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ABSTRACT 

The purpose or this study 1a t"l determine ,,ht. present 
capabilities of the Bomb Alarm Syat.~m and to present a program 
whsreby the system may be tm~roved to yield enou~h additional 
data to provide an attack asausment capability. 

The study of the present aystem availability vas baaed 
C•• an anal:;oia of una yGii.rt a upar-atiuni.l lug.. Tile mean 
Sensor availAbility for the rear vas 99.~. To a 9~ 
s1gn1t1canoe level, Sensors were available better than 
98.~ or the time. Ulttmatft target area availability, on 
a one Sensor basis and to a 9~ sign1ficar,ce level, was 
better than q9.9~. 

or the 13 false alarms occurring durinp the year, aost 
were attributsble to personnel errors or disturbances caused 
by stoma. These alar~~~s we1"8 "11 or the si~le sensor 
category. There have been no confir:,ed or ~a.p alarms" 
since the system has been in existence. 

The system was also analyzed to determine its errective
ness under hypothetical attack conditions. Unde~· the attack 
conditions considered, tar~et area availability remained 
unimpaired on a two Sensor basis for the first twelve minutes 
or the attack. At the end or twenty five minutes 42( or the 
target areas still had at least o~e Sensor capable of 
repo~ting. All facilities fallin~ within the 5 PSI contours 
were considered destroyed, 

Features, oriRinally d3si~ned into tho system to increase 
the probability or reoort1ntr; the early alArms, red\.:.ce t.he 
sy1tema repeat capability and degrade the unique value of the 
separate reports. Simple modifications or the present har1-
ware can clarify and double the systems repeat capability at 
some sacrifice in the reliability or the syat~m to repor~ the 
fir~t or any sinp.le weapon, 

Feasible additions to t~rget area hardware could provide 
tncroased s~rvivability, a measurs or yield, a di~crimlnaticn 
between air and ground bursts e•··~ localization to a specific 
tar~et area. Increastn~ the d~\a rate between Master Control 
Centere and Display Centers to 1200 baude wouid redu~e the 
need for addinp real time to events at tar~et areas sin~e all 
reports can be processed on e close-to-current basis yie~d1n~ 
a worst-caso 6 second resolution and a probable 3 second 
resolution. Present mess~~e form~t would b~ retainod and the 
system eonf1Ruration, insofar as communications circuits ar' 
concerned, •,•ould remain essent19lly as they are. 

iv 
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For attack aesesaM~nt purpose~, the system ahvuld probably 
be expanded to include more or the various types or target 
areas. A large enough sample or each type or tar~et should 
be included to aid in determining vhat type or tar~et ia under 
attack. 

Increases in coat tor th~ added capabilities tor the 
present complex would in ~eneral be limited to the hardware 
coats at the various equipment aitea. Any increases in coats 
ar ei!'~uit re.eH!tie~ vould be ve!'y slight. tr the !!'!t~!'! 
were expanded by adding tar~et areaJ, further increases 
would be incurred proportional to the degree or expansion. 
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During the 1u.Rer or 19~9, when the Bomb Ala~ System 
waa being oonoelved, the empha1la waa on rellabilitT in1ofar 
as reporting the ti~1t nuclear detonationa wsre concerned 
and on 1peed or tmplementation. At that Gime 1t waa felt 
that it the tir1t ••·nral nuclear detonation• were reported 
with a high degree or reliability and it the ayatea remained 
in operation tor a1 long aa tive minutes, lt would have 
aerved ita purpoae. 

Senaora were required to detect aerial detonation• 1D 
the ran8• 0.4 to 20 aegatona and werP loGated with reapAct 
to target areas 10 •• to a1aure a co1atant, vor1t weather 
aurveillanee. ~i• placed thea close enough to ground aero 
10 that nuclear detonations or any appreciable alae would 
probabl~ deatroy many inttallationa. The Sensors were, 
however, de1igned to report nuclear detonations within two 
1eoonda to tnereaae the probability that an alarm would have 
been aent before thG a~ival or accumulation or any da.aging 
etrecta. 

Senaora were deaigned to report to 5ignal Generating 
Stations, where the raw alarm messages were converted to 
camMCn telegraphic code, and where storage existed so that 
an orderly report trom a aultiplicity of locations eculd b6 
made at a 60 word per minute rate without losing any or the 
r1rat alara reporta. S~nal Generating Station• were 
located at anpreciable dla\anoea from target areas to 
aa1ure their aurvivabilit7. SlBnal G~neratlng Statlona 
were arranged in 1eries loops to reduce the wire mileage 
necessary to aerTe theM. Practical maintenance considerations 
oau1ed a gradual reduction in the number or stations per loop 
trOIIl an original design goal or tv6nty per loop to the present 
max~ of aeven per loop. 

Three Sensors were located about target areas in a 
manner to aasure a 11Nultaneous report from at least two 
tn case or a d~tonation, taking into account the tact that 
one mi,ht be lost because of a dlrect hit. According to the 
original concept, an ala~ consisted of the simultaneous 
receipt of two or more alarm messages ft•om the same target 
area. These alarms were displayed on a Mftp and were 
!.ocompanled by an audible alarm. The CniiiJIIUlllcator' a Panel 
waa conceived aa an availability display and was de&lgned 
to keep the Communications Officer fully 1nf~rmed as to the 
status or the system. Single red reports were also displayed 
her6 aa pertinent informAtion that should be investigated. 

1 



Page determined to be Unclassified 
Reviewed Chief, RDD, WHS 
lAW EO 13526, Section 3.5 
Date: OCT 1 1 2011 

These reports were not to be treated as primary alarms. The 
system was designed tor military people, to give them alara 
information and to inform them as to which military targets 
had been hit. 

The present system provides surveillance over 99 selected 
target areas, mostly military installations. As it stands it 
is capable or bei~ expanded to 120 target &Peas without 
materially altering either the Maat.er Control Centers or the 
Display Centers. Addition~l Sensors, Generating Stations and 
&•occiatad ~~wlicat1on• atr~uitr-y would, ur courae, be 
required. 

The system checks itself every two minutes posting the 
results or each poll on the Communicator's Panel at the 
Display Centers. 

Since 1959 many chan~ea have taken place, not only in 
the quantity and complexity or parallel and complementary 
intO'~'I'IIation gathering systems, but also in the thinking or 
military people and other possible users or info~tion 
gathered trcm nuclear detonation detection a,a teaa. Today 
acre thinking is concentrated on gathering detailed infor
mation relativa to nuclear detonations so that auch infor
mation can be used to make attack and possibly damage 
assessment estimates. To this end a study or the present, 
operating Bomb Alarm System has been undertaken to determine 
to what extent it can be aoditied to yield additional data. 
Estimates with respect to increased coat are included to 
provide a base coat tor eftec~iveneas studies and compArisons 

2 
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;!.0 Pi:':RFORMANCE STUD'l CF THE PRESENT BOMB ALARM ~~'!'EM 

2.1 TARGET AREA AND SYSTEM AVA.ILABniTY STUD!' 

2.1.1 Baals of Study and Sou~ce or Dsta 

The study or the availability or the system 
vas made by an analysis or the perro~ance or the system during 
the period December 1962, through Novembe~ 196). POr this 
purpose the following reeoras vere used aa aou~ces: 

2.1.1.a ADC CORS OUtage Lif and Karratlve 
su.m. These are daily reports pl"epared a !iit llr P'orce 
Base. The outa~ log recorda the time or the outage, circuits 
and equipment involved, length or the outar.e, and 11.-here 
possible, the reason tor the outa~e. Outagea noted include: 

(1) 

(2) 

( 3) 

(4) 

(5) 

Circuit failures 

Single Sensor losses in excess or one hour 

All double and tripl~ Senso~ losses at any 
target a~ea 

False reds 

Maate~ Cont~ol Cente~ (MCC) and Display Cente~ 
(DC) failures. 

The Na~~ative Summary reduces the detailed data to a sho~t 
form Nport. 

2.l.l.b Western Union Ststem Re~reaentative 
Report. This report ls Mn internal mont~y repor of the 
den!or Systems Representative at Ent APB to Western Union 
Headquarters, summarizing the month's operation in the 
tollovin~ ~reas: 

(1) False reds, with a more det9iled analysis 
where possible 

(2) RGsults or the system-wide monthly Rad Test 

(3) Repo~ts oT repeated fail~res ~n a ci~cuit 

(u) Repo~ts or exees~ive two-detector and th~ee-
detector oute~es in any ta~ret a~ea 

(5) Equipment trouble~ at MCC 1 s or DC 1 s. 

3 
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It should be noted that the tem "yellow" 1n cormaction with 
reports and status refers to an unavailable Sensor for what
ever reason, and not to the intermediate condition or the 
Sensor when it is in the process of reportinF a burst. 

2.1.2 Target Area Availability 

These three charts (Figures 2.1, 2.2, 2.3) 
record the availability of the individual Sensors end of the 
target areas on a tvo-sens~r and one-sensor basis. 

2.1.3 MCC Red Teats 

These charta (Figures 2.4, 2.S) record the 
results or Red Testa terminated at the MCC. In this test a 
mesaage 1a sent to all Signal Generating Stations (SGS'a) to 
oper~te the test light sequence in the Sensor. The teat 
sequence causes the messaFe sent from the SGS to be terminated 
with the characters MY rather than the normal alcrm indieat~r 
CY. The MCC disregards the NY status indicator and these 
messages are not relayed to the DC 1s. In this analysis, 
Senaora Which were not reporting nroperly at the time of 
the teat are excluded from the Red Test Data. 

Since the testing sequence is more complex in 
nature and involves additional equi~ment over that required 
to make a normal alarm report, one might expect thst the 
~•porting capability ror actual alarms is better than that 
indicated ror red tests. 

Red tests were conducted on an average of twice 
a week at each MCC. 

2.1.4 System Wide Red Test 

A ~onthly Red Test 1s made which includes 
a test of the DC•s. This is done in the same manner as the 
MCC Red Tests, but the operation of a switch at the MCC 
permits the T~st Red MessRges to be ~~ceased and ~elayed 
to the DC's as standard alarm messages. 7he alarms produced 
rt the C~icator•s Panel and Map at each DC are recorded 
and the results are shovn tor both Co~~icator 1 s Panel and 
Map responaes. As in the MCC Red Test, the Sensors which 
~ere not reportinp nt the time of the test are excluded 
from the Red Test Data. 

4 
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Since thla presentation (Pigure 2.6) la haaed on 
only one teat per aonth, lt should be Yleved wltb aoaewhat 
leaa oontldenoe than tbe MOO Red Teat ch~t• tor ~lob th~ 
data was .uoh aore extenal ... 

2.1.s !abulat1on or Pa1lurea 

!able 2.1 olaaaltlea the oauaea or yellow 
1nd1oat1ona at the Coraunlcator• 1 Panel Into three 
catesorhaa 

!pLB 2.1 

BAS COMMERCIAL 
BX BQtJIPMEifT POWER 

BX WO. RBRA'l'IRS Jm!N!E PAn.UHBS PAILUUS PAILlJRBS --
101 13 2011 64 1' 4 
102 11 1230 72 9 

~~ 
16 1800 52 s 7 
1S 10Sl 28 1 s 

10 20 24S4 67 3 3 
106 13 1570 36 1 3 
10~ 9 1241 42 2 1 
10 ~ 1002 ~6 2 ~ 109 I 3020 20 

2C1 12 2491 63 7 ~ 202. 10 2460 111 s 
~ 21 1304 so 0 

' 13 30~ 56 2 
205 10 27 61 ~ 3 
206 12 1789 6S 9 

~6 6 6~3 12 1 2 
6 9 3 23 0 0 

209 13 7n ~~ 1 l 
210 10 499 6 1 
211 16 1065 )6 10 3 

s 
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!ABLE 2,, (Continued) 

BAS COMMERCIAL 
BX BQOIPMEHT POVBR 

BX KO. REPEA 'l'BRS MILBAOE PAILUR~ PAn.tJRES PAIL ORES 

301 19 1673 80 1 7 
302 ° 10 131s 116 3 7 

~&! 29 399 71 7 7 
11 1678 

~ ' 
2 

30S 3 610 
~ 306 901 1 

307 10 10.$'0 34 4 1 
308 6 839 13 0 2 
309 17 116S 63 s 2 
310 12 1319 66 3 4 
401 13 37S8 4S 2 1 
402 16 l6~7 52 10 8 
403 11 31 6 ~~ 6 4 
4~ l';' 3267 1) 12 
40S 19 2704 61 2 6 
406 11 1764 

~ 
1 7 

~~ 8 lOS7 1 2 
7 2326 0 1 

409 13 2187 27 1 6 
410 11 1900 21 1 0 

SOl 14 2193 6S 7 12 
$02 s 1.5'46 32 0 ~ ~& 9 1660 ~~ 1 

6 6 8 3 2 sos 10 1399 ~~ 3 0 
S06 14 12$2 1 3 
so~ 10 e~s 26 1 7 so 

~ 
27 2 6) 0 6 

S09 ,198 67 1 6 
511 1)9 ij 7 12 
$12 26 3309 2 2 

l --
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2.1.S.a BX Patlurea. Tb1a category includes 
all failures Of circuitry ana OOMMUD{catton equ1~nt between 
tbe BAS equ1J~Hnts. 

2.l.S. b Ba.b Alal"'ll snt• !Qu1f=!ent. 

2.1.S.c Ca.ae~cial Pove~ Pailures. 

Tbe "BX 10." col~ ia tbe Veatern Union designation 
or the SGS oi~cutts connected to the MCC•a. BX6 th~o~ 9 and 
the 100, 200 an~ )00 se~1ea are ueoo1ated with tbe eutem 
MOC•a: BXlO, 11, 27, JS ad tbe 400, SOO and 600 aeriea with 
tbe natem lllO' •. BX' 1 81 thPU\18b 86 and 881 tbrousb 886 
aN tbe •tn and tallbaak ~epo~ttng c1~au1ta trCIIIl the lllC• a 
to the DC•a. 

!be "Bepeate~• and ~tleag~• colu.na indicate tbe 
~·~ or telegraph ~•peat•~• and the ctroutt a1leage on eaoh 
loop. 

2.1.6 Duration or PailuNs 

In e atteiiiPt to relate tin• duration ot the 
double and t~tple yellon to the nUIIlbe~ or aucb outages, the 
1nd1T14ual outages weN U!'anged into t1Jile inte!"Yal fVOupa. 
!be length or the intePYala was a!'bit!'a!'ily selected. A 
double yellow outage oondi tion ex1a1;a when two of the tb!'ee 
11gbt• usootated with a t&!'get &!'ea on the Ca.municato!''a 
Panel are yellow, indicating that two or the Senao!' t2'1ad are 
aa•a1lable. !UaUarl,-, a tloiple )'ellow 1n4icatea that none 
of the th!'ee Senaore 1n a t~et a!'ea 1a available. 

Tbe ti!'at chart (Pigu!'e ?..7) ahowc the diat!'i
bution of t~3 nuabe!' or outage• as • tunetion of the outage 
t1• tnteMal. lf'be ave!'arte dUl"at1on of • double yellow h 
SS.7 Minutes. The aVe!'&~e du!'ation or a t!'lple yellow 1a 
12.3 11l1nutea. 

Tbe aeoond cha!'t (Pigu!'e 2.8) indicates ~he 
pezooentatre or tt.6 outagea which a!'e aho!'te!' than a g1Ten 
duration. !he .. dian Talue or double ,-ellow outages 1a 
24 atnutea. The median value of t2'1nle ,-ellowa ia 3.5 
minutes. 

2.1.7 Ci!'cuit Pa1lu2'e Analyaia 

The P1gurea 2.9, 2.10 and 2.11 REaatern 
Loop PallU!'ea•, ~estG!'n Loop Pa1lurea" and "Repo~ttn~ Ci~cuit 
Pallu!'ea" !'ep!'esent a further analysts or the n~evioual,
tabulated "HX Pailu~ea". The failures for which a ca~e vaa 
round we~e aaaitrned th~ee catego!'1ea. 

8 
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2.1.7.a lquipMent Pailurea. This category 
includes railurea or tele~~apb repeat~rs, oarr1er equipment 
and radio equi~nt. 

~.1.7.b 1eraonnel Brrora. Tbls category 
lncludea loasea due to errors in tbe course or maintenance, 
operation and testing or the a,.t ... 

2.1.7.c Storaa and Aocideata. This category 
retera principally to loss or telegraPh ana power wire~. 

It i1 1ntereltins to note that the ~ Cau••• 
'O'DknOIID" and ~ Du.e to Bquip!!Jint PaUure" JtOYe 1n .n ab1oat 
ca.pl ... ntai"J •nner. 'l'hia l\t68esta tbe poaa1b1lity that tbe 
unknown G~U.el are tor the aost part equipmftnt tailurea and 
tbat the lncreaaea 111 tbe latter are dull to aore 1tringent 
1nYeltisat1on procecture1. 

•o tailurea on the reporting ciroulta due to 
ato!'IU &Jid accident• were reported except •n :Uly and Au,ruat. 
'l'h~ bigh percentage ln this category in August 1s due to the 
accidental cutting or a 6able between Colorado Sprlnga and 
Bnt APB which vaa recorded aa a failure on each or the 12 
olrcuit1 10 tbat the percentage tor this cause waa 1nnated. 

2.1.8 Circuit Pailure Correlation 

An attenpt waa made to correlate the number 
c1 tallurea per ,ear to circuit lengt~ and to the nvmber or 
telegra¥>11 repeaters in the circuit. Xeither function ahova 
a strong correlation, but the number or ra11ures as a runction 
ot the nuaber or repeaters is the better of the two. On both 
plots or the eastern loops the two worst loopa (111 and 118 
railurea) share a remarkably poor racillty. These plcts are 
included 2n Pigurea 2.12, 2.13, 2.14 and 2.15. 

2.1.9 Palee Reda 

All of tha fQlse ~eds occurring during the 
year were aingle-a•naor (CoMMUnicator's Panel) al~rma. None 
were displayed on the Mapa and were, thererore, not tull 
alarms. The seventeen false alarms wero distributed as follows: 

9 
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!ABLE 2,2 

Power 
Stom Penonne1 Bguipeent Gub1e Undet, Otber 

Dec. 1962 1 

Jan. 1963 

Peb, 1963 1 

Mar, 1963 1 

Apr, 1963 1 1 

Mq 1963 

J\Ul, 1963 1 1 

Jul. 1963 

Aug, 1963 1 

Sep. 1963 1 1 1 

Oct, 1963 1 1 1 

lfov, 1963 2 1 

2,1,9,a Palae Alarms Caused bt Storm. .nd 
Power Pailuras Occurred as Poiiows: 

(1) 2/19/63 - BX302 - rn~ - Winter Park, Plorida. 
One false red vas generated during a heavy electrical atorm, 
The power at this station vas round to be fluctuating by the 
maintainer who arrived during the storm, Investigation by 
engine~ro revealed that this SGS would send out talse red 
responses when the A-C line voltage was alovly redu~ed to 
~elow 80 volta and also when the SGS was jolted, 

Three troubles were round. A broken wire and 
unsoldered joint were repaired and the delay relay waa 
adjusted to operate properly, 

&EIIEJ' 
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(2) 4./19/63 • BX$09 - JCC • Rocky, Oklahoraa. 

One talse red vaa received at all DC 1a except Richards 
Gebaur (raul t~ rela~ contact• here). Investigation at 
the ~3S ~evealed aaladjuated contacta on the dela~ rela~. 
An~ loaa or A-C power would cause the SGS to tranoi t IIY' a 
and occaaionall~ a ar. 

Aa a result or this trouble and the atmilar trouble 
at PGB, tield personnel were instructed to check and adjust 
all rela~•· 

()) 6/12/6) - BJ404 • GJP - Broolr.Yille, F.:anaaa. 
One red meaaage vas received at all DC'•• ~~is station, 
according to the aonitora at the Salt Lake MCC, had trana
mitted teat reds during the idle period between polla tvie~, 
at tvo minute interval•, juat prior to tranaaitting the tal:·• 
~d. !he Xansaa City area engineer round this SOS to have a 
tault~ tl1p-tlop which caused trouble whenever the power vaa 
tumed ott and on. 'l'be teat red condition could be duplicated 
but the talse red could not be generated tn the laboratory. 

(4) 9/16/6) - BX601 - IOU - G11111e Rf'tuge, lrorth 
Dakota. One talse red nesaa~e vas received at all DC•a. This 
alarm measa~e vas ~enerated durin~ a severe electrical atora 
which caused ~any power dips (21 were recorded bJ a telephone 
operator at the game retuge in a one hour period). The false 
alarm condition could not be nrttt1cially duplicated. 

($) 11/9/6) - BX401 - GPM - Ephrata, Washington. 
A false alarm referred to as "~e" red was apparently two, 
twanty-one minutes apart. Fairly heavy ~lnds and rain were 
renorted in the area. The maintainer round the Sensor loop 
shorted 20 ohms from the SGS. When the loop was restored, 
t.he maintainer re~orted that the SOS operated normally. It 
had not been operating properly just prior to the fRlse alArm. 
The false re~ could ~ot be dunlicated by the engineer who 
investi~ated. 

(6) 11/20/6) - BXS08 - JJJ - Ohula Vista, 
California. A false alarm was transmitted to all DC 1 s and 
~ecorded eve~here excentin~ March Field. The Tul!a monitoF 
recorded ftJJCYJJJCY" durinp; the 1d~.e time between polls. It 
was reported l!Fhtn1np. had struck and blown out a high-line 
transformer furnishing A·C power to this section of the state. 
An emergency power plant restored nower in five minutes. It 
is not known whether the red was transmitted before or after 
emergenc~ power was ap~lied. The ~nginoer detailed to this 
in~estigRtion could not reproduce tho ralse red during three 
days of te10t1ng. 

-IEIREl · ll 
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2.1.9.b False Alarma Caused by Pe~sonnel 
Occu~~ed as Follows: 

(1) 3/13/63 - CCJ, BCP, BFJ, JPM, MCC, JMB, BMC 
Classified Location Only. A Western Union maintaine~ caused 
seven single r~d alarms at the Classified Display Center while 
vo~king on the DC equipment. 

(2) 4/11/63 - Albany, lev Yo~k. 
The Albany MCC t~ansmitted five (5) red messages to all DC•a 
durin~ ~eleased time obtained r~om Military Control ro~ the 
purpose or making his semi-weekly local red test. The trans
mission va3 caused by a faulty blinding switch at the MC 
station, The procedu~ea unde~ which ~ed testing is conducted 
ve~e tightened in an attem¥t to ~educe this type or failur~. 

( 3) 6/4/63 - BX8 - FMM - Thule, Greenland. 
One false ~ed vas transmitted to all DC 1 s due to a faulty 
maintenance procedure. Thule had asked to~ a 15 minute 
~elease to repai~ bia SGS. Cha~lotte MCC vas asked to patch 
th 1a drop orr, but becaua e no.rmal signals tr0111 the SGS 
apnea~ed, ma~e a restoration beto~e autho~ized to do ao. 
The false ~•d ~r~ived just after the premature ~esto~tion 
was made. 

(4) 9/21/63 - 87.109 - CBJ - Salem, Massachusetts, 
A raJ.se red was generated at Salem emd vas received at all 
DC•s, ~maintainer was vorking on the SGS without a ~elease. 
An enP-inee~ was sent to talk to the maintainer. 

(5) 10/7/63 - BX409 - GJF - Seattle, Washington. 
One false reJ was received at all DC 1 s, A Western Union 
technician was attempting to obtain a pert number for a 
component 1n the SGS. While atte~tin~ to p.et a close look, 
he inadvertently pushed the test relay whtch caused the SGS 
to transmit a false red to all DC• s. no releqse had been 
requested or ~ranted for this work. 

2.1.9,c False AlnrMs Caused by Equipment 
F~1lures Occurred as Follows: 

(1) 12/13/62 - BX409 - GJO - Salt Lake City MCC. 
A false red was transmittftd from the Salt Lako City MCC vhile 
the monitor printer shoved an incominp: circuit gsrhl1ng Jue 
to hits on the line hetveen So~ttle and Wonatchee, A faulty 
comoonent was fow1d on that part or the equ1oment de:.1gned 
t, inhibit such occurrences. 

----~ ---·---~--- -----· 
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( 2) 10/16/6 3 - BJ409 - OGU - Salt Lake City MOO. 

A talae red vu l'ecehed at all D0 1 a f'l'Cll the Salt Lake 01t7 
MCC. Tbia vaa oauaed by detective diodes 1n the MCC deoodel'. 
(The detective diodes cauaed the change or a g&l'bled ••••as• 
to a valid alal'll •••as•). A testing pl'Ooedul'e to locate 
detective diodes in decode!' equipment is under consideration. 

2.1.9.4 A1•rms Caused by Circuit Garble 
Occurred u Pollovsl 

(1) 10/17/63 - BX601 - BX603 - Helena MCC. 
Tbe alara ••asage MMBCY vas tl'ana•itted to all DC'• b7 P.elena 
MCC. 'l'hia talae red o•e 1n CIJ a loop which did not have 
station MMB on 1t. It baa been dete~ined that there vaa 
• guble a011evhe!'e 1n the cil'cuit dul'lng an JOIJ tzoana•hdon 
which added BOY to the til'at two lettel'B MM giving a legiti
mate addNaa ahud or the •or•. 'l'hla talae red, therefore, 
constitutes one or the calculated l'iak l'eds appe&l'ing dUl'1Dg 
distul'bances causing junk on the circuits, and ia the first 
one vel'itied 1n the 13 months or opel'ation since acceptance 
or th 1a system. 

( 2) 11/16/63 - BXSo8 - JJC - Richards Oebaur DC. 
A false red vas received at Richards Oebaur only during the 
transmission or junk to all displays from the MCC at !Ulsa. 
The junk was ~enel'ated when a cal'rler system failed. The 
DC at Richards Gebaur somehow decoded a legittmRte alar.m 
message out or the incoming garble. Excessive bias on the 
rece1vinF rel~y may have been ft contributin~ factol'. 

2.1.9.• False Alarms from Undetermined and 
Other Causes Occurred as Follows: 

(1) 9/16/63 - BX503 - JJU - Maxwell Air Force Base. 
Maxwell AFB DC recorded receipt or a false red messaFe for r.o 
ftnparent reaaon. The anpropl'iate rel~y module was changed 
by the Maintainer and a complet6 check of the system was made, 
but no trouble was found. 

(2) 8/27/63 - BX108 - CPB - Booneville, Hew York. 
~ false red was received at all DC•s. The Telc~ was repairing 
the cable between the SGS and t~e Sensor. Most pro~ably, 
either by a cross in the cable or by application of potential 
from a test set, the D-C sunply current to the Sensor WkS 
reversed for A time surriciently lonp to initiate the teat 
cycle within the Sensol'. Since the current reversal was not 
under the control or the sns, the cnsu1np tone sequence w•s 
interpreted as a real alarm. 

l) 
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2.2 RESPORSE TO HYPOTHETICAL A.'l"l'ACX 

In order to evaluate the performance or the Bomb 
Alarm System, the response or the system to part or the 
first 2S minutes or the hypothetical attack, provided by the 
Contracting Office, vas estimated. This portion (See Table 2.)) 
included all bursts in the states served by the eastern MCC•a 
and such bursts in Canada as might be visible to Senaora 1n 
these states. Burata vest or this area were conddered insofar 
as they arreoted telesrapb ctrcuita between MCC 1 a and sos•s, 
but are not included in the effectiveness atat1atica. 

TABLE 2.J 

Time Yield Elevation 
~t..!.! Location .1!L Peet Re~orta 

o.) Montreal, Quebec ).0 9200 1 
1.0 Jacksonville, ~orida 1.0 0 0 
2S Depot, New York ).0 0 0 
5.0 Redford, lew York ).0 0 1 
6.0 A.nnano11s, Maryland 1.5 3400 3 
6S Mooers Porks, New York ).0 0 1 
7.4 Swaton, Vemont ).0 0 1 
7.~ A.uaable Forks, NewYork ).0 0 0 
9.1 Xeyser, West Virginia 9.0 6200 ) 
q.~ Pt. Henry, lfew York ).0 0 0 
q.6 Merrill, New York 3.0 0 0 

11.2 Merrill, New York ).0 0 0 
11.~ Sault. Ste. Marie, Mich. ).0 9200 1 
11. Norfolk, Virginia 1.5 0 1 
11.5 Chazy Lake, New York ).0 0 (\ 

1?..0 Lewis, New York ).0 0 0 
12.~ Ess.,x, New York ).0 0 1 
1~. Hamilton,Rhode Island 1.5 0 0 
1). HRm1lton, Rhode Island 1.5 0 0 
13.9 Keyser, West Virginia 9.0 6200 3 
14.1 Alberg, New York ).0 0 1 
15.05 Bath, Maine 1.5 31J.OO 2 
15.20 Classified Location 100.0 0 1 
1'5.20 Baltimore, Maryland 1.5 31J.OO 4 
15.40 Quonset Pt., R.I. 1.5 0 0 
15.iO Elizabeth, New Jersey 1.5 3400 2 
15'. 0 Dayton, Missouri 100.0 0 1 
15.70 Eldorado Sprinps, Mo, 100,0 0 0 
Ir;. 15 Ft. Brap.g, N. Carolina 1.5 3400 1 
15'.80 nurfalo, New York 1.5 3400 1 
1S.95 Mobile, Alabama ).0 0 0 
15.95 Newark, New Jersey ).0 0 1 
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TABLE 2,) (Continued) 

'1'1Jie Yleld Elevation 
Minutes Location ....!!L Peet Reeorta 

16,00 Saugus, Massacbuaetta 1.5 3400 2 
16.00 Calltornla, Mlaaourl 100,0 0 1 
16,05 Jersey Clty, x. J. 1,5 3400 1 
16.10 Long Ia1.nd Clty, R.Y. ).0 0 1 
16.15 Boaton, Masaachuaetta 1.5 3400 1 
16.15 Ph11adelphla, Pa. 1.5 3400 1 
16,20 Grlttlaa APB, R. Y. 1.5 )hOO 0 
16.25 Portland, Maine 1.5 .3400 0 
16,)0 Quarles, Miasour1 100,0 0 0 
16.40 Annapolia, Mar:rland 1.$' 3400 2 
16.45 Rewport, Rho~·'t Ialand 1.5 0 0 
16.5\l Jack.onY1lle, Plarlda 1.5 3400 0 
16.50 Bangor, Maine 1.5 .3400 0 
16.55 Rev York, Rev York 1.5 3400 0 
16.60 Atlanta, Georgia 1.5 3400 1 
16,60 Savannah, Georgia 1.5 .3400 2 
16,65 Homestead, Plor1da 1.5 3400 1 
16,65 Rev London, Conn. 1.5 3400 0 
16.70 Prederlok, Ma:r:rland 1.5 3400 2 
16.75 Jackaonvl1le, Plorlda 1.5 3400 0 
16.75 Revark, Rev Jersey ).0 0 0 
16.65 Eglln APB, Plorida 1.5 3400 2 
16,65 Quarles, Missouri 100.0 0 0 
16.85 Rortolk, Virginia 1.5 3400 0 
16,85 Norfolk, Virginia ).0 0 0 
16.90 Bath, Maine 1.5 3400 0 
16.90 Providence, R.I. 1.5 3400 0 
16.90 Jersey City, N.J. 1.5 3400 (j 

16.95 Charleston, s. Carolina 1.5 3400 0 
16.95 Eglin APB, Florida 1.5 3400 2 
17,00 Washin~ton, D. c. ),0 0 1 
17.05 Washinpton, D. c. ).0 0 1 
17.15 Holden, Missouri 100,0 0 0 
17.25 Brooklyn, Hew York ).0 0 0 
17.)0 New Orleans, La, 1.5 3400 1 
17.)0 Vb•ginia, Missouri 100.0 0 0 
17.50 Mobile, Alabama 3.0 0 0 
17.50 Prairie City, Mo. 100,0 0 0 
17.55 J~cksonvil1e, Florida 1.5 3400 0 
17.60 Lorin~ AFB, Maine 1.5 3400 0 
17.65 Frederick, ~ary1and 1.5 3400 2 
17.75 California, Missouri 100.0 0 0 
17 .~0 Charle~ton, s. C~rollna 1.5 3400 0 
j , .as Mob1lo, Alabama 1.5 3400 0 
17 .85 Ft. Rrap~, N. Carolina 1.5 3400 1 
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TABLE 2,3 (Continued) 

Time Yield Elevation 
Minutes Location Mt - Peet Reports 

17.90 Classified Location 100.0 0 1 
18.0~ Bewport, Rhode Ialand 1.~ ~00 0 
18.o5 South Bortolk, Virginia. 1.~ 0 0 
18.10 Rev York, Bev York l.S 3400 0 
18.)0 Bortolk, Virginia ).0 0 0 
18.)0 Port Ritchie, Maryland 100.0 0 0 
18.)~ Key Veat, Plorida l.S 3400 0 
18.)5 Atlanta, Georgia l.S' )400 l 
l8.S~ Port Ritchie, Mary1.nd 100.0 0 0 
18.60 3ackaonYi1le, Plorida l.S ~00 0 
18.65 Brookl7n, Rev York ).0 0 0 
18.90 Saugus, Masaachuaetta 1.5 3400 0 
18.QO Pluahing, Rev York 1.5 3400 0 
18.95 Loring AFB, Maine 1.5 0 0 
19.05 MiaJili, Florida l.S 3400 0 
19.15 Long Island City, B.Y. ).0 0 0 
19.15 Classified Location 100.0 0 1 
19.20 Rortolk, Virginia l.S 0 0 
19.25 Pt. Belvoir, Virginia ).0 0 1 
19.40 South Bortolk, Virginia 100.0 0 0 
19.40 Grittias APB, Rev York 1.~ 3400 0 
19.45 Squantum APB, Maea. 1.~ 3400 0 
19.SO Jacksonville, F1or1da l.S 3400 0 
19.55 Homestead, Florida 1.~ )400 0 
19.60 Newark, New Jersey J.O 0 0 
19.60 New York, New York l.S .3400 0 
19.65 Newnort, Rhode !eland 1.5 3400 0 
19.70 Mobile, Alabama ).0 0 <' 
19.70 Ranger, Maine 1.5 .3400 0 
19.75 Ft. Belvoir, Virginia J.O 0 1 
19.90 Higginsville, Missouri 100.0 0 0 
19.95 Xey West, Florida 1.5 .3400 0 
20.00 Rristol, Pennsylvania 7.0 5700 0 
20.10 Jacksonville, Florida ).0 0 0 
20.10 Raton Rouge, La. ).0 0 0 
20.30 Leavenworth, Kansas 7.0 5700 1 
20.35 Otis AFB, Massachusetts l.S .3400 0 
~0.50 Lockbourne AFB, Ohio 7.0 5700 1 
20.50 Clifton, New Jersey ).0 0 0 
20.55 Plattsburg, New York 7.0 5700 0 
20.60 Memphis, Tennessee ).0 0 0 
20.85 Jacksonville, Florida 1.5 0 0 
20.90 Des Moines, Iowa ).0 0 0 
?.0.90 Sawyer AFB, Mlehlgan 7.0 5700 1 
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TABLE 2,3 (Continued) 

TiM Yield Elevation 
Minute a Location Mt - Peet Report a 

21.00 Albanr, Mev York ),0 0 0 
21,00 BJI"on, Mlcbisan ),0 0 0 
21,00 J(1nohloe APB, Micbisan 7.0 S?OO 1 
21,10 Peaae APB, •· Hampshire 1.$ )400 0 
21.10 Wrlsht Patterson APB,Ohio 7.0 5700 2 
21,15' McCor A.P'B, Plorida l.S .)400 0 
21,25' Se)'lllour Johnson .lPB, JI,C, 7.0 5'700 1 
21.5'0 Albanr, llev York ).0 0 0 
21.$~ Des Moines, Iowa ),0 0 0 
21.60 Jacksonville, Flo~ida ),0 0 0 
~1.6S Bristol, Pennarlvania 7.0 S700 0 
21.90 Xinohloe APB, Michtsan 7.0 5'700 1 
21,95 Vurtam1 th APB, Miohisan 7.0 5'700 1 
21',40 Little Rock APB, Ark. 7.0 S?OO 1 
22.45' SoheneotadJ, Jlew York ),0 0 0 
22.5'5' Westover APB, Masa. 7.0 5'700 0 
22,65' McCoy APB, Florida 1.5' 3400 0 
22.65' Sawyer AP'B, Michigan 7.0 5'700 1 
2?..70 R'chmond. Yirr,inia ).0 0 0 
22.75' Me~phis, Tennessee ).0 0 0 
2?..90 Leavenworth, )(ansae 7.0 5'700 0 
22.90 Robins APB, Georgia 7.0 5'700 0 
2),10 Ttnoner APB, Georgia 7.0 5700 1 
23.10 Baton Rou~e, La. ),0 0 0 
2).25' Lockbourne AFB, Ohio 7.0 5'700 0 
23.30 Pease AFB, N. Hampshire 1.5' 3400 0 
23.30 Robins AFB, Geor~ia 7.0 5'700 0 
?.3.40 Richmond, Virginia 3.0 0 " 23.5'5' McGuire AFB, N.J. 7.0 5700 0 
23.65' Selfri~e AFB, Michigan 7.0 5700 1 
23.70 Wright atterson AFB, Ohio 7.0 5700 0 
23.A5 Wurtsmi th AFB, Michigan 7.0 5700 1 
23.90 Seymour Johnson AFB, N.c. 7.0 S700 1 
23.90 Westover AFB, Mass, 7.0 5700 0 
24.00 P1attsbur~, New York 7.0 5'700 0 
24.05 Centralia RCAFB, Ont. ).0 9200 1 
?.~.10 Jacksonville, Florida 1.5' 0 0 
24.20 McGuire AFB, N,J. 7.0 5'700 0 
~4.35' Little Rock APB, Ark, 7.0 5700 0 
24-45' ~eltridge AFB, Michigan 7.0 5'700 1 
2u.so Otis AFR, Massachusetts 1.5' 3400 0 
2lJ. 65' Turner AFB, Ceorgia 7.0 '5700 1 
24.95 Clifton, Now Jersey 3.0 0 0 
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2.2.1 Data Preaented 

The reaulta or the stud7 are ahovn ln three 
graphs (Pigurea 2.16, 2.17, 2.18) relating the perroraanoe 
of the • .,.. ten as a tunotion or t 1ae. 

2.2.1.a Bttect1Yeneaa or Boab Al!£m S~~t ... 
Pigure 2.16 preaenta the reaponae or the Map aiara run~ion 
or the ayate to the hJPotbetlcal attack. !'be heaY7 lble 
indicates the total nu.ber or burata in the time tnterYal 
arter the beginning or the attack, while the line en'310alJ18 
the solid cro.a-batohing lndicatea the nu.ber or tbeae burata 
reported. '1'he broken line encloalng the broke oroaa-batobl!J8 
indicates the nuaber or exceas alU'IIa pl"'duoed when bunte 
tr1ggezo the Senaora or aore than one tarp;et area. 

2.2.l.b Sensor f•a1lab111ty. !bia ~e 
(Figure 2.17) abowa the nuaher o seneora ~ining efrectiye 
aa a tunction or tiae atter the beginning or the attack, both 
without telegraph circuit patching and with t.ned1ate patching. 
To indicate the rate or the attack the total nuaber or weapons 
is also presented. 

2.2.1.o 'l'arset Area &va11ab111tz. Tbh curYe 
(Figure 2.18) indicates the number or Target Area SeneOJ' 
Complexes remaining oMpable or reporting a Map alar. aa a 
function of time. The ~1 Sen~or" curve indicates the number 
of tarp,et aJ'taa having onl7 one remain1n~ effective Sensor. 
These areas are capable of producing a Map alaN on a one
red-and-two-7ellow-atatua baaia. The "2 Sensor" curve 
indicates the number of target areas having tvo ettective 
Sensors capable of producing the higher credence tvo-red-atatua 
Man alar.m. The total attack curve is also included on th!a 
chart to indicate the rate of the attack. 

?.2.2 Anal7aia or Results 

While the information of the h7Pothetical 
8ttack did not include en exposition of tho philoaoph7 of 
assignment of the Deal~ Ground Zero locations, an anal7sia 
or the targets in the portion or the attack included 1n 
this study indicates a certain pattern. 

The first portion of the attack (0 to lS minutds) ta 
assumed to be on missile fields, with the majority of the bursts 
in the east ra111n~ in the Plattsburg, New York area. Since 
Plattsburg AFB is included in the Romb Ala~ System Target Arfta 
list, most or these were renorted and tre performance or the 
nyfttem ~ns quite high. 
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S£CA£ts • 
The second portion or the attack (lS to 20 a1Dutea) 

is against population centers, except tor a heaYf concentration 
of large veapona in an area or no known a1gn1t1oanoe ln 
western M1asour1. The rate or attack 1a aharply incrftaaed 
atart1n~ at this time interval, and tbe ttae base or the 
Efteotheneu Chart (P1gure 2.16) vas changed at thia tiM. 
'!'he increased rate 1a reflected as a MWral.r increased sl'lpe 
or the •umber or Weapons CUrve (Pl~ea 2.17, 2.18). Slnoe 
the population center• are also mAjor ca.munlcatlona oentera, 
thia portion or the attack reduced the availablllty or Senaors 
aharply. Duzolng the tlrst alnutes or this perlod .any or the 
weapons were detected .nd reported. a,. minutes 18 .nd 19, 
however, facilities to Senaors and SOS lnoated around oa.muni
cationa oent•r• were disrupted autf1c1ently to reduce the 
~•porting rate substantially. 

Tb3 third portion or the attack (20 to 2S alnutea) 
is centered on Bonb Alarm System target areas. Aa a result, 
the proportion of these burats reported is increased although 
many or the facilities are destroyed and nany or the Sensors 
are unable to report. 

?..2.) Methods of Response Analysis 

2.2.3.• Time Diatributiona. The tlmea of 
the bursts vere assigned at random within the t1ae intervals 
designated in the attack doc~nt. The min~ ttae inte~val 
used vas 0.1 minute for the first 14.9 minutes and O.OS 
minute for the b~lance or the studJ. 

2.2.).b Detection Criteria. It vas assumed 
that a burst at groun~ level could be seen at a distance or 
40 miles, except where terrain interference vas known to 
exist. Bursts at higher elevations vere assumed visible at 
the horizon distance calculated by the equ~tlonr 

D • 1.23 (h)i 

where D • distance to horizon in miles 

h • elevation in feet. 

Po veiFht vas given to atmospheric Attenuation, effects of 
cloud cover or other factors arrectin~ detftct1on. 
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2.2.).o Loaa or Pacilitiea. It waa aaauaed 
tor the study that all tacliltlea ly{ng vltbin tha S pai 
oYerpreas~e oonto~ vill be deatPOyed and all outside tbia 
contour will aurvi n. The tl.•avel tiJite or the oYerpreaaure 
front vas considered in the reporting oapability or Seneora 
and sos•a, pe~1tting, 1n appropriate o1rcu.atanoes, a report 
to be released p~lor to deatructlon ot the tacilitiean 

In additlon to the loaa or tacll1t1ea between 
the sos•a and MCC•a aoa. reportlns clrculta were lost between 
the MCC 11 and nr10UI DC•s. In the study, all Sen1ora reporting 
to an MCC were aaa'Wied to be loat 1t aendinp: tr~ the MCC to all 
DC'• -.. interrupted on both the main and fallback reportln« 
channels. 

?..2.).d Patchin~. In the telegraph circuit 
cont!gura~lon eJIIPloyed tox• the SG loops, 1 t 1a poadble to 
by-paaa an inoperative SGS circuit by manual patchin~ or 
re-routing or the telegraph circuit at a coNmunicationa 
center. Th1a vill restt~e to service other sos•a sending 
throUFh the taulty racility to the MCC. In the errectivenesa 
study it vas aaaumed that a patch vas mftde in two minutes to 
restore sos•s cut orr by interru~tlon or the facil1t1ea. 

2 • .3 BOMB ALARM SYSTEM REPEAT CAPABILI'l'r 

The BAS vas dedgne~ to be a sya tem tor the purpose 
or reportin~, with highest reliability, the rirat alarm or a 
nuclear detonation at any or a number or selected target 
areas. Aa such, it has a definite but limited ca;ab111ty 
to ~atect and r&port successive detonations. The following 
discussion will evaluate the repeat capability of the system 
in terms of (1) its inherent capability and (2) its capab!lity 
as related to the hypothetical attack considered. 

2.).1 Present System Phil~sophy 

Each or the selected target areas is covered 
by a t~-~d of optical Sensors. E~ch of the Sensors is connected 
to a SOS wr.ich contains the circuitry necessary to storo and 
transmit the Sensor status in telegranhic code. Each or the 
three sos•s 1o connected to one or three MCC•a to which it 
renorts the status or the Sensor elthar on cOlftlftand (Poll) or 
iwmadi~tely following a detected nuclear detonation (Evbnt). 
The MCC•s collect data from the SOS's both se~1ally and in 
parallel and repeat this data to the DC's serially with a 
pftrallel output for each DC. 
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The country is divided into two geographic areas. 
Within each or the areas the~e is an autonomous system or 
three MCC's as described above. All or the MCC's o~rate 
asrnchronoualy. -

The data transMission speed ie 60 words per minute 
and is constant for the entire ~ystem. The code employed is 
7.S unit with bit width or 2? na. The duration or one 
character is, therefore, 165 Mao 

All intelli~ence is tr.nsmitted aa five-character 
code groupe, the first three characters being the address or 
the SGS (.nd Sensor) and the last two being the atatus. The 
first character ia unique to one or the MCC'a while the 
second and third characters are unique to one target area in 
each or the two geographic areas. The tranaias1on t111le or 
the standard five-character message is 82S ma. 

The reporti~ order is from the Sensor to the SGS 
to tle MCC to the DC. Each of these points in the system 
haa its own measure of repeat capabiliey and each is subject 
to variation by a different set or conditions. The reporting 
aystem presently imposes more severe ltmitations on repeat 
capability than thft Sensor. 

The optical Sensor completes its detection cycle 
in two seconds. This is a minimum figure based upon its 
designed range or weapon yields. 

The ~S registers the alarm at the end or approx
imately one and one-half seconds but requires additional 
time to transMit the alarm to the MCC. It cannot register 
a second alarm fr~ its ~ensor until the first one h~s been 
tranamittad. Various numbers of SOS 1 s are conne~ted togethe~ 
serially and the data transmission rate of the entire serial 
string is limited to 60 words per minute. Under certain 
conditions of multinle alarms, or alarms coincident with a 
poll, loop traffic is ger.erated much faster than !t can be 
transmitted to the MCC. Each SGS has a seven-character 
stora~e and excess loop traffic is divert~d to the storage 
of one or more ~S's to await its turn for transmission. 

The MCC collects dAtn, serially, frc~ a numb~~ of 
rarallel inputs 8nd ~epeats this data, serially, to each 
or the DC's. The MCC nolls all of its loops, in parall~l, 
to determine availability ro~ each of the two following 
conditions: 
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2.).1.a Standby • two sequential nolls 
are conducted in each two minute interval. 

2.).l.b Attack - a poll (yello~ search) ia 
conducted tmmediately af'er repeating all alarm messages to 
the DC if all the ~S loops are idle. 

For the condition or multiple events in 
rapid sequence at multiple target area~, the rate or data 
into the MCC may exceed its output capability. Therefore, 
it baa a limited repeat capability which may iMpose turther 
restrictions on the system in addition to those or the sos. 

The DC receives 1'r011! a nw:lber or MCC' a 1n 
parallel and displays the information in the form or lighted 
l.mpa on either the Communicator's Panel or Map. The alarma 
remain di~played until a manual reset is performed. There
fore, -ny repeat capability or the system reporting to the DC 
can only be realized by a manual reset at the DC. 

In order to optimize the original system 
concept or reportin~ the first alarm with highest reliability, 
two alarm measa~a are sent for each detected event. Inclusion 
of the redundant message effectively halves the repeat capa
bility or the reporting system. In addition, neither the 
MCC nor the DC can differentiate between the redundar.t alarm 
or one event and ~he alarm of a aucceedinF event ~eported by 
a con111on SGS • 

2.).2 SGS Repeat Capability 

The t~c factors, other than data transmission 
rate, which :1. ~t the reneat canability or the SGS are: 
They are connected top;etheJ' aerially. in varying numbers, each 
acting as a regenerative repeater for the preceeding one. 
They aend two alarm messages for each event, the second being 
redundant. 

2.).2.a Circuit Configuration of SGS 1 a. 
SGS's are "looped" together serially to each of the MCCis as 
indicated (Figure 2.19). The lo~p shown contains seven ~S's, 
which is the maximum nUMber per loop presently within the 
system. A breakdown or all the loops in accordL~ce with the 
numher of SOS 1 ! on each ia: 
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llUIIlber or Loopa 

6 
3 
7 

17 
11 
19 

~ 

TABLE 2,4 

SGS' a per Loop 

1 
2 

i 
7 

Each or the MCC'a checks the aTailab1lity ot 
ita S3S's twice 1n each two minute interval and makes a single 
composite report to the DC. To do this the MCC sen~a poll 
measage to all ita loops, in parallel, twice in each two 
minute interTal. Aa each ot the Sas•a receives the poll 
aeeeage, it regenerates it and adds lta statua message 
iMmediately behind on the idle line condition. It adda a 
status message only it the Sensor ia operating normally 
(green), It a Sensor or SGS ia not operating, no response 
1a made by the SGS and the MCC later sends a yellow status 
messa~e to the DC. Assuming all Sensors are operating 
normally, a po1lin~ sequence tor the loop !llustratedt as 
received by the MCC, would be as follows: BBBG(apace}, 
BBCW(apace), BBPV(spaoe), BBGW(space), BBJV(space), BBMW 
{space}, BBPV(space), BBUV(space}, where BBBG(space) is the 
poll message (request) and W(space) ia the green statua 
(answer). It will be noted that the 11 sas, BBC, has only 
to regenerate the poll message and ita own response whereas 
the #7 SGS, BBU, regenerates the poll message together with 
all the responses from the precedin~ SGS's and then adds its 
own responae. The probability or there being incoming traffic 
at any SGS und~r routine conditions of standby polling is, 
therefore, related to its position on the loop. 

TABLE 2.$ 

SGS Position on Loop 

1 
2 
3 

~ 
6 
7 

Probab111ty ot 
Ir.com1ng Tratric 

!.~ 
2.8 
4.1 
5.5 
6.9 
8.2 
9.6 
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When a SGS tinisber respondin~ to an event, 
at approxtmat~ly 1.5 seconds or the t~naor cycle, it will 
re~ort it a a two iclentical five chara, 'ter alarm mesa age a to 
the MCC. Tranam1aa1on or the first al.-~ JIIUSt be completed 
and the second initiated (programmed i~ storage) before the 
SGS can regia ter a succeeding event. 'lh~ SGS will tranami t 
under one of the foll~ng two conditions: 

(1) Idle Line: rr there is no tra:rlc on the line 
(loop), between the send aide or the MCC and the SGS responding, 
the tvo alarm messages are aent '~ediately. Each requires a 
tranSIIlission time or 825 111 or 1.65 seconds total. 

(2) Busy Line: It there is traffic on the line, 
normal polling or additional alarm messages, the first alarm 
is sent immediately following the end-or~easage character or 
the status message being regenerated. The second (redundant) 
alarm is sent when the line ia idle. Therefore, start or 
tran1111ission or the first alarm measa~a can be delared an 
adeitional 825 ms maxfmum but the second (redundant) ala~ 
can be delayed up to 8 message lengths or 6.6 seconds •. Thla 
would be true of the 17 SGS tor an ala:m just after start or 
poll. 

To illustrate the above, assume that the 
#1 SGS is ready to report an event just after start of poll. 
Its response would be: BBBG(space), BBCar, BBCCY, where CY 
is the red status. The event vould have just been registered 
vhen polling began and the first alarm vould be delayed 825 ma 
(duration of poll "easage). The time tor the SGS to be ready 
to repeat vould be 1.!~ seconds as measured to the start of 
transmission of the second alarm message. 

rr an event is detected by the #7 SGS, ita 
response vould be (poll) 1 (#7 alarm 1), (#1 green), (#2 green), 
(13 green), (14 green), \15 green), (#6 green), (17 alarm 2). 
Again, the first alarm is delayed only 825 ms but the elasped 
time to start or transmission or the second alarm message 
(ready to r6peat) is 6.6 seconds. 

It will be noted that transmission of the first 
alarm messape is never delayed more than 825 ms maximum. Also, 
the ahove are vorst case conditions which assume that the poll 
has just begun. For the intermediate sr.Sts between ll and 17, 
their times to be ready to repeat are proportional to their 
positions on the loop. 
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The above a~e the ~an~ea or ab111tr to detect 
a second tYent following the f!~at event or an attack. Because 
or present 17atea pblloaoph7, the p~obabilltr or t~arrtc on 
the loop is high following the fi~at eYent. Th1a ia true 
because the MCC ia p~og~anmed to poll all ita loops arte~ an 
alarm 1a rece1Ytd aa aoon aa all ita incOMing linea a~e idle. 
It doea this r~ the purpoee or deten.1ning poesible additional 
daaa~e br aacertainlng which or the sas•a are not repo~ting. 
All 7ellov repo~ta onl7 are aent to the DC vhe~er mar be 
combined with the red repo~t (alara) to light Map Diaplar 
l.mpa. Pollin~ after an alarm has tbe effect or liaitin~ the 
~•peat capabilltr or the SGS'a ror aubsequent eventa aa 
4eac~1bed above. 

2.).2.b Interde~endence or sas•a. Repeat 
capabllitr is also impaired to~ ~e condition of atmultaneoua 
detection or one o~ more events br aoae o~ all or the SGS 1 a 
on a loop, The time ~equi~ed fo~ each or the SGS'a is again 
related to ita position on the loop and the vo~at ~epeat 
can~bilitr 1a that ro~ the #7 SGS on a 7 SGS loop. Aasuming 
the vo~at cawe whe~e all sos•s on a loop detect event(a) 
at.ultaneouslr, the tlftes for the SGS'a to be ready to ~peat 
are: 

TABLE 2.6 

Position and Total 
Mumbe~ or SGS on Loop 

1 
2 

~ 
6 
7 

Tift.t (Sec.) 
Ready to Repeat 

.825 
2S 
4.1 s.e 
7.4 
9.1 

10,7 

The above times assume no traffic on the loop, 
rr the~ is traffic, the times a~e increased by a maximum or 
825 ma and the worst repeat capability is then 11.~ sec, 

2.3.2.c Summa~x. The ttme ~equired for a 
SGS to be ~eady to repeat can vary between .02~ sec. minimum 
and ll.S seconds maximum and is dependent upon: 

(1) 

(2) 

The po~1tion or the SGS on the loop. 

The probability of traffic on the loon, e1the~ 
normal pollinp or additional alHrms, at the 
time of an event, 
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The BAS 1s divided into two geographic areas. 
Within each geographic area, each cr t'he target a:reu 1a 
monitored by each or the three MCC 1s. Each or the MCC's 
controls a number or loops with varying numbers or SGS•s on 
each. 

TABLE 2,1 

Master Control Center 

8 
c 
p 
G 
J 
M 

Total Loops 

12 
10 
11 
11 
12 
11 
r;'f 

Since the loops are connected in a random 
manner, the :repeat capability or each or the SGS at any target 
area ia generally different. The table below indicates repeat 
capability of numbers or target areaa in terms or one, two 
and three SGS repeat capability. The SGS repeat capability 
is proportional to ita location on the loop as discussed 
above. 

TABLE 2,8 

SGS Locatit.n on Loo:2 
Humbe:ra of Tarl!t Areas Havi~: m .Ll!! m 

1 
2 
3 
4 
i 
7 

47 
3S 
11 

6 

17 
17 
33 
22 

8 
2 

3 
9 

13 
2S 
24 
21 
4 

For two SGS :repeat capability, the location 
(ttme) given 1a a maxtmum for one; tt may be the same or leas 
for th~ other. For three SOS repeat capability, th& location 
(time) ~iven is a max~m for one; it may be the s~e or less 
for the other two. 
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Porty-saven target areas have one SGS with 
th$ hlgheat repeat capability .nd these are seat~ered rand~y 
throush tht~ aystea. They can detect and !'eport succeuive 
weapons at min~ intervals or 2.3 seconds cor!'eapond~ to 
the 1.5 second SGS respon1e tt.e plus the .625 second tor the 
alarm message. Tbia i1 increased by a max~ ot 625 •• 
additional vlth trattic on the line. ThirtJ-tlve additional 
target areas have a single SGS repeat capability ec:;ual to the 
above plus 2.5 seconds lt the '.1 SGS simultaneously !'erorts 
an alam coincident w1 th a 1tart ot poll, or 4.6 aeconda 
maximua. 

Tbe slngle SGS repeat capability is usetul 
tor al~lns the Ca..unicator's Panel. The tvo and three SGS 
repeat canab1lities are .ore signitlcant in term. or present 
system philoaopb7 which dictates that a ~true~ ala~ is a Map 
alarm corresponding to alarm reports t!'om a minimum or two 
out or three Senao!'l at a ta!'get area. 

The SCS 1 1 v1th the beat !'epeat capability 
have the least probable avail~bility and aUJOvivability. This 
is true since any break in the aerial loop p!'events SGS'a 
between the send aide or the MCC and the break t!'om repo!'ting. 
The P!'Obability ot isolation is g!'eatest tor those SGS'a 
nearest the send aide or the MCC. 

2.3.J MCC Repeat Capability 

The MCC•s !'eceive trom thei!' SGS's in 
parallel and send to the DC•a le!'ially, at the same trans
million !'ate, and the!'etore h've a limited repeat capability. 
In the p!'esent SJStem the MCC•a !'eeelve f!'om a maximum or 12 
loops with the result that thoy may accept into!'mation 12 
times taster than they send it. The MCC 1tora~e will accommo
date one meuage tram each or the SGS•s and the MCC 1s 
p!'OS!'&mmed to ae&!'ch th!'ough and !'ead out or storage in a 
fixed order. Therefore, when simultaneous alarms a!'e rec6ived 
tram sev~~•l SGS•s en 1eve!'al loops, there will he an interval 
whe!'eby a second alarm trom A common SGS can be !'ecelved on 
top or the t1rat one before it ia !'ead out. The maximum 
!'epeat capability or a Senao!' and SGS ia 1.5 plua .625 or 2.) 
seconds. This corresponds to a maximum of two simultaneous 
ala~ at the MCC to realize the best repeat capability or 
t.he Senao!' and SGS. The p!'obabil1ty or ai~ltaneOU@ !'esponses, 
followed by another respon~e in 2.) seconds, at two target 
a!'eas with the h1~heat SGS repeat capftb1lity ~enortin~ to one 
MCC is consi~e!'ed remote, but 1t represents the lim1ttn~ 
cond1 tiona. 
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.SliREf 
It is tmportant to note that the concept or repeat 

capability at the MCC baa little Maning ir. the preaent .,..tea 
due to the redundant alarm meaaap;e tor each event. The 
redundant alara message is dela7ed b7 the SOS until the loop 
is idle and thia dela7 can be as long as lJ nessage lengths 
(10.7 aeo) tor a saturated 7 SOS loop. Regardless or the 
delay, the MCC cannot differentiate between the redund.at 
alarm or one event and the alara or a succeeding event. 

2.3.4 DC Repeat Capability 

'l'be DC recei ve1 tr0111 all the MCC• a, in 
parallel~ and dlapla7s the alaraa aerially on tbe C~1-
cator• 1 Panel and Map. Bach individual Sensor 1tatu1 11 
dlapla7ed on the COIIIINI'Iicator•a Panel. An alu. 1a dhpla78d 
on the Map onl7 tor the conditions or (1) tvo or aore red 
reports troa a target area or, (2) 1 red report and two 
yellow reports from a target area. Since the reports are 
processed aerially, it is necessary to store them 1n order 
to ooabine them for the tvo conditions describe~. The Map 
alarm is ~enerally regarded as the "true" alarm since it 
provides additional credence. 

or all the system equipment, the DC is moat limited 
in repeat capab11i ty. A Map alarm could be noted 3.nd a manual 
reset quickly performed, but this would result in A very low 
credence level for an additional alarm at that target area. 
For example, the transmission of three simultaneous alarms 
from a target area involves three trAnsmission paths and 
three different delays. Since they a~e posted serially, the 
first two are sufficient to actuate the Map Display. If they 
are then reset, the third alarm arriving at a later time is 
left to combine with additicn•l possible alarms from a 
succeeding event or yellows resulting in a false Map alarm. 
This 1s COJ!I'Pounded by the redund&nt alarm message. The MCC, 
as a fur.~c1on or its repeat canability, may or may not 
tr~nsmit the redundant alarm to the DC. If it doas, the 
number of possible combinations available to post a false 
MAp alarm is increased still further. 

~.3.5 Repeat Capability as Related to Hypothetical 
Attack 

The repeat capability of the system, excep~ 
for the DC, 1s not generally ft significant factor in 11eht of 
the hypothetical attae~ considered. When successive events 
did occur, they occurred in areas where the density of Sensors 
was small and saturation or the ~portinF system in that area 
did not occur. Conversely, there ru•e hip,h dtltude ever.te 
over areas with a hip,h density of Sensors, but the time a~aeing 
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s tEG~Eln 
or successive events is within the repeat ca~ability of the 
system in that ~ea. Aa examples of each of the above, the 
most exacting Y>eJOiods or the attack ~e a a fo1lova: 

2.3.S.a T~set Area JB. A bi~h ooncentJOation 
or veapona occurred in the v1o1nlty or tbis t~get aJ"ea. Theil" 
ttmea and the BAS responses are as tollova: 

TABLE 2,2 

T111le ot bent Intenal 
~M1n 1 l 's•shl sos•a Rea;eondin,s Alal'lll 

0,) BJB,CJB,PJB Map 
:~.s 132 BJB c.P. s.o lSO BJB,CJB(FJB lost) Map 
6,&:' 90 BJB,CJB Map 
7.i ~ BJB,CJB Map 7. BJB,CJB Map 
9,S 120 CJB c.P. u.s 120 BJB c.P. 

12,0 30 CJB(BJB lost) Map 
12.3 16 CJB Map 
14.1 106 CJB Map 

The shortest time inteJOval between successive 
events is six second~, well within the !"epeat capability of 
the SensoJO. The SnS•s BJB, CJB and FJB occupy positions 1, 
2 and 3 JOespectively, on the!!" loops ~d have ample time to 
clea!" the alarm foJO the event at 7.4 before the event at. 7.5, 
even for the condttion of pJOior trRffic on the loop, The MCC 
ean pJOocess all the JOeports including the redundant alarms 
and repeat them to the DC, Manual reset at the DC would, for 
the time spacine involved, r,ive 8 fairly reliable picture or 
sueceftsive events. A fallacy or the "M~n Alarm" concept ia 
revealed by events at 9.5 and 11.5. CJB, reporting tho event 
at q,5 would not actuate a ~ap lnmn. If left stoJOed, however, 
lt wlll combine with BJB renortlng the evant at 11.5 and only 
one Map ale~ will result from two widely spaced evonts. A 
~im1lar c~b1nRt1on ls possible at any sta~e or Rn attack. 
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IEIREJ· 
The following additional aaaumptiona are aadea 

(1) A.,lg:regate NpOI'ting tblea to the MCC•a and to the Dc•a aN 
taken aa the aum or lnte«Pal aeasage lengths without regard to 
addl tional amall t1Ja1nr, dela:ra lncuned by :regene:ratlon and 
t:ransM1aaion. (2) Po:r those caaes whe:re ••~e:ral loops are 
:repol'ting •stmultaneoualyw to a MCC, the addreaa tirat alpha
betically will be aaauaed to al':r1v~ t1:rat. (3) When polled, 
each ot the SQSte Will :respond gN8n unleas in the :red mode, 

Po:r the liated data (Table 2.10) numbe:ra 1n 
parenthesis indicate the position• or the ~S's on the loopa 
1n~o1ved du:ring the attack 1ntei'Tal. 

TABLE 2,10 

Time Total 
or SGS•a 

Event Intenal Loop On 
(Kin) IS•cl SGS'• Rea~ondtns ...!2a. ~ !!g£ 

16.40 BMB(4~ 1 BPP()),BBP(2),BCJ(l) 209 4 B 
BCW(1 207 2 B 

CCJ~2~,CBP(1J 106 6 c 
CFF 3 ,CMB(2 ,CCW(l) 107 6 c 

P'CW\6) ~g't 6 p 
PMB(2~,PPP(l~ 4 p 
PCJ(2 ,PBP(l 308 3 p 

16.50 6 MK(6) 211 7 B 

CCM(S) 109 7 c 
FCM(4) 309 1 p 

16.55 3 800(1) 210 5 B 

CGO( 5) 107 6 c 
:roG(1) 304 6 }<' 

16.60 3 BAC(4),BFJ(2),BBP(1) 206 6 B 

CBP(6) 103 6 c 
CFJ(5) 105 6 c 
CBC(6) 106 6 c 
FBC(l) 301 6 F 
FFJ()),FBP(2) 305 3 F 

SEBR~J 30 
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IEGtl.tf 
TABLE 2,10 (Continued) 

Tille Total 
Ot sos•a 

Event Intel"Val Loop On 
(Min) (Seol sos•s Rea2ondtns Aa.~!!Q£ 

16,65' 3 Bli0(3J 205' ~ B 
Bn(4 210 B 
BM0(4) 211 1 B 

CM~)J 103 6 c 
en 6 107 6 c 
CMC) 109 1 c 

mf~~,PMC(3) )02 6 p 
309 1 P' 

16,70 3 BMB(4),BPP(3),BBP'(2) 209 4 B 
BCW(1) 207 2 B 

CBP'(l) 106 6 c 
CPF{)),CMB(2),CCW(1) 107 6 c 
PCW(6) ~~ 6 p 
PMB(2) ,PFP'(1) 4 F 
P'BP(1) )08 3 p 

16,75' 3 BGG(l) 210 5 B 

CGG( 5') 107 6 c 

POG(l) 304 6 F 

Location or burst to~ether with target a~as 
~nd numbers or Sensors respondinR are listed in Table 2.11. 
All Rlarms are Map alarms, 

I 
,i 
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$'GAt I 
The following pointe a~e noted: 

(1) Kine event• occur, two aimultaneoualy at 16.6 and agatn 
at 16.6S, v1 thin a total tbte intei"Yal. ot 21 aeoonda. 

(2) The maxiaua number or Senao~• reaponding at.ultaneoualy 
ia fifteen, tor the eYent at 16.40. 

(3) Com.on Senaora aee aucceasiYe event• in two caaea. One 
group aeea e._nta at 16.40 and again at 16.70, a ttae 
intei"Yal or 18 .. conda. Another group aeea ennta at 
16.5S and again at 16.7S, a time intei"Yal or 12 aeoonda. 

(4) !'he max!JiuJft DUJIIber or SGS 1 a reaponcUng on a loop 1a rour. 

(S) SucceaaiYe eYenta are aeen by different Senaors on the 
l'ee loop. 

(6) The max~ nuabe~ or loopa atNultaneoualy reporting to 
one M~C ia tour. 

A aeries or timing diagr~s illuatrates the 
ope~ation or' the IJStem during the attack intel"I.U.. PiguNa 
2.20, 2.21 and 2.~~ ahow the aequence or traffic to each or 
the MCC•s from the loops responding and the subsequent traffic 
from each of the ICC 1 a to the DC•a. PiBW"e 2.23 indicates 
the clearing (or trarric) ttmea or the sos•a responding. 
They can regiater another eYent one message length or 625 ma 
less than their tiNea to clear. This t~ corresponds to 
~lacing the second alarm in the storage ~egiater and start 
or transmission. Pigure 2.?.4 indicates the order in which 
ala~ measftges are received bl the DC 1 s together with the 
time and order or posting "Map alsrms. 

It is to be noted thRt the order in which 
the SGS's clear doss not correspond to the renortin~ order 
as received by the MCC. Por the cond1. tion or slnultaneous 
response by multiple Sensors on the aamo loop, it is moat 
nrobable that the SGS'a will report their first ala~ 
m9sSaFe, in order, from the receiving side of the MCC. 
This is due tc small transmisftion delays "up the 11no" from 
t.h& receiving side or the MCC. Therefore, the SGS nearest 
the receivinp side will be the first to report, the last to 
be ready to repeat and the last to clear. 

The timing and pattern of tlae attack h 
within the repeat capability of the Sensors and SGS'a 
responding. Times to clea~ are extended, ln ~any ca~e•• 
because or bct.h simultaneous detect1nn bv sr.s•s on the 8fUIIe 
loop end by the yellow sea~eh. An exampie of the former is 
Sften in loop 20Q On which all fou~ 50S 1 s ~ospond t~ the event 
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at 16.40, ~e tt.e required tor the 4th SGS (BMB) to clear 
is 6.6 seconds after it 1s t1rat ready to report. An exarrple 
or the latter ia seen in loon 107 on which the Sth SGS (COG) 
rea~onds to the event at 16.S~ just attar atart or poll. The 
time to Clear this ADS is extended an additional 3.3 aeconda 
while it regenerates the green 1 .•sponaea t'rCI!l up the line. 
The difference between "clearing time~ and ~reporting ttme" 
is revealed by the operation or luop 211·on which SGS BMC 
responds to the event at l6,6S during a yellow search. Thia 
SGS ia 14 on the loop .nd doea not reapond green vhen polled 
since it 1a in the red mode, It 1a not yet ready to report 
the &lara, however, and IS begins ita green reaponae, Approx-
1matel7 200 ma later, 14 ia ready to report its alarM and doea 
ao, with the alara trattic diverted to the storage or 15 while 
it finishes ita green response. A similar operation ia round 
on loop 210 tor SOS 14 (BJP) responding to the aame event, 

Some idea or the repeat. capability of the 
MCC is reveal6J by the traffic to each of the three MCC•s 
followin~ the first event at 16.40. MCC "B" receives in 
parallel on two loops with the bulk or the traffic on one 
of them. The input rate is only slir,htly greater than tho 
out~ut &nd only the redundant BCJ 1s lost. MCC "C" receives 
the s~e quantity or traffic on tvo loops but with t~e traffic 
almost equally divided. Two or the redundant alarms (CBF and 
COW) are lost. MCC ~P" receives tho sarl!e quantity of traffic 
on three loops Rnd the input rate 1s substant1all~ greater 
tho.n t't-e outnut, or the five redundant alarms received, only 
one (PCJ) 1s repeated to the DC, 

The series-parallel pattern or traffic to 
the MCC detem1nes how long it will remain hu~y sending to 
the DC &nd, therefore, how long before a yellow search is 
initiated, Yellow searches are initiated at 13& 9.8 and 7.2 
seconds or tho attack Interval by MCC•s "B", "C and "F~ 
respectively. 

The series-parallel pattern or traffic 
to~ether with asrnchronous yellow searches, al~habetlcal 
stora~e re~ister at the MCC and the redundant alarm message 
n1akes Bny repeat canRb111ty at the DC• s highly 8JIIhiguou8 ,' 
For examnle, Fipure 2.24 reveals thnt the first and redundant 
Map slarms fot· Dover AFB, l"espondin~ to th'! event at 16-40, 
are received 4.~ seconds apArt. If a manual reset waa performed 
follow1np t~o first Map alarm for this targnt area, the follnw1ng 
redundant al•~ ~ould apnear as another event. Wol"so yet is 
the report from Dow APB, respondlnp, to the ~vent at 16,SO. 
The redundant alarM follows reportft frcm tarpet areas responding 
to the event at 16.5S. 

4E81tEY • 

'------------~ ---------
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It !a to be noted that 1nro~t1on derived 
from the yellow searches 1nd atored at the MCC 1 s is not 
transmittea to the Dc•s. This 1s true since each of the 
MCC•a receives an alarm during the course of ita yellow 
search and retuma to the alam mode, reporting alam. 
mes:~ag&s and ignorinp: yellow reports. Since the MCC alwa:ya 
sends alarm reports on a priority basta, the density or the 
attack may prevent the MCC from mak!np, yellow aearchea or, 
having made them, tram reporting the results to the DC. 

The repeat capability of th~ present BAS 
1a 1U1'ticient to report auch of the hypothetical attack 
oon1ldered. The value ot repeat oapab1lit,r is ••••rely 
restricted, however, by multiple detection ot events, 
redundant reports 1nd 1nab111t7 to 10rt and display the 
reports beyond the first one troa each target area • 

.3.0 ~CRIPTION OP AlXJHE!f'l'!D BOMB ALARM SYSTEM 

.3.1 GENERAL 

The Augmented B0111b u.'l'ft ~yatem (See Figure 3.1) 
is organized along the aame -~--a as the present ayatem in 
that an MCC receives mess&~' from a group or SGS•a and 
forwards the inrorma tion ' :lrll '-Ml"' to all 00' a. The MCC 
periodically aenda out poll ~esaagea to the SG5 Which reply 
with a green status mess~~ it the SenaOl's and equipment at 
the statiO!l are ope!'aU .. ~~ properly. When the Sensors 
associated wJth a SGS detect a nuclear detonation, the 
station sends out an alarm mes~age which te processed 
through the MCC to tht DC•s with a mint~ or delay. An 
operato!' at the MCC may initiate a test or the SGS by 
asnding a mess~e which causes test equipment in the Sensors 
to cycle. rr the SensO!'S detect the tost s1~nals properly, 
a teRt response, differing only slightly from an alarm message, 
is sent to the line by the SG3. The MCC norm~lly will tnterc•pt 
these messa~es, but tor a system teat the MCC may be programmed 
to send them on to the DC's as alarm messages. 

As in the preoent ayatem each tar~et rreP. ts covered 
by throe Sensors. Ench or the SGS reports to a different MCC 
so thst the loss or one MCC tac1ltty will still leave two 
~enaors in operation. The target areas are divided tnt~ 
geographical ~roups or not more than 80 ner group, each group 
reoorting to three MCC•s. 

tr .~~ liL i ••w:.O .t. 35' 
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UP TO 24 SGS LOOPS 
INTO EACH MCC 
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The Electromagnetic pulse Sensor is a high threshold 
device, possibly weighted to~ increased sensitivity to high 
frequencies. This weighting and the high threshold features 
will reduce the aenaitiY1ty or the system to ster1cs. In any 
eYent, an alara ia not generated on the baais of an EM pulse 
alone; the pulse provides localization of an optically detected 
detonation and may be used to determine time zero of any event. 

The Yield dete~ination 1s made from an optical device, 
with the measurement made on the basis or the time interval trom 
the anival of the EM pulae to the first peak or to the mintmUIII 
inflection point atte~ the fi~st ~eak. A device dea~ned to 
aeaaure time to the aecond peak vould •everely reatrlct the 
•yat.m'a repeat canlbility. (See Figure ).2). The yield is 
eYaluated to a (10) accuracy with outputs of 0.3, 1, 3, 10, 
)0 and 100 megatons. 

The Elevation dete~inat1on will be made on the baaia 
ot a two •ector optical device capable of differentiatin~ 
between air and ground bursta (See Figure 3.3). The division 
line between the two levels must be established arbitrarily. 
Under certain conditions the optical Sensor ranFe is auch that 
a remote air bu~at may be seen by the ground bu~st secto~. 
To resolve thla aab1guity an elevation repo~t will be made 
onl~ if BM localization or the optical report has been recelv~d. 
Ideally the deterMination will be made early in the burst cycle, 
When the fireball is ralatively small, usinR only fi~st peak 
the~al energy. 

3.2 D!'l'AILED DESCRIPTION OP SIGNAL GElfERATING STATION 

The SOS ln the augmented ~~stem operates in the same 
•nner as in the present Bomb Al" :,T! :.;~·stem. but 1s also capable 
ot reporting yield and dltfer,.r.· atlng l·'!' .. ween air and grcund 
bursta. A high threshold e~~c·: :.romagnetlc (EM) pulse Sensor 
ia included tor localization .r the ovent reported by the 
optical Sensor. A second tal·: hack or: U c 1 Sensor is nr·ovided 
at the SGS to ~ive alarms if t "e Sen!,r r ·•earer the target area 
is d~'troyed or 1no~erative. 

A typical target are~ comple~ ~s shown in F!gure 3.4. 
The optical Sensors 11 miles f!",\m p:rvun zero are the present 
Sensors, unchanged 1n operation '-r .funl'•.ion. The ~r.s• s are 
located further radially from the tar•·· t area with additional 
Sftnaors 1n the immediate vicinity of the SGS. Locatinr the 
new Sensors at the SOS simplifies the problem or providing 
power to the Sensors and receivinp. si~nals from them. ~ecause 
ot the addition or aensin~ elements to SOS sites, SOS s1tea 
would have to be more ri@:orously defined than 1n the present 
configuration. 
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3.2.1 Sensora 

The Primary Optical Sencor is the one presently 
installed and working ln the Bomb Alarm System. In the augmented 
system i~ is unchanged. 

The Secondary Optical Sensor is located in a Sensor 
complex near the SGs. It is identical ln operation to the 
Sensor in the present system, although the output signals ~y 
differ since a telemetering system to report signals is not 
necessary with the Sensor located near the sos. 

3.2.2. Signalling 

The signalling arrangement between the ~c• a 
and the SGS is the a.ae as in the p~esent Bomb Alnrm System. 
The SGS are arranged in aeries loops trOI!l the MCC. '1'be output, 
ot the SGS neareat the sending aide or the MCC, ls regenerated 
and paased through aubs~quent SGS o~ the way to the receive 
side of the MCC. 

The characters used for signalling in the augmented 
system are the s&Jile as thoae used in the present system. All 
character• used tor address and atatus information have three 
pulaes markln~ or the rive pulses in the telegraph code as 
does the character Y, the alarm end-of-messape character. 
The apace character used for EOM status character for green 
measap• t has oul;r one or the five pulses marking. Por an 
error to pass undetected while us1n~ this t~ee out of five 
code, transmission distortions must convert aa many pulaes 
in a character from marking to spacing as are converted from 
apac1n~ to marking. Thla double conversion 1s much leas 
nrobable than the more common systematic addition or sub
traction of pulses. 

In normal operation the MCC sends o poll message 
to all loops in parallel. This mess~e is read in the sr.s 
as it ia pasoed through the loop. If e1thor of the optical 
Sensors connected to a SOS are workin~, the 30S inserta a 
~reen response message when th~ receive line goes idle. This 
messagP. consists or the two address characters followed by the 
character snac~. The reduction in the number or the address 
characters from three to two allows the reporting or the 
additional yield snror~ation without extensive modlficAtion 
or the sos. 

When either or the optical Sensors reports a burst, 
an alarm mess ape 1s prepllred. Depending or. the addi t1o.1al 
information received, any one cf seven yield characteJ•a and 
rour status characte~s may he ir.eluded in the message. 
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The alarm messare is sent at once if the send and receive lines 
are idle or at the end or the message goinF through the SGS 
if there is traffic on the linea. As in the present system, 
traffic coming in while an alarm messa~e is beinp. sent is 
stored for transmission at the end or the alarm message. 

In the present system tvo alarm messages are sent; 
one as described above and another vhen the receive H.ne goes 
idle. In the augmented system this second message ia eliminated 
to increase the repeat capability or the system and to eliminate 
the ambigu1 ty caused by th~ second report. 

A facility is included in the MCC to generate a message 
to be sent to the sas to initiate burat atMulat1on devices in 
the Sensors ~d test the resnonae or the Sensor and sas. An 
alarm response to this teat messa~e is al~ered f~om a regular 
response to reduce the probability of generating a false alarm 
during the course or testing. In order to gene!'ate a test 
response, it is required that both of the optical Sensors 
renort the burst a~latlon. For test purposes they must 
func~1on on an AND basis; to report alarms only the OR f~,ction 
is required. 

3.3 DETAILED DESCRIPTION OF MASTER CONTROL CENTER 

The MCC (See Figure 3.5) is essentially a time
division multinlexinp. device which receives messages from 
an many as 80 SGS 1s, connected serially in un to 24 lov 
speed circuits, and relays the information received to the 
DC 1 s at hi~h speed. 

~Je SGS loops sendin~ into the MCC work at a sneed 
of 60 words ner minute or h5 bauds (bits per second). The 
total ineominp. data ~ate then is 24 times 45 bauds or 1080 
bauds. The messages are relayed to the Dc•s serially at a 
speed of 1~00 bauds which is more than adequate to handle the 
d~ta. 

The loop-storap.e bloclc include!! a serial-to-pArallel 
converter, a rroen mlssa~e stor~e, an alarm messar-e storap.e 
and control c ircui t'.l to check the inc('minR messares and repulate 
access to the sendinp circuit. The address and status characters 
at-e limttP.d to those havinp. three marklnp. nulses of the five 
i:1 t.he t.elegranr code. As each character is received, its 
~~T'kinr blts ~re counted 11nd if any character of a message 
dhould fall in its oount, the message is not storeu for trans
mission to the DC. This check provides nrotection ~gain1t the 
l'IIOst common of transmission dis~ortions; the simple add1 t1on 
or subtraction of nulses. For an error to psss through the 
MCC the same n~ber of pulses mu3t be added and subtrActed ln 
one character. 
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Two ator.gea are prcYided to receive the ~•••as• 
when the end-or-.. aaage (EOM) character ha~ been receiYed 
and the par1tr check requ!reNent ia aet. Tbe tirat ot theae 
atorea the three characters or the green ••••age: tbe second 
atorea the fiYe character. of the alarm .. aaas••• 

When a .. uase 1a tranate:rred to a ato:ras•, a :requea t 
ro:r aoce.. to the c i rcu1 t a ending to the DC' 1 h aade. 'l'be 
aoanne:r is continually p:robiftl the loop ato:ragea to dete~• 
1t a :requeat 1a p:reaent. Vhea a ••••as• 1a vaitl.Dg it 1a 
ahitted directly out or the etora~e unit to the aendin~ oi:rouit. 

Yn the normal polling eequence, the block or green 
atatua •••as•• rel&7ed to the DC' 1 11 t:ramed between ata:rt
of•t:ranaaiaaion and end•ot•t:ranaaiaaion aoaaas•• which a:re 
:required tor DC oont:rol. '!'he atart-ot-t:ranllllhdon aeaaase 
1a aent when the loopa are polled .,d the end-ot-t:ran .. iuion 
ia aent atter the laat aeaaage received t:rom the loopa haa 
been relayed th:rougb the MCC. 

lmnediately tollov1ng receipt and :re-tranam1aa1on 
or an alarm aequenoe, a poll ••••age 1s eent to the loops and 
the ••••as•• received are tarvarded to the DC• •· 'l'h1s MCC, 
unlike the preaent !CC, ia capable or handling and re-transmitting 
a mixture ot :red and 8J'8•n incoming reports. This proceaa 
permit• more rapid repo:rtiDB ct 1noperat1n SGS to the DC' 1 to 
allow more :rapid evaluation or one red and tvo yellow alarma. 
At the aame time thla apecial poll mesaa~e 1a sent to the loops, 
a con~rol meaaape 1e sent to the tvo other Mcr:•s in the aame 
~eogranhicL1 area. Th1s control Measa~e vill initiate the 
special polling ~equence at the other MCC•s. 

A monitorin~ readout or the status or the SOS reports 
to the DC's is required to facilitate maintenance dispatching. 
This readout could be in the form or & pa~e pr!nter with ~ 
sin~le line or characters per ~oll, one e~araceer per SGS, 
to indicate which had responded green. 

3.4 DESCRIPTION OP DISPLAY CENTER 

3o4ol General 

The DC receives renorts from all MCC's and 
presents Availability and Alarm Displays and a printed readout 
or burat data. The Availability Disnlay is similar in tunetion 
and appearance to the present Communicator's Panel, wit~ green 
and yellow availability li~hts and a red alarm light tor each 
Sensor-SOS combination. Tho Alarm Display Jhowa tarpet area 
name and distinguishes betveftn air or ground bursts tor localized 
events. A third indicator, for each tar~et area, eounta those 
events outside or, but unique to, a partieulnr target area. 

)9 
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The Alarm Dlaplay la capable or reoordlns a limited number or 
bunta at each t&JORet area. !he prlDted J'eadout abowa the 
target area n .. e, the ttae or tbe buret, the Jlela, locallaatlaa 
and whether an alr or vound buzoat vaa recorded, 

AI ln the pnaent Bcab &1&1"111 !!78 t•, an alar. vlll be 
diaplaJed onlr tt dana report• baYe bem recehed trca tvo 
Senaora, or troa one Senaor tt the other tvo ln tbe target area 
are not aYailable. 

3.4.2 Diaplay Deaorlpttaa 

3o4e2e& AY&llabil1~Dtf21~. !btl dlapl&J 
abow. the aY&il&bllltJ OJ'~&PR It& 0 e&ib Seaaor &I 

reported by the lalt aeuase rzoca ita JIJC. Wben an MCC atuota 
tran .. 11110D ot a poll, all peeD (Serwor &Yallable) ligbta 
&18oolated vltb tbat KOC are turned ott, vbtle yellow (Senaor 
unaYallable) and red ( al&l'll) Ugbta are lett on. AI gHen 
atatua Nporta are rece1Yed, green l1~t1 are t\U"Ded Oil, 
e1tl.er rroa the blallk atate or trOll the yellow condltlOD. 
At the end or the tNnDladon rrCIIIl the JIICC, 11ghta aaaoolated 
with sos•a vhtob tall to report green are tumed Jellow. 

When Ul al&l'lll Maaage 1a reoe1Yed, tbe Nd 
lltrht aasoclated with the Senaor aendlng the alar. .. ••as• ta 
lttrhted and r~Mlna Ut uatll unually ext1ngu1abed. The green 
or yellow 11Rbt preoeedlng the J'ed 1a ext1ngubbe4. 'I'M 
appropriate green or fellow 1nd1oator ta, hoveYer, relighted 
on the rtrat poll tollow!n~ the alu.. 

3.4.2.b ~ara D1apl~. 
(1) Vhual D1lpla7. Theauai blapTy oondata or an 
111Ullllnated panel d1a~lay1ng the nMe or the tarset area and 
three row. or 11~hta (See P1~ ),6). The upper row 1n41catea 
that a local alr burat vaa detected; the center rov 1nd1oatea 
th~t at least two optical Senaora detected a buret ~thout an 
accompanying EM looal1zat1on atgnal and the botton row 1nd1catee 
that a local t,round burat waa detected. The n.me panel la 4ark 
until the tlrat report tor the area la reoe1Yed. 
(2) Readout 'rlnter, The printed readout lists the target 
area n~e, the time or arr1Yal or the report at the DC, the 
yield, An lnd1cat1on or the presence ot a loca11aln~ 1M pulse 
and a dltterenttatton between a1r or ground buret. Tfplcal 
~eport readouts are ahown ln P1gure ).7. 

3,4,3 Display Control Deacr1pt1on 

2.4.).a Butter ~tor!&•• See P1gure ),8. 
There are two clrculta carrylnR the •am• 1nror.at1on to eaoh 
DC to provide redundant and d1Yera1f1ed aer71ce. The De la 
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capable or receh1ng f!'CIIl both c1!'oulta daultan~ously, acting 
on the t1!'at good Maaage to be recelYed fPOII either. !'be 
coctlN&tlOD peoel"nd OD the other obaDael 1a lpoped. Bach 
o! theae lnput1 11 ter=tcated lD a lerlal•to-papallel ooaYerter 
to atoN tb.t •ala88 u lt 11 reoe1Ye4. A paPltf obeok 11 
applied to eaoh obaP&oter u 1t la peoelYed u 4eaorlbed 1D 
the .. otlon Oil the MCC N081Yln8 ClPOUita. Vhen a !Ood .. llqe 
la NOei•e4, a requeat tor acce11 to the di1~lay oontrola ia 
ude. 

lach Butte!' StoPage 11 equipped to decode atazot 
and end-or-poll .. 11a~a to!' input to the AYallablllty Dlaplar 
control equl~nt. 

laoh Butte!' Stor&B• la able to detect an idle 
line o'hal"actel" 1at perlodloal17 b7 the JIICC. It the equ1paent 
should tall to detect th11 ohA!"actel", a .. ncUIJB 1topped d8ftal 
la Beftel"ated .nd ~a1aed to the 6Yallabllit7 Diapl-:r oontl"ol. 

3.4.).b Soannel". !he •cannel' la cont1nuoualy 
pl"oblng the Butte!" Sto!'.,e unita to dete~lne lt a aeaa&Be la 
valttn,. to!' proceaalnB• It a aeaaage la valtlnB• it ie t!'ana
tel"l"ed to the dia~lay oontrola. The eoannel" opel"ate• at 
auttiolent epeed to ~·~it tl"anate!' or the meaaae•• l"eoe1Yed 
to the Butte!" Sto!'age before otbel" meaaap:ea atart Al"PlYiDB• 

3.4.3.o AYailabillty Dl~l!f Control. Thle 
contl"ol p!'oYidea 11tatua atorage .nd iaplYe!' Oll"oulta. When 
a Butte!' ~tor~e reodYea a ataPt or poll •••ABe fl"OIII tbe MCC, 
the Breen atatu1 ltOl"agea tol" SOS•a aaaoclated vith thAt MCC are 
l"eaet to a blank atate and the aasoclated Breen la.pa are ez
tln~lahed. As green responae measagea are rece1Yed, the 
oorNapondlng gpeen lanpa A!"e tumed on. When the end-of-poll 
measage is l"ece1Yed in the Butter Sto!'age, a ai~al is aent to 
cause all control ato!'~e elementa, aaaoclated vith that MCC, 
!'emalnln~ ln the blank state to be aet to yellow. 

When an alarm message is rece1Yed, the 
correapondlnp: red lasp h Ughted. Thla lMp vlll r .... in 
lit until a manual avitch is operated to ~•aet the oontrol 
storage element to the blank atate and eztingulah the ll~t 
until further atatua !"epo!'ts a!'l reoe1Yed. 

When both tac1lit1ee from a MCC are interrupted, 
a sending stopped algnal la eent tl"on the Butter Storage to the 
Anllab1Uty D•.apl-:r control to 1nd1cate that lt la no longer 
possible to ~ece1Ye repo~t• tr~ that MCC. When the contl"ol 
receives thla algnel, all llphts aesoc1ated vlth ~enaore l"elay~ 
thro".lgh that MCC &!'e tumed yellow and Nma1n ln thh atate until 
green responaea are rece1Yed. 
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At either the end-ot-poll or tho sending 
stopped signals troa a Butter Stora~e, all yellows generated 
are passed to the Alarm Display 'ontrol and atored tor tuture 
alal'lll eYaluat1on. 

3.4.3.d Ual'lll Diaplv Control. Since the 
eount or 1ntorJ~at1on to be dlsplqed and t& rate at which 
the information is presented to the DC is auch greater than 
ln the present BAS, the u ... Dlaplay control equhaent 1a 
tar more complex ln the aupented S78t•. In add1 tion to 
readtng out aore extensiYe data, tbe a~nted S78t .. ia 
dea1tmed to renort a 11111 ted nUIIber or bursts 1n each tarset 
8.rea and to NduCe the nuaber ot exoeas alaras; i.e. 1 those 
troR an area considerably reaoYed trom an alr buret oYer 
another area. 

The Alarm Dia~lay control 1a a computer-li~e 
device v1th information sto~f• ca~actty an~ central lo~io 
nrogr&M tor eYaluatir.~ the reports receiYed trom the Butter 
Storages and the Availabilit.J Dia~lay control. The Diapl«J 
Interrace converts the intoraation to levels and codes 
compatible with t~e dis~lays used. 

The syste~ is desiy.ned to displRy an ala~ 
if two Sensors in s tar~et area transmit alarm reports, or if 
one Sensor transmits an ala~ r.nort while the other tvo Sensora 
in the area a~e in the yellow, or unaYailable, state. ~inoe the 
SGS is cAp~ble or localizing an o~tical detection vith an 
aaaociated detection or Rn EM pulse, several levels or local
ization or t.he renorts far a target are possible. The various 
typ6a or al8.rm reports noasible rr~ an area are indicated in 
Table 3.1. 

In areas of heavy tarp.et area concentration, 
l t 1 s htp:hly probable thst one event, esneclally an air btJrst, 
will nroduce optical detections Rt Sensors well removed tram 
ground zero. The XM pulse detection vas added to the IGS 
output to provide localization of the burst ares. Por these 
complexes or high target area concentr~tlon, the target areaa 
Are ~rouped, and when an al•rm determination has been made, 
the localization levels of all tRrget areas in the complex are 
nheckad. The target area with the hiRhest level is displAyed. 
The r~ports for all other tarFet areas in the comol~x with 
lcwer localization levels are eras~d from the stor~~e. If 
two tarF.et areas have nlarms constst1np: of two or more r~norts 
consisting of optical plus EM, both are dl8played. 
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'ABLI l.l 
Ra'OR! RILIABILl'l'! t.EVBLS 

Looallaatloa 
Leftl 

1 

2 

3 

Senaor Reporu 

1 Optloal wltbCNt Looall8atloa ucl 
2 Yellow Seaaon lllclloat.. a pi'01»able 

bul'at near the tara-t area 

2 Optloal vltbomt Looallaatloa tnclloatea 
a 4etlD1te bUNt Mao tbe t&P~et ana 

1 Optloal with Looalhatloa aad 
1 Optical wltbout tooallaatlon tDclloatea 

a detlDlte bul'd, po .. ibl:r vitblD, but 
detinitel:r cloae to tbe taP~et. area 

4 1 Op~.cal with Locallaatlon ancl 
2 Yellow Senaol'8 lDdlcatea a pPObable 

taJ.·~et &Pea bul'at 

2 Optical vlth tooaliaation indioatea 
a detinite bur.t vlthln the t~et 
uea. 

Vben SenaoN hca two or liON tu~et aPeU 
ln a co~lex ~i•e report• tl'OM a dlatant alr bUPat reaulttn~ 
in localisation le••l• 1 or 2, printing out the lndlYldual 
alar.. would reault ln exo••• buNt reporta. !o acca.aoclate 
thla oondltlon, each or the .ultlple target area oa.plexea 
could be ~l•en an additional llltlnr auoh a1 -vaahlngton 
Area•, or ~o1 An~le1 lrea•. The ilara Dlapla:r contPOl 
would lelect a •ccaplex• lilting when alaraa are recelYed 
trca aore than one target area v1tbin a •oo.plex• ln tbe 
ablenoe or localisation or tb~ burat at any one or the are••· 

3.4.3.e Report Sto~e and B•aluatloa. 
Zaoh tar~et area 11 pro•lded with a ~que location ln t~ 
atorage Where there are 1tored the location a44realel or other 
tar~et areaa ln the .... general area vlth apace tor lnput 
lntor.ation tram each or the Senaor1 a1aoclated vltb the area. 
Thla inroraatlon includeas 

(1) Ttme or arr1Yal or the report at the DC, 
recorded to the neareat aecond. 

(2) Statu1 Character (In,ludea EM localiaatian 
and HOB lnroPNatlon). 
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(J) Yield Character. 

(4) Yellow (unavailable Sensor) information 
deriTed tram Availability Display control. 

There may be a ditferential delar between 
ala~ reports from Sens~rs or as .uch as six seconds. It ia 
necessary, therefore, to delay evaluation after a report ia 
received by thia amount or time to 1nsure that the report• 
vith the highest localization level vill be received. At 
th.t end or thta period, the looalbat1on levels o~ all 
aaaooiated tar~t areas vill be checked and the report rroa 
the area vith the highest availability level v1ll be disol.,ed, 
and reports vi tb a lover leTel v111 be erased trom th" atol"ase. 

In the presence of a heavy attack, the high 
incidence or alarm tl"&tfic into the MCC aay pl"event the 
completion or the poll, initiated atter the alarm mesaa~ 
vas aent from the MCC. Since new yellow statua information 
cannot be transterred from the 1~ailability Display control 
until atter the completion or such a -poll, aore than au 
aeconda aay be required tel" evaluating an alarm on the baala 
ot tvo unavail&ble Sensors. Tf, then, no further reports are 
receiTed in the first aix seconds to confirm single alara 
l"enorta for either the primary area or one or the associated 
areas, additional time may be required to determine whether 
an alarm should be displayed on the basis of unavailable 
~ensora. If no fUrther yellow information is received vttrtn 
this additional time, the report is erased from atora~e and 
no alarm is disnlayed. It should be noted that any such 
aln~le alarm report v111 show aa a r&d li~ht on the Avail
ability Diapla~ ao that investi~ative action can be taken. 

It 1a entirely possible that 1n the two 
reports evaluated for the alarm, the yield information ma~ 
differ in the caae of a ~aeon v1th yield midway between the 
measurement levels. In this event, a worat-cRae solution 
vould be to dhnllly the hi~her ~ield level. An altern at 1 VA 
is to aynthesize an intermediate yield d1snlay in the Alarm 
Display control c1rcu1ta. 

3.4.3.r Alarm Diaplat Interface. 
(1) Visual Disnlay. This lnt~rrace t oek provides the stora~e 
or the output or the Alarm Displa~ control for successive 
alarms as the~ occur at & tarp.et area. The numher of burata 
can be increased over the flve ahovn (Fi~e ).6) by 1n~reaae 
or the storape cap~city in the interrace equipment and in the 
size of the Disnlay Panel. 
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(2) P~inted Read~ut. Th• interrace block includes the encoding 
circuits and equipment requi~ed to ope~te the readout printer. 
~ince aucceasive reporta may be eYaluatQd in inte~Yala aborter 
than the cycle time or the p~inter, the 1nte~race \Ulit will 
~robably include butter ator~e to averape out the high peak 
rate or information input. 

In areas or moderate target area conc•ntration, 
an air burst may cause aeve~al a~eas to p~oduce ~epo~t• vitb 
looal1&at1on level• l c·r- 2 whwn tho bu1••t 1e beyond the i'U!Sw 
ot the BM pulse datecto~. Thia condition may alao preYa11 when 
a ta~get area unde~ heaYJ attack baa no Senaora ayailable. In 
theae tt ta poaatble to deduce that the burat baa occurred in 
an area common to the ci~clea or det&ctiYity or the Senao~a 
producing the low localisation leTel reporta. To acoompliah 
thia, all the combination• would be determtned and the addreaaea 
or the ~ombinattona atored to ~1Ye an ala~ display when a 
autrioient numbe~ or low loca11&at1~~ level alarma have been 
~•oeiTed. Th1a would reault in ~ather i~~eciae locations and 
requ1~• extenaive equipment to ~ive eYen a crude location. 

3.S IMPLEMENTATION PROGRAM 

Any augmentation or the Bomb Alarm System must be 
made with a minimum or interre~ence vtth the present ayatem, 
which is to be kept runnin~ un~il the augmented system ia 
ready to~ ope~at1on. 

Since the MCC and the DC in the augmented a7atem 
a~e entirely different in operttion from those in the present 
system, these two units could be built, installed and tested 
vhilu the ~resent ayatem 1a in operation. When the awmented 
system is put into operation, the nresent MCC and DC equinment 
vill become obsolete. 

The location or additional Sensors at the SGS may 
require relocation or some or the stations to meet the Jistar.re 
reQuirements of the Sensors from the tar~et areas. 

Since the SGS in the augmented system are essentially 
the same as in the present system, it is contemplated that the 
p~esent stations vould be exnanded vtth additional equipment 
ar.d not replaced. \n additional unit is required to communicate 
w~th the added Sensors and convert the information from them to 
a torm suitable for transmission fr~ the ~os. The station itself 
will require modification tor the chanpe to a two-character 
address and ror the insertion of the sevel'tl yield and statue 
cha~acte~a. A modification prog~~ must be ~stabliahed vh1ch 
will prepare the stations, with the eireu1ta and v1rinp ~qu1red 

45 



I 

Page determined to be Unclassified 
Reviewed Chief, RDD, WHS 
lAW EO 13526, Section 3.5 
Date: OCT 1 1 2011 

tor u .. in the aupent.d I'J'It-, vblle lenl.Dg tiM at"tioDa 
capable or opel'atl.D@ in the pl'eaent I'J'Iteal untll all atatiODa 
are Pe&d'J' fop out-oYer. 

Appro:d~~a tel'J' titt., ot tM !OS' a 1n the Bc.b Alal'll 
S.,at• are ot tiM dell~ uaed 1n the pl'Oto\Jpe lAS, JIOditled 
tor OUl"l"eftt u.e, md aN too •all tor turtber aodltloat1011 
to the aupteated .,.ata. It 11 MMIII.l'1 to aaautaotmoe 
n~ nw 80S' a, pHp.,.ed u dlacnaaeed abow, to replace the 
protot:;-,.,. atAtivila. 'niaaa M'ii un1ta wvuld ba 1r.atallad 1ii 
plaoe or production delign atatiODa in the I'J'It.l, whloh would 
then be prepared .nd lDatalled on a rotational baaia UDtil 
the laat prepi.Hd atlltioaa are lnatallecl in plaoe or tiM 
P~v~tJpl 4eai!D•• 

When all sns' • are prepared and the Mv JI:C ud tJC 
are reacl.,, tbe I'J'Item would be out o-rer, cme JI:C at a tbM, 
ner a period or a tew daJa. Dal'lng th1a period, parta ot 
both the pre .. nt Md a~nted B011b Al.l.l'll s.,. teas would be 
opera;lng, with at least two eutem md two weate"' MCC•a 
in operation at all tlaea. 

).6 RESl'OJfSE '1'0 H!fO'l'ftftiCAL AftACJC 

).6.1 Repeat Capabilit'J' or Au~nted BAS 

'fbe au,n~ented BAS has a al~ir1oant i.ncreaae 
1n Nput oapabiUt.,. It 1a acbi8Yed b7 (1) el1a1natl.Dg the 
Ndundant alam JHaaage llnd (2) increasing the reparti.Dg rate. 

'l'o tN.nmit 'J'leld, !lOB and looal1zat1on lntol"'ltt.tion 
rron the SQS' a and, at the aae tliM to retain the t1Ye
charaoter alarm meaaage, the tirst letter or the acldreas, 
eo.mon to each MCC, ia dropped. 'l'o deere••• the polliDF tt.e 
or the loops, the poll .. quest Meaaa~e and the gPeen reaponae 
are each t-eduaed to three charactel's tro111 tlve. 

'l'he cla\1. rate on the SGS loops reaaina at 60 WPM. 
'l'he repeat capability or the sas•s re•alns proportional to 
their position on the aerial loop but is ~rrecti .. ly doubled 
by elimination of the redundant alam. 'l'he worst repeat 
oapabil1 ty. tor the 1!7 sas' would be tor the improbable 
condttlon or simultaneoua responses by all seven SOS'a on 
tbe loop and is $.8 seconds. 'l'he etteot of polling on repeat 
~apability is reduced beoauae of the shortened measa~e toraat. 
'l'he lon~est loop (7 ~OS) can now be ~olled in anproxllllatel'J' 
4 aeconda. Por the vorat-caee of the 17 ~0~ ready to repo~t 
an eYent .1us t after start of poll, it v111 be able to repeat 
in 3.~ seconds. 
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-&EIHft 
The reporting o1rou1ta tram the MCC•a to the DC•a 

are speeded IJ'P auttic1ently to handle the maxiJlua 24 loop 
inputs on a tt.e d1v1a1on multiplex basta. The MCC status 
storage register 1s el1111nated and the yellow dec1don -king 
tunct1on 11 perto~d by the DC. This tunction 1a prepared 
tor with receipt ot the atart~or-poll control aeaaage and 
~ertormed with receipt ot the end-or-poll control ••••as•• 

In order to h.ndle 24 o1rouita operating at 4S bauds, 
the reporting oirouita tram the MCC•a auat operate at 1200 
bauda. It 11 now poadble to tranaait all received trattic 
to the DC, including the yellow aearoh reports regardleaa ot 
whether e alal'll 1a generated dur1ntr the polling aequenoe or 
not. !hereta.ra1 the aT&ilability or the ayat .. will be updated 
much aore rapidl.y the 1n the present BAS. ·Additional .. aaage 
delay, incurred at tbe MCC, vlll range fl-am 33 aa ainlllua to 
82S •• aax1aum with the latter figure occurring only tor th• 
imoro~able condition ot aiaultaneoua alaraa on each or the 
24· loo,.,a. 

The DC will have an enhanced repeat capability 
achieved by aortin~ the increased information available. 
The true ala~ will continue to be dete~ned by two or 
more red reports or one red report and two yellow reports 
tram a target area. This alar. will be timed locally troa 
the tirst red report received. The t1rat red Peport will 
be held to combine with a aecond red report arriving later, 
becauae or delay tn the SGS loops, or with pre-existing 
yellows a.r yellows derived trom a subsequent yellow search. 
The lon~eat d1tterential delay between two red reporta would 
be apnrox1mately 6 aeconda. A yellow search could be c~leted 
in a min~ time or 4 aeoonda but, depending upon the intensity 
ot the attack, may not be tmMediately initiated by the MC~. 

3.6.2 Repeat Capability or Augmented BAS with 
Respect to Hypothetical Attack 

A aer1ea or timin~ diagrsma (Figures 3.9, 
~.10, ).11) illustrate the flow or tratrlc rrom the sos loops 
to +.he MCC• a and trom the MCC• s to the DC• a. 'l'he timing 
diagram (Fi,ure ).12) illustrates the sequence or •two-of-three" 
alarms received at the DC. 

The analysis ia useful for illustratinF the reduced 
noll1nr time and the incroaaed data rate to the DC. EliMination 
or the redundant &lam reduces the ambiguity at the DC but a 
certain amount still exists in the aba•nce or localizing 
infol'l!la tlon. 
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The aaau.ptiona are again aade that the 171tea a~i••• 
and that the sos•a will respond gr•en to a poll unleaa 1n the 
red aode. !hia baa the erreot or creatln~ the heaYieat trartio 
on the loopa c!ur1ng tbe attack int•t-Yal, but el1Jili"Datea the 
ettect of poas1ble 7ellow inforaat1on 1n deriving ala~ at 
the DC. 

The poll requeat and green responaea are three 
character• in left!tb or ~00 •• tthe tranaahaion tiaea of 
rtYe and three oharaoter aess&B••• at the 1200 baud rate, 
are approxllu.tel7 33 .nd 20 u reapeotlnl7. !N.na1aa1ca 
1'J"OII tbe ROO to tbe DO durin~ 711lov aearcbea 1a abown 
conttnuoua beoauae ot tba OOIIPreaaed till• aoale. totuall;r, 
it 1a not oontiftuoua beoauae the loopa ban ditterent IIUIIbera 
ot report• but the leDBth or the 7ellow aearob 1a deteralned 
by the longeat loop. Alao, ai.ultaneoua alal'llla at tbe MCO• a, 
on parallel loopa, are abow transa1tted to the DO a1aul
taneoualy whereaa they are ••rial and or the order or 33 •• 
apart. Theil ali~ht tialng errors are inalp1t1cant when 
COMPared to the resolution ti .. or the reat or the s,. ~. 

T111l1r.g diaBt"Ul (Pigure ).1?.) indicates the trattlc 
t:> the DO and the sequence of dllnlllyed alal'llll. The atal"t-ot
poll control aea .. ~e 1e sent to the DO at the end or the atart
ot-poll aesaa~e to the loops in order to compreaa tbe poll 
duration at the DC tor the purpose or ..Xing yellow deoia1ons 
1n the absence or green reporta. For the event at 16.40, Vbioh 
resulted in reaponaes from fife different target areas, tour 
ot the two-out-or-three alal'llll will receive the saae local 
time and the fifth will be t&B~ed one second later. It 
1ooaliz1ng information ia aYa1lable, the nuaber·or optical 
lllarms, within this geographic area, ia reduced to one and 
tiae-ta~ged from the earliest received renort. If localizing 
tnfar~tion ia absent, a general area naae such as ~aahidgton 
Area) will be displayed, also time-tagged tram the earlieat 
l"eee1Yed report. The aame aort1n~ technique would apply to 
the reports received tor the event at 16.70 ln the same 
p:eognphic area. 

The stmultaneoua events at 16.60 are located at 
Atlanta and Savannah and involve tw~ geographic areaa ot 
optical detectiYity with one target area (Atlanta) responding 
from one and two target areas (Hunter AFB and Charleston APB) 
reanonding from the other. Local1Zint" information ahO\lld 
result in displayin~ Atlanta and Hunte!" AFb (near SaYannah) 
and eliminating Charleston U'B. Time tags wonlt1 be the aame 
or possibly one second apart. 
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SEIKtf • 
The alaultaneou. eYenta at 16.65 are located at 

HOIIleatead, Plorlda and lev London, Connecticut Cld lDYolYe 
tvo areaa or optical detectlYltr vltb one target ar•a 
(Ha.eatead APB) HapondlDg tJoca one and tvo taJOget ll"eu 
(sutrollt Ccnmt7 APB and V.atonr APB) Naponc!lft8 ti'Ca tbe 
other. Locallalnc lnto~tlon abould be &Yallable tor 
Hcaeatead APB. Locallalag lDtol"'l&tlon aa7 be pNaent to 
zoo.olTe Suttolk Countr APB and Ve•toTe1' AJI'B but, lt lt 11 
not, a general &l"ea 11._ would be pJOlllted out aucb aa 
-wev London Area•. 'l'llle taga would be the • •• OJ' poal1bl7 
one aeoond ap&Pt. 

!be aaau.ptlon tbat all equlp.ent aUPY1Yea duzolft8 
tbe attack lntenal 11 UllNallltlo, aa bome out b7 the 
IUPY1n.b1Ut,. atu«;r. Coatlftl1ng Nd al&!'U v111 not be 
aYa1lable tor -.DJ' ot the tarset &JOeu and a va1t1ag tntenal 
111&7 b~ required to update the 7ellov 1ntol'IU.t1oa. !'bll 11 
eapeclallr tl"Ue at the begtnnlng ot .n attack. Por e~le, 
a 7ellov ae&JOch la neo•••&l"J atter Noelpt or a atngle Sen1or 
alam tor a tar~t area haYlaa -. tnoperatlYe Senaor prlor 
to an eYent and that eYent de•tl"OJ'lng one or the operattng 
Senaora before lt can JOeapond. 

A• the attaolt pl"Ogl"ealea, 7•1low 1n~J'IU.t1on vill 
be increa1lngl7 aYallable tor ~edlate conblnlng vlth JOed 
reports. Thla 1a tNe alnce a 7ellov aearch at an7 neriod 
of the attack updatea all ,.ellov inrorMatlon auch aa 
diaJOUption or ~OMMUDlcatlona tacllltles aeJOYlng one target 
area by an event at anothe!' tar,et aJOea. This yellow Infor
mation la pel"ft&nently sto!'ld untll green reaponaes are 
received. Restated, rellov s&archea, of whatever frequency, 
pJOOvlde an a'Yiilabilitr check or the entire aratem at a rate 
sli~htly slower than that or the attack itaelt. 

For the density or the attack considered, t.e., 
randomly located events at 3 second intervals, it ia aeen 
that yellow searches a~ conducted at aL~1lar lntervala. 
It would anpear that, followinp the receipt of a single 
Sensor alarm, and ln the abaence or pre-exiattn~ yellova, * wa1t1n~ period or the order or ten seconds ml~ht be 
necessary to confirm the report with yellow information 
•ub1equently extracted from the system. If the attack 
proceeds at a faater rate, rellow aearchea MaJ be initiated 
leas frequently o~ not at all aince the MCC ia buay handling 
~ed alarms. Por an attack or this intenait~. yellow infor
mation may be less aign1ficant anyway. If the attack proceed• 
at a alower rate, a yellow aea~ch ~ill take place arte~ each 
event. Alao, th~ concept or all th~ee MCC•s within a geographic 
a~ea cuuducting a yellow aea~ch on c011111and rrom any Cine or them, 
after reportinF an alArm, is moat useful under thes~ condltlona. 
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The aU{!l'lented syatem has a vaatl1 1Jirproved repeat, l 
capability 6'18r th&t or the preaent S'fatea. 'l'he longee~ ;I) · 
delaya are etill associated with the serial sr.s loops,(\ U' 
however. A turther reduction or these delars can be '1) 
aocompliehed by reducln~ the number or ~S'• per loop to ') 
a max~ of tour. Thle will further increase the ~ep~at 
capability of the SGS'• and improve their availability and 
:urv1vab111ty. The length or the yellow search would be 
near11 halved as would the maximum d1trerent1al dela1 between 
two red reports rrom a tarFet area. At the DC, the local 
ttme tag would be more accurate, the wait1~ period would be 
shortened .nd tbe eorti~ pruoedure would be alapl.lfied. 
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