RM =T s M

x CF X TF

E Xl ¢ LOGUPHI) /7 LUG(Z2,0)

CTFUS(CLRY / EYX((#RM X ZLle ,5)XX({E)

CRCI = CIPS x R
COLM = O&M

COMMENTS. 26

23 + DeBIXRALED

CI=07=1v AVIONICS-GPTICAL | 1HEF
S6mw PHOTOVOL TALL CRh=e

le}OGUOO

s O

JatbOulLw
1204000000
120 e GLOQU

e SANLEY)

~Oabxx (E))

[''PUT COEFFICIENTS

FouILLLTONS

COCEI-= Be237000
Cuf xf-= Ue 297000
CICER= ia b10Z219
Cifxl = i.C0UD00
1,KT3
N.R24
Lo DEID
a9l
0,825
) /27 OeT37
n.ﬁHJT
0,0

N

UaISIAlY B9BdS

jBuUOReUIaLY| [jRAMOOY
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TABLE B-28.

S5GH PHOTOVOL TAIC CR=2

INPUT PaARAMF FERS

T= 380900+ 000

M= 3809006 000
CFe 14000000
PHl= 0986000
Rx Ge10000
OF = 1000000

CALCULATED VaLUES

CO=COCER X (T X

N3wBTel0 AVICNICS=CAPLES/HAKNESS

TF =
Qi M=
Z1l=
le=
Z3=

DFIXX(CDEXR) X CF

CLRM=CICER X (M) Xx(CIEXP)

#EM =T s M

E 2le0 + LOGIPHI) / L0

CTRUR(CLRM / E)X((ARM X Z1+,5) &% (E)

CIPS= ( (CLRM/E) X ( L #RM X

CRET = CIPS x ®

CORM = ORi4

CMMENT S

27

X CF x TF

3 + [eB)XX(E)

1 o QO0G04

[P0

Ie®00BYHY
'12'0 . 0"‘9'(’1 Wb 0
120« 000000

~UabXX ()

OOJ -d .
L y‘ Ll
Ly
¥a o
g B0

IPUT COEFFICIEMTS

CUCEKRR
CREXI'=
ClChks=
Cl Ealk=

¥ o/ L2

Dag3dTaga
Gel9700000)
U GANYRHN
letunnon

e ILLTONS

i
4
laGOD
Va9 71

?

7

Va7l

.44

3,076

e bsp 7
114 206

049

ueisingadeds

[eUOREUISI} []BMYDOY ‘T'



‘ ‘ Rockwell international

Space Division

03-08-00 THERMAL CONTROL

This element covers equipment cooling multi-layer insulation blankets.
Excluded from this element are the heot pipes and radiaters included in the
microwave antenna element.

The multi~layer insulation pamels are required for the back swrface of the
resonant activity radiaters to restrict waste heat leaks which could increase temp=
eratures of electromics to unacceptable fevels. This insulation is coated extemally
with low abserptivity/emissivity materials to {imit the abserbed solar flux to which
the surface is exposed during part of the orbit.

The insulation CER's are based wpen secondary structure CER'¢ the secondary
strycture CER's were nermalized to requirements of the insulatiem by the application
of a 1.5 complexity factor.

T&M for insulation are in kilograms, see Table B=29.

B-65
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TABLE B-29. §3m@Bw 3 THEFHAL CONTROL «]JNSULAT]IIN

56GW PHERTOVOLTATIL Cr=2

INPUT PARAME TEHS

T= T24100,062 TF= G,009%700
Mu 54260001 ORti= Qa0
CF = )« 000-0-00 Zl= efidtianm
PHL= Do 9BOE O L2= 120000 0GY
He He@10000 23= 120, 6ORACH
OF = 0., 200600

CALCULATEDR VALUWUES
COmCOCEE X (T X RDFYXX(CDEXFT X CF
CLRMeCICER X (M}XX(CIEXRE)Y X CF X 1f
#RM =27 / M
E 21,0 ¢ LOG(PHI) / LUG(2,0C)
CTAUR(CCLRM / E}X((#RM X Z1e ,DYXX{E) =0 BAXF))

CIPSE({(CLRM/EI R L {WRM X 23 + WaS)IXX(E) ~0¢HBXX(F)})

CRCYI = CI¥rS % kK
Cont » OEM

COMMENTS 30

INPDIT

CE RS
Cut Ak =
CICER=
CItxF=

Y 4 e

COEFFICIENRTS

Lo26BHO0
e 1#000
VeBazZtuily
He3/NQGO

feMIL LIONS

3IH, P04

Nyun]
1349244,9337
We971

174159

61109
NehTI

E.U

Y

uaisiaKg aoeds
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‘l Rockwell international

Space Division

03-09-00 GROUND ASSEMBLY AND INTEGRATION CER's

This efement includes the greund-based assembly end physical integration
of Fflight subsystem and assembly hardware, It includes the assenbly, fest, and
checkout required to infegrate assemblies into an eccepted flight article. Also
included are ground assembly and infegration associated with early SPS technology
verification, such es SPS critical cemponent development, integrated ground
testing, GEOSAT microwave space tests, shared and dedicated shutile sonties
and all-up full-scale clipped-wing prototype demonstrations,

The degree of assembly ve-ies with the flight system. For example, the
autemated payleads and possibly seme sortie payloads ore completely assembled
on the greund; however, because of the large size of the subscale and full
scale satellite systems, only certain subsystems and/or assemblies may be assembled
prier te launch.

The factor used te estimate ground assembly and integration cests was develop=
ed from histerical spacecraft data, Since these historical data represent programs with
a cost base much smaller than that of the SPS, further analysis was required to
develop @ meaningful facter whick could be used to estimate the ground assembly
and integration cests of a program the magnitude of the SPS. The methodology
consisted to extrapoleting the percentage trend of the historical deta to the SPS
base,

The pregrams used as the baseline are listed below:

ATS A<E Mariner 1969
ATS-F OAQ A1/A2
DSCS 1] 0S50 i
HEAQ B Pienger F
IDCSP/A Tires M
Lunar Orbiter Vela IV
Mariner 1964 Vela V

The cost data base for application of the facter is the satellite system TFU
cost for TFU and the satellite system [PS cost for IPS, see table B-30.

B-67
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TABLE B-30. 03=09=00 GROLNG ASSEFBELY & IMTEGRATION
56 PHOTOVOLTAIC CH=2
ITNEUT PARAMENERS IMPJT COEFFICIENMTS
T= {0 TIF= Gefl COCEN = Neu
Mz De0 DM 6ol Cig Xf= leBeLBYHQ
Cfa 0,0 1= 1.00006G0 CICELk= Natizhuno
PHI= De0 ig= 120. 000000 ClbapP= et
R= 00 13= 126, 000000
OF = 0ot
CALCWLATED VALWES SeMILLINONS
CO=CUCEF X (T X DF)IXX(CLEXP) X CF g 0,0
A
CLRMaCICER X {(MIXX(CIEXP)Y X CF X TF ;:2 fel
= w
WRM =T /M ~ oo Cad
23
E Ela0 + LOGIPHI} 7/ LOG(2.0) 4 % Ul
—t
CTFUSL{CLRY / EYXC{HAN X ZL14,5)RX(E) =0,5XA(F)) :%1§ 1064, 436
CIPS2 ( (CLRM/ZE) X (LRI % 13 * 0,5)5%X k) wOa9xx(t}) ) /7 22 HY,Ha 4 é
CrCl = CIPS &« R 0,9%0
COAM = @AM Nyl

uoisiAl eoedg

COMPENTS 6]
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‘l Rockwel! International

Space Division

03-10-00 SYSTEM GROUND TEST HARDWARE CER's

This element includes the satellite system hardweare required for ground-based
systems tests including qualification fests and other development fests invelving two
or more subsystems or assemblies. I includes the production, assembly, irtegration
and checkout of the hardware inte a full or parrical system test article. This
activity excludes hardware that will subsequently be used as operational proto-
flight or flight hardware. This activity alse excludes test facilities or test fixfures
required for the tests,

The cest estimating relationship for this element is @ percentage relationship
of the total assembled TFU flight unit, Since the SPS will be mede up of many
standard repeating moedules, it is not necessary teo comstruct a full sized SPS for
ground testing, The test hardware required will, therefore, be something smaller
than the flight wnit 5PS. It is obvious thet many different fest items of various
subsystems and of various degrees of completeness will be required, An assumption
was made, based on analysis of test requirements, that test hardware equal to one=
haif of an equivnlent first flight unit would be required, This analysis formed the
basis for the system ground test hardwaré cost estimating relatienship, see fable 8-31.

B-69
SD 78=AP-0023-7



[-£2700-d¥=g/ @S

0/l-4

TABLE B-31.

S6%W PHUTOVOELTALC CR=

INPULT PARAME TERS

T= 040 TF =
M= et QR =
CF = L P li=
Prals B,0 ze=
R= QUG 23=
DF= 0o

CALCULATED VALUES
CO=COLER X (T X PFIXA(CDEXP) X ©F

CLAMSCICER X (M) XX{CIEXP) X CF x TF

WRM =T 4 W

E Eled + LOGIPHL) /4 LOG(2,4u}

CTRU=(EILRM / E)X{ (M X 71+ ,5)XXAE)

CIFZm{LCLRI/E) X { (#RM X 73 % 0a5)X
CRCI = CIPS x R
CO&M @ Q&M

COMMENTS T4

93= 10w 0 SYSTEL GRGULD TEST HARUWARE

2

el

LY 1

1. 080060
120,0080040
126 o 000050

"‘('.J .'5.1-}( X {‘I-. ) }

XOE) ~fa5%a(E))

CRCEL=

CLEXF

1.PUT CUOEFFTICIENTS

0506800
C.\UI'F, Xps= Dell
ClEEH= 0el
= 0,06

$eMILLIONS

2hH1 .90

['].ﬂ
Uel
Qa0
0yt
/ 77 e p_
Nae® ¢ 3
5 9
[T 8 X
B % & 5.
s g S
B & ]
D v =
e g
(2! B
) D
E;Eﬁ



‘l Rochkwell International

Space Division

03-11-00 SYSTEM GROUND TEST OPERATIONS CER's

This activity includes the effort required for conducting ground-based systems
tests including qualification and other deveiopment test involving two or more
subsystems or assemb'les, It includes the planning, documentation, and actual
test operations. This activity alse includes design, development, and manufacture
of special test equipment, test fixtures, and test facilities that are not included
in other elements such as GSE,

Test operation data from several launch vehicles, manned spacecraft and
vnmanned satellite programs were analyzed to determine a method for estimating
the cost of SPS system ground fest owerations, Based on the ground test hardware
envisioned for the SPS and the degree of system testing required, a factor was
developed which is equivalent to 100% of the total ground test hardware, see
table B-32.
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TABLE B-32. fi3wll=f0 SYSTEM GRUWML TEST OPERATIUMNS
506w PHOTOVGLTALIEC CR=Z
INPUT PAKAME TERS 1LPLT COEFFICIENTS

T= ¢ TF = o COCEHR . . . lafiit@an

e B 4z W R (e @ Cuk XiFe [ ol
CF= 0o ® Zl= 1e0BOOOD ClCEF= 0ol
PHl=s Bel l2z= 129000060 Citxe= De0

Ra a0 3= 120,0u0400

DIF = ]

CALCULATED ValUES 4y MILLIONS
CRO=CRCER X% (T X BF XX {CDEXP) X COF PhbEl 562
CLRMECICER X (M)XX(CIEXP) X CF X% TF 0yl
WRM =T / M de i
E Ble0 ¢ LOG(PHI) / LEGL{Z.0}) el
CTRUR(CLRM / EIX{(RAM X 214 ,5)AX{E) »8,5Xx{(E)) gt
CIPSE{ (CLRM/E) X ( (#RM X 23 ¢ 045IRX(E) ~0,5XK (L)) c oo y o4 e (gt} ‘!!E

<
£y &
CREYI = CIPS x R Q) 0y ©
S 2 g
COMM & ORM = ? 5.0 % %_
L vy s 3
COMMENTS 63 [ g =
) T
Ed -
e &
Lane N =
KA 2
E’i
=)
=
B

e e A R o Bt e oSS



‘l‘ Rockwell International

Space Division

03-12-01 GROUND OPERATIONS CER's

This element includes the planning, development, and conduct of ground
operations required in support of the satellite erbital assembly and checkout,
including the ground support persennel and legistics transportation of materials
and equipment to the launch site. Also included is the ground support required
during mission operations associated with the early SPS technelegy verification
ground and space tests and evaluations, Greund operations required in suppert
of satellite orbital transfer and satellite operatiens and maintensnce are included
in ground station system operations. Excluded from this element are the launch
vehicle operations, These operations are included in each transpertation and
launch vehicle element,

input parameters T&M feor censtruction ground suppert are in man quarfers;
input parameters T&M for logistics are in kilegrams of mass. See Table B=33.

B=73
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TaBLE B-33. P31 2=l GROLING LRPERATIOUNS
S6W PHOTOVOL TALC CR=2

ITNPUT PARAME TEKS

T= Ds0 TF = oo}
Miz 0@ Ditas liel
CF= 0el 1= LeORNGOGRE
PH] = (Ul] 22= 20,0000 044
Re (PR Z3= 120, 000000
‘E]F" 0] o 0

CALEULATED VALWES

CDACDCER X (T X DFIXX(CDEAP) X CF
CLAMRCICER X (M}XX(CIEXP) X CF X TF
WRM BT /M

E  ®=lel + LOGIPHI) 7/ LOG(2.0)

CTFUS (CLRM / E}X{{MM X Z214.5)XXL{E) =0a5XX (E))

CIPS= ({CLRMAE) X { (#RM X I3 + Ha5)XX{E) =0.5XX(E))

CREI = CIPS X R
CluskM = Q&M

COMMENTS 31

INPUT COEFFICTENTS

COCER=
CRE XP=
Cik&ii=

Y /4 Z?

fgf
lefinoQoa
Mef
leORBOBY

FeMILLIOGNS

0

B . 34 9

16,686

Y
‘o

Def

UoiSIALG BoBdg
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DIm 2=yl GROUNL SUPPCET
CHad

TaBLE B-33.
B55W PHOTOWVGL TATL:

NPT PARAME TERS

T= 1250, 00000 TF= leUOGUWBD
e 125000000 Qb= e QT2NGLD
CF= 1000000 1= 44 DODUOD
PHI= 1000000 ie= 120000000
K= Uel La= 123, 083060
DF = 1,0066000
CalLCULATED VALUES
CRECHCEL £ (T X DFLXXACOEXE) X CF
CLRM=CICER X (M)xXtCIEXP) X CF x TF

WRM =T /
E ®1a0 ¢ LOG(PHI) / LGG (240

CTFUR(CLRM / E}X((¥KR X Z14,5)X¥(E) =G XX (kD)

CIPSE((CLRMEY X  (WRM X Z3 4+ DaBYXX(E)

CRET = CIPS X &
COnM = DWM

COMMENTS 141

wlaSXX(E) )

CLUNSTRUET T LI

IPUT COEFFICIENTS

COCEN S 04 S
CDE &= leCOGIGNR
CICEk= Belt 13800
CikXk= letitrionn
Hev i LTONS
L} 4 &
Yt 280
la 00O
lett 0l
65, 060
y 4 78 16t 5B %—
g0
BaDT72

U4SIALQ 9oedg
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TABLE B-33. B3=12=01 LUGISTICLS
56w PHOTOVOLTAI( CH=Z2

INPUT PaRAME TERS

Te 334B89008.0 TE= 000090
ME 334890084V Obti= G o O
CF= 1.000000 21= lB@G0IH
PH]= 1e0UODDO ie= @ NROLAY
R= Dol 3= l.0p0000
DF = le000ONGO

CALCULATEL VYalLUES

CO=COLEF X (T X DF)xX(CDEXP) X CF

CLRM=CICER X (M)XX(CIEXP) X CF x TF

¥EM =T / WM
E sle0 + LOGI(FHI) 7/ LUGL2,.0)

CTFWe {CLRM / EYXLERRM X 21e¢,B)¥XtE) ~D,5&X (L))

CIPSa{ (CLRM/E) X { {HRM X% 23 % D45IXXLE) =0.9%K(E) )
CRCI = CIPS x F
COoANP = OAM

COMMENTS 142

THRUT CREFFICIENTS

COCER= Dat

CLE Xf = leQbulng
CICEF= Oe bUUOOHO
CIEak= ls000D0O0

TeMILLTONS
Vel
3.349
i 000
Tounu

E Y

Yo4 4 D NZH

N

uaisialg soedg
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‘l Rockwell International

Space Division

03-12-02 ORBITAL OPERATIONS CER's

This element includes the planning, development, and conduct of the on-
orbit operations associated with orbital assembiy end checkout, orbital transfer,
and the orbital eperations and meintenance of the SPS, [t includes the on-
orbit personnel and expendable provisions and maintenance supplies to support
these activities.

Input parameters T&M are as follows:

Crew = Man Quarters
Provisions - Kilograms
Expendable Maintenance Supplies (EMS) = Kilograms

See Tables B-34 through B-39.

B-77
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TABLE B-34. D3=igefe GFAITAL OPEFATIONSs COMLTRUCTION ChHel
SGH PHOTOVOLTAIC CRE2
INPUT PAHAME TEHS [LPUT COEFFICIENTS
T= 160,000000 Tk = 1a000006D COCEK= 0.0
M= 1560.,3CHH00 ORtnz 0ol CUk AP= 1.00G0uen0
CFe 1o000000 2= 4, B00060 CICEH= 0eGi560D
PHI= 1,000000 22= 120006600 ClE xp= 1,000000
K= Wyl 23= 123,006000
L DF = 14006000
" CALCULATED ValLUES | ' ' S MILL1OMS
CO=CDCEF X ¢T X DFIXX{CDEXFP) X CF Bl
o  CLRMECICER X (M}XX(CIEXP) X CF X TF 24496
B 1 . .
! ®  WRM =T / M l.000
; E ®1.0 ¢ LOGUPRLIY / LOG(2,0) 1auo0
1 CTFUS(CLRHM / E}XC(HRM X Z1s ,5)XX(E) =0,5XX(E)) 9,9H4
o S
> CIPS={ (CLRM/E) X ( (#RM X I3 + 0,5)XX{E) =Da5XX(E)) ) £ 27 24550
£ CRCI = CIPS x ® 0,0 "
S s
] COMM = D&M 040 3
o g
~J =
g.
e |

COMMENTS  ja3
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TaBLE B-35.

Y3=12=02 UFBITAL OFEHATIONS»
S5GW PHOTOVOLTAIL CR=2

INPUT PARAMETERS

T= 1140.00000 TF= letdOCUOO
He 1160.,00000 Otz 17.783957
CFm 1,000000 1= 1.000000
PHI= 1,000000 22z 120,B00000
R Vel I3z 120, U000 0
DF = 1¢0000006

CALCULATED VALUES
CO=CPRCER X (T X DF)XX(CODEXP) X CF

CLRM=CICER X (MIXX{CIEXP) X CF X TF

WRM =T /M

13 1ol o LOGIPHI) / LOG(2,0}

CTFU=(CLRM / E)X((HRM X Z14,D3XX1E) =0 ,5XX(E) )

CIPSE [ {CLRM/E) X ( {#RM X I3 ¢ 0J5)XR(E) =0e5XA(E))
CRCI = CIPS X R
COBM = O&M
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TABLE B-36,
SGW PHOTOVON TALF CR=2

INPUT PakAME TERS
= 21025840, 0008 T = JaBGLBLO
M= 2 1 (Dw'd 5'0 . El 0'0 Lt = ls » UJ
EF= LeBUBHMN Z1= GafiLDGY
PHl= letBiURyY le= 1Ak o G G yan
Ra i g0 3= 123.,6000600
DF = 1000000
CALEULATED VALUES
CO=CRCER X (T x DFIAXL{CIENP) X CF
CLRMaCICER X (M) xx(CIEXP) X CF x Ff

WRM =T / K

E Sle0 ¢ LUGIPHLY / LDG(24.0)

CIFUS(CLRIY / EIXCims X Z2Le,B)RA{E) =Goebax (b))

CIPS=(LCLRM/E) X ¢ {#RM X Z3 ¢ DJ5VAX(EY =By 5AK FE) )

CRET = CIPS x R
CUBM = OhM
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TagLE B-37. 0I=12=0e VIKHITAL OPEHATIONS,
5Gw PHOTOVOLTALC EHR=Z
INPLT BPARAME TERS

T= 1498600,00 Tt =

W= 149600 0e O (hfbem

CF e ley000000 Zl=
PwHJ»: l‘ . U'Oﬂﬂ'uﬂ ng

e Ged 3=
DF = 100000 O

CALGULATED VALUES

CO=COCER X (T X DFYAX{CIEAP) A rf

CLAMSCICER X (MIXX{CIEXPY X CF X TF

HRM =T , ¥

E 2l % LOGIUPHIY / LOG(2.0)

CTFUS(ELRM / E)X{(#RM X Z1e,5) X% (E)

CRE] = CIPS X W
COaM = D&M
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TABLE B-38. (3=12=02 MBITak OPEHATIONSS

SHW PHOTOVOLI TAIC CR=?2

INPLIT BLRAHEE TERS

T= 116EG0. 000 TF= leBOCAGO
M 116600000 O&l4= el
CF= le WAYORD Zl= 4.L00000
PEls 100060 Le= 120,000889
K= Dal) Za= 123,003000
BF = le0GODOG

Cab.CULATEL VALUES

CRO=CLCER X (T X OF}XX(COEXP) & CF

CLRMECICER X (M)XX(CIEXF) X CF X TF

pRM =T , 4
3 2lofl ¢ LOGIPHL) / LOG(2.U)

CTFUS LOLRM 7/ EJR( ek X Z1le ,5)XX(E) =U,54X (k1)

CIPS={ (LLRM/E) R (#RM X 23 % DeBIXXIE) =BeSXXLE))
CRE] = CIPS x K
CORM = Bi&M
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e e _ 1=
M

CF =
PHl=w

R=
DF =

COmCRCER X (T X DF)XX{CLEXP)

TABLE B-39.

INPUT PARAMETERS

832200 o009
B32200 000
1 o 000000
1 o OGQOD0
Gel
T 0 000000

CALCULATED VALUES

TF=.
R L
21=
Ze=
L3=

X CF

CLRMRCTCER X (M)X£(CIEXF) X CF X TF

#RM =T /W

E  3la0 ¢ LOGIPHI)

03w]l2=02 ORHITAL
56w PHOTOVOLTAIC CR=Z

OPEHATIONS »

1000006
3.120800
1 0 00R000

120094004

120000000

CTFUS(CLRM / EXX((MAM X ZLle B)XX(E) =0,5XX(E}))

CIPSEL (CLRMZE Y X { ¢ wRM X

CRCT

= CIPS X R

COAM = D&M

COMMENTS 143

23 +

BeDYXXK{E)

w0 e S XX CE )

OPSe. EMS

IMPUT CUEFFICTENTS

CUBCER=
COE Xtr=
CICEF=
CIEXF=

? 1 L2

N - Y
lefrOQ@NN
Dol
1o 0008400

FeMILLIONS
Dl

e

12000

Lo 0000
N
0‘.0
{} o 1)
- 3.42% .



‘l Rockwell International

Space Division

03-13-00 GROUND SUPPORT EQUIPMENT (GSE) CER's

This activity includes all ground=based hardware required in support of
handling, servicing, test, and checkeut of the satellite subsystems, If alse
includes special hardware required for simulations and training. [rcluded are
the costs for design, development, manufacture, acceptence, qualification,
end maintenance of the GSE equipment, It is recognized that varieus equip-
ments can serve multipurpeses, For example, o developmental meckup may
later serve as @ training aid after it has served iis original purpeses. In these
instances, the ecquisition cest is charged te the original or first purpese use,
and subsequent usage will incur enly the recurring eperations and meintenance
coesfs,

GSE coests from several launch vehicle, manned spacecraft and urmanned
satel[ites were analyzed to detetmine their epplicability to SPS GS5E requirements.
From these data, @ percentage facfor was developed which can be used to estimate
SPS ground support equipment costs, see table B=40.

The cost date base for application of this facter is satellite system DDT&E
cest (03=00=00),

sD 78-AP-0023-7
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TagLE B-LO.

03=13=00 GE
S5Gw PHOTOVOLTAIC CR=

INPUT PARAMETERS

L) 0al Tt =
M= Do O&M=
CFm Dol Zl=
PH] = 040 Ze=
P= et} FACE
OF - Bel

CALCULATED VALUES
CDECOCER X (T X DF)XX({CDEXF) X CF
CLRMECICER X {M)XX(CIEXP) X CF X TF
¥RM T / ki
E  =1.0 ¢ LOG(PHI} / LOG{2.0)

ETFUS(CLRHM / E}X((MRM X Z1l+¢ ,5)XX(E)

CIPSE{{(CLRM/E)X{ (4RM X

CRCI = CIPS % R

CO&M = Q&M
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‘l Rockwell International

Space Division

04-01-00 PROGRAM MANAGEMENT (PM) CER's

This activity imcludes system level pregram management, Systems level program
management includes those management efferts which relate directly to a complete
system, Relative to the SPS there are two complete systems, The first is the
Satellite System and flie second is the Ground Statieon System. This activity emcom-
passes the following Ground Station System functions:

Program Administration

Program Planning and Centrol
Contract Administration
Engineering Management
Manufacturing Management
Suppert Menagement

Quality Assuramce Management
Configuration Management
Data Management

This activity alse includes the effort required in the ceordination, gathering,
and dissemination eof management information,

Data from several launch vehicles, manned spacecraft, and unmaenned sabellites
were analyzed to determine their applicability fo the SPS system level requirements,
From these data, percentage facters were develeped which can be wsed with the
Ground Station System cost to estimate the SPS system level program menagement,
see tabl: B-47.

The cost data bases for the applicatien of these factors are as follows:

CD = Ground Statton System DDT&E Cost (04<03=00 thru
04-07-00) plus SE&! Cost

CTFU = Ground Station System TFU Cost (04~03-00 thru 04-07<00)
plus SE&[ Cost

CIPS =  Ground Statien System lnv, per Set, Cost (04=03-00 fthry

04-07<00) plus SE&I Cost
CRCI =  Ground Staiion System Cost (04-03-00 thru 04-=07=00)
plus SE&IT Cest
CO&M = Ground Station System O&M Cost (04=03=00 thry 04-07-00)

SD 78-AP=0023-7
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TASLE B-41. 04=0lmBd GES=PROGHAM MANAGEMENT
SGW PHOTOVOLTAIC CR=2
INPUT PARAME TERS INPUT COEFFICIEMNTS
SR 7 T O TFs S N | : COCER=. Delidfnun.
M= Del D= 0l CLEAF= a1 lOgun
CFe= 0ol Zla l.000000 CiCkk= 0,010600
PH]= a8 &% l1ed.0060400 CiFap= D,u100060
R= Dl Z3= 120.,00006G0
DwF. ﬂ"g
CALCULATED VALWVES SyMILLIONS
CO=CDCER % (T X DFIXX{CBEXP) X GF 2,595
CLRM3CICER X (M) XX(CIEXP) X CF X TF iy
WRM =T 2 M ' 040
E 5l.0 ¢ LOG(PHI) / LOG(2.0) e
CTFUS (CLRYM / EJX((¥RY X ZLe ,SB)XXIE) =0 5XX{EYS 2'5 , 385
CIPSE((CLRMZE) X ({#RM X 23 ¢ DeBIXX(E) =~Do5X%LE)) Yy /22 £he 493
CRCI = CIPS X R Nelik "
ho)
[+1]
_CO&M = B4M . . . , o S . . L 8.002 - "E
g
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‘l‘ Rockwell International

Space Division

04-02-00 SYSTEM ENGINEERING & INTEGRATION (SE&T) CER's

This activity includes sysiem level systems engineering and integration.
Systems level SE&I includes these SE&| efforts which relate direetly to @ complete
system, Relative te the SPS there are twe complete systems, The first is the
satel|lite systems and the second is the Ground Station system,

This activity includes the emgineering efferts related to the establishment
and maintenance of a technical baseline for @ systein by generation of system
cenfiguration parameters, criteria, eond requirements. [ includes regquirements
analysis and imtegration, system definition, systen: test definition, interfaces,
safety, reliability, and maintainability, It alse includes these effert required
to monitor the system developmeni and operations to ensure that fhe design
conforms to the baseline specifications,

Data frem several launch vehicles, manned spacecraft, and wamanned
satelfites were analyzed to determine their applicability te the SPS system
level requiremenfs, From these dete, percentage facters were developed which
can be used with the Ground Station system cest fo estimate the SPS system
level SE&! costs, see table B-42.

The cest data bases for application of the percentage facters are as follows:

Cb = Ground Station System DDT&E Cost (04-03-00 thry
04-07-00)
CTFU = Ground Station System TFU Cost (04-03-00 thry
_ 04 -07-00)
CIPS = Greund Station System INV per Satellite cost
{04-03-00 thru 04=07-00}
CRCI = Ground Station System Cost (04=03-00 thru
04-07-00)
b
-
\
! B-88
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TABLE B-42.

QamB2=0l GSS=SF At T
SGW PHOTOVULTATL Cr=Z2

INPUT BARAMETEHS

Ta el TF= )6}
Mix Dol Ontx 0.0
Cfe el Fl= l.000600
Hw D« 3= 12064 660HO0LD
JF = Qa0

CALCULATED VALUES
CO®RCUCER X (T X DFIXX{CDEXP) X CF
CLRM=CICER X (M)XX(CLEXP) X CF X TF
ARM =T / H
E 1.0 ¢ LOG(PHI) / LOG(2,0)

CTRUBS{CLRM / E)}X((RAM X Z1ie¢,5)24(E) =0,5XX (L))

CIPS={(CLREMAEY X { {#RM X £23 ¢+ DW5)aX{E) wleBXXIE)D)
CRCI = CIPS x R
COuM = O6&H

COMMEMTS 71

ITNPUT CuBFFICTEMTS

COCEl=s Belungun . . .
LUEXPe WeBTNHAN
CICEF= GuanTwonn
ClExp= (gt
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‘l‘ Rockwell international

Space Division

04-03-00 RECTENNA CER's

The rectenna consists of a dipole network and diode rectifiers which receive/
and rectify the microwave power, o power distribution and conditioning system which
collects and delivers to the wutility interface the rectified (dc) power, and the
support and ground plane structure which provides support for the dipole rectenna
panels and components of the disiribution system. 1t also provides a ground plane
for the microwave power.

The rectenna farm area of 10 km by 13 km contains 8'4 rows of rectenna
panels tilted 40° to the horizontal, providing an active intercept area of 78.54 km".
Since on individual panel is 12,24 km by 14.69 m, some 436,805 panels will have
to be assembled on site and erected. In order te minimize electrical wiring from
the rectenne panel area (i.e., the rectenna "farm™), two electrical switch yards
are employed each with its own converter and relay building.

The baseline rectenna panel is 12,24 meters wide by 14.69 meters long. A
laminated module of the rectenna panel censists of a stripline pattern of how-tie
dipole antenna etched on a copper foced mylar sheet. The stripline track collects
the dipole signels of a commen outlet, where it is converted te dc by o diode
rectifier., The bew-tie panels offer ease of manufacturing, low diede count, and
excellen' weather resistance, The concept is designed for euse of mass production.
The panel modules @ie laminated foom and copper-clad mylar solid sheets. A panel
module weighs agvpraxi-ma-l'ehr 2 kg'm“. The total mass of rectenna panel modules
is 157,085 x 10° kg, or approximately 360 kg rectenna panel. The support structure
is designed to withstand high wind loads (90 mph) while holding overall panel deflec-
tions to less than 6 centimeters and locclized panel deflections to less than 3 centi-
melers.

Blower and heater equipment which will keep the panels free of ice and smow
and power conditioning equipment, such as the DC to AC/DC converter and feeder
busses which interface with the panel /rectenna main bus are located underneath the
rectenna panels,

The DDT&E costs are considered very small relative to capital costs, They are
estimated to be on the order of $5 million for the rectenna components required for
a one gigawatt rectenna, Rectenna DDT&E cost should be relatively insensitive to
scale of the rectenna beyond 1 gigawatt, Accordingly o scale effect wos assumed
equivalent to & 0.3 CER slope as a function of rectenna power output. The tech-
nologies involved are state-of-the-art, and have been tested on a small scale,

B-90
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Space Divisk

Near theoretical maximum efficiencies have been demoenstrated in microwave to
dc conversion, Structural design will invelve achievement of high strength te
weigh ratie and high producibility, however, hundreds of thousands of identical
structures will be required for each rectenna system, DDT&E costs for the dis-
tribution and conditioning system will be those invelved with selection of con-
ducting and inswlating materials and eptimizing the veltage/current raties and
the configuration of the distribution lines,

The initial capitel investment CER's were developed for each element of the
rectenna and are discussed below:

Dipole Network/Diede Rectifier

The dipole/rectifier design is @ laminated assermbly comsisting of two layers
of foam and three layers of copper cled mylar with a bew=tie dipele metwork
etched on the copper clad mylar, Each dipole network receives ensugh micro-
wave energy te allew meximum conversion efficiency from micrewave te de threugh
the rectifier diode, Each panel is attached te the suppport structure, The initial
capite investment cost CER's were based upen engimeering cost estimates,

Power Distribution and Conditioning System

Bused onm discussions with TVA and Benneville personnel, a rule @F’_ thumb of
$0,01 /watt has tentatively been used for the initial capital investment CER for this
element,

Support_and Ground Plane

The rectenna support and ground plane consists of 814 rows of tili-faced array
structures, The concept selected was one which employs thin=sheet (,020 inches)
preformed hat sections; standard sized (8-inch) l<beams; and 3=1/2=inch diameter,
0,226-inch wall thickness fube braces, The material is gelvanized steel. The 24
hat secfions are riveted te 4 l=beams which, in tumm, are belted to the tubular
braces, The |-beams and braces support the structure on conerete piers, To allow
for adjustments, @ screw jack is used at the base of the support broces. The entire
support structure with rectemna panels weights epproximately 2,200 kilegrams (4800 1bs,).

This element includes the rectenna constructien, As soon as am area of the
rectenna site has been partially cleared, graded, survey lines set and the First
concrete plants brought inte preduction, the operations of digging heles fer powring
footings fo support the 436,818 rectenna panels can commence,

B-31
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‘l‘ Rockwell International

Space Division

It has been estimated that o crew of 2 men can opersfe and excavafe at a rate
of 10 panels (80 holes) per 8 houwr shift with a 20% time mergin. Around-the-

J clock operations with 20 effective hours per day over @ 9-month time period
would require crews tetaling 260 men for this function, The process of pouring
the footings and emplacement of plates of which the rectenna panel structures
are attached should take less time than excevation, but te maintain a centinuous
flow operation, it hos been assumed that fhe times are identical.

The newer concrete trucks cen deliver 10 cubic yards of mix per load.
Given that an overall everage requirement per footing is 6 cubic feet, then the
frucks can supply enough mix to provide for 45 feofings. In order net to detain
the truck or @ driver while footings are being poured, the cencrefe will be delivered
from the mix plant to @ mobile hepper at the work site. Hoses emanating from
the hopper are operated by the fwo-man crews who are setting the footings. A
turnaround cycle for the fruck is estimated at 2 hours, thus in en 8-hour shift,

a single truck can supply eneugh concrete to farm the piefs for 22.5 rectenna
panels, If a truck is down for scheduled and unscheduvled maintenance for 3-shifts
out of the 21 during @ week, then 30 !0-cubic yeord comcrete trucks will be the
complement required, I[f @ mobile hopper supports the eperations of twe crews,
then only 22 of these moechines will be needed.

In order to meet the rectenne site consiruction schedule, cenmstruction messes
must be supplied to the assembly end support equipments at rates which meet ro
exceed their demands. These mass flow demends - millions of kilegrams per day -
are twa in types: delivery to the site demands and intra-site demands, Delivery
te site requirements are lower since pre~construction build up will allow, overall,
approximately 12 months for satisfying these logistics demands, Intra-site require-
ments (for the same total masses) must be effected over a nine-menth period,
Approximately 390 truck trips/day must be handled af the site, In terms of vehicle
flow on @ goed highway, this is o relatively modest demand, but at the site,
approximately 40 unleading docks will be required to handle the traffic, Unit
trains of 100 cars may be cost-effective in @ supplementary role, but the deminate
masses must be handled by frucks if the schedule is te be mainteined. Altheugh
the daily introssite mass flow demands are higher, they are more easily handled

in as much as @ truck at the site can make @ number of shert trips per shift,
) Estimates have been made for the number of trucks and construction equipments
3 required at the site,
|
. B-92
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Space Division

Assembly of rectenna panels represents the majer construction fime challenge.
The large numbers, i,e., 436,805, dictate the need for an assembly and erectien
concept, Fundamentelly, the concept is @ mobile assembly jig which, after
having completed its share of the construction operations, can be disassembled
and transported te @ different rectenna site. This particular assembly jig can
be loaded fo contain 0 “sers™ of rectenna panel elements. Foch set contains
rectenna panels, 24 hat sections and four |-beams with aftached tube braces.
Since each set weighs 2200 kg (4800 Ibs), the 10 sets can be delivered to the
jig en a single flat-bed truck trip. After the truck crane lifts off @ completed
rectenna panel from their loaded locaetions af the side and end of the jig, the
hat sections and |-beam tube braces are comveyed into place. "Stops" are used
te ensure exoct positioning and alignment, A monned track-mounted crane unit
then passes over the fig securing the hat sections to the l~beams and laying
down the adhesive for the rectenna panels. The time ceonsumed for these operations
is estimated to take 21 minutes, Next the rectenna panel crame moves longitud-
inally ocross the jig plecing each of the 20 0,74 meter wide panels on fteo the
completed structural frame. A geared eccentric roll er on this crane provides the
pressure to secure the rectenna parels to the frame. Wiring harnesses are then
instafled and the hoist sling attached from the truck crame for remeval of the com-
pleted unit. Ten array panels could be essembled in one eight-hour shift, but
the number of required assembly jigs is based on one assembly per howr,
Installation of the completed penel on concrete piers is estimated fo take about
20 minutes. One fruck crane and instollation crew shouwld be able to work with
twe assembly {igs at a tima.

The overall rectenna construction time period is estimated to be from 10 to
12 months, excluding sife preparation, See Tables B-43 through B-46.

B-93
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TABLE B-43. hamB3m] RECTEMMAY

53w PHOTOVOLTAIC GLR=2

INPUT RAKHAME TERS
Ta  785%40000,9 TF =
M 765400000 Qbiz
CF = 14000000 Z1=
PHIa 10000000 ip=
Rw e Z3a=

DF =3 14 000800

CALCULATED VALUES
CHaCOCER X (T X DFIXXA(COEXP) X EF

CLRMECICER X (M) XX(CIEXP) X CF X TF

WRM =T / M

E zle® + LOG(PHI) / LEG(2,0)

CTFURCCOLRM / EMXLCRRM X ZLe,5) XX (E)

CIPSE {{CLRM/EYX ({8RM X 23 + D)X
CRCIT 5 CIPS X R
COsti = QKM
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04=03=02 RECTENNAy POWER DISTes COND.
56k PHOTOVOLTALC CR=2

TABLE B-4h4.

INPUT PaRAME TERS INPUT CUEFFICIENTS

[=£200-dv-g/ @S

$6-9

- . TIs . Ssl08800 . TF= laOGonhe_. ... .. CODCER=s ... _ . D80
Him 54 100000 Dkl = Ge CPEXH= 1000000
CFa 1 ¢ 00G00:0 Zl= 1, 000000 ClCEf= 10000000
PHI= 04 980000 i2s= 120, 000 0G0 CIEXP= loOuubno
R 0¢01 0000 3= 120+ 000000
DF = i ¢ 000000
CALCULATED VALUES ) i ) B e MILL IONS
CO=RCRCER X (T X BF)XX{CDEXP) X CF 040
CLRMECICER X (M) XX(CIEXP)Y X CGF %X TF 51, 000
WRM =T / M Lo @iID ]
E 2] ,0 ¢+ LOGIPHI) / LOG{(2.0) T A
CTFUR(CLRM / E)X{(RRM X Z1e,SyXX(E) =0,5%XX(E)) 51,069
CIPSE { {CILRMAZE ) X ({ { MRM X Z3 ¢+ QaBIXXIE) wOaEXXCE)) y 2 Z? 45,651 %
CRCYI = CIPS X R Ga4%7 o
g8
COsM B Q&M U, id g
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TaBLE B-45. QbmB3wG3 RECTENNAY SUPPORT ANl GROUUND PLAME

55w PHOTOVOL TAIC Cr=2

ITNPUT PARAMFTERS

T® . TH540000:0 TH= . l.0u000OQ
MR 7854000040 O&t1= 0.0
CF = 14000000 21= 1,000600
PH1= 1+ 000000 22= 120, 060000
R 0010000 Z3= 120, 000000
OF = 14000000

CALCULATED VALUES

CO=COCER X (T X DFIXX(CODEXP) X CF

CLRMaCICER X (M)xx(CIEXP) X CF x TF

WRM =T /7 M
E 2],0 ¢ LAG{FHIY / LOGI2.0)

CTFUR (CLRH / E}X((#RM X Z1s,5)XX(E) =6, CxX(E))

CIPS={ (CLRMZE) X ¢ (8AM X 73 ¢ 0.5)XA(E) =0e5XX (E))
CRCI = CIPS X R
CoOaM = DEM

COMMENTS 178

INPUT COEFFICIENTS

CLCER=.
CNEXi=
CicER=
CIEXp=

Y /4 ie .

DAl L

1. HB000O0
0,000009
l.000000

%y MILL1ONS
040
695,171
Leuno
4000

635,071

95,871

uorsing s2edg
[BUOBBUIBYU| |OMYO0Y .Y'




[-€200=-dv=8/ as

o
§
pol
~J

. T
M=
CF=
Pl a
R
POF =

COsCOCER X {7 X DF) XX (COEXPY

TABLE

B-46 ,

INPUT PARAME TERS

54100800
Se 100000
14000000
14000000
0o 110000
1,000000

" CALCULATED VALUES

TF=
fall Xk
Zl=
e
Z3=

X CF

CLRMaCICER X (M)XX(CIEXP)Y X CF X TF

WRM AT 7 H

IE 8l¢0 + LOG(PHI) / LOG(240)

04m03w0a RECTENNAy DDTEE
BGW PHOTOVOLTAIC CR=2

le00B000

Vel

1.,0000040
120 ,000000
120000060

CTFUe (CLRM / E) XL (#RM X Z14,5)XX(E) =0,5XX(E))

CIPS= ((CLAM/E) X({#RM X

CRET

2 CIPS X R

CORM = O&M

COMMENTS

179

Z3 ¢ 045 XX(E)

=g SAX (k) )

INPUT CUEFFICLENTS

CRCER= -5.000000
CDEXE = J 306000
CICER= De0
CLEXF= 1e GURHUD
FaMILLLIONS
BelHe
0,0
l.000
1'.0*00
0,0
} /£ 12 et ’i_‘
0.@ i :n
g3
- - R o X
0 5 3
7z o
3 5
~*
D
=
=
[a)]
ct.
(=]
=3
o



‘l‘ Rockwell International
Space Division

04-04-00 SATELLITE CONTROL CER's

This element includes the hardware that will be wsed to moeniter and
control the satellite from the ground.

The following monitor and control functiors are performed:

1. Tracking, wsing ground-based radars to meniter the erbital stability
of the sateliite.

2. Beam Monitering and Centrol, using ground equipment for adaptive
or command conirel of the satellite microwave beam,

3. Deata Management, using equipment required fo analyze signals and
data from the safellite and ground=based systems te compute confrol
signals and corrective data to maintain safe and optimum performance.

4, Communications, using equipment required te maintain communications
between the ground statien end the $PS satellite, Included are the
communications with the space station crew, and telemefry end command
equipment not included in the beeam monitoring and control assembly

Currently, only limited effort has been expended in conducting a detailed
analysis to determine the fechnical and performance requirements for the sateliite
control subsystem, As a result, @ detailed cest analysis hes not been performed.
Discussions indicate that a rough order of magnitude estimate for both DDTAE
and [C] hardware costs are as shown in table §-47.

5-98
5B 78-AP-0023-7
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TABLE B-47. 04=04=00 GSS~SATELLITE COMTROL
SGW PHUTOVOLTAIC CRe2

INPLT PARAMETERS IMPUT COEFFICIENTS
R & S 12000000 . TFa 1000000 , CRLCEfe= 10.068000 .
M= leG0QORO Dhtaz 0o CREXF= lelundog
CF= 1.000000 Zl= le00OODG ClCrP= 50,0P0RQ00
PH] = 0,980000 22= 120,0000u0 CIEXP= l.0ou000
Rm Do) 0000 23= 120, 000000
DF & 1,0060000
CALCULATED VALWES )  $,MILLIONS
COeCBCER X (T X DF)XX(CREXP) X CF 10,200
CLRMaCICER X (MIXX(CIEXP) X CF X TF 54 5 10N
HRM =T 7 M ' | | o - i.ee0
E Ela0 ¢ LOGIPHI) 7/ LODG(2.0) Be@T71
CTFUS{CLRM / EJX((H#RM X £14,S)XX(E) =0 45XX{E)) 50, 068
CIPS®{{CLRMPE) X { (#RM X 23 * QeBIXALE) w05XXIE) ) 1 7 27 444756
CRC] = CIPS X K Net&B

COuM = D&M R ¢ NS ) R

3
[

UOISIAKG 90edg
[BUOIBULBIL ||PMYO0Y .T'
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‘l‘ Reckwell Internationat

Space Division

04-05-00 UTILITY INTERFACE CER's

This element includes the power conversion equipment that receives emergy
from the recteana and conditions it for imput inte the electrical power transmission
netwerk, The utility interface converfs the output frem the greund rectemna fo
high veltage power for infroductior inte the natienal pewer grid.

The CER's for DDT&E and the ICI for the utility interface were derived
from the cost estimates in the "Techmica! Study Report en Pacific Northwest -
Southwest Second DC Intertie, "prepared by the Bonneville Power Administration
in February 1976. These estimates are based upon six cost estimates which
Bonneville Power Administration received on @ 1.44 GW and @ 2.20 GW intertie.
The total cost for the 1.44 GW terminal ($156.7M) was allocated os 30% DDT&E
and 70% [Cl, This judgment waes based on the assumption that mest of the facility
will be @ standard design, see table 8-48.

Reange of Data

DDT&E and ICI: 1.44 and 2.2 gigawatts

B-100
sD 78-AP-0023-7
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TABLE B-48. 04=Q5=00 GSS=UTILITY I1TEREACE
56W PHOTOVOLTAIC CrR=Z
INPUT PARAME TERS ThPUT COEFFICIENTS
Ts Be0l 0000 TF= 1.0000060 ] COCER= . . 3T.T14996_ . . _ .
Ma 5,010000 D&M= 0o COF &F= (1eb60400N
CF = 1,000000 Z)= 1,006000 CICER= 75367996
PHI= 04980000 22= 1204 0006000 CIEXF= 0. BHEG D0
R 04010000 Z3= 121+ 006600
DF = 14000000
© T CALCULATED YALUES $2MILLIONS
COBCLCER X (T X DF)aX {CCEXP) X CF 994820
CLAMSCICER X (M) xx(CIEXp) X CF x TF 331,972
WRM =T / M S 1,000
E %10 + LOGIPHI) / LOG(240) 0,971
CTFUR (CLARM 7 EDXC(NRM X Z1s,5) XXCE) =0e5XX (L)) 332,623
CIPSE ( (CLRMZE X ( (ERM X Z3 4 0e5)IXX(E} =0y 5XX(E) ) WL 297,153 *‘_
(o]
CO&M B D&M ) L N g T
| g
COMMENTS 43 o g =
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=
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‘l‘ Rockweli International

Space Division

04-06-00 SITE AND FACILITIES CER's

This element includes the site and facilities costs for the ground station
system which includes the rectenna, utility interfoce, and satellite control
subsystems. lncluded are costs of the land, site preparation, roads, fences,
wtilities, buildings, and maintenance equipment required te heuse and support
the other ground station subsystems, see rtables B-49 through B-53.

The site is located at approximately 34° N. latitude ond measures 13.0
Km by 10.0 Km, with the long exis oriented north and sewth

B-102
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TABLE B—ng, Q4=06H=0]1 LSES=LAND AND PREPARATIUN
566 PHOTOVGL TAIC CRe2
INPUT PARAME TERS [1.PUT CUEFFICIENTS
Ts . 15115.0000 TF= . 1.08000008. .. . .CDCER= _ Dol o
M 35115,06600 O& MR 0e0 Cut APz 1,000000
CFx 1,08080000 {1 1,080000 CICRP= 0.N03BUN
PH] = 1,000000 22w 120.Cun00Y CIEXP= 1,060000
Ra 0.0 73= 120.0600000
OF = 1,606000
" CALCULATED VaLUES ' ' ' S C 3,MILLIONS
CO®CDCER X (T X DF)XX(CDEXP) £ CF 8,0
CLRMSCICER X {(M)XX(CIEXP) X CF X TF 105,345
m . ma R
= WkM =T / H 1,000
%]
E  =1.0 ¢ LOGIPHI) / LOG(240) 1,080
CTFUS (CLRM / E)X{(HRM X 21+,5) XX{E) =0a5XX (£} 105, 345
CIPSE( (CLRM/E) X { (¥RM X Z3 4 0.5)XX(E) =045XX(E)) AT 105, 345 ’.‘_
CRC1 = CIPS X R n.0 gz
]
) COMH x OBM . . _ D0 g 2
) COAM x OaM f il %r
COMMENTS 44 g_ %
3
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TABLE 8-50.

INPUT PakaME TERS

Ta 1000000 1fF= leliBQOCY
M= LeOGNOOD DhMez e
CF= 1,000000 2l= 1,000060
PHl= 1000000 IZ= 1204008000
Re Ba0 3= 120.,000yy0
OF = 14000000

CALCULATED VALUES
CORCUCER X (T X DF)XX(CLEXP) X CF
CLAMRCICER X (M)XX(CIEXP) X CF % TF

WRM =T ,/ M

E =le0 ¢ LOGIPHIY / LOG(2.0)

CTFUB(CLRM / El}x((#HM X Z1+ ,5)XX(E) =N ,5XX(E))

CIPS=((CLRM/EIX({#RM X Z3 ¢ G45)AX{E) =UsSXX(E})
CRCI = CIPS X R
COMM = D&M

CUMMENTS 45

Pumwlb=02 GSS=RUATS AHD FENCES
5Gw FHOTOVOL TAIC CR=g

I1HPUT COEFFICIENTS

CDLERS® Catd
CUF AP= ledUUGOO
CICE#= FeR0N000
ClEXr= 1a00LULGOO
5}%1LLIQMS
0,0
B,40nN
1,000
la000
R.500
Vo220 He900
0,0
(a8

uo|sSiAKg Saedg

[BUORBLLIDIU| |[OMYOOY ‘T'
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TABLE B-51. D4~06-03 GSS=UTILITIES
5Gw PHOTOVOLTAIC Cre

INPUT PARAME TERS

s T .. 1le0BODOD TF= 1.000000D
M 1006600 BaM= Ba0
CFm 14000600 1= 1,000600
PHI® 1000000 e lav. 000008
R Do Z3= 120.,000000
DFa 14000000

| CALCULATED VALUES

COWCOCER X (T X DF)XX (CDEXP) X CF
CLRMECICER X (MIXX(CIEXE) X CF X TF
WRM =T /M

E =le0 + LOGIPHI) / LOG(2.0)

CTFUm{CLRM / EYX{tMRM X Z1s,5)XK6IE) =U5%xtk))

CIPS= [ (CLRM/ZE) X ( {#RM X Z3 % Qe51ax(E) =DeSXX(E))
CRECI =a CIPS % R
. LOsM = BAM

COMMENTS 4B

[P

IWPUT COEFFICIENTS

COCER=
COEXf=
CICER=
ClExp=

y o/ L2

DB

le00RYAY
341,39%942

Yev0OQNHO

ﬁtquLIONS
e 0
331,400
1.600 |
le U

331,600

331,400
Bab

a0

UOISIAK 92edS

[RUOLEWIBIU] [|[OMIO0Y .T'
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TABLE B-52. D4mwlbwia GSS=BUILDINGS
568 PHOTOVOLTALIC CHeZ
INPUT RaRAME TERS INPUT CUEFFJCIENTS
LT L 120000000 TF= l.000000 : . CDLER= ) Dafl . e -
M= 1200004000 iz Qa0 Cuf XPe Te0OROOR
GF = 1,000008 FAE- l.ROQOBD ClCEks= N, GNO4N
PHI= 1.000000 i2z J2u,v00000 ClEXp= l,0u0000
e Db Z3= 120660000
RF = 1000000
CALCULATED VALWES |  ReMILLIONS
COACDCER X (T X DFIXX{CDEXP) X CF 0.0
CLAMRCECER X (MyXX(CIEXP) X C¢ x TF 4o BUN
#RM =T / M | | ' 14000
E  ®=l.0 ¢ LOG(PHI) / LBG(2.0) 1.000
CTFUS{CLRM / EJX((HRM X Z14 ,5)AX(E) =C.5KX(E)) 4 o B O
CIPS=( (CLAMZEY X (#RM X 23 + 045IXXLE) «QeBSXXEY ) y / 22 4aHUD ’!_
CRCI = CIPS x R Ba0
LOAM 2 O8M . . . . .. L I

COMMENTS 47
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TABLE B8~53.

04mOEmdS GSSw=MAINTEMANCE EQPT
56W PROTOVOLTAIC CR=2

INPUT PakAME TERS
. T= 12008000 T =
Mw Yo 000060 O =
CFx 1000000 Zl=
PHl= 14000009 lex
R= Bed i3=
DF = 14000000

CALCULATED VALUES
CO®CDCER X (T % DFIAX(COEXP) X CF
CLRMECICEF X (MIXX(CIEXP) X CF X TF
HRM ST /7 M | -

E ®le0 ¢ LOG(PHI) / LOG(2.0)

La0OOLOW
Del
1,000060

120¢. 600000
120, 003000

CTFUS (CLRM / E)X((BRM X ZL+ H)XX(E) =0,5XX(E))

CIPS® ({CLRM/ZE) X { t miRM X 23 4 0.5)XX(E)

CRCY = CIPS x R
CO&M_ = O&M

COMMEMTS 46

~0e3XX (E))

ALITVRD JOOL i

Ihp1Y COEFFICIEMTS

COLER=S
COEXP=
ClCEk=
ClEXF=

Y} £ 22

SI 3ONJ [IVNIOn

Gel e
FoeBEBODHO
‘l». @-Uﬂ@(‘lﬂ
1,000000

hoMILLIONS
040
T
beonn
1e000

44000

44 01210

uoising aaeds
[BUORBUIDIN| [JOMMII0Y ‘T'
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‘l‘ Rockwell International

SpaceDivision

04-07-00 GROUND STATION SYSTEM OPERATIONS CER's

This element includes the cost of planning, development, and conducting
all operations essociated with the ground station system activities. Included
are cost of the personnel required for satellite sysfem suppert and for operation
and maintenance of the rectenna, satellites contrel subsystem, wtility interface,
and site and facilities, These CER's alse include the expendable maintenance
supplies required to accomplish these activities, see tables B-54 and B=55.

B-108

SD 78-~AP~0023-7
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TABLE B-5h. D4m0T=D] GSS=OPERATIONS sMD %AIN!e PFRSONNEL
55K PHOTOVOLTAIC CH=¢

INPUT PARAME TERS IMPUT COEFFICIENTS

COMMENTS 49

T= 1, 600000 TF= 1.000060 COCER= Dol
M Yo OQQQ0O B[ MRE ellad@ COExF= le@GOUNHD
CF= 1e 400000 1= 1000060 CICEP= 10
PHI = 1e0BOORD Z2= 1e0080GRD CIEXP= 1.000000
Hm () o & Z 3= laOB0O0DY
DF m 1,000000
CALCULATED VYaLUES $ o MILLTONS
CO®COCER X (T X DF)XXUCDEXP) X CF 0aU
CLRMeCICER X (M)XXx(CIEXP)} X CF X TF Gl
NRM =T / M ' 1,000
E Bl,0 + LOG{PHI) / LOG(Z2,0) lati00
CTFUR(CLAM / E}XC(#RM X 71 ,5)XX(F) =Q4BXXAE)) (gl
CIPSEB{{CLRMAEY X [ L #RM X 23 + D.5)AX(E) =045X2 (L)) ) /27 (g0
CRCI = CIPS X R 0.0
COMM = D&M Dall4

UOISIAN aoedg

JEUOLBLLIAI] [jBMNO0Y .T'
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TABLE B-55. D@ Tl GES=MALHTE NANCE MATERTAL

S6W PHOTOVOLTAIC CR=2

INPUT PARAMETERS

T= . b a0 B0 Tr= 1au00000
Mw 1a00G800 QaM= VelOUOUO
CF = 14008000 Zi= 12000000
PHI= 14000008 2= },080000
Az 0e010000 3= barD000O0
DE = 14000000

CALCULATED VALUES
CORCOCER X (T X DF)XX{CDEXP) X CF
CLAM®CICER X (M)XX{CIE¥P) X CF X TF
KRM =T / M |
E s1s0 ¢ LOGIPHI} / L8G(2,0)

CTRUS(CLRM 7/ E}XC(#RM X Z1¢,5)XX(E) «Q,5XX(E})

CIPS®{ (CLRM/E) X t (WRM X Z3 % ULSIXXLE) =045XX{ED)

CRECI = CIPS X R
COLM = OBM
COMMENTS 50

ThNPUT COEFFICIENTS

CHCEN=
COEXFs=
CICER=

Pal
1aBO0OBND
AU
l. 000000

%yMILLLIONS
0.0
Myl
LeU0IO

1800

(hal

e lBD

uoisiaig adedg
[EUOHBLIBILY [|IBMYO0Y .T'



‘l Rockwell International

Space Division

05-01-00 LEO SPACE BASE CER's

This element includes the space facilities located in low earth orbit (LEQ),
The LEQ base persormel provide supervisery activities for fransfer of up and dewn
payloads between the HLLV and the OTV's. They also perform the scheduyled
maintenence required by the electric propulsier OTV, such s changeout of ien
thruster screens, Included are @ crew habitebility module, en operations control
and steging medule, @ crew suppori module with airleck and EVA preparafion
area and a 100kw solar array power module. Excluded are facilities and
equipment that are unique o the essembly of the satellite, These facilities
and equipment are included in the assembly and suppert equipment element.

The CER were based wpom Reckwell space station studies, see tables B-56
through B-59.

B-111
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TABLE B-56.

INPUT PARAME TERS

Tz . 21000,00800 TF=

M= 2700c. 0000 Ok M=
€CF = Ly QQOOGO Lls=
PHI= 1e0000006 2=

= e 050000 3=
OF = 1 « 000000

CALCULATED VALWES
CO=CBCER X (T X DF)AX(CDEXP) X CF
CLRMECICER X (MIXX(CIEXP) X CF x TF
#RM =T / M
E  2la0 # [ (OGIPHI) / LOG(2.0)

CTFU (CLRM / E)X{ (#RM X ZLe,5)XX{E)

CIPSE( {ELRMAEIX ( (WRM X
CREI = CIPS X R
CO&M = Q&AM

COMMENTS 151

I3 # 0451 X%{E)

05=01=0) LEG = CHM
SGW PHOTOVOLTAIC CR=Z

1., 000000
Oe®
l,000000
1290, 000000
100000

w( g HXX L))

gD AX (F))

[T COEFFICIENTS

FoMILLLONS

CuCEks MeN087]14
CWE XF = 1oCOOUGD
CICER= 6,0ud’?n
CIlEXP= 1.000000
28

10

1,000

L.000

1

Yy £ 22

2.278

1,790

1,790

0ePs8

Mo &2

Da0

uaisip@2sedg

)
o
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TABLE B-57. 05m01=02 LEC = CSA/EWA
564 PHOTOVOLTAIN CH=2

INPUT PARAMETERS

- Ta 27000,00040 TF=* l.000000
Mm 270000000 DaM= U0
CFa 1,000086 Z2l= 100000
PHim leuQCCOQ £2= l2u,Cu000Q
Ra Beta20000 Z3m 1+00004¢
BF m l«000C0NY

CALCULATED VAaLUES
CDBCOCER X (T X DF)XX(CLEXP) X CF
CLRMRCICER X (M)XX(CIZXP) X CF % TF
BRM =T / M
E 3140 ¢ LOGIPHL) 7/ LGG(2,0)

CTFUS(CLPHM / EJX{(RRM X 21+ 51 LX{E}] =C,B4A1(E))

CIPSs{(CLEM/E) X {#RM X 23 ¢ 0,51 xL{E) =Qa3XL{E))
CRCI = CIPS X R
LOsM & ORM

COMMEMNTS 15¢

IWPUT CUEFFICIENTS

CACER=
CLEXI'=
ClCtke=
ClEir=

s 22

L+01id422
leCODOGON
N, Lus7T9%
lsLUTA00

eIt LIS
335,664
1564546

Lo

UDISIAIQ DDR0S
|BUOLBLLISIY| [|BANI0Y .T'
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TARLE B-58. (5=01=03 LED = COM
26w PHOTOVOLTAIC Cw=2

INPUT PARAME TERS

T= 2700040000 TF= La0OLCuG
M 27000,0000 O&toz Cel
Cra 1,006020 Zl= l.00c0an
PHI= 1.000000 2= 120.0000uU0
Rx 8.050000 Z3= 1.000000
DF = l1,0000080

CALCULATED VALUES
COSCDCER % (T X DF)XX(CDEXP) X CF
CLRMECICER X (M)XX(CIEXF) X CF X TF
#RM =T /
E =1.0 + LOG(PHI) / LOG(2,0)

CTIFUR{CLRM / E}X{(NR¥ X Z1¢ ,5)VKAXK{E} =0.5AX(E)})

CIPS={{CLRM/EI X { {#RM X Z3 ¢+ 0¢BIRA{E) =D u3XXIEY)
CRCI = CIPS x R
COMM = D&M .

COMMENTS 153

[MPUT COEFFICLENTS

COCERs. . 0091236 _ . _
CUubr XP= Leti QOO0
ClCEPR= Uelb11435
ClLap= ledGUOODO

LeMILLLIONS

£ub4,4993
310,392
I.ODOA
LeulO

310,392

Yy /22 2."397
Nale

0,0
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|BLORBUIIIY J[EMND0Y .T'

P L P S TSNS ST TV ST ¥ RETT |

TR



T

TAEA

TABLE B-59. OS=0]l=g4 LED = PH
554 PHOTOVQLTAIC CR=nZ

INPUT PARAME TEWRS

- I= 100.,008000 TF= l.000000
Mu 10D.,000000 Dips O
CF= l1.000000 ll= l.000000
PHI= 1+000000 Z2= leg.coe@ue
Re 0e0B0000 Za= 1.0000060
DF = D+200000

CALCULATED VALUES
CORCOCER X (T X DF)XX(COEXP) X CF
. CLARM=CICER X (M)XX(CIEXP) X CF % TF
< WRM BT 4 H
E  ®1.0 ¢ LOG(PHI) 7 LOG(2,0)

CTRUR(CLRM 7/ EIXC(HARM X Z1+,5)XX(E) =0,5Xx (L))

CIPSm{{CLRM/EYX ( {BRM X I3 % C.5)AR{E) «D45XX(E))
CRCI = CIPS x R

COLM = Q&M .

{~€T00-dv¥-8/ as

COMMENTS 154

INPUT COBFFICIENTS

COCEKs
CUEAP=
ClCEFR=
ClExp=

V7 Z2

lag00u00 .
IDUOOU(IO
1,4250C0
1.0800890

%y 4MILLIONS

38,000

142,500
teono
14000

142,500

1e188
DLU9

DLl

uoisIAK-eids
[BUCLBUISIU] {[OMYO0Y .T'
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‘l‘ Roeckwell International

Space Divisian

05=02-00 GEC SPACE BASE CER's

This element includes the GED comstruction base and the space base on-
board the satellite for eperations and maintenance. The GEQ comstructien base
serves as the headquarters for operations and activities peecessary to consiruct
items such as the satellite, microwave antenna, and cargo orbital transfer
vehicle. The physical eiements of the GED base are pressurized modules with
various internal configurations te provide specific required functions. All
modules are ef the same diameter and most are of the same length, their
dimensions and mass being in compliamce with space transportation systems
constraints. The medules are lecated on the GEQ fabricatiom fixture along
with Space Assembly and Support Equipment to build the satellite. The space
assembly and support eguipment requirements are included in WBS Element
06-00-00.

The GEO construction base consists of varieus modules as identified in
the follewing tabulation:

_ QUANTITY
WBS GEO CONSTR. = SATELLTTE
#_ ACRONYM DESCRIPTION _ BASE ~ 0&M BASE

05-02-01 ADM AIRLOCK DOCIKING MODULE 36 4 ea
05<02-02 CHM CREW HABITABILITY MODULE 28 1 ea
05-02-03 CLM CONSUMABLES LOGISTICS MED 14 1 ea
05-02-04 COM BASE MANAGEMENT MODULE 4 1 ea
05-02-95 CSM/EVA CREW SUPPORT MODULE/EVA 1 ea
05-02-06 PM POWER MODULE iy
05-02=07 PSM PRESSURIZED STORAGE MODULE 4 2 ea
05-02-08 SDH SHIELDING 12
05-02-09 SM CREW SUPPORT MODULE
05-02~10 FAB-FIX FAB FIXTURE 1

The Airlock Docking Module (ABM) is used te joim the other base modules to
previde docking accommedations for other elements such as erew transpert
modules, consumabtes legistics modules (CLM) and intra-base logistics vehicles,
and feor transfer of personmel and egquipment between different pressure emviron-
mepts. The Crew Habitabiiity Module (CHM) provides stateroom and personal
hygiene facilities, and support systems for 24 to 30 crew members. The Base
Management Module {COM/OCE&SM) house the operational commumications and control
systems fer the base. Power Modules (PM) are photoveltaic power systems
(collectors, converters, conditieners and storage) which support all base

power requirements. Pressurized Storage Modules {PSM) provide an area for
storage and workshop accommodations. Shielding (SHD) is provided in selected
modules to protect against selar flare radiation. The Crew Support Module (SM)
provides the galley, recreational and medical facilities and support suksystems
for 48 to 60 crew members.

B-116
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‘l Rackwell International

Space Division

The satellite eperations and maintemance base consists of six modules
that include the ADM, CHM, CLM, COM and PSM. The combimatiom crew suppert
and EVA module (CSM/EVA) has the same imternal fumction as for the construc-
tion base SM but eccupies only half of the module. The other half is an
integrated multi-crew member EVA preparation area and airlock statien. The
satellite COM incorporates a health menitoring and fault iselation capability
for the SPS satellite subsystems as well as the controls required for altern-

ate operational modes and functional isolation of selected subsystems elements
for maintenance.

The CER's were based upon Rockwell Space Station studies, See Tables B-60
through B=~69.
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TABLE B-60. 05=02=01 GEB® = ALM

SGW FPHEOTOVEOL TATIC =

INPUT PARAME TERS

T= . 2500 0GR00 TF=
M= 2500, 00000 Witz
CF = 1000000 Zl=
PHI= i o 980 00 0 ze=
R= 0el00000 3=
DF = 1+ 000000

CALCULATED VALUYES

CO=CRCER X (T % DF)XX(CDEXP) X CF
CLRMaCICER X (M)XX(CLIEXPY X CF X TF
#RM =T / M

E lafr ¢ LOG(PALY / LOGLZ2,0)

CIPS={ (CLRM/E) X { (#RM X 23 % 045) KALF)

CRCI = LIPS X R
Caad & OikM

COMMENTS 158

1.000000
e
40,0000060

126 ,0000p@

516000000

CTFUR(CLRM / E)XC(#RM X Zl+ ,23XX(E) ~B,5XX{t))

(o DXXE))

INPUT COEFFICIENTS

'CJCERa: Ua ai a‘ﬁlé ‘1 --
ClE AF= FeXOOHNG
CINER= 0, D060 36
CIEap= 000800

%0 MILLTONS
3l.1k2
154690
Tetdm00
fe971

587,187

) 4 L2 554697
54670

f'].ﬂ._

uersINGg eoedg
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TABLE B-67. P5=0Z=02 GEU = CiH
5Gw PHOTOVOLTAIE Cws=s2

INPUT PaRAMETERS

T= 27000.0000 TF =
Mz 2700090060 O& k=
CF= 14000000 2l=
PHI= 04950000 l2=
R Bs 050000 3=
Df = 14000000

CALCULATED VALUES
COxCOCEKR X (T X DF)AXX(CLEXP) X CF
CLRAM=CICER X (M)XX(CIEXP) X CF X TF
#RM =T s M
E 2]le0 + LOGIPHL) 7/ LOGI2,0)

CTFUB{CLRM 7/ EYX{{(RRM X Z21+,5)xX{E)

CIPSeLICLRM/E) X E LwRM X 23 ¢ NeB}ARI(E)

CRCI = CIPS x R
CO&M = OAM
COMMENTS 1986

laBOWOL
A0
29,000000
120.06000LOQ
J4BL000GEHO

-0 e SXXLEY)

- XX (ED)D

TLFUT CUEFFICIENTS

LRLOED D.0097)4
Cat XF= la}0)QOR
CilGkr= D 0037T70
ClEaF = lLO0u@Oup
BaMTLLTIONS
£he. 218
101,790
leDOR
VaeB2b
2ubb.6HT7
y F de Q3,475
4ab74
By0
kol
5 g
- £
P
S &
[
g
o
C;“

N

loisiag a0edg

[BUOREULIBIL} {|BMMO0Y

Eeten v mr

e L e S S B R AR TS

Y mmaidiics,

VLA L b sy
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TABLE B-~62, 05w(2=03 GEQ = CLM
BS6W PHOETOVEOL TALC CH=g2

INPUT PARAME TERS

. Il - . 5@'@ 0-' 0:‘0'0'0'” - lT! - . . l‘ . m'ﬂ-“g 000‘
M= 5:0:0.0 ¢ 00000 el E Qe
CFm 1o 000000 21= 15 s 000000
PHI= 09950000 Ze= 120 ¢ 0QO0 DD
Ra 0 o 05000 23z 1 3% o 0000
DF = 1 000000

CALCULATED VALUES
CO®COCER X (T X DF)XX(CDEXP) X CF

CLRMmCICER X (MyXX{CIEXP) X CF X TF

CWRM. =T /M

€ El.0 ¢ LOEG{PHI) / LOG{2.,0)

CTFUB(CLRM 7/ E)X((WRM X Z1e,5)XX(E) =0,5XX(E))

CIPS® { (CLRMAE)Y X [ { #RM X 23+ 0uS)IXXtE) =B SXX(E})
CRCI = CIPS x R
CORM. = Q&M

COMMENTS 157

INPUT COEFFJCIENTS

COCER=
CREXP=
ClCEL=
CIEXP=

R OR[N Tog oo
LaQOi0OGOD
Oetdl4uan
1406300009

FeMILLIONS

eHES, 000
Tiia00M

{ » U0

.926

916,822

b 4,621

0.0

Y

UOISIAKT 93eds

JBUOL B |jSANNOOY




TABLE B-63.

05m02=06 GELO = COM
56W PHOTOVOLTAICL Cr=2

INPUT PARAMETERS

INPUT COEFFICIENTS

CUCER=R
COEXP=

La0912898
leuiPQODB/

T= . 2700u0.0000 Tt= 1.000080
Ma 2700040000 O&k=z Je @
CF = 1,0600006 Zlz 5,000000
PHRI= G»950000 2= 126.000000
R= D+0500G0 3= 124,000000
DFm 140000060

i
N O#RM =T /M
€ ®1,0 ¢ LOG(PHI) / LOGI(240)
CTFUR (CLRM / E)X((#RM X Z1+,5)XX(E) =0,5XX(E))
T CIPS®E{(CLRMZE)X((WRM X Z3 + 0.5)XX(k) =BsSXX(E))
oo
= CRCI = CIPS X R
<
S COMM = D&M
v

CALCULATED ValUES
CO=CDCER X (T X DFIXX{(CREXP) X CF

CLRM=CICEP X (M)XX{CIEXP) X CF X TF

COMMENTS 158

ClCER=
CIEXF=

)

/77

beNllags
100300

FoMILLIONS
464,993
3ln,. 392
la00D
Da526

1u4R AHD

BQIQH""?
l12.0U94

0 0|

uotsIng sedg

[BUORELIBI] [[BMNI0Y .Y'
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TABLE B-64. 0S=02=0S GELY = CSM-EVA
BGW PHOTOVOLTAI( CreZ
INPUT PARAME TERS TiwPUT COEFFICIENTS
Ta 27000,0000 TF = 1.000000 COCER= 0,012432
M= 27000, 0000 OhM = 0.0 CUF xfp= laMufipbn
CIF = 14000000 21= 1« 000000 C1CEF= 0a00579R
PHIa e 950000 P2 120000000 CIEXP= leGNOORAD
R 0050000 L3= 120,000000
OF = 14000000
CALCULATED VALUES S MILLIONS
CO®CRCER X (T X DF)XX(COEXP) X CF 335, 664
CLRMx=CICER X (MIXX{CIEXP) X €F X TF 1564546
#RM =T 7 M leyO0D
E 2.0 ¢ LOG(PHI) / LEG(2.,0) 0eFebh
CTFUR(CLRM / EXYXA({(#RM X Z14,5)XX(E) =0,5Xx(E}) 51,112
CIPSE((CLRMAE) X { (#RM X 23 %+ DeBIXX{E) wBoeBXX(E)) Y /4 22 1 16e 340
CRC]I = CIPS X R 5.917
COAM = D&M . . , 0.8

COMMENTS 159

UISIAK] soedg
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TABLE B-65. 05=N2m0b GECG = P
56w PHOTOVOLTAIC CR=2
INPUT PaRAMETERS INPUT COEFFICLEMTS i
- Tm 2504800084 TF= 1.000000 : COCER= Loa00000- %
M 250.,000000 D&M= 0.0 COEXE = leutig0D ;
CFm 1000000 2= 4,0000C0 ClCEk= 1,100000 :
PHI= 0,950000 Zes lgg, 000000 CIExP= 1,000000 :
R 84050000 73 4,000000
DF = 1000000
CALCULATED VALUES By M1LLTONS :
CDECUCER X (T X DFIXX{CDEXP) X CF 350,000 z
;
CLRMmRCICER X (MIXX{CIEXP) X CF X TF eTh. 08 :
KRM =T / M L.000
E ®1.0 + LOG(PHI} / LOG(2,0) be926 J
CYFUR(CLRM / E)X((MRM X ZLe,5)XX(E) =0,5XX(E)) 1039,323
CIPS® ( (CLRM/E) X { {MRM X 23 + 0,5)XX(E) =0.5XX(E)) Y / l¢ Heht] %
CRCI = CIPS X R Nea33 © T
£ 8
COAM. 5 O&M a0 ‘5_ 2’
]
COMMENTS 160 S =
3
@
=
m
L o o
’ Q
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TABLE B-66. 05=02=07 GEO = PSH
5GW PHOTOVOLTAIC Cke?

INPUT PARAME TERS

Tl 15'0'@0’000ﬂ TFZ l.ﬁlOOﬂOO
M= 19000, 00060 O &z 0.0
CF= 10006000 Zl= GeWODDHO
PHI= 04550000 ig= 1204000000
K= 0,050000 L3a c44,000000
DF = 1,000000

CALCULATED VaLUES
CORCDGER X (T X OF)XX(CDEXP) X CF
CLAM=CICER X (M)}XX(CIEXP) X CF x TF
AHM =T / M
E ®1.0 + LOGIPHI) 7/ LDG(2,0)

CTFUa{CLRM / EIX{(#RM X Z1e 5)AX(E] ~0,5%4(L))

CIPSal (CLRMAZE) X ( { RRM X I3 + B.BIXX(E) =049XX(E})
CRCI = CIPS X R
CORM n OKM

COMHENTS 161

INPUT COEFFICIEMTS

COCER=
CUEXP=
CICEP=
CIEXF=

y 4 22

f,052914 .
1,000000
Be013734
1eBBUOUD

BadTLL 10N
793.710
ARk, 010

lettn
U926

l14al,934

300,770
15,038

]

.\
f 4
L7
B O
5 %
3
g 3
]
=
2
S
B

i

Bt it i
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TABLE B-67. 5w Q2eG8 GEO = SHB
56w PHETOVEOLTAIC CR=Z2
INPUT PAKAME TERS

o o T® 1100040000 TF= l.000000

Hu 1100040000 O = 0eB
GF = 1y 080000 Zl= 12,000060
Pl= 0 9BQ 000 ig= 120000000
R 0 050:000 Z3= 1000000

BF = 0e 200000

" CALCULATED VALUES
CO=CDCER X (T X DF)XX(CDEXP) X CF
CLRMBCICER X (M)XX(CIEXP) X CF X TF
WRM 3T / M o
E %10 + LOG(PHI) / LDG(2,0)

CTFUS(CLRM / EXX{(#RM X Z14+,5)XX(E) =0.5XX(E))

CIPS={ (CLRM/E)} X { {#RM X Z3 ¢ D5IXX(EY =0aDXX(E))

CRCI = CIPS X R

. COaM = OsM

COMMENTS 162

INPUT COEFFICLENTS :
CUCER= 0156800 :
CDEXF= le00OOON |
ClCER: 0.101000 .
CIELXP= 0,355000 |

FeMILLIONS ;
343,200 |
2748 f
1,009 E
0.971 f
31,426 §
Y 422 Ne262 ’_'_‘ E

0,013, o

3 g

0.0 £z

g e

§ 3

@
5

3
2 .
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TABLE B-68. 05=02=09 GEQ = SHi
56W PHOTOVOLTAIC CR=2

ENPUT PARAME TERS

T= L3900 0« 0000 TF & ley0BLRLY
e 150000000 &M U
CJIFE '1' s 6‘0‘0‘000 F4 1 x 44,000 aen
PHl=z B o 950000 223 120.,0600000
Rim: 0, 050060 Z3= 4o QOO0 B
DF = be 000000

CALCULATED VALUES
CO=CBCER X (T X DFIXX(COEXP) X CF
CLRMSCICER X (M)XX{CIEXP) X CF X TF
WRM =T oM
E ®1,0 ¢ LOGIPHI) / LOG(2,0)

CTFUS{CLRM / EXX((#RM X ZL+B)XX{E}Y =0 5XX(E))

CIPS= ( (CLRM/E) XL {#RM X Z3 % DeSIXA{E) =048%XX(F))
CRCI = CIPS X W
COAM & Q&M

COMMENTS 163

[HPUT COEFFICLENTS

. COEER=

COEXP=
CICER=
Citxf=

}

/22

Oe.0124232 - -
lepBoQun
NN STHH
1.000000

o wILL1ONS
1R6, 460
B6.970
Cleo00
0e926

328,491

Ze T34
Mel37

0,0

uorsing aoeds
JRUGIRBUIIIY] |IOMND0Y .T'
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TABLE B-69. 05=02=30 FAB FIXTURE
SGW PHOTOVGLTAIC CR=?

I4PUT PARAMETERS

Ta. 2000000.00 TF= . leCuoRGO .
H= 2500.00000 Dhkt= 0s0
CF= 1.000000 Zl= 1000000
PHI= 0,.,980000 2= 120,0000600
R= 0100000 3= 1.000000
DFa 0.,200000

CALCULATED VALUES
CD=CDCER % (T % D7)XX(CODEXP) % CF
CLRM=L {CER X (M) XX{CIEXP) X CF & TF
#RH =7 / K >
E 21,0 s LOG(PHI) / LUGIZ40)

CTEUSICLRM / E}X{(#RY X Z1¢,5)XX(E) =U,%XX(E))

CIPSs{((CLRH/E XU (#RM X Z3 4 UBIXXR(E) =0.5XX(E))
CRCI = CIPS X R
coaM = OaM

COMMENTS 180

ILPUT COEFFICIENTS

TaMILL10NS
1065,027
Ne012
80,000
Ue971

H,475

y /4 72 NyN71
Nen07

- 0.0

LOLEF= B.236000 _ . .
CUE &F= 0653000
CiCehR= N, 006005
ClExpP= l,000000

ueiSIAKg 92adg

[BUORBLLIDIY] {[PMNOOY .T'




‘l‘ Rockwell International

Space Division

06-00-00 ASSEMBLY AND SUPPORT EQUIPMENT CER's

The elcment includes al)l SPS umique fabrication, orbital conmstruction,

assembly and support equipment.

Included are the tri~beam builders (beam

machines; beam machine material cassettes; cable/catenary attachment machines;
remote manipulators; selar array blanket dispensers; reflector (concentrator)
dispensers; cable/caterary dispenser; and antenna panel imstallation eguipment.
Table B-70 itemizes these components and idemtifies the initial requirements
along with a 30 year replacement schedule for each WBS number.

Table B-70. Space Assembly amd Support Equipment
[NIT AL 30 YEAR
. WBS NUMBER |DESCRIPTION _ | REQUIREMENTS | REQUIREMENTS | TOTAL |
06-00-01 BEAM MACHINES 234 468 702
u6-00-02 CASSETTES 1206 5922 7128
Q6~0u~-03 CABLE ATTACH. MACHINE 76 76 152
06-00-04 REMOTE MANI|PULATOR 36 - 36
06-00-05 BLANKET DJSPENSER 76 406 L82
06-00-06 REFLECTOR DISPENSER 6 30 36
06-00~07 CABLE DISPENSER 307 153 L6o
06-00-08 ANTENNA PANEL IHSTALLER 1 (SET 2 (SETS) 3 (SETS)

Construction is accomplished almost entirely from the GEQ Comstruction
Base Fabricatien Facility which is included as a part of WBS element 05-02-10.
The items of assembly and support equipment are transferred from one comstruc-
tion site to the next as constructionm is completed on each satellite.

B-128
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TABLE B-71. o= 0=0] ARSE = BEAM MACHINE
56W PHOTOVOLTAIC CR=Z2
INPUT PAKAME TERS
e ¥m L. TD0L0HB800 .. TEm . 1.000600 .
M=z TR000CGOOGD OhkM= Qad
CFm ‘1.0(‘)0000 Zl= 23'4e0@(’)0@@
PH]= 0,9006000 22= 120,008Dua0
R= Vel Z3= T02.000000
DF = 1000000

" CALCULATED VALUES
COECDCER X (T X DF)XX{(CDEXP) X CF

CLRM=CICER X (M)XX(CIEXF) % CF X TF

;RM =f /-H

£ %10 % LOGIPHI) / LOG{2,0)

CTRU=(CLRM / E)X{(MRM X Z1¢,5)XX(E) w0¢BXX{E))

CIPS={(CLRMAE) X{ {#RM X 23 + DJSIXA(E) =0.5XX(E))
CREI = CIPS X R
CO8M = O&aM . - -

COMMENTS 14

THPUT COEFFICIENTS

COCER=E

COE XP=

CICER=
CIEXi=

1 /22

i

.
N

, 0% ¥ooz I0
SI IOV {TYNIODIO

X

. DLOOHEDE _ .

laGi@0OON
001000
006000

SeMILLIONS

fy 120
0,700
Loy
OeB4R

B3 3BT

l. 780

0,0

Gy

uoistng agedg
[PUONBUISIU| []BMNO0Y .T'
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TABLE B-72. 06w 0=02 AKRSE =~ CASSETTES
55w PHOTOVOLTALIC CRr=2

IMNPUT PARAME TERS ThHPUT COEFFICIENTS
T . 200, 000608 TF= l1.,000080 . . COCER= i A, 0061500
M= 20 Qe OO0 g0 Q'& b= ey (.LHE_J(P= baROBQRA
CF= 12000000 Zi= 1206, 00000 CICER= 0DeBOGO2H
PR = BedGUOAD 12= 120«0006800 ClExPs 1000000
R= De0 Z3= TLE2B, 00000
DiF = 1000000
CALCULATEDL VALUES $yMILLIONS
CO®CDCER X {T X DF)XX(CREXP) X CF 0,300
CLRMagICER % {MIXX(CIEXP} X CF X TF ity 005
PRM =T /M 1,000
E Ble0 ¢ LOGIPHIY / LOG(Z.0) e 7H
CTFRU={CLRM / EIX((MRM X Z1e,5)XX{E) =0 ,O5XX(E)) n, 338
CIPSE{ (CLRM/E) X { {#RH X Z3 + DeBIUX{E) ~DaDXX(E}) ) 4 4P DyN26
CRECI = CIPS X R Da0
COBM = D&M : . J.0

COMMENTS 165

LoisimGg adeds
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TABLE B-73. 06m00=~03 AGSE = CABLE ATT BACHINE
56w PHOTOVOLTAIC CR=2

INPUT PARAME TERS

.. 1= _ _ .. 500.000000 TF3 . l.000000
M 500+ 000000 04 M o0
CF= 1,0080000 Zlx 764000000
PHl= V2950000 22z 120.000000
Rw 00 23= 152.000000
DF & 14000000

" CALCULATED VALUES
CORCDCER X (T X DF)XX(CDEXP) X CF
CLRM®=GICER X (M)Xx(CIEXP) X CF X TF
WRM 3T 7 M . o
E ®l.0 + LOG(PHI) / LOG(2,0)

CTFus (CLRM 7/ E}X((W#RM X Z1e¢,5)XX(E) =~0,BXX(f))

CIPSa{(CLRM/EI X[ (aRM X Z3 + NeB)XXIE) =~045XX(E))
CRCI = CIPS X R
LOH = QAM . . : S

COMMENTS les

INPUT COEFFICIENTS

COCER=
COEXH=
ClCEH=
CIEXF=

IV ¥4

. QallQBEGO

le000Ludn
C.001600
l.0060000

5yMILLLONS

4,300

D.8u0

ioﬂﬂﬂ
te3e26

47,491

e 753

uotsiAKg soedg
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TABLE B-74.

INPUT PARAMETERS

Is . - 800,880000 . TE=
Ma G00,000000 OEM=
CFm 14000000 1=
PHlw He9505000 22=
Ra 5,010000 23=
DF a 1.000000

 CALCULATED VaLUES

CORCOCER X (T X OF)XX(CDEXP) X CF
CLRMACICER X (M)XX(CIEXF) X CF X TF
WRM =T / M o '

E xl.0 + LOGIPHL) / LOG(240})

06w00=0Da AKSE = REMDTE MANIPULATUR
SGW PHOTOVOLTAIC CR=2

l,000000
Ul
36,000000
120.000000
J6O00000

CTYFUBICLRM / E)X((WRM X Z21e¢,S)XX{E} =04BXX(E))

CIPS®{{CLRM/E) X{ (#RM X 23 + 0.5 RA(EY

CRCI = CIPS X R

- . LORM = OLM o S _

COMMENTS i67

~04BXX(E))

IHPUT COEFFICIENTS

LUCER=
CUE XF=
CICER=
CIEXH=

) /22

0,808600 . _ .
1.660000
feQOlBOR
1000008

1,200

1,000
1,926

}a 296

Ra.003

R N £

usialg eaedg
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G6=00=05 ALSE = HLANKET OISPENSER
S6W PHOTOVOLTALIL CR=é

TABLE B-75.

[-€700-dY-8/ a8

£C1-9

INPLUT PARAMETERS

e 2000.00000 TFa 1.600800  CDCER= __ .. .. 0a0pa&peo. . ..
L 2000006000 D&M= Ne0 CDEXF= leGunNooy
CFx 1,006000 Z1= 76.,000000 C1CEKsS 0006100
PHIw 02950000 22 12040008000 CIEXP= 1.00000
R 040 73a 4R2,000000
DF = 1000000
CALCULATED VALUES $y4ILLIONS
CORCDCER % (T % DF)XX(CDEXB) X CF 3,000
CLRMECICER X (MIXX{CIEXP) X CF X TF 0.200
WRH €T 7 M 1.000
E 31.0 + LOG(PHI) 7/ LOG(240) 0.926
CTFUE(CLRM / E)X((HAM X 214.5)AX{E) =~0.5XX(E)) 11,873
CIPSE({CLRM/E) X ( { ¥RM X 73 ¢ 0u5)XX(E) ~0e5XX(E)) b o22 0.549 F‘—
CRCI = CIPS X W 0.0 o -
g S
COaM = O&M N ¢ ° =
g 2
COMMENTS 168 g =
z
-
1)
3
o))
Q
=
B

INPUT COEFFICIEMTS
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YABLE B-76. 06=00~06 ALSE
56 PHOTOVOLTAIC CReg

INPUT PARAME TERS

T=_ 1oa0a.0000 TF =

Mm 10000.00060 Q&M=
CFm 1.,000000 2i=
PHl= 04950000 Ze=

Rax 0e0 Z3=a
DF = l.3008000

" CALCULATED VALUES
COSCDCER X T X DF)XX{CLEXP) X CF
CLRMRCICER X {M)XX(CIEXP) X CF X TF
¥RM =T / M

£ 1.0 + LOGIPHI) / LDG{Z2.0)

REFLLCTOR QISPEMSER

1.000000
0.0
6.,000000
120.,0006u0
36.000000

CTFUR(CLRM / E)X{(MRH X Z14,5)XXtE) =( 54X (L))

CIPS={{CLRM/EI X ((¥RM X
CREI = CIPS x &
COAM = ObM

COMMENTS 163

I3 + 0.5)Ax(Lk)

-0e5xR (B}

ILPUT COEFFICIENTS

 CLOGEE=

Cut xP=
CICER=
CIEXfE=

Y / iz

S Ue(004000

1+000040
B uQ0ul00
l1.000000

SeMILLIONS

40,0090
leOt0
lyutdo

0.926

5.243

Nelul
el

Dol

UOISIAIQ okdg
|BUOLIBUIS}Y| [[oMYI0Y .Y'
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TABLE B-77. 0bmOCm07 ALSE = CABLE DISPEHSER

56w PHOTOVOLTAIC CR=2

INPUT FARAME TERS

R Tm . 208.0080800 . TF=a 1,000000
Mz 200.000000 O&H= Ul
Cf= 1,0000Z0 Zlm 307.000000
PHl= 0950000 Zen 120,000000
Rx 00 23= 460.,000000
DFm 1.000000

CALCULATED VALUES
CO®CDCER X (T X DF)XX(CDEXP) X CF
CLRMECICER X (M)XX(CIEXP) X CFf x TF
WRM =T / M
E ®1.0 ¢ LOG(PHI) / LOG(2,0)

CTFUm{CLRM / E}X{(#Rf X Z1¢,5)XX(E) wQaBXXLtE))

CIPS={(CLAM/ZE) X ({#RM X 23 ¢ DWBIXXIE) =0 SXX(E))
CRC! x CIPS X F
COLM = QLM .. __

COMMENTS 170

IHPUT COEFFICIENTS

COCER=
CDEAM=
CICEHS=
ClExP=

) / 22

PR T

Bl HO¥d v

0vB94000.
1« 00BQNAM
0. 000100
l.000000

FaMILLTIONS

0.H00

e 020
_l.Dhn _
0928

44335

(14 )53
0.0

Oy

uosiag aveds
[BUOKBULSIY] [[DMYO0Y .T'
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TaBLE B8-78.

Wo=00=0B8 A&SH
SGH PHOTOVOLTAIC CR=2

INPUT PARAMETERS

T= 450000.000 TE=

M= 60000,0000 Chiiz
CF= l.000000 Z1=
PH]a D+900000 ig=

Re 0.0 23=
DF = 0q133333

CALCULATED VALUES
CO=CDCER X (T X DF)XX(CBEXP) X CF
CLRMECICER X (M)XX(CIEXP) X CF X TFf
WRM BT / W

E =1e0 + LOGIPHI) 7/ LUG(2.0)

l.000uC@

Ce

o@D OOUE
120609000

3. 000000

CTFUS(CLRM /7 EIXL{{HRM X Z1e,D)XX(E) =0.9AX(E))

CIPS={{CLRM/ZEIX U {nRH X Z3 + daBIXX(R)

CRCLI = CIPS X R
COAM & O&HM

COMMENTS 171

=Js3Xx (b))}

m AMTEMHNA PALEL IMSEQI 14

INPUT CHDEFFICIENTS

CLLERF
Cht xt'=
ClCLE=
LIEXk=

)y /s 22

Do G0BOUN
leBixtio 0
e QBESOD
latsngoon

Ry MILL TONS

514,000

Gn.n00

7.500

N8548

5ARN, 001

17.139

N0

g.0

uOISIAIG @veds

[EUGIRUIIY |]IMNI0Y .T'
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‘l. Rockwell International
Space Division

07-01-00 STS HEAVY LIFT LAUNCH VEHICLE (HMLLV) - FLEET PROCUREMENT CER's

The overall SPS tranmsportation system evolution utilized the current base-
line space shuttle to satisfy the technelogy developmert issues requiring earth
to LEO space flights. Shuttle derivatives are employed for the construction of
the T GW SPS protetype. The SPS operatienal HLLY transportatiom system must then
be employed to satisfy the high flew requirements from earth te LEO to expand
the proteotype capability to the operatienal 5 GW S$PS configuration.

The HLLV concept selected is an air-augmented horizontal takeoff single
stage to orbit vehicle with a prejected service life of about 500 fiights per
vehicle.

The single stage to orbit configuratien utilizes a wet wing concept and
multi-cyele alr-breathing engines (turbojet/ramjet) from takeoff te ~M=7.
Three SSME type engines are employed from M=6 te LEQ. The vehicle has a cargo
bay 6x6x30 meters and is capable of placing 21,000 kg in a 550 km equatorial
orbit. Approximately 500 HLLV flights are reguired per SPS.

The vehicle will takeeff frem KSC, c¢limb to 20,000 ft altitude and cruise
to the eguater under turbejet pewer. After turning inte the egquatorial plane,
the vehicle will begin it's ascent under augmented turbeojet power and transition
to ramjet mede at approximately M=3. At approximately M=b the SSME erngines
will be ignited and throttled to maximum power while threttling down the ramjet
engines and closing ef the variable inlet. DBuring reentry the variabie infet
ramp will be reeopened and the vehicle will cruise back to the launch site on
the air=brezthing engine system. '

The primary advantages of this concept are ability te achieve the required
launch site(s); the method of recovery minimizes risk of damage and enhances
turnaround time; minimum facility/equipment regquirements; considerably lower
acostic levels and an inherent dowrn-payload capability,.

The CER's are based upon engineering estimates, see Table B-79.

B=137
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TABLE B-79. QT=0t=00 STS =~ HILLV FLEET PROCUREMENT

S56W PHOTOVBLTALIC CR=2

INPL:T PARAME TERS

. .. Ta 1o 0GUOOD TF =
M= 1ot O00Q0 &=
CF = Lo 00EN0D Z1=
PH] = 0§ 800000 2=
[ Ue0 Z3=

OF = 1+ 006000

CALCULAYED VALUES

COmCDCER X (T X DF)XX(CODEXP} X CF

CLARMBCICER X {M)XXGCIEXPY X CF % TF

¥RM =T / H

E x]l.0 + LOGOPHI) / LOGA240)

CIPS=((CLRM/E) X { ( wRM X 23 + 0.5 XX(E)

CRELI = CIPS X R
. COAM = Q&M

COMPENTS 35

l.GDB000
0wt

3.000000

120,000000

CTFURLCLRM ¢/ E)XX((#RM X Z1+,5)XX(E) =05XXE)}

~0 ¢ SAX CE))

INPUT

CRCERS

CUk XP=

C1CEN=

ClExes

Y £ 22

COEFFICIENTS

792) 419922 _ .
LeBINIUGO

79 ,0000008
000000

Tt MILLIONS

Tagl, 199

792,000
.00
et 78

2nhtl.27l

NG 325
[ty

ool

Lo saedg

[EUOLBLIBILY [OMHDO0Y .T'

b
o



‘l‘ Rockwell international

Space Bivision

07-02~00 MHEAVY LIFT LAUNCH VEHICLE (HLLV) -~ OPERATIONS

This element includes the necessary HLLV operations required to suppert
the SPS project. Included are the payload launch operations that consist of
the physical integratien of the payload into the HLLV paylead bay and any
payload unique repair and/er checkout activity at the Jaunch site during
launch preparations,

A tetal of 409 HLLV flights are required te transport 37.2x10° kg, repre-
senting the mass of 1 SPS, te LEQ. Ten different payload mixes, averaging
91,000 kg each, have been defined and sequenced te suppert cenmstructioen needs.
An HLLV launcih schedule of 8 flights per day has been pestulated. The schedule
Is within the projected launch rate capability, censidering other requirements
such as maiptenance material amd erews. This results in total SPS mass
delivery in 51 days, 21 days ahead of the required completien, thus providing
considerable margin for contingencies whicl could slow delivery rate. However,
an average of 500 flights per SPS was used im the CER calculations to include
operations and maintenamce mass te orbit in this instance.

The average number of tetal HLLV flights per year for transportatiom of
satellite mass, crew, crew provisiens, propellants and other maintenance

materials, censumables and supplies is approximately 2,500 flights.

The €ER's are based upon ergineering estimates of the HLLV operations
requirements, see Table B=80.

B~139
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TABLE B-80, OTalideD0 1S o™ MLV { PERATICIS
SoW PHOTOVQL TATJL CR=Z
TNPUT HARAHE TES TMPUT CORBPFRFICIFHTR
= leu@oQYD T = laNBQ@Y COCER= (A
= 1000000 Gl = laBSawlutin Cult %fr= latiuuong
CF = e DRQUEY 1= S00eLbaYLN ClCEvs= 1eGHU0UD
PHl= LaGuaOsn 2= léyel0BOAUD ClERb= leftut pun
R= ) 43= EOBVOLLOMY
BFf = Lyubnong
CALCULATED VALUES ) Syl 0Ny
CPSCBCER X (T X DFIXX(CCEXPY X CF 2 ’% 0.0
o G
CLRMaCICER X (M) XX (CIEXP) X CF x TF %;%% | 980
™
#RM 3T / M @'% LU
7oL
E 51,0 ¢ LOG{PHI) / LOG{2.0) 5@ lavb0
.
CTFUS{ELRM / FIXC(RRM & Z1le , BYXX{f) =C.Ba0¢L)) ’ 990, wap
CIPS= ((CLRMAED X (L4RM X 73 4 045 AA(E) wUenxx{t)) y o 2e BAp, 001
CREI = CIPS x R il 0
COsM = O8M lags.npn

COMMEMTS 35
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‘l‘ Reckweli international

Space Division

08-01-00 INTRA-ORBIT VEHICLE - FLEET PROCUREMENT CER's

This element includes the Intra-Orbit Vehicle (IOV) required to suppeort
the SPS project. A single stage chemical (LOX/LH9) vehicle was setected for
use for en-orbit iransiers of hazerdeus carge (propellants) from the OTV's to the
satellite and to the space bases te preclude potential collisions.

The CER's are based upon the upper stege (Stage No. 2) of the twe-stage
personmel OTV concept, see table B=81,

B-141
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TABLE 3~81, DBwBle [EV=FLEET PROCUREMENT
56W PHOTOVOLTAIC (k=g

INPUT PAkAME TER'S

- - V= - 1.000000 TF=
M 1.s 000009 %Mz
CFm 12000000 1=
PHI= 0 9O000 173
R= 0o 820000 73=

Df = 15 060000

GALCULATED VALUES
CO=CPCER X (T X DF)XA(CDEXP) X CF
CLRM=CICER X (M)XX{CIEXF) X CF X TF
#RM =T s M ‘
£ Xle0 + LOGEPRI} / LOGI(2,0)

1eGUBODH

(')u'@

4. 0G00 00
I2¢.0uQuen
1000000600

CTFU=(CLRM 7/ E}X{{(#RM X ZLe,5}XXCE) =~0,5%%(E))

CIPS={ (CLRMZE) X { (RRM X 23 % 051 XX(E)

CRCI = CIPS X R
COAM. = DAM

COMMENTS 37

wd o BXX (E )}

INbuTl COEFFICIENTS

CUGER=
CUE XfF'=
ClCER=
CLIT XF=

- B0

974 B389 34 - —_
1oGODOME
2714169998

1e0OLOHO

*r#LLLfONS
97,500
PT.170
feo0n
UeBaB

D6 ,91s

134167

e 263

uoIsiAKg - aseds .
[EUOREUIBIY| [{BMNYOOY .Y'



‘l' Rockwell international

Space Divisien

08-02-00 INTRA-ORBIT VEHICLE - OPERATIONS CER's

This element includes the operations (which is essentially propellant)
of Intra-Orbit Vehicles (10V) required te support the $PS project. It
includes the on-orbit transportation cost ef operating the vehicle from
the OTV's to the satellite and toc the space bases te deliver hazardous
cargo (Propellants), see Table B-82.

B-143
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TABLE

_ ... T= _
M=
CFa=
PHI=
A=
DF =

B-82.

0BmD2w@0 JOV-UPEFATIONS

56w PHOTOVOLTAIC

CH=2

INPUT PARAME TERS

140000049
1 000000
‘1‘ . Q00 @'0‘0
{,080000
Oald

1000000

CALCULATED VALVES

Co=CRCER X

By =8

WRM =T 4 M

E le0 ¢ LOGIPHI)

CTFUE{CLRM / E)X((#RM X Z14¢,5)XX(E}

(T X DF) XX {CLEXP)

CIPS=U{ELRMZEY X { {WRM X

CREI
COEM = ODRM

COMMENTS

38

= CI®S X R

TF=.

‘c}‘&l"‘ =
Il=
2=
23=

X CF

/ LLGLZ.T)

23 ¢ 0.5 XX(E)

lae0UBAQY,
1e500060
1000,00009
120, 000080
L20000 6800

CLRMSCICER X (M)XX(CIEXP) X CF X TF

=0.5XK (E))

«aeBHXXEED))

d 40
FNEOIEE

5t AOVd Ty

INPUT COEFFICIENTS

CaBkRs . __. . 0.0 -
COLARS 000000
ClCEk= G, 001p0nM
ClEXP= lewGuyuyan
%941l L1ONS
0,0
a0l
reooo
le000
1,000
y 2 22 1,000
Q4"
~ . 1,500

uaisI-aoedg

[EUORBUIU| [[SMYOOY
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v ‘l‘ Rockwell International

Space Division

09-01-00 CARGO ORBITAL TRANSFR VEHICLE (COTV) - FLEET PROCUREMENT CER’s

This element includes the dedicated electric eargon ion thruster OTV for
cargo transfer from LEO to GEQ. The dedicated electric OTV configuration was
sized to eccomedate a payload capability of appreximately 4 x 10® kg, The
structural configuration is essentially the seme @s employed for the SPS and is
sized to produce epproximately 270 megawatts.

The thruster array is suspended by cables end located at the vehicle e.g.,
the thruster arroy is comprised of six sub arrays { 6 x 30 meters) each of which
is copable of being puckaged in the HTO=HLLY carge bay. Approximately 270
1 meter electric thrusters are at the structurel extremeties. Primary thrust vector
contrel is accomplished by o slip-ring jeint identical to the fype used for SPS
antenna erientation,

The dedicated concept was selected over the self-propelled concept because
of higher reliability and less risk of demage during erbital fransfer.

The COTV CER's are the seme s these used for the satellite cosiing for
the same subsystem elements, see tables B-83 threvgh B-97,

B=145
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9hi=-9

. i=
Mz
CF=
PHl=
R=
DF =

TABLE B-83.

INPUT PARAME TERS

. 321889000
2500 ¢ 00009
14000006
1000000
0010000
0e 200000

CALEULATED VALUES

CP=CHCER

X (T X DF)XX(CPEXP)

CLRMECICER X (M) XX{CIEXP)

¥RM =T /7 M

E Zlal

CTFUS{CLRM / E}XTt#8RM X Z14,5)Xx(E)

G0 =]l COTVFP=PUWER
bW PHATOVOLTAIC CR=2

TF=
Ghtim
Il=
2=
Z3=

X CF

X CF X TF

+ LOGLPRI) / LOG(2a.0)

CIPS= ( (CLRM/E) X { (#RM X

CRCI

2 CIPS x R

CO&M = D&M

COMMENTS B3

23 + D.H)XXI(E)

1e@f0000
(el
10, 000000
120, 0uw0060
4%,000000

=04 BXX(E))

SQURCE STRUC IURE

ItPUT COEFFICIENTS

LOCERs__ . _ .

COE AP=
CICFR=
ClEaP=

VA ¥

L2300 . _
Ne&S30QY
Ha0E00BS
l.,000000

HodILLTONS
323,085
0,012
128,756
let20G

16, 094

Debilta
0o 006

0o

Y

uoisinig-aaedg
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TABLE B-84. 09=01l=03 COTVFF=SOLAK BLANKET

56w PHOTOWVOL TAIC CR=Z

INPUT PAHAME § ERS

e . T= 900000000 _ . Te=
s 16250 0000 I
CF= 1.€000B00 21=
PHI= e 800 0Q 2=
Az D,010000 3=

DF = 1.000000

CALCULATED VALUES

InPUT COEFFICIENTS

da.000000 - LBRER= Oelblégnn.
B0 CUEXP= Ne39aQuin
J0,000000 CI{EfR= e Qui@9s
120000300 LIt XF= la0GENQ

Sy MILLIONS

CO=CRCER X (T X DF)IRX(COLEXP) X CF 35,799

CLRMzCICER X (M}XX(CIEXP) X CF X TF 1e544

WRM =T /M ' ) ' 55,385

& =le0 ¢ LOG(PHIY / LOGIZ2,0) 0,371

CTFUm(CLRM /£ E)X((¥RM X Zle ,S)XX(E) =0,5XK(F)) 732,405

CIPS={{CLRM/E) X { (HRM X 23 *+ (e5IXX{E) «045XX1E)) Yot e 2he29é
CRET = CIPS » K 0,263
COAM = (KM Oat)

COMMENTS 85

SUEVE TyNton

ALITVIIO MGG ot
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TABLE B-85. QGmOl =06 COTVFRmCOLEEMTRATOR

556 PHOTOVEL TAIC CR=2

INPUT PaRAME TERS
. Te .. 1800600600 TF= lsG0LO0O

Mx 16250, 0000 D&l = Go0
CF= 14400000 Il= 10,000000
PHI= U 980600 L% 12y 0000
R= De0) 0000 £3= 45, B00U006
DF = 14000000

CALCULATED VALUES
COBCOCER X (T X DF)XX{COEXP) X CF
CLRMSCICER X (M) XX(CLEXP) X CF X TF
HRM =T s M
£ Ele0 ¢ LOG(PHI) / LOG(240)

CTFUR(CLRM / E)XC(#RM X 214 ,5)XXLE) «0.5XX (L))

CIPSH{{CLRM/ZES X ( (#RM X Z3 + DeBIXKIEY =@ oBXX(E))
ERC] = CIPS X R
COLM & QDAM

COMMENTS Bb

INPUT

COCEHRS
COEXP=
CICElr=
CIEXf=

CUEFFICIENTS

C -Be02TH0A.

0o 394000
DeDuBEyn3I
BeGbilpON

hoMILLIONS

11,017

Delra?

IHv.769 )
0a971

39, 087

1,403
LIRS

0,0

ueisiag a2edg

[BUORRUIBIU| [|]SMD0Y .Y'
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TABLE

B~-86 . PGl ety COTVFP=ELECTRIC PROPULSION SYSTEM

56W PHOTOVGL TAIC ER=2

INPUT PARAME FERS

Ts . . 80581.,8000 Tf =

M= 311,000000 QM=
CF= Ve 160000 Zl=
PH] = 00900000 2=

Rw J,010000 Z3=
OF = 00 3D00OWO

CALCULATED VALUES

CWRM T /M

COECPCER X (T X DFIXX(CDEXP)Y X CF

CLRM=CICER X (M) XX(CTEXP) Xx CF X TF

E 31.0 ¢ LOGIPHI) / LOG(240)

Oed

10 QAC0QY
1204000000
45000000

CTRUR (CLRN / E)XC(HRM X Z1e ,S5)XX(E) =0,5%xx(E))

CIPS® { (CLRM/E) X ( (#RM X

CRCI = CIPS X% R

CCOAM = D&M

COMHMENTS

87

23 + Du5rxX{E)

-0y XK (F )}

TP COEFFICIENTS

LELOCER=__

Ct xP=
CIGCER=
CIEaFs

) £ 22

le.l22000 .
e 39000
le0S70R0
Qe 729900

§yMILLIONS

2'5"9- 1 03
0+B48

403,059

12,030
0el0

- . 0,0

LIoisiANg aoeds
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TABLE B-87. 09wl edb COTYVFP=AVIOGNICSs SUPERVISIR COMPUTER
53w PHETOVELTAIE CR=¢
INPUT PARAMETERS INMPUT COEFF ICTIENTS
- I= 164,005000 TE= 0. 700000 COUE RS L. 04633008 . _
Mz 14,000060 O&M= 0ol CULAR= DeS21000
CFa Le0OUROD Zl= 10.000000 CICEP= Wel72000
PHI& 0o BBUE00 12% 12ue000QCO Clexp= e53HQ 0P
R 010000 3= &% o 1) OO O
DF = 0o 200000
 CALCULATED VALUES 7 HeMILLIONS
CORCDCER X (T X DF)YXX(CDEXP) X CF 1o R2
CLRMECICER X M)XX(CIEXP} X CF X TF Uet94
WRM ST / M | . 000
E Tie0 ¢ LOGUPHT) / LOG(2,0) e THH
CTFUB(CLRM / EIXC(HRM X ZL4,D)XX(E) =0 o5XX (£ 1)) 3,525
CIPS®{ (CLEMZE) Xt (#RM X I3 + DaBIXAUE) =0 SXX (E)) ) /L2 0,997 >_‘
CRE] = CIPS X K D001
.. CUAM = O&M : S 040

COMMENTS lol

UotsiAlQ acedg
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TABLE B-88, 09w 0lwib COTVFPmAVIONICSS
5GW PHOTOVOLTAIL CR=2

INPUT PARAME TERS

—  TI= . 2 Se QOOOEY TF= T«S00UR0
L 654000000 Oz 0a0
CF=m 1,0600800 Zle 10.006000
pH]= U 00D O 2= 120000000
Hx e 01 0D0RA 3= 45, 000060
DF = 1« 200000
CAlLCULATED VaLWES
CO=CRCER X (T x DFIXX(CLEXP) X CF
CLRMECICER X (M)XX(CIEXP) x CF % TF

¥RM =T / M
E =1,0 ¢ LOGIPHI) / LOG(2.8)

CTFU=(CLRM /7 EXX((#RM & Z1le ,S)XX(E) =0,5Xx (L))

CIPS® ((CLRM/ZE) X { { #RM X 3 + DebIXA(E) =045 % (L))

CRC1 = CIPS X ®
COMM = D&M

COMMENTS 102

€ OMEAND

ARG COWTROL

[NPUT COEFFICIENTS

— . LDCEWs . _ L g.le2onn. .
CLE £H= 0BTy N0
ClCEK= 0o 069000
ClkXp= Da5570H0

- ) Sy MILLIONS

44001
e h 3B
i.hmb
U678
4,02R
y /22 e 199
0,1}
R o I

uaisialg asedg

[EUORBUIY| |joMNO0Y .Y'
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TABLE B-89. Q=0 =06 COTVFP=AVIONICS
55w PHOTOYRLTAIL DRee

INPUT B ARAME TERS

T= | . 245.000000 TF= 07840
M= 5o 00000 kit 0ol
CF= 1000000 21= 10e OOGAN
PHI= 0 950009 l2= 1204000000
Ra DeGlO0OVG Z3= 45,000000
DF = Be BO1300

CALQULATED VALUES

CO=CRCER X (T X BDF)XX(CLEXP) X CF

CLRHM=CICER X (M)XX(CIEXP) X CF £ TF

WRM =T , M

E  #le0 ¢ LOGIPHIY / LOG(240)

CTRU= (CLRIM / E)X((RRM X Z1a SIXRXCE) =0, 5X%(E))

CIPS®  (CLRM/EDX ( { #RM X I3 % DuB)IAX(E) wmliyHXX (D)
CRCI = CIPS X R
CR&M = QAM

COMMENTS 103

KICRUPROCE SSORS

TIhPUT COEFFICTIENTS

COCEkS
CUk X =
CiCki=
ClE xfr=

(AN &

B.122000.

DaB73000
O, 069004
UaHS 1000

FoMLLLTONS

49|0"ﬂ

Ue326

[ [} @37

Ja13

4,410

G001

5]

uosiAg - aoedg
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TABLE B-90.

03=01=0b COTVFR=-AVIONILSy BUS CONTROL ULNTT
56W PHOTOVOILTAIC CR=2

INPUT PaRAHE TERS INPUT COEFFICIEMTS

Te . 2HS.B0B0L0 TF= s 676000 : CRCEH= Delf20nn .
Ha e 00000V Gl 20 COEXP= 12879400
CFa 1« OGP0 Zl= 10, 000W0V CICER= (1, 069900
PH]= Be 950060 L2= 120400U000 Clt.aps 0e5S7000
Rz GeUl QOO0 Z3= 45, 000000
DIF = 34061200
CALCULATED VALUES FeMILL INNS
COSCOCER X (T X DF)XX{CLDEXP} X CF 0, u37
CLRMECICER X (M)XX{CIEXPY X CF x TF NaNi3
#RM =T / M 7 N 53.000
E  =le( ¢ LOGIPHI) / LGGL2.2) 0e926
CTFUR{CLRM / EXX((MRM X Z16,5) XX(E) ~0,5xx (E)) 4,02)
CIPS®  (CLRMZE ) X ( { WRM X 23 * BGeSIXX(E) =QeBXXTE) ) Y s Z2 Do lBY
CRCI = CIPS Xx H g M1 2
COaM = DaM - - - . : - . : Q.U

COMMENTS 104
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TaglLE B-91. 9= 0] =06 COTVFP=AVIONICSY
530 PAGTOVOLTAIC Cr=2

INPUT PARAME TERS

.- I= 345.000000 TE= . De0&5D0U
M= 5000000 Ok = De0
CFm 1,000080 il= 10,0000
PHis Be950000 LeE 120.000v00
Re 010000 23= “5.0000600
DF = PDeO0]DOO

CALCULATED VALUES
CO®COCER X (T X DF)XX(CLEXP) X CF
CLRMECICER X (M)XX{CIEXP) X CF X TF
WAM =T / M )
E  ®l.0 ¢ LOGIPHI) / LOG(2,0)

CTFUB(CLRM ¢/ E}YX({#RM X £Lle ,5)AX(E) =~0,5Xx(E))

CIPSx{{CLRM/E) X { tHRM X 23 4 04B)XXLE) =OeSXX (k)
CRETI = CIPS x R
CORM B DAM

COMMENTS 105

BEMUTE ACN A CUNTROL

IUPUT COEFFICIENTS

COCEI=
CUExF=
CIlCERs
CIEXp=

)/ 22

Ued0Z000 -
UeB79000
(i, 0600
BsEBT70LD

%.WILLIONé
0,040
DeH12
69,000
Ue4rb

5,357

0,180

feO002

UOISIAKG Aoeds

[euoHBULSI| ||PMNOOY .T'
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TABLE B~-92. 09w 1]l CUTVFE=AVIONICSy SUSMUL T FXF
SGw PHOTOVO . TAIC CR=2
INPUT PARAME TERS INPUT COEFFICIEMTS

. TI= , 5154,.,04000 @ IF= - . . Maf22000 . ... _ . CDCEREs . Deli2un e

M= 39000000 OaM= L] CUE XP= Dot THOND

CF = 1,0000006 Il= 1O GOOO DO CifEHk= 1 o EDONH
PHl= 02980008 les= 1200060040 ClIExpP= QaHhe7T000

Ris 0010000 23= 4S5 NOGuE o
biF = De 0DG03IZ

CALCULATED VALUES

CORCDCER X (T X DFIXX{CDEXP) X CF
CLRMSCICER X (M)XX(CIEXP) X CF X TF
¥RM =T 7 M S
E %140 ¢ LOGIPHI) / _uG(240)

CTFUZ{CLRM / EYX((#RM X ZLe ,5)XX(E) =0,5XK(E))

CIPSEC (CLRM/E) X { { #RM X £3 * 05IAX(E) =D oBXX(F)) y 2 12

CRCI = CIPS x R
COAM = Q&M _ 7 ] B

CBMMENTS 106

$yviLL BUNS
0,021
03
1718.000
Va37)

37,2786

1,338
haf13

Do)

uorsIN 2edS
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TABLE B-93.

T=
Miz
CF=
PHI=
H®
DF=

CO®COCER X

5Gw PHOTOVOLTAIC CR=2

INPUT PARAME TERS

e 200000 1K=
4o 200000 G M=
1, 600000 Zl=
(e 980000 I2=
0s010000 23z
b e DBOUO0
CALCULATED VALUES
(T X DF)XX(CDEXP) X CF

CLAMaCICER X (M)XX(CIEXP) X CF x TF

NRM =T / M

E 21,0 + LOG(PHI}

CIPS= ((CLRM/EFX ¢t (&AM X

CRCT

_COsM 5 DKM

COMMENTS

£ LGG(2,0)

23 ¢

s CIPS X R

107

BeBIXXIED)

09=Gleft COCTVFPRP=AVIOMICS

1.000000

B0

JUe 009000
120, 000000
45, GOU0G0

CTFUSICLRM / E)XE(HRM X ZLe ,51XX(E) =i ,5%XX(E))

-@-n B‘X?A (E.) ¥

OPTICAL FibER

[TMPUT COEFFICTIEM™TS

l‘l;aa?l‘lﬂ‘ R
Ba237000
n o b 1o la49
lebunQOR

FoMILLIONS

0,363

0y 14 3

.00
Gea37]

h,40H

UyR15

Belig@

I D N

uoisiAi@ @2edg

[EUGEUIDY) [(OM HOOY .Y'
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TABLE B-F4.
56N PHETOVOLTAIC Cr=2

ITNPUT PARAMETERS

T= 1627220000 TF=
M= 162720000 O&ibr=
CF = 1,000000 Zi=
PHl= 0 FEDUOO 22=
A= Bet 10000 Z3x=
DF = 1000000

CALCULATED VALWES

COmCDCER X

(T X DFIXX(CDEXP} X CF

CLRM=CICER X

{M)XX{CIEXP)

X CF & TF

WRM. BT 4 M

E =1, ¢ LOG(PHI) / LEG(2.0)

Q9w i =mB& COUTVFP=AVIONICSY

lagoQu@o
Ge0
10, 60000C

120,000860

45.MOD0UE

CTFU={CLRM / E)X{{WRM X Z1e ,5)XX(E) =0,5%Xx¢E))

CIPS={(CLRM/E)Y X [ t#RM X
CRET = CIPS X R
CLEM = DAM

COMMENTS los

23 + 045 XX(K)

~085XAEED)

CAuLES & HARDESS

INPUT COEFFICIENTS

CRCER= _. Be2370688__ .. ... .

COE xP= 0a297000
ClLER= 0.00006]
CIEAp= l.000800
SaMTLLIONS
4,222
0.993
) leson
04971
9,502
) 7 22 0,342
D003
. d.0

uoisiag soedg
JEUORELLIBIUL |[9MNO0Y QT'
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TABLF B-95. 0=t 1wl COTVFP=AVIINICSy INSTRUMENTATIOLN
S56W PHOTOVOL TAIC CH=2
INPUT PARAMEL TERS HPUY COEFFICIENTS
Ta . 18240,0000 TF= g 000uRA - COCE RS B ub0lon . —
M= BoWS7T0OD Dhtr= e UL A= lyGubhonn
Cf= 1eGROODO 1= TUeBUAOGL CICEL®= (e WG
PHI= Dea9BCRO0 2= 120000000 CLEAF= leOOMOOY
Ra Ne Q100G Z23= 45,G00000
DF = 1,0600060
CaLCULATED VALUES e MILLIONS
CH=COCER X (T X DF)XA{CREXPY X CF 1924
CLRM=CICEF X tH)XZ(CIEX$E)Y X CF % TF 00U
SRM =T / M | R 3119999,937
E 2],0 & LOG(PHI} / LLGL2.0) WeBTY
CTFUE (CLRAM / EIX{(8RM X 21+, SIXXIE) =0 5A%4(E)) 48 90hH
CIPS={(CLRMAE} XL L HBM X Z3 4 Y451 AaX{E)Y =0a58%X (L)) y /27 la763
CRCI = €JIPS X R . D07
COsM = D&H . . . A N (]

COMMENTS 109

uoisia 9oedg
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TABLE B-96. 0F=0lm07 COTVEP=THERMAL COIJROL
568 PHQTOVOLTALC CR=Z2

IMPLUT PARAMETERS

S 22300,0008 TF= lL.000800 CutEt.=
Mz 44000000 Dbz Ney COE XP=
CF = }o300GWO Z1= 1o, 000010 ClCEP=
PHle U, 980000 2= 120,000040 ClLLXF=
Ra B.010000 Z3= 45,0uU00vuy
DIF = 1000000

CALCULATEY VALUES

CORCODCEHR X (T X DFIXX(CDEXP) X CF

CLAMRCICER X (M)XX(CIEXP) X CF x TF
#RM =T / M
E 21,0 ¢ LOG(PHI) 7/ LOG(2,0)

CTFUS(CLRM / E)X({t{#WKH X Z14,5)XAX(E) =0,5XX(E)}

CIPSE({ (CLRMAE) Xt ( HRM X 23 + O4S5)IXX(E} =0.5X&(k})) y A 27
CRCI = CIPS X R
-COBM = QM

COMMENTS 89

ALIYAY Y004 10

8i 8OVd ayN

JILPUT CLEFFICIENTS

CeOB0GH]
leBOBWO
G.000007%
lBO0URED

eIl TOHS

0,031

e 00D

5975.000

V571

n,7%2

0,027
NeG0Y

Hell

uorsIAg 92edS

IBUORLIBU [|SMNO0Y .T'



COMMENTS 67

TABLEE B-37. 0F=0D]wild CLIVFP=pPOWER DISTEI3UTIUON
55w PHOTOVOLTAIC CR=2
INPLIT PARAMETERS 1T COEFFICIENTS
_Tx . 372109,000 TF= 1, 8GLROO . COCER= i, 158000,
M= 972.000000 CAM= Vel COEXP= G3.297000
5 CF= 1000000 Z1= 1V MGOOCE CICFk= HeBULONG
2 PHI= e 90000 L2z 120000000 ClEXP= leCONOOD
; Ra De 810000 73= 45000000
‘ DF = 0,400000
; CALCULATED VaLWES ' $yuILL LONS
gﬁ
' CO=CDCER X (T X BF)RX{(CDEXP) X CF 40671
: CLRM=CICER X (M)XX(CIEXP) X CF x TF 0s004
¢ -
; . ) . - ) S
; o WRM =T /M 32,828
o
E =l,0 ¢ LOGIPHIY / LLE(ZL0) Wekt8
CTFUS{CLRM / EYX{(#RM %X Z14,5)XXtEY w0, SXX(E)) 5,007
2 —
-~ CIPSE({(CLRHM/E) X ¢ I #EM X 23 4 DeDIXX(E) =~GeBaXx (E)) )y £ L2 N, 149
[0 0]
z CREI = CIPS X R 6001 g
-
[
5 COsM a O&M . i o - Ml ]
W g
- ..:.J %.
g

[BUOLIBLIBIY| [{BMNOOY .T'



‘l‘ Rockwell International

Space BDivision

09-02-00 CARQGO ORBITAL TRANSFER VEHICLE
(COTV) - OPERATIONS CER's

This clement includes the operations of the dedicated electric OTV
for cargo transfer from LEO to GEO. Included are propellant resupply
and replacement of thruster grids after each round trip.

The CER's are bascd upon engineering cstimates, see Table B-98.

URTGINAT Pare N
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TAgLE B-98. O9wyleftip C{ TV=L1ERATIONS
S5GW PHOTUVOL TRl CR=E

INPUT PrRAMETERS

T= lavl28000 1F= leCUOWOC
M= Pe@CNANLE Chi-= i 300003
LF = 1 4 MG EUC 2= luginrag:)
PR1= lettpBQO lex= 120, 0450000
H=z el 3= et a0nnud
DE = Lo GOGREND

CALCULATED VALLES
CO=COCER X (T X DFYAX(CLEAF) & C#
CLRAM=CICER X (MYXX({CIEXP) % CF a TF
#HM =T s/ M

E =lel) + LOGIPHIY / LIG{ELL)

CTFUS (CLRM / FYX((#HE X 7 4, 9)XL(E) =0.59%7(F 1))

CIPS=( (CLIMAE) X f (akm £3 % 0s5 AMLE) =0.bZX (F))
CKCI = CIPS X *
CoaM = QAR

COMMETTS 9o

Iteor CoErkFICIECLS

LuCki'=s
ry xpe=
treel
CIL xi

[ L2 S I |

Vo e

et

laGicidong
| el
l,eroupn

DM DS

041

laag)
LeBiin
leOng

14, 2ny

]Q.Hf vF
Ug

2l. 40

UoiSIAKg 2oedg

JELORBULSIUY |[BMYO0Y .T'




‘1 Rockwell International

Space Division

10-01-00 PERSONNEL OTV - FLEET PROCUREMENT CER's

This element includes the personnel orbital tramsfer vehicle (POTV)
. .quired to suapport checkowt, operations and maintenance of the SP§
project. A common chemical (LLOX/LH3) OTV was selected for transfer
of personnel and priority cargo from LEO to GEO.

The common stage OTV configaration selected is & scaled version of
those concepts presented in the BAC FSTSA studies (Contract NAS 9-24323),
The overall length, diameter, tank structures and docling mechanisms are
identical, The only significant difference in both stages are the number of
engines; 4 for first stage and 2 for second stage. Earth launch in the
HLLV consists of an integrated POTV and payload.

Following the LEO<-GEQO mission, the spent OTV stages would be
recovered in LEO by sabsequent HLLV vehicles and returned to earth for

refueling, refurbishment, and reuse.

The CER's are based upon cost data in the Boeing reports, see Table B=99.

B-163
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TABLE B-99, 16=0l=00 PRIV} LFET PROCURLMENT
56w PHOTOVOL TADIC Cr=2
ITNPUT PAFRAMETERS
.. . Ts= A 000000 TE = Lal0Qo0oQ .

Mz 1 e 0OOBQEG Rt Uel

Cfm 14000000 1= cepongn
PH]= ) o« 9O LZ2= 120.006060

Riz 0 o 20000 23= 6. 00000
DF = 1 s 400000

CALCULATED VALUES
CORCDCER X (T X DF}AX{CLEXP) X CF
CLRM=CICER X {(MIXX(CIEXE) X CF X TF
¥RM =T / M
E =1.0 ¢ LOGIPHI) / LOG(2.0)

CTFUE (CLRM / E)X((WRM X Z1+,5)XXLE) =C SXX (L))

CIPS= ( {CLRM/E) X ( (#RM X £3 * BoBXKCE) =BoSxx (b}
CRCI = CIPS X R
CO&M = QRM

COMMENTS 33

It T COEFFICIENTS

. LUCERE= _493.899%02. ...
CREXP= 1.030800
CICEl = £3.139999
CIEXF= leliOQOR

453,500
634140

12000

U«BHB

120,577

Y £ 722 bedal
(']-167

Dol
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‘l. Rockwell International

Space Division

10-02~00 PERSONNEL OTV - OPERATIONS CER's

This element includes the operations of the POTV required to support the
SPS rcroject. It includes the POTV cost per flight to transfer personnel and
priority cargo from LEQ to GED. It is estimated that 42 flights will be re-
quired per SPS, see Tabie 8=100.

The CER's are based om cost data in the Rockwell SPS Contract (NASB-32161)
and in Boeing reports.

B=165

A Sb 78-Ap=-0023-7




SRt it - - = i ey —w, -
; TABLE B-100. 10mG Bt PGTYV=ORPE RS TIONS
i SGH PHOTOVOL TAIC CR=2
i INPUT RARAME TERS
N 1.000000 _ . TEs  1.0008060.
Mz 1o 800600 Cht= 0ed50000
CF= 1. 000000 £l= 42600060
i PH]I= Vo 00000 Les 120000600
\ Riw ol Z3= 204000000
; DF a 14000000
; CALCULATED VALUES
: COWEHCER X (T X DF)IAX (COEXP) X CF
, CLRMACICER X (MIXX(CIEXP) X CF X TF
; @ )
: 5 WRM =T /N
! £ =140 ¢ LOG(PHI) / LOG(240)
CYFUS (CLRM / EIX ((HEM X Z1¢,5)XXCE) =~045XK (E))

g

o CIPS® ( {CLRM/E) X { {#RM X 23 4 0451 XX(E) =@eSAALE))

(o 0]

'z CRCI = CIPS X K

é

S CORM = D&M _

N

24

COMMENTS 40

[HPUT COEFFICIENTS

_ CLRCERE .. BeD. ..
Cut Xp= LeOOOOAN
CICEk=s e OGUEGHE
LIE &k= leuBOUD
3, - - - - . . - - .
P $eMILLIONS
A;‘ 0eu
R
2. R i, 090
%'@ . - L
> T be 00O
P
Lo 000
3,760
Yos L2 3.780
De0
- I} 450

uaIsIAK] 92eds

[EUOLBUISIY| |[BAO0Y .T'



‘l‘ Rockwell International

Spage Division

11-00-00 FACILITIES CER's

This elemenl includes major ground facilities reqguired to support develop-
ment, production and orkital assembly and operations of the SPS systems.
tncluded are major ground suppert facilities for eorbital construction bases,
major ground test facilities and groumd laumch amd recevery facilities.
Excluded are facilities that are part of other elements such as the ground
station system site and facilities.

Bonded warehousing will provide for $PS amnd EOTV censtruction materials
and spares. Anm initial reguirement of 190,000 sguare meters of floor space
ultimetely will imcrease to 317,000 sguare meters. |ncoming material (rail,
air, etc.) is off loaded, processed through receiving inspection, taken up on
the computerized inventory control system and then stered in the apprepriate
warehouse facility. Maximum rate of incoming railread traffic reguired to
support construction and maintenance of space-based program elements is
approximately 5,500 rail cars ammually (excluding prepellants) the peak occurs
in the 30th year of the program (Santa Fe Rail car specification of 86.5 foot
boxcars and 88 feet flatcars with maximum payload capacities of 140,000 kg and
300,000 kg respectively were utilized in establishing requirements).

Whern scheduled by the payload schedul ing comtrol center, comstruction
materials, consumables amd spares are transferred to the payload preparation
facility for packaging and arranging inte payload umits on 6%30 meter pallets.
Electronic modules and ether selected compoments will be funectionally tested
prior to packaging. The packaged payloads are then tramsported to and loaded
into the HLLY prior te propellant loading and final HLLY checkout.

Propel lant storage facilities provide for cryegenic storage of HLLV
propellants and for argom which will be delivered te low earth erbit for use
by the EQTV.

The continuous growth im numbers eof beth base persennel and space crews
throughout the 30 year program dictate the reguirements for extemsive facilities
for medical, housing, training and administration. Inceming persemne]l must be
trained and assigned to respective flight wr ground crews. Persennel returning
from 90 days im eorbit must undergo medical processing and them be reassigned to
ground activities for a peried of time before returming to> orbital assigmments.

Facilities are also provided for processing amd disposing of large amounts
of packagimng materials, falled and damaged hardware which will be returned from
orbit by the HLLV's.

| 8-167
;\ SD 78-AP-0023-7



‘l‘ Bockwell International

Space Division

The launch base facilities provide for receiving, sterage and processing
of material and propellants; storage eof ELV's sufficient for initial operations;
refurbishment and checkout ef returning ELV's ~nd persennel handling and admin-

k istragiom. A typical layout of am HTO-HLLY would require am area of less than
20 km*, This would provide the mecessary runway lemgth plus ever-run of km
(20,000 ftr) and a minimum separation of facilities from readinmess area of
1.5 km. Two aircraft type maintenance facilities will be utilized for in-line
maintenance and service., Two additional-service buildings will be required
for off~line 2ngine replacement and takeoff gear refurblishment. Cargo and
propellant loading/eff-loading areas are reguired.

Since initial HLLY flight requirements are substantial, appreximately 500
flights during the first year, a fleet build-up will be required prior to
initiation of the orbital phase of the program. A facility to store “mothballed"
HLLV's during the build=up peried will be provided. These facilities will also
serve as a refurbishment arez for HLLV's returning frem orbit.

The facilities costing approach was based on emgineering estimates that
establishad values for DDTEE requirements, estimates involving investments for
the TFY, and tie expansion of facillties to support the selected SPS optiom of
120 satellites. See Tables B-101 through B-103.

B-168
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TASLE B-1Q1. 11=0=00 FACILITIES = GRPOUMD SUPFORT
SeW PHOTOVOLTALE CA=g

INPUT PARBAMETERS

_Ts . l1eRQCRED 1f= . L.BGRBRBO . COCEMa_.
M 12000000 DRt = De0 Cue A=
CF= 1,000000 Il= 1,00000 CICEF=
PHI= l.00p000 Ze= 128,0000600 CleEaF =
R De200GCO Z3= LebhobbT
RF= 1000000

CALCULATED VALUES
CO=COCER X (T X DF)XX{CBEAP} X CF

CLRM=CICER X (MIXX(CIEXP)Y X EF X TF

RM =T /M

E 2i.0 ¢ LOGIFRI) / LCG(2,0)

CTFUS(CLRM / E}X((4RM X Z14,5)XX(E) =0,5X2{E))

CIPSs ((CLRM/E) XU (4R X Z3 % DWBYAX(E) =0,s5%X(EY}) y £ E2
CRCI = CIPS x f

CoOsM = OAM . -

COMMENTS 173

v

ALITVAD X0
ST WOV JIHL -

~ Gl

1HPUT COEFFICIENTS

laui@0Enn
1500,600060
lL.00epon

BeILLLIONS

0.8
1500.0ub
T
i.0np

1500,0u0

Pl aH33
Naall

0,0

uorsiag aoedg
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TABLE B-102.
5G# PHOTOVOLTAIC CRSZ

ENPUT PARAME TERS

- L Tm L L6000 Tf =
M= 12 03GON0 Dbz
CF=s 1o B0@000 Ll=
PHl= 1o 080000 2=
Ri= 00020000 £3=

OF = I o 400000

" CALCULATED VALUVES
CORERTER X (T X DFIXX{CLEXP) % CF
CLRMECICER X (M}XX(CIEXP) X CF x TF
WRM &T /M - B

£ =1.0 ¢ LOGUPHIY / LOG(240)

11=03=00 FACILITIES = MAJOK

1,0000480
U g f)
feBOLORD
120 o 00-0:0 34
2oEBGOHD

CTFUs (CLRM / E)X({WHEM X Z1e,B)XX{E) =@,5XX(E})

CIPSESL{CLIRMZEY X ¢ (mRM X
CRCI = CIPS X R

.. CODaM o= OEM
COMMENTS 174

Z3 %+ UeSIXX(E] =045XX(ED))

— ELDERE o . . C et -

GROMMD s TEST

TPuT COEFFICIEMTS

1.006000
TS50 ot} M
le1GOGBURA

COE %P =
Clek=
CLEXE=

S dILLIONS
Qatt
750 . 00N
f.000

1,000

Tada, 800

Yy /I 124500
0] - 35@

R | P 8

LOISIAK 2edg
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TABLE B-103. 11=64m=00 FACILITIES = GRIUIW LALYICH & RECOYERY
56w PHOTGVEOLTAIL Ck=g
INPUT PaRAME TERS INPUT COQEFFICIENTS
Ta_ - 100080k TE= l.0D00dw . . . CRCEk= 3210.,80000 -
M= 1,000000 Otz ol COE xp= laBubgun
CF= leDOGOOO Zl= leDOOD0OO CICER= 100000
PHIx 14000060 Zg= 1204 60000G LibXPs LeOultgpa
R= D,030000 £3= 4,00G0Q0
DF= 1,600000
CALCULATED: VALUES $eMIl.| 1ONS
CR=CUCER X (T X DF)XX(CLEXP) % CF 32104000
CLRM®CICER X (M)XX(CIEXP) % CF ¥ TF lop0,.nG9
KRM =T 7/ N let0Q
3 21,0 + LOG(PHI) / LUG(2:0) 1,000
CYFUI(CLRM / EIX((HRM X Z1+,5)XX(E) m»0 SXX(E)) 1060,000
CIPS®E((CLRM/E) X ( (4RM X Z3 + 04SIXX(E) =D.5Xx(k)) A ¥ 33,333
CRCI = CIPS X R 1,800 "
%
- CO&M & O&M o S . L . 0. g
£
CUMKENTS 175 §
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'l' Rockwell International

Space Bivision

12-01-00 PROPERTY TAXES CER's
This element includes property taxes related te the ground station system
element enly, Excluded aré ground station system operafions,

The CER is based wpen Seuthern California Edison Company planning rates
for preperty taxes, see table B-104.

B-172
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YABLE B-104. 12~61=00 TAXFS=PHCPERTY
56w PHDTUVOLTAIC fu=2

INPUT PARAMETERS

1= 0a0 TF=
M= Oev O&t-x
CF= 0.0 ll=
PHI= Gl 2=
Re 0,0 23=
DF = 040}

" CALCULATED VAaLUES
CORCUCER X (T X DF)XX(CGEXP) % CF
CLRM=CICER x tM)XX(CIEXP) x CF x TF
¥RM 2T /P
E =1.0 % LOG(PHI) / LOUG(2,0)

CTFUR(CLRM / E)X((#FM X 21¢,5)4%2(E)

0l

040

lenvonge
1204000000
120, 680000

=0.SKA(E))

CIPS=((CLRM/ZE) X [ {RRM X 23 ¢ 0.5)XALE) ~UeSxX(E))

CRC] g CIPS X R
_COBM = DM

COMMENTS 94

InPuT COEFFICIENTS

COCEEs.
Cut XI'=
LICEH=
Clexk=

Y o/ Lo

0.0 - -
letD0OO0
0e014000
leGUULOUD

fydlL LIONS

B UsT
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‘l‘ Rockwell International
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13=01-00 PROPERTY INSURANCE CER's
This element includes property insurance related to the ground station system
element only, Excluded are ground station system operations,

The CER is based upon Southern California Edison Cempeny planning rates
for insurance, see Table B-105.
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APPENDIX C
FINANCTAL AND OPERATIONAL CONCEPTS

c.90 INTRODUCTION

This appendix provides a detail description of the technical approach and
final results that culmimated in a recommended concept for the funding and
organizational alignment of the SPS program. Specific information is included
on the evolution of various concepts, an analysis of the organizational roles
and funding arrangements, data models, evaluation procedures, income statements,
returns on investment, and cash flow performances. This appendix is in support
of the summarized discussion of the recommended financial and operational con-
cepts as presented in Volume VII (SPS Program Plan and Economic Analysis),
Section 3.4.

C.1 GUIDELINES, GROUND RULES, AND ASSUMPTIONS

Pertinent background material and resource information was analyzed to
form study guidelines, ground rules, and basic assumptions relative to projects
of applicable gize and scope that would involve the participation of government,
electrical utility industry, and general industry. From this analysis, several
important premises were established:

« Financial and operational success of the projected satellite power
system will stem, im part, from relevant space projects (space
transportation systems, Spacelab, space industrialization programs,
etc.)

* Investments in satellite power systems (space and ground segments)
would be made after successful demonstration projects have been
accomplished under government DDT&E funding of the first fully
operational 5+GW system.

» Utilities will form regional consortia to nrovide funds for satel-
lite power systems offering electrical power on a basis comparable
to similar capability and overall costs im competitive power gen-
eration.

* Industrial fixms will form consortia te provide funds for space
projects that present a comparable cost basis for similar capa-
bilities on earth with the added benefits of improved guality,
reliability, performance, life, and producibility.

General assumptions and ground rules have beel established for the SPS
organizational emtities, as proposed, based on the following considerations:
{1) current views of the economic enviromment, total U.S. energy consumption
and projection, and government funding levels that offer the opportunity to
present and sell a well-conceived SPS preogram; (2) the impact of an SPS=type

Cc~-1
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program upon estimated Department of Energy, MNASA, and other govermmental fund-
ing levels through 1595, and beyond, warrants the consideration of a selected
financial and operational concept over other considered concepts/options;

{3) space industrialization projects by the government-NASA, and U.S. industry,
are necessary activities and should precede or parallel the 5PS operational
development; (4) utilities, via consortia funding participation, will be inter-
ested and willing to invest in the SPS following demonstrated economic and
operational feasibility; and (5) funding data and market/investment data for
govermment, utilities, and industry can be utilized for deriving investment
participation between government, utilities and general industry. Aadditionally,
a basic ground rule was established whereby the SPS will be a national corpor-
ation=-with varying roles, investments, and ownership by the govermment, elec-
tric utilities, gensral industry, or the public—and that a considered approach
would be developed for each contemplated, acceptable operational and financial
arrangement.

Figure C.1-1(a), based on Data Resources, Inc. (DRI) data, shows that
United States energy consumption is expected to grow at a slower pace than
real GNP. The figure compares the energy growth patterns of three scenarios
for the next 25 years. Growth in consumption of electrical energy will be much
faster than for energy as a whole. Case A is a high-growth scenario that cor-
responds to the continuation of the conditions, attitudes, and policies that
were typical of the 1950's and 1960°'s. All conditions were generally favorable
to growth, ang government policies were explicitly aimed at growth. TFor Case A,
the high-growth scenario, this situation is assumed to continue; thus U.S.
anergy consumption will grow as depicted. In Case B, energy supplies are
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Figure C.l-1. Total U.S. Energy Consumption and Projection
c=2

sD 78-AP-0023-7




: ‘l‘ Rockwell International

Space Division

assumed to be less readily available than for Case A. In Case C, it is antici-
pated that a strong national commitment will be made to allow a steady~-state

or lew-growth society by the late 1980's. A combination of voluntary actions
and compulsory legal restraints is assumed to be necessary. Growth rates for
GNP, total energy, and electric energy are indicated on the figure. The impact
of a 120-8PS satellite prcgram on U.S. energy consumption is readily discernible.

E

Figure C.1-1(b) shows U.S. energy consumption for electricity under each of
the scenarios discussed above for Part (a) of the figure. Growth in consumption
of electrical energy will grow faster than energy as a whole; this is due to a
continuation of past relationships. The growth in consumption of electricity
is because of its superior convenience and versatility, flexibility in being
able to use any basic energy source, slower rates of increase than for some
competing fuels, and the need for the nation to achieve energy independence.

The impact of the 120-SPS satellite program on U.S. electricity consumption is,
again, readily discernible.

Figure C.1-2 is a comparison of the DRI energy supply forecast with the
Electric Power Institute (EPRI) forecast; this comparison is based on Scenario A
only. Significant differences can be seen in the oil and natural gas projections,
with EPRI being more optimistic regarding the increase in gas supplies which will
result from a removal of well-head prices. EPRI forecasts early decontrol of
domestic prices for both oil and natural gas. DRI price projections represent

far more stable expansion paths. The impact of the 120-5P3 satellite program
is shown, arbitrarily, against oil.

{GRBUND RULE: SUPPLIES-ARE FULLY ADEQUATE TD SUPRORT EHERDY DEMANDS; AND HIGHER
FHICES WILL CREATE A SURPLUS ENERGY SURPLY SITUATIONEVEN THOUGHHIGHIG ROWTH DEMAND CONTINUES)
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Figure C.1-2. High-Growth Energy Supply Forecast (EPRI Vs. DRI)—Scenaric A
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C.2 PRELIMINARY FINANCIAL AND OPERATIONAL CONCEPTS

Studies were conducted to identify several financial arrangements an®
practical approaches for the funding and operation of a satellite power system
organization. Important premises, ground rules, and assumptions (as presented
in Volume VII) were followed in the development of four preliminary concepts,
as summarized in Table C.2-1. Major considerations are listed for (1) a national
satellite power system (utility) company~=Geographic SPS Utility Consortia, DOE,
NASA, etc.; (2) a natiomal satellite power system corporation-—based on the
COMSAT concept (formed by an Act of Congress, etc.); (3) a mational satellite
power system corporation—Federalized SPS Corporation (created by an Act of Con<
gress, etc.); and (4) a mational utility corporation for electric power via SPS
{a variation of Concept 1). Funding projections associated with each organiza-
tional approach and the expected sources of fumding are also presented in the

table.
Table C.2-~1. 8PS Preliminary FPinancial and Operational Concepts
D N S ~sEs Fﬂnsss ) A =
N o —_ _ DpEmmIONS '
\ DESIGH, _ e
FINANCIAL & \ peveLopugnT, | HATIS “Egks‘f’;:zfm MAINTENANCE REMARKS
OPERAT J ONAL TEST & mvesrﬂsm et TAXES AND
SORCEPT . N EvaATIon | ) | iNsvRawe | )

I -NATIONAL SATELLITE
POMER SYSTEM
COMPANY

» 1003 FUNDING
BY DOL/MASA

LI -NATIONAL SATELLITE
POWER SYSTIEM
CORPORATION

» 100% FUNDING
BY DOE/HASA

¢ 402 FUNDING QF OPERATEONAL SYSTEM BY 0OLC

e 602 FUNDING OF OPLRATIONAL SYSTEM By UTILITY
CONSORTI'A

s 100% FUNDING OF TRANSPORTATION SYSTEM BY -TLD

o 100% FUNDING OF LAND AND GROUND SYSTEMS BY
UTILITY CONSORTIA

l UTILITY CONSORTIA FUNDING/EQUITY PARTICIPATION-TED

I#UUSTRIAL CONSORTIA FUNDING/EQUITY PARTICIPATIOR-
BD

o POTENTIAL PUBLIC PARTICIPATION VIA PUBLIC STOCK-TBD

|8 o 1003 FUNDING OF TRANS?URTATIDN SYSTEM BY- TBU

UTILITY CONSORTIA

FIWL GLGGRAPHIC SPS

BASLD ON COMSAT
CONCEPT - CREATED BY
AN ACT OF CONGRESS
(PUBLIC LAW

L

IT1=MAT TONAL SATELLITE
POWER SYSTEM
AUTHORITY

# 100X FUNDING
BY DOE/HASA

BY UTILITIES AND PuBLIC
& 100% FURDING OF TRANSPORTATION SYSTEM BY -TBu
l UTILITTES/UTLLITY GONSORTIA BUY ELECTRIC POWER
FROM SPS AUTHORTTY

W -NATEQNAL UTILITY
GORPORATION FOR
ELECTRIC POWER VIA
SPS

e 100% FUNDING
BY DDE/HIASA

» GOVERNMENT FUNDING OF SPS SYSTEM WITH PARTICIPATION

[CREATED BY An ACT
OF CONGRESS (PUBLIC
LAK) - FEDERALIZED
SPS CORPORATION

@ UTILITY CONSORTIA 100% FUNDING OF SPS OPERATIONAL
SYSTEM WITH PUBLIC PARFICIRATION
e 100% FUNDING OF TRANSPORTATION SYSTEM RY -Tgu

GEOGRAFHIC SPS

UTILITY CONSORTIA -
'VARTATION OF CONCEPT
1 X

Continued analyses of these preliminary concepts, discussions with SCE

(Southern California Edisen), NASA/MSTC, and EPRI personnel; and literature
studies of DOE, NASA, JPL, and EPRI documentatiom resulted in the expansion of
3 these basic concept formations and interrelatiomships of each approach. For

4 example, in the meeting with SCE persomnel, discussions were held on the finan-
‘ cial and organizational concept/eption that would be best suited to the wtility;
! the kind of participatory role that would meet their meeds; how such a concept
! might be implemented; the capital investment approach; the effect of lecal,
state, and federal regulations and considerations con taxes and insurance; cash
flow concepts; depreciation factors; and the pro forma approach. SCE also

: described their operations, methods of obtaining funds, and how corganizational
( alignments were formed with other utilities in the generation/distribution of

c-4
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bower. SCE felt that the idea of a utility conseortia for the SPS would be more
desirable once the SPS concept was proved to be economically and operationally
feasible. &An analysis was also completed on the TVA (Tennessee Valley Authority)
organizational and funding concept, TVA was created by an Act of Congress to
advance the economic development of the Tennessee Valley Region, and all func-
tions of the TVA are vested in a Boaxd of Directors appointed by the President
with the consent of the Senate. It is wholly owned by the government, and the
electric power program is required to be financially self-supporting. TVA
finances its capital needs from earnings and bonds.

C.3 PREFERRED CONCEPTS

The investigation and assessment of various elements fundamental to each
of the four preliminary cptions culminated in the identification of preferred
concepts. The National Satellite Power System Corporation and the National
Utility Coxrporation for SPS Electric Power rxepresent these two viable approaches
of joint ownership and Ffinancial and operational alignment. Fundamentally, both
concepts are similar in the funding of DDT&E and the transmission/distribution
prhases for the SPS program. One hundred percent funding of DDTSE is projected
for DOE and the MNASA with specific charters and responsibilities to be developed
relative to the capabilities of each organization. In addition, groups such as
the EPRI were planned to participate in the DDT&E activity as a means of being
directly involved with the research and development process and the design char-~
acteristics of power generation from the SPS. This membership would also facil~
itate the exchange of technical knowledge with the utilities as the program
progresses, and provide a dixect interface with participating utility consortia
on the subject of power transmission and distribution; 100 percent of the fund-
ing for transmission/distribution interfaces and the required Ffacilities would
be provided by the utility consortia.

Tunding for the SPS capital investment and operations/maintenance phases
for each SPS would be provided by the govermment under the MNational Satellite
Power System Corporation concept. The utilities or wutility consortia would
then buy electric power'from the SPS. Whereas, under the cuncept of a National
Utility Corporation for SPS Electric Power, 100 percent of the funding for earth-
based investments, the fabrication and assembly of all SPS's, and the maintenance/
operations phases would be provided by a number of utility comsortia. These data
are summarized in Table C.3-1 for each of the preferred concepts, with additional
discussion in Tables C.3-2 and C.3-3.

Criteria for the evaluation of idemntified financial and operational con-
cepts/options focused on SPS business development planning strategies/formats
consistent with the objectives of: (1) maximizing return on investments and
other resources; (2) matching expenditures with the SPS operatiomal entity and
its business development plan strategies; (3) stabllity and management/control
of funding; and (4) appropriate concern over revenues, returns, probability of
successful market penetration, and investments/costs.

¢
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Table C.3-1. B8PS Preferred Financial and Operational Concepts

, SPS PHASE ) i |
PREFERRED DESIGN, DEVELOP., TRANSMISS | ON/ :
CONCEPTS TEST £ EVALUATION INVESTMENT OPERATIONS DISTRIBUTION :
— X
NATIONAL SATELLITE| 100% FUNDING BY ® 100% GOVERNMENTAL FUNDING OF 100% FUNDING BY
POWER SYST CORP— DOE/NASA WITH SPS CAPITAL INVESTMENT, OPER- UTILITY CONSORTIA
CREATED BY ALT EPR| PARTICIPA~ ATLONS AND MAINTENANCE

OF CONGRESS TION iN PLANNING

(PUBLLC LAW) ® 100% FUNDING OF SPACE TRANS-

PORTATION SYSTEM—TBD
(E.G., HLLV, OTV)

® UTILITIES OR UTILITY CONSORIA
BUY ELECTRIC POWER FRGM SPS

CORPORAT ION
RATIONAL UTILITY 100% FUNDING BY ® 100% FUNDING OF SPS CAPITAL 100% FUNDING BY
CORPOQRATION FOR DOE/NASA WITH INVESTMENT, QPERATIONS, AND UTILITY CONSORTIA
SPS ELECTRIC { EPRI PARTIC|PA- MAINTENANGE BY UTILITY

 POWER TION IN PLANNING | CONSORTIA

Table C.3-2. Qrganizational and Funding Concepts for
a National $PS Corporation

® CREATED BY AN ACT OF CONGRESS (PUBLIC LAW)-—FEDERALIZED NATIONAL SATELLITE POWER SYSTEM
CORPORATION

® SPS FUNDING ;
DOF 'NASA/EPRI, 100% OF DDTEE

SPACE TRANSPORTATION 5YSTEMS—TBD
INVESTHENT AND OPERATIONS FUNDING OF SPS BY GOVERNMENT (PUBLIC) o

¥ GOVERNMENT FUNDING OF THE SPS SYSTEM VIA THE ASSUMPTION THAT SPS CAN BE FUNDED
IF NATION'S ECONOMY GROWTH CONTINUES. BASED ON CONTENUED GROWTH AND PRESENT
TAXATION POLICIES, MONAES WiILL BECOME AVAILABLE AS A RESULT OF OUR NATLONAL
REVENUE SYSTEM. FOR EXAMPLE, THE IMPACT OF DEFENSE AND DISARMAMENT POLICIES ON
THE NATION MAY RELEASE MONIES FOR OTHER PURPOSES.

Y UTILITIES OR UTILITY CONSORT(A BUY ELECTRIC POWER FROM THE SPS CORPQRATION
~ TRANSMISSYON/DiSTRIBUTION FUNDING BY UTLLITY CONSORTIA

i

Tabkle C.3-3. Organizational and Funding Concepts for a
National wtility Corporatioen for Electric Power via SPS

® GEOGRAPHIC SPS UTILITY CONSORTIA

® SPS FUNDING

DOE/NASA/EPRI, 100% :FUNDING OF DOT&E

SPACE TRANSPORTATION SYSTEMS—TBD

UTILITY CONSORTIA, 100% FUNDING OF SPS INVESTMENT AND OPERATIONS OF SYSTEM

v INITIAL SPS FUNDING 100% BY UTILITY CONSORTIA THROUGH 20 SATELLITE SYSTEMS. P
STOCK 15 1SSUED FOR UTILITY EQUITY POSITIONS IN THE NATIONAL UTILITY CORP. i

¥ 50 SATELLITE-SPS FUNDING REQUIREMENTS MET BY THE RESPECTIVE GEOGRAPHIC
UTILITY CONSORTIA VIA UTILITY CORP. STOGK OFFERING TO THE PUBLIC.

¥ SUBSEQUENT SP5 FUNDING REQMTS MET V1A SECONDARY STOCK 1SSUES OR LTD
ARRANGEMENTS BY THE RESPECTIVE UTELITY CONSORTIA

TBANSHJSSION/DISTRIBUTION FUNDING BY UTILITY CONSORTIA

:
:
[
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C.4 RECOMMENDED SPS ORGANIZATIONAL AND FUNDING CONCEPT

Of the six financial and operational concepts proposed for consideration,
subsequent investigation and evalunation resulted in the selection and refinement
of a single concept. The organizational entities that would be formed and funded
are summarized below.

National SPS Space Serment Corporation (Federally Owned)

Organizational Roles

The National Satellite Power System Space Segment Corporation (a federally
owned corporation) would be created by an Act of Congress (public law) to under-
take all DDPS&E activities and to demonstrate an operational satellite power sys-
tem and ground system/rectenna site.

The National SPS Space Segment Corporation would, after a successful
operational demonstration, proceed to complete the 120 SPS systems.

Utilities would be asked and expected to form a geographical SPS Ground
Segment Utility Consortia Corporation to fund the ground segment-—rectenna
sites/installations and transmission/distribution roles.

EPRI and TVA would participate with the Department of Energy, NASA, and
the utilities in planning and management activities.

SPS Spar~ Segment Funding—Investment and Operations

Funding will be provided by the Department of Energy and NASA, with some
participation by the utilities via EPRI for 100 percent of DDT&E through demon-
stration of a total operational SPS. FPunding for Department of Energy will be
available *ia the assumption that SPS can be funded if the nation's economic
growth continues. Based on continued growth and present taxation policies,
monies will become available as a result of our National Revenue System. Again,
the impact of defense and disarmament policies on the nation may release monies
for SPS or other purposes.

Funds/revenues will also be provided by utilities or utility consortia
purchasing electric power from the National SPS Space Segment Corporation.

The National SPS Segment Corporation will be required to become Ffinancially
self-supporting. Tt will be expected to finance its capital needs from earnings
and the sale of bonds within the first ten years of operations.

DDT&E costs will not be charged to the S5PS Space Segment Corporation’s
operations since other space programs will also have benefited from this DDTS&E,
and an appropriate derivation of such an allecation cannot be made at this
time. '
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SPS Ground Segment Utility Consortia Corporation
QOrganizational Roles

The SPS Ground Segment Utility Consortia Corporation (a national utility
corporation formed by geographic SPS utility consortia) would be created to
undertake funding of operational rectenna installations and to perform trans-
mission/distribution operations.

The SPS Ground Segment Utility Corporation would participate with the
pepartment of Energy, NASA, TVA, and others {via EPRI) in planning and manage-~
ment activities.

The SPS Ground Segment Utility Corporation would purchase electric power
delivered to the rectenna sites of the geographic SPS utility consortia from
the B8PS Space Segment Corporation.

8PS Ground Segument Punding—-Investment and Operations

The SPS Ground Segment Utility Consortia Corporation would participate in
SPS DDT&E phases through EPRI. This membership (EPRI} will facilitate the
exchange of technical knowledge with the utilities as the program progresses
and provide a direct interface with all participating utility consortia with
respect to rectemna sites/installations, power transmission and distribution.

All funding of the operational rectenna sites/installations and for trans-
mission and distrilbution interfaces and the required facilities will be provided
by utility consortia via the SP5 Ground Segment Utility Consortia Corporation,
which is the vehicle for buying electric power from the SPS Space Segment.

Funds for the SPS Ground Segment Utility Consortia Corporatlion would come
via the equity positions taken by utilities in this organizational entity.
Participating utilities would raise funds through common stock offerings
(secondary issues), preferred stock issues, and long-term debt (issuance of
bonds) as necessary to support the extent of their desired/or available elec~
tric power participation. Thus, utilities within the SPS consortia would
obtain equity in the SPS Ground Segment Corporation based on the degree of
their need and ability to provide funding to this entity through the issuance
of additional common stock, preferred stock, and/or through long-term debt.

£.5 CRITERIA FOR EVALUATION OF PREFERRED FINANCIAL AND OPERATIONAL CONCEPT

National SPS Space Segment Corporation (Federally Owned)

General Criteria for Financial and Operational Evaluation

Revenues—Revenues should be based on a cost to the electric utilities
(8PS Ground Segment Utility Consortia Corporation) that will be sufficlent to
permit the write-off of capital investments, cover operational expenses, and
provide a suitable profit on operations.

5L T-ApP-0023-7
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Profitability--—Profitability of the entity should be a percent of revenues
which is high enough to provide a satisfactory return on net assets employed
(investment), and permit investment recovery within the planning period (via
cumulative net cash flow).

Investments/Costs Funding—The entity should be able, within ten years of
operation, to generate sufficient funds via cash flow to finance at least 40
percent of its capital investment requirements. Not more than 60 percent of
capital investment shall be obtained by long~temm debt (bond issues).

Figures of Merit
Net income divided by average net assets employed should be »6 percent
return on investment; or, percent return on revenues times the net asset

turnover = ROI of »6 percent.

Investment recovery via cumulative net cash flow should be achieved by
the vear 2029 (120 SPS systems operational).

Returns on revenues should exceed 15 percent in order to provide a satis-
factory ROI and permit investment recovery (via cumulative net cash flow),

SPS Ground Segment Utility Consortia Corporation

General Criteria for Financial and Operational Evaluation

Revenues—Revenues should bhe based on a cost per kilowatt-hour which will
be comparable to other forms of competitive power generation systems. Revenues
should be sufficient to permit the write-off of capital investments, cover oper-
ational expenses, and provide a suitable profit on operations.

Profitability—Profitability of thie entity should be a percent of revenues
which is high enough to provide a return on investment (R0OI} ievels for electric
utilities, and permit investment recovery within the planning peried (via cumu-
lative net cash flow),

Investments/Costs Funding~—The entity should be able, within ten years of
operations, to generate sufficient funds via cash flow to finance at least
40 percent of its capital investment reguirements. Not more than 60 percent
of capital investment shall be necessary via common stock, preferred stock, and
long-term debt (bond issues) by the participating utility consortia to fund the
SPS Ground Segment's capital requirements.

Figures of Merit

Net income divided by average net assets employed {ANAE) should be >10%
return on investment (ROI), or percent return on revenues times net asset
turnover = RQI >10%.

Investment recovery via cumulative net cash flow should be achievable

within the first 25 years of investment and operations of the 120 SPS opera-
ticnal systems.
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Returns on revenues should exceed 15 percent in order to provide a satis-
factory ROI and pemmit investment recovery {(via cumulative net cash flow).

C.6 FINANCIAL AND OPERATIONAL DATA MUDELS—COMPUTATION METHODOLOGY AND
GENERAL EVALUATION OF RESULTS

Computation Assumptions and Financial Data Structures

Limitation of Pinancial and Operational Data Model

At best, any financial or economic model is only a very approximate reflec-
tion of reality. However, such a model as has been utilized herein does provide
a structural and internally consistent framework for evaluation of the financial
and operational performance of the two proposed entities that could be utilized
to implement the SPS program. In that sense, it can be useful in developing:
alternative views of the future for the SPS Ground Segment Utility Consortia
concept and the National SPS Space Segment Corporation (federally owned) concept.

8PS Ground Segment Utility Corporation Concept

The SPS system schedule buildup to 120 satellites was utilized to derive
the potential revenues based upon a total cost of 30 mills and 40 mills per
kilowatt-hour to the busbar. The electricity charges of 30 mills and 40 mills
per kilowatt~hour are utilized in the calculations to determine the extent of
amortization possible for the SPS system costs. Overland transmission costs
and distribution costs have not been included in the electricity generation cost
calculations. Income statements, assets~employed statements, and cash flow
performance statements were developed for these two financial models.

Income Statement (based on 30 mills/kWh)—For the SPS Ground Segment Util-
ity Consortia Corporation concept, data were developed using computational
methodology applicable to utilities, generally, and then deriving ratios that
could be applied to total revenues and thus create an income statement. The
elements of the income sStatement and pertinent ratios (based on 30 mills/kWh)

are: :
Without ITC (%)  With ITC (%) .
Total revenues 100.00 100,00
Operating expenses Ratio (% of Revenuss)
Purchased power (purchased from
National Space Segment Corpora- 61.776 61.776 i
tion (federally owned) .
Operations and maintenance 0.475 0.475 3
Depreciation and amorxtization 7.000 7.000 L
Interim replacement 0.848 0.848 '
Praoperty insurance D0.098 _ 0.098
State and local taxes 2.743 2,743
Interest costs (imputed) 8.000 8.000
Income taxes _ 4,000 4.000 13
Income tax credits 0 (1.290) }
Total operating expenses 84.940 83.650 '
c-10
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Without ITC (%) With ITC (%)

Operating income 15.060 16.350
Other income TBD TED
Research and development costs TBD TBD

Total net income 15.060 16.350

These ratios for the income statement have been tested against various
utility financial statements and found to be representative of the contents of
such statements over a period of years. They have been used in the model to
provide a useful financial picture based on preliminary SPS schedule and cost
data. Special consideration was given to appropriate SPS elements as necessary
to derive useful ratios.

Income Statement (based on 40 mills/kivh)

Without ITC (%) With ITC (%)

Total revenues 100.00 100.00

Operating expenses Ratic (% of Revenues)

Purchased power (purchased from

National SPS Space Segment Corp. 66.279 66.279
{federally owned}

Operations and maintenance 0.356 0.356
Depreciation and amoertization 5.250 5.250
Interim replacement 0.636 0.636
Property insurance 0.073 0.073
State and leocal taxes 2,057 2.0587
Interest costs (imputed)} 6,000 G.000
Income taxes 3.800 3.800
Income tax credits 0 (0.968)})
Total coperating expenses 84.451 83.483
Operating incoma 15,549 16.517

Other income ' TBD THD

Research and development costs ‘TBD TRD
Total net income 15,549 16.517

In this model, 40 mills/kWh is used to improve revenues and income to the
National SPS Segment Corporation from the Ground Segment SPS Utility Corpora-~
tion concept. Only the cost of purchased power increases for the SPS Ground
Segment Utility Corporation concept. All other operating expenses (dollars)
are the same, although the ratics (percent of revenues, percent of return
or net assets employed) change.

Assets-Employed Statement—The assets-emploved statement was developed
using a typical electric utility format for total assets: utility plant, other
property and investments, and current assets. However, the capitalization and
liabilities portion of the statement was designated as "liabilities and invest-
ments® and considers only current liabilities and investments-—investments
consisting of cumulative income (or loss) applied to the investment, and total
investment regquirements as shown via the cash flow statement. The assets—
employed statement is the most useful way to show utility consortia the total
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investment picture. From such a statement, plus the cash flow statement, it is
relatively easy to determine financing based on common stock, preferred stock,
and long-term debt considerations.

Total Assets—The utility plant, other property, and investments were
determined from preliminary acquisition cost estimates for this entity. The
time~phasing of these capital investments was determined from the SPS rectenna
site completion schedule and the use of NASA CER progress factors to arrive at
at approximation of the probable, incurred annual costs. Depreciation and
amortization reserves for the scheduled investment are those expenses indicated
in the income statement.

Current assets were derived as a ratio of total revenues (after a nominal
consideration for some current assets acquired prior to receipt of revenues).
This overall ratioc considered all the elements of cash requirements, receiv-
ables, materials and supplies at average cost, prepayments, and other items
(taxes, insurance, etc.). This current asset ratio is approximately 25.2 percent

of total revenues.

Liabiliities and Investment— Current liabilities were derived as a ratio of
total revenues (after a nominal consideration for some current liabilities
acquired priocr to receipt of revenues). This overall ratio considered all the
elements of accounts payable, accrued salaries and wages payable, taxes accrued,
energy cost adjustment balancing account, interest accrued, and other items.

The current liability ratio works out to be approximately 18.2 percent of total
revenues (or about 72% of current assets).

Investment is a combination of investment requirements and the cumulative
net income {(or loss) applied to the investment regquirements. The combination
of income (or loss) and investment requirements, added algebraically, repre-—
sents the total investment. This total investment is commenly referred to as
the net assets employed. The investment requirements are the cummnlative net
cash flow summarized in the cash flow performance summary statement.

Current liabilities plus total investment equals total assets. The invest-~
ment regquirements (cash regquirements) are normally satisfied via common stock
offerings for shareholders’ equity, paid-in capital, earnings reinvested in the
business, preferred stock issuance, and/or financing agreements with banks via
promissory notes payable, first mortgage and collateral trust bonds (long-term

debt arrangements).

» Net assets employed consist of the cumulative utility plant and property
investments at acguisition cost, less the accumulated reserve for depreciation
and amortization (net plant and property); and net working capital, which is
the difference between current assets and current liabilities. NOTE: The
ability of an SPS Ground Segment Utility Consortia Corporation to meet its
obligations, expand its business volume, and take advantage of increased
business opportunities will be tied to its net working capital.

‘Return on average net assets employed. The average net assets employed
consists of averaging the net assets employed for the first two years and add-
ing the third year to the second yvear and averaging again, and so on until
completed for the program period. Return on average net assets employed is

c-12
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computed either by dividing the revenues by the average net assets employed,
to determine the turnover ratio, and multiplying the turnover ratio by the
percent of profit (return on revenues); or by dividing the profit dollars by
the average net assets employed.

Cash Flow Performance Summary Statement—The cash flow performance summary
statement is a summary of operating results, investments, and working capital
changes (A*); and presents annual net cash flow data and cumulative net cash
flow data.

* Operating results. Net income (or loss) added algebraically to depreciation
and amortization and other non-cash deductions (if any) provides an annual basic
cash in-flow. These funds, generated by operations, are then utilized to offset
outlays for capital investments and increases in working capital. These funds
are a measure of the ability of the SPS program to help finance its expansion
and provide for investment recovery.

* Investments. This includes construction expenditures, new capital acguis-
itions, land and buildings, and other items which must be capitalized and depre-
ciated or amortized (except land). These investments are shown as annual cash
outlay reguirements.

* Working capital changes (At). Working capital changes are the increases
or decreases between successive years for current assets and current liabilities.
_Increases between successive planning years of current assets are a minus (-)
figures, while decreases are a plus (+) Ffigure. Increases in current liabilities
between successive planning years are a{+) figure (i.e., using funds free, owned
externally), while decreases are a {-) figure.

* Annual net cash flow. This annual figure is the result of the cash inflows
applied to the capital investments and the changes (At) in working capital. It
indicates the amount of financial investment that must be made each year if neg-
ative. If a positive figure results, it indicates the cash flow amount that is
available to offset previous negative figures; or, to apply to new investment
opportunities.

* Cumulative net cash flow. The annual net cash flow figures, when added

} cumalative, indicate the cumulative investment (cash outlay) requirements, the
period where cash flow reguirements are at a maximum (maximum exposure and risk);
the period when, as annual net cash flows become positive, investment recovery
begins; and, when investment recovery is accomplished, i.e., the length of time
to recover the investment.

i . National SPS Space Segement Corporation Concept (Federally Owned)

The National SPS Space Segement Corporation schedule buildup was utilized
to derive the potential revenues hased on a total sales value of 30 mills/kwh and
40 mills/k¥h hy the SPS Ground Segment Utility Corporation concept. Separate
inaome statements, assets employed statements, and cash flow performance state-
ments were developed for these two financial models.
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Income Statement (Based on 18 mills/kWh)}—For the Naticnal SPS Space
Segment Corporation concept, data were developed using computational methodology
that would be applicable to such a corporation, wholly owned by the federal gov-
ernment; and, then deriving ratios that could be applied to total revenues and
thus create an income statement. The elements of the income statement and the
ratios (percent of revenues) for the operating expense items are as follows:

Power sales and revenues 100.00% (the price to SPS
Ground Segment Utility
Consortia Corporation

concept)

Operating expenses Ratios (% of Revenues)

Satellite power production (24.5995)
Satellite system interim replacement ( 6.1802)
Satellite system operations and maintenance { 3.7164)
HLLV space transportation system interim

replacement { 0.6653)
HLLV space transportation system O&M ( 2.7777
Space station interim replacement { 5.1957)
Space assembly/support facilities
interim replacement { 0.5000)
Intra-orbit vehicle interim replacement ( 0.0304)
Intra-orbit vehicle 0&M ( 0.0003)
Carge orbiter transfer vehicle expense ( 0.0357)
Personnel orbiter transfer vehicle expense ( 0.0103)
Personnel orbiter transfer vehicle O&M { 0.0554)
Facilities—interim replacement ( 0.2230)
Depreciation and amortization (26.1400)
Payments in lieu of taxes { 5.0000)
Social security taxes (@ $1500 per year
per employee) ( 1.4800)
Total operating expenses {76.6099)
Operating income (23.3901)
| . Other income TED
- Total income {23.3901)
5 ' Research and development expense TBD
b Income before interest expense (23.3901)
, Interest expense (imputed) { 8.0000)
Total net income (15.3901)

The ratios for the income statement have been derived from SPS cost data
and tested against the program for validity and compared with a variety of elec-
tric utility companies including TVA material. These ratios have been used in
the models to provide a useful financial picture based on preliminary SPS sched-
ule and cost data. Special consideration was given to appropriate SPS elements
as necessary to derive useful ratios.

.e-14
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Income Statement (Based on 27 mills/kWh)

Power sales and revenues 100.00% (the pricze to SPS
Ground Segement
Utility Consortia

i ; Corporation concept)
Operating expenses Ratio (% of Revenues)
Satellite power production {31.2389)
Satellite system interim replacement { 4.3224)
Satellite system operations and maintenance { 2.5992)
HLLV space transportation system interim
replacement ( 0.4653)
HLIV space transportation O&M { 1.9427)
Space station interim replacement ( 3.6338)
Space assembly/suppcrt facility interim
replacement { 0.3497}
Facilities-—interim replacement { 0.1560)
Intra-orbit vehicle interim replacement { 0.0213)
Intra-orbit vehicle 0&M { 0.0002)
Cargo orbiter transfer vehicle expense { 0.0250)
Personnel orbiter transfer vehicle expense { 0.0074)
Personnel orbiter transfer vehicle 0&M { 0.0388}
Depreciation and amortization {18.2822)
Payments in lieu of taxes {( 3.4970)
Social security taxes { 1.0351)
Total operating expenses (67.6150)
Operating income _
 Other income TBD
Total income {32,3850)
Research and development expense TBD
Income hefore interest expense (32.3850)
Interest expense (imputed) { 5.6000}
Total net income {26.7850)

Assets-Employed Statement—The assets-—employed statement for the National
SP5 Space Segment Corporation (federally owned) was devised from analysis of
financial data of varions electric utility companties, including TVA. Total
assets include all elements of the space segment, other property and invest-
ments, and current assets. However, the capitalization and liabilities portion
‘ of the aszets-employed statement was designated "liabilities and investments"
\ . and considers only current liabilities and investments—investments consisting
- of cumulative income {or loss) applied to investment, and total investment
1 ) regquirements as shown via the cash flow statement. The assets-employed state-

) ment is the most useful way for the governmental agencies (DOE and NASA) to

; view the total investment picture for this federally owned corporation concept,
- : and to determine to what extent it should issue bonds, notes, and other evi-
' dences of borrowings/indebtedness, etc., to finance the National SPS Space
Segment Corporation concept. NOTE: It is anticipated that the National SPS
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Space Segment Corporation concept via an SPS Act would require that such a
corporation charge rates for power supplied to the Ground Segment Utility
Corporation concept which will produce gross revenues sufficient to provide
funds for operation, maintenance, and administration of its power system;
payments to states and counties in lieu of taxes; specified fixed charges
associated with debt financing and U.S. Treasury payments; and a margin deter-
mined by the board for total investment in SPS power system assets. It is
anticipated that an SPS Act further would require that rates be set as low as
feasible, yet ensure that return on investment be commensurate with a reason~
able return for such an electric utility entity owne?® by the federal government.

Total Assets—The utility plant, other property, and investments were
determined from the preliminery cost estimates for this entity. The time-
phasing of these capital invesiments was determined from the SPS Spage Segment
start and completion schedule and the use of NASA CER progress factors to
arrive at an approximation of the probable, incurred annual costs. Depreci-
ation and amortization reserves for this scheduled investment are those expenses
indicated in the income statement.

Current assets were derived as a r3tio of total revenues (after a nominal
consideration for some current assets acquired prior to receipt of revenues).
This overall ratio considered all the elements of cash requirements, receivables,
supplies and materials, and prepaid expense items. This current asset ratio
is calculated as approximately 25.0 percent of total revenues.

Liabilities and Investment—Current liabilities were derived as a ratio
of total revenues (after a nominal consideration from some current liabilities
acquired prior to receipt of revenues). This overall ratio considered all the
elements of accounts payable, accrued salaries and wages payable, accruals for
payment to the U.S. Treasury, interest accrued, and cother items. The current
liability ratio to total revenues has been estimated to be approximacely 18.0%
of total revenues {or 72% of current assets).

Investment is a combination of investment requirements and the cumulative
net income {or loss} applied to the investment reguirements. That is, the
combination of cumulative income {or loss) and investment requirements, added
algebraically, represents the total investment. This total investment is what

" is known as the net assets employed (net SPS plant and property plus net work-
ing capital). The investment requirements are summarized in the cash flow
performance summary statement.

Current liabilities plus total investment equals total assets. The invest-
ment requirements (cash requirements) for the SPS Space Segment entity, are
anticipated as being satisfied initially through govermmental appropriations
and, subseguently, via proceeds from borrowing. Proceeds would be used to
finance that portion of investment or caprital outlays in excess of available
SPS proceeds after interest, to operatiens, Treasury payments, and changes in
working capital.

Net assets employed conzist of the cumulative SPE Space Segment plant and
property investments at acquisition cost, less the accumulated reserve for
depreciation and amortization (net plant and property value); and, net working

C-16

sD 78-AP-0023-7

e

S&mé e W - . fn - ————- P s A s i bern s b SR YR i 4 :

TR



TR A A AR AR TR e o TR A e e e e - e e o s LR T

R e SRS, a
23

B
L ""lﬂi
.

‘l Rockwell Interational
Space Division

capital, which is the difference between current assets and current liabilities.
NOTE: The ability of the National SPS Space Segment Corporation to meet its
obligations, expand its energy services volume, and to become self-supporting
and self-~-financing depends upon its power proceeds and borrowings secured by
future revenues.

The average net assets employed are derived by averaging the net assets
employed for the first two years, and adding the third year to the second year
and averaging again, and so on until completed for the program period.

Return on average net assets employed is computed either by dividing the
revenues by the average net assets employed to determine the turnover ratio,
and multiplying the turnover ratio by the percent of profit (return as
revenues); or, by dividing the profit dollars by the average net assets
employed.

Cash Flow Performance Summary Statement—The cash flow performance summary b
statement is a summary of operating results, investments, and working capital
changes (At); and presents annual net cash flow data and cumulated net cash
flow data.

* Operating results, Net income (or loss) added algebraically to deprecia-
tion ana amortization and other non-cash deductions (if any) provides a basic
cash in-flow. These funds, generated by operations, can be used to offset
outlays for capitalized property and increased working capital. These funds
are a measure of the ability of the SPS program to help finance its expan51on
and provide for investment recovery.

SN

* Investments. This includes construction expenditures, satellite power
systems, space transportation systems, space asserbly and support facilities,
ground launch facilities, landing sites for launch vehicles, and other land
and building investments. These items must all be capitalized and depreciated
or amortized (except land) These investmen=s are shown as annual cash outlay :
regquirements,

* Working capital changes (A%*). Working capital changes are the increases
. or decreases between successive years for current assets and current liabilities,
P Increases between successive planning years of current assets are a minus {(-)

figure while decreases are a plus (+) figure. Increases in current liabilities
between successive planning years are a + figure (i.e., using funds free, ow
externally) while decreases are a - figure. :

b : + aAnnual net cash flow. This annual figure is the result of the cash in-
! : flows applied to the capital investments and the changes (A*) in working capital.
It iadicates the amount of Ffinancial investment that must be made each year if
. negative. If a positive figure results, it indicates the cash flow amount that :
: ’ is available to offset previous negative fitures; or, to apply to new investment §
' opportunities. : :

b A A e e

"

* cumalative net cash flow. The annual net cash flow, when added cumula- i
tively, indicates: the cumulative cash flow requirements, the period where '
cash flow requirements are at a maximum (maximum exposure and risk); the period

o A g e
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when, as annual net cash flow becomes positive, investment recovery begins;
and, when -investment recovery is accomplished, the langth of time to recover
the investment.

C.7 GENERAL EVALUATION OF FINANCIAL AND OPERATIONAL RESULTS

Income Statements for the Two SPS Organizational Entities {(Based on 30 mills/kWh)

SPS Ground Segment Utility Consortia Corporation

Income statements based on 30 mills/kWh without investment tax credit
will yield an average annual net income of 15.06%. With investment tax credit,
annual net income will approximate 16.35% of annual revenues,

Income statements based on 40 mills/kWh without investment tax credit will
yield an annual average income of 15.59%. #ith investment tax credit, annual
net income will approximate 16.52%.

Evaluation of income statements for the SPS Ground Segment Utility Consortia
Corporation must consider the financial performance of the National SPS Space
Segment Corporation. While the income statements for the SPS Ground Segment
Utility Consortia Corporation are satisfactory at 30 mills/kWh for return on
revenues, return on investment, and cash flow analysis, they are not satisfactory
for the National SPS Space Segment Corporation.

National Space Segment Corporation (Federally Owned Entity)

Income statements based on sales of electricity to the SPS Ground Segment
at 19 mills/kWh (which would generate its revenues at a rate of 30 mills/kWh)
will yield an average net income of 15.39%. However, this is not large enough
of a percentage of profit to permit a return on investment comparable to that
of the SPS Ground Segment Utility.

Income statements based on an increased cost to the SPS Ground Segment
(which would then generate its revenues at a rate of 40 mills/kWh) will provide
an annual average income of 26.79%. This percentage of profit is necessary for
the SPS Space Segment entity to compare favorably with the SPS Ground Segment
entity in return on investment,

Evaluation of income statements for the National SPS Space Segment Corpor-
ation should consider the size of the financial investment by the U.S. Govern-
ment. To achieve a cash flow (income plus depreciation) sufficient to finance
up to 70% of its investment requirements, the SPS Space Segment Corporaticn
must sell electric power to the SPS Ground Segment Corporation at a rate of
27 mills/kWh, which will add a cost of 13 mills/kWh, thus making the cost to
the busbar 40 mills for its customers.

summary exhibits of SPS revenues and income statements for the National
SPS Space Segment Corporation and the SPS Ground Segment Utility Consortia
Corporation are furnished below for useful comparisons of verformance at
30 mills/kWwh {Table C.7~1) and 40 milis/kWh {Table C.7-2), respectively.
Computer printouts with further explicit details were generated and are avail-
able.
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Table C.7-1. Summary of SPS Revenues at 30 Mills/kWh

S TR s R RS soladht 24

SPS. GROUND SEGMENT UTILITY CONSORT A= INCOME STATEMENT FoOR
THE YEARS 1991 -~ 2029

SPS SPACE SECHENT CORPORATION {FEDERALLY OWNED)-—INCOME
STATEMENT FOR THE YEARS 193] « 2029

REVEMUE FRON SALE OF ELECTRICSTY {$ BILLIONS)

POWER SALES AND REVENUES A3 BILLIONS)

TOTAL OPERATING REVENUES

(SALES + QTHER) 2,387.536
ANNUAL kWh SALES {000's) 79,584.562
CENYS PER kwh 3¢
OPERATING COSTS
PURCHASED POWER FROM 5P5 SPACE SEGMENT CORP. 1,474,924
OPERATIONS AND MAINTENANCE . 11.34)
DEPRECIATION & AMOATIZATION 167.128
INTERIM REPLACEMENT EXPENSE 20.246
PROPEATY INSURANCE 2.340
STATE ¢ LOCAL TAXES 65.430
INTEREST COSTS - 191,003
INCOHE TAXES 95.501
INVESTHENT TAX CREDIT £ OTHER {30.799) -
LIOTAL OPERATING COSTS ¥ 1,997.184 J|
OPERATING INCOME 350.351
OTHER INCOME -0-
INCOME BEFORE M&D EXPENSE 390,350
RED EXPENSE 180
TOTAL INCOME ON REVEMWUES 330.351 |
RETURN ON REVEMWUES {2) 16.35

TOTAL POWER REVENUES 4 .
{ELECTRIC UTILITIES + OTHER) ), 474,924

ANNUAL kWh SALES (000's) 79,504,562
CENTS PER kWh 1.8¢

OPERATING CO5TS

SATELLITE FOWER PRODUCTION 362,706
SATELLITE INTERIM REPLACEMENT 95,166
SATELLITE SYSTEM OPERATIONS € MAINTENANCE 54814
SPACE STATION INTERIM AEPLACEMENT 76.632
SPACE ASSEMBLY £ SUPPORT EQUIPMENT EXPENSE 7.375
HLLV IKTERIM REPLACEMENT 9.B12
HLLY OPERATIONS & MAINTENANCE 40.969
INTRA-0RBIT VEHICLE INTERIM REPLACEMENY 0. 449
INTRA-ORBIT VEHICLE OPERATIONS & MAINTENANCE 0.004
COTV INTERIM REPLACEMENT EXPENSE 0.527
POTY INTERIH REPLACEMENT EXPENSE 0.153
POTV OPERATIONS & MAINTENANCE ©.817
FACILITIES INTERIM REPLACEMENT 3.288
DEFRECIATION & AMORTIZATION 388.5045
PAYMENTS IN LIEU OF TAXES 73.746
SOCIAL SEEUBITY TANES 2).829
l_TDTAL OPERATING COSTS l,izs.aiﬂ
OPERATING |NCOME 345.093
OTHER INCOME T60
RED EXPENSE . THD
INCOME BEFORE {NTEREST 345,093
INTEREST EXPENSE {117.994)
[ TOTAL INCOHE ON REVENUES 227,086 |
RETURN ON REVENUES (7} 15,40

MOTE: NUMBERS SHOWN WAVE BEEN MABE TO ADD PRECISELY AND THEREFORE HAY NOT AGREE EXACTLY ON THE LAST TWO GAGIYS WITRH THE
COMPUTER PRINTOUTS DUE TO COMPUTER ROUNDING OF DATA IKPUYS.

Table C.7-2. Summary of SPS Révenues at 40 Mills/kWh

SPS GROUND SEGMENT UTILITY CONSORTIA—INCOME STATEMENT FOR
THE YEARS 1991 - 2029

$PS SPACE SECMENT CORPORATION (FEOERALLY OWNED)-=INCOME
STATEMENT FOR THE YEARS 1991 - 2029

RE "E FROM SALE OF ELECTAICITY (5 BILLIONS) | POWER SALES AND REVENUES A8 siLLioNs)
TOTAL OPERATING REVENUES TOTAL POWER REVENUES
{SALES + OTHER) 3,183.379 (ELECTRIC UTILITIES + OTHER) 2,109,914
ANNUAL kWh SALES (000's) . 79,58k L2k ANNUAL &Wh SALES {000's) 79,584, 562
CENTS PER kih ' CENTS PER kWh . 2.7¢
OPERATING COSTS f OPERATING COSTS
PURCHASED POWER FROM SPS SPACE SEGMENT CORP. 2,109.91) | POMER PROBUCTION 859,111
OPERATIONS & MAINTENANCE 11.341 | SATELLITE INTEWIH REPLACEMENT 91.212
OEPRECIATiON £ AMORTIZATION 167.127 | SATELLITE SYSTEM OPERATIONS & MAINTENANCE 54 8L)
INTERIN REPLACEHENT EXPENSE 20.246 | SPAGE STATION INTERIM REPLACEMENT 76.671
PROPERTY {NSURANCE ] 2.340 | SPACE ASSY & SUPPORT EQUIPMENT EXPENSE 7.378
STATE & LOCAL TAXES 65,490 | HLLY INTERIN REPLAGEMENT 5.817
INTEREST COSTS 19).003 | HLLY OPERATIONS & HAINTENANEE 40.990
INCOME TAXES 120,968 | INTRA-ORBIT VEHIELE INTERIM REPLACEMENT 0.4y
INVESTMENT TAX CREDIT & OTHER (30,799} | INTRA-OMRET VEHICLE OPERATIONS & MAINTENANCE 0.004
) i COTY INTERIM REPLACENENT EXPENSE 0,527
|.TOTAL oPERATING COSTS 2,657,627 ]| POTV INTERIH REPLACEMENT EXPENSE 0.153
- POTY OPERATIONS © MAINTENANCE 0.818
FACILITIES INTERIM REPLACENENT WL
DEPRECIATIOR ¢ AMORTI2ATION 185,739
PAYMENTS IN LIEU OF TAXES 13.783
X SOCIAL SECURITY TAXES 21 .Bho
TOTAL OPERATING LOSTS 1,426,620 ]
QPERATING INCOME §25.752 | OPEMATING INCOME : " 683.287
OTHER JNCOME ) -0- OTHER INCOME T8O
INCOME BEFONE RED EXPENSE 525.752 | incone wEFORE D 683,287
RGD EXPENSE T80 RED EXPENSE . T8D
. S INCOME DEFORE |NTEREST 681,287
[[TCTAL IHCONE GM REVEWGES 525.752 ]| INTEREST EXENSES {118.053)
_ RETURN OW PJEMUES (3) 16.52 (TGTAL_TWeoRE ow Revewses ses 73n
RETURN ON REVENUES (2) ) ) 26.79

NOTE: NUMBERS SHOVN MAVE BEEN MADE TO ADD PAECISELY AKD THEREFORE MAY NOT AGREE EXACTLY ON THE LAST TWO DIGITS WITH
THE COMPUTER PRINTOUYS DUE YO COMPUTER AGUNOING OF DATA ENPUTS,
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‘l Rockwell International
Space Division

¢ SPS Ground Sogment Utility consortia at
at 30 mills/kKWh and without investment tax oredit
in financial computations

- Incame statements

- Investment and return on investment

= ¢agh {low performance summary and
investment recovery schedule

at 40 mills/kWh with and without investmont tax
croadit in financial computations

- Income stabtoments

— Investment and roturn on investmont

~ gash flow performance summary and invostment
recovery schodule

s 8PS Space Segmont Corporation (Federally Owned
at 18 mills/RWh cost basis to 885 ground Sament forv
A0 wills/kWh total cost

= Income stabonents

- Investment and return on investment

- Cash Flow performance summary and investment
rocovery schadulo

at 27 millsa/kWh cost basis to $PY Groumi Svgment Yor
A0 mills/kWwh total cost

~ Tnoome statement

~ Investment and return on investment

- Cash tlow performance sammarvy and investment
rocovery schedule

Principle of Importance in Bvaluation of this Financial Taraweter

Porvent roturn on Fevenuos is an important factor in appraisal of finan-
cial performance; however, to be furthor undevstood and intorpreted, it must
also be taken and related to the size of the investment {assets omployed) which,
in Large part, made it possible to generate the peroent return on vevenaes.

Phis is discussed below (Assots Bmployed and Roturn on Assets Employed) .

Assets-Rnployed Statements and Return of Asscts tployed for the Two SPS
Entities (based on 30 mills/kWh) :

Assets~Fmployed Statemonts for the 8PS Ground Segment Utility Consortia
Corporation

Assots—employed statoments based on 30 mills/kWh without investment tax
credit will provide an average yield on average net assels employad (ANAR) of

1L.2% {Figure C.7=1). With investment tax credit {1r¢) , the average vield on
aveorage not assets employod over the 1991-2029 time period will approach 12.2%,

¢=-20
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Figure C.7-1,

[

LA L R ]

i

{

B

NETUAN ON AVERARE NET ASSETS EMPLOYED (1991 - o0t
IRIGHY HANO SCALE}

MOTE: AVERABE NETURN S

IPI.I’I'I’Y

N MET ASSEYS EMP
GVER THE Tﬂl‘ltl‘.! MERIOD (1001 - llﬂ! =N

HLEFT RAND SCALE)
BET WORKING CAPMTAL

lll“ LAMLITIER

muam COET MINUS DEPRRCIATION
AMONFIZATION

A
\
\
\?
\
| I |
PEACERT AEVVR se VEETIERT ”wua'

gwasumm-o -~

O AL CORT DATA, -t
IRA K. CORKELHS -

_uu..o«-ha

—

N0, OF SPERATIORAL UMTS

]

BIRINIB | B

9 AUTIAEN BN INVESTAENT MSCONE+ ANAE)

XL

14

2

B3 | 99 J108 | 1l {138 NA {188

TATAL WIVERTMENT INET ASDETS SMPLOVED}

AN

.30 Ba.ws

(Ll

KN 5. L)

o

BT WORK IS CANTAL 0B

(L]

o.m[un[un fz rﬁ[sm[uu]amp 7o s sl safvssesliain]

BT PROPLETY NIVART, O

VAT

4.128 1123601403304 23406 403100 S0 [ e hi s fowam s [ wiang

BELECTED YEARS

t99e [ 2008 [ 203 | 2006 [ 200e [ 2012 [ 2006 [ 2010 | 2021 | 20 [ 2027 {ree |

' $P8 GROUND SEGMENT UTILITY CORPORATION CONCEPT
(AT 30 MILLE PER KILOWATT HOUHR, EXCL

= INVESTMENT AN RZTYURN ON INVESTMENT
UDES INVESTMENT TAX CREDIT)

”
“el- .;
angeAmETs EWAOYCO metat o7 |
o W AETURN OX NET AVCRAQ OV P
{RIGNT HAND SCALE} ',' "
NOTE: AVE AM TURN OW NEY ASRETS 7]
- r- ® R '5vut THE VDI'AL‘I'IHE ,’f - 18 g
NIIDD [llﬂ M~ 122 A L] H
- " -1
. o E
v 1
2 Wi o E
“ -t -1 10
o t’.
g W - = LI
8 ,{ ¥y o
3 / mmummtunm ASSETE HURLOYED) -{ ' =
a w- TLEFT RAND SCALE) 41 B
W - NEY PLANT AND PADPEATY {LEFT SCALE) 4s
IAY ACQUISITION COST MINU3 _ §
1 b= D[Pl!tlﬂtol AND AHDMIIMWI) 1
Wi wn TER | ¥
unousmu cos ot DATA =
"l A€ COnNeL NETWORKING CAPITAL  ~1 3
(LEFT SCALE) ~1
"t (CURAENT ASSETE W |
Figure C.7-2. CURRENT LIABILITHER}
0. 0F OPEAATIONAL UINTE ~f-t-1-1-1v]elnininjuja njuln{fmin
- RETURN DN MVESTINENT (INCOME + ARAK) Sl fer]ar o jasfod [ratfws|nyfnsjijnsjua
TOTAL WIVESTMENT RET ARSETS EMPLOYED SB) sazfesmram e hosedo siaice saao csvion s wrenpetamn]
NET WORKING CAPIYAL tBR) o001 {0008 Joorn foutes s ] 1677 D203 [a9es | 5.208 {00 100 [ 0.0en [ sea] sax2am
NET PROPERTY MIVELTMENT ) ' eost ] asanfrais {42 frasfiodisies 2aefus asonanjramihisnfnsosfamiy
' SELECTEO YEANE [ V0% | 108 £ 1091 [ 1903 | 190s | 1080 | 2000 | 2003 | 008 | 2008 | 3092 | 2908 | 2000 | 2001 ] 2an { ey ] 2w

§P8 OROUIND SEGMENT UTILITY CONSORTIA CORPORATION-INVESTMENT AND RETURN ON INVESTMENT
(AT 20 MILLS PER KILOWATT HOUR; INCLUDES INVESTMENT TAX CREDIT}

Cr21

5D 78-AP-0023-~7

e e e e g e s S e A b

F- 8

o s A

odistntar 20 et ¢ i, gl o



B e A e R P v S M, BT T P T g o T S e Tl [ itk b D

‘l‘ Rockwell International

Space Division

Asseks-employed statements based on 40 mills/kWh without investment tax
cradit will provide an average yield on average net assets amployed of 15.2%
(Figure C.7-3). With investment tax credit, the average yield on average net
assots employed aver the 1991-2029 time period will approach 16.1% (Figure

C.7-4).

Fvaluation of assets-omploved statoments and return on assets employved is
a satisfactory performance in both cases. Howover, the factors permitting these
acceptable performances must also permit acceptable percent roturns on assets
employed for the 5P8 Space Sogment entity.
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‘P Rockwell International

Space Division

Assets—-Employed Statements for the National §PS Space Segment Corporation
(Federally Owned Entity)

Assets-employed statements, based on 30 mills/kWh (at a sales price of
| 19 mills/kWh to the SPS Ground Segment entity) do not permit an adequate return
on assets emploved. Average return on net assets employed over the total period
of 1990-2029 = 2.7% (Figure C.7-5. 1If 30% of investment regquirements are
financed by bonds (long-term debt), return on ANAE will improve to approximately

4.0%.
| ' . ) . . )
‘ " MPLOY|
'| "o b TRIGHT HAND SCALE) A
1000 o -1 5 'é'
NOYE; AVERAGE RETUNN ON NET ASSETS EMPLOYED =
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’-”1 g
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a p— _‘M’ g
3w} /"---..--' 12B
2 ®
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g SO0~ A ~a
et
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wop MET PLANT AN PRCPERTY,
IAY ACCUISITION COST MINUS
. DEPAELIATION AND AMORTIZATION)
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| ARETURNON INVESTMENTUNCOME + ANAE) [ ~ | - [ - | -~ [~ 1My fas fan a2 fnafasfarfasfaJasjor
TOTAL INVESTMENT (BAESD) Joase] a1 e 0] amsefinasshos anar o e ™ ¥ ;
RET WORKING CANTAL HE) ) 0001 | asaz]0.0ea} ea7fome fassr [aree] oz 1473 [ is0] 2t [asan] a 2esfenes asaa fe ] dane
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NATIONAL 5PS SPACE SEGMENT CORPORATION CONCEPT {FEDERALLY-OWNED) - INVESTMENT AND
RETURN ON INVESTMENT (AT 30 MILLS PER KILOWATT HOUR)

Assets employed statements based on 40 mills/kWh {(at a sales price of
27 mills/kWh to the SPS Ground Segment entity) will yield 6.7% (Figure C.7-6)
on the average net assets employed {ANAE}. If 30% of investment reguirements
are financed by bhonds (long-term debt}, return on ANAE will improve to approx-

imately 10.0%.
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Evaluation of assets-employed statements and return on assets employed is
not satisfactory based on a sales price of 19 mills/kWh te the SPS Ground Seg-
ment entity. Based on a sales price of 27 mills/kWh to the SPS Ground Segment
entity, an acceptable return on ANAE is achieved. This figure is further
improved and compares favorably with the typical utility return on investment,
if it is assumed that 30% of the investment is financed by bonds (long-term
debt).

Principle of Importance in Evaluation of this Financial Parameter

Return on average net assets is considered to be the most important par-
4 ameter for appraisal of financial performance. It measured the effectiveness
of the assets employed in generating income and is generally considered an
important criterion in measuring the effectiveness of management. However, it
too (like return on revenues) must be further understood and interpreted by
relating it to asset turnover and to cash flow. The ability of an organiza-
tional 'entity to substantially finance its expansion ocut of self-generated
funds is another important element in any financial evaluation. This is
discussed next (Cash Flow Performance Summaries).
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Cash Flow Performance Summaries and Investment Recovery Schedules

Cumulative Cash Flow and Investment Schedule Recovery for the SPS Ground
Segment Utility Consortia Corporation

Cash flow performance and investment recovery schedules based on 30 mills
per kilowatt hour without investment tax credit result in a maximum cumulative
cash outlay of §48.112 billion in the year 2009. Investment recovery occurs
in the year 2018, Time to recover investment is approximately 26-3/4 years.
Positive cash flows of $205.135 billion are provided through the year 2029
{Figure C.7-7). Based on 30 mills/kWh, with investment tax credit, maximum
cumulative cash outlay is reduced to $41.021 billion and invesiument recovery
occurs in the first guarter of the year 2018. Time to recover investment is
approximately 26-1/4 years (Figure C.7-8). Positive cash flows of $226.734
billion are achieved through the year 2029 for reinvestment or new investments.

SPS GROUND SEGMENT UTILITY CORPORATION CONCEPY - CUMULATIVE CASH FLOW &
INVESTMENT RECOVERY SCHEDULE (AT 30 MILLS PER KILOWATT HOUR,
EXCLUDES INVESTMENT TAX CREDIT)

P01 CUMULATIVE CASH FLQW DATA EDR THE PERIQD 1991 THROUGH 2029
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@ 150 r
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‘l Rockwell International
Space Division

§PS GROUND SEGMENT UTILITY CONSORTIA CCRPORAYION CONCERT — CUMULATIVE CASH FLOW AND
INVESTMENT RECOVERY SCHEOULE AT J0MILLS PER KILOWATY HOUR
(INCLUDES INVESTMENT TAX CREDIT)

10} CUMULATIVE CASH FLOW DATA FOR THE PERIOD 193) THROUGN 2479,

%0 » TOTAL REVENUES/SALES (MEMO FIGUNE ONLY): 23015348 N
» TOTAL NET INCOME [PROFIT AFYER TAXES): $3803315
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5 180
-4
a 140 /
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a 100
3 af
-
L v INVESTMENT MECOVERY SEMEQULE e
~ 2514 YEARE
«
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al- T
Figure C.7-8. .
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Cash flow performance and investment recovery schedule based on 40 mills
per Kilowatt hour without investment tax credit results in a maximum cumulative
cash outlay of $37.383 billion in the year 2006. Investment recovery occurs in
the year 2015, Positive cash flows of $336.318 billion are provided through
the year 2029 (Figure C.7-9). Based on 40 mills/kWh, with investment tax
credit, maximum cumulative cash outlay is reduced to $33.586 billion. Invest-
ment recovery occurs in the first quarter of the yvear 2015. Positive cash
flows of $397.917 billion are achieved through the vear 2029 (Figure C.7-10}.
Time to recover investment is 23-1/2 years without investment tax credit, and
23-1/4 years with investment tax credit.

Evaluation of the cash flow performances based on 30 mills/kWh and
40 mills/kWh provides supitable performances for the SPS Ground Segment Utility
Consortia Corporation in all cases considered. However, the factors resulting
in these acceptab le performances must also permit acceptab le cash flow per-

formance levels for the SPS Space Segment entity with its greater investment
requirements,

‘Since the investment recovery periods may appear to the uninitiated observer/
analyst of eash flow methodology to involve long periods of time, a special anal-
ysis was undertaken to show a cumulative cash flow performance summary and

c~-27

SD 78-AP-0023-7

T b s A1 A T L R o

Pl

L

RECEICRE: .

1




f'

TP ey L

i

‘l' Rockwell international
Space Division
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SP8 GROUND SEGMENT UTILITY CONSORTIA CORPCRATION CONCEPT ~ CUMULATIVE CASH FLOW &
INVESTMENT RECOVERY SCHEDULE AT 40 MILLS PER KWHR
(EXCLUDES INVESTMENT TAX CREDIT)
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S5 GROUND SEGMENT UTILITY CONSOATIA CORPORATION — CUMULATIVE CASH FLOW AND
INVESTMENT RECOVERY SCHEDULE (AT 40 MILLS PER KWHR,
INCLUDES INVESTMENT TAX CREDIT)
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investment recovery schedule based on a single geographical consortia with a
requirement for six SPS installations (Figure C.7-11). Since there are no
further capital investments after the installation of six operational rectenna
sites (with an operational life of 30 years), the revenues/sales become an annual
constant; net working capital also becomes an annual constant, and cash flow
results in investment recovery being accomplished in 11-3/4 years. However, the
120 satellites and Ground Segment System, as scheduled, requires continuous
annual investments and increases in working capital to satisfy the projected
increased demand. Also, it is the financial nature of business investments

that revenues and profits will always lag the investments. Ultimately, it is
the intent of those investing in any business to plan for a cessation of major
capital investments, and a leveling-off of net working capital requirements;
and, to anticipate a satisfactory return on revenues/sales, a satisfactory
return on investment, and to also anticipate a return of investment via cash
flow over a period of time that is commensurate with the size of revenues/

sales and profits, rewards, and the risks taken in making the investment.
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CASH FLOW SUMMARY DATA FOR AN SPS-GROUND SEGMENT UTILITY CONSORTIA CORPORATION
BASED ON A UTILITY CONSORTIA FORMED FOR SIX RECTENNA OPERATIONAL SITES

{DATA BASED ON 40 MILLS PER KILOWATY-HOUR)
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Cumulative Cash Flow and Investment Schedule Recovery for the National SPS
Space Segment {Federally Owned) Corporation

Ccash flow performance and investment recovery schedules based on 30 mills
per Kilowatt hour {a charge of 19 wills/kWh to the SPS Ground Segment Utility
Consortia entity) achieves investment recovery of approximately 79% of the
investment. Total investment recovery would occur in the year 2034, a time
period of approximately 46-1/2 years to recover investment. This is obviously
too long a period based on size of the cash outlays. The cumulative cash flow
outlay reaches $249,107 billion in the vear 2018 before declining (Figure C.7-12).
Cash flow perfomance and investment schedules based on 40 mills/kWh (a cost of
27 mills/kWh to the 8PS Ground Segment Utility Consortia entity) achieves invest-
ment recovery in approximately 35-3/4 years. Maximum cumulative cash outlay is
$162.3592 billion, occurring in the year 2012 (Figure ¢,7-13). Investment occurs
in the third quarter of the vear 2034, This cash flow performance and invest-
ment recovery is considered to be acceptable based on the size of the investment

and the return on sales/revenues.

NATIONAL SP5 SPACE SEGMENT CORPORATION CONCEPY (FEDERALLY-OWNED)-CUMULATIVE CASH FLOW &
INVESTMENT RECOVERY SCHEDULE AT 30 MILLS PER KWHR
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NATIONAL 5PS SPACE SEGMENT CORPORATION CONCEPT (FEDERALLY-OWNED] = CUMULATIVECASH FLOW &
INVESTMENT RECOVERY SCHEDULE AT 40 MILLS PER KILOWATT HOUR

CUMULATIVE CABM FLUW YATA FOR THE FERICD 1988 — 2029
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Principle of Importance in Evaluation of this FPinancial Parameter

The basic value of a cash flow analysis lies in its ability to provide
a useful yardstick for measuring the capability of an operational entity in
finance expansicn from self-generated cash. Cash flow analvsis is useful in
determining the value of an opportunity, risks involved, and evaluation of
desirable strategies. The basis for conducting a cash flow analysis stems
from the size of the penetrable market, and considers the planned sales
levels, size of the investment regquirements {capital investments and working
capital), total expected income to be derived from the investment, the tech-
nological merits of the program, and the strategic timing of the investment.
cash flow analysis provides an evaluation of the risks involved: ({1} maxi-
mum cash outlay requirements, (2) time to recover investment, (3) appraisal
of the likelihood/desirability of proceeding from DDT&E to operational sys-
tems/production hardware, and (4) the evaluation of alternative courses of
action based on consideraticons of costs and applicability.
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Toval Satellite Power System Cumulative Cash Flow Performance and Investment
Recovery Schedule for the Combined SPS Space Segment Corporation and the SPS
Ground Segment Utility Consortia Corporation

The combined cash flows the the two major entities comprising the SPS
program show a satisfactory investment recovery based on 40 mills/kWh. The
cumulative cash flow data are given for the years 1988 through 2029, Maximum
cumulative investment for the combined entities reaches $182.684 billion in
the year 2009. The investment recovery period is approximately 32-1/4 years
(Figure C.7-14). The cumulative net cash flow position at the end of the
year 2029 amounts to $566.790 billion for the combined entities.

TOYAL SATELLITE POWER 8YSTEM CUMULATIVE CASH FLOW PERFORMANCE AND INVESTMENT
RECOVERY SCHEDULE FOR THE COMBINED SPS-SPACE SEGMENT CORPORATION & THE SPS GROUND SEGMENT UTILITY
CONSORTIA CORPORATION { AT 40 MILLS PER KILOWATYT HOUR, WITH INVESTMENT TAX CREDIT)

CUMULATIVE CASH FLOW DATA FON THE PERIOD 1880 THROUGH 2029
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Review of Selected Financial Assumptions and/or Explanations

Investment Tax Credit (SPS Ground Segment Utility Consortia Corp. Only)

Investment tax credits (ITC) have been assumed for the SPS Ground Segment
Utility under the Tax Reduction Act of 1975, It is presumed that the policies
adopted for accounting purposes would also be applied for rate-making purposes
by those regulatory authorities exercising jurisdiction over the rates of the
utilities participating in the SPS Ground Segment entity. Under the provisions
of the Act, it is further presumed that the utility consortia will choose, for
accounting and rate-making purposes, to defer the ITC and amortize the credits

ratably over the book lives of the SP5 Ground Segment properties generating
such credits by reducing ihcome tax expense.

It is useful to review the purpose of the ITC and to indicate what it
means to the SPS Gr-und Segment Utility Corporation concept. The U.S. Govern-—
ment, under the Ta: Rsduction Act of 1975 (originally offered in 1962) offers
both industrial and utility corporations a significant incentive to add to
their productive assets and earning power on the theory that this aids the
econamy in a number of ways. Industrial companies have the opportunity to
reduce their income tax bills up to a full 10% of the cost of new equipment.
Utility companies which purchase, for instance, new generating equipment also
get a similar tax credit, although in their case it is limited to 10% of the
cost of the assets acquired for power generation,

A company, under most circumstances, must take the full tax credit for
tax purposes for the year in which the eguipment was first utilized. It can,
however, spread the tax benefit over the estimated usefnl life of the asset

for accounting purposes. The fellowing examples show how it might be used for
a company.

Example 1. Assume that a corporatien has profit before taxes of $100
million. If income taxes are assumed at a 50% rate, profit after taxes will
amount to $50 million. ©Now, if the corporation purchased $50 million in new
machinery and equipment in that year for production activities, its income
tax bill of $50 million could be reduced by 10% as follows:

Profit before taxes $100,000,000

Income taxes at 50% " $50,000,000

Less: Investment tax credit § 5,000,000 $ 45,000,000
Net income (profit after taxes) $ 55,000,000

Example 2. The corporation could alsc elect tc &piead the benefit over
a five-year period, for example:

Profit before taxes _ $100,000,000
Income taxes at 50% $50,000,000
Less: Investment tax credit $ 1,000,000 $ 49,000,000
Net income (profit after taxes) $ 51,000,000
C~33
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There is considerable evidence that the investment tax credit (ITC) has
contributed substantially to an upsurge in capital goods sales. There are
few firms to which the tax exemption is not important. Another Fact of
importance is the broad array of investor-owned companies which have improved
their earnings, both through the benefit in lower tax bills and improvement
in profitabilitr through the employment of new, improved eguipment. For
utility companies, the ITC has made it possible to increase power generating
capacity without having to drastically increase the cost per kilowatt-~hour
to its customers to recover its investment.

The use of the ITC for the SPS Ground Segment Utility Consortia has been
tested in the conventional! manner and then related to revenues as a ratio for
ease of computation. The figures shown in the ITC computation include recog-
nition for allowance of funds used during construction (ADC) which is the
generally acvepted accounting procedure designed to restore profit after
taxes to thet which would have been experienced without the construction
program through the transfer of such costs from the income statement to the
balance sheet as utility plan construction work-in-progress. Although ADC

is included in IPC, it should not be considered as representative of current
cash earnings.

5PS Ground Segment Plant and Property Investments--Government Licenses

It is contemplated that SPS Ground Segment installations will be located
in whole or in part on lands of the United States under Govermment licenses
and permits with varying expiration dates. Such licenses and permits will
no doubt contain numerous restrictions and obligations, including the right
of the United States to acguire the projects, under certain conditions, upon
payment of specified compensation.

Leases and Rentals (8PS Ground Segment)

It is assumed that the 3PS Ground Segment utility will involve the
necessity for renting or leasing automotive equipment, computer eguipment,
fuel, office space, and other incidental eguipment and properity. The total
annual gross lease expenses has been estimated st less than one percent of
operating revenues. (NOTE: A general rule of leasing is that the present
value of the minimum commitments of all “on-capitalized financing leases
should always be less than [ive percent of capitalization. The majority
of expenses under lease commitments is considered as charged tn other oper-
ating expe .ses. The impact on profit after Laxes, if these commitments were
to be capitalized, would not be significant.)

Financial Statements
The financial statements include the accounts of the respective SPS
er.. ities and are representative of the uniform systems of the accounts that

would be prescribed by the utility regulatory commissions having jurisdiction
with respret to accounting matters.
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Revenues

Revenues for the SPS Ground Segment entity have been dexrived on the basis
of a ground rule that each SPS installation will provide 5000 megawatts of
electrical power for 8760 hours for each year of planned operation. Although
transmission and distribution cost factors are not included in Financial data,
an assumption was made that revenues would be billed to utility customers on
a monthly cycle billing. At the end of each month there would be an unbilled
electric service which has been rendered from the previous/last month's meter
reading to the month-~end. It is assumed that the SPS Ground Segment utility
will be billed in a related fashion for its purchases of electric power by the
8PS Space Segment entity.

Interim Replacement Costs

Interim replacement costs, as used in the financial models, are not con-~
sidered replacements of retirement units of property. Where there would be
additions to utility plant and replacements of retirement units of property,
these are capitalized at original cost, Interim replacement costs in the

model are charged as expense, similar to maintenance, with the cost of repairs
and minor renewals.

Depreciation and amortization

Traditionally, the annual provisions for depreciation are computed by
the use of composite rates applied on the straight-line method for financial
accounting and principally on accelerated methods for income tax purposes.
The effect of this difference in recording depreciation provides a reduction
in income taxes, the benefit of which, effective with respect to additions to
the utility facilities, is deferred {(normalized) for credit to subsequent
years when financial accounting expense exceeds tax expense.

In the model, depreciation and amortization provisions have been
developed and re-established as a percent of total revenues to facilitate

computations and simplify the construction of the financial statements of
the model.

Accounting Changes by the FASB that could Impact Utility Income Statements

Financial Accounting Standards Board (FASB)

Earlier this year (1978), the FASB appointed a special study team to
consider whether one key utility accounting practices, i.e., the deferral
of major costs for years, is still justified and whether the exception should
be extended to other rate-regulated industries. Utility accountants are guite

concerned about this effort by the TASB to streamline accounting rules for the
utilities. ’

The FASB has been pressured by the Securities and Exchange Commission,
CPA's, and financial analysts to examine utility accounting, which is con-

sidered second-class accounting. This is because many accountants do not
go along with present utility accounting exceptions and cost deferrals. For
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example, a flood or storm damage to an industrial concern would “ave to be
taken out of its current year profit. But the same losses to a utility plant
could likely be deferred and written off over several years. It is nearly
impossible to quantify the impact of eliminating that differeace for a util-
ity. However, it would clearly result in reduced earnings that would be
reported by the utility to its share holders. Reported costs alse would

be higher-~at least in the short-run—without an offsetting increase in the
revenues rate regulators allow utilities to collect.

Utility accounting has always been unique. In addition to the example
of flood damage, regulators routinely mandate that utilities defer such things
as research and development costs and write-cffs for plants that are closed
before being fully depreciated. Under generally accepted accounting princi-
ples (GAAP) other companies must treat those items as expenses in the year
they are incurred.

Utility accounting methods are viewed as somewhat "fuzzy" by most of the
accounting profession. When a particular accounting exception cannot be
explained under the GAAP, a problem exists. Most of these accounting problems
arise out of a document commonly referred to as “the addendum," which is a
vaguely worded paragraph addition to a 1962 ruling by the old Accounting
Principles Board, the predecessor of the more sophisticated FASB. The adden-
dum allowed utilities to treat tax b enefits, such as investment tax credits
or accelerated depreciation, in their shareholder reports in the same manner
required by utility regulators for rate-making purposes. The varied approaches
by regulators permit utilities to spread tax reduction benefits over the life
of the assets, or "normalized," while other regulators demand that they flow
immediately to income. But the broadly worded addendum, however, goes even
further. When rate regulators require a utility to recognize cost in a dif-
ferent period than GARP requires for non-regulated companies, the addendum
allows the utility to report those costs to the shareheolders in the same
manner.

Most utilities insist the addendum is not a deviation from the GARP,
but rather a different and necessary application of GAAP to economic circum-
stances unique to rate regulation. Most companies are free to pass along
higher costs when incurred. Utilities, of course, are not permitted to do
so until a rate hike has been permitted by the rate regulators. Utilities
argue, therefore, that the addendum is essential to their operations. How-
ever, other rate-regulated industries such as insurance companies and health-
care facilities are not permitted this method of accounting.

Many accountants, including utility accountants, admit that if overall
accounting concepts vere more carefully defined, the addendum could bhe elim-
inated. At the same time, legitimate differences between utility and non-
utility accounting could be preserved, Presently, the addendum offers a
no-holds-barred out tc rationalize just about anything in accounting the
utilities want to do; and their earnings seem tainted because they have an
exception in the addendum no one else has. The FASB is currently at work
to eliminate the addendum.
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It is easy to forecast the actions that would be taken by the utilities
industry if they lose the benefits of "the addendum.” They would seek higher
immediate rates to salvage their earnings and competitive position in finan-
cial markets. Presently, some utilities are counting on the FASB settling
for a better explanation of the addendum's application rather than eliminate
it. Others arc not so hopeful. At least, the FASB investigation should
give more credibility to utility reports.
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