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C LEAX DETECTION MONITOR

document revievws the types of electromagnetic interference
including radio frequency interference or RFI1) and

rical surges found in power plant control rooms, the major

available for EMI and surge susceptibility testing, EMI
vithstand testing performea on NUMAC equipment, and the

applicability of the test methods and test results on the NUMAC

Leak

Detection Menitor (LD
are arranged by types of interference. They are:

Interference from Radiated Electric Filelds - Nolse reaches
egquipment as a result of energy stored in and propagated Dby
electric fields. Radio transmissions are an example.

Interference from Radiated Magnetic Fields - Nolse reaches
equipment as a result of energy stored in and propagated by
magnetic fields. Stray fields from rotating devices are an
example

Interference from Radiated Electromagnetic

reaches equipment as a result of energy storec

prop2~ated by fields having both significant

magnetic components. Fields generated by certaln military
are an example.

Interference from Electrostatic Discharges -~ Nolse (and
perhaps damage) caused by discharging static elecCtric tilelds
into egquipment. The touching of eculipment by personnel whc
have accumulated static charge on their bodies 1is an
example,

A

Interference { duc Noise ~ Electrical nolse

injected by conduct] >N power and signal connactors and
onto attached leads The noise injected onto power busses
by switching devices 1S an example.
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1.2

Military Tests

All military testing referenced in this document is with respect
to Mil-Std-461, Electromagnetic Emission and Susceptibility
Requirements for the Control of Electromagnetic Interference, and
to Mil-Std-462, Measurement c¢f Electromagnetic Interference
Characteristics. The current revision of Mil-Std-461 is "C"
(Notices 1 and 2 apply). Mil-Std-462 has never been revised but
Notices 1 through 6 apply.

The above documents are currently undergoing extensive revisions,
including the addition, deletion and changing of test
requirements and procedures, and the inclusion of rationales for
the various tests specified. As a result, the (proposed)
revision of Mil-Std-461 makes it easier to see which of the
M11-Std-461/2 EMI tests might apply to power plant
instrumentation. The revision also makes it easier to assess
test stress levels.

Unless indicated otherwise, reference to Mil-Std-461 in this

report will imply the February 14, 1992 draft of the proposed
revision to the Standard.

Results of Testing
Whenever this document indicates that a piece of NUMAC equipment

underwvent a specific EMI test, it is to be assumed that the
egquipment passed the test, unless otherwise noted.
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2. Radiated Electric Fields
2.1 Sources

Radiated electric fields induce noise in equipment as a result of
energy stored in and propagated by electric fields.

2.1.1 sources Found in Power Plants

Sources of radiated electric fields found in power plants
are primarily the following:

A Transmissions from antennas of "walkie talkies" and
other portable transceivers.

b. Transmissions from fixed radin antennas (transmitters,
repeaters, etc) inside the plant.

e. Stray transmissions from radio and TV receivers, high
speed electronics, fluorescent lights, etc.

2.1.2 External Sources

Sources of electric fields external to power plants include
the following.

a. Broadcast antennas (AM/FM/TV, communications)
b. Radars and tracking equipment.
S Military communications (mobile, aircraft, spacecraft).

2.2 Current Standards

The following are the major current standards on radiated
electric fields:

a. ANSI/IEEE Std C37.90.2 Trial Use (1987), IEEE Trial-Use
Standard Withstand Capability of Relay Systems to Radiated
Electromagnetic Interference from Transceivers

A test method in which the equipment being tested is placed
in a shielded, enclosed room together with an antenna that
radiates an electric field with a strength of 10 to 20 V/m
(at the equipment) over a frequency range of 25 and 1000
MH2z. Swveep rates, RF modulation and keying, orientation of
equipment to antenna, etc, are described in the standard.
Other types of antennae may be used, if they provide
equivalent fields.
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SAMA PMC 33.1-1978, Electromagnetic Susceptibility of
Process Control Instrumentation.

This 18 an earlier version of ANSI/IEEE Std
-

£37.90.2, above,
and 1s no longer supported by SAMA.

Mil-Std~461/2

Method RS103 (Radiated susceptibility, electric field,
10 k2 to 40 GHz). Testing above 18 GHz 1s performed
when there is a need (ie, the equipment being tested
may see such freguencles 1n 1ts operating environment).
Maximum field strength for outdoor equipment is 200

volts/meter, for indoor equipment S0 volts/neter.

This test method corresponds to RS03 of the curre
published versions of Mil-Std~461/2 (see
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Standards

IEC Standard 801-3 (Electromagnetic compatibility for
industriale~process measurement and control equipment -
Part 3: Radiated electromagnetic field requirements) -
The equipment under test 1s subjected to radic fields
cf 10 V/m or greater using fixed antennas or hand-held
RF probes. The frequency range covered is 27 to 500
MHz.

118 test 1s similar to those given in ANSI/IEEE Std

‘ .2 and SAMA PMC 33.1, except for

2]
C3 field strengths
nd ‘equency range.

ing Performed on NUMAC Equipment

following tests were conducted on NUMAC instruments:

SAMA PMC 33.1 - A NUMAC Reactor Buillding Vent Radiation
Monitoer (RBVRM) system, including a Digital (G-M tube)
Sensor & Converter, a Sclid-State Sensor & Converter, a
Splitter and an Interface Panel were subjected to radio
fields of 65 V/m or greater using hand-held RF probes.
frequency range was 20 to 950 MHz. The probe was held
against all sides of the egquipment, inside the RBVRM
chassls, etc. The system had to function within specified
limits.

The

IEC Standard 801-3 - A NUMAC Wide Range Neutron Monitoring
(WRNM) system, including a Pr~ mplifier and Remote Display
were subjected to radio fielde. .f 10 V/m or greater using

hand~held RF probes. The fregquency range was 27 to S00 MHz.
The probe was held against all sides of the equipment,
against seams 1n equipment cases, connectors, openings, etc.
The system had to function within specified

L1M1TS.
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Analysis of Test Methods

The ANSI/IEEE method challenges the equipment more because of RF
nodulation and keying. RS103 challenges the equipment more
because of its wider frequency range. GE’s test of the RBVRM wvas
probably the most challenging, even if RF modulation and keying
were not employed. However, the frequency range, though
approximately the same as for the ANSI/TEEE test, was not as wide
as for the RS103 test. Plant measurement or analysis would have

to deternmine what RF frequency range and vhat field strengths are
to be encountered.

licabili } : :

The following indicates the susceptibility of each component part
of the Leak Detection Monitor to electric fields.

a. Chassis

Electric fields may induce currents in the chassis case.
These currents are removed via case ground. Case 18
standard for NUMAC. Testing was performed on the WRNM to
500 MHz and on the RBVRM to 1000 MHz.

b. Front Panel

Electric fields may induce currents in the front panel.
These currents are removed via front panel ground. Panel is

standard for NUMAC. Testing was performed on the WRNM to
S00 MH2 and on the RBVRM to 1000 MHz.

S Rear Connector Bracket

Electric fields may induce currents in the rear connector
bracket. These currents are removed via connector ground.
Bracket varies from instrument to instrument with respect to
exact size, uncovered holes drilled in bracket, numbar, size

and type of connectors used, and components mounted on
bracket.

Fields may induce currents in connectors attached to the
bracket and in conductors attached to the connectors.

There is no covering at the rear of the chassis between top
cover and the rear connector bracket. This is true for all
NUMAC instruments bccause some instruments (but not the LDM)

require that connectors be attached directly to back edge of
circuit modules.



Applicability to Leak Detection Monitor (cont‘d)

The rear connector brackets of the WRNM and REVRM tested,

and the connectors mounted on them are typical of those used
in the LDM. When the RF probe wvas placed at the rear of the
chassis (where there is nNO covering) no upsets
Again,

vere noted.
t
has sone

his would be typical of the LDM, even though the LDM
different modules (for which, see below).

Motherboard

Internal instrunent and not directly affected.

Motherboard is standard for NUMAC and was used 1n WRNM and
RBVRM tests.

Low Voltage Power Supplies
Conputer Module

Analog Module

Display Control Module

These modules are used in all NUMAC instruments and in the
same relative locations within these instruments (the
cardfi.e location of the Analog Module may vary slightly).

They were tested in the WRNM to 500 MHz and in the RBVRM to
1000 MHz.

Open Drain I/0 Module
6-Ch Analog Output Module

1
.

These modules are used in the RBVRM (in approximately the

same cardfile locations) where they were tested to 1000 MHz.
No malfunctions due to RF pickup on the external wiring
going to these modules wvere noted. External wiring wvas
connected to the modules.

GEDAC Communications Module

The GEDAC Communications Module has not been subjected to RF
susceptibility testing. However, it is similar in function
and circuitry to the previcusly tested RS422/RS485
Communications module used in the RBVRM and to the
previocusly tested RS232 Communications Module used in the
WRNM. External wviring to these modules was included in this
testing and no malfuncticons due to RF pickup on these wires
were noted. The GEDAC module contains a daughter board to
handle a fiber optic data interface. This board (interface)
was not he two communications modules tested.
Howvever, f) t clrcults are generally immune to radio
frequency interfer The logic circuits alse included
with the daughter bc have likewise been found immune to
RF susceptibllity.
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2.5 Applicability to leak Detection Monitor (cont’d)

1.

é6=Thermocouple Input Module

The é~Thermocouple Input Module has not been subjected to RF
susceptibility testing. There is nothing in the module to
make 1t sensitive to 25 -~ 1000 MHz carrier waves. Major
points of non-linearity (ie, :ectification) are in the front
end amplifiers of the six input channels. Fowever, 0.5 Hz
low pass filters are built into these front ends sco that
only very low “‘requency carrier modulations could find their
way into the input module. Of course, the LDM’3 chassis
cover shields the module against RF. The external signal
wvires going to the module have not been tested for RF
pickup. However, any noise picked up in this manner would
also be subject to the 0.5 HZ input filters. Thus, the
6-Thermocouple Input Module should be relatively immune to
RF pickup on its input wiring.

2.6 Conclusions

As a result of testing performed on the RBVRM and WRNM, as well
as analysis of the é-Thermocouple Input Module, the LDM can be
reasonably expected to be immune to RF in the range of 25 to 1000

MH2.

If, at the LDM's location, significant electric fields

outside this range are present, or if ambient fields having
significant low fregquency modulation (see 2.51) are present, then
further RF testing may be advisable.
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3. Radiated Magnetic Fields
3.1 Sources

Radiated magnetic fields induce noise in equipment as a result of
energy stored in and propagated by magnetic fields

3.1.1 sources Found in Power Plants

Sources of radiated nagnetic fields found in power plants
are primarily the following:

a. Earth’s magnetic field, magnetized structures,
permanent magnets

b. Strays fields fron rotating devices

- Stray fields from magnetic circuitry

d. Magnetically coupled noise on wires and cables

3302 External Sources

Sources of magnetic fields external to power plants include
the following.

a. Communications/detection equipment based on the
propagation of magnetic fields

3.2 Current Standards

The following are the major current standards on radiated
magnetic fields:

a. Mil-Std=-461/2

(1) Method RS101 (Radiated susceptibility, magnetic fields,
30 Hz ta 50 kHz) (SE-5 Tesla/ampere) (testing limited
to equipment sensitive to low frequency magnetic fields
such as used in antisubmarine warfare, mine detection)

This test method corresponds to RSOl of the current
published versions of Mil-Std-461/2 (see 9 P

Note that the proposed revisions to Mil-Std-461/2 do not
include a test similar to RS02 found in the current
published versions.
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Current Standards (cont’d)

b. General Electric Specification 249A1238, Revision 5, "EMI
Susceptibility Test Guide"

Fifty-foot cables or lead wires are attached to the
inputs/outputs of the equipment being tested. Wires/cables
are laid out flat (ie, not coiled). Fifty-foot wires from a
test generator are placed in contact with the input/output
wires. Two types of signals are placed on tue tsst wires:

(1) 300 Vp-p oscillations at 1/2 to 1 Hz repetition rate
with a damped oscillation of 6 to 7 Hz ot 100, 200,
300, 400 and 500 kHz.

(2) 5 Vp-g oscillations from 0.5 to 100 MHz at a rate of 1
to S MHz/Sec.

In both cases, equipment must operate within test acceptance
limits. The tests were designed to be representative of
actual conditions in nuclear power plants.

iesting Performed on NUMAC Equipment
The following tests were conducted on NUMAC instruments:
a. 245A1238, Revision 5, “EMI Susceptibility Test Guide"

These tests were conducted on the NUMAC Log Rad Monitor
(LRM) , Source Range Monitor (SRM), Wide Range Neutron
Monitor (WRNM), DC Wide Range Monitor (DCWRM), and Reactor
Building Vent Radiation Monitor (RBVRNM) .

Analvsis of Test Methods

Method RS101 is intended primarily to insure that performance of
equipment potentially sensitive to low frequency magnetic fields
15 not degrade”. NUMAC equipment is not generally sensitive to
such fields. The Navy’s test limits are based on maximum

magnetic field emissions from equipments and subsystems. The
Army’s limits are based on maximum allowable induced current.
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Analysis of Test Methods (cont‘d)

Method RS02 (in the current version of Mil-Std-461/2) and
249A1238 both test susceptibility to magnetically induced noise
on signal leads, although different methods are used. RS$02
places wires under test in a known magnetic field. This makes
the test quite reproducible (an objective of the military tests).
However, this is not the way noise it induced in power plant
applications. 249A1238, more realistically, places noise on
parallel running wires which generate the interfering magnetic
fields, though the precise field strengths are not known.

Testing in accordance with 249A1238 should be sufficient to

demonstrate immunity to magnetically induced noise on signal
leads.

The following indicates the susceptibility of each component part
of the Leak Detection Monitor to magnetic fields,

a. Chassis
B. Front Panel
c Rear Connector Bracket

Because the chassis is made from both ferromagnetic ana
non-ferromagnetic materials, it must be presumed that the
LDM’s outer case does not defend against magnetic fields.
However, the performance of the chassis’ components are not
effected by ordinary magnetic field, including the
electroluminescent display mounted on the front panel. For
a discussion of the magnetic coupling of signals into the

conductors attached to the rear connector bracket, see
below) .

d. Motherboard

The motherboard does not contain any circuits that can be
affected by magnetic fields. Unless there were strong
external magnetic fields in the vicinity, it is highly
unlikely that signals can be magnetically coupled into the
traces on the wires attached to the motherboard. Moreover,

the lengths of these conductors would be too short to permit
significant coupling of signal.

-10~-
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3.5 Applicability to Leak Detection Monitor (cont’d)

LVPS

The Low Voltage Power Supplies contain transformers and
chokes that use ferromagnetic cores. Thus, the paths of the
(relatively high) magnetic fields used in the power
conversion process are coniined to these cores. It is
highly unlikely that conventional external magnetic fields
can disturb the fields in the ferromacnetic cores.

It should also be noted that the operation of the LDM is not

affected by any stray magnetic fields that might be emitted
from the LVPSs.

Susceptibility to magnetically coupled noise at the power
supply inputs was tested in vairious NUMAC instruments in
accordance with GE specification 249A1238, Revision S, "EMI
Susceptibility Test Guide".

3.5 Applicability to leak Detection Monitor (cont‘d)

XL Y M

Computer Module

Analog Module

Display Control Module
Open Drain I/0 Module

16-Ch Analog Output Module
GEDAC Communications Module
6~Thermocouple Input Module

The components and circuits contained in the LDM’s
electronic modules are not susceptible to ordinary magnetic
fields. Circuit board traces and internal chassis wiring

are too short to allow significant magnetic coupling of
external signals.

Of the above modules, only the Open Drain I/0 module, the
16~Ch Analog Output module, the GEDAC module, and the
Thermocouple module connect to the external world (via wire
cables, fiber optic cables, or wire conductoers). The
external signal wires going to the Open Drain I/0 module and
16-Ch Analog Output module were tested in the RBVRM in
accordance with GE specification 249A1238, Revision 5, "EMI
Susceptibility Test Guide". The electrical signal I/0
circuits of the GEDAC module are similar to those found in
the RS232 and RS422/485 Communications modules. The
external signal wvires going to these two communications
modules were tested in the WRNM and RBVRM, respectively, in
accordance with GFE specification 249A1238, Revision S, "EMI
Susceptibility Test Guide". The fiber optic cables go to

the GEDAC Communications module are not susceptible to
magnetic fields.

=1le
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3.5 Applicability to Leak Detection Monitor (cont’d)

No testing of magnetic pickup on the external signal vires
going to the Thermocouple module have been performed.
However, whatever magnetically induced noise there might be
would be subject to the 0.5 Hz filters on the module and,

thus, the LDM should be relatively immune to such external
signals.

3.6 Conclusions

The LDM instrument, including powver and 1/0 leads to it, can
rezsonably be expected to be immune to noises induced by external
magnetic fields. However, if strong magnetic fields are present
at the LDM’s mounting location, or if wires carrying high
currents run alongside the LDM‘s 1/0 wiring, especially the

wiring to the Thermocouple module, then further testing may be
advisable.

-12-
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Analysis of Test Methods

The military test procedure simulates electromagnetic pulses
generated from the explosion of nuclear wveapons. This scenario

does not apply to power plant environments. Hence, no further
analysis is required.

The use of Test Method RS10S5 is not applicable tu the Leak
Detection Meonitor.

conclusions

There are currently no radiated electromagnetic susceptibility
tests applicable to NUMAC equipment. Since radiated EMI seen by
NUMAC equipment is either predominantly electric or predominantly

magnetic, no separate testing for electromagnetic susceptibility
is required.

-14-
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Electrostatic Discharges
sSources

Electrostatic discharges noise (and perhaps damage) is caused by
discharging static electric fields inte equipment.

sources Found in Power Plants

The prime source of electrostatic discharge is the touching
of equipment by operating personnel who have accumulated

static charges on their bodies (eg, by walking on certain
floor surfaces).

External Sources

None.

current Standards

The following are the major current standards on radiated
electromagnetic fields:

a. International

(1) IEC Standard 801-2 (Electromagnetic compatibility for
industrial-process measurexent and control eguipment -
Part 2: Electrostatic discharge requirements) - The
output of an electrostatic discharge simulator, with
test level settings of 2, 4, 8 and/or 16 KV, is applied

to various accessible portions of the equipment being
tested.

. : I ‘
The following test was performed on NUMAC instruments:

a. IEC Standard 801-2 - The WRNM equipment was tested. The
output of an electrostatic discharge simulator, vith test
levels set to 2, 4 and 8 KV was applied to various
accessible portions of the WRNM equipment. The equipment
must met specification with the interfering signal applied.
Some flicker or the electroluminescent screen was noted
during the discharges, but instrument operation was
otherwise not affected and no damage occurred.

Apnalysis of Tests Performed
The IEC procedure provides a means for thoroughly ani severely
testing the electrostatic immunity of electronic/electrical

eguipment.

-15=
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ABRL 11 Leak I . .

The main locations where a user/operator might touch an installed
LDM are the front panel and the rear connector bracket. An
appropriate electrostatic discharge test at these locations was
performed for the WRNM. Compared to the WRNM, the LDM’s front
panel and its methods of grounding are identical. The LDM’s rear
connector bracket is similar to that of the WRNM, and its method
of shielding/grounding identical.

conclusions

Based on its similarity to the NUMAC Wide Range Neutron Monitor
that was tested and found not to be susceptible to electrostatic
discharge, it is reasonable to assume that the LDM is likewise
not susceptible to electrostatic discharge.

..16-
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6. Conducted Noise
6.1 Sources

Conducted noises are electrical signals resulting from EMI which

are injected intc equipment at I/0 terminations or via cables and
conductors attached to these terminations.

$:2.3 SQurces Found in Power Plants

Prime sources of conducted noise in power plants include:

a. Lightning entering power distribution systen

b. Switching transients caused by failures in powver
generation and distribution systems
c. Switching of power sources
d. Switching of loads on power lines
e. Failures in connected equipment
6.1.2 External Sources
None.

6.2 Qurrent Standards

The following are the major current standards relating to
conducted noise:

a. ANSI/I1EEE

(1) ©37.90.1-1989, IEEE Standard Surge Withstand Capability
(SWC) Tests for Protective Relays and Relay Systems

This is the successor document to the old IEEE Std 472
©n surge withstand capability. The current document
indicates what input/output circuits are to be tested,
and how. It provides for common mode tests (one lead
from a test generator is connected, via capacitors, to
several I/0 points of the equipment, the other lead is
connected to equipment ground, and transverse mode
tests (the signal from a test generator is applied
between twe I/0 points of the equipment being tested).

(2) C62.41-1991, 1EEE Recommended Practice on Surge
Voltages in Low-Voltage AC Power Circuits

This document is tutorial on what phenomena cause
surges and provides data to assist in establishing the
sSurge protection requirements for equipments.

wl7-



I
&
@
-
ot
E

ndards (cont‘d)
(3) C62-45-1987, IEEE Guide on Surge Testing for Egquipment
Connected to lLow~Voltage AC Power Circuits

This docunent provides guidelines on how to best
perform surge testing on a given piece of equipment.
various types of tests, and their objectives, are
discussed but specific tests and requirements are not
given.

X Mil-Std-461/2
(1) Method CS101 (Conducted suscCeptibility, power leads, 3¢
Hz to 50 kH7). The purpose of this test is to assure
that equipment operation will not be degraded due to
(allowable) distortions of powver Supply waveforms. In
CS01, sine waves, 30 Hz to 50 KHz, one frequency per
decade, are transformer coupled into one of power leads
of the equipment being tested. The test voltage is 10%
o of the supply voltage or 5.0 V(RMS), whichever is less.

This test method corresponds to CS01 of the current
published versions of Mil-Std-461/2 (see 1.2).

Method CS109 (Conducted susceptibility, structure
urrent 60 Hz to 100 kHz) (special test relating to
the susceptibility of highly sensitive submarine
pment magnet fields generated by currents
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Qurrent Standards (cont’d)

(3)

(4)

(S)

Method CS114 (Conducted susceptibility, bulk cable
injection, 10 kHz to 400 MHz) (the test simulates
currents induced into cables by electromagnetic fields
generated via antenna transmissions) (signals are
coupled into cable because use of antenna during test
is difficult) (Testing up to 30 Mhz applies to all
military equipnent. For aircraft and space systems the
upper range is extended to 200 Mhz. Anything above a
specified range is optional (ie, per contract
document). Test limits within the specified ranges
depend further upon application.

This is a new test method and does not correspond to
any method in the current published versions of
Mil-Std-461/2 (see 1.2).

Note: The phencmencn being guarded against is an
clgctric field. The test, however, uses conducted
noilse.

Method CS115 (Conducted susceptibility, bulk cable
injection, impulse excitation) (S-ampere current pulses
(500 volts across a 100 ochm loop impedance), 30 nS wide
with rise and fall times less than 2 nS, are injected a
30 Hz rate for 1 minute) (used primarily to test
aircraft and spacecraft, requirements have been
correlated with observations made in aircraft)

This is a new test method and does not correspond to
any method in the current published versions of
Mil~Std-461/2 (see 1.2).

Method CS116 (Conducted susceptibility, damped
sinuscidal transients, cable and power leads, 10 kHz to
100 MHz) The test is designed to simulate current and
voltage transients arising from natural phenomena such
as lightning. Transients are magnetically coupled onto
leads at a rate of 0.5 to 1.0 transients per seconds.
Transients are damped sinuisoids at frequencies of .01,
+1, 1. 10 and 100 Mhz. Maximum currents are 10 A (Arumy
and Navy), S A (Air Force).

This is a new test method and does not correspond to

any method in the current published versions of
Mii-Std-461/2 (see 1.2).

Note that the proposed revisions to Mil-Std-461/2 do not
include tests similar to CS02, CS06, CS10 and CS11 found in
the current published versions.

-19=-
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6.2 Qurrent Standards (cont’d)

C.

General Electric Specification 249A1238, Revision S, "EMI

Susceptibility Test Guide"

Two types of signal are applied to each ungrounded power
input lead of the equipment being tested (directly if AC
powered, via capacitors if DC powvered):

(1)

(2)

300 Vp-p nscillations at 1/2 to 1 Hz repetition rate
with a damped oscillation of 6 to 7 Hz at 100, 200,
300, 400 and 500 kHz.

S Vp-p oscillations from 0.5 to 100 MHz at a rate of 1
to 5 MHz/Sec.

In both cases, equipment must operate within test acceptance
limits.

(1)

(2)

(3)

(4)

Svensk Standard SS 436 15 03 (Swedish)

With no signal or power leads attached, sequences of
+/= 3 KV pulses are applied via capacitors to power
input and other selected 1/0 points. After each
application, signal leads are attached, power is
applied and equipment tested to specification. Pulses
are applied between power leads, between power leads

and chassis ground, and between power leads and signal
leads.

With power on and with external circuits simulated by
impedances, a 250 velt sinusoid is applied at selected
1/0 points. The equipment must meet specification with
the interfering signal applied. Sinusoids are applied
between output leads, between output leads and chassis

ground, and between chassis grounds of connected
equipments.

With power on, bursts of short (up to 50 nS) sawtooth
transients, +/-2 to 4 KV, are simultanecusly applied
(via 2 meter long wires) to selected signal and power
I/0 points, to selected chassis ground points, and to
selected cable and chassis ground points. The

equipment must meet specification with the interfering
signal applied.

With power on, a damped 1 MHz sinusoid (1 KV or 0.5 KV
max) at a repetition rate of 300 teo 500 per second are
simultaneously applied (via 2 meter long wires) at
selected signal and power I/0 points, and at selected
chassis ground points. The equipment must meet
specification with the interfering signal applied.

-20~
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Iesting Performed on NUMAC Equipment
The follovwing tests were conducted on NUMAC instruments

a. IEEE Std C37.90.1~1989 (old TEEE Std 472)

A susceptibility test, specifically requested by one of GE's
customers and reflecting the requirewents of the IEEE
standard, was performed on the RBVRM and its accessory
equipment. For this test, the equipment had to operate
within acceptance limits when six (6) one-shot transients
(from a model 510 Surge Transient Generator set to 2500

Volts) were applied to AC input line and to output relay
contacts.

b. 249A1238, Revision 5, "EMI Susceptibility Test Guide"

These tests were conducted on the NUMAC Log Rad Monitor
(LRM) , Source Range Monitor (SRM), Wide Range Neutron
Monitor (WRNM), DC Wide Range Monitor (DCWRM), and Reactor
Building Vent Radiation Monitor (RBVRM).

e, Svensk Standard SS 436 15 03 (Swedish)

All four tests were performed on the WRNM and its accessory

equipment. All pieces were connected as they would be in
actual system usage.

Analysis of Testing Performed
The conducted noise tests outlined above cover a variety of noise
environments (aircratt, shipboard, industrial, etc). The

specific tests that a given eguipment must pass will depend both
on where it is used and on the types and amplitudes of noise to

be encountered. 1In general, equipment must be able to withstand
repetitive bursts of high voltage, high frequency transients, and

continuous application of lower voltage, lower frequency sine
waves .

The Swedish Standard (SS 436 15 03) tests conducted on the WRNM
equipment represents a fairly comprehensive tests for conducted
noise. The standard was meant to cover, among other
applications, control room installations.



v

15148 FROM GE NUMARC TD 89195462826 PAGE . 216

Applicability to Leak Detection Monitor
The following indicates the susceptibility of each component part
©f the lLeak Detection Monitor to electrically conducted noise.

..
b.
c

Chasgsis
Front Panel
Rear Connector Bracket

These items do not carry or process electrical signals.
During testing of the WRNM, no damage of chassis items,
sparkovers, etc, were noted. By similarity, this applies to
the LDM. The front panel’s display, keypad, and keylock
switch are not connected to LDM signal/power 1/0 points.

The effects of conducted noise on the signals entering the

instrument via connectors on the rear connector bracket are
discussed below.

Motherboard

The motherboard passes some 1/0 signals from/to electronic
modules in the chassis. During testing of the WRNM, no
damage of the motherboard, sparkovers, etc, were noted. By
similarity, this applies to the LDM. The motherboard itself
does not perform signal processing. The effects of
conducted noise on these signals are discussed below. The
motherboard itself does not perform signal processing.

LVPS

The conducted noise tests of Svensk Standard SS 436 15 03
were performed on the power supplies in the WRNM. Although
thec2 supplies operate on 230 Vac input, the results should
apply equally to supplies operating on 120 Vac (minor input
transformer differences). The conducted noise tests of GE
specification 249A1238, Revision 5, "EMI Susceptikility Test
Guide", were performed on the power supplies in the RBVRM.
These supplies wore 120 Vac units. In both sets of tests,
no damage or malfunctions of the LVPSs were noted.

Computer Module
Analog Module
Display Control Module

1/0 signals do not enter/leave these modules.
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6.5 Applicability to leak Detection Monitor (cont’d)

h,. Open Drain I/0 Module
P 16-Ch Analog Output Module

These modules, found in the RBVRM but not in the WRNM, wvere
subjected to the conducted noise tests of GE specification
245A1238, Revision &, “EMI Susceptibility Test Guide". They
were not tested to the more severe standards of Svensk
Standard S$ 436 15 03. The external wiring to these modules
should be examined to see if high voltage spikes such as
those generated during IEEE Standard or Swedish Standard
surge withstand testing might be encountered. If so,
testing of the modules would be advisable.

: GEDAC Communications Module

The c'ectrical I/0 circuits of the GEDAC Communications
Module are similar to both those of the RS232 Communications
Module (successfully tested in the WRNM to the Swedish
standard) and those of the RS422/485 Communications Module
(successfully tested in the RBVRM to the GE specification).
It is therefore reasonable to assume that the electrical 1/0
circuits of the CEDAC module are likewise immune. The fiber
optic I/0 of the GEDAC module is not susceptible to
electrically conducted noise.

¥ 6~Thermocouple Input Module

The electrical surge protection circuits on the Thermocouple
module are similar to those found on signal I/0 modules
meeting the Swedish standard (RS232 Communications), or the
GE specification (Open Drain I/0, 16-Ch Analog output,
RS422/485 Communications). However, the external wiring to
the é6~Thermocouple Input Module should be examined to see if
high voltage spikes such as those generated during IEEE
Standard or Swedish Standard surge withstand testing might

be encountered. If so, tecting of the 6-Thermocouple Input
Module would be advisable.

6.6 Conclusjons

The LDM is reasonably immune to conducted electrical noise.
However, the possibility of noise, especially high voltage
spikes, at the LDM‘'s 1/0 terminals leading to the Open Drain
I/0 Module, the 16~Ch Analog Output Module, and the
6-Thermocouple Input Module should be examined. If such
noise is present, then further testing may be advisable.
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OVERALL RESULTS AND CONCLUSIONS

Leak Detection Monitors are reasonably immune to EMI provided the
service conditions they encounter (plus test margins) are not
more severe than the conditions for which NUMAC products have
been tested. Further EMI/Susceptibility testing may be advisabls
if data and/or analysis indicate one or more of the following:

.Q

EMI conditions are more severe than those for which NUMAC
products have been tested.

Significant electrical radiation outside the range cf 25 to
1000 MHz or ambient radiation having significant low
frequency modulation is/are present near the LDM mounting
locations (see 2.6).

Significant magnetic fields are present near the LDM
mounting locations, or wires carrying high currents run
alongside LDM I/0 wiring, especially wiring to the
é-Thermocouple Input Module (see 3.6).

Conducted noise, especially high voltage spikes of the type
generated during susceptibility testing, may be present on
external wiring that leads to an LDM’s Open Drain 1/0
Module, 16-Ch Analog Output Module, or é6-Thermocouple Input
Module (see 6.6).
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Summary

(This Bummary s not & part of [EER 082 41 1991, [EER Recommended Practice on Surge Voltages in Low-Voltage AC
e Clroutts)

This documsent doscribes the oocurrence of surges in low-voltage ac power circuits and provides
guidanee on the simplification of & complex data base into & limited set of representative surges.
This simplification will assist designers of equipment in providing the appropriate degree of
withstand eapability in their designs, allow users of squipment to specify appropriate levels of
withstand requirements, and provide test equipment suppliers and test laboratories with a recom-
mended practice for a limited number of well-defined test waveforma.

Protection from surge voltages in ac powsr circuits can bost be achieved through the application
of protective devices matched Lo the environmant and to the operational requirements » the equip-
ment. Environmental conditions can be represented by two selected voltage-current waveforms,
deseribed as standard waveforms, with amplitude and evailable energy dependent upon the perti-
nent location within the power system or distance from the surge source. Circumstances may be
ancountered where other waveforms, described as additional waveforms, may be appropriate to

represont surges caused by less frequent mechanisms or by the presence of equipment recognized
as the cause of longer or shorter disturbances.

Standard Waveforms

For practical purposes, locations are divided into three categories. Surge characteristics, that is,

ratas of occurrence, waveforms, source impedances, and amplitudes, are discussed for each cate-
gory of location and exposure.

(1) Lozatisne
Category A: Long branch cireuits, receptacles (indoor)

Catagory B: Major foedera, short branch circuits, service panel (indoor)
Casggory C: Outdoor overhead lines, service entrance

@)

Low Exposure: Systems in geographical areas known for low lightning activity, with little
load-: witching activity.

Medium Exposure: Systems in geographical areas known for medium to high Vghtning
activity, or with significant switching transients, or both.

High Exposure: Those rare installations that have greater surge exposure than those defined
by Low Exposure and Medium Exposure.

{38) Recommended Values

Recommended valuss are given for the waveforms, voltage amplitude, and current ampli-

tude of representative surges in line-to-neutral, line-to-line, and neutral-to-ground
configurations,

Additional Waveforms

Special situations have been identified in which additional waveforms may be appropriate;
thess have been added to the standard waveforms initially defined in the 1980 version of this doe-
ument. These specia! situations include the presence of large banks of switched capacitors or the
operation of fuses at the and of long cables. These cases warrant consideration of additional wave-
forma that have the capability of depositing substantial snergy in a surge-diverting protective
device and causing failure of devices not sized for that cccurrence. However, the characteristics of
these phenomena are closely related to the specifics of t* - situation, so that it is difficult to provide
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generally applicable recommendations Por that reason, this document presents information on
these surges as @ range of values rather than wpecific numbers.

The presance of nearby equipment involving load switching can couple bursts of fust transients
that have the capability of interfering with logie eireuits and causing upsets This situstion has
beou recognused, and test procedures have been defined by other organizations to demonstrate
immunity of squipment that may be subjected Lo these bursts. This document endorses the recom-
mendations made by these organisations and includes the fast-transient burst where applicable.

Guidanoe Versus Bpeaifioasion

The recommendations given in this document are provided as the basis for selectiong specifion
tons appropriste to the nesds of equipment designers and users, depending on the particulars of the
sitaation. While recognising the desirability of sweeping general specifications, this document
cautions the reader against such prectics. The specifieation of equipment withstand capabi'ity,
and of test levels to prove this capability, remains the responsibility of equipment suppliers and
squipment users, based on an understanding of the situation that this document is attempting to
provide. While short-term monitoring of an individua! site often gives some wseful information,
the environmaent is so dynamic that the analysis of & brief period may not give a good prediction of
the future snvironment.

Readers are also warned on the eevnomic fallacy of wpecifying unrealistic complexities of test
procedures or excessive withstand capahility in an altemgpt to obtain grester reliability. The com-
plexity of the surge environment (s such that no set of tawt waveforms will ever completely simulate
the environmeat, and a slightly higher level of surges can always be proposed to boost equipment
withstand. This document was prepared with the intent to uveid such unreslistic requirements.
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