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1. General 

1.01 Regular Bell System construction 
practices provide for protection to 

telephone plant against natural and the usual 
man-made haz.ard.s . The threat of a nuclear 
attack vith possible videspread destruction 
of plant presents different problems in pro­
viding ma.ximum survivability of communic&­
tions services. This section is reissued to 

describe the additional measures to be con­
sidered by Long Lines Engineers in planning 
nev routes and buildings to provide survivable 
communications service in the event of a 
nucl~ar attack. 

1.02 There is no practical vay of protecting 
commUDicat ions if they are directly 

targeted by nuclear weapons . A method for 
achieving survivable communications is to 
provide diverse facilities and to protect 
some of these against the effects of collat­
eral damage likely to be caused by nuclear 
veapons directed at nearby targets. The ex­
tent of collateral damage vill vary depending 
on the proximity of a target, accuracy of the 
weapons, the size (yield) of the nuclear war­
head and the type of attack (air burst or 
ground burst) . Probable yield depends on the 
nature or the targets and on the selected 
probability of kill for each of these . Past 
and future trends indicate the most likely 
range of varhead yields for the maJority of 
targets is from 0. 5 to 20 megatons (l.fl'). The 
protection m~$$yres recomr.ended in this prac­
tice are based on a 10 Mr ai r burs t as most 
representative of the threats vhich require 
protective measures. This is also supported 
by Multiple Independent Reentry Vehicle 
(MIRV) technology vhieh tends to minimize the 
size ot warheads. 

2. Purpose 

2.01 As long as the threat of nuclear attack 
exists, the Long Lines Department vill 

apply protection measures to improve the re­
liability and survivability of Bell System 
services. The Long Lines intertoll netvork 
grovth plan is to connect maJor ~letroooli tan 
Areas by a facility grid arrangement knovn 
as the Corridor Plan . Since the maJor cities 
comprising the Metropolitan Areas of this 
plan are potential target candidates, a method 
of bypassing these areas is re~uired to retain 
network connectivity during a nuclear attack. 
Junction ottices connect the backbone tacilitv 
routes betveen the ~~tropolitan areas and hav~ 
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been designed to eurvive collateral damage 
through such measures as avoi<lance and/or 
hardening. Entrance faciliti-es from the 
junction offices ond the terminal offices are 
considered '><> be within potential target 
areas. Neither the terminal offices or the 
entranee faci lities need be designed to sur­
vi ve nucl ear overpressures . Therefore. even 
if a major city is destroyed, communieations 
to other points in the intertoll netvork can 
be routed around the damaged area via the 
junction offices which should survive the 
collateral damage effects of the attack . 

2.02 All nev construction vi~ not need to 
be planned and built 1\ survivable 

manner. In fact, the exist.~.ng: netvork pro­
vides nearlY all the survivability which is 
thought necessary for the near future. The 
need for additional survivability or hardened 
facility systems vill be .·evi-ewed per iodicallY 
by the Engineering Manager, Faeili ty Planning, 
to determine i f and vhere it i s required. 

2. 03 The purpose of this Section is to out -
line prote<:tion measure:s to be used 

where survivabi lity is required. 

3. Protection Measures 

A. General 

3. 01 To provide for growth in Long Lines 
services~ it is often necessary to 

build nev radio relay, coaxial. cable, va.ve­
guide, satellite or other systems . To provide 
these services it is often necessary to build 
new buildings and to i nstall new terminating 
and switching equipment. The opportunity to 
provide protection and survivability (if 
required) at a minimum cost and vi th maximum 
effect is at the tim~ of eonst~uction of this 
new plant. It is not feasible to harden 
satellite facilities so this section does not 
include it as a possibility . Waveguide, vhere 
employed, is likelY to be in established cor­
ridors where survivable facil1. ties already 
exist. It is not planned to harden vaveguide 
systems at this t ime . 

3.02 The terms "manned" and "unmanned" are 
used along vi th "attended" or "unattend-

ed" throughout this Seetion . Manned'' or 
"attended" refers to those locations vhere the 
presence of people is require-d for the normal 
maintenance and operation or ·equipment loeated 
therein. "~Jrno<inne¢ or "un11tten<ied" h usc<i 
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to describe a location vhere a building and 
its equipment are designed to operate vi thout 
the presence of people . 

3 .03 The protection Jteasures r equired to 
aehieve survivable com\Ulications are 

grouped into the following seven categories . 

a. Diversity 

b . Separation 

e. Avoidance 

d. Hardening 

e. Protection of People 

t. Rapid Restoration of Service 

g. Emergency Control Centers 

B. Diversity 

3.04 Over the years the Bell System has in-
stalled numerous facilities in nearlY 

all cross sections interconnecting the toll 
network. Even though many or these routes 
may not have been constructed to meet surviv­
ability criteria their diversity increases 
the probability of network survival to nuclear 
attack. This d1vel'9ity of routes also maltes 
it possible to minimize the number of harden­
ed faeiliti~s ve may need to eonatruet in the 
future . 

3.05 It is necessary to provide diversity 
of the Junction offices where line 

facilities interconnect so that the loss of 
a single office vill not cause complete loss 
of serviee to an area. The Metropolitan Junc­
tion Plan provides this diversity, hovever, 
appropriate separation between offiees must 
be provided along vi th avoidance or har dening 
measures to protect these offices against the 
etrects of collateral damage . Each major 
city needs a tailored Metropolitan Junction 
Plan. These plans must be coo:rdinated so 
that taeili ties sepllrllted under one plllll are 
not brought tosether under another city's plan . 
More specific planning information on Metro­
pol! tan Junction planning can lbe found in 
Section S00-101-100 . 
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C. Separation 

3 .. 06 In planning nev survivable routes, con-
sideration should.be given to adequate 

separation from other diverse routes. Separ­
ation reduces the possibility of both routes 
being destroyed by a single detonation. Table 
A lists the recommended separation between 
various types of structures on the different 
routes and is prepared for the guidance of 
planning engineers. It is recognized that, 
due to congestion or facilities in certain 
areas, strict adherence to these criteria 
~ be difficult or even impossible . Compli­
ance is recommended vbere feasible . Separa­
tion between parallel corridors interconnect­
ing tvo metropolitan areas is most important . 
Once these eorridors are established it will 
not be necessary to use the separation cri­
teria in these tables on additional facilities 
that might be added to the same basic corri­
dors and existing rights-of-ve,y. 

Note: Where 1 t i s necessary to have cables 
--cr¢ss one another it is recommended that 

at least one of the cables be placed in 
steel pipe for improved survivability Md 
proteetion against de,r- to- de,y troubles. 
For addi tiona! details, refer to Section 
915-900-9ll LL. 

I>. Avoid8!lce 

3.07 Cable and Radio systems \lhich form the 
initial baekbone routes of the Corridor 

Plan should be constructed to survive poten­
tial collateral damage from a nuclear attaek. 
Table B lists target area avoid8!lce data based 
on the bl ast resistance of various telephone 
structures. In planning inter Junction office 
routes tor the Corridor Plan. the Area Engi­
neer should be guided by his first hand 
knovledge ot the terrain involved and the 
proximity of the route and bW.ldings to po­
tential target areas such as large metro­
politan eities or government installations . 
In addition to this, tentative site locations 
and routes should be referred to the Engineer-
1"8 Manager, Facility Plannica for vulner­
ability evaluation . This is done by sub­
mitting the latitude and longitude eoordinates 
for al.l proposed radio relQ" si tea and cable 
pover teed and main stations up to and 
including the Junction offices . 

Side legs from the Junction offices to 
tenuinal of'fices or satellite earth stations 
are considered vulnerable and need not be 
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submitted for evaluation. For a cable 
route, the proposed routing should be in­
di cat.ed on a World Aeronautical Chart (WAC) 
Scale 1:1,000,000. The routes oond sites 
will be Malyzed, and if a conflict exists, 
recommendations for relocation ~11 be made 
to avoid the necessity of constructing 
buildlings to a hardness greater than 2 PSI 
unless additional cost makes it a more 
practical alternative. The current policy 
places a minimum construction hardness of 
2 PSr on coaxial cable buildings . Hovever, 
vhere- avoidance routing unduly i .ncrea.ses 
cost it may be more economical to harden a 
builcl.ing to 10 or 50 PSI to obtsdn the 
desired degree of survivability. Radio 
routes can be built at 1/2 or 2 PSI depend­
ing on overpressure requirement and radia­
tion proteetion required (See Section F) . 
They should be cheeked for these ratings 
so that vbere possible the economies ot 
1/2 PSI construetion may be realized. 

E. Kardening 

Cable Systems 

3.08 Modem buried coaxial cabl.e will in-
herently survive overpressures ot 150 

PSI because of its physical deaign. Current 
standard repeater manholes will survive 
50 PSI overpressures. Figure 1 shovs a 
cutav.ey view of the standard 38Y' manhole to 
be US<!d on t4 and L5 coaxial cable routes . 
Whene'Ver coaxial cable has been the economic 
choice for route planning, it inherently 
meets all the hardening eriteria. necessary 
on the backbone routes of the Corridor Plan. 
The pover feed and terminal buildings on 
these routes may or may not require special 
hardening protection depending on the ex­
pected nuclear overpressures in the locations 
vhere they are planned. Avoidan-ce minimizes 
this need. For this reason it is imnortant 
that proposed sites be evaluated for· these 
expected overpressures prior to J&Cceptance 
of a route 18i)"out. Where overpressures are 
expected to exceed 2 PSI some movement or 
the proposed site may be desirable and 
possible to bring it into 2 PSI territory 
vhere extra hard.ening measures von't be 
required. The eurrent standard design for 
L5 ~er feed building has been established 
to meet 2 PSI nuclear overpressures. This 
design also provides protection against EMP 
vulnerability (diseussed later). Although 
it is highly desirable to ovoid building to 
greater than 2 PSI hardness, there may be 
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TABLE A 

SURVIVABILITY CONSIDERATIOJIS l'OR LONO LiliES RCIUTES 

ROUTE SEPARATION CRITERIA 

(10 Ml' IIEAPON - AIR BURST) 

SEPARATIO., IN 
AI>JACE!Tr TEL:."P!!OlfE STRIIC'I'IIIIES STAT111'E Kl LES 

2 PSI - 2 PSI 36 

2 PSI - 10 PSI 24 

2 PSI - 50 PSI 21 

10 PSI - 10 PSI 12 

10 PSI - 50 PSI 8 

50 PSI - 50 PSI 6 

50 PSI - 100 PSI 5 

100 PSI - 100 PSI 4 

Note: Separations ror 0 .5 PSI have been omitted since these locations are generally in 
--areas not expected to be targets and the separation distances are prohibitive. 

TABLEB 

SURVIVABILIT'l CO!ISIDERATIO!IS l'OR LO!IO LiliES ROOI'ES 

TARGET AREA AVOIDANCE CRITERIA 

(10 Ml' IIEAPO!I - AIR BURST) 

STAT!1l'E NILES f'RON 
TELEPHOlfB STRUCTURE PCl'E!iTIAL TAROET 

0.5 PSI 40 

2 PSI 18 

10 PSI 6 

50 PSI 3 

100 PSI 2 
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iut&neea vhe.re movement is impossible and 
10 PSI or 50 PSI hardeni114 ruq be reqll.lred . 
These oituations should be investigated on 
"" ind!Yidu&l case bssio by the Area aDd 
Headquarters Engineerl114 (Fund.aaental 
Plt.Dni114 aDd 'l'ranaadssion Plt.Dn1114) be tore a 
tlno.l reeolution is made. 

Radio Syetems 

3.09 Radio rela,y systems and bll.lldi1148 vbich 
mal<e "'I backbone routes in the Corridor 

Plan m83 be ot 1/2 or 2 PSI construction 
depending on the expected nuclear environ­
""'nt and vbether the,y vill be attended or 
unattended. Where main junction bll.lldi114e 
on radio rela,y routes are attended, a buildi114 
havi114 auttlcient mass to ceet the 100 Pf' 
radiation protection is reqll.lred. unattended 
radio rela,y buildings are to be oonatruoted 
to 1/2 or 2 PSI hardness dependi114 on the 
expected nuclear envircxuoent. llar<l.eni114 ot 
radio rela,y eystecs to vi tbstt.Dcl. overpreeeures 
sreater than 2 PSI is costly and 1e not 
recOBBended except tor those tev case• 1n­
volnng special custooer needs. Radio eqll.lp­
""'nt ehould be lliO\Ulted in the normal manner 
(not shook 110untedl. 

f'. Protection ot People 

).10 Fnllnving A nuel@~r tltte.ek, it is 
expected that the major part ot the 

contiguous 48 states vill be blanketed vi th 
radioactive fallout. There tore, it vill be 
nee.eeaary to reduce exposure ot personnel 
to thie danger vhile they are operating 
communications equipment essential tor the 
traruoadsoion or through services. The 
tblloving bll.lldings are considered necessary 
tor netvorlr. oonnecti vi ty and are to have 
tallwt protection in the essential vorlt 
areu aa vell. a.s provisions tor e.mergeney 
tood and eate vater supplies tor operating 
pereonnel. 

- All manned buildings mal<ing up the 
backbone routes or the Corridor Plan. 

- Other manned bll.lldings including 
svitching otrices which principally 
handle through services . 

The L5 Pover Peed buildings and ..,. t other 
pover teed buildings are designed to be un­
"""ned and need not have radiation protection . 
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G. Rapid Restoration ot Service 

3.11 In the event ot =ajor dal::age to plant, 
it is necessary to pronde tor rapid 

restoration ot service. Restoration oonsists 
ot rerouting service on other tacili ties, 
te."!''rary physical replac.,...,nt ot damaged 
plant, and pen:mnent repain. Restoration 
ie performed on a single circll.l t basi$ for 
priority circuits and at maatergroup (600 
circuits) or multi-maatergroup levels tor 
other services. 

3.12 A limited amount of protection facili-
ties arc provided in our plant tor 

maintenance and reliability reasons (e.g., 
repeater failures, deep fades due to climatic 
conditions, or other equipment troubles af'­
teeting a single channel). f'or coaxial cable 
routes, tvo ot the ooaxial tubes vi thin the 
cable are designated tor protection; one tube 
in each direction. A oiailar syotem is used 
on microvave radio ayatec~. It a working 
coaxial tube or r&clio ch&.Mel tails, the serv­
ice is autocatico.lly ~itched onto the pro­
tection channel vi t hout interruption. In the 
event that an entire route falls due to the 
severance of a coaxial cable or destruction 
ot n radio t ·over, automatic protection svitch­
ing does not provide tor restoration or serv­
ice . 

3.13 Broadband (maatergro"P and multi-master-
group) restoration is the responsibility 

or P'acili ty Management and is accomplished, on 
a limited basis, by using the protection ta­
c1ll ties or other routes. To accomplish 
broadband restoration ettleient11 the Bell 
~·t~ has established a Pacility ~Anagecent 
hierarchY. The tacili ty netvork 1s divided 
into eight regions, each under the control ot 
a Regional Operations Control Center (ROCC) 
subtending to the Operations Control Center 
(OCC). or the eight llOCC's, six are operated 
by Long Lines, one by Pacific Telephone and 
Telegraph Company, and one by the Bell Canada • 
The OCC is operated by Lon~~: Lines and colocllted 
vi th the National Hess age lletvork !~anagement 
Center . The OCC maintains communications 
vi th the ROCC 'a, Bell Co.nadn, Overseas Opera­
tions, Government Commu.nicatione Centet"S, and 
the Message lletvork Man1111e1Mnt Centers . The 
OCC/ROCC hierarchy is to maintain a constant 
surveillance or the facility netvork, control 
all restoration activity in ita territory, 
coordinate restoration activity vith other 
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ROCC'o 1111d insure optimum uae of the proteet1on 
ra~ility netvork during abnormal ~onditions. 
Additional inrormation concerning the tunctiona 
and responaibilities or Facility ~~agement 
(OCC and ROCC's) is outlined in Section 002-
503-900 LL. 

3.14 In the past, the patching and svitching 
operations needed to restore disrupted 

services were performed ~ually and required 
considerable time and manpover. To increase 
efficiency, the installation of restoration 
patch bays, self-healing order vires, 56o kHz 
continuity tone and detector circuits, and 
remotely controlled mstrix svitching equip­
ment at selected reoot~ offices has been 
accomplished as roll~s: 

a. Self-healing order vires and 56o kHz 
continuity tone and detector circuits 

have been authorizel for all regions . 

b. Restoration patch bays requiring manual 
patches to accoaplish a reroute are in­

stalled in the Nortt.eastern, li.Y. City, 
Eastern, Central, Southern and 1-!idwestern 
Areas. 

c. Puah button restoration control bays and 
svitching matrices have been provided 

in the ~lidvestern Olld Western Areas . Re­
rout.ins 1$ accompl-hhod lo-eal..l.y or remotely 
by means of the remote command and alarm 
systems. 

3.15 As higher capacity coaxial cables are 
placed into service, their restoration 

capability becomos more limited. Studies of 
the possible effects of failures to high 
capacity systems such as L4 and L5 indicate 
that in most cross sections a licdted n~-
ber ot mastergroups could be rerouted if a 
total route failure is experienced. The ef­
fects of a total route failure on the message 
netvork can be appreciably reduced by adequate 
diversification of circuits. The guidelines 
for diversifYing mess&ae circuit groups can 
be found in Engineering Administrative Prac­
tices. 

3.16 Diveraification and limited restoration 
does not provide all the relief required 

in a total line failure such as an L4 or L5 
coaxial system. Some priority private line 
services vithout dive""ity and other critical 
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Jteoaage trunks* vill be of particular import­
ance to the continuity of traffic ncv and 
should be selectively restored. A Key Line 
concept has been planned for high eaf~city 
transmission facilities to consolidate the 
critical tnmka onto a maximum of six con­
tiguoua maatersroupa (Key Line) . In the 
event of catastrophic failure of the route, 
the mastergroups assigned to the Key Line 
would have first call on aay available par­
alleling facilities. Key Line is scheduled 
for implementation starting vith the 1978 
construction program. 

3.17 In addition to rerouting, plans have 
been made to physically restore damaged 

plant. Emergency restoration equipment in 
mobile modular form and arrangecents f'or its 
use have been provided tor most facilities . 
Equipment currently available or plaooed is 
BB follovs: 

a. Emergency TD-2 Microwave Restoration 
Equipment : This equipment consists 

of all the necessary components required to 
restore a TD-2 auxiliary repeater •tation 
on a through-channel basis . Since units 
are in strategically located storage centers, 
it is not necessary to travel more than 
350 miles to reach aay particular •i te . A 
complet·e unit consists of tvo radio trailers 
(PAr.h ~~fthle or ~estorine six channels 
in one direction, or three channels in tvo 
directions), tvo paver trailers, one &ntenna.­
tover trailer, and one tOW'er trailer. Cur­
rently, Long Lines has 13 complet~d units 
strategically located, and Pacific Telephone 
and Telegraph Company has a number of simi­
lar mobile radio packages in its territory . 
Additional information concerning this 
equipment is found in Section 002-503-986 LL . 

b . Emergency TH r.ticl'OW'ave Restoration 
Equipment: This equipment consists or 

radio vans designed to vork in conjunction 
with existing TD-2 restoration trad lers , 
tovers, and antennas. Included io each van 
are all the necessary components required 
to restore a TH auxiliary repeater station 
on a through channel basis . Long Linea has 

• Studies indicate that these should be Higb 
Usage circuit groups rather th1111 Fulls or 
Finals . 
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tour sueb units strategic:ally located v1 th­
in tbe llllited ShtH tot' l'6jlid use vben 
required. Additiou.l "intoru.tion concerning 
thh equip:eut can be ro~md in Section 
002-503-987 LL. 

c. Coaxial Syste= Restoration F.quip...,nt: 
This equipment eonsists of specially 

deaigned coaxial eable pa.tcb cords and 
connectors to restore a damaged coaxial 
cable a.nd all tbe neeessary components 
required. to restore a lin.e repeater otation . 
This equipment is strategieally located 
along ""'J or coaxial routes . Additional 
inforution eoneerning this equipment ca.n 
be found in Section 632- 800- 321. 

H. Eloergency Control Centers 

3.18 In the event that regular adodniatrative 
ottices are destroyed, an emergenc:y 

control pla.n bas been provided. The CC<!rgeney 
pla.n eonaiots of a National Etlergency Control 
Center located at Netcong, }lev Jeraey a.nd 
tvo alternate control centers located at 
Rockdale, Georgia a.nd Fa.irviev, Kanaa.a . In 
add.i tion to the national centers ve have 
Area, Division a.nd District Emergency Reloea­
tion Centers (ERC's) wbieb are uauall.y located 
at nearby survivable buildings. Telephone and 
telegraph communieations are provided betveen 
the various ERC's and the Nntional ta!rgency 
Control Centers. The Nationa.l Emergency Con­
trol Centers have direct communications to 
aeveral Federal Ageneies located at diverae 
aites throughout tbe United States. 

3.19 A detailed description of the ....,rgeney 
control pla.n is contained in Section 

002-501-101 LL. In brief, the tra.ined people 
at the centers vill perro,. the t'ollov1 113 
tunctiona during a.n ecergenc:y. 

a. Reeeive reports a.nd s"""'arl"" the nature 
and extent of plant damage and other 

destruction . 

b. Keep higher management informed. 

e. Coordinate restoratioa activities. 

d. Report plant eondi tiona to govertUOent 
agencies ( sucb a.s FCC and CSA) and 

eeaentlal customers . 
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e . Receive service requests trom essential 
Drill tary and eoverntlent agencies and 

arrange tor the execution or such requests. 

Practice sessions under simulated emergency 
conditions are conducted in order to exaDdne 
the operations and to insure that adequately 
trained personnel are readily ava.ilable . 

~. Survivable Buildings 

A. General 

4 .01 The threat or nuclear attaek plaees 
great importance on a reliable and 

survi va'ble co:=unicationa netvork for both 
eover'llll>l!nt and eivillan requlre,.,nts. As 
long as this threat exiata eo"" special 
measures vill be necesae.ry to harden essential 
buildings Vhere avoidance does not a.dequately 
proteet tbCIII aga.inot the erteeta or collateral 
de.z:.age. ¥.ost or these measures vill be eon­
fined to the buildings located on the c&Jor 
backbone raeili ty routea or the Corridor 
Pla.n. 

B. Junction Buildinga 

4. 02 Junction buildings on either eoaxial or 
r"'dio routes v111 generally be manned 

and must be built to provide a m1nil11W1l degree 
or protection ror personnel essential to the 
vork operations of th3se ott'ices and protec­
tion ot the equipment. These buildings I!IUSt 
satisfY the require..,nta or the Metropolitan 
Junction Plan and also the aeparation and 
avoidance criteria reeomended in Tables A 
a.nd B vbile simultaneously m1nim1dng tbe 
need for hardening to keep construction costs 
lov. 

4 . 03 !l.ain junction buildinltl' on radio reliiY 
routes need not be built atronRC~ tha.n 

the IIO&Xit:Nill pra.etical hardness or the antenna 
systems a.ssociated v1 th the sites. The sta.nd­
ard radio relii.Y antenna v111 v1 thstand up to 
2 PSI overpressures. Therefore, sufficient 
avoidance or potential target areas is of 
prime importance 1C radio routes are to meet 
overall survi vability requirement• and. keep 
them from exceeding 2 PSI construction . 
Figure 2 shovs a typical above ground radio 
Junetion building. 
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b.Ob Main Junction buildinp on eoaxial cable 
routea are to be constructed ot eutt1 -

c1ent hardness to meet expected overpressures 
tor the oite selected. While it ie desirable 
to lllinimize hardness and construction coat 
vi th proper avoidance 1 t 1!18f not alv~s be 
possible to do ao because of extra coat or 
tranomialion and routing conotrainta. Unlike 
radio oyotema, eoaxial cable baa an inherent 
hardneoo or 150 PSI and doea not reotrict the 
cul..anmt hardneaa or the building deoign. 
figure 3 ahCMS a cutav&Jr nev or a hardened 
undergroUDd lllllin JUDetion or power teed 
station. Separations criteria and general 
econca.ica, bovever y est&bUeh a practical 
cul.mulo at 50 PSI except in unWIU&l circum­
stance• vhere greater hardneos io required 
~r special proJects at extra cost to the 
customer. Junction buildinga serve metro­
politan ar&aa, and vill bave "aort'' termina­
ting lep to svi tchill8 ofttc.,. in these areas. 
'!'he equipment associated onJ¥ vi th these side­
legs lo eontidered expendable under nuelear 
at~k conditions end need not be confined 
to hardenK u:ndergrotmd spaee. 'nlereto·re, 
vhere undergro\Dld space 1o at a preaha the 
tolloving meuurea are recocaended: 

(a) Build. the iaitial underground structure 
to accODm>Odate all through - route and 

cable sideleg equipment, including master­
gi'O\q)l , super groups, and eonneetors . 

(b) Design the \Dlderground. atrueture so 
that an above ground building can be 

built over it and extended. later~ to the 
lidel. 

(c) ExpanliOO can take pl110e in the abo..., 
ground building, so tho 1i ~e ot the 

initial underground strueture can be miai­
mlzed to serve only the hardened routea 
that are scheduled through it. Foreco.nts 
or aideleg conneetioM and other requirements 
not part or the through - route have been 
leaa accurate than those involnng main 
route equipment. '!'bus, the difttcult to 
forecast installations can be placed in the 
leoo expensive and le80 dil"ticult to ex-
pend part or the building. 

C. Paver Feed Buildings on Coaxial Cable 
Route• 

~.05 In the past power teed buildings vere 
hardened underground structure• or 10 

or 50 PSI dcdgn. Pover ree4 buildioge ~ 
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nol"ll:&l..l)' III!J::&rlned end do not require radia­
tion proteetion. A standard above ground 
2 PSI power teed building as ohovn in l"!.gure 
b has been deaigned tor future coaxial cable 
rout eo . Survivable routes should be oelected 
so tar as economically possible to avoid the 
need to eonat~t h&~4ene4 un4erground pover 
teed buildings. \/here existing coaxial cable 
routea are scheduled tor eonveralon and aur­
nvabillty 1a required, paver teed buildings 
are to be constructed to vi the tand the expect­
ed nuelear overpressures tor the respective 
sitea. 

0. Unattended Radio Rel~ Buildings 

4.06 Radio rele.y buildings located on sur-
vi v&ble corridor route a are to be 

built to 2 PSI hardneas or le&s depending 
on the expected nuclear overpressure at the 
a elected o1 te. Avoidance meaaurea are usually 
not economically restrictive Md ol tea can 
usually be round that eon~ra to theae cri­
teria. It the expected overpreooure is 1/2 
PSI or le .. , oev buildinga and M,)or addi­
tlona to exiatlll8 buildings u.y be or con­
cret block or other sui table eooatruetion 
it subatantlal savinga can be reall~ed. Where 
overpresaurea are expected to exceed 1/2 PSI 
but not 2 PSI, nev buildings Md M,)or addi­
tions to existing buildings in thia environ­
ment should be dt!signed to rcsiat bl.Mt in 
the order or 2 PSI. figure 5 ahova a typical 
2 PSI unattended radio re~ building. 

!. Special Hardening Device• 

~.07 All aurnval>le building~~ require cer-
tain apecial hardeaing devicea tor the 

protection or equip.,.,nt. '!'he tolloving broad 
guidelines indicate the types or devices 
required at the stated overpre11ures. 

Expected 
lluelear 

Overpreaaure 

2 PSI 

10 PSI 

Hardening 
Device 

Reguired 

- Blast c1o•ure dences 
at all openings (can 
be blast activated) 

- Hard D)UDted equip.:ent 

- Blast cloaure devices 
at all openings (can 
be blast activated) 

- Hard mounted equipment 
- Framing adequately braced 
- Blaat door at entrance 

• 
• 
• 

• 

• 
• 
• 



• 
• 
• 

• 

• 
• 
• 

Expected 
!luclcar 

Overpressure 

50 PSI 

Hardening 
Device 

Required 

- Blast closure devices 
at all openings (auto­
m&tic with outlyi.ng 
sensor s) . 

- Shock mounted equipment 
- Pracing adequ~tely braced 
- Blart door at ent renee 

L .08 Earthquake bracing Jt&Y be required in 
addition to MY special oeasurcs 

taken for nuclear blast effects. This re­
quirement is currently being revieved by 
Long Lines Engineering and the Bell Labora­
tories. It is anticipated that buildings 
located in regions vith a high probability 
or earthquake vill require special bracing 
to me~ this threat. This bracing a:uat be 
compatible vith the overpressures expected 
at the installation pointn . 

F. E!-11' Protection 

L.09 EMP is a posaible threat to nearly all 
co:::municationa equipment . under the 

proper circumstancea, a significant portion 
or the energy released during a nuclear de­
tonation appears as an electro-M~netic 
pulae (hence EMP) . '!\to properties or Ei<!l' 
are aignificant, 1.) its extremely sreat 
range - up to 3000 a.iles rrora the a! te or 
detonation and 2.) the fact that BliP can 
eauae disruption or damage vhen other veapon 
erreeta such as ra41at1ont blast, thermal, 
debris, etc. are all absent . A high yield 
nuclear weapon, burat above the ntmoephere , 
llligbt disrupt eomrunieations over a large 
area or the U.S. vithout regard to opeeifie 
targeting. The range or El.P is greatly di­
lllini shed it the weapon is detonated v!thin 
the atmosphere, theretore, EMP ie not consid­
ered the dominant threat from an intra-atmos­
pheric burst. EMPt therefore, if used as a 
veapon, vould targ~t ~nly communications 
and other electronie equipr:ent . Ally point 
in the U.S., regardless or its proxiDity to 
a military target area, is suseeptible to the 
maxilDUI!I threat. 

EMP eauses dam~e by inducing transient eur­
renta into object• acting as a reeeiving 
antenna. These include telephone and pover 
cable•, radio tovert, cable racks, distribu­
ting frames, viring, etc. Solid state devices 

ISS C, SECl'IOll 001-780-201 LL 

are particularly sensitive to these transient 
currents. SOme are l arge enough to cause 
the breakdovn or dielectrie material . 

4 .10 There are tvo ::ethoda by vbich EJ.P ean 
penetrate a building. These are ''direct" 

and "~netrators". Currents induced by either 
method add together . A swnmary or each type 
in contained herein, however, a more detailed 
explanation or this threat and protection raeasures to take is to be included in a Bell 
Laboratories handbook sebeduled to be publiah­
ed before the end or 197~ . 

1 . "Direct" 

The EMP can penetrate the valls and roof 
or a buildinp; direct. The amunts or atten­
uation to the pulse vben passing through 
the buildinp; depends on tbe type of building 
eonstruction. A hardened building or 2 PSI 
eonstruction or greater generally bas suf­
ficient density and steel reinfor eemcnt to 
attenuate EMP to a harmless level . 

2 . "Penetrators" 

E¥.P v1ll induce relatively large our­
rents in eables - both underground and 
aerial , paver lines, radio tovers, and 
vaveguides . These currents &re carried 
through building valls and in hithlY shi~ld­
ed buildinga, beco~::e the dominant source or 
transient c:urr~nts that cause dacaae . Pro­
tection again1t ErJJ> "penetrators" is ob­
tained by: 

a . Grounding of cable aheaths at or 
adjaeent to the building vall . 

b. Carbon proteetoro adJacent to the 
building vall on all co:ounication 

cable conductors. 

e . Proper secondary and tertiary lightn­
ing proteetors on AC pover . 

d . Proper grounding or vaveguide and 
waveguide ports to the perip.'leral 

and ring grounding syste~:~. 

G. Radiation Protection at Y.anned Buildings 

~ . 11 Survivable buildings that are attended 
by peOple to perrora esaential vork 

operations wet be constructed t.o provide 
fallout proteetion . In addition to sufficient 
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mass to attenuate radiation to acceptable 
levels, other measures such as high erficieney 
air filters for filterifl8 out dangerous radi­
ation will be required where air intake 
openifl8& are present (e.g . , intake systems 
and air conditioning). 

4.12 The threat of a chemical or bacterio-
logical attack is considered to have 

diminished to such an extent that it is no 
longer advisable to provide costly protective 
measUI"es, such as the CBR filter system , 
against these agents . 

H. Emergency Fuel Supplies 

4.13 If a nuelear attack occurred in a re-
latively short time span, a total period 

of two veeks is expected to suffice for radi­
ation protection, but transportation and re­
fueling problems, especially in rural areas, 
makes it desirable to have a 21 day tuel and 
lubricating oil suppl y at all buildings 
located on the survivable corridor routes. 

I. Emergency Food and Safe Water 

4 .14 In buildings vbere people will be re-
quired to perforo vork operations 

during and following a nuclear attack, arrange­
ments for emergency food, safe water and other 
nece•sities are to be provi<led. Since the 
survivable buildifl8s are usually located in 
rural areas, vhere resupply might be diffi­
cult, supplies shoUld be provided for 21 days . 

5. Sidelegs into Metropolitan Areas 

A. General 

5. 01 Sidelegs serving cities may be soft in 
keeping with the installations served. 

It a city is subjected to blast during a 
nuclear attack, it is expected that sidelegs 
vould be lost for service in addition to the 
popUlace which they are designed to serve. 
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B. Switching Buildings in Cities 

5. 02 Switching buildings handling through 
services a:re general.ly located in metro­

poll tan areas vhich are likely to be potential 
targets. These buildings are not to be de­
signed to withstand collateral damage from a 
nuclear blast. Hovever, there is the likeli­
hood that the area will not be targeted and 
the principal concern, in such an event, is 
that protection against radioactive fallout 
be available for personncl. llho must remain 
there to operate essential communications 
equipment for through services . Conventioncl. 
construction can be used tor all other areas 
of these buildings . Figure 6 shows a Long 
Lines switching building in a large city. 

5.03 In general, it is expected that radio-
active fallout vould make outside 

movement and resupply impossible fbr a period 
of about tvo weeks. Therefore, in addition 
to fallout protection, emergency food and 
safe vater must be supplied to support per­
sonnel handling through requirements for a 
period of 14 days. 

5 .04 Under nuclear attack it is expected 
that a prolonged failure of eomercial 

power vill occur, necessitating the provision 
of fuel and lubrication supplies to permit 
rnnergency engine • alternators to operate for 
14 days without supply. lie foresee no need 
for fuel supplies beyond those dictated by 
local deli very capabilities if fundamental 
plans sbov only terminal requirements for the 
entire life of the building. \/here there is 
the possibility of a teroinal building being 
used for through requiremonts at some later 
date, provision should be made to permit 
gOing to a 1~ day fuel supply at that time for 
handling through route requirements only. 
Some economies in tuel storage can be achieved 
it through requirements can be isolated from 
terminal requirements. We also recommend 
this alternative be studied in those eases 
vhere space for fUel storage persents a 
physical problem. 

• 
• 
• 

• 

• 
• 
• 
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• 
• 
• 

• 

• Fig. 1 - CUtaway Viev of Hardened Underp:round 1). 
Coaxial Auxiliary Repeater Structure 

• 
• 
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....... 

Fig. 2 - Typical Above Ground Main 
Junction Building 

• 
• 
• 

• 

• 
• 
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• 
• 
• 

• 

• 
• 
• 
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Fig . 3 - Cutavay Viov of Hardened Underground 
~Ain Junetion or Power Peed Station 
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Pase lk 

P1s. k - Standard 2PSI AboY~ GroWld 
L5 Pover P~d Station 

• 
• 
• 

• 

• 
• 
• 



• 
• 
• 

• 

• 
• 
• 

I -

Pig. 5 - Typical 2PSI Auxiliary Radio 
Reley Building 
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ris. 6 - Svitching Buildin,o; in Large City (Art1at Conception 
or 323 BroadY~ Building, !lev York City) 
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