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Question CS421.7

Verlous Instrumentation and contro! system clrcults In the plant (Inciuding
the reactor protection system, englneered safety features actuation system,
Instrument power supply distribution system) rely on certain devices to
provide electrical Isolation (PSAR 7.2.2) capabliity In order to malntain the
Independence between redundant safety circults and between safety clrcults and
non-safety clrcults. Therefore, provide the following inform.tion:

8) Identity the types of Isolation devices which define the Class 1E boundary
for Interfaces between the safety clrcults and non-safety clrcults.

b) Provide the acceptance criterla for each Isolation device Identified In
response to part a above.

¢) Describe the type of testing that wil| be conducted on the Isolation
devices to ensure adequate protection against EMI (l.e., nolse),
short-clrcult fallures, voltage faults, and/or surges.

Response
l. NSSS

Within the NSSS, Class 1E Isolation devices are applled to the Inter-
conneci!ons of Class 1E and non-Class 1E clrcults, and to Class 1E logic
clrcults of redundant divisions. For devices Isolating Instrument signals,
the normal operating level on the Isolated output side Is < 50 voits (AC or
DC) with signal levels In the ml||lampers range. For control signcis, the
normal operating level on the Isolated output side Is 120 VAC/125 VDC.
Isolation devices are appllied as follows:

A. LED = Phototransistor Palrs

(a) These devices are used to Isoltte Class 1E low energy Instrument
level signals.

(b) The acceptance criteria Is for the Isolation device to ulTBs*and 1250
YAC (RMS) for | minute wlthout damage and to provide 10 ~ ohms
Isolation resistance.

(c) 1ype testing Is conducted In an as-Installec configuration by
applying 1250 VAC (RMS) for 1 minute across the Isolation barrier
with the unlt at maximum temperature and humidity. This Is followed
by & megger check for Isolation resistance.

B. Transformer/LED - Phototransistor Palrs
(a) These devices are used to Isolate the Class 1E Instrument level
analog Input signals from the analog output signals used In non-1E
systems (control, Indication).
(b) The buffers meet the Isolation acceptance criteria of Part E of this
response.
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C.

D.

E.

(c)

(d)

Type testing Is performed with 250 VAC (RMS) and + 170 VDC accident
potentials.

In addition, the Isolation barrier Is tested to 1250 VAC for one
minute wl!th acceptance based upon no arcing or damage.

Relays

(a)

(b)

(c)

Relays are used to provide Isolation between redundant channel
outputs from the Reactor Shutdown System for channel Inputs to the
heat transport system pump trip loglc and for Class 1E/non-1E
Isolation of channel trip Indications to the annunclator and
computer. Inputs may be control level or Instrument level signals.

For relays operating at control signal levels, the relay must
withstand 1250 VAC coll to contact for one minute wlthout
arcing/damage. For Instrument signal levels, relays must withstand
500 VAC coll to contact, and contact to contact, for one minute
w!thout arcing or damage.

Type testing Is performed by applying the appropriate voltage from
(b) across the Isolation barrier with no arcing or damage. This Is
fol lowed be a megger check for Isolation resistance.

Isolation Transformers on AC Power Inputs

(a)

(b)

(c)

Isolation transformers with Faraday shlelds are requlred.

Power suppl!les must be capable of withstanding a + 20% voltage
transient (surge) and a + 10§ frequency transient wi*h respect to
design center values wlthout damaging the loads connected to It.
Loads must be capable of normal on-off cycling of the power supply
wlthout damage.

Equlpment Is checked for proper operation with a + 108 voltage and
+ 5% frequency variation of the power supply Input.

Acceptance Criteria for Buffers

Electronic buffers are functionally specifled which will not require
recal Ibration or adjustments of any nature after belng sub jected to the
following:

1. Short clrcult of the buffer output and short to ground of the
buffer output.

2. Open clrcult of the buffer output.

3. Appllcation of 250 VAC 60 Hz from elther output connection or
power supply connection to chassls ground.

4. Appllication of 170 VDC of el rher polarity from el ther Input
connection or output connection or power supply connection tc
chassls ground.
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Appl lcation of 250 VAC 60 Hz from el ther output connection to
el ther Inpu* connectlion.

Appl lcation of 170 VOC cf elther poiarity fram elther output
connectlion to el ther Input connection.

Appl lcation of 250 VAC 60 Hz directly across the output
connections.

Appl ication of 170 VOC of elther polarity directly across the
output connectlions.

AC common mode Interference shall not exceed + 0.02% of span per
volt when supplled from & 60 Hz source. DC common mode
Interference shall not change callbration by more than + 0.01%
of span per volft.

Cal Ibration change due to normal mode Interference from a 60 Hz
source equal to ten times Input span of no more than % 0.1% of
output span.

The peak to peak nolse and ripple together shall not exceed 0.1%
of output span when measured at the output of the buffer. Input
nolse feedback from the buffer Into the PPS Input signal shall
be less than 0.01% of Input span, -

Insulation resistance shall not be less than 20 megohms at 24°C
(75°F) and 500 volts, when measured on the completed assembly.
In addition the rellabllity, maintalnabllity, design |Ife, and
fall safe features shall be analyzed by the Supplier and
included In the supp!led documentation.

BOP

For BOP systems el ther opto. Isolators or relays are used for Isolation.
The acceptance criteria and type of testing used for BOP Class 1E
Isolators are:

a) The acceptance criteria Is to withstand 1250VAC (RMS) ana 1250VYDC for
one minute without damage and to provide & minimum of 10° ohms
Isolation resistance.

Type testing Is conducted In an as-Installed confliguration by
applyling the voltages speciflied In 3(b) above, for one minute across
the Isolation barrler with the unit at maximum temperature and
humidity. This Is followed by a megger check across the barrier for
Isolation resistance. All systems Inputs and outputs are tested for
Surge Withstand Capabl| ity per IEEE 472.
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Question CS5491.7 (4.3.2.1)

The Source Range Flux Monltoring (SRFM) System Is described In Section
4.35.2.1.5. The appllicant Is requested to provide the minimum acceptable
neutron flux at the detector, the maximum acceptable gamma-ray dose at the
detector, and the calculated neutron flux and gamma-ray dose rate at the
detector. Also, provide a description (method, models, etc.) of how these
calculations were made.

In this same section It is Indicated that SRFM detector operating character
will be experimentally verified In ZPPR critical experiments which will mockup
the actual CRBR Installation as close as praciical. |In addition, transport
calculations w!l| be employed to account for neutron scattering effects In the
cavity which cannot be mocked up In the ZPPR. Please respond to the
following:

(1) De-cribe the transport calculations (method, models, etc.) to be
per formed.

What plans are belng made to verlfy that the planned ZPPR experiment Is
an accurate test of the SRFM detectors for the actual CRBR?

Are transport calculations being planned to determine the radiation
environment at the SRFM detectors for the actual CRBR configuration as
well as the ZPPR configuration. |f no, describe these planned
calculations; e.g., method, models, etc.

Response

The minimum acceptable neutron flux at the SRFM detectors can be establlished
In terms of the electronic nolse and gamma background In the defector anc Its
assoclated signal processing equipment. This nolse level Is expected to
correspond to only about 1 count per second. Thus, neutron signals from fuel
in the reactor core at the same level, l.e., approximately 1 cps, should be
distinguishable from this background nolse. At the SRFM dei=sctor, 1 cps
corresponds to 0.025 nv based on a minimum detector sensitivity of 40 cps/nv.
The minimum acceptable gamma-ray dose at the detector Is 100 R/hr to assure
that the sensitivity of the BFZ counters Is not adversely affected.

The neutron flux at the SRFM |ocation (beginning-of-|ife conditions with a
fully loaded core of fresh [low Inherent source] fuel and bianket assemblles
and all control rods fully Inserted) has been calculated to be 0.6 nv, which
corresponds to 24 cps at each of the three SRFM detectors. Calculations have
also shown that the local gamma-ray dose rate never exceeds 84 R/hr at the
detectors within the SRFM block. Thls calculation was performed for the
resctor conditions exIsting Immediately following shutdown of CRBRP Including
the affect of maximum burnug on all the fuel and blanket assemblies and a 30
year |ife of the plant.

The prediction of the minimum neutron flux at the SRFM detectors Is calculated
using multigroup two-dimensional discrete ordinates transport methods
(DOTI1IW) for the fully shutdown beginning-of-cycle reactor core. The
analysis mode! used Includes the reactor core configuration (fue!, Inner
blanket, radlal blanket, and radlal shielding assemblies), fixed radial
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shleld, core support structure, upper Internals/sodlum pool, reactor vessel,
guard vessel, an annular SRFM moderator/shielding assembly, and reactor cavlty
wall, The R-Z mode! of the reactor system In the reactor cavity models the
gecmetr ical confliguration of the CRBR design Including the radial position of
the SRFM detector relative to the reactor core center|ine. Multigroup angular
dependent neutron fluxes at the outer surface of the guard vessel at the
reactor core/SRFM detector midplane are used In discrete ordinates transport
calculations (annular or R-0) to correct the predicted value In the R-Z mode!
to the actual CRBR confliguration. All design calculations are performed In
forty-two (42) energy groups using a Po (transport corrected) cross-section

| Ibrary derlved from ENDF/B~1V.

Calculation of the gamma-ray dose rate at the SRFM detector well Is performed
using two-dimensional (R-Z and R-0) mode!s of the reactor system and SRFM
configuration. Thirteen energy group discrete ordinates transport snalysis of
the gamma-ray dose rate following reactor shutdown have been performed using
the gamma-ray sources due to neutron activation of °) the sodium primary
coolant within the reactor vessel and In the primary piping In the reactor
cavity, 2) the reactor vesse! and guard vessel materials, 3) the SRFM
moderator/shielding assembly, and 4) the detector thimble and cetector
assembly. The neutron activation source calculations Include the trace
Impurlty levels of elements In materials which contribute tc the SRFM gamma
environment foliowlng shutdown after 30 years of operation.

Transport calculations to account for neutron scattering effects In the cavity
have been completed. The DOTIV discrete ordinates transport computer code was
used with an R-0 geometry model. An S. angular quadrature wes used «ith a 51
energy group neutron cross-section llbpary and a P, scattering approximation.
The primary result of this analysls was that less Than 20% of the SRFM count
rate Is due to neutron back scatter from the cavity wall and neutron streaming
Into the SRFM assembly.

The experimental verliflication of the SRFM detector operating characteristics
has been completed In the ZPPR critical experimental program. That program
had the following obJectives: (1) to demonstrate the valldlity (similltude) of
the ZPPR mockup to CRBRP and (2) the Interpretabl|ity of the SRFM signal In
both the Inltial load-to-critical phase and In the fully loaded phase. The
ZPPR Englneering Mockup Critical experiment mocked up the entlre CRBRP core
out through the second row of removable radlal shleld assemblles and a 30
degree sector mockup out through one SRFM graphlte moderator biock. These
exper Iments have been analyzed by ORNL and the results compared wl!th CRBRP.
The same nuclear cross-section data set was employed and the analytical
methods were as simllar as practical (2-D discrete ordinates transport methods
In XY geametry for ZPPR and R-0O geametry for CRBRP). The required similltude
and Interpretabl| ity of the ZPPR mockup has been demonstrated. These analyses
are currently documented by ORNL and wll| be subsequently Issued.

Calculations of the radiation environment In the ZPPR critical experiment
mockup have been performed. The caiculation-to-experiment comparison for the
radlal flux distribution was very good. The C/E factors varled fram
approximately 1.06 at the Inner edge of the removable radial shield assemblles
to approximately 0.80 at the SRFM detector location In the mockup of *he
graph|te moderator block.
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Transport calculations of the radiation environment at the SRFM detectors for
the actual CRBR conflguration have been completed. The actual design analysis
Is described In the response to the first part of this question.
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