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FOREWORD

The Shuttle User Analysis {Study 2.2) Final Report is comprised

of four volumes, which are titled as follows:

Volume I -  Executive Summary

Volume II - User Charge Analysis

Volume III -~ Business Risk and Value of Operations.In
- ‘Space {(BRAVO) ) ‘

. Part 1

Part.2 ,

Part 3

Part 4-

-

Summary
User's Manual
Workbook "

Com];;uter‘ P;r.'ogi'ams and Data
Look-Up

Volume IV - Standardized Subsystérr‘x Modules Analysis
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1. INTRODUGTION

This part (Part 4) of the BRAVO report contains computer pro-
gram listings as well as graphical and tabplatéd data needed_;,b{r t_hé analyst
to perform a BRAVO analysis. This document contains some information
previously documented in Reference 1-1 but reproduced here for easy
availability, Sections 5, 12, and 13 are new material. Sections 3 and 4
have been revised. Only minor changes have been made to Sections 6,

7, 8, 9, and 10, - ‘

Section 2 describes the graphical aid which can be used to deter-
mine the earth coverage of satellites in synchronous equatorial orbits.
Section 3 contains the listing for the Satellite S‘ynthesis‘ Computer Program
as well as a sample printc:;ut for the DSCS-II satellite program and a list-
ing of the symbols used in the program. This program is coded in FORTRAN
language. The APL language listing for the Payload Program Cost Esti-
mating Computer Program is given in Section 4. This language is compatible
with many of the time-sharing remote terminal c—omputers used in the
United States, Section 5 contains the APL listings for -the Satellite System
Optimization Risk, Logistics, and System Computer Program, which is
also referred to as RISK. Information on the NASA Space Tracking and
Data Network (STDN) is givern in Section 6. Data on the Intelsat Communi-
cations network are contained in Section 7. Costs for telecommunications
systems leasing, line-of-sight microwave relay communications sys=
tems, U, S. Postal Service, submarine telephone cables, and terrestrial
power generation systems are described in Sections 8 through 12,
respectively. The APL language listing for the Cost Effectiveness Com-

puter Program is given in Section 13,

References used in Sections 6 through 12 are listed in Section 14.
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2. GRAPHICAL AID FOR DETERMINING COVERAGE BY
SATELLITES IN SYNCHRONOUS. EQUATORIAL ORBITS

This section describes the use of a graphical aid developed by

The Aerospace Corporation for use in determining ‘earth coverage by

satellites in geosynchronoﬁs orbit. The aid allows the user to:

1.

establish the footprint around an aiming point corres-
ponding to a given antenna bandwidth when he is given
the prescribed boresight aiming point.on the earth's
surface, and . ’

define the requi:red orientation of the antenna beam
axis and the antenna beamwidth when he knows the
area on the earth's surface to be covered by a beam

. emanating from the satellite.

" The aid itself, which consigts of:

1.

2,

an azimuthal.equidistance mapping of longitude meridians
and latitude parallels (Fig. 2-1);

a set.of ten transparent coverage overlays displaying earth
footprints (i.e., beam intersections) corresponding to six
antenna beamwidths from 0.5 to 16.deg and a series of

ten off-nadir aiming points from 0 to 8.5 deg (Fig. 2 -1a
through Fig. 2-1j}; and

a transparent overlay of visibility circles for six series
of elevation angles which conform to the above mapping

. {Fig, 2-1k);

is contained in an envelope at the back of last years report, ATR-74(7334)-1,
Vol. IV, Part 4 (15 February 1974)%, '

The aid is currently used to answer two specific questions, although

other applications may be developed in the future as the user becomes

more knowledgeable in its usage. The use of the aid in answering these

questions is illustrated by the following two examples,

#* This report-(se'e Reference 1-1, Section 14 for full title) is available
upon request from The Aerospace Corporation. Contact E. I. Pritchard,
telephone (213) 648-5737,
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1. What is-the  beam's: footprint-on the: earth when the: off-
nadir angle.and: azimuth:for.the boresight aiming point
on.the-earth's surface is given?

Example:. Satellite longitude . = - 100 deg E!
Off-nadir-angle = 5 deg
Azimuth angle: =  40.deg

Place the cross {+) on Figure: 2-1f at:the center of Figure
2-1 and rotate.Figure 2-1f until the index line intersects
the azimuth scale on Figure.2-1 at 40.deg.. The. resulting
aiming point is approximately 121 deg E'longitude (21 deg
from the graphical .aid plus the original satellife longitude
of 100 deg) and:23.deg N-latitude.. The coordinates for the
footprints.corresponding to a beamwidth of 0.5, 1, 2, 4,
8, 16 deg.can be-read directly from the appropriate foot=
print traced on Figure 1-1,.i.e., for a bandwidth-of 1 deg,
the footiprint runs from approximately 117 to-124 deg E and
20 to 26-deg N, .

Z, . What is.the required orientation of the antenna beam
axis and the antenna bandwidth if it is:desired to cover
a specific area of the earth's surface by a beam eman~
ating from a satellite in synchronous equatorial orbit?

Example: On Figure 2-1, plot the specific area to be
covered relative to the satellite’s longitude (0 deg on the
Eiguref. "Select the transparent coverage overlay (Figure
2-1X}* which best covers the specified area. Place the
cross {+)} on this overlay at the center of Figure 2-1.

Rotate Figure 2-1X until the area on Figure 2-1 is covered
by a beam footprint. The index.line on Figure.2-1X inter- -
sects the azimuth scale of Figure 2-1 at the required
azimuth. The required beamwidth is that corresponding

to the smallest footprint which encloses the specified area.

The graphical aid can also be used.to determine the antenna eleva-
tion angle to a.hy— ground location by plating:the cross {+) in Figure 2-1k
at the cenier of Figure 2-1, Thus, for the first example, tle elevation

angle would be approximately 66-deg.

lasij
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3. SATELLITE SYNTHESIS COMPUTER PROGRAM N

3.1 -~ PROGRAM LISTING

The listing for the Satellite Synthesis Computer Program is
shown on the following pages of this section in FORTRAN language. )
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3.2 EXAMPLE PRINTOUT

This section shows an example printout produced by the Satel-

lite Synthesis Computer Program for the DSCS-II satellite program.
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3.3 PROGRAM SYMBOL LIST

The following pages of this section list the symbols used in the

Satellite Synthesis Computer Program.

ACINCG This list represents the attitude contrcl inert weif{ght
ACINEM for various items: (1b}.

ACINFR
AGINFIR
ACINGR
ACINGRB
ACINHG
ACINR L
ACINRLF
ACINIR
ACINZR
ACSINGR
"TACSIN1
ACSINIR
ACSINZR Y

ACSPROP Attitude Control Propellant Weight (1b)
ACWPGR

ACWP1

ACWZPRIR

-ACWPZR

ADPEFM Adapter Weight (1Ib)
ADPFR

ADPGR

ADPMR

ADPMRT
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ADFRE
ADPL -~
ADPIR
ADPRIRT"
ADPLT
ADPIV.
ADPRIVEL.
ADPRR. " -
ADP2RT™

AMER.
AMFIR "™
AMINGR
AMINGMR
AMINI
AMINIR
AMINZR.
AMRL

AMWPMR
AMWPL . .
AMPWIR--

AMWEFZR .-

AMZR
ANTDIAM

ANTWT

Adapter Weight-(1b} - (Cont'd).. -

Apogee Motor Inert Weight {ib)..

',

Apogee Motor Propellant Weight (1B}

Communication Antenna Diameter (ft)

Zommunication Antenna Weight (1b)
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AREAMR
AREA1
AREAIR
AREAZR

AVEALT

BATT
CDP1 -

CFFM
C¥GR
CFI¥
CF11
CF2R

CODE

COMFREQ

CONFM
CONFR
CONGR
CONRL
CON1
CONIR
CONZR

Structural Area (ft?' ‘) .

Average Altitude {nmi)
Battery Weight, (1lb)

Communications é.nd Data Processing Weight (1b}

-.Contingency Factor

Satellite Naine (SEO-1)’
Communication Frequency (GHz)

C ontingérzlc v Weight. (].'b)

3-29



DAP2
DAP3
DAP3A

DATAPRO

DA2
DA3
DA3A

-
-

DBBL
DBSH

. DC2s
DC3
‘DC3A

DELMMR
DELMMIR
DELMM2ZR

DEN -
_ DEN1-

DE2
DE3 .
- DE3A

DGNMMR- -
DG_NMMlR :
D GNMM2R

Attitude Control Propellant Incremental Welghts
due to MMD Varzatmn (1}3) w

'

Data Pro_céssing Weight (1b)

Cost Name for ‘Guidance and Navigation

v

Sateltite Di_-é.méter“ {ft) .

Shuttle Adapter Diameter (ft]

. Cost Name CDFI Inc¥emental Weights due to MMD

Vanatron

V

Electrical Weight Change due to. MMD Variation (Ib):

o

Satellite Density (Ib/ft’)

i

Cost Names for EIectrlcal Weight Varidtion with: ~
MMD

.Guidance and Nax-.rigation Incremental Weight due

to MMD Variation (1b}"



DIAMMR Sateliite. Diameter.(ft)
DIAMI '
DIAMIR
DIARAV
DIAMZR
DIARY
DIAlAV B
DIMRAYV Y
DIIRAV

DISTFM Electrical Distribufion Weight (Ib)
DISTFIR * '

DISTIR

DIST2R

DM2 Mission Equipment Weight Variation with MMD,;
DM3 Cost Name (1b)

DM3A +

DP Apogee Motor- Dry Weight Variation with MMD,
D2 Cost Narne (1b)

;
DP3A

DPP2 Launch Weight Variation with MMD, Cost Name (1b).
DPP3 +
DPP3A

Ds2 Cost Name of Structural Weight Variation witl
DS3 MMD (ib)

DS3A +
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. DTCMMR
DTCMMIR
_ DTCMM2R

"DV1

DWGR
DWI.
PWIR .
DW2R

ECFA"
ECFM.

ECF 1}},
ECFIR
ECGR
ECRL’

EC1
ECIR
" EG2R

" ELFM
ELFR
ELFIR'
ELGR
_ELINV
ELRL
ELRLF
ELI
ELIR
EL2R

CDPI Weight Variation with MMD (Ib)}

Velocity (ft/sec)

Satellite Dry Weight (Ib)

|

"Environmental Qorﬁ:rol -Factors

El}vironme'nté.l Control Wéight (1b)

{

~ Electrical Eé.c_i:brq and Weight {1b) -
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ENC
ENCODR

EQWT

EQWTGR
EQWTIR
EQWT2ZR

FB
FBL
FB1
FB2
FMR
FR
RIR

GNFM
GNFR
GNF IR
GNGR
GNR L
GNRLF
GN1
GNIR
GNZR

Encoder Weigiﬂ:' (Ib) *

¥

Equipment Weight (1b)

3g Longitudinal Lioad on Satellite Adapter (1b):

Gravity 32.2 ft/sec2

‘Guidance and Navigation Factors and Weight (1b)
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GWGR Gross Weight (_lbi)
GWGRT .
GWMR .
GWT 1
GW1
GW1R
GWLITR
GW2R
GW2TR

. HBL, Adapter Piei-ghtv(ft)'
HBLMR E :
HE -
HR
HIR

. MPFM Main Propellant Weight (Ib)
MPFR ‘
"MRGR
MPRL
MP1
MPIR Y
MP2R,

ORBAPO Orbit Apogee (vizni)
'ORBING Orbit Inclination (deg)
ORBPER Orbit_Perigee Altitude {nmi)

ORINT Solar Array Paddles Orientation
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PACKFTR (PF)

PADTYP

PALLET
PALLFM
PALLFR
PALLGR
PALLMR
PALLRL
PALLL
PALLIR
PALLIY
PALI2R

PALUN
PBAT

PD
PDM

PF

PKDENMR

PKDENR

PKDENIR

PNTACC

PROGRAM

PROPTYP

Solar Array Cells ‘Paélgi‘ng Factor (0. 9)
Type of Solar Array Paddle (FLEX, RIGID)

Shuitle Pallet Weight {Ib)

t

Pallet Unit Weight (1b/ft)
Battery Power (watts)

Propellant Density (Ib/£t°)

Solar Cell Packing Factox

Satellite Packing Density (Ib/fts)

'

Pointing Accuracy:(deg)
Program Name (BRAVO)}

Propellant Type {Liquid or Solid)
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PWRTYP " Power Type (Solar)

PWRXPON Transponder Power (watts)
| RAVE Adapter .Ave_;:cage Radius (ft) .
DMEAV oo '
'RRAF
RYAY -
REDUN - Redundancy Factor for ]éatter%eg
REPMR . Residual Propellant Weight (1b) -
RESID ‘
RESIDGR
“RESID1
RESIDIR
RESIDZR
REUSE Factor for Reuse
SATLIF Satellite Design'Life (years)
SATIJFI
SEPDRY .~ Solar Electric Propuision Dry Weight'(}.]:;)
) SEPWP - " Solar Electric Propulsion Propellant Weight (1b) -
SFBLV . Structure Facter’
SFEWT ;
SFR1
SPINMR . Solar Propulsion Inert Weight (1b)
SPINZR - - Y
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SPWPMR
SPWPZR

STABTYP

STRFM
STRFR
STRFIR
STRGR
STRRL

STRTYP

STR1
STRIR
STR2R

TBL

TE

TH
THBL
THBILMR
THBLV
THMR
THMRT
THMRTT
THR
THR1
THTR
THTTR
THTTI1R
THTIR

Solar Propulsion Propellant Weight (lb}

Attitude Control,Type (3-axis)

Structure Weight

Structure Type (EXO or ENDO)

Structure Weight (1b)

/

Adapter Sidewall Thickness (ft)




TH1
THIR
THIT
THITT
“TMR

TODAY

TOTIMGR

TOTIMIR
TOTIMZR -
TOTINGR

- TOTIMP

TOTPWR
TOTPWRE
‘TOTPWRM
TOTPWRR
- TOTPWIR

TTCFM
TTCFR
TTCFIR
TTCGR

TTCRL.
TTCRLE"
TTC1
TFCGIR
TTCGZR

TYPE

Adapter Sidewall Thickness (ft) - (Cont'd)

Today's Date .

Launch Weight (1b)

Tota.I‘ Imﬁilse-(lbléeé) o

- Total Powet (watts)

CDPI Weight and- Factors

L

Satellite Type (GOM, NAV, OBS)



VOLMR Satellite Volume. (i) -
VOLI1 T
VOLIR &

VOL2R

WAC Cost Names for Cost/Weight Printout - Have No
WAPG Effect on Program

WAPZ
WAP3
WAP3A
WA2
WA3
WA3A
wC
WCC
wWC2
WC3
WC3A
*WEC
WELE
WE2
WE3 Y
WE3A

W.GNSPIN Guidance and Navigation Weight Spinner (1b)
WGN3A- Guidance and Navigation Weight 3-Axis (Ib)

WGN2ZSPIN Guidance and Navigation Weight 2-Spin (Ib)
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WGW
WGWT
WMC
wWM2
WM3
WM3A
WPC
WPF‘ g
 WPEC
WPP2
“WPP3
WPP3A -
WPZ
WP3 - -
WP3A

WSA
WSAORH
WSAORL
WSAORM
T WSC®
wsz
WS3
- WS3A .
WIDIF

W3
W4
Wé

* Solar Array Weight Oriented, Low Orbit Weight

Cost Names for Cost/Welght Prlntout - Have No
Effec:t on Program

Solar Array Weight (Ib)
Solar' Array Weight Ofiented, High Orbit Weight .

-~

Solar Array Weight C_iriente;:’l, Medium Orbit Wei;ghg.

F oo

Cost Names

]E)iffére'ncen‘l:.n Weiéht {(1b)

Cost Names -

l
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XI10C .Year, Initial Operational Capability

X LANDI Adapter Length*{ft)
X L.GMR :
XLGR

XLG1

XLGIR

XLTDBL Length-to-Diameter Ratio -
XLTOD

XLTODGR

XLTODI1

XLTODIR .

X LTOD2R

XLV Launch Weight (Ib)
XILVT
XLWC
XLWGR
XLW1
XLWIR
XLWI1V
XILW2
XLW2R
X W3
XLW3A
XLW4 %
XLI1R

XMEF1R Mission Equiprnent Factors and Weight
XMEFM
XMEFR
XMEGR
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- XMERL
XMEL
XMEIR
XME2
XME2R
XME3.

XMISPWR

' x;yxixm " E

| xzﬁmnmé

XMMDMAX
XMMDMIN
XMMD1

XMOD

XMODING - "

XMODMAX "

XMODMIN
XMPISP
XNAME
XNDL
XNDNLNK’

XNTAPRG -.

XNTR

XNXPOND

XPONDWT

. Mission Equipment Factors and Weight (Cont'd)

_Mission Equipment Fower (watts) .

Mean Mié::zim}_ Duratit_)n (years)

Mean Mission‘Dui'at-ion (years) Increment
Mean Mission Duration (ye‘:ars)' Maximum -
- Mea-n‘ Mission ﬁufation (}ears) Minimum
" Mean Mission Duration (years)

Nun?i)er of Modules

Numbezr.of Modﬁles Increment

Number of Module,s Maximum -

Number of Moduie's Minimum

Mé:.i._n Propellant Specific I"njlpulse‘(s‘ec)

Pr;:gram Name (_SATW':”!‘S)

Number of Down i_.i_nks
" Number of Tape Recorders :

Number.of Transponders

Transponder Weight (1b)
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4. SPACE SYSTEMS PAYLOAD PROGRAM COST
ESTIMATING COMPUTER PROGRAM LISTING

The listing for the Space Systems Payload Program Cost Estimating

Computer Program is shown in this section.
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5. SATELLITE SYSTEM OPTIMIZATION RISK, LOGISTICS, AND
SYSTEM COMPUTER PROGRAM LISTING

The listing for the Satellite System Optimization and Risk

Assessment Computér Program is shown in this section in APL language.

In order to correct an inconsistency in computing availability
and expected numbers between the orbital service and ground-based
service algorithms, extensive changes in the GNDSERYV (page 5-6) and
ORBSERV (paée 5-8) programs were required. Namely, in one case,
""total time" was defined as "program time;" in the other as "program
time plus outage time." Both algorithms now use the "program time"

definition.

The ‘executive program (COMBINE) (page 5-3) has been changed

to permit more computation than the original version permitted.

Minor revisions in two initialization programs - NOM (page 5-7)
and GO (page 5-6) - were required to accommodate added input data (e. g,

unit cost multiplier), '
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6. NASA SPACE TRACKING AND DATA NETWORK (STDN)

NASA facilities for tracking, command, and dé.ta. acquisgition for
satellites were developed for three general classes of missions: deep space,
manned gpace ﬂ{ght, and unmanned satellites. The earth station facilities
for these missions ha:ve been termed the Deep Space Network (DSN), .the
Manned Space Flight Network (MSFN), and the Space Tracking and Data
Acquisition Network (STADAN)}. An integrated NASA commaunication system
(NASCOM) links these earth stations to each other and to control centers,

The STDN is a combination of MSFN and STADAN intended to con-
solidate the two systems aifid to provide spacec raft support using fewer -
earth stations than the parent networks.

STDN facilities and characéeristicp are summarized herein. These
facilities and characteristics have been selected on the basis of more than a
decade of operating experience and a thorough study (Ref. 6-1) of the support
requirements for missions in the latter 1970's and the alternative configura-
tions of earth stations to satisfy these requirements. The configuration
described in this section is the preferred alternative of those studied and
represents the most probable form of the consolidated earth station network
for manned and ga.mnaz:;ned saﬁellites in the late 1970's.

The introduction of a Tracking and Data Relay Satellite {TDRS) in
the 1979 time frame should result in fewe.r earth stations being required to
h suppc;rt missions similar to those projected by NASA from 1973 to 1978.
While require‘rnents will change somewhat for the 1980's, the capabilities
of the STDN as outlined here are assumed to'carry through into the 1980's
for purposes of BRAVO ana.lyslis for future missions, )

Current STDN system capabilities and equipment are summearized
in Table 6-1 for easy reference. The table lists the characteristics of the

15 primary STDN sites shown in Figure 6-1 as well as five special purpose
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Fable 6-1. System'Capabiiitie-s and Equipment Chart

- Links  Telemetey ~ Coramand Tracking
" Frequency - Fre- , Fre-
Antenna Band - Data Antenna _ Antenna
Site | Hec [Omd n MFR quoney | Xmity {SCE quency
5 ety -
Type a2 System t TP | pand BP 1 Bama
ra [ £ [ 3 |as + [AWLTIBAND]| 4 |$Tapac | sor s~ 1.8 3 {30 s
10 MULTIBAND | SATAN | VHF Dipole | VHF
. ¥ . . . Array |
- SATAN VHY 2 SATAN | VHE  § $-VHF Mini~ | VHF
SATAN VIF 2 SCAME| VHF © . track
ACN 212 |3 | E] 4 ]Augm. a0 s -3 [ 2 jap 3
) ‘ SATAN VHF 2 |G42B SATAN | VHEY | 2-vHF
BoA(R] 2 | 2 |30t s 1 JaAugm. faor s 1-8 2| 30 5 -
’ N SATAN/ (W)] VHF ° 2 |s2B SCAMP | VHF |} 2-VHF|
) N YAGI ARRAY . a
CYT 2 727 [ g 5 1 [ duzm, a0 E i-§ 2 L3 [
saTan/AW | vur L 2 {s12B SCAMP| VHEF | 2-VHF ‘
YAGL ARRAY
costh 2 {2 f35 - S* 1A o faugm.e |83 5 1-5 FRES s
30 s + |6i23 30 s 1.3 30" S E
- SATAN VHE 2 SATAY |' VRF j2-vHD Mini~ | VHE
: trock
cwy |2 |2 |30 5 4 [Asgm.” 2™ |5 s bz tae Ty
SATAN VHF 2 | G428 SATAN| VHF | 2-vaF N
cuaw 12 [z §s0 s 4 |augm. |3 s s a2 5
SATAN/S (10} VHF e} 2 jeaen SCAMP| VHF- |2-vap| .
YAGI ARRAY -
BUR 312 |10 MuLTiBAxp| 4 {sTaDAC | 30 5 " li-g 2 13 4
30 s SATAN | VHF | 3-VHF Mini~ | VHF
. | SATAN VHE -4 . track )
SATAK VHEF z SaTAN | VHF
Mmap |z f2 |ss s 1 | Mugm. |35 s 1-5 g |33 5—
SATAN VHF z 528 SATAN | VHF | 2-VHF Misi- | VHF
y ) track
MIL 313 [ar s 4 | Avgm, an* s 1-8 3 |30, s
-k 10 s 4 | &42B anr s 1-§ 30" ]
SATAN YHF . z SCAMP] VHF [2.VHF
ORR | 4 |2 {85 MULTIBAND] 2 |[STADAC 30¢ 5 1-5 3 [aor .5
an* s R - SATAN | vHE | 3-VHF ‘Dipoler] VHF
Array
SATAN VHF 2, SATAM { VHF Mint~ | YHF :
SATAN VHE" 2 . i track
QUi 21z 40 MULTIBAND| 4 {STADAC{ pual 13} 8 1-5 2 lpaat 141 8
SATANS VHF 3 SATAN | VHF §3-VHE Mini- YHF
satani® % SCAMP | VHF track ‘
rost] 4 [ 3 {85t MULTIBAND| .4 | STADAC | Dawl 14¢] 8 1-5 3 |Dual 343 &
854 MULTIBAND| 4 SATAN | VHF j4-VHE! _ [Dipole | VHF
ArTay
SATAN YHRF z SATAN { VHF
SATAN VHF 2 SCAMP } VHF
ACO 3|2/ 40  MULTIBAND| 4 | abgm. | 30 3 1-5 z a0 oS
ag* 5 2 |snm SATAN | VHF | 2-vHF Iipole [ VHF
SATANGY | g0 }  Arzay
“SATAN VHE 2 SCAMP | VHF Mni- | VHF
track
Footnotes on next page.
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Table 6-1. System Capabilities and Equipment Chart {Cont'd)

sysiem at these locations.

Links Telenelry - Command Tracking
rani®f 1 |1 | aer MULTIBAND]| 4 | Augm. [Duatiy) s 1-5 | 1 joual 134 5
K 642B SATAN ,§ VHF | 2-VHF Dipo'e VIHF
. . - iarcay
] PR Slhna- YHF
N P track
Erc@®| 2 {1 | 10 MULTIBAND} 4 |STADAC | SATAN [ VHF | 2-VHF| 1 |Alim- | VHF
SATAN VHF | track
2 1 |30 s .4 7 Augm. 4 30° 1 1-5 1 s
30 S, 3 1s17B a0 s 1-§ 5
SCAMP} VHF 2.VHF.
VAN 1 i a0’ 3 . 4 Augro. 20 5 1-3 1 20 g
6428 7
[aTs 4|32 e c 2 {1.0°F | s3® [ 1-c  lats|s® | c
{rost.6 . 1 | 15
SATAN VHF -3 41 SCAMP{ VHF 2-VHF|ATS
AR l- N i N F&G
15* S&L 1 1 B S&L. 1-3%L {ATS
- N 4 ¥
15 MMW - 1 - l[EXP
ATo, 33 {0 c 2 [1D°F e e 1-¢c Als c
Avelt.6)) ©. ' . ] g,
SATAN VHY 3 ScAMP| VHE | 2-VHFIATS
. 1FLG
15* S&L 1 F 1 S&L | 1-52L1ATS
. F .
] EXP|
ATS, 40° c 2 hio’p | c 1-¢  {aATS c
TRANS- . 1-5
PORT- SATAN VHF 2 SCAMP} VHFE | 2-VHF{ATS
ABLE F&G |
GND, | 15 SRL 1 - 15 SEL {1-5&L |ATS
STATION . ) F
(L6 o EXP
ATS, 2] 2121 CEUHF i 21 C 1-C E
arré: 5 15" S&L 1 15 s&L | 1-S4&L
Notes; -
{1} Launch Support Sites .
(2} Space Tiversity SATAN Antennas w
(3) Special Purpose Sites o
) ATS Dedicated Sites (17) Aaltiband Recen.c:
{5) ROS 85-2 Dish Shared with ATS 186-1%8 s
- g RH
{G) ATS Frequency Bands: 400410 AGI~
~I1T10 )
Bands | Recewe Cornmuan.} ;;gg_,’:};g \gj:
VHF | 136-133 MHz 117-157 MHz =0_2610 11,47}
2550-2610 MHz
UHF 835-855 MHz, - 2600-2700 Mz
L 1500-15802MH | 1620-1700 MHz PSPt oz
] 2030- 2100 MH:z 2200-2300 MHz
c 3700-1200 MHz 5952-6425 AMHz
(7) Not fulty umpler.ented *
{8) ATS antennas oot ineluded . h
{8) Two SATANs are required jor a space diversity capability.
{10) These SATAN/YAGI Arrays satisfy the requirement for 2 SATAN telemetry
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sites: the Engineering Training Center (ETC), Greenbelf, Maryland, and
four dedicated stations for the Application Technology Satellites (ATS),
three of them collocated with other stations.

Table 6-1 lists for each site the number of receive and command
lmks the telemetry antennas, frequency, -numbexr of multifunction receivers
(MFR), and data systems; the command antennas, frequency, number and
frequency of transmitters, and‘number of spacéc raft command encoders
(SCE); and the tracking antennas and frequency. Abbreviations for earth
stations and equipments listed in Table 6-1 are shown in Table 6-2.

Table 6-3 summarizes the requirements for NASCOM ¢hannels
for each.of the 15 primary STDN sites. The first ten sites hsted should
have wideband facilities while the remaining five stations can use narrow
band facilities, However, narrow band facilities are listed as alternative
solutions to wideband facilities for five stations where requirements might
be satisfied by additional equipment for data stripping or data compression
to reduce high rate real-time spacecraft data to fit onto 7.2 kbps lines,
Regardless of the specific solution chosen in each case, the communications
requirements listed for each site provide a good measure of the capabilities
of the late 1970's. '
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Table 6-2, Abbreviations Used.in Table 6-1

SITES
AGO Santiago, Chile
ATS . Applications Technology Satelhte(s) - dedxcated
earth stafions or equipment
ACN - Ascension Island
BDA Bermuda
BUR Johannesburg, S. Africa
“CYL Grand Canary Island :
. ETC " Engineering Training Center, Greenbelt, Maryland .
GDS Goldstone, California
GWM Guam
HAW Hawaii
MAD Madrid, Spain ’
MIL Merritt Island, Florida
ORR Orroral Valley, Australia
QUI Quito, Ecuador
ROS Rosman, N. Carolina
TAN Tananarive, Malagasy Republlc
ULA Fairbanks, Alaska .
EQUIPMENT
SATAN . 136 Mhz receive; 148 Mhz transmit command.
SCAMP 148 Mhz transmit command - -

SATAN/YAGI 136 Mhz receive-only array with capabilities of
SATAN receive system

MINITRACK 136 Mhz angle tracking system

STADAC Station Data Acquisition Control System (multi-
plexing formatting and real-time data transmission
to Goddard Space Flight Center)

Augm. 624B Real-time data transmission system using 624B
computer, augmented to provide STADAC-
compatible data transmission formats and

- functions plus storage to increase data buffering

MFR Multifunct_ion_ receiver

SCE Spacecraft command encoder
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Table 6-3. STDN Requirements for NASCOM Channels

Wideband Solutian | Narrewband Sotution
Cuantity®
Quantity
site | WB Data Channel | Naxrowband Channels
7.2 kbps \'4 TFY ] 7.2 kbps v TTY
MIL | 2-50.0 kbps or - - - . - -
nigher 1 o 3 | @
ROS | Preseat aystemsi - 1 - | = . - -
1-B0D kliz analeg {4} 13 [¥A]
1-128 kHz analog
1-240 kbps digital .
[#) 4 1-28,5 kbps or 2 2 - 4 3 2
higher 1) {1 {2)
ACN | 1-28.5 xbps or 2 z - 4 3 2
higher | ity {n (2}
HAW | 1-28.5 kbps or ] 2 2 - 5 - 3 2
higher {1) in (2)
GDS | 1-28.5 kbps or 2 z - 4 4 z
higher - - - &
DRR [ 1-23.5 kbps or 1 2 - Toa - -
higher o @ @
MAD [ 1-2B.5 kbps or 2 2 - - -
higher - {1} 12)
AGD - - - | - 2 2 2
DLA ] 1-38.0 kbps or 1 - 2 - - -
higher - N -
1-28. 5 kbps ov i 3 - - 1l - -
higher - m -
BUR - - - - 2 2 2
BDA - - - - - 4 2 2
TAN - - - - 2 2 2
our - - - - 2 2 2
QWM | 1-28. 5 kbps or 1 3 - 3 2 2
higher (1} - (2)
WB = Wideband
7.2 kbps = Voice bandwidth data channel
V = Vopice channel
TTY = Teletype channel

3uantities shown in parentheses are provided separately from the wideband
or group (48 kHz) channel system; other cuantities shown are provided as 2
sub-channelization of the wideband group (48 kHz) channel,




7. THE INTELSAT COMMUNICATIONS NETWORK

The Intelsat {International Telecom_xnunicatioqs Satellite .Consortium)
Network provides high quality'commtini(:a,ti&lgs' by satellite throu'gh‘but most
of the world, prii"na.rily a:rnoné nations outside the Communist bloc. The
system has grown i'apidly since the first commercial operations {_n 1965, In
1974, 71 earth stations using 88 antennas will be operating, based on 1971
planning as shown in Figure 7- 1-. i‘further growth in the pumber of earth
stations is anticipated, but-at a much lower rate. The bulk of the increase
in traffic, which is expected to growat 15 to 20 percent per yéa'r,: will be

accommodated by aug;rnenti'ng the capacity of existing earth stations which .

. are located to serve the principal txzaffi_q-dem'ands. The current Intelsat IV

satellites have a capacity of about 5000 voice circuits or 12 television channels
in each of the five primary satellites. Two additional satellites are.in orbit

to provide ba.ckui) c.apacity in the event of degraded service or failure of
primary-satellites. It is planned that future generations of Intélsat satellifes
will have higher capacity to match the traffic growth.’

The Intelsat system providés service primarily to telecommunications
common caxzrier‘s rather tha‘n directly to users since the Inielsat system .
usually inte rface,é_tﬂe terrestrial network at the satellite eérth_ 'stations.

Rates charged to users by common carriers reflect'the composite of costs
to providé service, including switching and other distribution costs, and costs
of alternative terrestrial transmission systems.

Table 7-1 lists th_e’In;elsat ‘sys,temrear‘t‘h‘ stations in existence or
planned as of¥1971.with _tHeir‘pi'djécted 1982 demand‘in terms of voice
channels. The list provides systeﬁ ;;lé.nﬁqrs with approximate locatioﬁs .
where the Intelsat system would be available to provide high quality, reliable,

voice and wideband data communications service.
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Table 7-1. Intelsat Earth Stations and Projected 1982 Traffic Demand

« - ¥ R . . -
- Station Locations Vmc?%lh:vfmcls Station Locations \fotc‘f%h::‘mel:
North America Africa =
U. 5., Maine, Andoverz, } 2000 Ethiopia. s <100
“I | u.s.. w. va, Etam? Sudan, Khartoum ] 100
Ganada, N,5., Mill Village 1300 Algeria <100
. Morocco . 125 -
Europe Ivory Coast 150
0 3 Nigera 125
U. K., Goonhilly Dojw‘ns 2800 Senegal - <100
Germany, Raisting 1050 °  Congo <100
. France, Pleumeur Bodou 1300 a Camaroon R <100
Belgium, Brussels 375 Gabon R <100 .
[ Netherlands 30¢ Malagasy Rep. <100
2 Nordic - 275 .
@& Switzertand 3 450 Caribbean, Central and -
o Italy, Fucino 3 - L150 South America 5
<] Spain, Buitrago . 675 L !
%l spain, Grand Canary = | . <100 Ascension <100
E Greece 275 Barbados 250 .
Yugoslavia ; <i00 Trinidad/ Tobago 250
3 Martinigqae 125
Near East Jamaica 500
_ Puerto Rico, Cayey -1000, °
Turkey, Ankara <100 Mexico 425
iran . 150 Panama 275
Israel 1150 _Venezuela 275 N
Kuwait3 <100 Colombia 250
SaudL Arabia <100 Peru 375
Braznl 560
) Argentina 5375
Chale 3zs
North America Asia and Australia
U.S., Calif., Jamesburg’® } 5800 Japan3 1730
=] U.S., Wash., BrewsterS: Korea 3 320
a Canada, B.C., Lake China, Rep, of 575
=] Cowichan 200 Phillipines? - 700
2 U.S5., Alaska, Talkcetna 500 Viet N 400
= Thailand 460
4| oceania - Singapore <100
[+% Australia, Maree 1050 -
U.S5., Hawan, Paumala 3400 Austrazlia, Carnarven 100
U.5,, Guam, FPulantat 450
S.E. Agia and Austraha Near.Eagt
Australia, Ceduna 1300 Kuwait3 Z09
China, Rep. of? <100 Bahratn ~200
Japan 325 Sagdg Araba’ <100 R
g Philippines3 <100 Iran <100
a Hong Kon§ 325 Lebanon 125
- m Singapore 325 N
- Malasia 150 Africa
8|  Thauand3 <100 —
8 Indonesia 225 Kenya 375
= Zambia <100
df India Area - J€- Migereas <100
k]
1 Ceylon <100 Europe
India, Dehradun } 425
India, Arve - UK, Goonhilly Downs3 1800
Pakistan b 1100 - Ge rmany, Ralshng3 125
Spain, Buitrage3 150
Italy, Fucino 150

lTraﬁlc demand estimated in equivalent number of 4 kHz one-way veice channels.,
zEZither Etam or Andover capable of handling the total IJ.5.-Atlantic Basin traffic.
3Communicates with satellites 1n more than one ocean basin,
4Serves Norway, Sweden, Finland, Denmark.

sglther Jamesburg or Brewster capable of handhing all U.5.-West Coast traflic to
other parts of the Pacific Basin. - 2 -

REPRODUCIBILITY OF THE
ORIGINAL PAGE. B POOR
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The 1982 (selected fo show demand a decade into the future) traffic
demand for these earth-stations, in terms of equivalent voice channels,
has been estirnated based pr:{mari'ly on traffic estimates and growth rates
from Comsat Corporation {(the operatiﬁg agency for Intelsat), AT&T, and
the Federal Communications Commission, assuming a 15 percent annual
growth rate. Demand for other years can be calculated by using the 15
percent growth rate, i.e., traffic doubles in five years, Where a prospec-
tive system requires voice or low speed data channels adding up to a small
fraction of a particular earth station's normal load, service can be"expected
to be available. However, requirements for a large fraction of capacily,
particularly high speed data Hz’.tks,‘ may require special arrangements and
additional equipment, particularly in the less industrialized countries,
Stations with fewer than 100 voicé channels should be assumed to provide

only a few voice channels to any proposed system use.



8. TELECOMMUNICATION SYSTEMS LEASE COSTS

This section presents data on lease costs to provide a basis for
comparing the cost of communications using p?:'ospective satellite systems
with the cost to provide the same communication services using-leased lines
in the terrestrial communication network for voice and data transmission.
These costs are representative of communications costs for the areas of the

" world with developed commuiiication systems and were taken from Reference
8-1. l All costls have been adjusted to 1973 dollars, fromh 1969 dollars in the .
data source using the Bureau of Labor Statistics wholesale price index for
all commodities to adjust for inflation and usi:ng a f;:zur percent per year
declining trend (constant dollars) in comrp.unica.tibns casts. Commodity
indices for 1969 and 1973 were 106.5 and 130.7, respectively.

Annual costs in 1973 dollars are shown in Table 8-1 for U.S.
domestic leased voice circuits at several distances which are the break
peints in the rate charged per mile. Figure 8-1 shows the 1973 annual
costs per circuit from Table 8«1 as a fun-.ctioﬁ, of distances in kilometers.
For convenience in calculations, the actual cost variation has been approxi-
mated in the range up to 804 kilometers (500 miles) by two straight lines.

Transoceanic leased voice circuit costs in 1973 dollars are shown
in Table 8-2 together with the corresponding distances. The bas_ic.'data,
in cost per channel per month, have been restated in terms of costs per

“circuit (two channels per circuit) per year in addition to being adjusted to
1973 dollar costs. These costs are composite costs of the communica:tions
media used, essentially satellite: and submarine telephone cables, egtablished
by international agreements. The user has no control over the medium
used by the carrier to provide service and no distinction in rates is I.nade
relating to the medium actually used. Thus, compar‘isc;'igs using these data

would be between the costs of prospective space systems: and the costs of
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.Table 8~1. Lease Costs-, U.S. Domestic: Voice Circuits

DISTANCE . COST/MONTH! COST/YEAR
(mi) {(km) . (1969 Dollars) (1973 Dollars)
25 | a0 _ 82,5 ‘ 1,032
100 |7 161 ) 255.75 3,198
250 | 402 _ 503,25 6,293
500 804 792.00 ' 9, 903
1500 | 2414 - 1617.00 20,219

lDuplex (two-way circuits) costs shown here are 10 percent
greater than costs per channel (one way or "simplex'), per
¥FCC tariffs: . .
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Figure 8-1. U.S, Leased Duplex Voice Circuit Costs, 1973 Dollars




Table 8-2, Lease Costs,” Transoceanic Voice Circuits
Cost/channel; Approx. dislta.nce Cost/circuit
From To per Month {lkan) per Year
($1969) [Actual |Shortest [$1000, 1973
Japan Philippines 16, 582 3140 Y 380
Japan Guam 10, 987 2670 264
Hawaii | Japan 16, 506 6270 ! 396
Hawaii Philippines 15, 120 8620 363
- Hawaii | California 8, 064 4020 194
Hawaii Ccriorado 8,064 5460, 194
Hawaii Pennsylvania 8,064 7820 | 194
California | Guam 16, 128 9650 | 9170 387
Nebraska | OKinawa . 21,571 11400 | 9170 518
Nebraska |‘Puertio Rico 5, 040 53940 121
‘Nebraska |Spain 11, 945 7400 5550 287
N.Dakota” | Bérmuda ' - 6,048 | 3540 145
Georgia Puerto Rico ' 5,040 | 2570 121
Virginia | Panama 7,812 3280 | 1930 187
Virginia _ | Bermuda 6, 048 1380 | 145
‘Virginia | Patis 12, 933 6300 | 5550 310
Virginia |Stuttgart 12, 627 6780 | - 5950 303
Maryland .| United Klngdom 13, 392 5950 5310 321
N. Jersey Spam 11, 945 5870 . 287
Fl'grida | Bahamas 2, 520 322 60
Florida .| Puerto Rico 5, 040 1800 121 .
Florida HCuba 1,008 481 24 -
Florida |Jamaica 5, 976 1010 143
Panama | Uruguay 11, 592 5620 278

Yshortest fo:r:e1gn -U.S. distance. -Great circle distance from forelgn
point to neare st major U.S. city.




1

‘leasing from the established common carrier network, rather than costs of

leasing service from térrestrial systems exclusively;.f’The cost data have
been pl\of':te‘:d in Figure 8-2 as a function of distance, uéing two straight-
line curves fitted by inspection to represent the cost[éistance relationship.
Substantial variation about the curves is evident, reflecting the variability
of factors which bear on the international agreements. " For ]:;)u-I‘PDSeS of -
projecting costs into the future, the cost/distance curves are preferable
to a matrix of costs for each pair of countries, or areas within Couqt;'ies.
The curves éan be projected with more certainty than.the individual link
cc-:sts. ) - )

Costs for transoceanic links to and from the “c‘:ontiguou‘s United

States are related to the great circlé distance between the foreign end of

the link and the nearest major city in the U.S. rather than to the nominal

point within the U.S., Thus, the actual transoceanic rate is the same re-
gardless of the location within the U.S. and the curves of Figure 8-2 will _
provide the correct costs when distances are measured in the proper manner.
Table 8-3 shows interexchange lease costs for 500 kilometers for
voice circu"1ts in foreign countries. The sample inclu‘deg,, primarily Eurcpean
countri-.es but rates for other foreign countries in the non-Communist part
of the world generally fallrwithin the range of variation of costs shown in
the table. These costs \tend to vary directly with distance. For some of
the ‘countries shown,  rates are a constant amount per kilometer while, for
others, the cost per kilometer declines ‘somewhat with increasing distance.
Use of the a':ve rage value of $29.00 per year per kilometer per circuit for
estimating costs appears t6 offe¥'the best compromise bétween simplicity
of calculations and acc{lrac‘f’o‘f. results,
Table 8-4 lists inte rnational voice circuit lease costs among
European voice circuits. The same value I;’lé.y be assumed for projectionsg
of costs for other foreign areas on the basis that the teéhnology used is_
similar throughout the world and most countries have an interest in

promoting good communications:
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Figure 8-2, Leased Duplex Voice Costs, ‘Transoceanic, 1973 Dollars



Table 8-3. Lease Costs, Interexchange Voice Circuits, Foreign

Cost Per Month
Country @ 500 km (311 mi)
) {($1969)
Belgium $ 1400
Denmark ' _I - 550
France - . 1350
Ww. Germa:ny 2250
Greece . 1 ) 1600.
Italy ‘ - 1410
Norway 775
.Portugal 1100
Turkey 1280
United Kingdom ‘ - 600
Australia 1317
Japan : 840
Philippines 600
Average $ 1159“_‘ '

3

Average costper kilometer (1969 dollars)

$27..82 per year, per km

. N ")
Average cost per kilometer (1973 dollars) $29.00 per year, per km

or
Or

$ 2.42 per month, per km
$ 3.89 per month, per mile

n it



Table 8-4. Lease Costs, International Voice Circuit, Europe

London Oslo 3026 . - 1205 |. 30.1
London Copenhagen | 3035 977 37.3
London Belgium 1820 - 367 . 59.5 g
London . | Frankfurt 2637 | 660 -| 47.9
London dre’ece 8886 2389 d . 44,6
London Paris , 1851 367 . |-~-60.5
Liondon N. Italy 3271 1046 .| 37.5
London Lisbon 6795 - 1564 52.1 -
Oslo Belgium 4639 1255 . 44,4
Oslo Copenhagen 1209 595 24,4
Oslo Paris 3 5685 . 1385 49,3
Oslo .Frankfurt 3267 1368 - 28.7
Copenhagen | Frankfurt -| 2385 692 41.4
Copenhagen | Belgium 3528 772 . 54.8
Paris Lisbon 5489 1403 46.9
Paris Ankara | 8073 | 2735 35.4
Paris N. Italy 2874 692 49.8
Paris S. Italy 4181 1384 " 36.3

1 Italy Ankara 8429 - 1850 54,7
Italy " | Greece 4704 i 965 58.5

Average - ’ 44,70

$44.70 per year, per km
Average cost per circuit (1973 dollars) =i $46.58 per year, per kan

Average cost per circuit (1969 dollars)

or $ 3.88 per month, per km
or $ 6.25 per month, per mile



The cost trend of a three-minute public telephone call of 500,
/1000, and 2000 miles in the United States is shown in Figure 8-3. Data
for the period from 1919 to 1972 are shown in current {current at the time,
" or actual) dollars. The costs for the latter part of this period, 1959 to
1972, have been stated in counstant 1972 dollars, using the Bureau of Labor
Statistics wholesale price index for all commodities, and have béen'e;c-

trapolated to 1995. . . -
The average rate of decrease of four percent per year for a-,.llo(iO-.

mile call, as shown in the figure, has béen selected as an indicator of

long-haul communications cost trends for'proje;:tin_g costs of commuﬁications,

both U.S. and foreign, from the currently prevailing costs. -'I-‘hea decline

in costs reflects the 'n;te raction between growth in the demand for com-

munications and decreasing cost per call due to advances in conunhnic,a.tibn;

technology and the ecc;nomiejs of scale and heavier traffic. This interaction

and the effect on cost can be expected to be similar throughout the world.
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COST IN DOLLARS - FIRST 3 MIN
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Figure 8-3. Cost Trend, Public Telephone Cost of Station-Station
Day Call, First Three Minutes, U.S.
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9. LINE-OF-SIGHT MICROWAVE RELAY
COMMUNICATIONS SYSTEM COSTS

Line—of-sigl;t microwave relay trunk lines are the least expensive
longer-haul terrestrial communications medium under most circumstances.
~ These trunks make up the bulk of the AT&T Long Lines Department network
in the contiguous United States (along with aerial or buried telephone cables),
Spec;1a1 purpose carriers also have assumed the use of microwave relay
systems for inte r-city and national voice/data transmission in proposals for
systems to service special Segrnents of the communications market, e.g.,
a1r11ne operations data, or business voice ‘and digital data communications.

‘ Where terrestrial transmission costs are reqmred for dedicated.
communications facilities of systems.in the planning stage_ s, microwave
relay costs can be used as representative of costs for commmunications
systems which might actually include other media such as aerial or buried
cable or high-frequency radio. Even where a detailed system design might
show other media to be preferable, costs for such media are not so different,
and the likelihood of their being selected is not so great as to disturb -overall
communications costs 51gn1f1cant1y.

In order to prov1de some insight into the cost relationships for .
microwave relay systems, the characteristics and costs of a domestic U. 5.
system proposed by the Data Transmission Company (Datran) subsidiary of
University Computing Company-are given below and analyzed using ddta
from additional sources. From the data and analysis, costs and cost
relationships are developed which are.iseful in estimating costs of micro- .

wave relay systems with different confi gurations.

9.1 THE DATRAN SYSTEM

The system proposed to the Federal Communications Commission

by Datran would connect 35 cities using 2 single trunk microwave relay line
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and spur lines, as shown in Figure 9.1, Trunk lines and spur line relays
would transmit digital data-at carrier frequencies in the 4-6 GHz band.
Relays would be spa.ced at a.pproxunately 30-mile (48 km) intervals., K Dis-
tribution at traffic centers, shown in Figure.9-2, would use 11 GHz micro-
wave relays spaced at five mxles (8 lqn), and subscribers would be connected
to the distribution microwave rela.ys by cable. Message switching would be
accomplished at ten District Offices located in fen of the 35 traffic centers;
a single Regional Office would smtch messages among the ten District
Offices. Message switching would requlre no more than three seconds.
to esgtablish a connection. Avalla.bthty was estimated to be 99.98 pe rcent,
P.01 (probability of less than one percent of not getting a circuit) service .
would be provided during the busy hours, The system is designed to ensure
an error probability of less than 10 7. i

- Time division multiplexing (TDM) ‘would be used with phase shift
keying (PSK) to allow sunuitaneous broadcast by -up to six compatible sub-
scribers. Channel sampling at 20 Kkilobits per “second {(kbps) would be used |
for &tder wire voice. Initially, data rates up to 2 kbps would be available
in the asynchronous mode and up to 14,4 kbps in synchronous mode. Higher
rates,- 19.2-48.0 kbps, would be offered later as the market required.
Changes in capacity would be accomplished by changing channel equipment
modulesi” =. . '

Maintenance would be simplified by the modular-design of equipment,
designed for field replacement of ma_.lfunctioning ‘modules. Transportable
spare stations and modules would be used to patch around catastrophic
failures. ‘One maintenance crew, consisting of seven persons, :would be
responsible for 10 microwave stations.

Investment costs for the system over the six yea.rs of system
installation are shown in Table 9-1. Of the $349M total costs shown,
transm1ss1on and switching account for $179M, and local distribution $1.6 1M.

Not shown is $69M in facilities, which would probably be custome r-owned.
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Table 9-1. Datran Microwave Relay System Investment Cost (M}

Year :
. Total
1 2 3 4 5 6

STr‘mkS' 1.5 86.1 ] 26.71 0 0 0 114.3
purs .. _
Dist. Office . L d -
Switching 1.5 9.5 { 17.2 | 21.0 10.8 029 60..0
Régional e .

Office 0 0 0 1.4 3.7 0 5.1
Switching .
Local 1
Distrib. 0 0 21.5 | 62.8 .56.2ﬁ 20,5 161.0
Vehicles 0 0.4{ 0.51-0.5 | 0.4 0.5 2.3
Other 0 4,2 2.11.0" 0 0 6.3

Total 3.0 100.2 | 68.0 | 85.7 71.1 1 21,0 349.0 |

lApproxhnately 70 .percent of total local distribution costs.
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The following charge rates for switched message service were

proposed:’ -
Data Rate (kbps) Cost, ¢/min Cost, ¢/kilobit
6.15 : 8.0 0.890
- 4,80 1995 . . 0.068
9.60- 35.0 0.061

14. 40 47.0 ) - 0.054

Customers would be billed for actual message t1me, based on a six-second
1n1t1a1 period and Six-second increments for additional txme. : . The combma—- :
tion, of three-second switching time and six-second b1111ng interval would .
offer distinct cost ‘advantages for customers with substantial amounts of
traffic in messages of only a few seconds duratlon The current common
carrier network, by companson, requires approximately 20 seconds for
sw1tch1ng and b1lls for an initial three-minute period at the mma.mum

9.2 UNIT INVESTMENT COSTS, MICROWAVE TERMINALS AND- RELAYS

-7

: Investment costs of microwave terminals and relays are broken -
dowo:to the l_evel of inajor components and functional elements in Table -9-2,
using data from Cos grove and Chipp .(Ref. g-1}. - The $161, 600 cost per ]
rel‘a? ‘sfa-tioﬁ-r is divided approximately one-third each to building, site, and
powef elect'ronics and antenna system; and installation and engineeriog.
Costs are essentially independent of the number of channels: carried.

‘ Terminal costs show a similar apportionment of costs for small
capacity terminals. However, the mu1t1p1ex1ng equipment required is
directly related to the terminal capacity, and costs for this equipment
increase as the 0.85 power of channel capacity. Costs for large terrnfnals
with hundreds of channels are dominated by multiplex equipment costs and
the attendant costs for documentation, spares, and support equipment.

The unit costs of terminals and relays as a functlon of the number
of channels of capacity are shown in Figure 9-3. These costs are 14
percent greater than those based directly on the Cosgrove and Chipp data

in order to match the Datran estimates.
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Table 9-2. Microwave Relay Investmént Costs

30-mile hops 150-ft guyed tower

7-8 GHz frequency 4-ft antennas
Typical Terminal Costs {$1000s)

No., of 4 kH= .'I‘elephone Channels 12 24 60 - 120
Electronics ($19.5), 160.ft Waveguide($1.0) _
Anténna & Tower ($6.0), Hardware ($1.0) 27.51 27.5| 27.5 7 27.5 .
Multiplex with Signalling . 27.2 42,2 90.0-1162.0

Total Electronics Cost . - 54,7 69.71 117.5 |189.5
. Documentation (6.3%) Transportation (2%),
Spares (7%}, Ground Support Equip. (6.3%)
Total 21. 6% of Electronics Hardware Cost 11.8 15,1 25.4 | 40.9
Installation, Engineering |1 67.0] 68.0| 71.0 |*76.Q;
Bldg. (200 £, $5.0); Power (15kw $20,0); ' :
Commercial Power ($10.0); Land, Grad-
ing, Roads, Tower Foundation ($l4.0);
Fuel Storage {1000 gal, $1.0); Fencing ]
(800 ft, $8.0) 58.0| 58.0| 58.0| 58.0
Total 191.5] 210.8 | 271.9 |364.4

Typical Relay .
(costs essentially independent of channel capacity)

Cost ($1000s)

Electronics ($38.0), Waveguide ($2.0) Tower-.and

Antenna {$6.5), Hardware and Miscellaneous {$2, 5) 49,0

Documentation, Transportation, Spares, Support

Equipment, Total 21.6% of eléctronic.equipment 10.6

Installation, Engineering 44,0

Building, Power, Site Preparation, Roads, Fences,

{same as for terminal) ) 58.0
Total 161.6
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INITIAL INVESTMENT, § millions

10.0

l!TllI

!

TOTAL
TERMINAL

—
.
'+ O

TERMINAL
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—
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0.01 ] 1 Illj_lll ] | ||l-[;1l H 1 j SO

i1t ]

io 160 1000
CAPACITY, 4 kHz telephone channels

Figure 9-3. Line-of-Sight Microwave Terminal and Relay
Station Investment Costs vs Capacity
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The top curve of tﬁg figure includes the additional costs of message

switching at $1160 per channel.

9.3 ANNUAL OPERATIONS AND e oo -

Annual costs of operating aﬁd maintaining microwave relay systems
are sensitive to system configuration. Low capacity, simple -systems con-
sisting of two terminals and a very few relays tend to have higher pe rsonnel
costs and lower spares costs per dollar of initial investment than networks -
with many terminals and high capacity. The differences are the result of
scale effects (doubling a terminal's cost may increase personnel costs by- -
only a small fraction) and equipment mix (high capacity networks have a
higher proportion of multiplexing and switching equiﬁment cost, and thus
a higher proportion of spares costs). )

Differences due to configuration are. apparent in the estimates of
annual costs in Table 9-3 for two systems. One system, used by Cosgrove
and Chipp for an example, is a single trunk system, 3000 miles long, with
two terminals of 60 channel capacity. Switching equipment is not included.
The ‘other, the Datran system, has somewhat more than twice the length
{and number of relays) and 36 terminals, most of which have channel
capacities of 1000 to 2000. Switching equipment is included. Annual costs
for the former were 15.7 percent, for the latter, 11.2 percent of mvestxnent
A value of 14 percent of initial investment should be used for annual opera-
tions and maintenance costs (capital recovery costs not included) for
relatively short systems with two or three terminals and relatively few
channels. For systems approximating either”of the example systems in

the table, the corresponding percentages may be used.
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Table 9-

3, Annual Operations and Maintenance Cost -
Microwave Relay Systems

Coagrove & Chipp

Datran

(Twe Terminala, 99 Relays)

(no switching costs)

(36 Terminals, 241 Re lays)
[switching costs included)

Annual % of Annual % of

Cost %ff;’;g;:};’f Cost Gost $16.6 M Gost Reldtionship Gost $179 M

] ? ($1000s) Invest. ($1000s) Invest,
Personnel (104 @ $16; 000)1 1810 10.9 Personnel {374 @ $18, 200)2 6820 3.8
Replacement parts {10% of 511 3. Replacement parts {10% of 12.000 6‘ 7

electronics cost) * electronics cosgt) iy .

Utilities {101 atations @ $2000) 202 1,2 Utilities (277 stations @ $2280}2 632 0.4
Fusl Oil {10] stations @ $300} 30 0.2 Fuel Cil {277 stations @ $340)?‘ " 95 0.1
Misc, ({1/4% of investment) 42 0.3 Misc. (1/4% of investment) 448 0.2
Total 25953 15.7 Total 19,9953 11.2

lInciudes 9% overhead and administration,

2

Datran costs are about three yvears later than Cosgrov- % Chipp data and appear to be about 14% Higher.

Cosgrove & Chipp unit costs have been increased 14% oo appropriate for application to Datran system.

3Does not include capital recovery costs,




10. U. S. POSTAL SERVICE RATES

~ As an alternative to the transfer of data by communications satellite,
the Postal Service may be used for transport and delivery of data or informa-
tion in printed copy, photographs, or rolls of tape., The Postal Service
rates below can serve as a basis for estimating cost for cost-effectiveness
comparisons with space systems.

" Rates charged by the Postal Service cover rhuch more thanvfhe

transportation of mail from one place to another. +The rates also,-ccljver
the costs of mail collection,' 'sorting according to destination, local and )
long-haul transportation, further sorting, andslocal transport and delivery.
Costs other than transportation comprise .the bulk of the ¢osts, as see;'x
below.

Percent af Total

Costs
Collection 9 )
Processing 32.
Transporting . 11
Delivery 42
Administration . 6
100

Processing and delivery costs are responsible for three-fourths
of total costs. Comparisons of costs for postal services with costs of
information transfer by satellite must include the corresponding processing
and sorting function costs for the system which uses satellites for 'trans-
portation® if the comparisons are to be valid.

Postal Service mail categories and charges are summarized below
in sufficient detail to permit calculation of mailing costs according to the
class of mail, the kind of sender, and the nature of the material,

Rates for most mail classes vary with distance, with rate steps

related to eight postal zones. Zone } surrounds the originating office direct
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service area, and Zones 2 through 8 are circular bands at increasing
distance., Zone charts which tabulate, ‘destination postal zip codes by zone
2re used by post offices to determine zones and postal rates. These zone
charts’ vary with the location of the origination post office. They are
cumbersome to use in generalized-studies inasmuch as zone charts for
all ongmaf.mg post offices of concern in a study must be at hand in order
to dete rmine postal rates. Postal rates are tabulated on the followmg pages
of this sectmn in the form used by the Postal Service, i.e. » with respect
to zones. o o ‘

Table 10-1 relates these zones to their approxunate distances
from the or1gmat1ng otfice, allowing the zone distance between two points
to be ‘détermined without resort to zone charts of exther point,

Table 10-2"outlinies the characteristics, 11m1tat10ns, and costs
of postal service by the major mail classifications, first through fourth °
class. Tables 10- 3 through '10-6 provide rates detail that is too extensive
for the formiat &f Table 10-2.

The detail in Table 10-2 and the supporting tables will be adequate
in most cases to determme postal rates for SpElelC prospectzve mail usage.
In case of doubt, the main post office of any large: czty can provide additional

clarification,
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Table 10-1. Approximate Distances from L.os Angeles
to Postal Zones 1 through 8

Zone Distance, milesl!

lL.ess than.50 2 .
50 to 125

125 to 250

250 to 600

600 to 1000

1000 to 1400

1400 to 1850

More than 1850

X 3 O N W N e

1Distances are approximate, based on scaling distances
from Los Angeles to Zone boundaries as identified from
the Postal Service Qfficial Zone Chart for Los Angeles.

2Less than 50 miles but greater than radius served . =
directly by the originating post office.
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Table 10-2,

Principal Mail Categories and Rates, U.S, Postal Service

First Class

Airmail

" Priority

—

—

Users, Uses

Lietters, cards, business

Same as first class™

Sealed parcels

Characteristics,
Limnitations

reply mail, sealed parcels

Written, typed materizl
must go first class

y Jrmmsa et

Privacy asgsured, letters
and gsealed packages
12 oz or less

. 8 0oz or less
B i ~

Same as first class,
exCept:

"~y

Same as first class,
except:

>8 oz up to 70 1b

Handling , ' . . Lo o .
Qutgoing Top priority-first dispatch’ Same as first class Same as first class
T'ransportation Fastest surface or space-" Fastést -available Fastest available
- available air over 200 miles ' '
Cost 6¢/card 9¢ /card See Table 10-3
8¢/oz 11¢ foz

Bus. reply: 8¢/card

<2 ‘oz, 8¢/oz + 2¢ each piece

>2 0z, B¢/oz +.5¢ each piece

Bus, repi;}': 11¢/card
<2 o7, 11¢ /02 + 2¢ each.

>2 oz, 11¢/0z + 5¢ each

L

1First Class mail is, essentially, '"unguaranteed airmail', Currently a large portion,
roughly three-fourths, of first class mail from post offices in major metropolitan centers
goes by air to destinations more than a few hundred miles away.




9-01

Table 10-2. Principal Mail Categories and Rates, U.8, Postzal Service {cont'd)

Second Cla,ss1

Zone Rate Publ,

Classroorm Publ,

Non-Profit Publ

. Transient Rate

===¥=--—--~———-‘"”"'"— .

Users, Uses

Mass circulation
magazines and
business publica-
tions :

Publishers of
weekly scholastic
magazines and
Sunday Schoeol
journals

Churches, schools,

labor unions,
fraternal orders,

General public

acientific societies, :

veterans' org.,
Scouts

Characteristics,
Limitations '
Handling S N ]
Cutgoing Within 24 hours Same as column |Same as column to Same as column to
. to left left “ | left
Transpbrtation Fastest surface |Same Same Same .
Incoming No-later than 2nd {Same Same Same
day -
Cost Sec Table 10-4  |See Table 10-4 |See Table 10-4 6¢ first 2 oz

.1¢ per additipnal oz

lpates and characteristics of second class mail delivered in the same county have been excluded

from the table because they would be of no va

lue to the purposes of this décument.’

zMajo.r publishets pre-sort and--deliver.;‘,o the post office on .schedules desgigned to minimize
post office costs. These arrangements’typically result in faster service. '
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Table 10~

2. Principal Mail Categories and Rates, U.S. Postal Service {(cont'd)

"Third Class

Single Piece Rate

Bulk Rate, Reg.

Bulk Rate, Non-
Profit

—— s

Controlled
Circulation

. %
FRNN |

Users, Uses

CGreeting cards,
small parcels,
printed matter,
booklets, mail
order catalogs,
general public

s

Quantity advertising
newsletters, book-
lets, catalogs,

‘' samples, seeds

Quantity mailings .
for fund raising
newsletters, reports,
beoklets, non-profit
corporations

Magazines & periodicals
not 2nd class because
circuilated to readers
without charige, trade
publications

)

Characteristics, | Less than one pound | Less than one pound Less than one pound 25% naﬁ-advertising min,
Limitations per piece - per piece per piece 24 pages, minimum
Handling ’ B . ' P ) .
Outgoing Within 24 hours Same Same Samé
Transportation| Earliest surface Same Samsé Same
Incoming ~ No later than Znd Same Same Same
1 day * - » .
Cost 8¢, lst 2 oz Circulars: Circulars: 15¢/1b
2¢ per add'l oz 23¢/1b, 11¢/1b : 4¢ each, minimum
4,0-4.2 ¢ each 1.7¢ each, minimum
» minimum ’ *
- Books: Books:
"17¢/1b 8¢/1b

4,0-4,2¢ each
minimum

-1, 7¢.each minimum.

&

3"I‘he higher minimum rate applies when more than 250, 000 pieces are mailed per year.

-
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Table 10-2, Principal Mail Categories and Rates, U.S. Postal Service {cont'd)

¥ourth Class

Kducational Library
Materials Materials Paxcel Post Catalogs
Users, Uses Books, filmas, Similar to Yeduca- All mailable matter | Catalogs and similar

catalogs, recordings,
printed music, other
educational mater-
ials, bock and record

tional materials!
category but mailed
by libraries or

other educational |

not in any, other
class

printed and bound
material

publishing clubs, ingtitutions -
book dealers
Characteristics, . 70 pounds, max,- 8 oz to 10 pounds,
Limitations 24 pp or more in-
dividually addressed
Handling . .
Outgoing Within 24 hours Same Same N Same |
Transportation |Earliest surface Bame Same Same
Incoming Within 24 hours ‘Sarme Same Same
Cost ‘14¢, first pound ‘6¢, first pound See Table 10-5 See Table 10-5

7¢ each add'l pound

2¢ each addil' pound

:




“Table 10-3. Priority Mail Rates

Weight Wesght
over B ovér §
oute RATE vunces RATE
and not . . and frt
exs eed . exieed
ng 1ocal . mng: Toual )
lones § toow 3  sones | donea ] Fon 7 | Zone B Fones | Zoned | Zone 5 | Zone & | Zonc ? {Zone 8
(b2 and 3 . s (!;h\ Y |2 and 3 -
] 100 oo | “1oo 100 100 100 36. ..0 1748 |* 1823 | 2038 | 2323 | 2603 | 2888
1.} 120 - 1.22 1.25 130 130 1.50 37 ..11795 18.73 | 2094 | 2387 | 2675 | 29.68
@, .1 140 ¢ 143 LS50 § 7 L60 168 .77 38 ..| 1844 1923 | 2150 | 2451 { 2747 | 3048
24% ., 164 1.65 1.76 1.90 202 216 39.. .| 1892 1953 | 2206 | 2515 | 28.19 | 3L28
3. .| ra0 1.86 2m 220 236 2.54 40.. .| 1040 2023 | 2262 | 25.79 | 28.01 | 3208
3%..f] 200 208 .26 249 269 203
4....] 220 2.30 252 279 303 331 .
4% 240y 25] 2,77 100 337 1.70 41 ...] 19.88 20.73 23,58 2643 2963 3288
5. a6n 293 202 230 371 408 42....| 20.36 2323 | 2374 | 27.07 | 3035 | 3368
43;. | 2084 2173 | 2430 | 2791 | 3107 | 3448
6.... 108 393 158 ans 443 | 488 #....| 2532 2223 24.86 28.35.| 31.79 3528
7. .. 156 373 4.14 467 |- 515 568 43 ..| 2L.80 2173 25.42 28.09 2.51 3608
8 . 104 423 4,70 5131 587 6.48 -
- ¥
o “5‘33 ‘s‘;g :g Z » ?r f;? ;‘;';;g 46...:] 2238 2373 | 2598 | 2963 | 3323 | 3088
o - - - ' T4 | 276 23,73 | 2654 | 3027 | 3395 | 37.68
n ... sas s71 638 7.23 8.03 8.88 'f;“ ) igg; 223 2710 (3091 | 3367 | 3848
. v 73 | 2766 | 3155 | 3530 | 028
iz 596 6.23 | 694 | 787 | 8753 9.68 so. .| za20 2523 | 2822 {3219 | 3611 | 4008
13. 6.44 6.73 750 851 947 | 1048 . ) - .
14 . 692 7.23 896 915 Wwie | 1128 -
15....1{ 7.40 .13 8.62 { 9.79 10.91 1208 s51....| 24.68 2573 28 78 3283 3683 | 4088
- 52,. .| 25.16 2693 | 2034 | 3347 | 3755 | 41.68
6 ..] 788 8.21 918 |- .43 11.63 12.88 53... | 2564 26 73 20.90 3411 3ga7 | 4248
17... | 836 873~| 934 | 107 | 1235 | 1368 s4....] 2612 . 2723 | 3046 | 3475 | 3899 | 4328
15....1 8384 023 w30 [ 1171 § 1307 ; 1448 55. ..] 2660 2773 | 3102 [ 3539 | 39.71 | 4408
19....] 932 9.73 10.86 1235 | 1379 | 1528 - -
20 .| 980 1023 | 1042 | 12900 | 451 | 16.08 -
56. ..| 2708 28.237| 3158 | 3603 | 4043 | 4488
3 10 28 10.73 11.98 1 13.63 1523 16 88 57.. 27.56 2873 32.14 36 67 41.15 15 6B
22 ...} 1076 1123 | 1254 ] 1427 | 1505 | 1768 54....| 2804 2023 | 3270 | 3731 | 4187 | 4648
az F1L24 1§.73 13.10 13.91 16.67 i8.48 59... | 2852 2973 33.26 37.95 4259 4728
24 .72 1223 | 1366 | 1535 | 12,39 } 1928 6¢.. .| 2900 3023 § 3382 | 3859 | 4331 | 4808
25 ._..| v2.m 1273 | w422 | 1610 | 181t | 2008 -
2....] 1268 1323 | 1478 | 1683 1883 | mes 61.. .} 20.48 3073 | 3433 {3923 | 4403 | 4388
22 13s 1373 | 1538 | 17247 | 1955 | 2168 62 ..] 20.96 3123 | 3594 | 3987 |" 4475 4968
- 63....} 3044 31.73 | 3550 |-40.51 | 4547 | 5048
ag.. .| 1364 1423 { 1590 Lise | 2027 § 22 h
. : > 64 . .} 3092 3223 | 3606 | 41,05 | 46.19 [ 5128
29 ... 1412 1493 | 1646 | 1875 | 2099 ] 2328 ¢ 3140 2573 | 3662 | 4l | 4691 | 52.08
0. .} M6l 1523 | 1702 11939 | 2170 | 2408 el Tk = . - =
31 .| 108 1573 | 1758 | 2003 | 2243 | 24.88 66....] 31.88 "3323 | 3718 | 4243 | 47.63 | 5288
32 .} 1556 1623 | 18.14 | 2667 | 2315 | 25.68 67....| 3236 3373 | 37.74 | 4307 | 4835 | 5368
33 ...} 16,04 16.73 18.70 21.31 2387 26 48 68....] 3284 34 23 38.30 43.71 4907 54 48
34....} 1652 17.23 19.25 21.95 2459 2728 69 ..| 3332 3473 38 86 44 35 49 79 55 2B
35....} 170 17.73 | 1982 | 2259 | 2531 | 2808 70....| 3380 3523 | 3942 | 4499 | 5051 | 56.08

' G . .-frﬂ'ﬁ‘

stBﬂE‘.é B PUGB'
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Table 10-4.

Second Clasgs Postal Rates

. ' * . z
i Zone-Rate Classroom Non-Profit”
) Second Class Category Publications Publications Publications
L . .
: 1
Cost
1. Reading Matter, ¢/1lb 4.0 2,3 2.4
2. Advertising matter, ¢/1b 3
Zones 1 and 2 6.0 3.6 4.4
Zone 3 ! 7.2 4,4 5.2
Zone 4 9.6 5,9 6.9
Zone 5 11.9 7.4 8.6
Zone 6 14.4 2.0 9. 4
Zone 7 15.3 9.5 9.5
Zone 8 17.8 11.1 9.7
3. Charge per piece 0.2 0.1 0.04
4, (Minimum total charge per {1.3) (0.8) {0.2)
piece) : ‘

lTotal cost per piece’is the.sum of Items I, 2, and 3, but not léss tﬁan item 4.

24, 6¢/1b for authorized agricultural publications (Zones 1 and 2).

3Non-proﬁt publications with less than 10 percent adv'ertis‘mg are charged at the reading
matter rate,




Table 10-5,

e

Parcel Post Rates - Fourth Class

Weight— -
1 pound Zones .
and not
exceeding 1 and
{pounds) [Local | 2 3 1 5 6 T 8
2 StL60 Sﬂﬁ? S0 70 | S0.55 | sus0 |Snon ‘H‘!m S5
5 . A0 i Ho A5 A5 LI 1.20) L4
A, .1 65 sol 85| o5 o] ran] 1w oo
5. .. i) 5 A0 1 lI_S 1.20 1.15 | 1.65 1)
6 . 7o o5 o] ws] s 1en| 185§ 210
T, 5 tos| 1o 1'23] .50 L3 210 235
8.. ™ L] LS 1.35] 1ou] Lon]| 2| 260
9. . ao| 1as| 120l v s 205 25| 285
o .. 80 L20| 1in 1.95 Ly ] 22047 265 3.1
t.... ao| e2sfonis| weo| 200 2307 2a5| 335
2 a5 ] 115 L7 21| 25 LI 55
11, fas L1535 1.55 1BrE 220 2060| 32%| 480
[ oo | ren] 1ol 245 27 35| ton
15.... | 90f s 1e3] 200] 215] 285] don| 20
16.. .| .os| ras| vis) 205 2554 295 380 1w
T 1 00 o] 180 2105| 263 .10 195 160
18 1o 165] oo 230 275) 2] Lis] 180
19 tos| 170 Zoof 230] 285 5437 130 s00
.. . 105 1351 2405 2 !(l\ 295 350 1544 320
at. . 110 TH| 200 219 305§ 265 1651 310
22 115 1.9 2.15]| 255 P13 475 183] 560
25 cbvs| os| 220] 260 225§ 300| s00| 540
2. .. 120} 2o 2231 09 435 1] 313 6W
2oL | ] 2t 2] 2] vwn) 0] 333 e
20 [.20] 210F 235 285] 155 1a] S0 6w
27 . eas| 205 20| 2o0] st L5t s65) oen
2. .. 123| xzof 2i5] 295) a0 1e0f 380l 68
20 . 1.10] 225 250 J.os 00 1.70F 3.0% | 7.4
w, . L30) 230| 255 1 0D 83| 6.HO| T20
3t ss) assi 2es| 2| viof soo| 625] 70
2. 1| 2w 20| 3a| w20 505 65| 60
33. . L 215] 273] 445 s 5235 een) Teo
34 - s 25| 280 310 LID] 5101 6373) 80
35. .. F a5y 255 2as) as] wse| 555 ovef sa2o

. “Weight—

- 1 pound v Fones )
and nat "
euerding f and : -~
{pound+} [ Lowal | 2 H 1 s h 7 B
AL | S| S200 | S290 S35 ] SE60 SS6T |S oSt
| — 15¢] 2465 1My ] 365 L] 373 T 6D
S8 - . L0y L70 | IT0° 180 590 151 a80
L R 133 295 sa0] sa0| wo| oos 700§ 900
w.o... 1551 28010 3150 3871 sonl 6 |3' sl v 20
CONSULE POSTMARIFR FOR BEIGH] \NWDSIZE LIMITS .

H.... L0l 2R 320) 193] 3153] 623 795 9 My
12._.. LO3| 290 S5 doi) 525] 610 B.ag 960
... LOS| 205 3] 10} 15| 653 B.23] Y.80
..., LIO] 300r] 335 115 5151 665 B0 ) Lo
..., LIn] 305 .1 r20) 595.) 680 B55] 102
3 . T2H] 310 350 110] 5.05] 690 B2 IG30
w.... rER R 1] 53] (L0 575 To0 890 ALECH
W, .. 135 SIS Ao6tr] LS| S83] 715 905] 1080
19, 180} 320 363{ 150]-595] T Y 20| 11LH
50, 1B0F 3523 470 Loe0| 6| T.1) %1315
al. 1851 310} s86] 130] 65| 754 9501 1145
52,.. . 1L.90¢ 5357 3851 LTS 6225 ] T6% 9.65]11.55
5., 190 30 H ] FBO} 6,315 THO ga031Ts
1 T f;.?': 203 39| L9D] 65| 70 Q.95 1190
5. .. 195(.11% 100 L95| 655F Boo| 1mia]i210
5h.... L] 450 ] L] 505 660 | 810 125|225
537.... 200]7355 | LIS 35| aTn| 435 to )] 12s
5 ... Relits L6 120 .20 68| 80| 1055 1260
9. 205) $65] 125 5.25) 7690 830 1oTo| 1280
[(1E 3 2058 165} i) 335] oo Ben| 1083 1295
6l... i) 170t 235 3451 TO5] 8704 1100 L0
62...% 23] 3T0F 1| 33508 753 BB 1S3 30
*6}.... ZE5) AT Vs 05| .25] vond t1a0]134s
61, .. ] 2200 B0 150 se0] 5] w10 11151365
) 65.. . 2200 ABS| 60| ST0| 745 920 LE6DE 1380
6O, .. 220 3004 165) 580} a0 930] 11351395
67, .. 2231 4953 LT0] 585) Toeo| 9] N85\ 1515
..., 2251 395 | LS| S| IO 933 | ELO8] 1130
L B 2307 k] wao| 95| 95 ) 9430 12.015] 1450
.. . Zf LGOS | 485) 605) TBS| 975 ) 1225]11.65
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Table 10-6. Fourth Class Mail, Catalog Rates

- Individual Mailings

Zones, Costs in cents

s

Weight,
1b Local | 1 &2 3 4 5 6 7 8
1.5 28 34 34 36 38 40 42 46
2.0 29 35 36 38 41 43 47 51
2.5 " 30 37 38 41 43 | 47 | 51 56
3.0 31 39 40 43 47 51 | 56 62
3.5 32 40 42 46 50 55 60 67
4.0 33 42 44 48 | 53 58 65 73
4.5 34 44 46 51 56 62 | 69 78
5.0 35 45 48 53| 59 66 74 83
6.0 37 49 52 58 | 65 73 | 83 94
7.0 39 52 .56 63 71 81 92 105
8.0 41 56 60 68 77 88 101 116
9.0 43 59 64 73 83. 96 110 127
10.0 45 62 68 78 89 103 119 . | 137
Bulk Ma.i.lings1
. Piece Bullk
Zones Rate, If{c:;gd
cents cents
Local 21 - 2.1
1 and 2 25 3.4
3 25 4,0
4 25 5,0 -
.5 25 6.1
6 25 7.5,
7 25 9.1
8 26 10.8

-1 . e . - . .
~ 7300 pieces, minimum, mailed at one time. Total cost is sum of

piece rate times number of pieces and pound rate times number of

pounds.
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il. SUBMARINE TELEPHONE CABLE COSTS

The first of the transoceanic submarine telephone cables was
AT&T's TAT-1 (V"Trans-Atlantic Telephone''}, which went into service .in:
‘ 1956, providing 51 telephone circuits of 3 kHz bandwidth between the U.S.
and England. Since that time, cables of increasingly larger capacity hawje
been installed. AT&T's most recent transatiantic cable, TATT 5, carrie;s
825 telephone circuits of 3 kHz bandwidth; and the <cur'r,ent— generation of -
British cables has a capacity of 1840 circuits of 3 kHz bandwidth or 1380
circuits of 4 kHz bandwicith-—. Currently, submarine cables connect North
America with Europe, the Bahamas, the Caribbean Islands,. South Aznerf.ca,
Hawaii, Guam, Japan,“l;lew Zealand, Australia, the Philippines, and
several points in the East Indies and Southeast Asia. Cables also inter-

connect Furope with the Near East and with South Africa,

11,1 INVESTMENT COSTS

Improvernents ih technology and economies of scale have reduced
the investment éost per subrn;arine telephone cable circuit by an order of
magnitude, as shown in Figure 11-1, The figure shows the investment cost
per half-circu.i'cl per kilometer versus capacity in half-circuits for the "
three groups of cables: the first cables of the late 1950's with 70:to 80 half-
circuits, the-cables of the 1960's with 100 to 1250 half-c¥rcuits, and the -
cables planned for installation in the 1370's with capacities to about 6009
half-circuits. Cables with 'over 20,7000 haif—ciri:uits, which are under
development by AT&T for installation about 1976, are not sh§wn because
no esﬁmétg_d costs are ava?ia’[bl,é . _'I“glephone half-circuit bandwidths of 3
kHz are usually~pro‘vided in subr;lzgr:me cables. However, in Figure 11-1

the capacities are plotted in terms of 4 kHz bandwidth rather than the

lTwo' half-circuits, or channels, are required for.a fwo-way telephone
circuit.
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nominal 3 kHz bandwidth in the interest of comparability with overland
and satellite communication systems, which usually provide 4 kHz
bandwidth, )

The recluction:‘of investment cost per half-circuit per kilometer
over the past 15"yéarsihéf:’s‘ resulted from two factors: improvements
in technology and. mcreases in capacity per cable. The first cables were
curnbersome and expenswe to construct and lay. They employed vacuum-
tube repeaters in bulky' cannlsters, and the armored twin cables were
heavy and tended to kink durmg laymg operations. Cables of the 1960's
were unarmored smgle cable s, about one-fifth the weight in water, using
transistorized repeate rs in much .smaller cannisters, and were easier
and less expensive to 1a'y‘;using equipment that had been brought into service
after the first cables had been laid. Inasmuch as cable construction and
lavying costs are relatwaly insensitive to capacity up to the.largest capacity
available, costs per half—c1rcu1t dropped almost inversely as the available
cable capacity inc reased,to about 200 to 250 half-circuits in the mid-1960's
and about 1250 half-circuits by 1968,

Costs based on AT&T estimates of investment costs for cables of
2500-to 6000 half-circdits, in the lower right corner of the figure, reflect
a furthér decreasc in unit cost due both to economy of scale and further
advances in technology. "The effect of advancing technology is indicated by
the use of separatfe lines in the figure to represent unit costs of the cables
of the 1950's, 1960'5, an.t'l 1970's. A line representing the technology of
the 1680's would be lower than the line for the 1970 's by a factor of 0.73 if,
ag appears to be reasonable, the 3,1 percent per year trend of unit cost
reduction for a particular capacity from the 1960 's to the 1970's continues,

Costs in Figure 11-1 have been.normalized to 4000 kilometers’
(2486 miles) using the relative cost factors. of f‘i—'él:l:'é 11-2 to adjust for
the effect of distance on cost pei“ kilometer. These factors are based on
estimated costs for AT&T's. TAT:3 cable system which is approximately
6436 kilomete rs'“(él-:(’)do_.-mﬂ"é's) long. Eleven percent of the TAT-3 costs are

cable terminal costs (Ref. 11-1) which are constant regardless of cable length.
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The effect of these relative cost factors-is srnall for most cable
systems smce most cable, systems exceed 2500 k1lometers, and the d1stance-
related costs of cable construction and laying are dommant For cable
) systems shorter than 2500 kxlometers, however, costs per mile should be
adJusted For these shorter systems the cable ten'nma.l costs_and the fixed
costs associated w1th planmng and initiating the system' becorne an inc reas-
ingly important part of total costs, and costs per ktlometer are more than
ten percent greater than the normalized values. ‘

The service life of a submarine cable is estimated by AT&T to be

24 years.

11.2 ANNUAL OPERATING COSTS

Annual operating costs, excluding administrative costs, for a
sample of seven submarine ca:ble systems are derived from AT&T estimates1
of revenue required fqr_maintena.nce, depreciation, taxes, and return on
investment,” Administrative expenses, excluded from the preceding estimates,
are derived from expenses reported to the Federal Communications Com-
mission (Ref. 11-2)., Total annual operating cost's as a percentage of gross
investment are calculated from these two sources,

Percent of
Gross Investment

Depreciation (24-~year life) h . 4.2
Maintenance 2.8
Taxes and return on investment . 15.3
Administrative expenses
Traffic Q
Commercial 0
General Office 1
Other 1
Services from AT&T General 0
Dept,

Total Administrative : 5.6

Total Annual Operating and Maintenance 27.9

laomments of AT&T on FCC Docket 18875, "Inquiry into Policy to be
Followed in Future Licensing of Facilities for Overseas Communica-
tions," August 19, 1970.

2'Da.ta. are the 1969 values of AT&T Long Lines department expenses as
a percentage of gross Long Lines plant cost.
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The estimated -re‘venue required for taxes and return on invest-
ment, 15,3 percent, for the seven submarine cable systems can be
'éompared toa 1969 return of 17.3 percent on Long Lines Department
net plant investinent, of which 2,4 percent went to taxes other than Federal
Income Tax, 7.1 percent was required for Federal Income Tax, and 7.8
percent remained as return on investment, ) o

For purposes of estimating annual costé, excluding depreciation,
taxes, and return, for submarine cable systems, the following may be

used:

Maintenance 2. 8% of initial investment
Administrative expense 5.6% of initial investment
TOTAL * 8,4% of initial investment.
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12. TERRESTRIAL POWER GENERATION SYSTEM COSTS

Costs of nuclear electric power generation were estiinated to
provide baseline costs for comparing the estimated costs of a solar cell

power satellite (SCPS) systern in the time period 1990 -72020," °

Nuclear power costs were selected for the com‘paris‘an inasmuch
as the bulk of new capacity added in this. time period will be nuclear
according to Federal Power Commission estimates, According to FPC
estimates in the 1970 National Power Survey, approximately 45 percent”
of U. 5. generating capacity will be nuclea® by 1990. Projecting the -
trends to 2020, about 68 percent of capacity will be nuclear or new technology.
In addition, both the nuclear and SCPS- systems are best suited tosupply
base load power. .Both systems have higher capital costs per kW of
capacity and lower operating costs (including fuel) per kW hr produced .
than fossil fueled plants; hence, the costs per kW hr for these syst-er‘ns
are the most competitive relative to fossil-fueled system costs at high

utilization rates.

C Sy

The SCPS system was assumed for the analysm to provide for
a fractlon, either ten percent or 25 percent, “of the incremental growth
of U. S. generatlng capacity beyond 1990 out to 2020. Growth of U, S.
generatmg capac1ty was projected at six percent per year. Nuclear sys-

tems to provide the same capac:.t:.es were assumed for " comparlson.

Nuclear capacity installed in the 1990s was assumed to be
of the boiling water reactor (BWR) or pressurized water reactor (PWR)
types. Fast breeder reactors were assumed to be selected for all capacity
added after 2000. These assumptions were intended to approximate ;3,
transition to fast breeder reactors from their initial commercial instal-
lations in the 1980s to their dominance of newly installed capacity in the

first decade of the next century.
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Nuclear generation costs only were included. Transmission
and distribution costs were excluded. Costs per unit output were calculated
in terms of mills per kW hr generated, -rather than per kW hr solid.
Sales are about ten percent less than the amount generated owing to losses
in transmission and distribution. Costs from the data sources were adjusted
to April 1973 dollar levels using the Bureau of Labor Statistics index of
Wholes-ale prices, and further calculations and results were in constant

April 1973 dollars. '

The primary source -of data for nuclear power facilities was
the Federal Power Commission's 1970 National Power Survey, December
1971, which. provides estimates of costs and characteristics of the electric
power industry based on-extensive data and analyses from the industry.

The actual data are complete through 1968.

Additional sources were:referred to for information on fossil
and nuclear fuel resources and price projections, projections of nuclear
technology, and projections of nuclear costs. Most of the additional informa-
tion was not used directly in arriving at cost estimates inasmuch as the
FPC projections take into account anticipated changes in costs during the

1970s and 1980s.

12,1 NUCLEAR INVESTMENT COSTS

The following estimates of nuclear plant investment costs for
BWR or PWR plants were the basis for the estimates used in this study.
The FPC estimate applies to the 1970s and 1980s; the AEC model applies -
to the early 1980s, . Both estimates include interest costs during construc-
tion; they do not incluée allowances for escalation of constrgction costs

-

with time.
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Unit’ i
Capacity
In MWe* 1968% "1972% © 1973%
FPC: ‘ - ‘ T
Plant _ 1200-2800 | 222/kW 282/xW
Nuclear Inventory | _ 30/kW _32/kW
" Total o | 252/xW 320/kW
AEC Model#* . . . e
Plant 1000 336/kW 369/kW
- 2000 : 275/kKW | 302/kW
Nuclear Inventory - .- ]({not stated}|(not stated)

afa

* MWe is megawatt electrical output capacity. -

atsnts

% KEstimates based on AEC cost model used by F. C. Olds, Capital Cost
Calculation for Future Power Plants, Power Engineering, January °

1973, Includes costs for near-zero radiation waste control and cool-
ing towers. -

Based on the data above, the plant investment cost for a large
nuclear unit, 2000 MWE capacity, would cost about $300/kW (the simple
average of $282 and $302, rounded up to $300)., Thus the following invest-

ment costs were used for nuclear plants with 2000 MWE units‘(”.

¥

] Cost/KW of Installed
Time Period Capacity, 1973%
BWR and PWR
Plant . 1990s 300
Nuclear Iriven‘tory ) . : - . _38
Total Investment 338
Fast Breeder Reactors - : : ‘
Plant @ (1.23 x BWR . 2000 to 369 '
or PWR)* ] . ) 2020
Nuclear Inventory** ‘ __E’»ﬁ
Total Investment 407

L

* Page IV-1-58 of 1970 National Power Suevey.

e b
-

Not estimated for FBRs in the source. Assumed, herein, that nuclear
inventory cost will be the same for BWRs and PWRs.

(1) Two or three units per plant site will be common,
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12,2 NUCLEAR PLANT ANNUAL COSTS

The FPC data for annual plant operating costs were estimated

in terms of O&M, G&A, fuel burnup, and annual fixed charges as follows:

Annual Cost Pexr kW.of
Installed Capacity Per Year
1968% N 1973$

O&M (Payroll, Engineering 3.00 ~3.80
Exp., Supplies, Equipt.)
G&A (17 % of O&M)* 0.52 - 0. 66
Fuel Burnup @ 0.5 mills/ . 2.37
kW hr, 54% cap. factor . .

#* Page I-19-19; ratio of G&A to O&M for power production, 1968,

Annual fixed charges, per FPC estimates, page I-19-6 of the

1970 National Power Survey, figured in percent of gross investment are:

insurance 0.2%
Ixixcome Taxes 2.2%
Other Taxes 2.4%

Total 4. 8%

The estimated O&M cost per kilowatt per year is an average
derived from detailed estimates for individual plants of various capacities
a;xd plants with one or more generating units. The fuel burnup cost of
0.5 mills/kW hr is an estimated composite cost. Fuel costs are estimated
to decline rapidly with the introduction of FBRs from 1,2 mills /kW hr
(1968$) for BWRs and PWRs in 1990 to 0.4 mills /KW hr (1968%) for FBRs
in 1995. This latter cost, adjusted to 0,5 mills/kW hr (1973$) was used
to estimate fuel costs for the entire period from 1990 to 2020. Higher

costs in the first decade of the period would tend to be offset by lower
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costs in the second two decades, if it is assumed that fuel costs will be
reduced further in the period 2000 to 2020, '

A tapacity factor(i) of 54 percent was. assumed-for the economic
analysis to determine costs per kW-hr generated. This is the FPC's
estimated \a.verage factor for all types of electrical generation in 1990,

Documents used to derive the above information aré listed as
References 12-1 through 12-9 in Section 14 of this volume of the final

report,

(1) Ratio of kW hr per year generated and sold to kW hr capacity (kW
capacity times 8766 hours per year):
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13. COST EFFECTIVENESS COMPUTER PROGRAM

The listing for the Cost Effectiveness Computer Program

is listed in APL language on Figures 13~1 through 13-16.
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ATR-74(7342)-1
Vol, 1, Part 4
- Revision 1 .
SATELLITE R AND D
MISEION FOQUIPMENT
SPACECRAFPT
SAPELLITE TNVESTMENT -
. MISSION FQUIPMENT
SPACECRAPT
SATELLITE OPERATIONS
L/V DIRECT OPERATIFC COSTS
CPOUND SYSTEM IFVESTMFET
ELECTRONICS .
SUPPORT PACILITIES
GROUND .SYSPENM. OPERATIOES
TOTAL 8Y¥YBTEM CO8TS
YEARS &PTER START
EPVY ®ACcTOR .
UNTT DEMAND PER YEAR
KPV UNIT DEMAND
SATELLITE R AND D REVERNUE
FPY MISSION EQUIPVENT P AND D
MISSION ROUIPMENT UNIT CHARCE
MISSTON EQUIPMEDNT REVINUT
EPV FPACECPAFT R AND D
SPACECEAFT UKIT CHARGE
SPACECRAFPT REVENUE
SATELLITE INVESTMEET REVENUE
BPY MISSION EQUIPMFRT INVESTMLET
MISSION FQUIPMENT UNIT CHARGE
MISSION EQUIPMENT REVENUF
NPV SPACECRAFT INVESTMENT
SPACECRAPT UNIT CHARGE
SPACECRAFT REVERUFE
SATELLITE OPERATING REVENUE
EPV OPERATIONS
OPERATIONS UNIT CHARCE
OPERATIONS REVENUET
L/V DOC RCVENUE
rPv L/V DOC
L/V DOC UNIT CHARGF
L/V DOC REVENUE
CPOUND SYSTEM INVESTMENT REVEFUE
¥PV ELECTRONICS .
ELECTRONICS NNIT CHARGE
ELECPRONICS REVERUE -
NPV SUPPORT FACILISIES
SUPPORT FACILITIES UNIT CHARGF
SUPPORT PACILITIES REVENUE
CROUND SYSTFMS OPERATIONS REVENUE
NPY OPERATIONS
OPERATIONS UNIT CHARCE
OPFRATIONS REVENUE
TOTAL SYSTEM CHARGE RATE
FOTAL SYSTEM REVERUE
TOTAL NPV OF SYSTEM COSTS

Figure 13-1. Output, Cost/Revenue Analysis for
Constant Dollars (CORAN)
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Vol, Hi,,Part 4
Revision 1
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spacecaarr ORIGINAL PAGE IS POOR

SATELLITE OPERATIONS

L/V DIRECT OPERATING COSTS

GROUND SYSTEM TNVESTMENT
ELECTRONICS
SUPPORT FACILITIES

GROUND SYSTEM OPERATICES
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GROUND SYSTEM INVESTMENT RUVENUL
NPV NLECTRONICS
ELECTRONICS UNIT CHARGF
CLECTRONICS REVONUR
NPV SUPPORT FPACILITILS
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SUPPORT FACILITIES REVENUE

GROURD SYSTEMS OPERATIONS REVENUE
NPV OPERATIONS
OPERATIONS UNIT CHARGE
OPERATIONS REVENUE

POTAL SYSTEM CHARCE RATE

TOTAL SYSTEM REVENUE

TOTAL NPV OFP SYSTEM COSTS

-

Figure 13-2, Output, Cost/Revenue Analysis for
Current Dollars (CORANR)
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