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Introduction:
—troduction

The goal of- this study was to inv
for the present NLETS Network configu
was the primary item considered,
saving, does not com

estigate techniques for cost s
ration.
Purchase of

avings
The use of line multiplexing

not desired by NLETS.

Methods of Analysis

Both Frequency Division Mult” "exing (FDM) and Time Division Multi-
plexing (TDM) techniques are used.

Cases 1 through 6 employ the former method,
while Cases 7 through 12 employ the latter and Case 13 illustrates TDM use with
asynchronous terminals only. A summary of costs is given in Table 1. Also refer-
eénce maps are included that permit the reader to identify the states involved in
each candidate case, Popular manufacturers were used for typical costs. Unit
list prices were used although quantity discounts and special governmental dig-
counts through GSA would improve savings. Detailed costs of the candidate cases
are included in Appendix A. Each case is described by first showing its multi-
plexed configuration and cost

S, next showing its non-multiplexed configuration
(i.e. the present NLETS configuration) and costs and finally showing the dif-

nd proposed configuration costs, which in all cases
Providing private line or

indicated.
technique to other cases. Costs for
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Conclusions and Comments

1. General

Potential for dollar savings lies primarily -in reducing network line mile-
age costs. All multiplexing techniques applied in the Eastern U.S. afford drama-~
tic savings while multiplexing closer to Phoenix rapidly reaches a point of
diminishing returns. Some additional savings could be made by buying rather than
leasing modems. However by comparison the proportion of savings is small be-
cause line costs constitute close to 60% of NLETS actual costs while modems ac-
count for only 6% of the total. :

2, FDM - asynchronous only ~ Cases 1 through 6

Because NLETS asynchronoﬁs terminals will eventually upgrade to become syn-
chronous terminals they will each drop off of the FDM channel, reducing its ef-
ficiency. Consequently investment in FDM equipment is not recommended,

3. TDM - asynchronous only - Case 13

The same comment as made above would hold true if the TDM equipment were
capable only of handling asynchronous inputs. However the TDM multiplex equip-
ment used in Case I3 is capable of handling up to 3 - 2400 b/s synchronous lines
plus a number of asynchronous inputs. The modem shown would then require up-
grading to match the new transmission rate over the same voice grade line,

4. TDM - synchronous only - Cases 7 through 9

This appears to be a reasonably cost effective way of multiplexing a small
number (4) of 2400 b/s users. ILeasing arrangements favorable to NLETS (1 month
termination notice) by using 209A's are attractive and private firms are now in
the process of revamping their lease/purchase prices to meet this competition.

5. TDM - synchronous and asynchronous - Cases 10 through 12

These are easily reconfigured if terminals change from 150 b/s to 2400 bps- or
2400 to 4800, etc. ' -

~

Savings are signifigant when large numbers of geographically close terminals
are served. .

Purchase of multiplexér with lease of Bell 209 modems is an attractive option,

Beli.may provide leased service using Timeplex equipment in the near future.

[P
LTS
{
«.
T




PR,

. r Table 1 )
’ - y CANDIDATE CASES SUMMARY .-~ )
Partial Mux Configurations of NLETS .
“ 4 o .
Col 1 2 3 4 5 6 7 8 _
Case #  1lype MuTlt Multiplex W/Mult Without - =~ Savings Remarks
" Mult Mfgr. Hi. Lo $Leaset . Multiplex (Lease)
2400b/s 150b/s $Purch.
1 FDM AT&T Same as [$ 2412 ,/mo. |$ 4200,/mo. $1788./mo. Formerly called Datrex
: o Case 4 This Mux Service 1g{bBEIfig withdrawn on
March 21, 1975!!!
Reduce savings by $1307/mo. for backup :
backbone (5302) line inc. Service Termina:
No- dial backup offered. Also reduce :
savings by $60.00/channel spare (2 spare
channels max). ;
2 .| FDM AT&T Same as |$ 1683./mo. |$ 3186./mo. $1503./mo. Same as above except backbone line re-
Case 5 | : ' dundancy cost $917./mo.
"3 FDM AT&T Same as |$ 1292,./mo. {3 2383./mo. $1091./mo. Same as above except backbone line re-
- : Case 6 dundancy cost $613./mo.
4 FDM | GIE .I. $ 2182./mo. 3 4200./mo. $2018./mo. a) See Note 1
" | 25C's . Maine [$ 5610. P b) Includes 2 spare channels @ $280. ea. !
. N.H. - (purchase price) and leased dial back-:
Vt . up @ $40./mo. D
Del.
D.C.
. 5 | FDM GTE ng) $ 1971./mo. §$ 3187./mo. $1216 ./mo. Same remarks as above
.25C's W, Va. {$ 5610, P .
Mich. :
“Ala. '
Miss,. .
S. Car. i
6 FDM GIE g. DakD|$ 1679./mo. {$ 2383./mo. $ 704,/mo. ‘
25C's ont. |[$ 5610./mo. :
' N. Dak,
Minno
Towa
) Neb, “
~
i
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- & , -
Col 1 ' 2% . 3 4 5 6 "7 8. - CoT
Case # Type Mult Multiplex W/Mult Without Savings Remarks - -
’ Mult Mfgr. Hi . Lo ‘$Leaset Multiplex {Lease) ’ -
2400b/s 150b/s $Purch.
7 TDM Bell  |(Conn> 16 2505./mo. {5 5485./mo. - | $2980./mo. a) All equipment leased from Bell. 209's
209A Mass to be run at 9.6K b/s in the Quad Mux
N.J. Mode (4-2400 b/s channels)
N.Y. b) No Dial backup possible with this
configuration
c) See Note 2; $1759./mo. _
8 - TDM Bell ‘
209A's [D.C.H $ 5339./mo. {$10521./mo. $5182./mo. This case includes same states as Case 7
Va., : but Multiplex is done in Wash. D. C in-
Pa. stead of Conn. ‘
Md. Same remarks as Case 7
Conn. Note 2: $1635./mo.
Mass. .
N.J.
N.Y.
9 TDM Codex same $ 5731./mo., [$10521./mo. $4790./mo. Codex equipment may be purchased for
9600's |as : $44,100., reducing lease by $1290./mo.
.1 Case 8 Note 2: $1715./mo.
above Codex 9600's to be run at 9600 b/s in a |
4 channel multiplexed mode (4 - 2400 b/s |
channels) like 209's above. :
No maintenance provided.
10 DM Timeplex(ﬁ;g;:) Me . $ 2710./mo. |8 6543./mo. $3833./mo, Mux equipment located in Mass., but only .
' T-96; N.Y¥, N.H. $30540. P a Hi speed (2400 b/s) channel is dropped
Codex Conn. Vt. ' here.
9600 Rele Note 1. - ’
Note 2; $1885./mo. !
| | Note 3; $(A) 260 and $(S) 500 e
11 TOM | Timeplex{D.C.Y (D.C.D |$ 3953./mo. [$ 9450./mo. | $5497./mo. | Note 1
: T-96; Va. Del., $51280. P Note 2; $1715. /mo. (or $19.5K buy + $1185
Codex Md., W. Va, Note 3; $(A) 260 and $(S) 500.
9600's |Pa.
NeJe.
N. Car. -
~




Col’l ' 2 3. - & "5 6 7 8
Case # Type Mult Multiplex W/Mult Without Savings Remarks
O Mult Mfgr. Hi Lo SLeaset Multiplex (Lease)
2400b/s 150b/s  S$Purch.,
12 . TDM Timeplex {(D.C.) $ 7145./mo. [$15993./mo. $8848./mo. Note 1
T-96; '$73320. P : . Note 2; $1715./mo. lease (or $19.5K buy
" Codex Same | Same -1 . + $1185.7/mo.)
-9600's . las as o Note 3; $(A) 260 and $(S) 500.
! "~ |Case 1lf Case 11| . ' -
labove | above
~fplus . | plus
states | states
of “lof
Case 10|Case 10
13 ¢ TDM .Timeplex Same as|$ 2220./mo. |$ 4200./mo. | $1980./mo. Note 1
T-16 Case 4 §$ 4800, P : Note 2: $1335,/mo.

¢

"Note l: Equipment purchaée (Col. 6) required to effect savings indicated in Column 8.

Note 2: Reduce savings by amount indicated for private line backup capability, including modems, service terminal charges

and line condjtioning where applicable (or modems purchase price plus lease of line, service terminal and
conditioning) ,

Note 3: Reduce savings by -amount indicated for cards needed to provide each additional async. channel $(A) 260,
and a sync. channel $(S) 500, :




. |
NQVMEX‘CO .m..z J"“l%.—._.—-”.l—i_ ' . .. w—r
- —fr— '

6 Do

Semn 4 o 0 — e

‘OHTH DAKOTA

o B0 s 4 e = e

1 SOUTH OAKOTA e

mé;&-/\-:m . oo,

-
‘u.-“---—-..u-ulen‘n

R —

+ IOWA

S ¥y

instom o~ e, [T

A

Ve rMC

X \‘) WISCONSIN s \

@

/)""'.

HIGAN
[:‘/N

., '

e
W NDlANA +CRIO

n’/.
o S @
N
£.
[
Zz
.9
g

' e hTsL?JEf YN e | @}
iKANSAs ) \, i '
" @. ; 5 ot ( ‘o g
: X o ’ . A
L N ey X
v

N

LY.

gy OKLAHOMA - .:‘T‘“E,mgsses@

A A

\'
B A R
iLéLTTs'J\'N'A‘, % X )
® ‘ \ g {Alsmsc'ppn\ "?\.o——

. @ .

- . e
\ AW ; }3' -~/ )4 _rvo

R
—de o r;,OL'.NA
.j N.O"“

: _ .
X : '..... =t
. il )L ’T LAS/\:-.T\ 'O?G‘A\

<

.S F\OLINA .

CLEARTYDE

T mAPY PR 0 ) 1P e

STATE QUTLINE
UNRITED STATES

Su'e e ey
o 108 ~p %
o 1‘7...1':::.... A
MAP MOLD
LR 23704

ARRITAVN LT TR PANY I,

't,,(‘l}.w spo_e,&'
@ity Specd

..5?57’7- ' N 74
NEETTS PEAAM LS




EHSE / or £ /3

h--g

A\ e
.ﬂ.‘\ WYW‘NG_N.-.-‘-

\

‘\'

.

1 oL ,
r . . .s‘-vl—ﬂﬁ_'\:

B\M‘VSOURI

! - vt W X ) S e ¢

*KANSAS

cn ™
B U
V __r----—--"""""-‘]ﬂu“—‘o"NA
B ey A -
tow . lv‘--—l. "‘"\ : 5$E¢ K
TDAS -‘ARKANSAS "'i TEI\'*E ./ o —
¢ . C S.C)*RO\‘\NA .

!
P i - o
ot L ‘ ! n}‘ y\LA-'j\‘ AR, \Cro" \;‘\
Y S y

\ \,
[
A

TFLGRID
' :

J S

* o 0 own o

u.OUlS!.\NA

o--..__..__"‘ M - ' l / )

L L Y YU -._~...-

‘
F m B G @ ——

)

\ ' o X (nsm SG1FPI
Lot ' . 4 .

\ s
O { -
. \"'JA"\

1-\“ }.
\

T‘ \\

. \ll

T
g\l\
bar e na

i - . s
= “ . .. )- .\;/1.,,:4\/0‘}'4/\,_.- /v‘ LA
.soum-ﬁlR}T"""? 0y WISCONSIN \ i~ ’ : X\
o i .. >
-

N ;"7“"’%
§ & o PR
( 'ob(‘T,tNA ..M.'*M N ‘ ‘ / ; ".\
. '-lsnn. . Zd 1 120
[ -'-Qnu—-n-.—..mno’r\’ . Y .'.'.PU' ‘.
\ .o -NORTH DAKOTA . . ey, [‘ ; L,
N co b * MINNESOTA *Novwn, [0 . : .
1 .’ ' .'.; }f p
R [} ."..-n" - r} '
1DANG I R

. o

s Mr\-‘-

CL‘ R YPE
t o
ST“.L \—UTLIA\\.E

- o Moo speads L Serr JoE ;
| &

‘ L3302 GrAPE Lon
3 fhaeb, Sne 8 YV NECETS FERMMVALS T T T T 5006 Gravs L




-
lh-ﬂ-m-'-w . .
W rrew 8 et :
: s "'-l--—.----o.-—-uon-n

. NOFITP_( DAKOTA . hpa v, f‘

. | DAINNESOTA et b
! i
H ]
E'__ . ‘, . v j Yo r/\CH\GA
AT — 'SOUTA-S'«'@}I“‘"-} Ce v.‘_,consm Vs
=N WrCaima ——d, _ \\ Vi

9, \"

.—.l--.-'—'l "x

.{ o' rf;&s;{/\sm“.-.\"" J-\(O\VA S .

it

o

'

-
!
H
.I .
o-‘/.
\

? N . o
’ o emo—— Mx&,ouax {
. }- &\s " e H \

. ( ‘.
LY -..J"

E""'"“'ﬁ»—...

@ soy B maD § KR Botmy

}“"“"T u\.,f\tﬁ
A

j‘--d"“-s.'—.i
N
.\u‘/'m’o

.
»*

AL
wrd=t

od 3 o
i e

¢ ‘\'\IJ'

; SSEF
ARKANSAS & }mwe VAR PR ~—

KT TN
\ —Q"{,‘,\}\

SR R ! . ‘\‘ P B N
S ' I ”“’"’“’"’”’\\ —5 ‘"’4 i AL
EWM -":5"-.-'-- .*LcD---.-.._.._....,.. H - “f. "-"—'.T‘ -—K j \1 C«:‘ j ..;: P

N

CLEARTYDE

VLS waAT R 9 ) AT 0T -

STATE QUTLINE
UNI

ED STATES

ot e,.u,j. : N -l /974( )
1ok, Sredd - /(A/t/‘ 72/3/4%;443




& Gy

® S g

MEXJ .~"’"-

- o ol . .

'.‘--
...‘“
. -'.-..-.°

d NORTH DAKOTA

.i
!
x

od

[ S

L '.o

" e

."'.' HA-IMI

L] \ .

- . O
}f‘\ ~: i \3.
R N

~-\i SSOLiowa i

) : S N o B
Jlk ' \- R .4"' ' .NomA LCHIO
Y B B
H : T--—-c-c-«--—--\{ . ) ‘ ‘
TS - et 2 s v .NOUFH H . A
l':'ws,xs L e \ 2 . )
. . \a . . \"\.J
: - / b :

\

!

i ' |
Mm*’"'"""“L

CAsSE 3 0{%‘ é )

-—---wo.-—na-.--r“ ' ', /}-‘.‘
. N Y4
A - \’A‘NNGSOTA .\0'—15‘ t/‘

Lo

K ~ . N

',4' L. I'4
s KC:.:TUV:(Y .

S @ e OKLAHOMA o o § > w—— -i‘:" - a E f . 7 7/ _?GE'-D’))A.
Bas. 1 JARKANSAS T eeest P SRy
! W\ 1 )':--- —--""“"""- L. C&ROUNA * L " .

L . ! L K ,\MW\! \CGOPCA!\\, .~..-. L
N | LI
N 4 | ) . :
. N.»-N‘L (. i \ \. Y.
» ae s et ' [ [Y ) ‘:'. -t
: lLOUlalANA ) } NS
. . N
Lo,

TSty 7.8, g o

STATZE QOUTLINE
UNITED STATES

St 0l 10y

CLEARTYDE
Mooy

0  Jand s oy
[ AN S st S
NAP MO

e

AUTTTIN LY 0 o ray 10,
-~ -

}{J\:u 3peed

@r%"ﬂ’%\pmc@ !

)

S&m /9 7{[
/V/é:/'f_'f 7E RS VAL S




s r———

. -
) P ‘ . -
. - . PR
ot dtc e PR v hatn ..Anw-\,s'-\r\'-——-.;_tuo- . -
l CcAsE 7
* ’
L&)
Oaay .
WA T e ” .
‘ - "'“"‘—l-m--—.-m---“‘ . t;‘.‘
)

. Aen By, iy,
\MINNESOTA """v"‘“«[‘}% .

O e o —

/‘/“'/\/’ o
/ e MICHIBAN ST
----—-..‘... - ) d’ \'}Q‘UH f/‘\f'J
Isoom: DAKOTA 7 . | VwiscONSI Ve
. . .\\ '/7/’
. '/ ! '\:
’ é—-m."-.‘"“.".

+IOWA

S
&~..~.~"}
. .’

. N L]
. s ez s mme mmsd
L)

MISSOUAL

N .
f"'&---—.--—-—-u--

. ",,nﬁ ’~ oS YA
SEONTUCKY X
. INA

......_..
v

————r
s et R CARON
»  — Y N

¥ ; c‘-c'.a;.-"',;fvl--—-s—-.--—.;.-mnnt ’
. ‘ v muney CKLAHOMA ’L.___,__._...-‘ :?"""-'lfsssiﬁ - .4
/ ’,TEXAS . ! o, "AHKANSAS :_} TEN - (_'/ o ‘
: : ; =T, 5.CAROUN

K] { ) ! - '
» <, - wmto .——..k ) :-
, 4 B ! . ;‘ TALASANA ‘\CEO:‘.G\A\.
! ) \..—“"\ I ./ ! ) ’ [}
! . X ey g, \. ' (. . . ! \. ':"
[ ST U
! jw'--.u.-...,i * padnbs ./ {
| \t -(/.msxss:r:ml eh
A et .

- ) ‘ni N
CLEARTYRPE "
YAL mAte £ g NN O .
STATZ QOUTLINE )

WITED STATZES
: Lt d Viey ’
[} Pt ' X
[ e AR i cvtmpamapd Jiibedidiom:

LKAF SN

. d .

ey ‘. L% o S, s
feot .

i S

O )

e HAWAI!I ‘
H C\\) . ,"..

' &y '
B>

2

| N ‘ 'i, / i ;‘\\.:f_*

. d : e
. ~2a K c e G
' . , ATt ) ('“"'.'n
. (J". R DA \hl. T
| PR L

LI

v .
. WSary M FaNe Viadiirmm ae >

. “,’~

Lt

4 . . 'I. 0
W1 AN * ' ;
-t .
¢ v s )‘.M'J‘ ' :

\ — T —
T e s pred s SEHT ST

55 5 1s o

A

/’U
p

n

V' ppems pEmnALS




l
Z
%
%_
%_

-m..-_..m. - -.ﬂ
-NORTH DAKOTA . & Peaus, [\
: Ct w:NN ESOTA Sovwm, [2F.

O 0 - —
-

. [ .
’ { . ‘ < MCH!GAN
4 ----....~. Y ’ ' ‘) = /N
’.'";'-N. !:OUTH OQKOTA -——.—ﬁ \ \‘.'l.,CONS‘N
'l"._\ wy e 3 ! be

PWYOMING, "'""-; 1

: N\
’ .‘ J '\, .
! zL.._...............-..l /_f e
; - [ s e v en — «iOWA t ‘_.“__4.;-'- X
| I i NG Mﬁ“‘-
_re—— oo S 7 ND\M\A-OH‘O _ f"
! ‘COLOMBB"ﬁuJ---..., ! ’ \ 1y

R . HE ) ' °x:-=——;:'="'65;'\1’
}'---—---—---—.-—---t&;v“u‘fo he ‘\

KANSAS

‘.
‘.
i
7
i

: ol
‘ SRENTUCKY -
' \,fJ .—_____.__.,.._h'o;yﬂ,ck_- oN
--—---""-‘"} " EPUEE o * . '
‘ARK/\NSM : TE‘“" P CNT

g

r "-—-"-) .".;‘\_"'.L. L SCAHOL‘NA \

- - ALASAN \e cORGIAN,
{

4

-,
D, .
. o '\;.‘

. : o 'LOUlSlANA Y

(u

).—-.

CI LEARTYZE

cadl e NS NUA S o

STATZ QUTLINE

L'yl iy

0 1 o¢ - X
[l evaeaed i S8
NAP MO

o idow x‘go.mf'. T EE s ol «
& mﬁp,\ S‘wc{t}? .  ALETS FRAMUALS '

NITED STATES
‘4



. -

PRI ¢ L e e

.<{2?scr é&bé*?

-.:-.--n-;.- g
B 4w ees @y marns @ ol B .

‘NQRTH DAKOTA & Sy, I;

st < DMINNESOTA “\.u-...[;/

i
7

. - >
oo . o e FAICHIGAN ;

< """--—n-.._n-_a-.. .) Y //'V.—J
.l ) ’ H

oo \,\.
! - P

. PRI AU
v -...-..--........_\._\iiOWA H

'r'

S s \. o P
) 1 ’
i ..—.-—--—--\I’

1
oo G MISSOURL E .
!Em&xs Mt on ‘,

; ' e .
| N ooy / N
== T - e
o ety s oSEE s ’ '
JARIANSAS L/ TERNESS s

K -~
. A e\
2 e e v === o CAROUNAT
’..-—' "\ (X \ L] 5~ D
/- !'\LA“J :"I'A\Cgo}“GlA\.
' . : » N
i \ A
N . L] .
) } '
[ L]

ﬁ{)&k--—--—"'\j..

D e @ W ©

JLOUISIANAL

N,

A TETT

* v
-{msszsczm{ :
| SN .

UNITED STATES U

Lreliten

0 1~ DA
IR I L
MNAP MO
LN S

AT 20N U™ Toa maY, al,

i)

R KJ{”‘ 3;)9.&&'7 g : xﬁ€/’7" T4 : -
3 sz":ﬁ-\ \:\{wcﬁ? ' NLETTS Zzltwges - o ‘

. o o, el
] < LG . -
A CLEARTYDPE Il
“ . NULL A g e L Yl e ‘ i
STATZ QUTLINE ' .




Y

SPSARN SR

‘h-..
'-.-n-..--n..mown

ORTH DAKOTA

IN

—

[N

o

ISN-I

S
!

i
1 ]
L Vo § 0 Tees ooy c‘cg
-t-......,,_,, e 1 oncd . K =~ : b
UTH DAKOTA 7 s § VASCONSIN™Y /‘,{AH

. ey,
P MINNESOTA v\.v.--..[:/

AN
A

1 : )
: A '//r'-."
| N ;

Q.—.ﬂ--—.—'*

«10WA

RS- 1y vty I A - .-
EAS ';! ‘ARKANSA»') ,;.TU\\{E.’:SEY' ,‘.f".“—.‘—‘ J .:.',.. . -
. il ..-L' T:ll‘\ )
¢ }"""""T —-T {, 5.CAROU .
N N A o 1A G B
._\l;\‘p\.ﬂ.ﬂ‘g. ) ' . (’ . i " AJ:: ’\ *
}""""’"'—"‘{ . ' N ". .
lLOUIS.U\NA/ !
Ll o

CLEARTYDE
STATZ ouru::r '
Ux\ [TE AT"\

Syt tn
[ X“ "(‘ IR
[Pt T imiiepmconiliits S e |
MAP DO

)

Serr o7
NLETTS ZZlrnges

ALY el 0 0} 8! o i




[ e -
o s e R %
. . e .
; N et
v .

o

N g
‘. [ ‘\‘ONT[U\.(;NU?.,.."_;“ ) . .
4 l (. ' ) .-vr.’-'-..“---—-.nm-nﬂ ' . }'b !
i \ : s $NORTH DAKOTA & boennw, [\/“ :
< [ : - R © {MINNESOTA N evon, {57 .
'”‘""’-..,_( \. . .

e i
i \

, ’\.*'“CH‘G.A/M,’F?

\ _ oo St e o Cod ~
{ N \ ~0 . — E’OUTH D'QKOTI\ --f . ,.» \ VJ‘SCONS!N '\.n\
. N . . .

\, . ‘//

T
O
' !

., . . i"'-—-o-——.---—-u—-

y g : !
Y ’ . . -———-—--'—"\" . . \

- .
L MISSOURY  {
.Hoh ’ -

4 "---..-_..l N : . . 2
.\‘ ! - i.N;‘.w ME,‘UCO A I-n‘.‘-u-m. -‘:,,;.--—u—---i‘ f' '__;,._...---..--—“' ":/ N.cﬁ,‘-\
- . - - ' s ARKANSAS - ]

. . . ' . o hhant -
g " .: —..w-"'"’a"'_‘—z. &C“‘F‘O\“NA ™,
. L P ! . /‘/‘ > )'-\MO MA‘CEORG‘A\. .
~.
. ““N-““\E . (-
. . . A
-—u-——-«

’LOUlSl'WA}

?

/'/ iV,
/I
/ K

LRIy
YT S;
t -
S T

Hish : Lows

. - .:.‘,’ '.\
H . {'}u'.V!\-V = ~’-"“‘/'%- @ ’@
__’_'/ = _.\\ . .
! Ve pel
1 '/ v [V :.&f.;('j,’_,w' G,
e BAT SR -

/..‘:. v::lﬁlj‘- .".-...
T Ny

-«

UNITED STATES

A% R I

o et Soecd V' pgers rmemmals

0. 1 0 3%
NORSY [ 20 SR A N eSSl
! ":7.\\, MAP SO 1D
I . M ‘.‘ : \‘”tl:?“l LR T
! Wy - Cmtry al . o Veadririe an "‘.'u""'(
G N o e . AR
’” vt e, St St e
x Oy\a ’....,7' . ¢ | D ]
AN - . .. . «
ettt o Sy o PR ——
~ . . g S
X MWdow 3 paads s -
' B *




s . -

VR ¢ A 0,

CHBE /2

-....._.; ’

Y N.‘l

0.-‘-.-."‘-'-'--—:.5”---4“ ’ .
-NORTH OAKOTA . B f‘

\MINNLSOTA ”\""‘"‘-(/

L

)

T S s @ —
.

--.--..

!
‘0 .. '
+SOUTH oqxom '7' v \ WISCONSIN ™t

\\‘

/7

PR W §
> hiagdalag ol T S OSNY «\OW.
,I?ﬂ'ssa/xsx,\ TNee, 4 iOWA \.
. [ - : \ \’{Lumm
i L, . e
Pl TR B ° , . .
COLORAGG ™4~ - ] 3
: v e o5 iSSOUR Y
‘KANSAS e SR

&av ME;(] o & mwne @ ‘_L. /
VO T S s o ed T -

M’::T CKU\“iQJ\ —L_ o o 5 — . Sy

T B TARKANSAS

\ ;
/

j
!
Vo
/..___.

-0 men o e o

. 3 v 'lLouxsx.WA}

bl T S

o~
'-'ano-...j
)

G“ bo‘

AN

e o
’ }' T U\‘QEGSEC

- N : ‘ | <ns
Ny e

A/z;’;;»

,_....n—'

J L]
ahten "‘Tu\,/\r ™

v
\t
!

|
j
P

-
s cAnouNA
CSORGIA \.

Dzl

.:.':c..-'l?_‘; .__‘ /4 €.

AT RLR AN
L} e ~ e XX
SNTVANGIIDITTS LTl
MAP MUY
. R ST g
AT TN LY g A'\WT lAc_

P Y NLETTS PR UALS

edv L Sevr Jo 7y ~

ZH :
Md WiVa:




Appendix A

Detailed Cost Breakdowns

Cases 1 through 13
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Table Al-1

Numerical Designations for-System Terminations

STATE

Alabama
Alaska
Arizona

. Arkansas

California
Colorado

. Connecticut

Delaware
Florida
Georgia
Hawaii

Idaho
I119nois
Indiana

Iowa

Kansas -
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New-Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Washington D.C.
Washington D.C.

CAPITAL

Montgomery
Juneau
Phoenix
Little Rock
Sacramento
Denver
Hartford
Dover
Tallahassee
Atlanta

-Honolulu

Boise
Springfield
Indianapolis

. Des Moines
. Topeka

Frankfort
Baton Rouge
Augusta
Annapolis
Boston
Lansing

© St. Paul

Jackson
Jefferson City

" Helena

Lincoin
Carson City
Concord
Trenton
Santa Fe
Albany .
Raleigh
Bismark
Columbus
Oklahoma City
Salem
Harrisburg
Providence
Columbia
Pierre
Nashville
Austin

Sait Lake City
Montpilier
Richmond
Olympia
Charleston
Madison
Cheyenne
City

NCIC

LATITUDE

32.37°
58.33°
33.50°

- LONGITUDE

86.33°
134.33°
112.05°
92.28°
121.50°
105.00°

72.70° |

75.53°
84.32°
84.37°
157.83°
116.20°
89.65°
86.17°
93.58° -
95.68°
84.88°
91.17°
69.83°
76.50°
71.08°
85.57°
93.17°
90.18°
92.17°
112.00°
96.68°
119.77° .
71.57°
74.72°
105.95°

73.82°

78.65°
100.80°
83.05°
97.55°
123.02°
76.90°
71.42°
81.00°
100.33°
86.83°
97.78°
111,92°
72.57°
77.45°
- 122,88°
81.67°
89.37°
104.83°
77 °
77 °

FE'S

POPULATION

.510
.325
.945
.978
.468
.357
.082
.565
.259
.720
.809
.756
.251
.291
.883
.258
.299
.720
.029
.056
.787
.082
.896
.263
.753
719
.525
.527
J71
.367
.065
.366
214
.632
.783
.634
.182
.926
.968
.665
.679
.031
.649
.126
.462
.764
.443
.761
.520
.345
757
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De

ri: L
1490,
318,

2012,
1154«
39z,

165«

113,

15C.

$313¢,
1183.
5‘!7.

510

151,

€E31s
u1a,
313
1211,
715
1081,
71t
ELET
225
5318,
1572
8] 8
1921«
1L97).
44
kN,
98€E «
498.
12517,
556
Ells
21349,
1517,
10417,
328,
1121,
264 .
69U,
1526
i1,
€E11la
21665,

§9] e

151,
1186,

8§70,

E93e

Table Al-2,
2 3
28%), 1430,
Oe 2001,
2001. I
2514, 1132,
tqg3, §32a
1620, §62,
23y, 22070
2871, 205E,
3025, 1634,
2631 1587,
2813, 2906
1271, 135,
2130, 1312
2457, 1492,
2102, 1152
Z1€2. 981
72580, 1550,
2169, 1235
2825, 2360,
2845, 2004,
2874, 2231,
2330. 315E6.,
1948, 1230,
2111, - 1269.
2308, 1162,
1232, 964,
2673y, 384,
1413, 581,
2613, 2259
2845, 2049,
2028, 318,
2159, 2153,
293¢, 1836,
1553. 1093.
25514 1659,
2251 836,
faou4te . 383,
216%. 1984,
2883, 22113,
2945, 1111,
f221. 378,
2621 1438,
2589, 355,
1561 501,
212%. 2225
20H3w 31954,
312, 1034,
2684, 1124,
‘,’,- 1350.
1149, €53,
2811 1350,
28310 19311,

Distance Matrix

318,
FARLE
1132,

1635
183,
11654
973,

549

456,
#3235,
1415,

382

484,

W80

353,

LX)

291,
1361,

32C.
12517,

€62,

113

204,

2664

1314,
486,
1543,
1254
JD3u.,
114

‘1138,

112,
948,
AN
303,
$164,
925,
123G
€45,
144,
323,
G2
1149,
1231,
850 ¢
1196,
641,
599,
814,
86Ga
892,

5

2082
1483,
6§32,
16 35,

B87T.
2552a
2447,
21744

2083, .

24560

LR
1695,
igsl.
1485,
138¢€,
1901

1804, . -

26624
2338,
262€.
1892,
15184
jg0S.
1578«

136
13254

103,
2590a
2411,

818
2484,
2346.
J19z2,
2043
1334,

450
23559,
2616,
2259,
1164
1900,

1461 |

532,
25294
2314,

593,
2138,
1639,

301,
23484
2315,

1158+ .

1820,
582
1813,
8817

1686

1565,

1336,
1211,

"1331.

63€E.
"Bl
998,
611,
560,
108N«
1001,
1818

15113,

17€S5a
10208,
103«
ER
692
589,
LR
7188,
1135,
15595,

286 -

1E24,
1460«
533,
1161
S03,
988
1483,
1751«

‘1380,

3199
1018,
168
311,
1682a
1488,
1026
1251,
840 «

JHES «
1483,

390,

2844,
22017,
11658,
25524
1686,
[/
232,
10344
841,

5007 "

2i8l.
895,
118,
1675
1220,
£E90
1286,
221,
217,

92.
EEY,
104 3.
1158,

104 9,

13955,
12413,
2450,
1117,
148,
1823,
BE,
523
1425,
58k,
14049,
2497,

241, °

100,
1400,
850

1€00a -

2021,
1ihe

384,

2461
528,
854 .

1655,
I204
Joo,

165,
2811,
20564

913,
2440«
1565,

232. .

0,

182

616,
89362a
2108,

163

569,

9E3.
1078,

€09,
10€8,

LRI

54,
"319.

578,

9810,

94E,

895,
jege.,
1122.
2345,

Juia

86,
1618,

258,

291
1314,

HOW .
1233,
2431,

106,

283,

4EB.
1322

£51,
1399.
191¢€,

384 .

152,
2431 .

335,

JER W
154¢€,

10%a

81,

.

119,
3025,
16346

S49,
2114 4
1330,
1014,

182,

Qo

231,
536
19€4,

715,

652,

321,

816,

536,

408,
1241

138,
1101,

853,
1115,

310,

111,
1850,

996« -

2085,
1128,
861,
1301,
lo25,
Y94,
1434,
GEN o
B,
23113,

198,

10€4.,
314,
1299
422,
802,
1691,
1151,
€31,
FELR I
510,

* Y16

13612,
1014
717,

« 231a

10

1500
2831,
1587

45€ .,

2083,
1211,
61E,

G

§491.°

183z,
5G%.

,‘HZQO

131a
125,

J0S.

4058. "
1062

566,
932,
622,
9G5a
351,
545,

1692,
832

13889,
349,
634,

1210. -

g38,
362

1245, -

83K a
158,

C 2113

609,
998«
194,
1123,
21€,
821«
1502,
9EQ .

HEB,

2195,
352,
€966

1228,
5214
541,

11 12
N39S« 1789,
201313, 12711,
2906« 1354
4035, 1415,
24560 H41.
3137, 636,
500V« 2187,
4902, 21083,
4536 « 136K o
448), 1832,

De 2832.°
2832, Oe
41514 1328,
83135, 15E4,
d941e- 13155
44817, 16E8.
4133, 1641,
S106e 2215a
4853, ;ZCESQ
50784 2254
8347, 1535,
JIEY o 1139,
§113. 1EpB.
4021 3294
3091, * 289,
3119, 1015,
2558, - 158,
5040 2212
§328 2122,
32624 113
8337, 2114,
184,  Z20u9.
3J€E1L. 100,
k4984 11544
3134, 13138,
2559, 349,
8015 2013,
5010« 22484
4618 4 1991,
JGite. 189,
4328¢ 1630, -
I8 e 1366
2988, 2396 ¢
49715« 2145
4823, 2056«
263€. 401
4581, 1823,
Q1S4e « 1343
3367, EnSe
4002a 2310,
4628, 2042

13

5487 &
2330,
13126

382,

1633,
814,

885

153,
.115.
509«
41514
1388,

185,
239,
326
281,

B EQB.

1059,
104
981
252

403.

518,
168,
1213,
31
1598,
95 2a
189,
g 34,

Byt. |

6624
113,
3500
525.
1127,
624,
961
624,
€3le
295,
8102
1112,
‘927 .
615,
17125
439,
225,
L BD2e
65 24
€18,

. 1h

-

$13.
2457
1492,

L1 T

1883,
998,
118
569,
652
424
4335,
15864,
185,
Qe
408,

510a .

123,

6§98 .

893,
519
805,
209.
503,
559,
332a
131724

588, .

1782
C 132,
607,

T 1114,

872
494,
‘8B
laba

689

;1899.

492,
184,
5839,
132,
250
924,
1355,
138,
494,

‘1891.

258
$ 283,
984
467,

493,

151,
2102,
1152,

480.

1485
611
137 5.
363,
327
137
3341,
1158,
239.
408,
O
208
5117
*17%0
1211,
316
1164,
418
2317
666
2226
574,
169,
1383,
1125,
887.
181,
L1013,
838,
503
581,
473
1431,

BT4s

1140,
862
I3z,
521
BlU,
954
1076,
901,
1487,
667
238,
584.
B5 7.
B892
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LAY

_Table Al-2 comt'd

10,
2584,
1550,

476
1311,
108k,

8§90,

50 3.

535,

305,
LEB R W
J1GEG.

280,

125.

511,

566

€40,
G86,
456
181,

31}

633a
562«
393,
149)a
65%.
1811.
17184
52
111k,
658,
inz2.
1004,
158,
125,
20017,
451.
155.
3613
3017
315,

3154

1447,
1G4,
LY

2005,
178
412,

1018,
402,
828.

‘313,
21889,
1233,

297,
181%.
1007,
1236,
1068,

428

858,
81133,
1841,

6%3.

EQ8,

111,

EXZ%

£%0,

1531«
101€,
1318,
s00,
10013,
139,
359,
1512,
111,
©31120,
§339.
1142,
526,
1213,
410,
1280,
198,
504,
1938,
1048,
13ig,
EHle
1081,
HE5,
334,
1358,
1329,
823,
20313,
17,
LRI
1058,
3317.
330,

19

-1211.

2825,
2360,
13613,
2552
1818,
221,
459,
12%1a.
1662,
5106,
2215,
1358,
893,
1211
131¢,
886
1501,
Oe
502,
149,
195,
1145«
1311,

. 1213,

2026,
13181

2559,

114,
37“.
13844
228,
150
1493,
133,
1581,
25684
455,
187
921,
1499,
10654,
1801 .
2134,
1364

610,

2513,

136, .
378,

1113,
543

524,

- 20

185
28145,
200%«

320,
2139,
1511,

211¢

54,
138,
SEG

h853.

2GE5,
104
5189,
96
1028,
456
1C16,
562

366
540,
948,
893,
LER
1858,
1015

2298, .

Jd%a
129,
16212
291,
251a
132},
Ji€a
11680,
2392

3320
42s,.
12804
59b.

1345,

1810,
418«
110,

21124
282,
121.

1483,

54
ra

21

iogte.
22814,
2231,

12517, .

26264
1165,
92«

319,
1101.
932,

5078
2254,
981 e
e05,
1154,
1304,
161
1318,

143.
3JEE..,

131,
1116
1252,
113€.
201E,
1322
2523,

EGa

231,

‘1813,
142,

608

.I“BEO

643
1493,
4559,

334,

39

181,
1468,
9K2 .
1692,
2084,
164 4
W1l
25184
6§20,
928
31131,
4124
39C.,

22

1184 °

2330,
1566
EE2%
1892,
jt28,
EEY e
5178,
853a
622,

H347e '

1535,
292,
209,
418.
S8€E.
317.

900,

195
£40,
131

409.
1€2 .,
451,
1319,
502
1183,
108,
5817,
1191,
£96.
6017
1817,
23te
BlY,
1856,
LR EN
125
- 652
147
459,
1092,
1360,
659
558

‘1832,

JEY .,
13%.
994,
438,
5§20,

946 o

RE-LE:IN

1280,
113,

1518

103,
1049,
981,
1115,
905,
3964,
1138,
VCO.
503,
237
432,
636
1008,
1145
849,
1116
409,

830,
449
913,
339,
1415,
1675
991,
929,
915,
393.
Igg.
621
€91,
1451«
B8l.
1110
997,
IS4
694,
104G
34}y,
1081
962,
1824,
Jud.
231
E‘d&.
9017 .
929,

24’

225,
21317,
1263

204,
1805.

812,
1159,

946,

3104

3st.
91113,
1608,

5184

559,

6€6a-

502. .

1339,
1311,

893, -

1252

162, .

890,
Q.
bhyy.
1515,
6688 .
171€,
1260,

10184 -

931«
1143,
1014
iiug,
6613
K16,
19517,
319,
12214
543,
396«
321,

§10s .

1335,
12517,
806 .
1933
€3€,

Lk

1011,
843,
€1,

25

538.
2308,
1162

2€6,
1578,

€92,
‘1043
895,
- 111,
s545,
4G2]a
1294,
1€l
3iz.
222a
132,

396
559, -

1213,
BuY,
1136
hs1,
bug,.
Hyy,
Oa
1141,
286
3400,
1120

89371, -

184,
1001,

1608

120,.

84974
JES,
1639,
823,
111Sa
696
581
Jitk,
653
1059,
1086
6003,
1658
SE0,
L
694,
190«
811,

P

27

2034 .

98% e
486,

1325
. 44h,
1243«

1122,
99¢ .

8312, .

371719
1p01S,
3%
£58,

1634,

135,
654
111,
1381,
’0750
1322
581,
339,
688,
286
8€ 0.

1224,
12344
1151,
6154
1182,
1236
463,
119
373(
1357«
10370
1338,

9719,

300
€21,
129«
1586 ¢
12454
J 052,

S J3ES.

4§36 «
425,
102%
1050.

28

1921%e
147 3
581

1543,

103,
188,
245 Ja
2345,
238 5o
1983,
2558 .
353.
1599,
1182,
1383,
1268,
1871,
1120
2559
2258,
2523
1189,
1415,

1116, -

143 3,
bys5.

12244

O«
2881«
2369,

195,
2381,

L2248,
© 1091

1942,
1244

433,

22574
2513,
21€ 3.

- 10l

18603,
1335
4300
2425,
221y,
568
2038
1596 »
138,
2247 .
227 4.

29

1097,
2813
2259,
.-1254
25393,
17135
117,
341
1128,
449,
5043,
2212,
3524
782,
1125,

1283 -

1784

1383. .

114,
389
33
708
10754
1260
1123,
19170,
1294,
2487

262
1892,
- 120
638,
1440
6§33,
1480.
2513,
342
93,
Bllae
14283,
344,
1632,
2059
884
498
2472,
624
833,
1698,
423,
B11a

8RN,

2845

2039,
1034,
2471,
1595,
148,
86 »
837a
694
4328,
2122
189,
607
387,
13116
552,
1142,
374,
1294

237,

5687
931,
1018,
93 7.
1302.

. 1151

2363,
2524

1121,
1744
316,

1375,
440,

1284,

2441,
1154
214,
553

- 1333,

114
1455,
1340,

239,

236
241 4,

333

180,
1571

175,

153
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1inn,
202¢,
318,
114
418,
286,
1823,

§j6i18. -

1301,
1230.
1252,
113.
3y,
1114,
121,
E0Q.
1174,
926 .
1984,
1621,
1911,
1191,

©. 829,

331,
134
E16.
€15,
1354

-1832,
T 112).

Ja
1115,
1526,

815,
1231
412a

1100

3606,
18395,
I4lEo
€73,
1068
Ella
U1

1ass,
1580

11?13,
1348,
1613,
381
1523,
JEOL .

"Table Al-2 Cont'd

312

3868,
2158,
2183,
1134,
2hBl,
1624,

8a,

258
1025,

838
€931,
2114,

v,

612,
10113,

11EE.

658,
12313,
229,
251
iaz,
§9€s
915.
1143,

-1001%.

1826,
1182,
23873,
120.
114s
1715,

S42,
13ug.
513.
1361,
2820,
228
136,
IREES
t3z21.
6250
1513,
1353,
1217,
40%e
2382,
50%.
187,
1529.
324,
308.

- 33

8§98
23344
1835,

112,
23%a.
14€0,

523

2381,

434,

3g2.
Vidga
2048,

852e -

494,
38
€0,
g2,
810.
150
251,
628,
601,
333,
101,
¥38.
1810,
1036,
2248,
538
3re.
15268,
542,

1313,

10EQ0,
2308,

1]

1257,
15923,
1033,
948
1192,
533,
1425,
1314,
1034,
1245,
JElle
180,
133,
681
509«
538,
1004 .
1240,
1v39,.
1331,
1486
181,
388,
1148,
120.
530,
4613,
1091,
1¢40.

1315, .

8154
1348,
1313,

1006,
803,
1313
1211,
148y,
1361,
1114
1029,
1153,
635,
1310,
1348,
1038
1130,
6§16
44z,
12944

35

5550
2557,
16583,

621,
204 3.
11861,

554 «

504,

664 -

H34,
Y498,
1714,

350

166,

561.

E16.

1584

138,

139,
35€.

643,

231,

6214

661,

437,
1516,

113,
1942,

6334

440,
12314

513,

1.
100¢€,

Ce

650,
2045,

325,

204

TR

333,

334,
1065,
1514,

6134

34y,
2031

133,

330,
1143,

305,

331,

36,

6?7
229%.

8364
303,
1334,
503,

1404,

12313,
841,
354,

3134a

1138,
526
689,
413
2€7,
125
504,

15814
1180,

1493
Bl4,
697
415,
JES e

1032,
313

1244,

1480

1284,
412

13€),

1060«
803,
850 a

O

1485 s

111,

d470.

9y,
633
EG2,
357«
£61,
14950
11213,

© 15236

849,
€83

" 555,

11264

1163,

. 31

21339,
1041,

883, -

1784,
%50
585

249«

2432,

21113,

2119,

25594 °

349,
17121«
1899,
1531,
1454,
2)01a
1968,
2568
2282,
255 9.
056,
149
1351,

1639«

5424
1357,

433,
2513,
2u41,
1100.
2420,
2388a
1073
204G
1486,

2335,
2556
2335,
1112,
EEN
1100.

€32,
2441

2388

145
2181,
16€5a

953 .
234%5 ¢
2310,

152
2165,

L 1984,

825,
2359,
1481,

241,

‘106

198«

" £09,

48185,
2C1 3,
B1H e
K92,
814,
1001,
451
1048,
455
92,
I3 .
K19,
8817
9189,
823
17138,
10317
2257q
Ju2.
115,

‘1606

229,
326,
31213,
325
ll’lﬂ
23154
Qs

305..

Weg,
1225,
609,
1353,
1821,
353a
180,
2311,
281,
611,
lysa,
i0le

95 -

39

10% 74
2886,
2213a

2616 o
1151,
EGa
283,
16N,
898,
50170,
2248,
9e1l .
184,
1140
128€,
15§
1346,
187
332,
3%,
125,
1110
1221,
1115,
2034,
1308,

2513,

964

204,

1895a.
136,
571.
483,
620«
1410,
25564
305,

151,
1461
913,
16E4.,

2084,

178,
435,
25184
591,

‘911

1113,
.3719.
3517,

40

323,
284S,
1211

€45,
2259
1380,

100

HEER,

« 314,

194,
HE18a
1991,

624

489,

862 a

885,

J61a -

641,
927
425,
187
652
397,
503,
€964
1834,
379,
"21€3,
8144
553,

4160

Y14,
181

1361,

428«

. 944,
2335 .
151 «
0.
12544
3€2,
1013,
1150,
840«
31).
FAL
305,
1312

390«
405,

fuzz

L} ]
1121, 268
1121, 2621,
978 1438,
184, 323, ...
11644 1930,
jsg, 1030,
14300 85 0.
i3z22, ESte
1299, 822,
1123, 21E .
3611, 8328,
188, 1630,
631 295 ¢
192, 250
+ 392, 821. .~
40 523,
307 1754 -
1081, EES,
1499, 1054,
1280, 598,
1468 42,
147 459,
154, 694
996, 321,
583 336
5885, LR
308 621a
10¢1, 15030.
1%28., 344
1333, 114,
610s . 10t8a.
1321, 825,
1286 458
111, 1029,
933 334
633, EpZ,
1112 1915
1225, 609,
146] 313.
1254, 3E2,
Oe 308,
308, O
993.. 151,
640, 31369,
1365 935
1213, . 5217,
1099, 1981
1049, 322,
594 e § 95,
320, 1028,
1213, 54
1258,

510,

.3

E9Da
2588,
86 Sa
4u2a
141,
169,
16 00
1399,

- 802

821,
3)4ya
1366,

832

52q.

814,

€15,

915.

394
1831,
1345
1692
1092
1045,

410

653,
13598,
123,
]335;
1692,
14€ 85,
501,
1513,
1168«

© 1153

106 Se
357
12 03,
1359,
166 e

1013.

99 3«
151,

Je
1073,
16117«
12€ 5,
1161 «
1G7 3.
996 «
B45s
129 3,
1318,

(L]
>

1523a
1561
501

~1348%e—

532
371
2021,
1936+
1697,
15682¢
29884
296
1172,
1355
954,
86584
19474
1358. .
2134,
1870
2094,

- 1360

9914
1335
1059,

403,

195,

430
2059,
1340,

477,
1953,
1823,

695,
1514,

861

632,
18217.
2084«
1750,

849,
1362
1071,

O
199 9,
1848e

63 7,
1611,
1157,

311.
1819,
1845

-~

1137
27270

2225
1237,
2523,
1682
174,
364
1151,
960
43785,
2145,
3217a
164
1076,
1242
154,
1389,
136,
418+
154,
659,
1011,
12517

1036,

18399,
1245,

24254

B8,
293,

- 18%39,

127
6593,
13710,
61 3,
1450,
2481,
353
178,
B840
1355,
9135,
1617,
13939,
Ce
528
2395,
623,
442,
1642,
450,
436




Table Al-2 Cont'd

&9
E1%.
2883,
1854 .
850,
23174,

1488,

j84.
152,
631

468,

4g23.
2056
t15a
43y,
901
332,
5017,
323.
€10,
111.
471 a
558,
882
8086,
"BO3,
1882,
10520

2214,
438

236e

+1580 .

uadt.
14l .
1348,
kLTS
1123,
FERE: I
133.
4354
3.
1271
§27.
1205,
1eug.
§28a

2315,
211.
113,
14,
32
95.

.7
2165,
99 2.
1094,
129G,
583,
1026,
2HE]
2411,

21954
263k,

4pla
112€a
108391,
1481
1412,

2005, .
2013,

2518,
72312,
253 8a
1832,
1424,
1993,
1E51a
515
1365,
BEGe
24870
2418,
1113.
2382,
2385
1018,
2031.
15249,
145,
2311
2518

2343,

1085,
1587,
11617,
697,
2395,
2315a.
Oo
2149,

"16n%5.

5e2a
2321,
2151,

. w8
%31,
2539,
1124,
Ghla
2118,
1251,
528,
335.
510,
352,
45813
1323,
433,
259,
GE,
156
118,
13t
136,
212a
€EZ0.
354,
IQB'
935
568,

816,
2038,
E24.
333,
1348,

507a

245,
1130,
133,
839,
2157,
231,
531,
305,
1049,
322,
3013,
1€1t,
€Ez3.
231,
2148,
O
511,
1201,
228,
255,

R
5%,
2ili.

3330,

539,
1699,
8%0a
854,
168a
316,
696
K164,
1343,
225 ¢
2813,
238,
31,
432,
B74a
918 .
1217,
928,
134,
231,
143,
345,
1131,
406,
1596 .
896 .

180,
1019,

181a
162
616,
380,
683
3665,
El1le
9317,
112.
558,
R385,
99¢ .
1167«
842,
133.
1EHS .
51l
(1%
803
€82,
106

b3¢]
1396,
1743,
5%,
814
301,
98
1655,
154€4
1361,
1228e
3351,

6056 -

802,
GdY e
S04,
SCSae
1018,
10584
111,
1499,
17131,
934 &
E4C,
1011.
694,
519,
425,
199,
1638,
1571
38l
1569,
1458,
Y4 2e
1143,
558,
353,
14564
1119,
1389,
320,
1028.
845,
31.

642,

14317,
382.
1241,
803

1448,
187144

Jsy
€310,
2093
1350,
866 o
e3ug,
J4ES .
320,
107,
101,
521«
4enz.,
2011%q
652,
UEYa
BE74
315
402,
367
543,
544

412

438,

907,
843
130,
1813,

1024, -

2247
429.
115

1213,
324
225,

12944
305,

1126

2345,
101,
319,

390. -

1233,
S4%.
1293,
1819,
450,
32,
23121,
2284
662,
1448,
Ce
27,

-

52
€91,
2831,
1923,
892
2315,
1495,
300,
Ble
112,
54la
4ez28.
20424
678,
433,
832,
10C2a
W29,
99Ca
524
21a
-390,
5§20,
929,
B67
811,
18374
iasa,
2214,
4il,
153.
1£00,
309,

il153.
2330,
95
3517,
405«

1258,

510,
1318,
1848,

LI 3%

9Se
a251,

255

10E
14144

21,
Oa




Case 1

Multiplexed with Bell Multi-Channel Station‘Equipment'

NOTE: THIS SERVICE 1S BEING CANCELLED AS OF MARCH 21, 1975!

(formerly DATREX)

P HoENI X

cH. !

‘ STATE ;

Ci 7 : 37/027%Qr :

(s7)
SeRrice
TerMINAL,

| glwis

V- m

=DM
2pulhisfex

TERM INA L

Phoenix R.I.
3 3 13

~ 19| Ae.

29] MH.
45| V&,

8l Del.
/ 52’ D.C‘ ’

/
Multiplex equipment:

6 channels; first 3 = $180., + 3 @ $30. ea
"12 service terminals @ $40.

5302 TYPE LNE 2 ; Iy \
77 'ST < | ] . ;
| (505D -1

_Ftal

Mileage to
Phoenix
2273
2360
2269
2225
2056
1977
13130

10 Station Arrangements

Tine costs Backbone (5302 Type) 2273 mi. @ 54
Other states to R.I. via 5106 type 1101 mi. @ 27 e

Non-Multiplexed

PrOENIX

- STATION ) :
V- = == ARPANGENINT
RE,
Miles to
R.I.
0
187
96
178
283
357
1101
3> $ 270.00
> 480,00 -
> 137.50 .
S 1227.42 -
297 .27

$2412.19/month

STATE TERMINALS

l
'
¢
t
I

S10é A’./{;ue‘
r¥;

- 506 Lwve

@@——- R-I.

RY

o
—--}- -

TERMINAL

»

Fle 2

A~ 2.

Station Arrangements:

212 @ $13.75 = $ 175.00
Ser&ice terminals:
12 @ $40.00 = 480.00
Mileage:
13,130 x 27¢/M. /Mo, = 3545.10
$4200,10

total monthly
cost with non-
mux Case 1

Case 1 Difference

Non~multiplexed cost $4,200.10
Multiplexed cost 2,412,19
'$1,787.91 savings

Reduce this figure as desired £ i

{ , or follow :
1) per spare mux channel (2 ends) ~ $30.00 8 features:
2) Backup backbone line & ST:

type-5302; 2273 miles @ S4¢ = $1227;42
Service terminals; 2 @ $40. = 80.00
$1307.42

NOTE: NO DIAL BACKUP CAPABILITY AVAITABLE FOR LINK FROM PHOENIX

TO RHODE ISLAND.




Case 2

Multiglex

NOTE: THIS SERVICE TO BE CANCELLED 3-75' |

Same as config. #1 except Phoenix n3<:> W.Va., Mich., Ala., Miss., & S5, Carolina

Line costs Phoenix to Ky.:
1550 x 54¢ = $ 837.00
Others to Ky.::
1765 x 27¢ = __476.55

Lease

$1313.55 > $1313.55

Mux 1st three chammels $180. = $180, ;

+$30./channel x 3 channels = $90. = 90, .

: - $270. 270,00 .
. $1683.55/mo. ?

Non-Multiplex-~ )

12 Station Arrangements @ §13.75 $ 175.00 ,

12 Sexv. terminals @ $40. 480,00

6 Lines (5106 type) 9376 mi. @ 27¢ 2531..62

$3186 .62 /mo.,

Case 2 Difference

Non-mux $3186.62
Mux 1683.55
$1503.07 Lease Savings/mo.

Reduce savings as desired for following features:

1) per SPARE mux channel (2 ends) - $30.00
2) Backup Line and service terminals - $917.00/mo.:

type 5302 line; 1550 mi. @ 54¢ = $837.00
service terminals; 2 @ $40. = 80.00
$917.00

NOTE: No dial backup capability available for link from Phoenix to Kentucky.
. i

|

i bt i

Case 3

Multiplex

{ NOTE: THIS SERVICE TO BE CANCELLED 3/75% |

Configuration same as Case 1 except Phoenix to, Mont., N. Dak., Minm.,

Iowa and Neb.

Line costs: .
1-5302 Line Phoenix to S. Dak.

987mi. x 54¢/m = - $ 532,98

5-5106 ILires Other State to S. Dak.
1810 x 27¢/m = 488.70
: $1021.68

Mux equipment lease same as Case 2,

Non-Multiplex

12 S.A. © $175,00
12 S,.T. 480,00
6 Lines 6400 mi. @ 27¢ 1728.00

$2383.00

> $1021.68.

$1291.68/mo.

——

Case 3 Difference

Non-mux $2383.00
Mux 1291.68
$1091.32 savings

Reduce savings as desired for following features:

1) Per spare mux channel (2 ends) -~ $30.00
2) Backup Line and service terminals - $612.98/mo.

5302 type line; 987 mi. x 54¢ = $532.98

Service terminals; 2 @ $40.00 = 80.00

) $612.98

NOTE: No dial backup capability available for link from Phoenix to South Dakota.

f




Case 4

Mhltiglexed

FDM ~ using Lenkurf 25c equipment (for typical cost derivation)

Configuration: . . Din wErwopk R MO DE Z5:4 ND . OTHER
PHOENI X ‘ DATA ACCESS 20EANCEMENTS STATE ?
e —er Fhiiiass
' ——— Sy
[ i y "‘ ST 4w, S302 ST ' T ‘ ' . ,' . *<
: Kl <> K & !
e e O D@0 |
| AND LINE . ' ;
DM ADAPTER SPARE- ) .
Moy . ) FDM .- o

TERHINAL RT TERMINAL

Lines - $/month

1 (GSA) 5302 Line Phoenix to R.I. = 2273 mi. x $.54/mi, = $1227.42
5 (GSA) 5106 Lines to Mux @ R.I. = :
R.I. to Maine = 187 mi.
R.I. to N.H. = 96 mi.
R.I. to Vt. = 178 mi.
R.I. to Del. = 283 mi.
R.I. to Wash D.C.= 357 mi.
1101 mi. x $.27/mi./mo. = 297,27 Lease/mo.,
Cost total line = $1524.69 ——>$1524,69

Other Telco Charges - $/month
10 Station Arrangements (tty modems for 5106 Ilines) @ $13.75
12 Service Terminal Charges @ $40.00

$137.50
480.00
$617 .50—— 617,50

Dial Backup Costs '
4 CDT Data Couplers @ $2.50 $10,00

4 Measured Business Lines @ $7.50 = $30,00 _
(inc. phones) : $40.00 ‘ > 40,00
Equipment

Purchase Price

2 Line Adapter & Switch units @ $75.00 = 150,
(ICC Model 21 B cost used for illustration)
GTE 2 - 8 channel FDM capacity 25c data shelves w/P.S @$340.= 680,
Lenkurt 16 - transmitter cards (inc. 2 spares) @ $130. =2080,
25¢ 16 - receiver cards (inc. 2 spares) @ $150. =2400,
2 - redundant power supplies @ $150. = 300,
‘ ' $5610, $2182.19

purch. Lease/mo.

price

Non-Multiplexed (Point to Point)

S

Phoenix to 6 cities listed - . Tease
Station Arrangements 12 @ $13,75 $ 175.00
Serv. terminals 12 @ $40.00 ' : _ 480.00
Mileage 13,130 @ 27¢/mi./mo. (type 5106) : 3545.10

' $4200,10/mo.

Case 4 Difference ‘ .

- FDM
Non-Multiplexed $4200.10 Lease cost
Multiplexed 2182.19 Lease cost

Multiplex equipment purchase price ' ‘
(includes dial backup switching and 2 spare channels) $5610.00

Note: No toll charges for dial use estimated.
No racks and cable costs estimated.

$2017.91 savings/month (not counting equipment purchased) |




Case 5

Multiglexed

FDM - Lenkurt 25c equipment
Configuration: .
Phoenix to Kentucky, W. Virginia, Mich., Ala., Miss., S, Carolina

Same Figure as Case 4 except multiplexer at Kentucky and terminals .at other
states dbove.

Lines ) :
1 GSA 5302 Line Phoenix to Ky. 1550 mi. @54¢/mi= $837.00
5 GSA 5106 Lines to Mux at Ky.
. W. Va, 175 mi. : i
. . Mich. 317 mi. -
' Ala. 410 mi, )
Miss, 502 mi.
S. Car. 361 mi.

1765 mi. @ 27¢ = 476,55 Lease/mo.
. 1 5 $1313.55
Other TELCO o
10 Station Arrangements (TTY Modems for 5106 lines) @$13.75 = $137.50 )
12 Service Terminals @$40,00 = 480,00 |

. : L % 617.50
Dial Backup (not counting time use charges) :

4 CDT Couplers (@ $2.50 - 810,00 (also called Manual Data

Access Arrangement)
4 measured business lines @ $7.50 = 30.00

>y .40.00
Equipment
" Purchase
"2 Line Adapters (PL _ DDD switches) '
ICC Model 21B illustrative @ $75.00 $ 150.00
GTE 2 - FDM data shelf assemblies @ $340,00 = 680.00 °
Lenkurt 16 transmitter cards (inc. 2 spares) 2080.00
25¢ 16 receiver cards (inc. 2 spares) 2400.00
2 redundant power supplies @ $150.00 300.00
Purchased Equipment Cost = $5610.00
$1971.05
Leased/mo.
costs
Non-Multiplexed (Point to Point) i
Phoenix to 6 cities listed o Lease/moo!
12 Station Arrangements @ $13.75 "$ 175.00
12 Service Terminals @ $40.00 480,00
Mileage, lines 9376mi.@ 27¢/mi/mo. (type 5106) 2531.62
‘ Lease/mo. = $3186.62

e it s et

e 8 . i
st g i lif

pamtlhgigesins

Case 5 Difference

Non-multiplexed

‘Leased costs/mo.
Multiplexed

Leased costs/mo.

$3186.62
1971.05
$1215.57 Leased savings/mo.

"

Multiplex Equipment
(includes dial backup switches
and 2 spare FDM channels)

Purchase Price

$5610.00

"Note: No toll charges for ‘dial use estimated.
No racks and cable costs estimated.

7’




Case >

Multiglexed

FDM - Lenkurt 25c equipment
Configuration: . )
Phoenix to Kentucky, W. Virginia, Mich., Ala., Miss., S. Carolina
Same Figure as Case &4 except multiplexer at Kentucky and terminals at other
states above.

Lines . : o
1 GSA 5302 Line Phoenix to Ky. 1550 mi. @54¢/mi= $837.00
5 GSA 5106. Lines to Mux at Ky. '
W. Va. 175 mi .
Mich. 317 mi.
Ala, 410 mi,
Miss,. 502 mi.
S. Car. 361 mi.
1765 mi. @ 27¢ = 476,55
-

5 $1313.55

Other TEICO .
10 Station Arrangements (TTY Modems for 5106 lines) @$13.75

= $137.50
12 Service Terminals @$40.00 = _480.00

L3 617.50
Dial Backup (not counting time use charges) .
4 CDT Couplers @ $2.50 $10,00 (also called Manual Data
' Access Arrangement)
4 measured business lines @ $7.50 = _30.00

L ' > .40.00
Equipment
. " Purchase
"2 Line Adapters (PL __  DDD switches)
ICC Model 21B illustrative @ $75.00 $ 150.00
GTE 2 - FDM data shelf assemblies @ $340.00 = 680,00
TLenkurt 16 transmitter cards (inc., 2 spares) 2080.00
25¢ . 16 receiver cards (inc. 2 spares) 2400.00
2 redundant power supplies @ $150.00 300.00 -
Purchased Equipment Cost = $5610.00 _
$1971.05
Leased/mo.
. costs
Non-Multiplexed (Point to Point)
Phoenix to 6 cities listed Tease/mo.
12 Station Arrangements @ $13.75 $ 175.00
12 Service Terminals @ $40.00 480,00
Mileage, lines 9376mi.@ 27¢/mi/mo. (type 5106) 2531.62
: ' Lease/mo. = $3186.62

Lease/mo.

i
1

TS

e s B e e

Casé 6

FDM -~ Multiplexed

.Ehoenlx to 5. Dakota, Montana, N. Dakota, Minn., IoWé ana Neb.

’ : . o

14

Configuration same as Case 4 except multiplexer at S. Dakota

Mileage to Phoenix

S. Dakota . 987
Montana 904
N. Dikota -1093
Minnesota 1280
Towa 1152
Nebraska 984

6400
Lines

1 GSA 5302 Phoenix to S. Dakota

987 mi. x 54¢/mi./mo. = $532,98
5 GSA 5106 others to S, Dakota
1810 mi. @ 27¢ = 488.70
' ]

Mileage to S, Dakota

A 0
2585
171
354
392
308
1810

[ P

Tease Cost

Other Telco Equipment
Same as €ase 4 or 5 =~

-

Station Arrangements, Service Terminals and Dial Backup

EguiEment
Same as Case 4 or 5§

Line Adapters, FDM Data Shelf Assemblies, transmitter and

receiver cards and redundant power supplies

Purchase Cost = $5610,00

Non-Multiplexed Point to Point

Phoenix to 6 cities listed
12 Station Arrangements @ $13.75
lg Service Terminals @ $40.00
Mileage type 5106 lines 6400 mi. @ 27¢/mi./mo.

Lease/mo,

$ 175.00
480.00
1728.00

§2383.00 Lease

5 $1021.68

|

657.50

$1679.18

Lease/mo. cost




Case 6 Difference

Non-Multiplexed  $2383.00
Multiplexed 1679.18
" $ 703.82 Lease/month savings

Multiplex Equipment Purchase Price

(includes dial backup and 2 spares) $5610.00

Note: No cables, racks or § for Dial backup use

R O
S i,
i

pamEne

*

Césq_z

© " Multiplexed

TDM Synchronous Multiplexing of 4-24C0 bps ‘channels on 1 V.G. Line by means of

Bell 209A Data Set Multiplex Feature.

/2 oENIX

] Z_DA TASET CONDITION ED

COMNNET/cu 7 . ‘g;’_'ffé’?‘s

CONN.TERM

7TELMIMNAL,

Service Terminal

o

) ) s302 1./!/?.‘{ 7~ - N2y Bfs - 5302
ST > v _ 30
207 }‘O dW @a.bkbfs | 209

201 Is7 Qo1+
2,4 Ké
. I-—-—--—-@———f~—@/ =

DATASETS

X = 2400 bps Datasets (201C .type)
voice grade (5302) lines
Mileage to Phoenix Mileage to Connecticut
Connecticut. ) 2207 : 0
Massachusets 2291 92
“New Jersey 2099 148
New York 2153 86
8750 326
" Lines .
1 GSA 5302 Phoenix to Conn. ) :
2207 @ 54¢/mi. = $§1191.78
3 GSA 5302 other states to Conn.
326 mi, @ 54¢/mi. = 176.04 .
1367 .82 Y
2-D* conditioning @ $13.50 = 27,00 Lease/mo. ' .
$1394.82 \
Other Telco Equipment :
2 = 209A Datasets @ $230.00 = § 460.00 .
6 - 201C Datasets @ 55.00 = 330.00
8 - Service Terminals @ $40.00 =  320.00
1110.00
$2504.82 Leased
cost/mo.

Non-Multiplexed

8 - Service Terminals @ $40.00
8 - 201C Datasets @ $55.00 ,
Line Mileage = 8750 mi. @ 54¢ (5302

Lease Cost
$ 320.00
440.00
type) © 4725.00
$5485.00 Lease Cost




Case 7 Difference

$5485.00
2505.00 .
$2980.00 Lease savings/mo.

Non Multiplexed
Multiplexed

Note: No purchased equipment with this case.

Cannot use Dial Backup with this configuration for backup of 9600 BPS line.

For Backup conditioned Private Lime (inc. Service terminals) reduce savings

above by $1298.78:

type 5302 Line; 2207 mi. @ 54¢ = $1191.78
2 service terminals @ $40. ea. = .80,00
2 DI conditiong @ $13.50 = 27.00

' $1298,78

For Backup conditoned line including Service terminals and 209 modems,

reduce savings by $1759.00/mo.

Manual Dial backup (full duplex) from Phoenix to ena po.nt at 2400 BPS
including 201 C at Phoenix costs $59.00/mo. total. The 201 C & dial.

equipment at the Phoenix end may serve as
states who backup their 201 C's:

4 Measured Business Lines (MB) @ $7.50
2 D33 Arrangements @ $14.50

nn

a common dial channel to ALL

$30.00
29.00
$59.00

o

Case 8

Multiplexed

IDM.~ Synchronous Multiplexing using 209 Data Sets.

PHo‘EM\X

63??4572,:$6422?35

302 L1088 ‘
o ER-SR e £

2 - 5302 Phoenix to Wash.

Cowprrronen -

[ g LD\ 8302 Lmg (> 209 T [y : = .
| ST\ SURETS VR -D———O—fu}-n
ZEer. C . - Yl 9__1::)nm,2." "

. 5302 L noovwmmimecasns SN ' 2s U
zoj [l (D 20g == | . S B
. 7.6 £/ : , ' : -
. . L ‘hﬂ}%Sf}—%ﬁ——{::%%&'L~{b~0
'"’EE}Ggﬁm_gp__<:)»zm rMASS
e’
_ué . jﬁ—mueibu_lﬁl_,vny
Hsr) -
Lines 24 Kb/s @ - Ny

2 x 1977 mi. x S54¢/mi. - = $2136.16
7 - 5302 Other states to Wash. ‘
1369 x 54¢/mi. = __739.26
' 2875.42
4 - DI Line conditioning @ $13.50 = _._54.00 ' Lease /mo,
' $2929.42 > $2929.42
Other Telco Charges
4 - 209's @ $230./mo. =. $ 920.00
14 - 201C's @ $55./mo. = 770.00
18 - Service Terminals @ $40, = 720.00
) $2410,00 —> $2410.00
$5239.42 lLease/mo.
Non-Multiplexed (Point to Point)
16 Service Termimals @ $40.00 = $§ 640,00
16 201C Data Sets @ $55.00 = 880.00
Line Mileage (5302 type) 16,66% @ 54¢/mi. = 9,001.00
$10,521.00

&

Case 8 Difference
B

Non-multiplexed $10,521.00
Multiplexed 5,339.00

$.5,182.00 Lease Savings/mo.

-
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} e |
i N ‘ . Case 9
. , . ) f ' '
Note' For backup conditioned private 11ne including 8.T, charge, reduce savings ;Tg » "J
by $1174.50: S = ; Multiplexed
type 5302 line; 1977 mi. @ 54¢ = $1067.58 i :
2 service terminals @ $40. = 80.00 i IDM - Same configuration as Case 8 except multiplexed Codex 9600 Modems in place
2 DI line conditioning @ $13.50 = 27.00 :f of 209 datasets 530
, " 8$1174.,58 : & 7 C‘O e » SO DL __] L/.v 201 }
For above plus pair of spare datasets, reduce savings by $1635 ¢o ’ o ? [ . 4CH REES SOZ\'D/TIOIL\;ED GurR 5 Q.
For Manual Dial backup see Case 7 Note. , G600 200 L1 T o6 |Man
. @ AT Mopem Aw T R8 K AaDEM 4:]<:>_~m{
e . e . . . ‘ s .- - ded A
. . : ‘ TerM . ~ kb
- | x| g Se00 |PF——y, 4 '
oo M@ 5000 | ﬂq
i 4 A oDEM ‘ ' Ao DEM i . ' K—@—D—
. P HO EX /T X . - VWA s |
. ’ ' < . 'D‘C . \
Lines - , ‘ . .- ’<
: | Same as Case 8 = - = $2875.42 T . . 77§X3MUA04
h ‘ ok : 4 - C2 type condltlonlng @ $19.00 = 76.00 . Lease Costs }
, j | ; . $2951.42 = - ' : $2951.42 |
= ! ! 3; ‘Other Telco Charées v |
' | 14 - 201C Data Sets = $ 770.00
‘ 18 - Service Terminals = 720.00 . ‘
t $1490.00 : 1490,00
f Codex Equipment »
, ———3> 4 « Codex 9600 Modems @ $265, = $1060.00
* —>2 - Multiplexers @ $30. = 60.00
' , : 22 - Buff Multiplexers @ $85. = 170.00 ,
' - : o _ . _$1290.00 - 1290.00
- : SRR B A ' ] ‘ $5731.42 Leased
| >Purchase @ $9750. ea. = $39,000. . :
. >@ 675, = 1,350, R,
! Y@ 1875. = 3,750. ,
1 SEE NOTE BELOW $44 100 Purchase Prlce of Codex Equlpmeqf_ 1
Non-Multiplexed

Same as Case 8 = $10,521.00

Case 9 Difference

A | * Non-Mul tiplexed $10,521.00
Multiplexed 5,731.00

(includes lease of § 4,790.00 Leased savings/mo.
Codex equipment) '

| S
At i




Note" Codex equipment could be purchased for $44,100. (no maintenance included)
A backup conditioned private line including Service Terminals would re-
duce savings by $1175.00. See Case 8 for detailed breakdown.,
For above plus spare modems, reduce savings by $1715.00
For Manual Dial Backup see Case 7 Note.

Case 10

Multiplexed

TDM - Mixed Asynchronous and Synchronous channels u51ng Tlmeplex T-96 for

[ad ot

illustration s?oc
PHOEN X STy () GA)-
. /0
— | B 6y
7 Asyw ¢ CODEX ConpITIonNeDd CanZy ‘ O )
—_— G600 53 ,-(/f/c'.’ et 9600 J'—"‘—{ST }—wv
|4 aropes | L) 4 7éﬂy Ao DEM 5.4
| ome S —‘“IO——-—-] ff’——@@
7o o T
MOLTIALEX A s rhss ReHST) = A e ton
Lines = STHTE
I - GSA Phoenix to Mass. 2291 mi. @ 54¢ = $1237.00 TERFINAL
2 - GSA 5302 other to Mass. 234 mi. @ 54¢ = 126.00
4 - GSA 5106 other to Mass. 404 mi. @ 27¢ = 109.00
 $1472.00
2-- C2 Line conditioning 38.00 lease/mo.
$1510.00 $1510.00
Other Telco Charges , . ‘
8 Station Arrangements @ $13. 75 = -$ 110.00 v : .
(for low speed asynch TTY channels) ‘
14 Service Terminals @ $40.00 = 560.00
4 - 201C datasets ' = 530.00 :
$1200.00 1200.00
TDM Equipment i
Timeplex Corp. Equipment Purchase
2 - Basic chassis @ $2500.00 = § 5,000.00
6 - Sync channel cards @ $250.00 = 1,500.00
8 - Async channel cards @ $130.00 = 1,040.00
1 - Redundant Logic and Power Supply = 3,500.00
$11,040.00
Codex Equipment . ‘
2 - 9600 bps-Modems @ $9750.00 = 19,500.00

$30,540.00 Purchase Price $2710.00 Lease/

mo.
Non-Multiplexed ”

6 - 201 C datasets = $ 330.00

8 - Station Arrangements (TTY) = 110.00

14 - Service terminals = 560.00

4 - Async (5106) Lines 7227 mi. total % 27¢ = 1951.00

3 - Sync (5302) Lines 6651 @ 54¢ = 3592.00

$6543.00 -
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/

{
o . : 4 . Case 11
1 ; ——

"Case‘lO Difference i l
Non-Multiplexed $6543.00 , ] .
Multiplexed ’ 2710.00 :  § Multiplexed 7 ' _
¥3833.00 Leased sav1ngs/m?. ' I . ' TDM - Using Timeplex TDM and Codex Modem Multiplexers in Phoenix and Washington -
. Note: TDM Multiplex Equipment Purchases required $30,540.00 (no racks, cables, : ;o : 6 High speed (2400 b/s) channels and 3 low speed (150 b/S) channels
spare cards or maintenance included) ' : : B 796 D(, O>
.For backup conditioned line including service terminals charge reduce A 7:‘%6/%-7 53.;2.
savings by $1355.00: ‘ : | Lo .| 5
- type 5302 Line; 2291 mi. @ 54¢/mi. = $1237.00 o AL s\id Tinteplex " ;
- 2 service terminals @ $40.00 = . 80.00 , | , : 7% N » ' “
2 - C2 line conditioning @ $19.00 = 38.00 : . f , S : ' __C__,_.._ 20 f3a,, o1
$1355.00 | - | 3 m O o 455
For above including spare modems reduce savings by $1885.00 : . ' Asyye " Ne O_@L_—_@_ﬁa,l N. Car
I | . = A )~
PHoenIX W Eﬁ': . @@ ‘”"‘f»‘ ) —w v
. * , 5 ,
, (5302 Lines) _ 5302 : | TERM,
R Sync Miles to Phoenix - :Miles to Wash. D.C. / o
Washington - 1977 . v 0 |
. Virginia 1954 o ) 95
/ ) - : ' ) _ : Maryland 2004 _ o 27
‘ ‘ : o ' Pennsylvania 1984 95
' ' New Jersey 2099 , - 153
N. Carolina 1896 234
©11914 sync , : 604 sync
\ v § (5106 ILines)
: : Async Miles to Phoenix Miles to Wash. D.C.
Washington 1977 0
: Delaware 2056 81
N W. Virginia 1724 255
: : A - 5737 336
i : Lines
2 (5302) Phoenix to Wash. D.C.
: 1977 x 2 x 54¢ = 2 x 1067.58 = §2135.16
5 (5302) Other sync lines to D.C. )
604 x 54¢ = 326.16
2 (5106) other async lines to D.C.
‘ | 336 x 27¢ = 90.72
i ' oo ' 2552.04 :
: 4 - C2 Line Condit. @ $19.00 = 76.00 ’ Lease
$2628.04 S $2628.04
Other Telco Charges
18 Service Terminals @ $40,00 = § 720.00
10 201C data sets @ $55.00 = 550.00 .
4 Station Arrangements-@ $13.75 = 55.00
$1325.00 3 1325.00
| )
_- 8
L

FAte




TDM Equipment

Purchase Price Iease cont.

2 Timeplex T-96 @ $2500.00 = § 5,000.00 ,
2 Redundant Logic and Power @ $1750,00 = 3,500.00 ) .
12 Sync. Cards @ $250.00 = 3,000.00 ;
6 Async. Cards @ $130.00 = 780.00 : {

: " 12,280.00 >
4 Codex 9600 Modems @ $9750.00 = .'39,000.00

Equipment Purchase Price = $51,280,00 $3953.04

Lease price

Non-Multiplexed |

- Lines ‘ .
6 High Speed 11,914 x 54¢ = ‘$6433n96
3 Low Speed 5757 x 27¢ = 1554.39
' ) 7988.35
" 6 Station Arrangements @ $13.75 = ‘82.50
18 Service Terminals @ $40.00 = 720.00
12 201C Modems @ $55.00 = 660.00
: $9450.85

Case 11 Difference

Non-Multiplexed $9450.85

Multiplex 3953.04
$5497 .81 lease/mo,

Note: Above savings requires purchase of TDM Equipment for $51,280.00
If spare backbone link between Phoenix and Washington is de51red, reduce .

sgvings/mo. by $1185.58:

type 5302 line; 1977 mi., @ 54¢/mi. = $1067.58
2 service terminals @ $40.00 = 80.00
2 C2 conditioning @ $19.00 = 38.00

$1185.58

For above 1nclud1ng spare mcdems, reduce savings by $1715.00
For manual dial backup see Note, Case 7

i . . Case 12
i
‘f Multiplexed
1
/ ' ' '
 f g IDM using Timeplex TDM and Codex Modems samie as Case 11 plus Case 10 terminals.
F . ‘ |
- - s , l1ASync
f _ TrHEPlse Cizoéfé @ c:‘ouinfxoue.a @___7_—:1(_1 (,JAS}{DC._ :
i - ~/
| N 7 ol ont g L \
: Aoywe| 7a 34 Async —-——-———-——-—{. Sk ,\-{: >—-——-5— set
s . |7zRm . 4@2} ifa <§>__;:-__ Lis;
9/ ' .
{ P v i ! DU Fen |6 Spie E{}'@—‘“ﬂ"—@ﬁ— belo
— P\ TS Syne :
| 7 Vgl (31
; VS LINES - /57;1
f‘ WASH.D.c.
5302 Line 5302
! Sync . Miles to Phoenix Miles to Wash.
I Washington 11977 o -
i ' Virginia 1954 95
! ‘ Maryland 2004 27
. Pennsylvania 1984 95
New Jersey 2099 153
N. Carolina 1896 234
New York 2153 - 309 DM for all
Connec ticut | 2207 300 states east of
Massachusetts 2291 390 Ohio and north
5 18,565 1603 of N. Carolina
g Async 5106 to Phoenix 5106 to Wash.
’ Washington 1977 0
! : Delaware 2056 - 81
? : W. Virginia 1724 "255
Maine 2360 524
New Hampshire . 2269 411
Vermont . 2225 436
Rhode Island 2273 357
12984 2064
Lines
3 = (5302) Phoenix to Washington Lines
1977 x 3 x 54¢ = $3202.74
8 -~ (5302) States to Washington
1603 mi. @ 54¢ = 865.62
6 - (5106) States to Washington )
2064 mi. @ 27¢ = 557.28
. $4625.64
6 - C2 conditioning @ $19.00 = 114.00 Lease
$4739.64 > §4739.64

RESULEEI IR

P

/
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N -
2

1 T
Other Telco Charges o . ' » : Qﬁiéflé
34 Service Terminals @ $40.00 = $1360.00 , Lease cont. _
12 Station Arrangements @ $13.75 = 165.00 . Meltipl
16 - 20iC Data Sets @ $55.00 = __880.00 ‘ B —d-fiplexed
$2405 .00 - ».$2405.00 A : . ] o
. ~IDM - 6 state configuration same as Case 4 (ie. 6 asynchronous 150 b/s states in
TDM Equipment A , . . ~ northeast,U.S. - R.I., N.H., Vt., Me., Del,, D.C.)
2 - Timeplex T =- 96 Basic chassis @ $2500.00 = §$ 5,000.00 ‘ - . D L/oENT X . : _
2 - Redundant R.S. and Logic @ $1750.00 = 3,500.00 . ~ reosfinar 7D - FHODE TS5LAND OTHEE
14 -~ Async cards @ $130.00 = .1,820.00 : . - . - 7 __j?d_ STATE.
i - o ez 0 - aie - ; ] B e e ol o T
6 ~ Codex 9600 Modems @ $9750.00 . = 58,500.00 : ‘ : e - ASyme StoL /
’ IDM Equipment Purchase Price = $73,320.00 $7144 .64 Lease : : : : CHanmely Cyprn s of 57
cost/mo. | :
Non-Multiplexed Point to Point . .
= : TIMEPLER S—
Lines ' ' : _ Coy S 7 DAL NerwokK
7 Low Speed 150 b/s 5106 type lines - 12984 @ 27¢ = § 3,505.68 ' : ‘ Lines ' B . :
9 High Speed 2400 b/s 5302 type lines - 18,565 @ 54¢ = 10,025.10 . - 1 GSA 5302 Phoenix to R.T.: 2273 mi @ 54¢ = $1227.42
32 Service terminals @ $40.00 : 1,280.00 : 5> GSA 51N6 to R.I. from 6 states: 1101 mi @ 27¢ =  297.69 " Lease/mo.
14 Station Arrangements @ $13.75 . , 192,00 ' o ; _ : $1525.11 $1525.11
18.~ 201C data sets @ $55,.00 996.00 : E , . ‘
' $15,993.28 Leased cost/mo. i v Other Telco Costs _
‘ : : , 10 Station Arrangements @ $13.75 = $137.50
12 Service Terminals @ $40.00 = 480.00
2-202 Datasets (1200 b/s) @ $14.00 = 28.00 -
, ‘ ' $645.50 )
Case 12 Difference Manual Dial backup 645,50
| ' , , 4 -CDT Couplers @ $2.50 =$10.00 !
Non-Multiplexed $15,993.28 ‘ ; ‘ 4 Measured business lines @ $7.50 = 40.00
Multiplexed 7,144 .64 S ' ; v . 35000 50.00
' $ 8,848.64 Leased savings/mo. ; 1 i .
‘ . . _ : [ ’ ‘Equipment Purchase Price ‘ R
Note: TDM Equipment Required: : o1 ' | 2 - T-16 Basic chassis (TDM) @ $1200. = 53400, .
Pgrchase Price: $73,320.00 (no spare cards, racks or cables or malntenancg ; V 14 - TAC cards @ $150. (includes 4 spare cards for 2 spare \
included) ’ ) : ! channels) ~ = $2400
For spare backbone line between Phoenix and WashlngFon reduce savings ) ~ '§2555; 5755
by $1185.00 as detailed in Case 11. ‘ s g‘ : L . oot I h. $ .19
For above including spare modems reduce savings by $1715.00. 4 ' _ Pu?c . Lease/mo.
For manual dial backup, see Note Case 7. . : rice
' £ Non-Multiplexed
- : Same as Case 4
§‘ Case 13 Difference
Non-multiplexed $4200.10 Lease/mo
t . Multiplexed _2220.19 Lease cost
. . , o $1979.91 Savings

This Cése requires equipment purchase cost of 4800.00 is il »
-channels and dial backup in order to make equiﬁable.coﬁpaggégnlggggdggsg 2Pare

[ SRR




Note:yReduce savings as desired for backup private backbone bine,'service terminals,
and 1200 bps modems by $1335.42:

5302 Line: 2273 mi. @ 54¢/mi = $1227.42
2 Service terminals @ $40.00 = 80,00
2-202 Datasets @ $14.00 = 28.00 _

$1335.42

.Appendix B

Dial Backup Details
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‘:1}0

2.0

2.1

General

In cases where failure of private line (PL) connection(s) in a network
would cause serious problems, the direct distance dial (DDD) network is
sometimes used for backup. Its main advantage is low cost. While the -
DDD network is in backup mode the private 1ine circuit would be repaired
The main disadvantage of the DDD network is that sati$factory data trans-

. mission above 4800 b/s is generally not achieved.

In the case of data transmission using non-Bell Telephone Company modems
there is a legal requirement for protecting the DDD network. This is
accomplished by connecting a Data Access Arrangement (DAA) unit between

the modem and DDD connection. DAA's are not needed when the Telephone.
Company interfaces their own modems. Where non-Bell Modems are used,line
adapters are also required. These can be built into the modem but are
usually separate units. The line adapter function may be built into other
interface equipment such as tk: Linebacker described in paragraph 2.2.

The line adapter contains the PL/DDD connection switch as well as impedence

and power matching circuitry.

Dial Backup ilethods

To back up private line 4 wire duplex transmission, two 2 wire dialup 1i1ks
must be established.

Manual Method

The manual method is common. An operator will diai-up separate transmit
and receive circuits. He will talk to the operator at the other end and
coordinate to insure that their modems are switched from PL to DDD con-
nection. They will then coordinate switching both telephones from the
voice or talk mode to the data mode. Full duplex transmission may then
proceed over the DDD network. When the private lines are repaired the
operators at both ends must "hang up,” go back to voice mode, and switch
the 1ine connection from DDD to PL for normal operation. Notice that
while in the dial backup mode, the operators cannot call each other over

the send or receive circuits, so that another means of communication or pre-

arrangement for switching back to PL operation is needed.

TERpMINAL

i,
;If

W

Line Liter TEeMINAL
AloDer  APAPTER 4 ADAPTER  p10Dp
A ¢
AMow { _/TL et z/)Lf - PLL
aree LISH .
ozee [ (o -
‘ typs DAA 01
Is " iRer ) &
’ \oice | para 7
LEFPHONE 14 ED BUSINESS Vot eE .
7&: A ,vgo “ LMz Né s Uf( ° FTELEFHNE —
KeyswereH LDDD NETWoRK AND KEyswiTe
VOLCE ) \ e . DATA ¢ Vo1 (€&,

4 wire operation requires 4 wire PL or 2 telephones with key switches at each

end.
Figure 1la - Manual Method - Non- Bell
7ERMINAL : TERAMINALL
DATRSET o, Hw Hariwrg( LiveE PLDAT”SGT
vile 5
§ Db D ‘ ' DD 4
(D33 P33
h\ oo CL —
[ S VeICE L}ATAI Volc Y P Vot EJDAH. vor¢E
i [ DRDD NETIYz

Fig. 1b - Manual Method - Bell




" 2.2 Automatic Method

It is also possible to accompllsh the d1a1 backup automat1ca1]y See
Fig. 2. This can be done with commercially available (non-Bell) equip- .
ment like Timeplex Linebacker (Ref 3). interfacing to the DDD network
via two automatic (CBS type) DAA's (Ref. 2). Unattended operation is
accomplished as follows: Linebacker A (Master) monitors the 4 wire pri-
vate line performance by way of a tone loop. If the PL performance is
unsatisfactory a complex bi-directional auto call-auto answer protocol

-with two different tones proceeds. If satisfactorily effected, both
linebackers will switch the DDD connections to the modem in piace of
those of the PL. Dual tones and tone timing provide protection against
wrong numbers. In addition the condition of the PL is cont1nuous1y
monitored and switchback is automat1c )

}
' : - 7zemmaL
TECMIAHL DAA @ upTo g0l
M”ﬂ:q@oaéé i ‘I’ : 7
IODEM ) A el
Pl .. 2w
LIVEBACKER | = L M— LNEBACKER
A
o ><le
/ o
: DDD NETHWORK
/ . Fig. 2a - Automatic Dial Backup Up To 4.8 Kb/s
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. r‘-—‘—-‘*—--‘
Mode M B ::::::Er
M 2 chinl |' 1' @———-——“—
l[n 5‘/")5{!/(7 i —{55 K‘x/
el 4BKL/s :
TERH I N 1. AL [ SAME
d Al twté FA 1L StanAL NETWOTK
- LYMEBACKER .
Mooz /
M| 4 CHANKNEL STATU Ry T}; / 2w 76 KE/s dur Ar
el Sym clﬁ;uz_ﬂp 1% L ™ /’e:wirz
. Féo00 e I L =+2 . L
“ - Srasls L 7, ¢l Liwe OTHER
P d B ?\ L £AD
b Z cHEL *—-——-———U—"“-“—" c:ﬁ 7 X 2
T "““""1*“" Ni:} 4 it @ 2 ‘
ERALY DATA i 1
Access H
- INGEHED
- Nogmdrly CLOSED CONTHCT D Pafr.A)’ ARRINEEHENT LA , ()
: Tlownred THWOLK
—4F Nov mau.\l OPEN CONTALTS /NO?/’IC/AL Ve R
LIIELSCKER,

CornTROL- VAN

MAIN TERMINAL END -

Fre 2 é '
Avromatic DIAL BAch oP 70 284/

CowFiow AT (O

~4-

3.0,.Required‘Dia] Backup Equipment Costs - 4 wire.

Manual Method

(Manual DAA type CDT
Note ] Line Adapters

Note 2. D33 Access Arrangement
"~ Measured Business Lines

Automatic. Method

Automatic DAA type CBS
Note 1 {L1nebackers

Measured Business Lines

Note 1: with non-Bell Modems
Note 2: with Bell Modems only

3.1 Summary of Costs

Dialup Cenfiguration

1. Manua]‘non-Bell modems’

2 CDT DAA's @ $2.50 . = § 5.00
2 M.B. Lines @ $7.50 = "15.00
1 Line Adapter @ $4.00 = _ 4.00

. $724.00

2. Manual with Bell modems
1 - D33 @ $14.50 = $ 14.50
2 - MB Lines @ $7.50 =

3. Automatic - 4.8 Kb/s
2 CBS DAA's B8 $4.50

VS o

™!
0 0
o o
S o

1 Linebacker @ $80.00 = . 80.00
2 MB Lines @ $14.50 = - 29,00
$T18.00

\ .

(excluding toll charges)

Lease Cost Per End

$ 24.00

$ 29.50

$118.00

Monthly Lease Purchase
# Req'd.  Fach (Anprox) Price Fach
» 4 $ 2.50
2 - $4.00 $75.00
o2 $14.50
4 $ 7.50
4 $ 4.50
.2 $80.00 $900.00
8 - $7.50




Lo
. -5- .
4, Automatic up to 9.6 Kb/s ' B "
4 CBS DAA's @ $4.50 = $18.00 - 95800
‘2 Linebackers @ $80.00 = 160.00
1 Lbnebacker Control
nitest = 20.00
4 M.B. Lines @ $7.50 -~ = 30.00
2 4.8 Kb/s modems @ $120.= 240.00
1 2 Channel Modem
= 30.00
1 2 Channel Modem Buff
Mult. @ $60.00 - = 60,00
$558.00

. Multiplex@ $30.00

., 4.0 References

Ref. (1) Bell System Technical Reference - Pub. #41801
~ Data Access Arrangement CDT for Manual
_ Originating and Answering Terminals, May '
Ref. (2) Bell System Technical Reference - Pub. #41802
. Data Couplers CBS and CBT for Automatic

Terminals, Aug. '70

Ref. (3) The Timeplex Automatic Linebacker Brochure
’ -, Available from Timeplex
: ) 65 Oak Street
; Norwood, N. J. 07648
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