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A scenario varient CNP assessmnt has been performed for tbo-
. ‘The sssessment canslidered the effects

induced by EMP envirenments generated by high-altitude nuclear datenations,
The seenarie variant technique identifiey the oritieal electrical/electronic
‘oquipment whigh will be impaired by the largest signals (nduced within the
facility by any highealtitude nuclear CNP eavirenment.

flectrovagnetic pulse Nardening s recommanded 10 Insure that al!
sritical equipments will maintain thair eperationa! capabilitios during and after
on InP illumination of the fasility. Nerdening design packages are provided sweh
that, if implemented, the functional gapabilities of the facility will survive the
mest severe Nigh-altitude (0P -lth’nuont. or grester, confidence.
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At et - —_— — -
1.0 @ 'nTRODUCTION
i.1 . BACKGROUND
The Commander-ia~Chief and the Defense Nuclear Agency
(ONA) Nave undertaken an Assessment eof Commynications for Hardening te

Electromagnetic Pulse - to assess the vuinerability of the - Command's
Command, Control, Communications and Computer (C") Netwerks to eslectro-
magretic pulses from high altitude muclesr bursts and to provide recommendations

for hardening as may be required. Networks are used to link -with
the National Command Authority (N , subordinate and component headgquarters,

and the - for-es.

The Boeing Aerospace Company has developed and validated snalytical
technigques to predict the functional rasponses of a commnications facility to the
eleciramagnetic pulse {EMP) environments produced by a high-altitude nuclear
waapon detonation scenario. The analytical capability has been spplied to selected
elements of the Cb Networks to develog response predictions in terms of upset
and damage of facility equipment and functional impairments of facillity communications

capabilities,

This report concerns the -flCi”ty st —, specifically

the and the transmitting systems. s
veed fer U.S. Navy Fleet Broadcasts, and the is a navigational aid fer
ships and aireraft. facility is part of the -chain

censisting of- and .aad—.

An on-site survey was cenducted during September 1977 te determine the

1P features and element desceriptions for use in the facility analysis. (quipment
configuration and eperatienal dats wers gathered and used te develeop the slectro-
magnetic coupling and funcstional anslyses of spesified critical esquipment. Computer
medals ware developed te calcuiate the waveforms induced by [MP at significant
terminals on ¢ritical equipment. The peah amplitudes of the waveforms ware ¢omparsd
te taleulated aguipment damage and wpsat threshelds te predict the probabillty ef
the equipment surviving a most severe EMP event,

o




1.2 $corE

This repert presents the element descriptions, functions! analyses,
slament response assessments to the most severe high-altitude auclear EMP enaviron-
ment, and hardening techniques and mccp_,'f'doﬂ’n packages for the LF and NF

receiving #nd thc- transmitting sygtems ot the -f&!llty at -

Mardening techniques end concept designs have been develeped for esch
piece of critical equipment predicted to ba vulnerable to the most severs high
altitude nuclear EMP environment. The hardening techniques end eoncept designs ;
are expected to reduce or nullify the EMP effects, thus essuring critical equipment
survivability to at least thc’pcrccnt confidence level. The hardening designs
considar the sase of installing and maintaining the herdening devices, cost, and

nen-interference te nermal, ially eperations.




2.0 [ rrecicreo cquisnent vulnErAsILITY ARo nission ineact (Y

- Specific sssessment values for the eritical equipment are listed in
Appendix O, "EMP Assessment Predictions."

2.1 . PREDICTED UPSET EQUIPMENT AND FUNCTIONAL mnc'r-

2.2 ' PREDICTED ODAMAGED EQUIPMENT AND FUNCTIONAL IMPACT . !

2.2.1 . Predicted Damaged fquipment .
- |

o

? Pages § through 13 were deleted.
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- The reraining material in this sectlion defines zonceptual designs for

the hardening techniques recommended for instailation in the —

facility. The information presentad includes recarmended design requirements,
material specifications, and idstallation instructions for each hardening concept.
The hardening requirements are such that the modifications can be readily installed
by on-site personnel, Some Inspections by on-site personnel will be required to

datcrmine the proper equipment to be ordered.

18




3.0 [ ac roven manoening concert oesicn [N
3.1 .AC Power System Shielding -

- g
I
E———

3.1.1. 2 Material Nqulrmnu. An estinuted Tist of material is

shown in Table 3.1- l The lis¢ also provides umud sosts and potential suppliers,

3.1.1.3 . installation Requirements. Remove the existing power
conductor imstallation In the steel dutt betwesn the transfermer gcase and the
power filters. Install riglid stee] conduit ber- o the transformer case and the
filters (see figure 3.1-1). Assemble tne condult and fittings In accerdance with

Appandix [, Sections [.2.] and [.2.2. Reconnect the transformer secondary to the

power filter imput terminals.

16
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3.!.1. AC Power System ENP su”nnua-

Materia! Requirements. The es:imated 1ist of materia!

The list alse pravides expestsd gosts and petentlial suppliers.

3.1.2.2
is in Table 3.1-2,
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3.2 -SICNAL INPUT HARDENING CONCEPT omu-
.20 ' Signa! Input ENP Suppressien -

21
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3.2.1.2 Material Regquirements. 'M estimated list of materig!
is shown In Table 3.2-1. The list also prevides expected costs and potential

suppliers,

22
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Typlcal Antenna Base for

Monopole and Parabolic Feed
Clement

Sweat Salder
per Appendix

Sweat Solder
Mounting Bracket to
Exlsting Ground Strap

Supprassor per Appendix £

\_‘fll. Copper Sheets of
Mounting Bracket per Appendix

Suggested installation for moncpolas and parabolic feed elements.
Mounting bracket to be made of 1/8' copper shest. Assemble coaxlial
cable and fittings par Appendix [, Severe [nvironment.

Suggested Installation for loop antenna. Assemble cosxial cable and .
fittings par Appendix I, Severe fnvirenment.

Figure J.xol.' Swppresser iastallation oa—rouivo anlennes . .

25




The following appendices provide complementary information cencerning

-unuonczs

this assessment of the — facillty:

Appendlix A:

Appandix B:

Appandix C:

Appendix D:

Appendix [:

Facility Description

fPunctiona! Description

Clectromagnetic Atalvsis

EMP Assessment Predictions

Sonding and Assembly Instructions

26
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FACILITY DESCRIPTION

Al GENERAL

seation 15 tocated o ve (Y

It is eperated and maintained by the U.S. Cosst Cuard,

The other -hcllitnn

chain.

and it is part of the

sre located at

Al Facility Layout

Equipmant
systems are located in either

Figure A.1-! shows the layout of the facility.

assoclated with the

the signal power building or transmitter building. The signal powar building

signal receivers and equipment, th--

timar, and pewer generating equipment. The transmitter building sontains two

high=-power
Incoming ac power transformers.

contains the

transmitters, an antenns coupler, dusmy load, and

The buildings are constructed of reinforced

concrets block walls and prestressed concrete slab roofs,

Othar parts of the installation include personne! barracks, water and
sewage facilities, an o©il storage tank farm, antennas, and intereonnecting conductoers.
A 1.2 Lquipment Layout
The signs! pewer bullding is a ene-story, reinforced, concrete bloek
strusturs, providing & messured 1! 4§ attenustion te frae-field [+P. The

sguipment s located inside the timer reom, measuring 6 meters x

¢ meters x 2.3 meters (20 ft x 30 ft x § ft).
total of 33 ¢8 sttenuation to the slectromagnetic enviromment outside the signal

The timer rocm prevides a measured

power bullding. Flgure A.1-2 shows a fleor plan of the signal power bullding

timer reom.

17
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/ /Ymcr

Control Set 1 each
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Ponels A Casl Floor Lewe!
5‘. T "-r t-\:oau
- renssi tter >
o | Control Set bvect
K Aeceivers Orops
e 1"’*'\. 10.1 cma 10.2 @
..‘""‘." t, 1.1 mater
Ovearhesd
l

Figure A.1-2, -ignal-mr bullding timer room Iayo«t.-
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The timer room gontains a eampleate -cquipun( installation:

u\c- timer set, Mo-trmmitur contral set, one —

frequency stendard rack, one recorder rack, and one auxiliary equip nt rack.
Also lecated in the room is an transaitter cantrol set fo. receiving
and retransmitting the WF and LF messages by modulating thc- signal,

Thc- tremsmitter building is & specially shielded concrete block
structure located 262 meters (860 feet) seuthwest of the signal! power building.
The transmitter Building houses two - transmitters. Special shielding
is required to protect the -clcctronic: equipment from the 100 kNz elwctro-
magnetic fisids radiated from the transmit antenna. Th.- signat is
routed from the signal power byilding to the transmitter Building via two buried
twinax cables. The transmitter building structure provides attenuation
to free-field EMP. The - transmit antenna is located 10 meters (33 feet)
southwest of the transmitter building. The base of the transmit antenns is tied
into a 259 meter (850 fcot) racius ground gounterpoise system. Figure A.1-3 shows

the layout of the transmitter building,

-nignal and control cables between the timer room and the trans-
mitter building are buried. Inciuded in these cables are seven twinax signal
cables (the two twinax transmitter drive cables are contained in cupper tubing) and
two shielded 12-wire control cables. The twinax cables snter the timer room by
way of the feed-through box. The cont-ol cablie shields are grounded in the floor
trench at both ends and the wires are fed through capacitors at the input to the

timer room.

Separate ground systems are used for the two buildings. The ground for
81l equipment and power circuitry in each building is provided by a buried greund
system around the building periphery consistinrg of } meter long ground rods, 2
gentimeters in ciameter, 3paced a4t intervals not exceeding ] meters, gonnected by

2 centimeter diameter gopper tubing.

30
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— receive antennas are mounted on the rea?! of the sigra!

power Building, and cosxial cables route from (Ne raceive antennas through & bulk-

head feedthrough parel into the screen room and to the radic re tivers. The

facility uses three cesivn frequency standards

timing. In addition, receives 4 master timing signal from

a3 backup timing for the cesium standards,

The LF signals are received By two passive leops and one actlive loop
lecates on the signal power building roef. NMF signals are received by a parabolic
array of the signal power Buildirg, signals
used for signal monitoring and timing are received by an active 10op alse located
on the signal power duilding roof. A vertical antenna, located
just oulside the transmitter building, is used for transmitting (hc- signal.

The twinax cables for the LF lcops penetrate the signal power duilding
wall at a height of 3 meaters (10 feel) and are routed above the timer room to the
feed-through box en the timer reom wali. The NF paradolic array ¢cax sabdle is

reuted below ground unti! it penetrates the weil of the BDuilding; the cadble then
follows the same route a3 the twinax cables. The antenna twinax cable
penetrates the wall near the floor and js routed ir N eadle tray to the

fesd-through box.

Al power for the facility is supplied by any one of three 350 kw/208
voit diesel generators located in the coentral portion of the signal power building.

The a¢ power to the timer room is reuted threugh everhead plastic
tonduits from the main powrr panel in the ganerator reom. At the input to the room,
the power passes through a 208/120 velt transformer amg iselation filters.

The transmitter building ac power is rauted from the main power panel in
the gererster roem te & 208/4160 volt trensfermer in the same roon. The power i3
then routed By buried gablas in a tremgh to the 4160/4h0 velt transformer in the

transmitter building.
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FUNCTIONAL DESCRIPTION

5.) GENERAL

systam radistes @ pulse train from »

vertical antenna, with 3 pesk radiated power of
receivers on syrface ships, aircraft, and submarines yse the

signals teo determine their precise geographical pasitions. (n addition to the

navigetional information, thc_ pulse train is modulated by the

svstem, superimposing Navy fleet (radio teletype] communications

pulse train, signals are received ct-

from several Navy facilities in the and then retransmitted using the

.
| | -Systm Description

is 8 low-frequency radio navigation aid operating in the radio

onto the

spectrum of Althaugh primarily employed for navigatien, trans-
missions are used for time dissemination, frequency reference, and communications.
The system consists of transmitting stations in ’redps forming chains. At
least three transmitter stations constitute a ehain, Gne station is designated
master, while others are termed secandaries., Chain goverage ares i3 determinec t-
the transmitted power from esch station and the geomatry eof the stations, including
the distarce between the stations a-J their erientation. Within the coverage ares,
propagation of the -tignal is affected by physical conditions of the

sarth's surface and stmosphere. The location of the fiu—

facilities are shown in Pigure B3.1-1,

p.1.1.1 -_cli_‘l All transmitters inm tho-syuu share the

same radio fraquency spectrum by sending out & burst of shert pulses and then
remaining silent for a predetermined pariod. GCach ghain within the system has o

charsdteristic repatition intervai batween the pulise dDursis ensbling (he receive

equipment to be uniquely synchroniled, theredy ldentifying the ¢hain and the stations

within the ehain,
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B.1.1.2 -_igﬂs_a_t_ Cach station in & ehain is asyigned o signal

format based on its assigned functien. The pulses sansist of & -urricr
that rapidly incraases in amplitude in 3 carefully controlled manner and then
decay at o specified rate ferming an envelope of the signal. Cagh station
repetitively tranamits its saries of ¢losaly spoced pulses, ealled a pulse group,
at the 9roup'70yctltion interval assigned teo the chain. Waen the chain is
synehronized te Universal Time (UT), the master stetien alse sets the time reference
for the ahain. The secondary stations transait (n turn follewing the master
station transmissions. Qach secondary is delayed in time 30 thet no where in the
coverage area will signals From one station averlae another. The number of pulses
In a group, puise spacing in a)group, time of transmission, the timg between
repetition of pulse groups from & station, and the delay of secondary station

pulse groups with respect to the master signals constitute the signal formatr.

In sddition te providing a nevigatien servige, thn- transmisy ion
can be used for the purpose of communications. Messages for system gontrol may be
sent from station-to-station within a chain By varying esrtain signal fermat
paremeters of the pulse. This can be asccomplished witheut significant advarse
affect on the processing of the navigation signals in receiving equipment.

8.1.1.) gavipment Description. The major camponents of the

transmitting equipment are described in the following ﬁ.ugruhs and are illustrated

in Figure 5.1-2,

A -groml statien centains @ transmisting set, & transmitter
automatic eontroliar, and an antenna. The function ef the ground station is (o
develop and transmit pulsed a¥vigational signals on g garrier. There ara
two & inds d-grwnd statiens: a low power 8Ad & Nigh power statien. A
low power yroynd station sentaing o transaieting set - s
tronsmitter autematic controllora. ond o tenns. The peak
sutput power of a low pewer station is spprenimetely A Nigh power
greund station containg @ - trensmitting set a transmitter
sntenns,

tomatic contreller and & The paak output power

of a high power statien Is apprenimately

b}
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Two transmitters are contained in .- tramsmitting set. The
transmitters are always inm operation: one feeding the antenna 8nd the ether on
standby opsration. The transmitter on standby apsratien has only filament voltages
applied. If the sctive transmitter fails, the standby transmitter ¢an be switched
to the antenna. The transmitter automatic controller, located in the signal
power building, provides the gontrols for switching the outputs of the two
transmitters alternatively to sither & dummy lead or the site antenna. When
either transmitter is fesding the antenna, the ether is switched to the dummy
losd. The transmitters can be switched sutomatically or manvally from the signal

power building, or they can be switched manually in the transmitter building.

The transmitter automatic controller gontains the pulse
generating circuits using inputs from the timar and the timiry
gensrator equipment. There are active and standby timers, cesium beam standards,
and the pulse generator units. Failure of the agtive equipment results in auto-

matic switch-over to stamdby units.

8.1.2 System Description

_ s & system which superimposes U.5. Navy Fleet Broadcast

messages on thc- pulse transmissions. [ty purpose is to improve the
reliability of Navy communigations in areas coverad by The system provides

this capability with minimal interference to the mavigational characteristics

of the - tystems.

- and uses the Coast Guard sransmitters located at the
stations. The division and interface of tho- and

eqQui pment an- is shown ia Pigure 8.1°3. All five

stations are wsad.

chain

's installed in the
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Figure B.1-3. —oqulmnt connectivity, -
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The Havy Fleet Broadcast being transmitted on :hc— system

is 8 *adic teletype stream of Dinary data. Similer broadcasts ore transmitted from

using conventional FSK transmission modes.

Normally, two NF receive antenna systems are installed at esach -
transmittar site. One system is & nondirectional whip with one WF receiver
operating from the whip. The othnar system is & parabclic array, consisting of an
active whip and nine grounded whip reflectors te provide directivitly and gain,

Twe Hf receivers operate from this array. Three VLF receive loop anternas are
normally installed at uch- transmitter site. The loops provide signals

for VLF receiver-channels | and %, and the digital date receiver,

TM— transmitter set - is capable of receiving,

tonverting and processing up to five radie input links at one time. It is adble to
process two LF or VLF signals and threa MFf sigrals. In addition to handling the
five radio link ehanmels, the signal cemparatar portion of zhe_
transmitter sel €a® process twe -signals. 8y somdining three, five or
sever signals of good te fair quality im & majerity-vote output, #n eutpul signal

¢an be obtained whieh is genarally superier te that of say single channre!,

8.1.2.1 fquipment Description. The major components of the transmitter

gontre! set —arc descrided in the feliowing paragraphs end iilustrated

previously im Figure 0.1-2.

five standard Navy ¢communigation receivers are supplied with the

tramsnitter control! set. Twe recesivers are preovided far receiving VLF

and Lf signals, end thrae receivers ore installed for WF receptions, The

is 8 LF dual conversion superheteredyne reteiver,

radie receiving set
the - is 8 triple sonversion superheteredyne receiver that preavides coverage
of the NF dand.




4 AL - - . -

The output of esch receiver i3 fad te one of the five chonnels of
the - signal data converter. fach converter channe!l dempdulates ene incoming
frequency shift keyed (FSK) signal and coenverts the infermation te o digital data

output.

YM- digital data receiver acquires the master station -

signal and any two of the secondary station -si.nals. The receiver processes

the - signais and extracts the - information, providing digital date

outputs to the signal comparator.

The - signal comparator receives seven channeis of data ond
stores and correlates incoming digita! data signals. The signal comparator can
gombine the correlated signals from selected ¢hannels and proevide a three, five,
or seven channel majority-voted output. In addition, any single input ghanne!
can de selected as the vutput. Five of the signal! cemparater ahannels receive
inputs from the signal data converters. The other two ghannels &re connected to

the digital data receiver, providing digital information from any two of the

three acquired — sigrals.

The -mduluw eontrol ascepts the majority-veted output from the
signal ecamparator, retimes the dave to the -rau. and sands the retimed signal
to the transmitter medulator unit. The -crmmiuor modulatar accepts commands

from the modulator contrel amd phase shifts the -pulus.
».2 - FUNCTIONAL OESCRIPTION

The equipment functional kloek diagram for the — is shown
in Figure 8.1-1. Variations in the site sonfiguration relative te the standard

sonfiguration, as defined, are shown in the figure and noted a3 follows:

1) The three HF receivers (Chomnels I, ) and &) are al) connected to

the same antenna and share o single input filter.

is & low power station using e — transmitter and

antenns.

1)

L 1]
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receives the two LF transmissions

The - transmitter site ot -

Two of the MF transmissions come frem

-signals are received from - nd

Results of the functional analysis indicate that the equipmant listed

in Table 8.2-1 are critical for operating the (NN -« SNy

UP s vstems.  Included for each critical equipment is the functional impact
to WHIEE cperations if the equipment is impaired.

from and the third gomes

from
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. APPENDIX €
CLECTROMAGNETIC ANALYS (S
.} GENERAL

The installation is similar to other stations of the
chain, Commercial ac powar ecomes to the site, but, at the
time of survey (September 1977), was not installed for supplying power to the

transmitters.

There are two major buildings in the ac.lity that underwent
electromaynetic analysis: the transmitter Building and the signal-power building.

Major penetrations and coupling paths are shown diagrammatically in Figure C.1-1,

c.1.1 Transmitter Building

The tramsmittar building (X38) is made of reinforced concrete hlogks
with gopper mesh 3Cicaning proviging an estimaced - of electromagnetic field

shielding.
Al]l metal work about the building is grounded to protect personnel

against shock hazards from the electromagnetic fields generated by the tramsmitters.

c.).2 Signal-Power Building

The Signal-Power (3-P) building sontains diesel gunerators supplying
the site ac power. The transmitter is gontrolled by equipment in s screen room

located at the south corner of the $-P building.

The $-P building is made of reinforced concrete dlock with rabar tied
together {(in part) amd connacted 10 & buried greund ring with ground reds
surreunding the building. The $<P Dullding provides about -af slectromagnetic
field shieiding while the screen reem provides »pruinuly-, for a total eof

35 dB shieiding to the eutside enviromment.
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c.2 PENETRATIONS
c.2.1 Transmitter Building

The transmitter bullding Is penetrated by various signal lines which
enter near the - end of the building., These Inciude shielded coax, twinax,

and alarm cables coming from the signal power byilding.

AC power comes from the 4160 V transformers in the S<P bullding via a
buried cable to cutouts inside the transmitter building, then to transformers

and to the main power panel in the building.

The - transmitter towar drive line constitutes a minor penetration,
Cver-voltage protecticn of the tower and the high voltage capability of the

transmitter output stags should prevent damsge from this penstration.

€.2.2 Signal-Power Building

The signal-power building is penetrated by most of the above conductors
and by others. The communications lines enter near the east corner of cthe building
and run to the timer room boxes via & floor trench and & duct on the side of the

timer roor.

Qutside the building the transmitter drive waveform Jines run In two
inch diamster, hollow copper pipe to the transmittery. The pipe is open circuited
at the $-P Sullding wall. Kearby are the isclaticen/stepdown transformer and ac
power filcers. Power is supplisd from the main switehboerd by everhead plastic
eonduits ending above the timer rocer wall., The powar gonducters run free down

to 8 duct leading te the isolation transformer.

A burled 4160 V powar line runs Prom the transformers In the power room
to transformers in the transmitter building. This 1s a major penetration of both

buildings.

k9




Lesser panetrations !nmclude buried power and commynication lines frem

the $-P Luilding to the barracks, utility bulldings, communicatien antennas, etc.

Of still less significance are buried watar, sewer, and ¢i! !ines and
sound powered telephone lines. Thess do not couple to ¢ritical equipment or
Important connecting lines, except to provide additional greunding for equipment

already grounded by other lines.
€.2.3 Timar Room

The gear is located in the timer room in the
signal-power building. Inside the timer room, penetrating fields are low because

of tne alectromagnetic field shielding by the signal-power building and by the
timer room walls. Measured attenuation was about—

All significant penetrations of the timer room erter through three
boxes anc the ac power filters near the sast cornar of the timer reoom. The boxes
are a feed-through box for coax and twinax shieldec limes, a filter Box for lines
from the transmitter, and a - communications filter set for commyunicat or

lines from the nearby communications console.
€c.3 COUPLING PATHS
c.r Antenna Feeds and Radios

The shielded loop antenna. on the roof of the $-P building feed thre
-gur in the timer room by shielded lines. The antenna loop sreas are approxi-
mately 0.6 mz, thus goupling to the external EMP envirermant and conducting
a large signal down the shielded antenns feed lines. The short run and sma!!
through-braid soupling coefficiont ensura that EMP transients penetrating the draid

are negligible compared to those geming from the antennas.

$0




The same holds trye for the parabolic array feed lime. This @ntena.
will souple a large EMP transient and propagete 1t down the foed ling to the

timer room feed through bOx ar¢ then to the WF radios.

The parabolic array feead line runy to a filter before entaring the radics.
T~e vuineradb:lity to damage of this filter is somparable to that of the MF radios

themselves,; thus, EP transients have been eomputed at trhe impul to this filtar.

The LF radios are fec directly froe loop ar 44% on tha roof. _

|
!
I
Crarnels 6 anc T are fez fror thc..oop on the oof. The active elements of i

tre locp #ntenna w. 1! prov.de some buffering for the -cccivtr.

<.1.2 Al Power Lires

Tiie #4C powe~ svste™ '3 re'atively exposed to %P tramsients. The sucply
iines fcr the timar roor solalion/stepcowr transformer are nat shielded as

N
men( cnel :n Secticr (.2.0.

The ttates anc co~lro! cabdblas are shielded and through-Praid Coupiing

wi i ke small. TAUs trans.ents are prediatec (o be low. Tre transmitter drioe
wavefcrr [ .nes, '~ add t c~, are protectec by & 2-1nch dismetar, hollow copper
Pipe, wriCm 3 wellegrouncet &t the tramssitter end, althougr oper 3t the sigral-

power Bu i€ ng e~J.

Two smali cadbles dvpass the filters 1~ the comrunigations filter 1
set and QGAL INUE DN iNLtE the timer room. Measurements at ndicate that suck s

Bypassing liney dc not create signifi.gent trant . ents inside the timer room.

.1y (quipmen~t Not Assessed i

mar, parts of lhc.gur i the Cimer roem and parts of the trans-
mitters have not been included A the atsessment Becaute the (imer roo~ 3~¢ the
van-type heusing of the transmitters sheuid previde good shieid.ng sgacnst N9,
Consequently, onlv the sensitive sompenents meit diredatiy interfaging with the

pemetlrating lires Pave been trested,

s)




tn particular, the aguipuent +a the r_“rv(“ccbircu receive
ac power through a separate filter in the timer rocr. lhe timer, -

and transmitter contro) set,” are protected ogainst ac transienls by

a separate isolation transformer. The cesium beam clocks are bufferec by the

Elgard power supplies. Thresnolds and EMP tranmsient: hase breen ctnputed gt the

input to each of thvse Suffering element-.
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AVPENDIX
’ Ewr 25s25exEnT PREDICTIONS
0.1 @ GeneraL .
. A scenario variant (SV)L assess onl tecinnique was used for assessing the

cffects of EMP on m tacility. Using the SV tuchnique

pt ovides for making element assessnents, and developing hordress cuncept design
pacrages to nroevide a desared survival oo fidence Tevel, fur the most severe

Pichmaltitude ruclear burst £4F cnvironrment,

‘ Troe sy ecanique unv, tne nuclear cnvirontiont parace ters for o oset of 17
burst locations Lo define the nost wovere rosponse for cach critical cquiprent (ter,
Several burste are required since the various poser, ~ignal, and coentrol o egqurpTmente
il oaot all he raxirally stresoeg by any one burst location,  The wncertasnty
tavolced with using orly 1) burste does not seriously Jdograde detersining the
survival confidence of the facility. A detailes nescraiption g thooretiidi  auws
ground of the SV technique s described in TR=52, YA Soaario lodepengent Technigue
for Assessing EMP Effects on Communication Facilities.” Tiae results of the facility
assessment presented in this report consist of the most scevere response for each

critical circuit as produced by one of the 17 scenarios.

0.2 I scenario variant assessment vata @

‘ The scenario variant assessment predictions for the critical equipnent
items are provided in Table D.2-1. For each critical equipment item, the largest
pred’cted peak voltage and associated pulse frequency are provided, as are the
upset and damage thresholds. Table D.2-1 also provides the safety margin and
survival confidence values for each critical equipment item. The safety marain
and survival confidence predictions each oepend upon the predicted peak voltage.
Since the SV assessment technique defires the maximum pctential EMP-induce peak
voltage at the critical equipment interface, the predicted safety margin ard
survival confidence values are the minimum levels expected for any high-al.itude

nuclear EMP environment condition.
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voltage and the predicted peak voltage.

predicied safety margir

:

thhe catio, i M3, between the threshoid

The survival ccafiderce values were

determined using the predicted <afetly wargins and the data quality distribution

which characterizes the statistica! uncertainties in safety margin predictions,

For the calculations used for this assessment,

chosen as normally cistributed with a zero mecan and &

the cota guality distribution was

~tandard deviation of 8§ db,

This distribution was used since it is the data quality indicated from previous

test experience.
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BONDING* AND ASSEMBLY INSTRUCTIONS
C.i BONDING

Bording vefers to the process by which a low imzedance path for the

flow of an elect-ic current is established between two metallic objzcts,
£ 1.1 Surface Platings or Treatments

Surface treatments, to include platings provided for added wearadility
or worrosion protection, shall offer high conductivity., Flating roterials stali
be electrochemically compatible with the base metals. Unless suitebly protected
from the atmosohere, silver and other easily tarnished setals shall nct be used

to olate the bend surfaces.
£E.1.2 Bond Prowcction

A1l bonds shall be suitably protected against weather, corrosive atmos-
pheres, vibrations and mechanical damage. Under dry cond.tions a ccrrosion
preventive or sealant shall be applied within 2" hours of assembly of the bond
materials. Under highly humid conditions, seai. g of the bond shall be accomplished

within one hour of joining.
E.1.3 Corrosion Protection

Each bonded joint shall be protected against corrosion by assuring
that the metals to be bonded are galvanically compatible in accordance with
DCA Notice 310-70-1**, Bonds shall be painted ".ith a moisture proof paint conform-
ing to the requirements of FLD=-STD T-TP-1757 c¢r shall be scaled with a silicone

or petroleum-based sealant .o prevent moistur. :rom reaching the bond area. Bonds

* taken from MIL-STD-188-124
**DCA Notice 310-70~1 will be replaced by MIL-H8K-419 upon release of 419,
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which are located in areas not reasonably eccesxsivic 105 maintenance shaly o

sealed with permanent waterproof compcounds.

E.i.4 Vibration

Bonds shall be protected from vibration=-iaducecd detericration by

assuring that bolts and screws are torqued i: zccordance with BCA Notice 310-70-1.

E.1.5 Bonding Straps

Bonding straps installed across <hoch rounts or wther syspensinn or
support devices Lior )l not irpede the perforiance of the rounting device, They
shall be capable of withstanding the anticipated mation 3n¢ vibrational reguire-
rments without suffering metal fatique or other weans of failure., Extra care shall
be utilized in the attachment of the ends ot bonding straps to prevent arcing or

other means of electrical noise generaticn vt noverent of tre strop.,
t.1.6 Bond Resistance

All bonds for ground conductors whose primary function is to provide a
path for power, .ontrol, or signal currents shall have a maximum dc resistance
of one milliohm. The resistance across joints or seams in metallic members
required to provide electromagnetic shielding shall be one milliohm or lesc.
£E.1.7 Clamps

Bonding clamps shall conform to AN 735 or AN 742,
E.1.8 Nut<, folts, and Washers

Nuts enrd bolts shall be capable of meeting the torque requirements of
DCA Notice 310-7.-1. Flat washers shall not be spurface treated: they shall be

protected as sp~cified in paragraph £.1.18 and E.1.19 for corrosion control

purposes. Star washers smaller than 1.2 cm (1/2 inch) shall not be used.
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Mo s e min . .-

wherever possible, bunoing ¢i - ctarlic €r Luner londutlive Tonbers woaii

pe acconptished by direct contact of tne ~alin) surtete v th the eiectricar patn

achieved by a weldeo, hrazed, <oldecred, or hign~compression bolted connection,
E.1.10

d2iding

Permancnt conditicns setween ferrous ateriais shall be welded
whenever possinle,
ol

Brazing and Silver Scldering

Brazing or sitlver soldering iy acceptadble for the permanent sondira

of copper and copper alloy materials,
Bonding ot Copper to Steel

Either Lrozing or exothermic welding <hall be used for the permanent

ponding of coupper conductors to steel or other ferrous structural rmembers.

£.1.13 Soft Soldering
Soft soldering shall not be used for bonding purposes.
E 1. 14 Sweat Soldering

Sweat soldering shall be used for electrical bonding cnly when other
fasteners such a< bolts or rivets are concurrcntly used to provide mechanical

strength.
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£.1.3% 3sitiig
A1 vonds utilizirg bolts and other threaded fasteners shail conform

1o the minimum torque requirements given in DCA Notice 31G-20-1. Inspection

shall be conducted periodically. Before joining, all faying surfoces shall be
prepared cer paragraph E.1.13. Particuiar care snall te taken to provide adequate
corrosion protection to all electrical bonds made ~ith Sclits and othzr threaded

fastenzrs,
£.1.1¢ €-Clamps and Spring Clamps

C-clamps arnd spring clamps skail nct be used for permanent or semi-

permanent conding,
E.1.17 Indirect Bonds

where the direct joining of structural elements, equipments, and eiec~
trical paths is imposs.Lle or impractical to achieve, bonding straps or jumpers
shall be used.
£.1.18 Surface Preparation

All mating surfaces which comprise the bcii shall be thoroughly cleaned
before joining to remove dust, grease, oil, moisture, nonconductive protective

finishes, and corrosion products.

1) Area to be Cleaned. Ail bonding surfaces shall be cleaned

over an area that extends at least .5 c¢m (1/4 in.) beyond
all sides of the bonded arca on the larger member.

2) Paint Removal. Paints, primers, and .ther organic finishes
shall be removed from the metal.

3) Inorganic Film Reroval. Rust, oxid.., and nonconductiv2 surface

finishes such as anodize shall be re aved.

60

o ——




m

S Final Clteaning, After iritial cleanimg wott L0l s

srmovers Gf mechanical atrasivas, tre mare retal gl e
wiped or brushed with dry cieaning soivert aectiog tne
requirements of Federal Specifications P-0-585. su-faces
a0t requiring the use of mechanical abrasives ar cherical
painl renovers shall be cleaned with @ dry cleaning <olvent
to remove grease, oil, corrosion preventives, dust, firt,
and moisture prior to bonding.

5) Clud Metals, Clad metals shall te cleanrd with fine steel

<0t or grit in such a manner that the cladding roterial

is 1.t penetrated by the cleaning pracess. & Lro ot =081
surface shall be acnieved. The cleaned area whicii Lo i
wWith dry clearing solvent and allowed to air dry tetfare

completing the bond.

0} Aluminen Adloy. After cleaning ¢f aluminum surfezes to a
bright Yinish, a brush coating of iridite or other <inmilar
conductive finishes shall ke applicd to the mating surfaces,

77 Complotion of the Bond. |f an intent 1oprotective Cuating

is removed from the metal surface, tne ating surfaces shall

be joined within 30 minutus after cleaning.

£.1.19 Dicsimil :r Metals

All mating surface materials that comprise a bond shall be identificd.
Compression bonding with the use of bolts or clamps shall be utilized only between
metals having acceptable coupling values as indicated in DCA Notice 310-70-1, When
the base metals form couples that are not allowed, the metals shall be plated,
coated, or otherwise protected with a conductive finish, or a material compatible

with each shall be inserted between the iwo base metals. It shall be constructed

from or plated with an appropriate intermediate metal,
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LOrrGsic Freyenticn fielon Grage)

Because of galvanic corrosion betweens oistimijar sotale, veilow grade

and/or high moisture areas, the welded or vrozed joint shali be <cvered with

i

pitch or other suitable waterproof compound to inhibit corrosion,

£.2 ASSEMBLY

The following subparagraphs deal .ith specral installations peculiar

to har4dress concept designs,

F.2.1 Rigid Zonduit, Threaded Ccnnections

Rigid conduit {(new or old installations) used for shielcing or rf returns

shall be assembled as follows:

1) Liraning, Ail mating surfaces for threaded connecticny shall
be prepared as in paragraph E.1,18,
2) Assembly. Apply cold galvanizing compound®* 'Galvicoun' .o
thread parts and assermble wet., Wipe off excess and let joint dry.

3) Corrosion Protection. Protect the connection as in paragraph
E.1.3.

£.2.2 Rigid Conduit, Box or Cabinet Connection

Rigid conduit {(new or old installations) used for shielding or rf returns

shall be assembled as follows:

1) Cleaning. All faying surfaces shall be prepared as in
paragraph E.1.18,

* Kenco Divison
Southern CLuatings and Chemical Co., Inc.
Sumter, South Carolina 29150
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2) Asseably,  Assendle wsing o rigid conduir metallic bushing
ard bonding type lock aut, i
3) Corrosion Protr<tion. Protect the connection as in { .
paragraph £,1.3. -
L
£.2.3 Ccaxjal Cable, Severe Environment ey
4
Coaxial cable connections exposed to outdoor environments or high I
Aumidity shall be assembled as follows: j\
4
‘ . . X
1) Cleaning. All metal susrfaces shall be prepared as in o
paragraph E£.1.18. 1’
2) Assembly. Assemble connectors and clean as in paragraph ’
£.1.18.
3} Corrosion Protection. Apply Dow Corning*® 3145 BTV adnesive/ -
sealant (non-corrosive} on the connector forming a seal to ! &
preclude migration of water wur vapor 4. the cable or at i]
the threaded portion of the connector. N
£.2.4 Coaxial and Shielded Cable, Intermediate Point Bonding S
7
/.
Cables requriring attachment of ground strap. at points other than cable }
ends shall be prepared as follows: 1
- ' ) ! i
1) Cleaning. Remove at least 3 cable diameters of the protective 4
| K3
sheath to exnose the cable shield. Prepare tne shield surfaces ‘\ .
!
as in paragraph E£.1.18 except that any solvents used for cleaning 1,
shall be compatible with the cable dielectric and the insulating : s,
material. R
N
O
A
*% Dow Corning Corporation N
Midland, Michigan 48640 "
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2} Assemuiy. Lhield bonding is achieved by using a4 cabie
“targ te which a flat bonding strap is attached. Te
avoid crushing the cable dielectric and insulating material,
fabricate a pressure sleeve which will be installec under
the bonding clamp to distribute clsmping pressure over a larger
area. The pressure slecve should be flared on each end, split to
facititate assembly and have a length of about 2 cable diameters.
Thin wall copper tubing slightly smaller than thc cable diamecer
should be used and tinned both inside and cut with a 50/50

solder using a non-corrosive flux. Install the sieeve and an

AN735 type bonding clamp. Prepare a bonding strap cf * nned

copper flat braid of the largest size possible trat 15 compatible
with the terminal lug size delermined by the required pressure
clamp size. Tne bonding strap should not te more tnan 6 inches

lorg and shorter if possible. Crirp and solder a lug to each
ond of the flat braid. Clean the metal parts as in garagraph
i} above and assemble the sleeve, clamp and bonding strap
trrmial te the cable. Tighten the clzmp, but not <o right

as to crush the dielectric or wire insulation. Fasten the other

end of the pond strap to the ground plane in accordance to the

bonding instructions in paragraph £.1,

3) Corrosion P-otection. Apply Dow Corning** 3145 RTV adhesive/

sealant (nun-corrosive) to the cable, sleeve and bonding
clamp, Completely cover the bond assembly, overlapping the
protective sheath on the cable and the terminal lug on the
clamp. Thus, forming a seal to preclude miyration of water or

vapor down the cable.

*% Dow Corning Corporation

. Midland, Michigan <8510




