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Table 2.2.15-1
IEEE Std. 603 Criterion System Applicability Matrix (V®
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6.6 and
19 7.4 R|c|lc|c|CcC|C|R|R]JC|]C|]C|]C|]Cc|c|c|cC|C|R|R
6.7, 7.5
2 | Jags3 |R|lc|clc|c|c|R|R|c|lc|c|lclc|lc|c|c|CcC|RI|R
21 6.8 R|c|c|c|Cc|Cc|R|R|C|C|Cc|c|c|c|Cc|C|C|R|R
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23 8.2 R|c|c|Cc|CcC|C|R|R|JC|]C|]C|]C|]Cc|c|c|CcC|C|R|R
Notes:

@

R means the IEEE Std. 603 criterion compliance report(s) for the indicated software project (i.e., RTIF, NMS, SSLC/ESF, VB Isolation

2

Function, and ATWS/SLC) include(s) the associated parts of the functional systems marked with a C or string of Cs, if any, immediately to

the right of the R. C means compliance with the TEEE Std. 603 criterion is documented by one or more reports written against the first

software project marked with an R, to the left of the C(s). For example, the report(s) for the RTIF software project will demonstrate

compliance to IEEE Std. 603 criterion 5.1 for RPS, LD&IS MSIV, CMS-SPTM, NBS. and CRD.

IEEE Std. 603 criteria apply only to the safety-related portions of the functional systems that perform sense, command, or execute

3

functions.

LD&IS non-MSIV functions control the safety-related actuators (isolation valves and isolation dampers) in the following nonsafety-related

(€3]

systems: RWCU/SDC, FAPCS, EFDS, CIS, CWS, HPNSS, SAS, RBVS, CBVS, FBVS.

CMS (non-SPTM) provides sensor inputs for both LD&IS MSIV and LD&IS non-MSIV functions.

(&)

CBYVS includes the safety-related CB isolation dampers (see Note 3), EFU and CRHAVS. SSLC/ESF platform executes the CRHS function

logic for the safety-related CBVS subsystems, CRHAVS and EFU.
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
la.  The Criterion 4.1 design bases for Inspection of the software projects design | Report(s) exist and conclude that the

the software projects include a list

phase summary BRR will be performed

software projects design phase summary

of design basis events, the
applicable reactor modes of
operation, the initial conditions
requiring protective action, and the
allowable limits of plant conditions
for each such event.

for the identification of the design basis

BRR include a list of design basis events,

events.

{{Design Acceptance Criteria}}

the applicable reactor modes of operation,
the initial conditions requiring protective
action, and the allowable limits of plant
conditions for each such event. {{Design
Acceptance Criteria} }

1b.

The Criterion 4.1 design bases for

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

the as-built software projects
include a list of design basis events,

of the installation phase summary BRR
will be performed for the identification of

built software projects installation phase
summary BRR include a list of design

the applicable reactor modes of
operation, the initial conditions
requiring protective action, and the
allowable limits of plant conditions
for each such event.

the design basis events.

basis events, the applicable reactor modes
of operation, the initial conditions
requiring protective action, and the
allowable limits of plant conditions for
cach such event.
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
2a.  Criterion 4.4, Identification of Inspection of the software projects design | Report(s) exist and conclude that the

variables monitored: The software

phase summary BRR will be performed

software projects design phase summary

projects design bases list:

The variables or combinations of

variables, or both, that are to be
monitored to manually or
automatically, or both, control
each protective action

The analytical limit associated

with each variable
The ranges (normal, abnormal, and

accident conditions) associated
with each variable
The rates of change of these

variables to be accommodated
until proper completion of the
protective action is ensured

for identification of variables.

{¥Design Acceptance Criterial}

BRR identify:

The variables or combinations of

variables, or both, that are to be
monitored to manually or
automatically, or both, control
each protective action

The analytical limit associated

with each variable
The ranges (normal, abnormal, and

accident conditions) associated
with each variable
The rates of change of these

{{Design Acceptance Criterial}

variables to be accommodated
until proper completion of the
protective action is ensured
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
2b.  Criterion 4.4, Identification of Inspection of the software projects Report(s) exist and conclude that the

variables monitored: The as-built
software projects design bases
reconcile any changes to the list of:

The variables or combinations of

variables, or both, that are to be
monitored to manually or
automatically, or both, control
each protective action

The analytical limit associated

with each variable
The ranges (normal, abnormal, and

accident conditions) associated
with each variable
The rates of change of these

variables to be accommodated
until proper completion of the
protective action is ensured

installation phase summary BRR will be

software projects installation phase

performed for identification of variables.

summary BRR identify and comply with

changes, deletions, and additions to:

The variables or combinations of

variables, or both, that are to be
monitored to manually or
automatically, or both, control
each protective action

The analytical limit associated

with each variable
The ranges (normal, abnormal, and

accident conditions) associated
with each variable
The rates of change of these

variables to be accommodated
until proper completion of the
protective action is ensured
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
3a.  Criterion 4.5, Minimum criteria for | Inspection of the software projects design | Report(s) exist and conclude that the

manual initiation and control of
protective actions subsequent to
initiation: The software projects
design bases list:

The points in time and the plant

conditions during which manual
control is allowed.
The justification for permitting

initiation or control subsequent to
initiation solely by manual means.
The range of environmental

conditions imposed upon the
operator during normal, abnormal,
and accident conditions throughout
which the manual operations will

be performed.
The variables that will be

displayed for the operator to use in
taking manual action.

phase summary BRR will be performed

software projects design phase summary

for identification of the minimum criteria

BRR identify:

for manual initiation and control.
{{Design Acceptance Criteria}}

e The points in time and the plant
conditions during which manual
control is allowed.

e The justification for permitting
initiation or control subsequent to
initiation solely by manual means.

e The range of environmental
conditions imposed upon the
operator during normal, abnormal,
and accident conditions throughout
which the manual operations will
be performed.

e The variables that will be
displayed for the operator to use in
taking manual action.

{{Design Acceptance Criterial}
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
3b.  Criterion 4.5, Minimum criteria for | Inspection of the as-built software projects | Report(s) exist and conclude that the as-

manual initiation and control of
protective actions subsequent to
initiation: The as-built software
projects design bases list:

The points in time and the plant

conditions during which manual
control is allowed.
The justification for permitting

initiation or control subsequent to
initiation solely by manual means.
The range of environmental

conditions imposed upon the
operator during normal, abnormal,
and accident conditions throughout
which the manual operations will

be performed.
The variables that will be

displayed for the operator to use in
taking manual action.

installation phase summary BRR will be

built software projects installation phase

performed for identification of the

minimum criteria for manual initiation

and control.

summary BRR identify and comply with

applicable changes, deletions, and

additions to:

The points in time and the plant

conditions during which manual
control is allowed.
The justification for permitting

initiation or control subsequent to
initiation solely by manual means.
The range of environmental

conditions imposed upon the
operator during normal, abnormal,
and accident conditions throughout
which the manual operations will

be performed.
The variables that will be

displayed for the operator to use in
taking manual action.
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
4a.  Criterion 4.6, Identification of the Inspection of the software projects design | Report(s) exist and conclude that the

minimum number and location of

phase summary BRR will be performed

software projects design phase summary

sensors: The software projects
design bases list the minimum
number and locations of sensors for
those variables that are required to
perform a safety-related function
and have a spatial dependence (i.c.,
where the variable varies as a
function of position in a particular

region).

for the identification of the minimum
number of sensors and locations of
sensors for those variables that have a
spatial dependence.

{{Design Acceptance Criteria}}

BRR identify the minimum number and
locations of sensors for those variables
that are required to perform a safety-
related function and have a spatial
dependence (i.e., where the variable varies
as a function of position in a particular
region).

{{Design Acceptance Criterial}

4b.

Criterion 4.6, Identification of the

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

minimum number and location of

installation phase summary BRR will be

built software projects installation phase

sensors: The as-built software
projects design bases reconcile any
changes to the list of the minimum
number and locations of sensors for
those variables that are required to
perform a safety-related function
and have a spatial dependence (i.€.,
where the variable varies as a
function of position in a particular

region).

performed for the identification of the
minimum number of sensors and locations

summary BRR identify and comply with
changes, deletions, and additions to the

of sensors for those variables that have a

applicable minimum number and

spatial dependence.

locations of sensors for those variables
that are required to perform a safety-
related function and have a spatial
dependence (i.c., where the variable varies
as a function of position in a particular

region).
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
S5a.  Criterion 4.7, Range of transient Inspection of the software projects design | Report(s) exist and conclude that the

and steady-state conditions: The
software projects design bases list

phase summary BRR will be performed

software projects design phase summary

for the identification of the range of

the range of transient and steady
state conditions of motive and
control power and the environment
(e.g., voltage, frequency, radiation,
temperature, humidity, pressure,
and vibration) during normal,
abnormal, and accident
circumstances throughout which the
safety-related system is to perform.

transient and steady-state conditions of
motive and control power and the
environment.

{{Design Acceptance Criteria}}

BRR identify the range of transient and
steady state conditions of motive and
control power and the environment (e.g.,
voltage, frequency, radiation, temperature,
humidity, pressure, and vibration) during
normal, abnormal, and accident
circumstances throughout which the
safety-related system will perform.
{{Design Acceptance Criteria}}

5b.

Criterion 4.7, Range of transient

and steady-state conditions: The as-

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

installation phase summary BRR will be

built software projects installation phase

built software projects design bases

performed for the identification of the

reconcile any changes to the list of
the range of transient and steady
state conditions of motive and
control power and the environment
(e.g., voltage, frequency, radiation,
temperature, humidity, pressure,
and vibration) during normal,
abnormal, and accident
circumstances throughout which the
safety-related system is to perform.

range of transient and steady state
conditions of motive and control power
and the environment.

summary BRR identify and comply with
changes, deletions, and additions to the
applicable range of transient and steady
state conditions of motive and control
power and the environment (e.g., voltage,
frequency, radiation, temperature,
humidity, pressure, and vibration) during
normal, abnormal, and accident
circumstances throughout which the
safety-related system will perform.
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
6a.  Criterion 4.8, Identification of Inspection of the software projects design | Report(s) exist and conclude that the

conditions having the potential for

phase summary BRR will be performed

software projects design phase summary

causing functional degradation of

for the conditions having the potential for

BRR identify the conditions having the

safety-related system’s
performance: The software projects
design bases list the conditions
having the potential to cause
functional degradation of safety-
related system performance.

causing functional degradation of the
safety-related system’s performance.
{{Design Acceptance Criterial}

potential to cause functional degradation
of safety-related system’s performance.
{{Design Acceptance Criterial}

6b.

Criterion 4.8, Identification of

conditions having the potential for

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

installation phase summary BRR will be

built software projects installation phase

causing functional degradation of

performed for the conditions having the

summary BRR confirm that tests

safety-related system’s
performance: The as-built software
projects design bases reconcile any
changes to the list: of the conditions

having the potential to cause
functional degradation of safety-
related system performance.

potential for causing functional
degradation of the safety-related system’s

accounted for the applicable conditions
having the potential to cause functional

performance.

degradation of safety-related system’s
performance.
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ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
7a.  Criterion 4.9, Identification of the Inspection of the software projects design | Report(s) exist and conclude that the

methods used to determine
reliability of the safety system
design: The software projects
design bases list the methods and
any qualitative and quantitative
reliability goals used to assess the
reliability of the safety-related

system design.

phase summary BRR will be performed of

software projects design phase summary

the applicable qualitative and quantitative

BRR identify that appropriate methods

reliability goals.

{{Design Acceptance Criteria}}

and qualitative and quantitative reliability
goals were used to assess the reliability of
the safety-related system design.
{{Design Acceptance Criteria}}

7b.

Criterion 4.9, Identification of the

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

methods used to determine
reliability of the safety system
design: The as-built software
projects design bases reconcile any
changes to the list of the methods
and any qualitative and quantitative
reliability goals used to assess the
reliability of the safety-related

system design.

installation phase summary BRR will be

built software projects installation phase

performed of the applicable qualitative
and quantitative reliability goals.

summary BRR confirm that the applicable
qualitative and quantitative reliability
goals were met.
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
8a.  Criterion 5.1, Single-failure Inspection of the software projects’ design | Report(s) exist and conclude that the

criterion: The software projects
design bases show compliance with

phase summary BRR show that a Failures

software projects design phase summary

Mode and Effects Analysis (FMEA) have

BRR show that a FMEA has been

the single-failure criterion.

been completed.

{{Design Acceptance Criteria}}

completed and show the software
projects’ safety-related functions required
for design basis events can be performed
in the presence of:

e Single detectable failures within
safety-related systems concurrent
with identifiable but non-
detectable failures;

e Failures caused by the single
failure; and

e Failures and spurious system
actions that cause or are caused by
the DBE requiring the safety-
related functions.

{{Design Acceptance Criteria}}

8b.

Criterion 5.1, Single-failure

criterion: The as-built software
projects comply with the results of

Inspection of the as-built software
projects’ installation phase summary BRR

Report(s) exist and conclude that the as-
built software projects’ installation phase

will be performed to show that the as-built

summary BRR show that the as-built

the FMEA.

software projects comply with the results

software projects test results confirm the

of the FMEA.

results of the FMEA.
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation
Design Commitment Inspections, Tests, Analyses Acceptance Criteria
9al. Criteria 5.2 and 7.3, Completion of | Inspections of the software projects design | Report(s) exist and conclude that the

Protective Actions: The software
projects are designed so that once

phase summary BRR verify that the
design show “‘seal-in” features that are

initiated (automatically or
manually), the intended sequences
of safety-related functions of the
execute features continue until

completion.

provided to enable system-level safety-
related functions to go to completion.

{¥Design Acceptance Criterial}

software projects design phase summary
BRR show “‘seal-in” features.

{{Design Acceptance Criterial}

9a2. Criteria 5.2 and 7.3, Completion of | Inspections of the software projects design | Report(s) exist and conclude that the
Protective Actions: The software phase summary BRR verifies that the software projects design phase summary
projects are designed so that after design show “manual reset” features that BRR show “manual reset” features.
completion, deliberate operator are provided to require deliberate { {Design Acceptance Criterial}
action is required to return the operation action to return the safety-
safety-related systems to normal. related systems to normal.

{{Design Acceptance Criteria} }
9bl. Criteria 5.2 and 7.3, Completion of | Inspections of the as-built software Report(s) exist and conclude that the as-

Protective Actions: The as-built
software projects ensure that once

projects installation phase summary BRR

built software projects installation phase

will be performed to show that test show

summary BRR show that once initiated

initiated (automatically or
manually), the intended sequences
of safety-related functions of the
execute features continue until

completion.

that once initiated (automatically and
manually), the intended sequences of
safety-related functions of the “execute
features” continue until completion.

(automatically and manually), the
intended sequences of safety-related
functions of the “execute features”
continue until completion.
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Table 2.2.15-2

ITAAC For IEEE Std. 603 Compliance Confirmation

Design Commitment

Inspections, Tests, Analyses

Acceptance Criteria

9b2. Criteria 5.2 and 7.3, Completion of

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

Protective Actions: The as-built
software projects ensure that after

installation phase summary BRR will be

built software projects installation phase

performed to verify that tests of the

completion, deliberate operator
action is required to return the
safety-related systems to normal.

“manual reset” features have been
completed.

summary BRR show that “manual reset”
features, after completion, return the
safety-related systems to normal.

10al. Criteria 5.6 and 6.3. Independence:

Inspection of the software projects design

Report(s) exist and conclude that the

The software projects have four
independent, redundant divisions.

phase summary BRR will be performed to

software projects design phase summary

verify that the design of the software

projects have four independent, redundant

BRR show that the software projects have
four independent, redundant divisions.

divisions.
{{Design Acceptance Criteria}}

{{Design Acceptance Criterial}

10a2. Criteria 5.6 and 6.3, Independence:

Inspection of the software projects design

Report(s) exist and conclude that the

The software projects’
interdivisional communication
systems have optically isolated
fiber optic communication

pathways.

phase summary BRR will be performed to

software projects design phase summary

verify that the design of the software
projects’ interdivisional communication

BRR show that the software projects’
interdivisional communication systems

systems have optically isolated fiber optic

have optically isolated fiber optic

communication pathways.

{{Design Acceptance Criteria}}

communication pathways.

{{Design Acceptance Criterial}
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Table 2.2.15-2
ITAAC For IEEE Std. 603 Compliance Confirmation

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

10a3. Criteria 5.6 and 6.3, Independence:
The software projects’ safety-
related functions are performed
independently of the existence and
function of any nonsafety-related
component, data, and
communication channel.

Report(s) exist and conclude that the
software projects design phase summary
BRR show that the software projects’
safety-related functions are performed
independently of the existence and
function of any nonsafety-related
component, data, and communication
channel.

Inspection of the software projects design
phase summary BRR will be performed to
verify that the software projects’ safety-
related functions are performed
independently of the existence and
function of any nonsafety-related
component, data, and communication
channel.

{{Design Acceptance Criteria}} {{Design Acceptance Criterial}

10b1. Criteria 5.6 and 6.3, Independence:
The as-built software projects have
four independent, redundant
divisions.

Report(s) exist and conclude that the as-
built software projects installation phase
summary BRR show that the as-built
software projects have four independent,
redundant divisions.

Inspection of the as-built software projects
installation phase summary BRR will be
performed to confirm that tests have been
performed to show that the software
projects have four independent, redundant
divisions.

10b2. Criteria 5.6 and 6.3, Independence:
The as-built software projects’

Report(s) exist and conclude that the as-
built software projects installation phase

Inspection of the as-built software projects
installation phase summary BRR will be

interdivisional communication
systems have optically isolated
fiber optic communication

pathways.

performed to confirm that tests have been

summary BRR show that the as-built

performed to show that the software
projects’ interdivisional communication

software projects’ interdivisional
communication systems have optically

systems have optically isolated fiber optic

isolated fiber optic communication

communication pathways.

pathways.
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ITAAC For IEEE Std. 603 Compliance Confirmation

Design Commitment

Inspections, Tests, Analyses

Acceptance Criteria

10b3. Criteria 5.6 and 6.3, Independence:

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

The as-built software projects’
safety-related functions are
performed independently of the
existence and function of any
nonsafety-related component, data,
and communication channel.

installation phase summary BRR will be

built software projects installation phase

performed to confirm that tests have been

summary BRR show that the as-built

performed to show that the as-built
software projects’ safety-related functions

software projects’ safety-related functions
are performed independently of the

are performed independently of the
existence and function of any nonsafety-

existence and function of any nonsafety-
related component, data, and

related component, data, and
communication channel.

communication channel.

11a. Criteria 5.7 and 6.5, Capability for

Inspection of the software projects design

Report(s) exist and conclude that the

Test and Calibration: The software

phase summary BRR will be performed to

software projects design phase summary

projects have maintenance bypasses

verify that tests of the maintenance

that allow test and calibration of
one out of four divisions while
retaining their capability to
accomplish their safety-related
functions.

bypasses allows test and calibration of one

BRR show that the maintenance bypasses
allow test and calibration of one out of

out of four divisions while retaining their

four divisions while retaining their

capability to accomplish their safety-
related functions.

{{Design Acceptance Criteria}}

capability to accomplish their safety-
related functions.

{{Design Acceptance Criterial}

11b1. Criteria 5.7 and 6.5, Capability for

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

Test & Calibration: The as-built
software projects’ maintenance
bypasses show that the divisions
not in bypass status will accomplish
their safety-related functions.

installation phase summary BRR will be

built software projects installation phase

performed to confirm that tests have been

summary BRR confirm that test reports

performed to show that the design allows

show that individual functions in each

for tripping and bypass of individual
functions in each safety-related system
division.

safety-related system division can be
tripped and bypassed.
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ITAAC For IEEE Std. 603 Compliance Confirmation

Design Commitment

Inspections, Tests, Analyses

Acceptance Criteria

11b2. Criteria 5.7 and 6.5, Capability for

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

Test & Calibration: The as-built
software projects’ maintenance
bypasses show that when one
division is placed into maintenance
bypass mode, the condition is
alarmed in the MCR and the
division logic automatically
becomes a two-out-of-three voting
scheme.

installation phase summary BRR will be

built software projects installation phase

performed to confirm that tests have been

summary BRR confirm that test reports

performed to show that when one division

show that when one division is placed into

is placed into maintenance bypass mode,

maintenance bypass mode, the condition

the condition is alarmed in the MCR and

is alarmed in the MCR and the division

the division logic automatically becomes a

logic automatically becomes a two-out-of-

two-out-of-three voting scheme.

three voting scheme.

12a. Criterion 5.9, Control of Access:
The software projects are housed

within cabinets with keylock doors,

Inspection of the software projects design

Report(s) exist and conclude that the

phase summary BRR will be performed to

software projects design phase summary

confirm that software projects are housed

BRR show that the software projects are

has kevylock switches, and utilizes

within cabinets with keylock doors, has

passwords that permit
administrative control of access to
safety-related system equipment.

kevylock switches, and utilizes passwords

housed within cabinets with keylock
doors, has keylock switches, and utilizes

that permit administrative control of
access to safety-related system equipment.

passwords that permit administrative
control of access to safety-related system

{{Design Acceptance Criterial}

equipment.
{{Design Acceptance Criterial}
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Design Commitment Inspections, Tests, Analyses Acceptance Criteria
12b. Criterion 5.9, Control of Inspection of the as-built software projects | Report(s) exist and conclude that the as-

Access: The as-built software
projects are housed within cabinets

installation phase summary BRR will be

built software projects installation phase

performed to confirm that tests show the

summary BRR confirm the operation of

with keylock doors, has keylock
switches, and utilizes passwords
that permit administrative control of
access to safety-related system

equipment.

operation of the keylock doors, keylock
switches, and passwords.

the kevylock doors, keylock switches, and
passwords.

13a. Criterion 5.10, Repair, The software | Inspection of the software projects design | Report(s) exist and conclude that the
projects have self-diagnostic phase summary BRR will be performed of | software projects design phase summary
features that facilitate the timely the self-diagnostic features. BRR confirm that the software projects
recognition, location, replacement, { {Design Acceptance Criterial}. periodic self-diagnostic functions locate
repair, and adjustment of failure to the component level. {{Design
malfunctioning equipment. Acceptance Criteria} }

13b. Criterion 5.10, Repair, The as-built | Inspection of the as-built software projects | Report(s) exist and conclude that the as-
software projects have self- installation phase summary BRR will be built software projects installation phase
diagnostic features that facilitate the | performed of the self-diagnostic features. | summary BRR confirm that test confirm
timely recognition, location, that periodic self-diagnostic functions
replacement, repair, and adjustment locate failure to the component level.
of malfunctioning equipment.

14a. Criterion 5.11, Identification: The Inspection of the software projects design | Report(s) exist and conclude that the

redundant portions of the software

phase summary BRR will be performed to

software projects design phase summary

projects are distinctly identified.

ensure that the software projects’
divisions are distinctly identified.
{{Design Acceptance Criteria}}

BRR confirm that the software projects’
divisions are distinctly identified.
{{Design Acceptance Criteria}}
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14b. Criterion 5.11, Identification: The Inspection of the as-built software projects | Report(s) exist and conclude that the as-

redundant portions of the as-built

installation phase summary BRR will be

built software projects installation phase

software projects are distinctly
identified.

performed to confirm that the redundant

summary BRR confirm that the redundant

portions of the as-installed software
projects are distinctly identified.

portions of the as-installed software
projects are distinctly identified.

15a. Criterion 5.12, Auxiliary Features: Inspection of the software projects design | Report(s) exist and conclude that the
Other auxiliary features cannot phase summary BRR will be performed to | software projects design phase summary
degrade the software projects’ confirm that the Criterion 5.1 FMEA BRR show that the designs of other
performance below an acceptable verifies that the designs of other auxiliary | auxiliary features of the software projects
level. features of the software projects do not do not have failure modes that can
have failure modes that can degrade the degrade the software projects’
software projects’ performance below an performance below an acceptable level.
acceptable level. {{Design Acceptance Criteria}}
{{Design Acceptance Criteria} }
15b. Criterion 5.12, Auxiliary Features: Inspection of the as-built software Report(s) exist and conclude that the as-
Other auxiliary features cannot projects’ installation phase summary BRR | built software projects’ installation phase
degrade the as-built software will be performed to show that the as-built | summary BRR show that the as-built
projects’ performance below an software projects comply with the results | software projects test results confirm the
acceptable level. of the FMEA. results of the FMEA.
16a. Criteria 6.1 and 7.1, Automatic Inspection of the software projects’ design | Report(s) exist and conclude that the

Control: The software projects
provides the means to automatically

phase summary BRR will be performed to

software projects desiegn phase summary

verify that the design automatically

initiate and control the required
safety-related functions.

initiates and controls the required safety-

BRR show that the design has the
capability to automatically initiate and

related functions.

{{Design Acceptance Criterial}

control the required safety-related
functions.

{{Design Acceptance Criterial}
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Design Commitment

Inspections, Tests, Analyses

Acceptance Criteria

16b. Criteria 6.1 and 7.1, Automatic
Control: The as-built software
projects provide the means to
automatically initiate and control
the required safety-related
functions.

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

installation phase summary BRR will be

built software projects installation phase

performed to confirm that tests of the as-

summary BRR confirm that tests of the

built software projects using simulated
signals and actuators automatically
initiates and controls the required safety-

as-built software projects using simulated
signals and actuators automatically
initiates and controls the required safety-

related functions.

related functions.

17a. Criteria 6.2 and 7.2, Manual Inspection of the software projects design | Report(s) exist and conclude that the
Control: The software projects have | phase summary BRR will be performed to | software projects design phase summary
features in the main control room to | verify that they show main control room BRR show main control room features
manually initiate and control the features that are capable of manually that are capable of manually initiating and
automatically initiated safety- initiating and controlling automatically controlling automatically initiated safety-
related functions at the division initiated safety-related functions at the related functions at the division level.
level. division level. {{Design Acceptance Criteria}}

{{Design Acceptance Criteria} }
17b. Criteria 6.2 and 7.2, Manual Inspection of the as-built software projects | Report(s) exist and conclude that the as-

Control: The as-built software
projects have features in the main

installation phase summary BRR will be

built software projects installation phase

performed to confirm that tests were

control room to manually initiate
and control the automatically
initiated safety-related functions at
the division level.

performed to demonstrate that the as-built

summary BRR confirm that tests of the
as-built software projects using simulated

software projects have main control room

signals and actuators show that the main

features that manually initiate and control

control room features manually initiate

automatically initiated safety-related
functions at the division level.

and control automatically initiated safety-
related functions at the division level.
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18a. Criterion 6.4, Derivation of System | Inspection of the software projects design | Report(s) exist and conclude that the

Inputs: Sense and command feature

phase summary BRR will be performed to

software projects design phase summary

inputs for the software projects are

ensure that the sense and command

derived from signals that are direct

feature inputs for the software projects are

BRR show that the sense and command
feature inputs for the software projects are

measures of the desired variables
specified in the design bases.

derived from signals that are direct
measures of the desired variables specified

derived from signals that are direct
measures of the desired variables

in the design bases.

{¥Design Acceptance Criterial}

specified in the design bases.

{{Design Acceptance Criterial}

18b. Criterion 6.4, Derivation of System | Inspection of the as-built software projects | Report(s) exist and conclude that the as-
Inputs: Sense and command feature | installation phase summary BRR will be built software projects installation phase
inputs for the as-built software performed to confirm that the sense and summary BRR confirm that the sense and
projects are derived from signals command feature inputs for the as-built command feature inputs for the as-built
that are direct measures of the software projects are derived from signals | software projects are derived from signals
desired variables specified in the that are direct measures of the desired that are direct measures of the desired
design bases. variables specified in the design bases. variables specified in the design bases.

19al. Criteria 6.6 and 7.4, Operating Inspections of the software projects design | Report(s) exist and conclude that the

Bypasses: The software projects
automatically prevent the activation

phase summary BRR will be performed to

software projects design phase summary

verify that the systems are capable of

of an operating bypass, whenever
the applicable permissive
conditions for an operating bypass
are not met.

automatically preventing the activation of

BRR confirm that the systems are capable
of automatically preventing the activation

an operating bypass, whenever the
applicable permissive conditions for an
operating bypass are not met.

{{Design Acceptance Criteria}}

of an operating bypass, whenever the
applicable permissive conditions for an
operating bypass are not met.

{{Design Acceptance Criterial}
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19a2. Criteria 6.6 and 7.4, Operating Inspection of the software projects design | Report(s) exist and conclude that the

Bypasses: The software projects
automatically removes activated
operating bypasses, if the plant
conditions change so that an
activated operating bypass is no
longer permissible.

phase summary BRR will be performed to

software projects design phase summary

verify that they show removal of activated

BRR confirm that the systems are

operating bypasses, if the plant conditions

removing activated operating bypasses, if

change so that an activated operating
bypass is no longer permissible.

{{Design Acceptance Criteria}}

the plant conditions change so that an
activated operating bypass is no longer
permissible.

{{Design Acceptance Criteria} !

19bl.

Criteria 6.6 and 7.4, Operating

Bypasses: The as-built software
projects automatically prevent the

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

installation phase summary BRR will be

built software projects installation phase

performed to confirm test results

activation of an operating bypass,
whenever the applicable permissive
conditions for an operating bypass
are not met.

demonstrate that the software projects
automatically prevent the activation of an

summary BRR confirm that test results
demonstrate that the software projects
automatically prevent the activation of an

operating bypass, whenever the applicable

operating bypass, whenever the applicable

permissive conditions for an operating
bypass are not met.

permissive conditions for an operating
bypass are not met.

19b2.

Criteria 6.6 and 7.4, Operating

Bypasses: The as-built software
projects show that they
automatically removes activated
operating bypasses, if the plant
conditions change so that an
activated operating bypass is no
longer permissible.

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

installation phase summary BRR will be

built software projects installation phase

performed to confirm test results
demonstrate that the as-built software
projects automatically remove activated

summary BRR confirm that test results
demonstrate that the as-built software
projects automatically remove activated

operating bypasses, if the plant conditions

operating bypasses, if the plant conditions

change so that an activated operating
bypass is no longer permissible.

change so that an activated operating
bypass is no longer permissible.
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20a. Criteria 6.7, 7.5, and 8.3 Inspections of the software projects design | Report(s) exist and conclude that the

Maintenance Bypasses: The
software projects are capable of
performing their safety-related
functions, when one division is in
maintenance bypass.

phase summary BRR will be performed to

software projects design phase summary

verify that they are capable of performing

BRR show that they are capable of

their safety-related functions, when one
division is in maintenance bypass.

{¥Design Acceptance Criterial}

performing their safety-related functions,
when one division is in maintenance
bypass.

{{Design Acceptance Criterial}

20bl.

Criteria 6.7, 7.5, and 8.3,

Maintenance Bypasses: The as-built

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

installation phase summary BRR will be

built software projects installation phase

software projects ensure that they

performed to confirm that tests

are capable of performing their
safety-related functions, when one
division is in maintenance bypass.

demonstrate that they perform their safety-

summary BRR confirm that test results
demonstrate that they perform their

related functions, when one division is in

safety-related functions, when one

maintenance bypass.

division is in maintenance bypass.

20b2.

Criteria 6.7, 7.5, and 8.3,

Maintenance Bypasses: The as-built

Inspection of the as-built software projects

Report(s) exist and conclude that the as-

installation phase summary BRR will be

built software projects installation phase

software projects ensure that they

performed to confirm that tests

are capable of performing their
safety-related functions, when one
power supply division is in
maintenance bypass.

demonstrate that they perform their safety-

summary BRR confirm that test results
demonstrate that they perform their

related functions, when one power supply

safety-related functions, when one power

division is in maintenance bypass.

supply division is in maintenance bypass.

2la.

Criterion 6.8, Setpoint: The

software projects’. setpoints for
safety-related functions are defined,

Inspection of the software projects design

Report(s) exist and conclude that the

phase summary BRR will be performed to

software projects design phase summary

verify that a defined setpoint methodology

BRR show that a defined setpoint

determined and implemented based
on a defined setpoint methodology.

exists.
{¥Design Acceptance Criterial}

methodology exists.

{{Design Acceptance Criterial}l
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Design Commitment

Inspections, Tests, Analyses

Acceptance Criteria

21b. Criterion 6.8, Setpoint: Any
changes to the setpoints have been

Inspection of the installation phase
summary BRR setpoint analyses for the

Report(s) exist and conclude that the
installation phase summary BRR setpoints

reconciled for the as-built software

as-built software projects will be

projects.

performed to verify that the setpoints for

for safety-related functions for the as-built
software projects were defined,

safety-related functions are defined,
determined and implemented based on a

determined and implemented using a
defined setpoint methodology.

defined setpoint methodology.

22a. Criterion 8.1, Power source Inspection of the software projects design | Report(s) exist and conclude that the
requirements: The software phase summary BRR will be performed to | software projects design phase summary
projects’ electrical components ensure that the software projects’ BRR reference design documents that
receive power from their respective, | electrical components receive power from | show that the software projects’ electrical
divisional, safety-related power their respective, divisional, safety-related | components receive power from their
supplies. power supplies. respective, divisional, safety-related

{{Design Acceptance Criteria} } power supplies.
{{Design Acceptance Criteria}}
22b. Criterion 8.1, Power source Inspection of the as-built software Report(s) exist and conclude that the as-

requirements: The as-built software

projects’ installation phase summary BRR

built software projects’ installation phase

projects’ as-built electrical
components receive power from
their respective, divisional, safety-
related power supplies.

will be performed to confirm that tests
have been performed on the as-built
software projects’ as-built electrical
components by providing test signals in

summary BRR confirm that the as-built
software projects’ as-built electrical
components received test signals from a
safety-related source in the same division.

only one safety-related division at a time.
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23a. Criterion 8.2, Non-electrical Power | Inspection of the software projects design | Report(s) exist and conclude that the

Sources: The software projects’
actuators receive non-electric power

phase summary BRR will be performed to

software projects design phase summary

ensure that safety-related systems and

from safety-related sources.

components that require non-electric
power receive it from safety-related
sources.

{{Design Acceptance Criteria}}

BRR show that safety-related systems and
components that require non-electric
power receive it from safety-related
sources.

{{Design Acceptance Criterial}

23b.

Criterion 8.2, Non-electrical Power

Inspection of the as-built software

Sources: The as-built software
projects’ actuators receive non-
electric power from safety-related

projects’ installation phase summary BRR

Report(s) exist and conclude that the as-
built software projects’ installation phase

will be performed to confirm that tests
have been performed on the as-built

sources.

software projects’ as-built mechanical
installation of the as-built software
projects’ actuators to show that non-
electric power is received from safety-
related sources.

summary BRR confirm that the as-built
software projects’ actuators receive non-
electric power from safety-related sources.
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Design-Commitment Inspections;Tests;-Analyses Aceeptanece-Criteria

¢. Type testls). test{s) and / or ¢. Type testls). test{s) and / or
anabysistes)wilb-be performed-to analysis(es) report(s) conclude(s) that
S ; . : Hles | i

loetrical and L C od | |
mdependence-betweenredundant redundantpertions-ofa-safety—related
portions of a safety-related system. system. between safety-related systems
between-safety-related-systems-and-the and-the-effects-of-a-DBE;-and-between
effects-ofa DBE and betweensafety- salety-related systems and nonsalcty-

related systems and nonsatety-related related cquipment.
equipment:
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*Text sections that are bracketed and italicized with an asterisk following the brackets are

designated as Tier 2*. Prior NRC approval is required to change.

7.1.2 Q-DCIS General Description Summary

The Q-DCIS, which performs the safety-related control and monitoring functions of the DCIS, is
organized into four physically and electrically isolated divisions. The Q-DCIS uses three diverse
platforms: NUMAC for-the{Reactor Trip Isolation Function-Neutron Monitoring System (RTIF-
M—fﬁ-ﬂe&eﬂs T—P&G@N—feHSafetz System Logic and Control/Engineered Safety Features
I. SLC/ESPEI—ﬁbmeHeﬂs andI he independent control platform. The independent control platform
provides |independent logic controllers for the| Anticipated Transient Without Scram/Standby
L1qu1d Control (ATWS/SLC)[and vacuum breaker (VB) isolation function. Each division is
segmented into systems; segmentation allows, but does not require, the systems to operate
independently of each other. The Q-DCIS major cabinets, systems, and functions are:

o Reactor Trip-and-IselationFunetion(RTIF) cabinets_contain equipment for both the RTIF

platform and the independent control platform. These cabinets include the following

systems and functions:

— RTIF Platform Systems and Functions

= Reactor Protection System (RPS) (Refer to Subsection 7.2.1);;

=  Main Steam Isolation Valve (MSIV) functions of the Leak Detection and
Isolation System (LD&IS) (Refer to Subsection 7.3.3);; and

»  Suppression Pool Temperature Monitoring (SPTM)|subsystem-function pf the
Containment Monitoring System (CMS) (Refer to Subsection 7.2.3).;-and

— Independent Control Platform Systems and Functions

= VB isolation function of the containment system (Refer to Subsection 7.3.6):- and

= ATWS/SLC functions (Refer to Subsection 7.4.1 and 7.8.1).

o NeutronMeonitering System(NMS) (Refer to Subsection 7.2.2) which includes:
— Startup Range Neutron Monitor (SRNM) functions and

— Power Range Neutron Monitor (PRNM) functions that include:
= Local Power Range Monitor (LPRM) functions,
= Average Power Range Monitor (APRM) functions, and
= Oscillation Power Range Monitor (OPRM) functions.
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SSLC/ESF protection systems are designed so that no safety-related function depends on the
existence or function of any nonsafety-related component, data, or communication channel.

The Q-DCIS uses RMUs for data acquisition for the RTIF, NMS, and SSLC/ESF protection
systems and for safety-related displays in the MCR and Remote Shutdown System (RSS). These
data acquisition units are either distributed within the division or reside in specific chassis and
are not dedicated to specific RTIF, NMS, or SSLC/ESF systems (for example, GDCS, ICS, and
ADS).

For added reliability and diversity, the architecture of the RTIF and NMS protection systems is
different from the architecture of the SSLC/ESF protection system (refer to Figure 7.1-3 and
Figure 7.1-4). These systems operate automatically under normal conditions, without operator
input.

The RTIF and NMS status is monitored on the divisional Q-DCIS safety-related MCR and RSS

VDUs that are connected to the SSLC/ESF (the N-DCIS VDUs also have the capability to
independently monitor the RTIF and NMS statuses but only after appropriate isolation and with
no capability to control the Q-DCIS). The RTIF and NMS process data are sent per division
through the required safety-related isolation and via a one-way dedicated communication path
(datalink and gateway if necessary) for display on the corresponding divisional safety-related
VDU. The RTIF, NMS, and SSLC/ESF operate independently of the VDUs, they continue to
perform their safety-related functions if there is a failure of the VDU network and the VDUs
have no capability to control the RTIF or the NMS. Safety-related VDUs are provided in the
MCR and at the RSS and operate independently of one another. The safety-related VDUs
provide data display capability for the RTIF, NMS, and SSLC/ESF safety-related systems but
manual control capability only for the SSLC/ESF safety-related systems in the same division as
the safety-related VDU, all in a Human Factors Engineering (HFE) approved format.

The divisional Q-DCIS components outside of the MCR are located in physically separate DCIS
divisional rooms or compartments in the Reactor Building (RB) and Control Building (CB) that
have appropriate fire barriers between them.

The divisional Q-DCIS components are powered by redundant, independent, and separated
uninterruptible power supplies (UPS) dedicated to their division with battery backup (per
division) for at least 72 hours. After 72 hours, the Q-DCIS can operate continuously on power
from diesel generators or from off-site power (Refer to Chapter 8 for additional information
about the power sources for the isolation load centers and safety-related uninterruptible AC
power).

The Q-DCIS provides self-diagnostics that monitor communication, power, and processors to the
replaceable card, module, or chassis level. Process diagnostics include system alarms and the

capability to identify sensor failures. Process and self-diagnostic system alarms are provided to
the MCR.

7.1.2.1 Q-DCIS Safety-Related Design Bases Summary

The safety-related design bases applicable to the Q-DCIS are found in IEEE Std. 603,
Sections 4.1, 4.2, 4.5, 4.8, and 4.10. They specifically address reading signals, performing signal
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e Provide secure data communication to all authorized external systems, including the
technical support center (TSC), the emergency operating facility (EOF), and the
emergency response data system (ERDS).

e Provide gateway interfaces to control and logic processing equipment supplied by parties
other than the primary N-DCIS equipment supplier;

e Perform various PCF that include calculations, displays, and alarms;
e Provide for report generation; and

e Provide for a Plant Configuration Database (PCD).

7.1.4.3 N-DCIS Safety Evaluation Summary

The N-DCIS is used as the primary control, monitoring, and data communication system with
power production applications. The N-DCIS is not required for safety-related purposes, nor is its
operability required during or after any DBE. The system is required to operate in the normal
plant environment and is relied on for data communications and power production applications.
The N-DCIS provides an isolated alternate path for safety-related data to be presented to the
plant operators. The N-DCIS network that supports the dual/triple, fault-tolerant digital
controllers and communication scheme is diverse from the Q-DCIS network design in both
hardware and software.

The N-DCIS equipment is located throughout the plant and is subject to the environment of each
area. RMUs are typically located throughout the plant and auxiliary buildings. Computer
equipment and peripherals are typically located mainly in the CB (MCR and Back Panel areas),
Radwaste Building, TSC, EOF, and other auxiliary buildings.

The N-DCIS panels and components are designed to maintain structural integrity, during and
after a DBE, and do not prevent any safety-related equipment in their area from performing its
safety-related function.

Table 7.1-1 identifies the Q-DCIS systems and N-DCIS segments and the associated codes and ||

standards applied, in accordance with the SRP. The following subsection summarizes N-DCIS
conformance to regulatory requirements, guidelines, and industry standards.
7.1.4.4 N-DCIS Regulatory Requirements Conformance Summary

As shown in Table 7.1-1 and/or described in Subsection 7.1.6 the N-DCIS meets applicable
portions of: .

e 10 CFR 50.55a(a)(1);

e 10 CFR 50.34(H)(2)(1i)[L.D.1];

e 10 CFR 50.34(H(2)av)[L.D.2];

e 10 CFR 50.34(H(2)(W)[1.D.3];
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10 CFR 50.34(H)(2)(xv)[1L.E.4.4];

10 CFR 50.34(H)(2)(xvi)[ILF.1];

10 CFR 50.34(f)(2)(xviii)[IL.F.2]:

10 CFR 50.34(H(2)(xix)[IL.F.3];

10 CFR 50.34(H(2)(xx1)[1L.K.1.22];

10 CFR 50.34(H)(2)(xxiv)[11.K.3.23];

10 CFR 50.34(H)(2)(xxvi)[1II.D.1.1];

10 CFR 50.34(£)(2)(xxvii)[111.D.3.3];

10 CFR 50.49;

10 CFR 50.62;

10 CFR 52.47(a)(21);

10 CFR 52.47(b)(1);

10 CFR 52.47,

IEEE Std. 7-4.3.2, 338, 497, 518, 603, 828, 829, 830, 1008, 1012, 1028, 1050, 1074;

ANSI/ISA S67.02.01 (RG 1.151) and S67.04.01 (RG 1.105);

GDC 1,2, 4,12, 13, 19, and-24, 25, 26, 27, 28, 29, 33, 38, 41, 42, 43, 63, and 64;

SRM I1.Q and II.T on SECY 93-087;

RGs 1.89, 1.97, 1.100, 1.105, 1.152, 1.168, 1.169, 1.170, 1.171, 1.172, 1.173, 1.180, and
1+2041.209; and

BTPs HICB-1, 10, H542:34:-16, and +718-19;-and 2+

7.1.4.5 N-DCIS Testing and Inspection Requirements Summary

The N-DCIS components and critical components of interfacing systems are tested to ensure that
the specified performance requirements are satisfied. Factory, construction, and preoperational
testing of the N-DCIS elements are performed before fuel loading and startup testing to ensure
that the system functions as designed and that actual system performance is within specified
criteria.

The N-DCIS controllers, displays, monitoring and input and output communication interfaces
function continuously during normal power operation. Abnormal operation of these components
can be detected during plant operation. In addition, the controllers are equipped with on-line
diagnostic capabilities to identify and isolate failure of I/O signals, buses, power supplies,
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processors, and inter-processor communications. These on-line diagnostics can be performed
without interrupting the normal operation of the N-DCIS.

7.1.4.6 N-DCIS Operator Interface Requirements Summary

The N-DCIS VDUs allow operator control and monitoring of the N-DCIS systems. However,
they allow only monitoring of safety-related system data, through appropriate isolation. The
VDUs are also segmented so that the network segments can be monitored and controlled
independently. During normal operation the segments are not apparent to the operators. The
N-DCIS supplies alarm and annunciation information to the operator and a permanent overview
mimic display for important plant information.

7.1.4.7 N-DCIS System Boundaries

The N-DCIS includes no Q-DCIS components. The N-DCIS does not include the sensors or the
sensor wiring to the RMUs or the RMU output wiring to the actuators.

7.1.4.8 N-DCIS Major Systems Description Summary

The N-DCIS systems and components are nonsafety-related entities of the DCIS. The N-DCIS
major system summary descriptions follow.

7.1.4.8.1 GENE Systems Description Summary

The GENE network segment comprises of workstations, triple-redundant controllers, and dual-
redundant controllers, that execute the following functionssystems-nelade:

e  Workstations:: ; ’ ha
|  Lismits, for 4l :

— 3D MONICORE, and

— SPDS.
. Dual Redundant ControllersSy%%ems—eh&t—eeﬂ&el—&%i—mmmer—emmel—mdﬁa&eﬁe&

— RC&IS (includes RSPC, RAPI, FCM),

ATILM

— Rod worth minimizer (RWM), and

— Sienal interface unit (SIU).

e Triple-Redundant ControllersFhe—logie—for—the—Safety—Parameter—Display—System
SPBS);:

DPS
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— Steam Bypass and Pressure Control (SB&PC),

— Feedwater Control System,

— Feedwater Temperature Control System, and

— Turbine-Generator Control System.

7.1.4.8.2 Plant Investment Protection Systems (Train A and Train B) Description Summary

FheN-DCIS—fer Tthe Plant Investment Protection (PIP) network segment comprises two
channels (A and B) of dual-redundant controllers that execute the following functions:systess

e S T e

Control Rod Drive (CRD) System,

Reactor Water Cleanup and Shutdown Cooling (RWCU/SDC) System,

FAPCS,

Nonsafety-related RSS .,

Reactor Component Cooling Water System (RCCWS),
Plant Service Water System (PSWS),

PSWS cooling towers,

Nuclear Island Chilled Water System (NICWS),
Drywell cooling nonsafety-related electrical systems,

Instrument Air System (IAS),

Nonsafety-related post accident monitoring (PAM) systems,

Nonsafety-related LD&IS systems,

PCCS Ventilation Fans,

Ancillary and standby diesel generators,

6.9 KV plant electrical power system,
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e Low voltage electrical system, and

e Nonsafety-related Uninterruptible-powersupplies{UPS)}-and
HMCER-and RSSpanel-displays-
The N-DCIS segments in PIP A and PIP B allow for operator control and monitoring from the

MCR nonsafety-related VDUs and the RSS VDUs. The A and B segments can operate
independently of one another.

During loss of offsite power events, the N-DCIS for PIP A and PIP B is powered by its
respective nonsafety-related batteries for two hours and then by diesel generators and can
therefore operate without offsite power.

7.1.4.8.3 Balance Of Plant Systems Description Summary

The balance of plant (BOP) network segments comprise a single channel of dual-redundant

controllers that execute the following functlons provide-the Jouie tor svstemsivobvedm-power

o The PASPlantautomationTurbine auxiliary;

o The SB&PCSystemGenerator auxiliary controller;

o The turbine-andgeneratorElectrical system main transformer/Unit Auxiliary Transformer
(UAT) controller;

o ThemMain condenser and-normalheatsinkcontroller;

G%Nomal heat sink controller;

e The—Condensate—and—/Feedwater System—(E&ESFW)/drains/extraction controller,
including extraction and level control; and

o Vendor-furnished BOP-systemsWater systems controller;:

e Service air/containment inerting/floor drains controller; and

e  Miscellaneous HVAC controller.

Segments in the BOP systems allow for operator control and monitoring from the MCR
nonsafety-related VDUs.
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7.1.4.8.4 Plant Computer Functions Description Summary

The PCF provide:

Performance monitoring and control (PMC) functions, prediction calculations, visual
display control, point log and alarm processing, surveillance test support, and automation;

Core thermal power/flow calculations;

The plant Alarm Management System (AMS) that alerts the operator to process
deviations and equipment/instrument malfunctions;

Fire Protection System (FPS) data through datalinks and gateways (if necessary);
The Historian function, that stores data for later analysis and trending;
Control of the main mimic on the MCR Wide Display Panel (WDP);

Support functions for printers and the secure data communications to the TSC, EOF,
ERDS, and potential links to the Simulator;

Online procedures (OLP) to guide the operator during normal and abnormal operations,
and to verify and record compliance;

Transient recording;

Nonsafety-related PAM displays;

CMCR and RSS VDUs:

Report generators to allow the operator, technician, or engineer to create historical or real
time reports for performance analysis and maintenance activities;

The Plant Configuration Database (PCD) to document, manage, and configure

components of the N-DCIS;

Gateways to vendor-supplied nonsafety-related systems such as seismic, meteorological,
and radiation monitoring; and

Nonsafety-related process and area radiation monitoring.

PCF information display and control capability are provided by nonsafety-related VDUs

in the MCR and RSS panels.

7.1.4.8.5 Nonsegment-Based Equipment

Equipment shared among segments are listed below:

Nonsafety-related VDU/MCRP:

e (Gateways;

Datalinks: and
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e Safety Parameter Display System (SPDS) logic.

7.1.5 N-DCIS Specifics

The N-DCIS data communication systems are embedded in the DCIS that performs the data
communication functions that are part of and support the nonsafety-related systems described in
Sections 7.2 through 7.8 and support the Q-DCIS to N-DCIS communications for the safety-
related systems described in Sections 7.2 through 7.8. A simplified network functional netwerk }
diagram of the DCIS appears as part-of-Figure 7.1-12, whieh-and indicates the elements of the
N-DCIS and the Q-DCIS.

The N-DCIS architecture, its relationships, and its acceptance criteria are further described in
this subsection.

7.1.5.1 N-DCIS Design Bases

7.1.5.1.1 N-DCIS Safety-Related Design Bases

The N-DCIS does not perform or ensure any safety-related function. It is classified as a
nonsafety-related system, and has no safety-related design basis.

7.1.5.1.2 N-DCIS Nonsafety-Related Design Bases

The N-DCIS is used as the primary control, monitoring, and data communication system for
power production applications. The design bases for the N-DCIS include the requirements to:

e Segment the N-DCIS display and control of the two PIP Systems (A&B) and the BOP
systems so they can operate independently of one other;

e Segment the major reactor control systems (FWCS, SB&PC System, TGCS and PAS) so
they can operate independently of one another and from the DPS;

e Perform closed loop control and system logic independently of the MCR VDUs and
Ethernet networks. Operability of the RSS panels, and their VDUs is independent of the
operation or existence of the MCR displays;

e Ensure that no single failure of an N-DCIS component affects power generation;

e Provide a communication path for nonsafety-related data gathered and distributed
throughout the plant, including datalink interfaces to control systems. The
communication paths are redundant and include both the “native” control systems and
“foreign”, vendor supplied or prepackaged control systems (condensate purification,
offgas, radwaste, area radiation monitoring, and meteorological monitoring, for
example);

e Reliably transfer to or from the plant areas, in digital format, analog or binary
information that has been collected and digitized from nonsafety-related RMUs. The
signals to the RMUs include transmitters, contact closures and other sensors or process |
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The N-DCIS equipment is located throughout the plant and is subject to the environment of each
area. Specifically:

e RMUs are located throughout the plant and auxiliary buildings; and

e Computer equipment and peripherals are located mainly in the CB in the MCR and Back
Panel areas. They are also located in other areas such as the EOF, Radwaste Building,
TSC, Auxiliary Fuel Building, Auxiliary Fuel Building roof area, or alternate building
designations specific to the plant design.

The N-DCIS panels and components are designed to retain their structural integrity during and
after DBEs so that proximate safety-related equipment is not prevented from performing its
safety-related function.

Table 7.1-1 identifies the N-DCIS elements and the associated regulatory requirements,

guidelines, and codes and standards applied. The N-DCIS major subsystems are summarized in
Subsection 7.1.4.8. The following subsections address 1&C systems conformance to regulatory

requirements, guidelines, and industry standards.

General DCIS conformance to regulatory requirements, guidelines, and industry standards is also
addressed in Subsection 7.1.6.

7.1.5.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety, and 10 CFR 50.55a(h)
Protection and Safety Systems, compliance with IEEE Std. 603:

e Conformance: The N-DCIS design complies with the above requirements.

10 CFR 50.34(£)(2)(111)[1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)(iv)[1.D.2], Safety parameter display system:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)(v)[1.D.3], Bypass and Inoperable Status Indication:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(DH)(2)(xv)[11.E.4.4], Purge System Isolation Under Accident Conditions:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)(xvi)[IL.F.1], Accident Monitoring Instrumentation:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)(xvii)[I1.F.2]. Inadequate Core Cooling Instrumentation:

e Conformance: The N-DCIS design conforms to these requirements.
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10 CFR 50.34(H)(2)(xix)[1I.F.3], Instrumentation for Monitoring Plant Conditions Following
Core Damage:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)[11.K.1.22], Auxiliary Heat Removal Systems:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)(xx1v)[11.K.3.23]. Central Reactor Vessel Water Level Recording:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)(xxvi)[1II.D.1.1], Leakage Control and Detection in Design Systems Outside
Containment:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.34(H)(2)(xxvii)[II1.D.3.3], Monitoring of In-plant Airborne Radioactivity:

e Conformance: The N-DCIS design conforms to these requirements.

10 CFR 50.49. Environmental Qualifications of Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The N-DCIS design conforms to these requirements. See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

10 CFR 50.62. Requirements for Reduction of Risk from Anticipated Transients Without Scram
(ATWS) Events for Light-Water-Cooled Nuclear Power Plants:

e Conformance: The design has ATWS mitigation functions, as described in Section 7.8.

10 CFR 52.47(a)tH6w)(21), Resolution of Unresolved and Generic Safety-Related Issues:

e Conformance: The N-DCIS is nonsafety-related. Resolution of unresolved and generic
safety issues is discussed in Section 1.11.

10 CFR 52.47¢a)}He+)(b)(1), ITAAC in Design Certification Applications:

e Conformance: Inspection, Test, Analyses, and Acceptance Criteria (ITAAC) for the
N-DCIS are identified in Tier 1.

10 CFR 52.47(a)H)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:

e Conformance: The level of detail provided within the DCD conforms to this regulation.

10 CFR 52.47 (¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The 1&C design does not use innovative means for accomplishing safety
functions.
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7.1.5.3.2 General Design Criteria

GDC 1, 2,4,12, 13, 19, and-24, 25, 26, 27, 28, 29, 33, 38, 41, 42. 43, and 64:

e Conformance: The N-DCIS design conforms to these GDCs. Refer to Subsections 3.1.2
and 3.1.3 for a general discussion of each GDC.

7.1.5.3.3 Staff Requirements Memorandum

SRM, SECY-93-087, Item II.Q, Defense Against Common Mode Failures in Digital
Instrumentation and Control Systems:

e Conformance: SRM on SECY 93-087, II.Q, states that if a postulated common mode
failure could disable a safety function, then a diverse means, with a documented basis
that the diverse means is unlikely to be subject to the same common-mode failure, shall
be required to perform either the same function or a different function. The diverse or
different function may be performed by a non-safety system if the system is of sufficient
quality to perform the necessary function under the associated event conditions.

The N-DCIS provides diverse functionality via the DPS and associated interface systems.
The nonsafety-related portions of the systems that conform to this guidance are: further
discussed in Section 7.8 and in Reference 7.1-4.

SRM, SECY-93-087, Item II.T, Control Room Alarm Reliability:

e (Conformance: The N-DCIS AMS follows guidance in the above document for
redundancy, independence, and separation so that the "alarm system" is considered
redundant, has its own redundant processors and uses signals from distributed and
redundant controllers. Alarm points are sent through a dual network to redundant
processors that have dual power feeds. The alarm processors are dedicated, redundant,
and conservatively sized. The alarms can be displayed on multiple independent VDUs,
each with dual power supplies. Alarms are driven by redundant data links to the AMS.
The alarm processors are redundant. There is one horn and one voice speaker. Test
buttons test the horn and the lights.

7.1.5.3.4 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The N-DCIS design conforms to RG 1.97.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:
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e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.151, Instrument Sensing Lines:

e Conformance: RG 1.151 is not applicable to the N-DCIS. The N-DCIS receives signals

from nonsafety-related sensors in various systems in the plant that are supplied byfrem
instrument sensing lines—fremnonsafetyrelated—instrumentation but, the N-DCIS itself

does not contain mstrument sensing lines.

e For details on conformance to the Regulatory Guides listed in subsection 7.1.4.4, refer to
Subsection 7.1.6.4.

e Subsection 7.1.6.4.

RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The N-DCIS design conforms to RG 1.152.

RG 1.153. Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The Q-DCIS conforms to IEEE Std. 603.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The N-DCIS design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The N-DCIS design conforms to RG 1.169.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The N-DCIS design conforms to RG 1.170.

RG 1.171. Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The N-DCIS design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The N-DCIS design conforms to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The N-DCIS design conforms to RG 1.173.

7.1-60



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

RG 1.180. Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems

e Conformance: The N-DCIS design conforms to RG 1.180. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.209., Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

7.1.5.3.5 Branch Technical Positions

BTP HICB-1, Guidance on Isolation of the Low Pressure Systems from the High Pressure
Reactor Coolant System:

e Conformance: The N-DCIS conforms to BTP HICB-1.

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

e Conformance: N-DCIS conforms to BTP HICB-10. Details of design implementation
are discussed in Section 7.5.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail in this subsection (7.1.5) conforms to BTP HICB-16.

From the foregoing analyses, it is concluded that the N-DCIS meets its regulatory and industry
design bases.

BTP HICB-19., Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-
Based Instrumentation and Control Systems:

e Conformance: The nonsafety-related portions of the systems that conform to BTP
HICB-19 are discussed in Section 7.8 and in Reference 7.1-4.

7.1.5.4 N-DCIS Testing and Inspection Requirements

Testing and inspection requirements for N-DCIS systems are presented as specific subsections in
Chapter 7.

Channel check, channel functional test, logic system functional test, channel calibration, and
response time test are required for some N-DCIS systems in support of technical specification

7.1-61



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

surveillance requirements. Stmnilarto-thetests—deseribedfor- Q-DCIS—in-Seetion71+3-4,—+The

N-DCIS online diagnostic features described below support the technical specification
surveillance requirements.

The N-DCIS controllers, displays, monitoring and I/O communication interfaces continuously
function during normal power operation. Abnormal operation of these components is detected
and alarmed. hraddition—simtbarto—the functionahit—olthe-Q-PES—plattorms—deseribed-n
Seetien—7+34-+tThe N-DCIS controllers are equipped with on-line diagnostic capabilities for
cyclically monitoring the operability of I/O signals, buses, power supplies, processors, and inter-
processor communications. On-line diagnostics are performed without interrupting the normal
operation of the N-DCIS.

The N-DCIS components and critical components of interfacing systems are tested to ensure that
the specified performance requirements are satisfied. Factory, construction, and preoperational
testing of the N-DCIS is performed before fuel loading and startup testing to ensure that the
system functions as designed and that tested system performance is within specified criteria.

Like-the- Q-DEIS;—+The N-DCIS interfaces with the TSM for automatic cyclic comparison of
channel outputs and monitoring of unacceptable deviations. The TSM provides a log of the
results, and sends out-of-limits alarms to the AMS.

The N-DCIS uses diverse platforms for implementing nonsafety-related nuclear functions for 3D
MONICORE, RC&IS, AFIP, MRBM, ATLM, and RWM. Self-diagnostic routines with alarms
ensure operability.

e 3D MONICORE monitors the reactor core, by accepting signals from the AFIP and the
LPRMs. The LPRMs are calibrated with respect to the AFIP signals. Failed sensor
inputs are rejected so that they do not contribute to calculations. Subsection 7.1.5.2.4.8
provides a functional description of 3D MONICORE. There are two active redundant
trains, but only one is manually selected by the operator at any time to periodically send
fuel thermal limits information to the two redundant ATLMs. The same information is
also sent to the TSM to support channel check and channel functional test surveillances.

e The MRBM and the AFIP are subsystems of the NMS. AFIP signals are routed to the 3D
MONICORE for calibrating the LPRM. Subsection 7.7.6.2.1 provides a functional
description of the AFIP. The MRBM sends rod block signals to RC&IS to ensure that
fuel thermal safety limits are not violated. Subsections 7.7.6.2.2 and 7.7.2.2.7.4
respectively provide a functional description of the MRBM and the rod block function.

e The ATLM and the RWM have two redundant channels that are subsystems of RC&IS,
which ensures consistency between specific control rod pattern restrictions and the actual
pattern of the rods in the reactor. Subsection 7.7.2 provides a functional description, and
Figure 7.7-2 shows a block diagram of RC&IS.

e The ATLMs receive data from 3D MONICORE through message-authenticated data
links. They interchange data and generate alarms on disagreements. They send rod block
signals to RC&IS to prevent violation of fuel operating thermal limits.
Subsection 7.7.2.2.7.7 provides a functional description of the ATLM. ATLM failure
automatically generates a rod block and an alarm. Only one ATLM can be bypassed at
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e Zinc Injection System (ZNIS), an optional system.

7.1.6 General DCIS Conformance to Regulatory Requirements, Guidelines and Industry

Codes and Standards

Table 7-1 of NUREG 0800 lists the Code of Federal Regulations (CFR); including GDC, SRM,
RGs, and Instrumentation and Controls Branch Memeranda—Technical Positions (HICB) that
provide acceptance criteria or guidelines for each subsection of Chapter 7. Additional
acceptance criteria or guidelines are delineated in the (NUREG-0800) SRP Chapter 7 sections.

The specific regulatory acceptance criteria and guideline requirements applicable to each of these
systems (safety-related or nonsafety-related but significant for plant operation) identified in the

SRP are tabulated in Table 7.1-1. The regulatory requirements and guidelines applicability

matrix for Table 7.1-1 1s followed in Sections 7.2 through 7.8 by a regulatory conformance
discussion for each specific system. The degree of applicability and conformance, along with
any clarifications or justification for exceptions, are presented in the safety evaluation sections

for each specific system. Requirements and guidelines not applicable to the ESBWR design are
delineated in Tables 1.9-7, 1.9-20, and 1A-1. General Q-DCIS and N-DCIS conformance is

discussed 1n the following subsections.

7.1.6.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety;—andt0-CER-50-55ath)
L e S B e
e Conformance: The Q-DCIS and N-DCIS designs complyies with the above

requirements.

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603:

e (Conformance: The Q-DCIS design conforms to IEEE Std. 603.

10 CFR 50.34(f), Conformance to Three Mile Island (TMI) Action Plan Requirements:

o Therespense—to—TMI-—related requirementsmatters—isare generically addressed in
Appendix 1A. Applicable TMI-—-relatedaetion—plan requirements are identified for the
systems in Table 7.1-1. The applicable systems are designed to conform. Hewever;
beeause-of-the-designfeatures;several-oftheseThose TMI-related requirements that are
not applicable_are not included in Table 7.1-1. The relevant TMI-related requirements
that are resolved by the ESBWR Q-DCIS and N-DCIS designFhese are identified as
follows:

—  HK3 35 Iselationof HPCHand RCIC(Furbine Driven);11.LK.3.18 — ADS Actuation.

ADS is designed for automatic operation.

— 1II.LK.3.21 - Automatic Restart of LPCS and LPCIL;.-and_There are no automatic restart
requirements based on the ECCS design.
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The TMI action items applicable to the I&C systems are:

10 CFR 50.34(H)(2)(111)[1.D.1], Human Factors Principles for Control Room Design,

10 CFR 50.34()(2)(iv)[1.D.2], Safety parameter display system, (see
Subsection 7.1.5.2.4.1),

10 CFR 50.34(f)(2)(v)[1.D.3], Bypass and Inoperable Status Indication,

10 CFR 50.34()(2)(vii)[I[.B.3], Compatibility to Promptly Obtain and Analyze
Containment Atmosphere Samples,

10 CFR 50.34(H)(2)(x)[1L.D.1], Relief and Safety Valve Test Requirements,

10 CFR 50.34(OH()(x))[11.D.3], Direct Indication of Relief and Safety Valve Position in
the Control Room,

10 CFR 50.34(H)(2)(xv)[1I.E.4.4]. Purge System Isolation Under Accident Conditions,

10 CFR 50.34(f)(2)(xvii) [ILF.1], Accident Monitoring Instrumentation,
10 CFR 50.34(f)(2)(xviii) [II.F.2], Inadequate Core Cooling Instrumentation,
10 CFR 50.34(f)(2)(xiv) [II.E.4.2], Containment Isolation Systems,

10 CFR 50.34(f)(2)(xix) [II.F.3], Instruments for Monitoring Plant Conditions Following
Core Damage,

10 CFR 50.34(H)(2)[11.K.1.22]. Auxiliary Heat Removal Systems,

10 CFR 50.34(f)(2)(xxiii) [II.K.2.10], Anticipatory Reactor Trip,

10 CFR 50.34(H)(1)(v)[11.K.3.13], HPCI and RCIC Initiation Levels,

10 CFR 50.34(OH(1)(x)[II.K.3.28], Automatic Depressurization System Functioning
During/Following an Accident Situation.

10 CFR 50.34(f)(2)(xxiv) [1I.K.3.23], Central Reactor Vessel Water Level Recording,

10 CFR 50.34(H)(2)(xxvi)[IIL.D.1.1], Leakage Control and Detection in Design Systems
Outside Containment,

10 CFR 50.34(DH)(2)(xxvii)[II1.D.3.3], Monitoring of In-plant Airborne Radioactivity, and

10 CFR 50.34(f)(2)(xxviii)[1I.D.3.4], Control Room Habitability Problems Under Accident
Conditions.

10 CFR 50.44(¢)(4), Combustible Gas Control For Nuclear Power Reactors, Monitoring:

Conformance: The SSLC/ESF and CMS design complies with this requirement.
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10 CFR 50.62, Requirements for Reduction of Risk from Anticipated Transients Without Scram
(ATWS) Events for Light-Water-Cooled Nuclear Power Plants:

e Conformance: The Q-DCIS and N-DCIS design has ATWS mitigation functions, as ||

described in Section 7.8.

10 CFR 50.63, Loss of All Alternating Current Power:

e Conformance: The Q-DCIS design conforms to these standards, as described in Sections
7.2.7.3. and 7.4.

10 CFR 52.47(a)tH6v)-(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in Section
1.11.

10 CFR 52.47¢H+)(b)(1), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)(HA)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a}2);-, Level of Detail:

e Conformance: The level of detail provided within the DCD conforms to this regulation.

10 CFR 52.476)21)(c)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

10 CFR 50.49, Environmental Qualifications of Electric Equipment Important to Safety for
Nuclear Power Plants;

e Conformance: The Q-DCIS systems are designed to meet the equipment qualification
requirements set forth in 10 CFR 50.49. Details are discussed in Section 3.11
7.1.6.2 General Design Criteria
In accordance with Table 7.1-1, the following GDC are addressed for the Q-DCIS:

GDC 1, 2,4,10,12, 13,15, 16, 19, 20, 21, 22, 23, 24, 25, 26, 27, and-29, 30, 33, 34, 35, 37, 41,
43. 44, and 64.

e Conformance: The Q-DCIS design complies with these GDC. Specific conformance of
the 1&C systems themselves is addressed in Sections 7.2 through 7.8.

GDC 1,2.4,12. 13,19, 24, 25, 26, 27, 28, 29, 33, 38, 41, 42, 43 and 64.

e Conformance: The N-DCIS design complies with these GDC. Specific conformance of
the 1&C systems themselves is addressed in Sections 7.2 through 7.8.
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7.1.6.3 Staff Requirements Memorandum

SRM on SECY 93-087 I1.Q, Defense Against Common-Mode Failures in Digital
Instrumentation and Control Systems:

e Conformance: To minimize exposure to common-mode failures, the digital I&C systems
are designed for high reliability, with the application of quality assurance requirements as
specified in 10 CFR 50.55a(a)(1). Additionally, Fthe digital 1&C is designed with
applying principles of defense-in-depth and diversity fer-defense against common mode

failures. Section 7.8 includes the description of the diverse 1&C systems that specifically
addresses the requirements of this SRM.

SRM on SECY 93-087 II.T, Control Room Annunciator/Alarm Reliability:

e Conformance: The AMS follows guidance in the above document for redundancy,
independence, and separation because the "alarm system" is considered redundant.
Alarm points are sent through dual networks to redundant message processors on dual
power supplies. The processors are dedicated to only doing alarm processing. The
alarms are displayed on multiple independent VDUs that each have dual power supplies.
The alarm tiles, or their equivalent, are driven by redundant datalinks (with dual power).
There are redundant alarm processors. There are no alarms that require manually
controlled actions for safety-related systems to accomplish their function. Thus the
requirements for safety-related equipment and circuits are not applicable.

7.1.6.4 Regulatory Guides

A discussion of the general conformance of the [&C equipment to RGs is provided below.

RG 1.22, Periodic Testing of Protection System Actuation Functions:-

e Conformance: Safety-related systems have provision for periodic testing. Proper

functioning of analog sensors is verified by channel cross-comparison and is done
continuously by the PCF. Some actuators and digital sensors, because of their locations,
cannot be fully tested during actual reactor operation. Such equipment is identified and
provisions for meeting the guidance of Paragraph D.4 (per BTP HICB-8) are discussed in
the Safety Evaluation subsections within Sections 7.2 through 7.8.

RG 1.45, Reactor Coolant Pressure Boundary Leakage Detection Systems:

e Conformance: Provisions are made to detect and monitor identified and unidentified
leakage of reactor coolant consistent with the guidance of this RG.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:-

e Conformance: Bypass indications are designed to satisfy the guidance of IEEE Std. 603,

Paragraph 5.8.3, and RG 1.47. The design of the bypass indications allows testing during
normal operation and is used to supplement administrative procedures by providing
indications of safety-related systems status.
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Bypass indications use isolation devices that preclude the possibility of any adverse
electrical effect of the bypass indication circuits on the plant safety-related system.

RG 1.53. Application of the Single-Failure Criterion to Nuclear Power Plant Protection

Systems:-

e Conformance: The safety-related systems are organized into four physically and
electrically-isolated divisions that use the principles of independence and redundancy for
the single failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603,
Section 5.1; additionally, the design meets N-2 conditions. Analyses complying with
IEEE Std. 379 will be used to confirm the safety-related systems designs’ conformance to

the single-failure criterion. destgns-conformto-thesingle-fatlure-eriterionadditionalhy-the
desten-meets N-2conditions:

RG 1.62, Manual Initiation of Protective Actions:s

e Conformance: The applicable 1&C systems are designed to comply with RG 1.62.

Specific conformance of the I&C svstems 1s addressed in Sections 7.2 through
7.4 Manua e e e e emle

RG 1.75, Physical Independence of Electric Systems;-

e Conformance: The safety-related system designs conform to RG 1.75 as described in

Subsections 8.3.1.3 and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electronic Equipment Important to Safety for

Nuclear Power Plants::

e Conformance: The safety-related system design conforms to RG 1.89.

RG 1.97, Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant

Conditions During and Following an Accident:-

e Conformance: The }&C—systemQ-DCIS and N-DCIS areis designed to meet the guidance

of RG 1.97. Details of design implementation are discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power

Plants-:

e Conformance: The Q-DCIS systems are designed to meet the requirements-guidance set

forth in RG 1.100. Details are discussed in Section 3.11.

RG 1.105, Instrument Setpoints for safety-related Systems:=
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Conformance: The &CsystemsQ-DCIS and N-DCIS are consistent with the guidance of

RG 1.105. The applicable analytical or design basis limit (technical specification limit),
as well as the nominal trip setpoint (instrument setpoint) and any “as-found tolerance”
and, “as left tolerance” are provided in separate documentation. These parameters are
appropriately separated from each other based on instrument accuracy, calibration
capability and design drift (estimated) allowance data. The setpoints are within the
instrument best-accuracy range. The established setpoints provide margin to satisfy
safety-related requirements and plant availability objectives.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:-

Conformance: The I&C systems are consistent with the guidance of RG 1.118.

RG 1.151, Instrument Sensing Lines:-

Conformance: The instrument sensing lines are designed to satisfy the guidance of

RG 1.151. These lines are used to perform safety-related and nonsafety-related
functions. There are four redundant, separate sets of instrument lines, each having safety-
related instruments associated with one of the four electrical safety-related divisions. The
RPS logic requires any two-out-of-four trip signals to scram. If a division is bypassed,
the logic is two-out-of-three. Also, emergency core cooling functions are redundant
throughout the four divisions and the feedwater system is designed with triple fault-
tolerant digital controllers (FTDC) that use sensors separate from the safety-related
sensors. Therefore, the systems are designed so that no single failure or two-division
failure can cause a DBE and at the same time, the systems provide mitigating action for
the event. Sections of endorsed standard ANSI/ISA-S67.02.01 on design practices for
tubing, vents, and drains also apply to nonsafety-related instrumentation.

RG 1.152, Computer Software Used in Safety-related Systems:-

Conformance: The guidelines of RG 1.152 are a basis for design procedures established

for programmable digital equipment. As the principleRG for digital computers in safety-
related systems in nuclear power plants, it endorses and refers to IEEE Std. 603 for
specific criteria details. This RG also contains discussions on digital 1&C equipment
common mode failure issues. The concern is related to the possibility that a design error
in the software in redundant divisions of a safety-related system could lead to common
cause or common mode failure of the safety-related system function. It is possible for
conditions to exist where some form of diversity is necessary that provides additional
assurance beyond that which is provided by the design and quality assurance (QA)
programs that incorporate software QA and V&V. The design techniques of functional
diversity, design diversity, diversity in operation, and diversity within the four echelons
of defense-in-depth can be applied as defense against common-cause failures. The
justification for equipment diversity, or for the diversity of related system software such
as a real-time operation system, must extend to equipment components to ensure that
actual diversity exists. Claims for diversity based on different manufacturers are
insufficient without consideration of the above. Other considerations such as functional
and signal diversity, that lead to different software requirements form a stronger basis for
diversity. The following sections are noted in IEEE Std. 7-4.3.2 as specifically addressed
by the NRC in RG 1.152:
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o— [The main text portions of IEEE Std. 7-4.3.2 are similar to those in the 1993 version,
with more extensive requirements incorporated for software development, V&V,
software configuration management, equipment qualification, self-diagnostics,
independence, and reliability. There is no specific detail on diverse method
requirements.

»— |Annex B, "Diversity Requirements Determination® is essentially unchanged from the
1993 version. This annex provides a methodology for determining the need for
diversity. RG 1.152 does not endorse Annex B.

»— |[Annex C, "Dedication of existing commercial computers" is similar to the 1993
version.

o— |Annex E, "Communication Independence" is similar to the annex in the 1993 version.
The NRC does not endorse Annex E.

»— |Annex F, "Computer reliability" is similar to the annex in 1993 the version. The
INRC states that quantitative reliability goals are not the only means, and does not
endorse this method as the sole means of meeting the regulations for reliability of
digital computers. The NRC acceptance is based on deterministic criteria.

»— [Safety 1&C System compliance with IEEE Std. 7-4.3.2

Additionally, RG 1.152 includes guidance applicable to the Q-DCIS. Compliance is summarized
as follows:

e |Defense against software common mode failures: GEH has evaluated BTP HICB-19

cuidelines including the acceptance criteria on defense-in-depth and diversity and defense
against common mode failures, on the four echelons of defense against common mode
failures. The four echelons are control systems, reactor trip system, Engineered Safety
Features Actuation System (ESFAS), and monitoring and indicator functions. To fully
address the guidelines of BTP HICB-19 on defense-in-depth and diversity and defense
against common mode failures, the DPS backs up the primary safety-related I&C system
protection functions. The DPS is implemented with hardware and software that is totally
separate and independent from the primary safety-related I&C protection systems (RTIF,
INMS, and SSLC/ESF). The DPS is implemented in addition to the ATWS/SLC system
function. A detailed description of the DPS and the description of defense-in-depth and
diversity and defense against common mode failure are included in Section 7.8.

e [Software development process: The software development process of the Q-DCIS

(including control systems key to plant operation) follows the guidelines of BTP

HICB-14. Software development process plans for the DCIS design implementation
include the Software Management Plan (SMP), Software Development Plan (SDP),
Software Verification and Validation Plan (SVVP), Software Configuration Management
Plan (SCMP), Software Safety Plan (SSP), as required by guidance in BTP HICB-14 and
are described in References 7.1-10 and 7.1-12. Actual detailed hardware and software
design implementation follows the guidelines specified by these plans as part of the
design acceptance criteria process.
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Equipment qualification, self-diagnostics, independence, and reliability: IEEE Std. 603
states that these requirements are applicable to safety-related 1&C system equipment.
The Q-DCIS meets the requirements of IEEE Std. 603, and the above requirements in
areas applicable to digital computer-based equipment.

Security: The security guidelines included in RG 1.152 are evaluated and incorporated as
ppropriate and necessary in the DCIS design, both on plant hardware security measures

and software security measures. The software development process plans are developed
with the security requirements incorporated for actual detailed design implementation.

RG 1.153, Criteria for Safety Systems::

Conformance: Safety-related systems are designed to satisfy the requirements of IEEE

Std. 603, as endorsed by RG 1.153.

RG 1.168, Verification, Validation, Reviews, and Audits For Digital Computer Software Used In
Safety Systems of Nuclear Power Plants:

Conformance: This RG endorses IEEE Std. 1012, IEEE Standard for SVVPs, and IEEE

Std. 1028, IEEE Standard for Software Reviews and Audits. IEEE Std. 1012 is
acceptable for providing high functional reliability and design quality in software used in
safety-related systems. IEEE Std. 1028 is acceptable for carrying out software reviews,
inspections, walkthroughs, and audits subject to certain provisions. Safety-related
systems use the guidance in these standards, as discussed in Reference 7.1-10, to develop
portions of the overall SDP and thus comply with RG 1.168.

RG 1.169, Configuration Management Plans For Digital Computer Software Used In Safety
Systems Of Nuclear Power Plants:

Conformance: RG 1.169 endorses IEEE Std. 828, IEEE Standard for SCMPs, andl

ANSVU/IEEE Std. 1042, IEEE Guide to Software Configuration Management. These
standards, with the clarifications provided in the Regulatory Position, describe acceptable
methods for providing high functional reliability and design quality in software used in
safety-related systems. Safety-related systems use the guidance in these standards, as
discussed in Reference 7.1-10, to develop portions of the overall SDP and thus comply
with RG 1.169.

RG 1.170, Software Test Documentation For Digital Computer Software Used In Safety Systems
Of Nuclear Power Plants:

Conformance: The guidance contained in IEEE Std. 829, IEEE Standard for Software

Test Documentation, provides an acceptable approach for meeting the requirements of
10 CFR Part 50 as they apply to the test documentation of safety-related system software
subject to the provisions in this guide. Safety-related systems use the guidance in these
standards to develop portions of the overall SDP and thus comply with RG 1.170.

RG 1.171, Software Unit Testing For Digital Computer Software Used In Safety Systems Of
Nuclear Power Plants:
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Conformance: RG 1.171 endorses IEEE Std. 1008, IEEE Standard for Software Unit

Testing, subject to the provisions in this guide. This standard defines an acceptable
method for planning, preparing for, conducting, and evaluating software unit testing.
Safety-related systems use the guidance in this standard to develop, as discussed in
Reference 7.1-10, portions of the overall SDP and, thus, comply with RG 1.171.

RG 1.172, Software Requirements Specifications For Digital Computer Software Used In Safety
Systems Of Nuclear Power Plants:

Conformance: RG 1.172 endorses IEEE Std. 830, Recommended Practice for Software |

Requirements Specifications, as amended in the Regulatory Position. This standard
describes current practices for writing software requirements specifications for a wide
variety of systems. It is not specifically aimed at safety-related applications; however, it
does provide guidance on the development of software requirements specifications that
exhibit characteristics important for developing safety-related system software. This is
consistent with the goal of ensuring high-integrity software in reactor safety-related
systems. Safety-related systems use the guidance in this standard, as described in the
References 7.1-10 and 7.1-12, to develop portions of the overall software development

plan and thus comply with RG 1.172.

RG 1.173, Developing Software Life Cycle Processes For Digital Computer Software Used In
Safety Systems Of Nuclear Power Plants: I

Conformance: RG 1.173 endorses IEEE Std. 1074. The standard describes, in terms of ||

inputs, development, verification or control processes, and outputs, a set of processes and
constituent activities that are commonly accepted as composing a controlled and well-
coordinated software development process. It describes inter-relationships among
activities by defining the source activities that produce the inputs and the destination
activities that receive the outputs. The standard specifies activities that must be

performed and their inter-relationships; it does not specify complete acceptance criteria

for determining whether the activities themselves are properly designed. Therefore, the
standard is used in conjunction with guidance from other appropriate RGs, standards, and
software engineering literature. Safety-related systems use the guidance in this standard,
as described in References 7.1-10 and 7.1-12, to develop portions of the overall SDP and
thus comply with RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related 1&C Systems:

Conformance: Electrical and electronic components in the 1&C safety-related systems

are qualified for anticipated levels of EMI at their as-installed locations. EMC of 1&C
equipment is verified through factory testing and site-specific testing for both individual
equipment and interconnected systems to meet EMC requirements for protection against
the following:

o— [EMI,
o RFI,

»— [Electrostatic discharge, and
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o— |Electrical surge.

EMI qualifications, including methods of evaluating EMI operating envelopes, follow the
requirements defined in Mil Std. 461E and IEC 61000-4. Q-DCIS equipment is qualified
to perform continuously within specified ranges even when exposed to EMI
environmental limits at the hardware mounting location. To that end, EMI qualifications
for safety-related systems meet the proposed requirements of RG 1.180, Rev 1
"Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in safety-
related Instrumentation and Control Systems."

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:

e Conformance: The surge withstanding capability of the safety-related I&C design

conforms with IEEE Std. 1050. See Subsection 8A.1.2 for detailed information about the
lightning protection system and conformance to RG 1.204.

RG 1.209, Guidelines For Environmental Qualification of Safety-Related Computer-Based

Instrumentation and Control Systems in Nuclear Power Plants:-

e Conformance: The safety-related system design conforms to RG 1.209.

7.1.6.5 Branch Technical Positions

BTPs that are applicable to the 1&EDCIS systems are identified relative to the I&C systems in
Table 7.1-1. BTPs that are not applicable to the 1&C design are identified in Table 1.9-7. BTPs
are guidance documents; the 1&C—systemsDCIS—are is generally designed to conform to the

BTPs. The degree of conformance, along with any clarifications or exceptions, is discussed in
the safety evaluation subsections of Sections 7.1 through 7.8.

The following BTPs are not applicable to the ESBWR design:

BTP HICB-3. Guidance on Protection System Trip Point Changes for Operation with Reactor
Coolant Pumps out of Service. Reactor coolant pumps are not used in the design and
Position B.1 does not apply.

BTP HICB-6, Guidance on Design of Instrumentation and Controls Provided to Accomplish
changeover from Injection to Recirculation Mode. No recirculation pumps and ECCS pumps are
used in the design.

BTP HICB-13. Guidance on Cross-Calibration of Protection System Resistance Temperature
Detectors. RTDs are not used in safety-related applications.

The following BTPs are applicable:

BTP HICB-1, Guidance on Isolation of the Low Pressure Systems from the High Pressure
Reactor Coolant System. The GDCS and mfeeﬂeelesystemsl PIP A/B segment of N-DCIS!design
conforms to BTP HICB-1.

BTP HICB-8, Guidance on Application of RG 1.22. The Q-DCIS is fully functional during
reactor operation and is tested in conjunction with the SSLC/ESF. Therefore, the Q-DCIS design

7.1-76



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

conforms to BTP HICB-8. The DPVs, SRVs., and squib valves are not tested during reactor
operation.

BTP HICB-9, Guidance on Requirements for RPS Anticipatory Trips. The Q-DCIS conforms to
BTP HICB-9.

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97. &C€The Q-DCIS and N-
DCIS design conforms to BTP HICB-10. Details of design implementation are discussed in

Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices. The Q-DCIS
design conforms to BTP HICB-11.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints. The Q-DCIS
design conforms to BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-based [&C Safety Systems.
Refer to Subsections 7.1.2.4, Reference 7.1-10 and 7.1-12 discussions. The Q-DCIS design
conforms to BTP HICB-14.

The Q-DCIS and N-DCIS follow a development process that is in accordance with BTP
HICB-14. As part of the Certification activity, the software development process plans require
NRC review and approval.

Safety-related 1&C systems (RTIF, NMS and SSLC/ESF) use computers for their logic
functions. A description of the Q-DCIS design, together with the description of the DPS is
included in Section 7.8, and specifically addresses the issues of defense-in-depth and diversity
and defense against common mode failures.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52. BTP HICB-16 is applicable to all sections of Chapter 7 of the Design
Control Document and all sections conform to it.

BTP HICB-16 states that the application should:

e Describe the resolution of unresolved and generic safety issues applicable to the 1&C
systems,

e Describe the interface requirements to be met by portions of the plant for which the
application does not seek certification and which are necessary to ensure proper
functioning of the I&C system, and

e Identify and describe the validation of innovative means of accomplishing 1&C system
safety-related functions.

Applications that propose the use of computers for systems with safety-related uses should
describe the computer system development process. Applications that propose the use of
computers for RTS and ESFAS functions should also describe the design of the overall 1&C
systems with respect to defense-in-depth and diversity requirements.
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The 1&C design has no unresolved or generic safety-related issues applicable to I&C systems. In
Section 1.11, unresolved and generic safety-related issues are discussed. There are several new
generic issues that are related to I&C systems, such as failure of protective devices on safety-
related equipment, electromagnetic pulse, identification of protection system instrument sensing
lines, and protection system testability. These issues either are not applicable to safety-related
1&C systems or are addressed by the safety-related 1&C design. Within the scope of the DCD
submitted for certification application, there are no interface requirements described here that fall
into this category.

The design uses the voluminous data available from operating plants and from the testing and
licensing efforts performed to license the predecessor designs and individual plants. The 1&C
design does not use innovative means for accomplishing safety functions.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions in Digital Computer-
based 1&C Systems. Refer to Subsection 7.2.1.3.5 and 7.3.4.3 discussions. The Q-DCIS design
conforms to BTP HICB-17.

BTP HICB-18, Guidance on Use of Programmable Logic Controllers in Digital Computer-based
1&C System. The Q-DCIS design conforms to BTP HICB-18.

BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-

Based Instrumentation and Control Systems (Item I1.Q of SECY-93-087). The Q-DCIS, DPS
and associated N-DCIS interfacing systems design conforms to BTP HICB-19._  The
implementation of an additional diverse instrumentation and control system is described in
Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance. The Q-DCIS design
conforms to BTP HICB-21.

7.1.6.6 Industry Standards

The safety evaluation subsections throughout Chapter 7 address the RGs identified by the SRP.
The IEEE standards that are endorsed by RGs are not addressed separately.

Some codes or standards that are not mentioned in the SRP are used in specific system
applications. These are identified in the system description and the corresponding reference
section. In accordance with the SRP format, the following IEEE standards applicable to the I&C
equipment are addressed in other chapters.

IEC 61000-4 series. The design conforms to this series of standards.

IEEE Std. 323, “Qualifying safety-related Equipment for Nuclear Power Generating Stations.”
Safety-related systems are designed to meet the requirements of IEEE Std. 323. Environmental
qualification is addressed in Section 3.11.

IEEE Std. 344, “Recommended Practices for Seismic Qualification of Safety-related Equipment
for Nuclear Power Generating Stations”. Safety-related 1&C equipment is classified as Seismic
Category I and designed to withstand the effects of the safe shutdown earthquake (SSE). It
remains functional during normal and accident conditions. Qualification and documentation
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procedures used for Seismic Category I equipment and systems satisfy the provisions of IEEE
Std. 344 as indicated in Section 3.10.

IEEE Std. 379, “IEEE Standard for the Application of the Single-Failure Criterion to Nuclear
Power Generating Station Safety Systems.” The Q-DCIS platforms, RTIF-NMS, SSLC/ESF,
ATWS/SLC logic controllers, and VBIF logic controllers, are organized into four physically and
electrically isolated divisions that use principles of redundancy and independence to conform to
the single failure criterion.

IEEE Std. 383, “IEEE Standard for Type Test of Safety-related Electric Cables, Field Splices,
and Connections for Nuclear Power Generating Stations.” Electric cable conforms to this
standard. Fiber optic cable insulation/covering/jacketing also conforms to the requirements for
flame tests in IEEE Std. 383.

IEEE Std. 384, “IEEE Standard Criteria for Independence of Safety-related Equipment and
Circuits”. See the discussion of RG 1.75 in Subsection 7.1.6.4.

IEEE Std. 497, “IEEE Standard Criteria for Accident Monitoring Instrumentation for Nuclear
Power Generating Stations.” Accident monitoring instrumentation is discussed in Section 7.5.

IEEE Std. 518, “IEEE Guide for the Installation of Electrical Equipment to Minimize Electrical
Noise Inputs to Controllers from External Sources”. The design conforms to IEEE Std. 518.

IEEE Std. 603, “IEEE Standard Criteria for Safety Systems for Nuclear Power Generating
Stations”. Conformance to IEEE Std. 603 is discussed in Subsection 7.1.6.6.1.

IEEE Std. 1050, “IEEE Guide for Instrumentation Control Equipment Grounding in Generating
Stations”. The design conforms to IEEE Std. 1050.
7.1.6.6.1 1EEE Std. 603 — IEEE Standard Criteria for Safety Systems for Nuclear Power

Generating Stations

The scope of IEEE Std. 603 includes safety-related I&C systems that are described in Sections
7.1 through 7.8. IEEE Std. 603 does not directly apply to nonsafety-related systems, other than

to require independence between nonsafety-related systems and safety-related systems. IEEE
Std. 603 provides design criteria for safety systems. ESBWR divides safety systems into two
parts: the Q-DCIS platforms, and the subsystems that contain the sensors and actuators used by
the Q-DCIS platforms. This section describes how the IEEE Std. 603 criteria are allocated to the
different Q-DCIS platforms and subsystems. For convenience, some of these requirements may

also be adopted as design bases for some nonsafety-related I&C components and systems such as
for accident monitoring instrumentation, in accordance with RG 1.97. Compliance with the
requirements of IEEE Std. 603 is also identified as compliance with the requirements and
guidance contained within the federal regulations, GDC, SRM, and RGs, as described throughout
Section 7.1. The safety-related I&C design comprises the Q-DCIS which includes the equipment
in the RTIF, NMS, and SSLC/ESF cabinets. The design conforms to IEEE Std. 603. ITAACs
are provided for the major attributes for compliance with IEEE Std. 603 and are not intended to
limit the scope of compliance.
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When the IEEE Std. 603 design criteria are applied to platforms relying on the use of software to
perform their safety-related functions, additional criteria from IEEE Std. 7-4.3.2, which
augments the IEEE Std. 603 criteria, also apply to the platform as described under the applicable
IEEE Std. 603 criterion. The evaluation of Q-DCIS platforms for compliance with IEEE
Std. 603 and IEEE Std. 7-4.3.2 criteria includes the examination of the effects that the associated
sensors and actuators have on the performance of the safety-related function.

In accordance with the software development process described in Subsection 14.3.3.2 and the
defense-in-depth and diversity strategy described in Section 7.8, the protection systems are
executed as software projects on particular Q-DCIS platforms. The software projects are named
RTIF, NMS. SSLC/ESF, VB Isolation Function, and ATWS/SLC.

Table 14.3-4 show the relationship between the Q-DCIS platforms and their corresponding
software projects. As shown, the RTIF-NMS platform has two software projects: RTIF and
NMS. The SSLC/ESF platform has one software project: SSLC/ESF. The Independent Control
Platform has two software projects: VBIF and ATWS/SLC.

7.1.6.6.1.1 Safety System Designation (IEEE Std. 603, Section 4, et al)

IEEE Std. 603, Section 4, requires that a specific basis be established for the design of each
safety-related system. The DBEs applicable to the safety-related control systems are shown in
Table 15.0-2. DBEs comprise Anticipated Operational Occurrences (AOO), infrequent events,
accidents, and special events.

Criterion 4.1 requires identification of the DBEs applicable to each mode of operation of the
plant along with the initial conditions and allowable limits of plant conditions for each such
event. Table 1.3-1 defines the reactor system design characteristics. Tables 15.0-3, 15.0-4,
15.0-5, and 15.0-6 define the safety-related analysis acceptance criteria for the AOQOs, infrequent
events, special events, and accidents. Table 15.1-2 defines the ESBWR operating modes for the
entire operating envelope. Table 15.1-3 defines the ESBWR abnormal events with applicable
operating modes. Table 15.2-1 defines the input parameters, initial conditions, and assumptions
for AOO events and infrequent events. Table 15.5- 2 defines the initial condltlons and boundmg
limits for ATWS events.Fhe g € hows

eveﬂ%s—af%eva%&ated—m—&lbsee&eﬂs—léé—l—thfe&gh—lééﬁ— Credlted systems 1nterlocks and

functions for each DBE are described in Sections 15.2, 15.3, 15.4, and 15.5. Additional details
about the specific safety-related or nonsafety-related interfacing system design bases, interlocks,
and functions are found in Sections 4.6, 5.2, 5.4, 6.2, 6.3, 8.3, 9.1, 9.3, 9.4, 10.2, 10.3, and 10.4.
Information provided for each design basis item enables the detailed design of the system to be
carried out. Safety-related system design basis descriptions are included in the various sections
of this chapter as indicated below.

e Reactor Trip System;
— RPS (Subsection 7.2.1),
— NMS (Subsection 7.2.2), and
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— Suppression Pool Temperature Monitoring (Subsection 7.2.3).
e SSLC/ESF (Subsection 7.3.5);
— ECCS (Subsection 7.3.1):
= ADS (Subsection 7.3.1.1),
=  GDCS (Subsection 7.3.1.2),
= ICS (Subsection 7.4.4), and
=  SLC system (Subsection 7.4.1).
e PCCS (Subsection 7.3.2);

e LD&IS non-MSIV functions (Subsection 7.3.3) (MSIV functions of the LD&IS are
located in the RTIF cabinets);

e CRHS (Subsection 7.3.4);

e RSS (Subsection 7.4.2);

e RWCU/SDC (Subsection 7.4.3);
e PAM system (Subsection 7.5.1);
e CMS (Subsection 7.5.2);

e PRMS (Subsection 7.5.3);

e ATWS/SLC (7.8.1);

e CRHS (7.5.2); and

e VB isolation function (7.3.6).

Criterion 4.2 requires identification of the safety-related functions and corresponding protective
actions of the execute features for each event evaluated in the Nuclear Safety Operational
Analysis (NSOA). Table 15.1-5 defines the execute systems required to respond to each event.
Table 15.1-6 defines the automatic safety-related instrument trips in response to each event.
Additionally, safety-related design bases for each system are discussed in the Safety Evaluation
section for each applicable system as part of conformance to 10 CFR 50.55 a(h).

Criterion 4.3 requires identification of the permissive conditions for each operating bypass
capability that is to be provided. Additionally, the permissive conditions for each operating
bypass for each system are discussed in the Safety Evaluation section for each applicable system
as part of conformance to 10 CFR 50.55 a(h).

Criterion 4.4 requires identification of the variables or combinations of variables, or both, that
are to be monitored to manually or automatically, or both, control each protective action; the
analytical limit associated with each variable, the ranges (normal, abnormal, and accident
conditions); and the rates of change of these variables to be accommodated until proper
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completion of the protective action is ensured. The minimum list of such variables and
combinations of variables to be monitored is determined as part of the HFE design process
described in Chapter 18. The variables and combinations of variables that are associated with
cach event are discussed in the relevant subsection describing the event as defined in
Table 15.1-7.

Criterion 4.5 requires identification of (1) the points in time and the plant conditions during
which manual control is allowed, (2) the justification for permitting initiation or control
subsequent to initiation solely by manual means, (3) the range of environmental conditions
imposed upon the operator during normal, abnormal, and accident conditions throughout which
the manual operations are performed, and (4) the variables identified by Criterion 4.4 that are
displayed for the operator to use in taking manual action, for each action identified by
Criterion 4.2 whose operation may be controlled by manual means initially or subsequent to
initiation. The minimum list of variables and combinations of variables to be monitored is
determined as part of the HFE design process described in Chapter 18.

Criterion 4.6 requires identification of the minimum number and locations of sensors required for
protective purposes for those variables identified by Criterion 4.4 that have spatial dependence.
The minimum list of variables and combinations of variables to be monitored is determined as
part of the HFE design process described in Chapter 18. The variables and combinations of
variables that have spatial dependence are described within each applicable subsection of this

chapter.

Criterion 4.7 requires identification of the range of transient and steady-state conditions of both
motive and control power and the environment during normal, abnormal, and accident
circumstances throughout which the safety system performs. Safety-related mechanical
equipment and electrical equipment (which comprises electrical power and instrumentation and
controls equipment) is qualified in accordance with the equipment qualification program
described in Section 3.11. Environmental conditions for the zones where qualified equipment is
located are calculated for normal, AOQO, test, accident and post-accident conditions and are
documented in Appendix 3H, Equipment Qualification Environmental Design Criteria.

Criterion 4.8 requires identification of the conditions having the potential for functional
degradation of safety system performance and for which provisions are incorporated to retain the
capability for performing the safety functions. Safety-related mechanical equipment and
electrical equipment (which comprises electrical power and instrumentation and controls
equipment) is qualified in accordance with the equipment qualification program described in
Sections 3.9 through 3.11. Environmental conditions for the zones where qualified equipment is
located are calculated for normal, AOO, test, accident and post-accident conditions and are
documented in Appendix 3H, Equipment Qualification Environmental Design Criteria.

Criterion 4.9 requires identification of the methods to be used to determine that the reliability of
each safety system design is appropriate and any qualitative or quantitative reliability goals that
may be imposed on the system design. The ESBWR Design Reliability Assurance Program
(D-RAP) is a program utilized during detailed design and specific equipment selection phases to
assure that the important ESBWR reliability assumptions of the Probabilistic Risk Assessment
(PRA) are addressed throughout the plant life. The D-RAP is described in Section 17.4.
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Criterion 4.10 requires identification of the critical points in time or the plant conditions, after
the onset of a design basis event, including: (1) the point in time or plant conditions for which
the protective actions of the safety system are initiated, (2) the point in time or plant conditions
that define the proper completion of the safety function, (3) the point in time or the plant
conditions that require automatic control of protective actions, and (4) the point in time or the
plant conditions that allow returning a safety system to normal. The relevant points in time and
plant conditions associated with each event, except for the allowable conditions for returning a
plant to normal, are discussed in the relevant subsection describing the event as defined in
Table 15.1-7. The allowable conditions for returning a plant to normal (i.e., return to service
conditions) are described in Chapter 16, Technical Specifications.

Criterion 4.11 requires identification of the equipment protective provisions that prevent the
safety systems from accomplishing their safety functions. The safety-related systems are
designed to accomplish their safety-related functions in accordance with the single-failure
criterion, IEEE Std. 603, Section 5.1. Failure modes and effects analyses are performed on the
safety-related system final design to ensure that no equipment protective provisions preclude
correctly performing any safety-related function.

Criterion 4.12 requires identification of any other special design basis that may be imposed on
the system design (e.g., diversity, interlocks, regulatory agency criteria). The design bases for
each subsystem (including bases for diversity, interlocks, regulatory agency criteria) are
identified within each applicable subsection of this chapter.

7.1.6.6.1.2 Single Failure Criterion (IEEE Std. 603, Section 5.1)

The safety-related system designs are organized into four physically and electrically isolated
divisions that use the principle of independence and redundancy to conform to the single failure
criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1; additionally the
design meets N-2 conditions (see Subsection 7.1.3.3.6).

The safety-related control systems include sufficient redundancy;-diversity; and independence to
fulfill their intended safety function even whenmeetsystem—performance—requirements—fthe
system-ts degraded by any single credible failure. $a+tThe RPSRTIF - -NMS, and-SSLC/ESF,
and independent control platform implement the single failure criterion of IEEE Std. 603
Section 5.1 using four independent and redundant channels, which are provided in two-out-of-
four redundaney—and-trip logic. This ensures no single failure of or within any division prevents
the system from performmg 1ts safety functlon or causing either an 1nadvertent reactor scram or

EG@S—&GHGH Redundancv beglm w1th the sensors 1’1’101’11'[01’11’12 the variables and continues

through the signal processing, output devices, and actuators.

Independence is implemented as described in Subsections 7.1.6.6.1.7 and 7.1.6.6.1.20.

Failure modes and effects analyses (FMEA) complying with IEEE Std. 379 are used to confirm

the safetv related svstem designs’ conformance to the smgle fallure crlterlonM%ehaﬁ—eﬂe
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fem%ed—reaeter—}%etee&eﬂ—ESF—aﬂd—DPS—des%ﬁs—The FMEA is cons1stent w1th the fallure
modes detectable by the self-diagnostic features of the hardware/software platforms and those
detected by periodic surveillance.—n—addition,—the NUMAC—and-TRICON-platformspeeifie
ETRs (References 7.2-2 and 7.3-5. respectively) include analysis summaries of the architecture’s
Equipment is provided in accordance with a proscribed quality assurance plan as described in
Subsection 7.1.6.6.1.4.

7.1.6.6.1.3 Completion of Protective Action (IEEE Std. 603, Sections 5.2 and 7.3)

After initiation by either automatic or manual means, the protective actions go to completion in
conformance to IEEE Std. 603, Section 5.2. They go to completion by using one of the
following: seal-in logic, non-resettable squib valves, manually reset valves, diverse functions, or
a combination of logic, valves and functions. Deliberate operator action is required to reset the

safety-related systems. Additionally, completion of protective actions for each system are

discussed in the Safety Evaluatlon sectlon for each applicable svstem as part of conformance to
10 CFR 50. 55 a(h). h
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7.1.6.6.1.4 Quality (IEEE Std. 603, Section 5.3)

The Quality criterion requires that the Q-DCIS be consistent with minimum maintenance
requirements and low failure rates and be designed, manufactured, inspected, installed, tested,
operated, and maintained in accordance with a prescribed quality assurance program. Q-DCIS
meets this requirement through the application of the ESBWR Quality Assurance Program
described in Chapter 17.

IEEE Std. 7-4.3.2 has additional quality assurance requirements related to software. Refer to
LTRs “ESBWR Software Management Program Manual,” NEDE-33226P (Reference 7.1-12),
and “ESBWR Software Quality Assurance Program Manual,” NEDE-33245P (Reference 7.1-10)
for a description of the software plans that control the additional IEEE Std. 7-4.3.2 criteria
related to the following hardware and software quality assurance requirements.

e [EEE Std. 7-4.3.2. Criterion 5.3.1. Software Development. The quality of software
development activities is assured in accordance with the Software Quality Assurance

Plan (SQAP).

e JEEE Std. 7-4.3.2. Criterion 5.3.2. Software Tools. Software tools are controlled in
accordance with the Software Configuration Management Plan (SCMP).

e [EEE Std. 7-4.3.2, Criterion 5.3.3, Verification and Validation (V&V). Software V&V is
performed in accordance with the Software V&V Plan (SVVP).

e JEEE Std. 7-4.3.2. Criterion 5.3.4, Independent V&V (IV&V). Software IV&V is
performed in accordance with the Software V&V Plan (SVVP).

e JEEE Std. 7-4.3.2. Criterion 5.3.5. Software Configuration Management. Software
configuration is controlled in accordance with the Software Configuration Management

Plan (SCMP).

e JEEE Std. 7-4.3.2. Criterion 5.3.6. Software Project Risk Management: Software project
risk management is managed in accordance with the Software Management Plan (SMP).

Safety-relatedAH equipment is provided under the GEH 10 CFR 50, Appendix B quality

assurance program. The NRC-accepted GEH Quality Assurance Program with its implementing
procedures, constitutes the Quality Assurance system that is applied to the Q-DCIS design. It
satisfies all applicable requirements of the following: 1) 10 CFR 50 Appendix B; 2)
ANSI/ASME NQA-1; and 3) ISO 9001. Safety-related 1&C systems employing digital

computers, software, ﬁrmware and software tools conform to the quality requirements deseribed

in IEEE Std 7-4.3.2 as descrlbed in th%sefm#af%pl-aﬂs—deseﬂbed—m—lr"PR—“ESB%MR—Man—
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7.1.6.6.1.5 Equipment Qualification (IEEE Std. 603, Section 5.4)

The Equipment Qualification criterion requires the referencing platform to be qualified by type
test, previous operating experience, or analysis, or any combination of these three methods, to
substantiate that the safety-related system is capable of meeting the performance requirements
specified in the design basis. The Q-DCIS meets the Equipment Qualification requirements
through the application of the Equipment Qualification program that is described in Sections 3.9
through 3.11. Refer to Table 3.11-1 for a list of electrical and mechanical equipment and
conformance criteria for Equipment Qualification.

IEEE Std. 7-4.3.2 has additional Equipment Qualification requirements related to SSC using
software. Refer to LTRs “ESBWR Software Management Program Manual,” NEDE-33226P
(Reference 7.1-12), and “ESBWR Software Quality Assurance Program Manual,”
NEDE-33245P (Reference 7.1-10) for a description of the software plans that control the
additional IEEE Std. 7-4.3.2 criteria related to the following hardware and software equipment
qualification requirements.

e JEEE Std. 7-4.3.2. Criterion 5.4.2. Qualification of existing commercial computers is
performed in accordance with the commercial-off-the-shelf (COTS) dedication process in
accordance with the Software Development Plan.

e [EEE Std. 7-4.3.2. Criterion 5.4.1. The referencing platform qualification testing is
performed with the referencing system functioning with software and diagnostics that are
representative of those used in actual operation in accordance with the Software Test
Plan.
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7.1.6.6.1.6 System Integrity (IEEE Std. 603, Section 5.5)

The System Integrity criterion requires that the referencing platform’s features be adequate to
ensure completion of protective actions over the range of transient and steady-state conditions of
both the energy supply and the environment enumerated in the design basis. The Q-DCIS meets
this requirement through the application of the Equipment Qualification program described in
Sections 3.9 through 3.11, and Subsection 7.1.6.6.1.5.

IEEE Std. 7-4.3.2 has additional system integrity requirements related to SSC using software.
Refer to LTRs “ESBWR Software Management Program Manual,” NEDE-33226P (Reference
7.1-12), and “ESBWR Software Quality Assurance Program Manual,” NEDE-33245P
(Reference 7.1-10) for a description of the software plans that control the additional IEEE
Std. 7-4.3.2 criteria related to the following hardware and software system integrity

requirements:

e [EEE Std. 7-4.3.2, Criterion 5.5.1, Design for computer integrity: The referencing system
1s_designed to perform its safety-related function when subjected to design basis
conditions.
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e [EEE Std. 7-4.3.2. Criterion 5.5.2. Design for test and calibration: The referencing system
1s designed to perform its safety-related function when undergoing test and calibration in
accordance with the Software Development Plan.

e IEEE Std. 7-4.3.2, Criterion 5.5.3, Fault detection and self-diagnostics: Fault detection
and self-diagnostics (as performed by platform self-test features) do not adversely affect
the capability of the referencing system to perform its safety-related functions in
accordance with the Software Development Plan.

The Q-DCIS systems are required to accomplish their safety-related functions under the full
range of applicable conditions enumerated in the design bases. Other areas addressed as
requirements include adequate system real-time performance for digital computer-based systems
to ensure completion of protective action, evaluation of hardware integrity and software integrity
(software safety-related analysis, as part of BTP HICB-14 requirements), failure to a safe state
upon loss of energy or adverse environmental conditions, and the requirements for manual reset.

The Q-DCIS meets the integrity requirements described in IEEE Std. 603, Section 5.5. The RPS
RTIF — NMS platform functions fail to the tripped state. The SSLC/ESF platform and the
independent control platform fails to a state where the actuated component remains “as-is” to

prevent a control system induced LOCA. Hardware and software failures detected by self-
diagnostics cause a trip signal to be generated in the RPS division in which the failure occurs and

no trip signal is generated if the failure occurs in a SSLC/ESF or independent control platforrnl

division. Single failures of hardware and software do not inhibit manual initiation of protective
functions.—and-completefatlures—of hardware-and-software-do-not-inhibit-manualinitiation—o

7.1.6.6.1.7 Independence (IEEE Std. 603, Section 5.6)

The required independence between redundant portions of a safety-related system, between
safety-related systems and the effects of DBEs, and between safety-related systems and other
systems is defined. Three aspects of independence are addressed in each case: physical
independence, electrical independence, and communication independence. The Q-DCIS design
meets these requirements.

Each division is sufficiently independent from the other divisions so that no one division is
dependent on information, timing data, or communication from any other division to initiate a
safety-related trip signal. The failure of a single division does not prevent the initiation of a
safety-related trip. Each safety-related logic evaluates the data from its own division’s sensors
and continuously broadcasts the result of its evaluation to the other divisions as either a “trip” or
“no trip” signal.

A safety-related trip is initiated whenever any two divisions sense conditions that require a
safety-related trip. Each division receives input data from its own set of diverse and/or redundant
sensors connected to the same process source and separately transmits trip signals to the other
divisions. The trip actuators go to their trip state whenever they receive concurrent, like
parameter trip signals from any two safety-related logic transmissions. The signal isolators are
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qualified to withstand all credible faults, such as short circuits or high voltage, so that faults
cannot propagate and degrade the performance of any safety-related control function.

Physical Independence

The Q-DCIS systems have four redundant and independent divisions that are physically
independent and separated and that have independent electrical power sources applied to them.
Except where fiber optic cable is used, there are no common switches shared by the four
divisions. The sensors used for each of the four divisions, are independent and physically

separated from one another. All wiring and electrical components are physically separated via

1solat10n barrlers or spacmg ( see Subsection 7. 1 3. 3 1) Gemm&n-}eat}eﬂ—dﬂeetl—}hbetween—th%fear

Electrical Independence

Independence between the-safety-related systems and-the-effeets—efDBEs-is achieved through
proper equlpment quahﬁcatlon and 1s01at10n Safet—y%eLated—equmment—rs—q&aJ—r—ﬁed—fer

eeﬁdrtreﬂs—ar%eeﬁsrdered—Safety related systems are totally separated and 1ndependent from
nonsafety-related systems. When system interfacing is required, electrical isolation is provided

via isolation devices (qualified per IEEE Std. 384) and by the use of fiber optic cables.

Communication Independence

Communication between redundant safety channels is limited to a minimum, such as trip signals
and bypass status signals, and is through proper isolation devices. In accordance with IEEE
Std. 379, communication between redundant divisions or between safety-related control systems
and nonsafety-related control systems is electrically isolated and one-way. (Refer to
Subsection 7.1.3.3.) In addition, loss of communication or communication upsets are contained
within a single channel and cannot inhibit the ability of redundant channels to perform their
functions. Optical couplers and fiber optic cable provide the route for communications.

Communication between safety-related systems and nonsafety-related systems is carried out via
fiber optic cable through the required qualified safety-related signal isolation devices (CIMs),
and data pathways such as datalinks and gateways (when necessary). Communication from
nonsafety-related systems to safety-related systems is prohibited, with the exception of time
tagging and NMS calibration data. Additional discussion on this subject is included in
Subsection 7.1.3.3. The RTIF, NMS, and SSLC/ESF protection functions have priority over data
transmissions, so that data transmlssmns do not interfere w1th the RTIF, NMS or SSLC/ESF
protection funct1ons : ;

7.1.6.6.1.8 Capability for Testing and Calibration (IEEE Std. 603, Section 5.7)

The capability for testing and calibration of safety-related system equipment is provided during
power operation and duplicates the performance of the safety-related function as closely as
|practicable, as discussed in Sections 7.2 through 7.8. Tests ean-are capable of being performed ||
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in overlapping segments when testing one safety-related function. Maintenance bypasses of
individual functions are provided in the safety-related system channels to enable testing during
power operation. For example, the safety-related functions of each safety-related division can be
tested on-line with the tested division bypassed from the two-out-of-four voting trip logic. The
1&C equipment has built-in self-diagnostic functions to identify critical failures such as loss of

power and data errors. The Q-DCIS meets the requirements outlined in this section. (See

Subsectlons 71336 71337 7.1.3.4 and 7135)Mef%detaﬁs—ef—sys€em—testmg—aﬂd

Safety-related sensors are designed with the capability for test and calibration during reactor

operation.; _Additionally, any exceptions for each system are discussed in the Safety Evaluation
section for each applicable system as part of conformance to 10 CFR 50.55 a(h).with—the

7.1.6.6.1.9 Information Displays (IEEE Std. 603, Section 5.8)

The Information Displays criterion requires that information displays for the referencing
platform be designed to be accessible to the operators, display variables for manually controlled
actions, display system status information, provide indication of bypasses, and display post-
accident monitoring variables in accordance with the HFE process. The Q-DCIS information
displays, including displays for manually controlled actions, meet this requirement by the

application Fhe—infermation—display—design—is—part—of the HFE design process described in

Chapter 18. This process includes the steps to ensure compliance with regulatory requirements.

The information display design conforms to the }t-alse-inelades-guidance offered in RG 1.47 for
bypassed and inoperable status indication-and-irRG1+-97for PAM-instroments—as-discussed-in

System Status Indication: The safety-related and nonsafety-related 1&C systems are provided
with system status information that meets the requirements of IEEE Std. 603, Section 5.8. All
pertinent system trip/logic status, parameter data values, equipment functional status and ESF
actuator status are displayed to the operator upon request. For safety-related systems, this
information is available for each division. Certain information, key to plant operation and status
monitoring, is permanently displayed on the large WDP in the MCR. Alarm and annunciation
indications are also available in the MCR in accordance with system design requirements. All
information available within a division, including post accident monitoring information, can be
viewed in a safety-related manner on the VDUs associated with that division. The same
divisional information and all nonsafety-related information can be viewed on the nonsafety-
related VDUs and WDP.
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Indication of Bypasses: For safety-related system protection functions, bypass status is

contlnuously dlsplayed to the operator ﬂ—aeeﬁd&ne%wﬁh—system—éeskgiﬁeqaﬁeme&ts—me}admg

Locations of Displays: Displays in the MCR are either on the main control console or on the
large WDP visible and accessible to the operator. The man-machine interface system design
includes design requirements and specifications for the classification of locations of displays in
the MCR. More detailed descriptions of requirements for the locations of displays are included
in Chapter 18.

7.1.6.6.1.10 Control of Access (IEEE Std. 603, Section 5.9)

Administrative control is used to implement access control_to vital areas of the plant, including
the MCR. Physical security and electronic security devices are provided to ensure only
authorized se—that—_and qualified plant personnel are allowed to have access to the Q-DCIS
cabinets and consoles. Physical security is described in Section 13.6. In addition to the plant
physical security, the Q-DCIS equipment has its own access control devices. Q-DCIS cabinets
have doors with keylocks and position switches. Q-DCIS components within the cabinets have

kevlock switches that are used to control access to special functions ( such as, the INOP/OP

witch).key

Keys, passwords, and other security devices (following the guidance of RG 1.152) are used by
gualified-plant-personnelto enter—control access to specific rooms; open specific equipment
cabinets; obtain permission for access to enter specific electronic instruments for calibration,
testing, and setpoint changes; and, gain access to safety-related system software and data.
Safety-related software is not routinely changed at the plant site.

Ax-00pening a Q-DCIS cabinet door produces an alarm in the MCR.

There is no access to safety-related system equipment and control through the network from
nonsafety-related system equipment. Computer-related access controls and authorization are
part of the cyber-security program plan, which is described in the LTRs, “ESBWR Cyber
Security Program Plan,” NEDO-33295, (Non-Proprietary); and “ESBWR Cyber Security
Program Plan,” NEDE-33295-P, (Proprietary), (Reference 7.1-8). °

7.1.6.6.1.11 Repair (IEEE Std. 603, Section 5.10)

The Q-DCIS systems provide timely recognition of location, replacement, repair, and adjustment
of malfunctioning equipment. Periodic self-diagnostic functions locate the failure to the
component level. Through individual division bypassing, the failed component is replaced or
repaired on line without affecting the safety-related system protection function. During repairs
|the trip logic is two-out-of-three so that the single failure criterion is still met. Altheugh-itisnet ||
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7.1.6.6.1.12 Identification (IEEE Std. 603, Section 5.11)

The Q-DCIS system equipment conforms to the identification requirements specified in IEEE
Std. 603, Section 5.11. Color-coding is used as one of the major methods of identification.
Safety-related equipment is distinctly marked in each redundant division of a safety-related
system. Hardware component or equipment units have an identification label or nameplate._See
Subsection 8.3.1.3 for additional details. For digital computer-based system equipment, versions
of computer hardware, programs, and software are distinctly identified. Configuration
management formalizes system component and software identification.

IEEE Std. 7-4.3.2 has additional identification requirements related to SSC using software.
Refer to LTRs “ESBWR Software Management Program Manual,” NEDE-33226P
(Reference 7.1-12), and “ESBWR Software Quality Assurance Program Manual,” NEDE-
33245P (Reference 7.1-10) for a description of the software plans that control the additional
IEEE Std. 7-4.3.2 requirement for the identification and retrieval of software identification using
software maintenance tools.

7.1.6.6.1.13 Auxiliary Features (IEEE Std. 603, Section 5.12)

Safety related I&C system aux111ary supportlng features—sueh—as—safety-rekated—eleetﬂeal—wstem
: _conform to IEEE

Std 603 Sect10n 5 12 where apphcable and maintain the supported safety-related system
performance at an acceptable level.

The Q-DCIS is supported by four divisions of safety-related uninterruptible power_as described
in Subsection 8.3.2. DC batteries supply power if there is a loss of off-site and on-site AC
power.

HVAC, whether active or passive is a key auxiliary supporting system that maintains the
necessary environmental conditions for both the safety-related and nonsafety-related 1&C
equipment. Under normal operating conditions when offsite power is available or when diesel
generators are running, HVAC systems control the temperature and humidity of all 1&C
equipment. Under a loss of power condition, including Station Blackout (SBO), batteries
provide continuous safety-related 1&C operation for 72 hours, and continued operation of the
nonsafety-related 1&C equipment for two hours. However, during a loss of power condition,
active HVAC is not available to the safety-related CB or RB equipment, except in the CRHA as
noted below.

The Q-DCIS and its safety-related battery-operated support equipment remain powered and the
heat generated is removed passively (except possibly by small chassis mounted fans); the

[ Q-DCIS and support equipment is qualified to the worst case anticipated for—the—expeeted ||
temperature rise. Battery-backed N-DCIS equipment is only powered for two hours if offsite
and diesel generator power is lost; during that interval the batteries supplying the N-DCIS also
power nonsafety-related HVAC in the CRHA. If the nonsafety-related redundant HVAC is not
available, safety-related temperature sensors with two-out-of-four logic trip the control room

7.1-92



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

power that feeds the nonsafety-related 1&C. The safety-related 1&C that remains operable is
qualified for the resulting temperature rise with passive heat removal. This scheme protects the
equipment and maximizes operator comfort. Additional description of the HVAC design,
including the use of room coolers powered by the ancillary diesel generators is included in
Chapter 8, Chapter 9, and Appendix 19A.

7.1.6.6.1.14 Multi-Unit Stations (IEEE Std. 603, Section 5.13)

The multi-unit station criteria do not apply to the standard single unit plant design submitted for

NRC certification. D

7.1.6.6.1.15 Human Factors Considerations (IEEE Std. 603, Section 5.14)

The 1&C system design includes a HFE design process that is consistent with the requirements
outlined in NUREG-0711, “Human Factors Engineering Program Review Model.” The HFE
process defines a comprehensive, iterative design approach for the development of a human-
centered control and information infrastructure and is described in Chapter 18.

7.1.6.6.1.16 Reliability (IEEE Std. 603, Section 5.15)

The degree of redundancy, diversity, testability, and quality of the safety-related I&C design
achieves the necessary functional reliability. Safety-related equipment is provided under GEH’s

10 CFR 50 Appendix B quality program. The BTP HICB-14 and IEEE 7.4.3.2 (as endorsed by
RG 1.152) guidance followed for software development processes achieves reliable software
design and implementation. The Design Reliability Assurance Program (D-RAP) described in
Section 17.4 confirms that any quantitative or qualitative reliability goals established for the
protection systems have been met. To achieve defense against common mode failure, the design

includes defense-in-depth and diversity measures including the incorporation of the DPS
described in Section 7.8. Reference 7.1-4 provides specific information on the redundancy and
diversity used in safety-related I&C systems. The Q-DCIS is included in the consideration of the
probabilistic risk assessment (PRA). (Refer to Chapter 19.)

7.1.6.6.1.17 Automatic Control (IEEE Std. 603, Sections 6.1 and 7.1)

The RTIF--and-NMS, and ATWS/SLC logic automatically initiates reactor trip and the RTIF for
LD&IS (non-MSIV), SSLC/ESF _and VBIF logic automatically actuates the ESF that mitigate
the consequences of AOOs—and-DBEs. These automatic protection actions are implemented

through two-out-of-four voting logic whenever one or more process variables reach their

actuation setpoint. Variables are monitored and measured by each of the RTIF_-; NMS,
ATWS/SLC, and-SSLC/ESF, and VBIF divisions.

Plant-specific setpoint analyses determine the protection systems’ instrument setpoints using the
methodology described in Reference 7.1-9. The GEH setpoint methodology uses plant-specific
setpoint analyses to ensure that the combination of characteristics of the instruments such as
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range, accuracy and resolution provide the required high probability that the analytical limits in
Chapter 15 analyses are not exceeded for the safety-related control system components and
systems of the safety-related I&C. The response times of the 1&C systems are assumed in the
safety-related analyses and verified by plant specific surveillance testing or system analyses.
The Q-DCIS application software, hardware processing rates, and internal and external
communication system design ensures that the real-time performance of the safety-related
control systems is deterministic.

7.1.6.6.1.18 Manual Control (IEEE Std. 603, Sections 6.2 and 7.2)

Each protective action can be manually initiated at the system level, in conformance to RG 1.62,
and at the division level in conformance to IEEE Std. 603, Sections 6.2 and 7.2. The manual
initiation satisfies divisional rules for independence and separation. Two manual actions, each in
a separate division, are required in order to satisfy the two-out-of-two system logic or the two-
out-of-four division logic that initiates a reactor trip in the RPS and ESF functions in the
SSLC/ESF systems.

The operator can manually initiate the ESF functions by actuating manual switches in two-out-
of-four divisions; thus, satisfying the two-out-of-two system initiation logic. The ESF functions
that use squib valves use a redundant two-step arm and fire sequence. This prevents single
failures from firing or from inhibiting the firing of the squib valves. The squib valves are the
GDCS pool injection valves, the suppression pool injection valves, the GDCS deluge valves, the
ADS DPV, and the SLC injection valves. To manually initiate the GDCS short-term and long-
term injection systems, a low-pressure signal must be present in the RPV. This prevents
inadvertent manual initiation of the system during normal reactor operation.

The operator can manually initiate reactor emergency shutdown, reactor trip, with control rods
by using any of three different methods using redundant or diverse controls. The manual reactor
trip occurs independently of the automatic trip logic and sensor status.

The two manual scram switches, the Reactor Mode Switch, and the four divisional manual trip
switches (per protective system) are located in the MCR and are easily accessible to the operator.

The two MCR manual scram switches, the RSS manual scram switches share no equipment with
the automatic controls and require no software for their operation, and the DPS manual scram
switches share a minimum of equipment with the automatic controls. The MCR and RSS
manual scram switches are directly connected to the power feed for the load drivers that are, in
turn, connected directly to the scram pilot valve solenoids. The DPS manual scram switches
directly control the scram air header dump valves

After manual initiation, the protective actions go to completion in conformance to IEEE Std.
603, Section 5.2 as described in Subsection 7.1.6.6.1.3. The manual initiation of a protective
action performs all actions carried out by automatic initiation.

In the Q-DCIS design, there are no protective actions that have not been selected of automatic
control. There are also no manual actions necessary to maintain safe conditions after the
completion of protective actions for 72 hours after a DBE.
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The manual controls are designed so that the information provided, display content and location
are taken into consideration for easy operator access and action in the MCR. Further information
about the design of manual controls and HFE considerations, as well as plant manual operation

procedure requirements, are included in Chapter 18. Additionally, manual controls for each
system are discussed in the Safety Evaluation section for each applicable system as part of

conformance to 10 CFR 50.55 a(h)Additional-details-of-automatic-and-manual-controls-at system

7.1.6.6.1.19 Interaction Between the Sense and Command Features and Other Systems (IEEE Std.
603, Section 6.3)

The Q-DCIS protection systems are totally separate and independent from the nonsafety-related
control systems, in accordance with GDC 24. Any failure of nonsafety-related systems does not
affect safety-related protection systems or prevent them from performing their safety-related
functions. If one safety-related division fails, any nonsafety-related control system can be
isolated from the failure by using data validation techniques to select a valid control input from
the three other remaining divisions. The communication path broadcasts one way - from the
protection system to the N-DCIS. A failure of communication does not affect the protection
function. Therefore, providing additional redundancy to isolate the protection system from
communication failure is not required and not applied. For further detail on communication
between the Q-DCIS and the N-DCIS (including transmission of time tagging signals) see
Subsection 7.1.3.3.

Sensors used by safety-related 1&C systems are not shared with nonsafety-related control
systems. Calculated safety-related signals such as APRMs can be used, after isolation, by

nonsafety related control systems. —Add&ﬁe%l—deseﬁpﬂens—ef—ﬂ%—aﬂd—%k%%

7.1.6.6.1.20 Derivation of System Inputs (IEEE Std. 603, Section 6.4)

To the extent feasible, the protection system inputs are derived from signals that directly measure

the designated process variables. The-twoRPSsensinginputsthatarenotAn example of an in
direct measures—et;th%vaﬂ&b}es—af%ﬂ%%%er—level—aﬁdls the loss of feedwater ﬂow in the

RPS scram loglcs

aﬁﬁheat}eﬂs—The loss of the feedwater flow Varlable is represented by the loss of the power

generation bus signal. When the power to the feedwater pump motor is lost, the feedwater flow
is also immediately lost. The use of loss of power generation bus signals to represent the loss of
feedwater flow signal meets the requirements of the safety-related analysis of Chapter 15,

because it is the only credible way that all feedwater flow can be lost. Additionally, derivation
of system inputs for each system are discussed in the Safety Evaluation section for each

applicable system as part of conformance to 10 CFR 50.55 a(h).The- RPS-initiatingcircuits-and
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7.1.6.6.1.21 Capability for Testing and Calibration (IEEE Std. 603, Section 6.5)

The operational availability of the protection system sensors can be checked by perturbing the
monitored variables, by cross-checking between redundant channels that have a known
relationship with each other and that have read-outs available, or by introducing and varying a
substitute input to the sensor of the same nature as the measured variable. The four-division

RTIF;—-NMS, and-SSLC/ESF, and independent control platform logic provides at least two valid

divisions for crosschecking of monitored variables. The third division also has the capability to
be available for crosschecking, depending on the maintenance bypass status. When one division
is placed into maintenance bypass mode, the condition is alarmed in the MCR and the division
logic automatically becomes a two-out-of-three voting scheme. Most sensors and actuators are
provisioned for actual testing and calibration during power operation with the exceptions

described in Sections 7.2 through 7.8. See Subsections 7.1.3.3.5, 7.1.3.3.6, 7.1.3.3.7, and 7.1.3.5
for additional details.

In the Q-DCIS design a 24 month calibration periodicity is implemented to ensure accuracy and
integrity of signal development, transmission and processing. Digital I&C equipment utilized in
the 1&C design is qualified for the environment in which it is located so that it retains its
calibration during the post accident time period. Additionally, capability for testing and
calibration for each system are discussed in the Safety Evaluation section for each applicable
system as part of conformance to 10 CFR 50.55 a(h).

7.1.6.6.1.22 Operating Bypasses (IEEE Std. 603, Sections 6.6 and 7.4)

Operating bypasses are implemented in the Q-DCIS. One example of such operating bypasses is
associated with the trip function dependence on reactor operating mode. The requirements of
IEEE Std. 603 are met by the safety-related I&C operating bypass design. Specific descriptions
of safety-related system operating bypasses are included in Subsections 7.2.1.5 and 7.3.5.2.
Operating bypasses are automatically removed as described in Subsections 7.2.1.5 and 7.3.5.2.

Additionally, operating bypasses for each system are discussed in the Safety Evaluation section
for each applicable system as part of conformance to 10 CFR 50.55 a(h).

7.1.6.6.1.23 Maintenance Bypass (IEEE Std. 603, Sections 6.7 and 7.5)

Maintenance bypass capability is incorporated in the design of the Q-DCIS. This permits
equipment maintenance, testing, and repair of one individual division with the plant operating
and without initiating any protection functions. The single failure criterion is met under this
bypass condition. Although it is possible to bypass only one division at a time, the Q-DCIS
design is able to supply its safety-related functions even with a two-division failure.
Maintenance bypass is always alarmed or indicated in the MCR. Maintenance bypass for safety-
related 1&C systems is typically applied through a joystick bypass switch with exclusive logic
that allows only one division, out of four, to be bypassed at any given time. Maintenance

bypasses are initiated manually by the plant operator per administrative control. Additionally,
maintenance bypasses for each system are discussed in the Safety Evaluation section for each
applicable system as part of conformance to 10 CFR 50.55 a(h). i i
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7.1.6.6.1.24 Setpoints (IEEE Std. 603, Section 6.8)

For automatic protective devices, safety-related setpoints and setpoints having significant safety
functions for the Technical Specification required limiting safety system settingstastroment

setpomt&are determmed by the methodology described in Reference 7 1-9. which is based on the

Peﬁoéﬂestmg—aﬂd—Gahbﬁ&t}onef—lnsm;}mth—Ghanﬂels - The GEH setpomt methodology uses

plant-specific setpoint analyses to ensure that the instruments’ range, accuracy, and resolution
meet the performance requirements assumed in the safety-related analyses in Chapter 15 for the
safety-related control system components and systems. This methodology meets the
requirements of IEEE Std. 603, Section 6.8. The response times of the I&C systems assumed in
the safety-related analyses are verified by plant specific surveillance testing or system analyses.

7.1.6.6.1.25 Electrical Power Sources (IEEE Std. 603, Section 8.1)

The Q-DCIS protection system cabinets and components are supported by two independent
power sources. Each division of safety-related I&C is powered by two UPS that can supply 120
VAC from either offsite power, diesel generator power, or safety-related batteries (for 72 hours).

Either of the two power sources allows Q-DCIS operation. These power sources comply with
IEEE 603 as descr1bed in Subsectlon 7.1.6.6.1. See Subsect1on 7.1.3.3.7 for add1t10nal

description. Fw

dDescriptions of
safety related system power sources are mcluded 1n§&bseetto*as—7—2—l—2—aad—7—2€—2—&s—wel—l—as—m

Chapter 3.

7.1.6.6.1.26 Non-electrical Power Sources (IEEE Std. 603, Section 8.2)

power source is requ1red for a safety functlon then the source of the power is Class1ﬁed as
safety-related and complies with IEEE 603 as described in Subsection 7.1.6.6.1. Additionally,
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non-electrical power sources for each system are discussed in the Safety Evaluation section for
each applicable system as part of conformance to 10 CFR 50.55 a(h).

7.1.6.6.1.27 Maintenance Bypass (IEEE Std. 603, Section 8.3)

The Q-DCIS components are powered by redundant, independent, and separated uninterruptible
power supplies appropriate to their division with battery backup (per division) for at least 72
hours. The UPS have both an automatic static transfer switch and a manual maintenance switch
and either supply (per division) can operate its Q-DCIS division. Using the inverter’s automatic
or manual bypass and shutting down either the associated batteries, chargers or inverters
technically makes the division inoperable but, in fact the division remains fully functional, losing
only the ability to operate for 72 hours should offsite or diesel power be lost (it operates for
approximately 36 hours under those circumstances). Operation of the Q-DCIS when one of its
power supplies is in maintenance bypass is appropriately alarmed. In the very unlikely event that
an entire division is without power the failsafe RTIF/NMS interprets the condition as a trip
(unless bypassed) and the SSLC/ESF does not assume a trip. Because only two divisions are
necessary to satisfy the safety requirements, no functionality is lost. The condition of a division

without power triggers an alarm.  Refer to the discussion of GDC 18 in DCD
Subsection 8.3.1.2.1 for maintenance provisions of safety-related power supplies. Further
discussion of the safety-related power supplies is provided #throughout Chapter 8.

A single non-electrical redundant power source (e.g.. one of two parallel accumulators, one of
two squibs) may be taken to “maintenance bypass” (i.e., isolated) without adversely impacting
the safety function of any system.

For those non-electrical power sources having a degree of redundancy of one, taking it to
maintenance bypass does not adversely impact the reliability of any safety-related system to
perform its safety functions. Additionally, manual bypassing of power sources for each system
are discussed in the Safety Evaluation section for each applicable system as part of conformance
to 10 CFR 50.55 a(h).

7.1.6.6.1.28 Cyber Security (IEEE Std. 7-4.3.2)

The security measures included in RG 1.152 are evaluated and incorporated in the Q-DCIS
design and include plant hardware and software security measures. The software development
process plans are developed with the security measures.

The comprehensive cyber security program plan (Reference 7.1-8) identifies security risks and
outlines appropriate procedures. The plant ensures that hardware, controls, and data networks
comprising the control network cannot be disrupted, interrupted, or negatively affected by
unauthorized users or external systems. Reference 7.1-8 documents the design commitments,
which meet the applicable guidance of RG 1.152, Section C.2, and Positions 2.1 through 2.9.

Inspections, tests, analyses, and acceptance criteria (ITAAC) associated with the cyber-security
program plan are provided in Tier 1 together with the SDP.
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4 lE==cicns X X X X X X X X X X X X X
13 ==t eon X X X X X X X X X X X X X X X
19 X X X X X X X X X X X X X X X
20 ==t eon X X X X X X X
21 oot o ook x | x| x| x| x X X
22 == ton X X X X X X X
23 == ton X X X X X X X
24 P X X X X X X X X X X X X X X X
25 P X
29 P X
SRM-en-SECY-93-087
INa) R X X X X X X X X X
= X X X X X
Regulatory-Guides(RG)
122 X X X X X X X X
447 e X X X X X X X X X X
453 LEEES{Q_%J_QEEE S:é‘@% X X X X X X X X X X X
R ==t eon X X X X X X X X
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Fable 1
1&CS R I R . \pplicabilitv-Matri
System
- g ' % i % |2
175 JEEE Std-384 X X X X X X X X X X X X X X X X X X
1.89 JEEE Std-323 X X X X X X X X X X X X X X
1.97 JEEE Std-497 X X X X X X X X
4160 X X X X X X X X X X X X X X X X X X
1105 ANSHISA-S67.04-04 X X X X X X X X X X X X X X X X X
1448 JEEE Std-338 X X X X X X X X X X X X X X X X X
1451 ANSHISA-S67.02.012 X X X X X X X X X X
4.452% JEEE Std-7-4.3.2 X X X X X X X X X X X X X X X X X
1153 JEEE Std-603 X X X X X X X X X X X X X X X X X
1468 ot o toas x | x | x| x| x| x| x| x| x| x X x | x X x | x | @
1.169* JEEE Std-828 X X X X X X X X X X X X X X X X “
1.470* JEEE Std-829 X X X X X X X X X X X X X X X X @
EELZL JEEE Std-1008 X X X X X X X X X X X X X X X X TZNY
1.472% JEEE Std-830 X X X X X X X X X X X X X X X X TZNY
4.473* JEEE Std-1074 X X X X X X X X X X X X X X X X “
11480 {EEE-Std-1050 X X X X X X X X X X xH | X X xHopoxH | x| X | X X XX | X x| x| X | X X xH
4.204 JEEE Std-1050 X X X X X X X X X X X X X X X X X X X X X X X X X X X X
4.209 JEEE Std-323 X X X X X X X X X X X X X X X X X X
E b Technical Positi BTE
BTP HICB-1 JEEE Std-603 X X X
BTP HICB-3 JEEE Std-603 N/A
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Table 7:1-1
1&CS Recul Requi \volicabilitv Matri
System
ol cren
- | % g % % i %g % |2
BTPHICB4 N/A
BTPHICB-6 JEEE Std-603 N/A
BTPHICB-8 Refer to RG22 x | x| x| x| x| x| x| x| x| x X x | x
BTPHICB-9 Referto RG1.153 X X
BTPHICB-10 Refer toRG1.97 x | x X x | x x | x
BTPHICB-14 peerionetTs x | x | x| x| x| x| x| x| x| x| x X x | x x | x x | x | x
BTPHICB-12 Refor-to RG-1.105 x | x | x| x| x| x| x| x| x| x X x | x X x | x | x
BTPHICB-13 Refor-to RG1.153 N/A
BTP HICB-14* Refer-to RG-1.152 x | x| x| x| x| x| x| x| x| x| x X x | x X x | x | x
BTPHICB-16 x | ox | x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| x
BTPHICB-17* Wsa, e asnanass | X | x| x| x| x| x| x| x| x| x| x X x | x x | x x | x | x
BTPHICB-18* Refer to RG-1.152 x | x| x| x| x| x| x| x| x| x| x X x | x x | x x | x | x
BTPHICB-19* NUREG/CR-6303 x | x| x| x| x| x| x| x| x| x X X X x | x | x
BTPHICB-21* NUREG/CR-6083 x | x| x| x| x| x| x| x| x| x| x X x | x X x | x | x
Notes:
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I&C Regulatory Requirements Applicability Matrix

Table 7.1-1

Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform
RTIF NMS
= 3 > vg 0 s
Applicable Criteria g S || _ _ % ‘£ o | e i o ~ < s 5 u m
Guidelines: W o | 2 95| % | & 9 | m : S| ol | @ ol ol %l |9 |= oS Z ] Y s
SRP NUREG-0800 E‘ H| QSR g 29§ ||/ |99 222|934 QL
Section 7.1 = ol 2| © al | S al | o | 8 © ol | O 2 o
gl | O 3 %) <
[m] s om
=l - pd
10 CFR
50.55a(a)(1) X X X X X X X X X X X X X X X X X X X X X X X
50.55a(h) X X X X X X X X X X X X X X X X X X X
50.34(f)(1)(v) [I.K.3.13] X X X X
50.34(f)(1)(x) [11.K.3.28] X
50.34(f)(2)(iii) [1.D.1 X X X X X X X X X X X X X X X X X X X X X X X
50.34(f)(2)(iv) [I.D.2] X
50.34(f)(2)(v) [I.D.3 X X X X X X X X X X X X X X X X X X X X
50.34(f)(2)(viii) [11.B.3] X X
50.34(f)(2)(x) [11.D.1] X X
50.34(f)(2)(xi) [11.D.3] X X
50.34(f)(2)(xiv) [II.E.4.2] X X X X
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Table 7.1-1

I&C Regulatory Requirements Applicability Matrix

Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform
RTIF NMS
2 |8 s 3 al e
Applicable Criteria g S || _ _ % g o | e i ~ < s 5 u m
Guidelines: wl oo | 295 B | &al | Q| w | 3 S| ol | @ o | 5 |9 |2 oS Z ] Y s
SRP NUREG-0800 E‘ & Y| ;’ g & |2|q|g|x 2|2 Al Ala 2] g Y| QL
Section 7.1 ol g 1% ol | 3 £ o o = &
= %] n = i~
gl | O 3 %) <
[m] s om
=l - pd
50.34(f)(2)(xv) [IL.E.4.4] X X
50.34(f)(2)(xvii) [II.F.1] X X | X X
50.34(f)(2)(xviii) [II.F.2] X X X X
50.34(f)(2)(xix) [I.F.3] X X | X | X X
50.34(f)(2)(xxi) [11.K.1.22] X | X X X X
50.34(f)(2)(xxiii) [11.K.2.10] X X X
50.34(f)(2)(xxiv) [II.K.3.23] X
50.34(f)(2)(xxvi) [I1.D.1.1] X | x X
50.34(f)(2)(xxvii) [1I1.D.3.3] X X | X X
50.34(f)(2)(xxviii) [IlI.D.3.4] X X X
50.44(c)(4) X X
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I&C Regulatory Requirements Applicability Matrix

Table 7.1-1

Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform
RTIF NMS
2 |8 s 3 al e
Applicable Criteria g S || _ _ % g o | e i o ~ < s 5 u m
Guidelines: W o | 2 95| % | & 9 | m : S| ol | @ ol ol %l |9 |= oS Z ] Y s
SRP NUREG-0800 R Q|S5 g |2 298|222 |39 4|a|2|2| 34| QL
- S O — < o O [ O 2 O o O o
Section 7.1 n 1) ~ k= <
_ Q| = ol | » < [=
o3 | O 3 o <
[m] s om
=l - pd
50.49 Refer to Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification)
50.62 X X X X X X X
50.63 X X X X X X X X X
52.47(a)(21) X X X X X X X X X X X X X X X X X X X X X X X
52.47(b)(1 X X X X X X X X X X X X X X X X X X X X X X X
52.47(a)(25) NA
52.47 X X X X X X X X X X X X X X X X X X X X X X X
52.47(c)(2) NA
GENERAL DESIGN CRITERIA
1 X X X X X X X X X X X X X X X X X X X X X X X
2 X X X X X X X X X X X X X X X X X X X X X X X
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Table 7.1-1
I1&C Regulatory Requirements Applicability Matrix
Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform
RTIF NMS
= <] ) -
] 3 s > [a) b
Applicable Criteria g Se || _ % g o | s i o _ < s o u @
Guidelines: W o | 2 95| % | & 9 | m : S| ol | @ ol ol %l |9 |= oS Z ] Y s
SRP NUREG-0800 R Q|S5 g |2 298|222 |39 4|a|2|2| 34| QL
- S O — < o O [ O 2 O o O o
Section 7.1 n 1) ~ k= <
_ Q| = ol | » < [=
o3 | O 3 o <
[m] s om
=l - pd
4 X X X X X X X X X X X X X X X X X X X X X X
10 X X X
12 X X X X
13 X X X X X X X X X X X X X X X X X X X X X X X
15 X X X X X
16 X X X X X
19 X X X X X X X X X X X X X X X X X X X X X X X
20 X X X X X X X X X X X X X X X X X X X
21 X X X X X X X X X X X X X X X X X X X
22 X X X X X X X X X X X X X X X X X X X
23 X X X X X X X X X X X X X X X X X X X
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Table 7.1-1
I1&C Regulatory Requirements Applicability Matrix
Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform
RTIF NMS
E | 2 .
2 |8 s > a) 2
Applicable Criteria g S || _ _ % g o | e i o ~ < s 5 u m
Guidelines: W o | 2 95| % | & 9 | m : S| ol | @ ol ol %l |9 |= oS Z ] Y s
SRP NUREG-0800 E‘ B Q1S o g | 29§ |g|2|3 /9|9 |2|a |2 |9|a|4|< QL
- S O — < o O [ O 2 O o O o
Section 7.1 n 1) ~ k= <
_ Q| = ol | » < [=
o3 | O 3 o <
[m] s om
=l - pd
24 X X X X X X X X X X X X X X X X X X X X X X
25 X X X X
26 X X X X X X
27 X X X X X X
28 X X
29 X X X X X X X X X X X X X X X X X X X X
30 X X X
33 X X X X X
34 X X
35 X X X X X X
37 X X X X X X
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Table 7.1-1

I&C Regulatory Requirements Applicability Matrix

Q-DCIS N-DCIS

RTIF - NMS Platform Independent

SSLC/ESF Platform Control
_— S Network Segments
Platform

X
-
M
=z
=
»

s g <
> | 0 ~
. . < |3 SRR Q e
Applicable Criteria O |Ze || ~ _ L g o | s i ® ~ < . 5 u m
. - = © < © = =
Guidelines: E o % S5 W | B o | o= Q% |8 1 o |3 o | e % A1 Y| ys
SRP_ NUREG-0800 Rl g|SE 2og 2ol 2|23 |99 |4|a|8 9|38 q|c
: < O | c o O 3] O %] [©] o
Section 7.1 Q n o | = 2 ol | O 2
(<) g ol | v I P
o3 3 ] <
[m] s om
- | z

(3
I

r
1<
I
1<

S
I

N

w
<
I><
<

[S
I

o
[]
<
<

|03
~
X<
X<
X<
X<

SRM on SECY 93-087

o
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<

5
<
<
<

Regulatory Guides (RG)

T
<
<
<
<
<
<
<
<

X | X | X | X

<
<
<
<
<
<
<
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Table 7.1-1

I&C Regulatory Requirements Applicability Matrix

Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform
RTIF NMS
= Sl @) -
2 |8 s > a) 2
Applicable Criteria g S || _ _ % g o | e i o ~ < s 5 u m
Guidelines: W o | 2 95| % | & 9 | m : S| ol | @ ol ol %l |9 |= oS Z ] Y s
SRP NUREG-0800 E‘ e ol |2ols |23 laldlalald ||y a|e| |
. = w| & zZ Ol | c o O 3] O n 3) O o
Section 7.1 %) %) ~ i= O 2
Q| = ol | » < [=
o3 | O 3 o <
[m] s om
=l - pd
1.45 X X X
147 X X X X X X X X X X X X X X X X X X

-

.5

]
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<

o)

N
<
<
<
<
<
<
<
<
<
<
<

5
<
<
X<
<

X | X | X | X | X | X | X | X | X | X} X} X X | X ]| X

1.89 Refer to Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification)

©
~
‘ El
<
<
<
X<

X | X | X | X | X | X | X | X X | X} X} X X | X ]| X

<
<
X<
<

1.100 Refer to Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification)

1.105 X X X X X X X X X X X X X X X X X X X X

1.118 X X X X X X X X X X X X X X X X X X X

1.151® X X | X | X X X [ X | X | X |X X XX

2
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<
1<

7.1-110



NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

Table 7.1-1
I&C Regulatory Requirements Applicability Matrix

Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform

X
-
M
=z
=
»

jo P & Z [m)] =
Applicable Criteria g S || _ _ % g o | e i o ~ < s 5 u m
Guidelines: w ) 2l 1g5| % | & (2] w : s | o @ O a | Bl | 9 | < L par 2 P o L
oD i oC = 2 O O
SRP NUREG-0800 PlE | Q1S9 o || 2|98 |2|=3|/3 9|29 Ala|2 93| 4|of|aq]c
. = w| & zZ Ol | c o O 3] O n 3) O o
Section 7.1 %) %) ~ i= O 2
9 = ol | » = E
o3 | O 3 o <
[m] s om
e | z
1.153 X X X X X X X X X X X X X X X

J

<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
x
<
<
<
<

J
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<

J
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<

3
<
<
X<
<
<
<
<
X<
<
X<
<
<
<
<
<
X<
<
<
<
<
<
X<
<

=
N
.l
<
<
<
<
<

X | X | X | X | X | X

<

X | X | X | X | X[ X | X

<
<
X<
X<

=
.
.l
<
<
<
<
<

X | X | X | X | X | X | X | X | X | X | X | X | X/|X

<
<
X<
<

1.180" Refer to Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification)

N
o
=
X<
X<
X<
<

X | X | X | X | X | X | X | X | X | X | X | X ]| X | X ]| X

1.209 Refer to Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification)

Branch Technical Positions (BTP)

BTP HICB-1 X X

<
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Table 7.1-1
I&C Regulatory Requirements Applicability Matrix
Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
—_— S Network Segments
Platform
RTIF NMS
Elp - 2 :
[< s = =
Applicable Criteria g %@ _ _ % g o | e i o ~ < . 5 u m
Guidelines: w o | 2| |g Dl | 2 (%) ; K 3 o | €| 0 | & w | 3 I | o | w
SRP NUREG-0800 E‘ 2| 2 | <7 B E‘ %’ S |8 5‘ 213 8’ ol 3|z |e ’I“ P 5‘ ol | B | B
- =] all =z | O o | £ al | Ol | © o 0 e 2 N G
Section 7.1 D n o | = = o O =
I Q|2 1%} (2] = =
o3 | O 3 o <
[m] s om
- — pd
BTP HICB-3 N/A
BTP HICB-6 N/A
BTP HICB-8 X | X | X | X | X [ X | X | X | X | X | X | X | X | X | X|X|X|X]X
BTP HICB-9 X X X
BTP HICB-10"% X | X | X | X | X | X | X | X | X | X | X | X | X[ X | X[ X ]| X|X|X|X|X|X|X
BTP HICB-11 X | X | X | X | X | X | X | X[ X | X | X[ X | X[ X ]| X | X]|X]|X]|X
BTP HICB-12 X | X | X | X | X[ X | X | X | X | X | X | X | X | X | X|X|X|X]X
BTP HICB-13 N/A
BTP HICB-14" X[ X[ X[ X | X | X | X | X | X | X | X | X[ X|X|X|X|X]|X]|X
BTP HICB-16 X | X | X | X | X | X | X | X | X | X | X | X | X | X | X | X|X|X]|X|X]|X]|X|X
BTP HICB-17" X [ X[ X | X | X | X | X | X | X | X | X | X[ X|X|X|X|X]|X]|X
BTP HICB-18" X | X X | X X | X
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Table 7.1-1
I1&C Regulatory Requirements Applicability Matrix
Q-DCIS N-DCIS
RTIF - NMS Platform Independent
SSLC/ESF Platform Control
_— S Network Segments
Platform
RTIF NMS
= <] ) -
_z 3 s > (@] e
Applicable Criteria g S || _ _ % g o | e i o ~ < s 5 u m
Guidelines: W o | 2 95| % | & 9 | m : S| ol | @ ol ol %l |9 |= oS Z ] Y s
SRP NUREG-0800 E‘ ¥ | g |85 g’ g = ol§|yY|3 31819 a|al|g|E 2 W e QL
Section 7.1 = L ol | 3 £ o o = &
_ Q| = ol | » = [=
o3 | O 3 o <
[m] s om
=l - pd
BTP HICB-19" X | X | X | X | X |X]X X | X [ X | X | X | X | X[ X|X|X]|X|X]|X|X
BTP HICB-217" X X X X X X X X X X X X X X X X X X X
Notes:

™1

LD&IS (non-MSIV) controls the safety-related actuators (for the isolation valves and dampers) associated with the following nonsafety-related systems: RWCU/SDC, FAPCS,

@)

EFDS, CIS, CWS, CMS, HPNSS, RBVS, and FBVS. RWCU/SDC provides safety-related sensor inputs to LD&IS (non-MSIV). The regulatory requirements associated with these|
actuators and sensors are addressed as part of LD&IS.

CBVS includes the CRHS and CRHAVS subsystems and EFUs.

@)

SSLC/ESF includes RSS, MCRP and safety-related VDUs.

(4)

Includes the NBS sensors associated with ATWS/SLC.

(6)

SSLC/ESF platform column for CRD includes safety-related sensors associated with control rod separation detection.

(6)

The following safety-related systems have logic implemented on multiple platforms in support of their protective functions: CMS, CRD, LD&IS, NBS and SLC. Referto DCD

(7)

Sections 7.2, 7.3, 7.4, and 7.5 for detailed descriptions of the system functions.
These criteria are addressed with digital computer-related functions of the Q-DCIS and N-DCIS.

8)

Sections of the ANSI/ISA standard that are not specific to safety-related systems, but provide guidance on design practices for tubing, vents and drains apply to the systems

9)

associated with the N-DCIS network segments.
Hardware associated with the N-DCIS network segments uses industrial methods for EMI/EMF/RFI/EMC compliance.

(10)

The ESBWR 1&C conforms to RG 1.97 and applies the guidance in IEEE std. 497. RG 1.97 endorses IEEE Std. 497 (with clarifications and exceptions stated in RG 1.97) and the

use of the HFE development process to determine the human actions during and following accident scenarios. Specific instruments credited for RG 1.97 compliance are
determined as part of the HFE development process as discussed in Section 7.5.
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Table 7.1-2
1&C Systems - IEEE Std. 603 Criteria Compliance Cross-Reference
RTIF - NMS PLATFORM INDEPENDENT
SSLC/ESF PLATFORM CONTROL
PLATFORM
RTIF NMS _—
EEEStd. | ¢ oo LD&IS | CMS SSLOESE | NBS ATWS |
603 | —m- - | RIEF RPS (MSIV | (includes | NBS® | CRD® | Nms® | SS=g=St | (Non- | prms | cMS® | (includes | GDCS | Ics | sLc® | cBVS? | CRD® | VBIE | o TEmmRe
Section Only)® SPTM) @ MSIV ADS sLC ®HEED
41 Design basis 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
events
4.2 Safety-related 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
functions 75531 7553.1
4.3 Permissive 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
w 7.2.1.31 7.3.3.31 7.2.3.3.1 7.21.31 7.2.2.31 7.35.3.1 7.3.3.31 7.5.3.3.1 75.2.31 7.3.1.2.3.1 74431 7.4.1.31 7.36.3.1
operating
bypasses 7.3.1.2.31
7.33.31
7.35.3.1
44 Monitored 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
variables, and
associated
analytical limits
4.5 Minimum criteria 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
for manual
actions
4.6 Spatially 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
s—:ﬁ%‘zm 7.2.1.31 7.3.3.31 7.2.3.3.1 7.21.31 7.2.2.31 7.35.3.1 7.3.3.31 7.5.3.3.1 75.2.31 7.3.1.2.3.1 74431 7.4.1.31 7.36.3.1
7.3.1.2.31 74231
7.33.31
7.35.3.1
4.7 Range of 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
transient and
steady-state
conditions
4.8 Adverse 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
environmental
conditions
49 Reliability 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
methods
4.10 DBE critical 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.166.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
times /
conditions
411 Equipment 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1 7.16.6.1.1
protective
provisions
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RTIF - NMS PLATFORM INDEPENDENT
SSLC/ESF PLATFORM CONTROL
PLATFORM
RTIF NMS —_—
IEEE Std. | p\netions LD&IS cms SSLC/ESF yro— NBS ATWS |
603 | —m- - | RIEF RPS (MSIV | (includes | NBS® | CRD® | Nms® | SS=g=St | (Non- | prms | cMS® | (includes | GDCS | Ics | sLc® | cBVS? | CRD® | VBIE | o TEmmRe
Section Only)® SPTM) @ MSIV DS sLC ®HEED
412 Special design 7.1.6.6.1.1 7.1.6.6.1.1 7.1.6.6.1.1 7.1.6.6.1.1 716611 | 7.1.6.6.1.1 7.1.6.6.1.1 7.1.6.6.1.1 7.1.6.6.1.1 7.1.661.1 | 7.1.6.6.1.1 7.1.6.6.1.1 71.6641 | 716641 | 716641 | 716641 | 716641 | 7.1.6.6.1.1 7.1.6.6.1.1
basis
5.1 Single failure 7.1.6.6.1.2 7.1.6.6.1.2 7.1.6.6.1.2 7.1.6.6.1.2 716612 | 7.1.66.1.2 7.1.6.6.1.2 7.1.6.6.1.2 716612 | 716612 | 7.166.1.2 7.1.6.6.1.2 716612 | 716612 | 716642 | 716612 | 716612 | 7.1.6.6.1.2 7.1.6.6.1.2
criterion
5.2 Completion of 7.16.6.1.3 7.1.66.1.3 7.1.6.6.1.3 7.1.6.6.1.3 716613 | 7.1.66.1.3 7.1.6.6.1.3 7.1.6.6.1.3 716613 | 716613 | 7.1.66.1.3 7.1.6.6.1.3 716613 | 716613 | 716613 | 716613 | 716613 | 7.1.6.6.1.3 7.1.6.6.1.3
brotective action 7.2.1.3.1 7.3.3.3.1 7.2.3.3.1 7.2.1.3.1 7.22.3.1 7.3.3.3.1 75.3.3.1 75.2.3.1 7.3.1.2.3.1 7.4.4.3.1 7.4.1.3.1 7.3.6.3.1
7.3.1.2.3.1 4.2.3.
7.3.3.3.1
7.3.5.3.1
5.3 Quality 7.1.6.6.14 7.1.6.6.1.4 7.1.6.6.14 7.1.6.6.1.4 716614 | 7.1.66.14 7.1.6.6.14 7.1.6.6.1.4 716614 | 716614 | 7.1.66.14 7.1.6.6.1.4 716614 | 716614 | 716614 | 716614 | 716614 | 7.1.6.6.14 7.1.6.6.1.4
54 Equipment 7.1.6.6.1.5 7.1.6.6.1.5 7.1.6.6.1.5 7.1.6.6.1.5 716615 | 7.1.66.15 7.1.6.6.1.5 7.1.6.6.1.5 716615 | 716615 | 7.1.66.15 7.1.6.6.1.5 7.1.6615 | 716615 | 716645 | 716615 | 716615 | 7.1.6.6.1.5 7.1.6.6.1.5
55 System Integrity 7.1.6.6.1.6 7.1.6.6.1.6 7.1.6.6.1.6 7.1.6.6.1.6 716616 | 7.1.66.1.6 7.1.6.6.1.6 7.1.6.6.1.6 716616 | 716616 | 7.1.66.1.6 7.1.6.6.1.6 716616 | 716616 | 716616 | 716616 | 716616 | 7.1.6.6.1.6 7.1.6.6.1.6
56 Independence 7.1.6.6.1.7 7.1.6.6.1.7 7.1.6.6.1.7 7.1.6.6.1.7 716617 | 7.1.66.1.7 7.1.6.6.1.7 7.1.6.6.1.7 716617 | 716617 | 7.166.1.7 7.1.6.6.1.7 716617 | 716617 | 716647 | 716617 | 716617 | 7.1.6.6.1.7 7.1.6.6.1.7
5.7 Capability for 7.1.6.6.1.8 7.1.6.6.1.8 7.1.6.6.1.8 7.1.6.6.1.8 716618 | 7.1.66.1.8 7.1.6.6.1.8 7.1.6.6.1.8 716618 | 716618 | 7.1.66.1.8 7.1.6.6.1.8 716618 | 716618 | 716618 | 716618 | 716618 | 7.1.6.6.1.8 7.1.6.6.1.8
%On 7.2.1.3.1 7.3.3.3.1 7.2.3.3.1 7.2.1.3.1 72231 7.3.5.3.1 7.3.3.3.1 75.3.3.1 75.2.3.1 7.3.1.2.3.1 7.4.4.3.1 7.4.1.3.1 7.3.6.3.1
7.3.1.2.3.1 4.2.3.
7.3.3.3.1
7.3.5.3.1
58 Information 7.1.6.6.1.9 7.1.6.6.1.9 7.1.6.6.1.9 7.1.6.6.1.9 716619 | 7.1.66.1.9 7.1.6.6.1.9 7.1.6.6.1.9 716619 | 716619 | 7.1.66.1.9 7.1.6.6.1.9 716619 | 716619 | 716619 | 716619 | 716619 | 7.1.6.6.1.9 7.1.6.6.1.9
displays
59 Control of 7166110 | 7166110 | 7.1.66.1.10 | 7166110 | 7.1.66.1.10 | 7.1.66.1.10 | 7.1.6.6.1.10 7.1.6.6.1.10 7.1.661.10 | 7.1.66.1.10 | 7166110 | 7166110 | 7.1.66.1.10 | 7.1.6.6.1.10 | 7.1.6.6.1.10 | 7.1.6.6.1.10 | 7.1.6.6.1.10 | 7.1.6.6.1.10 7.1.6.6.1.10
Access
5.10. Repair 7.1.6.6.1.11 7166411 | 7166411 | 7166411 | 7166411 | 7.1.66.1.11 | 7.1.66.1.11 7.1.6.6.1.11 7166411 | 7166411 | 7166411 | 7166411 | 7.1.66.4.11 | 7.1.66.1.11 | 716611 | 7.1.66.1.11 | 7.1.66.1.11 | 7.1.6.6.1.11 7.1.6.6.1.11
5.11 Identification 7166112 | 7166112 | 7166112 | 7166412 | 7166412 | 7.1.66.1.12 | 7.1.6.6.1.12 7.1.6.6.1.12 71.661.12 | 7166412 | 7166412 | 7166412 | 7.1.66.1.12 | 7.166.1.12 | 7166112 | 7.1.66.1.12 | 7.1.66.1.12 | 7.1.6.6.1.12 7.1.6.6.1.12
5.12 Auxiliary 7166113 | 7166113 | 7166113 | 7.16641.13 | 7.1.66.1.13 | 7.1.66.113 | 7.1.6.6.1.13 7.1.6.6.1.13 7.1.661.13 | 7.1.66.1.13 | 7166113 | 7.66..13 | 7.1.66.1.13 | 7.1.66.1.13 | 7.1.6.6.1.13 | 7.1.66.1.13 | 7.1.6.6.1.13 | 7.1.6.6.1.13 7.1.6.6.1.13
features
5.13 Multi-unit 7166114 | 7166114 | 7166114 | 7166414 | 7166114 | 7.1.66.1.14 | 7.1.6.6.1.14 7.1.6.6.1.14 7166114 | 7166114 | 7166114 | 7166414 | 7.1.66.1.14 | 7.166.1.14 | 7166114 | 7.1.66.1.14 | 7.1.66.1.14 | 7.1.6.6.1.14 7.1.6.6.1.14
stations
5.14 Human factors 7166115 | 7166115 | 7166115 | 7166115 | 7.1.66.1.15 | 7.1.66.1.15 | 7.1.6.6.1.15 7.1.6.6.1.15 7.1.66.1.15 | 7.1.66.1.15 | 7166115 | 7166415 | 7.1.66.1.15 | 7.1.66.1.15 | 7.1.66.1.15 | 7.1.6.6.1.15 | 7.1.6.6.1.15 | 7.1.6.6.1.15 7.1.6.6.1.15
considerations
5.15 Reliability 7166116 | 7.166.1.16 | 7.1.66.1.16 | 7..6.6.1.16 | 7.1.66.1.16 | 7.1.66.1.16 | 7.1.6.6.1.16 7.1.6.6.1.16 7.1.661.16 | 7.1.6.6.1.16 | 7.16.6.1.16 | 7..66.1.16 | 7.1.66.1.16 | 7.1.6.6.1.16 | 7.1.6.6.1.16 | 7.1.6.6.1.16 | 7.1.6.6.1.16 | 7.1.6.6.1.16 7.1.6.6.1.16
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Q-DCIS
RTIF - NMS PLATFORM INDEPENDENT
SSLC/ESF PLATFORM CONTROL
RTIF NMS PLATFORM
IEEEStd. | Eynetions LD&IS CMS © © @ | SSLCIESF LD&I? NBS ATWS /
603 =@~ | RIF RPS (MSIV | (includes | NBS CRD NMS 25— | (Non- | pRMS | cMS® | (includes | GDCS lcs | s,c® |cBvs™ | crRD® | VBIF S TER()
Section oniy)® | SPTM)® MSIvV (Trsr) stc ™"
6.1 Automatic 7166117 | 7166447 | 7166417 | 7166117 | 7166417 | 7.1.66.1.17 | 7.1.6.6.1.17 7.1.6.6.1.17 7166117 | 7166117 | 7166117 | 7166447 | 7166417 | 7.1.66.1.17 | 7166117 | 7.16.61.17 | 7.166.1.17 | 7.16.6.1.17 7.1.6.6.1.17
Control
6.2 Manual control 7166118 | 7166118 | 7.166.1.18 | 7.1.66.1.18 | 7.1.66.1.18 | 7.1.66.1.18 | 7.1.6.6.1.18 7.1.6.6.1.18 7166118 | 7.1.66.1.18 | 7.1.66.1.18 | 7166118 | 7.166.1.18 | 7.1.6.6.1.18 | 7.1.66.1.18 | 7.16.6.1.18 | 7.16.6.1.18 | 7.1.6.6.1.18 7.1.6.6.1.18
72131 7.3.33.1 7.2.33.1 7.2.13.1 72231 1.353.1 7.3.33.1 75.33.1 75.23.1 7.3.1.2.3.1 74431 7.4.13.1 7.36.3.1
7.3.1.2.31 74231
7.3.3.3.1
7.3.53.1
6.3 Interaction 7166119 | 7166419 | 7166119 | 7166119 | 7166119 | 7.1.66.1.19 | 7.1.6.6.1.19 7.16.6.1.19 7166119 | 7166119 | 7166119 | 7166119 | 7166119 | 7.1.6.6.1.19 | 7.1.66.1.19 | 7.1.6.6.1.19 | 7.1.6.6.1.19 | 7.1.6.6.1.19 7.1.6.6.1.19
between the
sense and
command
features and
other systems
6.4 Derivation of 7166120 | 7166120 | 7.166.1.20 | 7.1.66.1.20 | 7.166.1.20 | 7.1.6.6.1.20 | 7.1.6.6.1.20 7.1.6.6.1.20 7166120 | 7166120 | 7.1.66.1.20 | 7.1.66.1.20 | 7.166.1.20 | 7.1.6.6.1.20 | 7.1.6.6.1.20 | 7.16.6.1.20 | 7.1.6.6.1.20 | 7.1.6.6.1.20 7.1.6.6.1.20
system inputs 72131 7.3.33.1 7.2.33.1 7.213.1 72231 1.353.1 7.333.1 75.33.1 75.23.1 7.3.1.2.3.1 74431 7.4.13.1 7.36.3.1
7.3.1.2.31 74231
7.3.3.3.1
7.3.53.1
6.5 Capability for 7166121 | 7166421 | 7166121 | 7166121 | 7166421 | 7.166.1.21 | 7.1.6.6.1.21 7.1.6.6.1.21 7166121 | 7166121 | 7166121 | 7166121 | 7166121 | 7.1.66.1.21 | 7.1.66.1.21 | 7.16.6.1.21 | 7.16.6.1.21 | 7.1.6.6.1.21 7.1.6.6.1.21
%ﬁﬁ 7.21.3.4 7.3.33.1 7.2.3.3.1 7.21.3.1 72231 7.35.3. 7.3.33.1 75.3.3.1 75.23.1 7.3.1.2.3.1 74431 7.41.3.1 7.36.3.1
7.31.2.31 74231
7.3.33.1
7.353.1
6.6 Operating 7166122 | 7166122 | 71661422 | 7166122 | 7166122 | 7.166.1.22 | 7.1.6.6.1.22 7.1.6.6.1.22 7166122 | 7166122 | 7166122 | 7166122 | 7166122 | 7.1.66.1.22 | 7.1.66.1.22 | 7.16.61.22 | 7.16.61.22 | 7.1.6.6.1.22 7.1.6.6.1.22
bypasses 7.21.3.4 7.3.33.1 7.2.33.1 7.2.13.1 72231 7.35.3. 7.3.33.1 75.33.1 75.23.1 7.3.1.2.3.1 7443 7.4.1.3.1 7.36.3.1
7.31.2.31 74231
7.3.33.1
7.353.1
6.7 Maintenance 7166123 | 7166123 | 7166123 | 7166123 | 7166123 | 7.166.1.23 | 7.1.6.6.1.23 7.1.6.6.1.23 7166123 | 7166123 | 7.1.66.1.23 | 7166123 | 7166123 | 7.1.6.6.1.23 | 7.1.66.1.23 | 7.16.6.1.23 | 7.166.1.23 | 7.1.6.6.1.23 7.1.6.6.1.23
bypass 72131 7.3.33.1 7.2.33.1 7.2.13.1 72231 1.353.1 7.333.1 75.33.1 75.23.1 7.3.1.2.3.1 74431 7.4.13.1 7.36.3.1
7.31.2.31 74231
7.3.3.3.1
7.3.53.1
6.8 Setpoints 7166124 | 7166124 | 7166124 | 7166124 | 7166124 | 7.1.66.1.24 | 7.1.6.6.1.24 7.1.6.6.1.24 7166124 | 7166124 | 7.1.66.1.24 | 7166124 | 7166124 | 7.1.6.6.1.24 | 7.1.66.1.24 | 7.16.6.1.24 | 7.1.6.6.1.24 | 7.1.6.6.1.24 7.1.6.6.1.24
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Q-DCIS
RTIF - NMS PLATFORM INDEPENDENT
SSLC/ESF PLATFORM CONTROL
RTIF NMS PLATFORM
IEEEStd. | Eynetions LD&IS CMS © © @ | SSLCIESF LD&I? NBS ATWS /
603 =@~ | RIF RPS (MSIV | (includes | NBS CRD NMS 25— | (Non- | pRMS | cMS® | (includes | GDCS lcs | s,c® |cBvs™ | crRD® | VBIF S TER()
Section oniy)® | SPTM)® MSIvV (Trsr) stc ™"
71 Automatic 71661417 | 71664147 | 7166417 | 7166447 | 7166417 | 7166117 | 7.166.1.17 7.16.6.1.17 7166417 | 7166117 | 7166117 | 7466447 | 7166147 | 7.1.66.1.17 | 7.1.66.1.17 | 7.1.6.6.117 | 7.1.6.6.117 | 7.1.6.6.1.17 7166117
Control
72 Manual control 7166118 | 7166118 | 7166418 | 7.1.66.1.18 | 7.16.6.1.18 | 7.1.66.1.18 | 7.1.6.6.1.18 7.16.6.1.18 7166118 | 7.1.66.1.18 | 7166118 | 7.1.661.18 | 7.1.66.1.18 | 7.1.66.1.18 | 7.1.6.6.1.18 | 7.1.6.6.1.18 | 7.1.6.6.1.18 | 7.1.6.6.1.18 7.16.6.1.18
7.2.1.31 7.3.33.1 7.2.3.3.1 7.2.1.3.1 72231 73531 7.3.33.1 7.5.3.3.1 75.2.3.1 7.3.1.2.3.1 74431 7.4.1.3.1 7.36.3.1
7.3.1.2.3.1 74231
7.33.3.1
7.35.3.1
73 Completion of 7.16.6.13 716613 7.16.6.13 716613 | 716643 | 716613 | 716613 7.1.6.6.1.3 7166143 | 716643 | 7.1.66.13 7.1.6.6.1.3 716613 | 716613 | 716613 | 716613 | 716613 | 7.1.66.1.3 7.166.1.3
brotective action 7.2.1.3.1 7.3.33.1 7.2.33.1 7.2.1.3.1 7.2.23.1 7.3.33.1 7.5.3.3.1 7.5.2.3.1 7.3.1.2.3.1 7.4.4.3.1 7.4.1.3.1 7.3.6.3.1
7.3.1.2.3.1 74231
7.3.3.3.1
7.35.3.1
74 Operating 7166122 | 7166122 | 7166422 | 7166122 | 7166122 | 7.1.66.1.22 | 7.1.6.6.1.22 7.16.6.1.22 7166122 | 7.166.1.22 | 7166122 | 7166422 | 7.1.66.122 | 7.1.66.1.22 | 7.1.66.1.22 | 7.1.6.6.1.22 | 7.1.6.6.122 | 7.1.6.6.1.22 7.16.6.1.22
bypass 7.2.1.3.1 7.3.3.3.1 7.2.3.3.1 7.2.1.3.1 72231 73531 7.3.3.3.1 7.5.3.3.1 7.5.2.3.1 7.3.1.2.3.1 74431 7.4.1.3.1 7.3.6.3.1
7.3.1.23.1 74231
7.3.3.3.1
7.35.3.1
75 Maintenance 7166123 | 7166123 | 7166123 | 7166123 | 7166123 | 7166123 | 7.1.6.6.1.23 7.16.6.1.23 7166123 | 7.166.1.23 | 7166123 | 7166123 | 7.1.66.123 | 7.1.66.1.23 | 7.1.6.6.1.23 | 7.1.6.6.1.23 | 7.1.6.6.1.23 | 7.1.6.6.1.23 7.166.1.23
bypass 7.2.1.31 7.3.33.1 7.2.3.3.1 7.2.1.3.1 72231 73531 7.3.33.1 7.5.3.3.1 75.2.3.1 7.3.1.2.3.1 74431 7.4.1.3.1 7.36.3.1
7.3.1.2.3.1 74231
7.33.3.1
7.35.3.1
8.1 Electrical power | 7.1.66.125 | 7.16.6.1.25 | 7.1.6.6.1.25 | 7.1.66.1.25 | 7.1.6.6.1.25 | 7.1.66.125 | 7.1.66.1.25 7.16.6.1.25 7.166.1.25 | 7.1.66.1.25 | 7.1.66.125 | 7.1.66..25 | 7.1.66.125 | 7.1.6.6.1.25 | 7.1.66.1.25 | 7.1.6.6.1.25 | 7.1.6.6.1.25 | 7.1.6.6.1.25 7.16.6.1.25
sources
8.2 Non-electrical 7166126 | 7166126 | 7166126 | 7.1.66.1.26 | 7.16.6.1.26 | 7.1.66.126 | 7.1.6.6.1.26 7.16.6.1.26 7166126 | 7.1.66.1.26 | 7166126 | 7166126 | 7.1.66.1.26 | 7.1.6.6.1.26 | 7.1.6.6.1.26 | 7.1.6.6.1.26 | 7.1.6.6.1.26 | 7.1.6.6.1.26 7.16.6.1.26
DOWET SOUrces 7.2.1.31 7.3.33.1 7.2.3.3.1 7.2.1.3.1 72231 73531 7.3.33.1 7.5.3.3.1 75.2.3.1 7.3.1.2.3.1 74431 7.4.1.3.1 7.3.6.3.1
7.3.1.23.1 74231
7.33.3.1
7.35.3.1
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Table 7.1-2
1&C Systems - IEEE Std. 603 Criteria Compliance Cross-Reference
RTIF - NMS PLATFORM INDEPENDENT
SSLC/ESF PLATFORM CONTROL
RTIF NM PLATFORM
EEEStd, | . . LD&IS | CMS SSLOESE | NBS ATWS |
603 froeols RTIF RPS (MSIV | (includes | NBS® | CRD® | Nms® | SS=p=St “(I’I“S% PRMS | CMS® | (includes | GDCS IcS s,c® |cBvs™ | cRD® | VBIF SLC TR0
Section Only)® SPTM) @ (_M_ADS} SLC ™™
8.3 Maintenance 7166127 | 7166127 | 7166127 | 7166127 | 7166127 | 7.166.127 | 7166127 | 7166127 | 7.166.127 | 7166127 | 7166127 | 7166127 | 7.1.66.1.27 | 7.1.661.27 | 7.1.661.27 | 7.1.66.1.27 | 7.1.661.27 | 7.1.6.6.1.27 7.166.127
Bypass 72131 7.333.1 7.233.1 7.21.31 72231 7.353.1 7.33.3.1 75331 75231 731231 | 74431 | 74134 36.3.1
7.31.23.1 74231
7.333.1
7.353.1
Notes:

)

The IEEE Std. 603 criteria apply to the safety-related portions of the systems identified in this table.

2)

LD&IS (non-MSIV) controls the safety-related actuators (for the isolation valves and dampers) associated with the following nonsafety-related systems: RWCU/SDC, FAPCS, EFDS, CIS, CWS, CMS, HPNSS, RBVS, and FBVS. RWCU/SDC provides safety-related sensor inputs to LD&IS (non-

@)

MSIV). The regulatory requirements associated with these actuators and sensors are addressed as part of LD&IS.

NMS has Q and N parts. The Q parts are SRNM, LPRM, APRM, and OPRM. The N parts are AFIP and MRBM.

)

SSLC/ESF includes the RSS, MCRP, and safety-related VDUs.

(5)

Includes the NBS sensors associate with ATWS/SLC.

(6)

The following safety-related systems have logic implemented on multiple platforms in support of their protective functions: CMS, CRD, LD&IS, NBS and SLC. Refer to DCD Sections 7.2, 7.3, 7.4, and 7.5 for detailed descriptions of the system functions.

7)

CBVS includes the CRHS and CRHAVS subsystems and EFUs.
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confirmed by two-out-of-four coincidence of division trip outputs. A separate and diverse
manual trip method is provided in the form of two independent manual trip channels. Actuation
of both manual trip systems is required for a full reactor scram. Availability is enhanced because
any one division can be bypassed at one time to allow online repair without degrading
operability. This satisfies the repair requirement of IEEE Std. 603, Section 5.10 while
maintaining plant availability.

The RPS consists of four redundant divisions identical in design and independent in operation.
Although each division constitutes a separate trip system, normally each division can make two-
out-of-four trip decisions with or without a division of sensors being bypassed. There are four
instrument channels provided for each process variable being monitored, one for each RPS
division. Four sensors, one per division, are provided for each variable. When more than four
sensors are required to monitor a variable the outputs of the sensors are combined into only four
instrument channels. The logic in each division does not depend on absolute time of day and is
asynchronous with respect to the other divisions. No division depends on the correct operation
of another division. There is no combination of MCR-initiated bypasses that can unacceptably
degrade the RPS.

7.2.1.3 Safety Evaluation

Table 7.1-1 identifies the RPS and the associated codes and standards applied, in accordance
with the Standard Review Plan NUREG-0800. This subsection addresses I&C systems
conformance to regulatory requirements, guidelines, and industry standards.

7.2.1.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The RPS conforms to these standards.

10 CFR 50.55a(h), Protection and Safety Systems, compliance with IEEE Std. 603:

o Conformance: The RPS conforms to IEEE Std. 603. Conformance information is found
in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning how the

RPS conforms to IEEE Std 603 is discussed below S&feﬁl—reka{ed—ws{ems—af%deﬁgﬁeé

— Section 4.2 (Safety-related Functions): See Subsection 7.2.1.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are discussed in Sections 7.2.1.1, 7.2.1.2.4, and 7.2.1.5.2.1.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to the RPS.
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Section 5.2 (Completion of Protective Actions): See Subsections 7.2.1.1 and

7.2.1.3.4.

Section 5.7 (Capability for Test and Calibration): Subsections 7.2.1.4.1 and 7.2.1.4.2

describe testing of the RPS. Additional information can be found in subsections
7.2.1.34,72.1.52.2. and 7.2.1.5.11.

Section 6.2 and 7.2 (Manual Control): See Subsections 7.2.1 1 and 7.2.1.3.4 for

discussion of RPS manual control.

Section 6.4 (Derivation of System Inputs): The two RPS sensing inputs that are not

direct measures of the variables are the RPV water level and the loss of feedwater
flow in the RPS scram logics. The RPV water level is measured by the differential
pressure derived from the sensing line with a reference point. This method is a
proven technology in the BWR applications. The loss of the feedwater flow variable
is represented by the loss of the power generation bus signal. When the power to the
feedwater pump motor is lost, the feedwater flow is also immediately lost. The use of
loss of power generation bus signals to represent the loss of feedwater flow signal
meets the requirements of the safety-related analysis of Chapter 15, because it is the
only credible way that all feedwater flow can be lost.

Section 6.5 (Capability of Test and Calibration): Subsections 7.1.2.1.4.1 and 7.2.1.4.2

describe testing of the RPS. Additional information can be found in subsections
7.2.1.34,72.152.2. and 7.2.1.5.11.

Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the RPS are

described in Subsections 7.2.1.2.4.1 and 7.2.1.5.2.1.

Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the RPS are

described in Subsections 7.2.1.2.4 and 7.2.1.5.2.2.

Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the

RPS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the RPS are not

applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design:

Conformance: The RPS design conforms to these requirements.

10 CFR 50.34(f)(2)(v) [1.D.3], Bypass and Inoperable Status Indication:

Conformance: The RPS design of bypass and inoperable status indication conforms to

these requirements and is consistent with the conformance of the RPS design to RG 1.47.

10 CFR 50.34(H)(2)[11.K.1.22], Auxiliary Heat Removal Systems:
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e Conformance: The RPS conforms to these requirements.

10 CFR 50.34(f)(2)(xxiii)[11.K.2.10], Anticipatory Reactor Trip:

e Conformance: The reactor will trip in response to a Loss of All Feedwater Flow Event.
This is an anticipatory trip actuated on a power generation bus loss eventless-efpewerte

two-of-thefour-main FW-pumps. The reactor will also trip on a turbine trip only if an

insufficient number of bypass valves opens within a prescribed time period.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The RPS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 50.63. Loss of All Alternating Current Power:

e Conformance: The RPS conforms to these requirements.

10 CFR 52.47(a)(H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for Instrumentation and Control (I&C) systems and
equipment in Tier 1.

10 CFR 52.47(a)H+)(25), Interface Requirements:
e (Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a}23, Level of Detail:

e Conformance: The level of detail provided for the RPS within the DCD documents
conforms to this requirement.

10 CFR 52.47(b)(c)(2)(), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.2.1.3.2 General Design Criteria

GDC 1, 2,4,10, 12, 13, 19, 20, 21, 22, 23, 24, 25, 26, 27 and 29:

e (Conformance: The RPS design conforms to these GDC.
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7.2.1.3.3 Staff Requirements Memorandum

Item I1.Q of SECY-93-087, Defense Against Common-Mode Failures in Digital Instrument and
Control Systems:

e Conformance: The Reactor Trip (Protection) System design conforms to Item I1.Q of
SECY-93-087 NRC Branch Technical Position (BTP HICB-19) by the implementation of
an additional Diverse Instrumentation and Control System described in Section 7.8.

7.2.1.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Functions - This includes
conformance to BTP HICB-8:

e Conformance: The system is capable of being tested, from sensor device to final actuator
device, during plant operation. The tests must be performed in overlapping stages so an

actual reactor scram would not occur as a result of the testmg th%pemens—ef—ﬂqe

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:

e Conformance: Automatic indication that a system is out of service is provided in the

MCR-EEE-Std—603,—Seetion—5-8). Indicators show which part of a system is not

operable and which division is bypassed. Annunciator test switches are provided in the
MCR.

Individual indicators are arranged together in the MCR to indicate which function of the
system is out of service, bypassed, or otherwise inoperable. These automatic indicators
remain available, and cannot be cleared until the function is operable-{1EEE-Std—603;

A manual switch or push button is provided for manual bypass actuation, which

annunciates out-of-service conditionsHEEE-Std-—603Seetion5-8).

These display provisions serve to supplement administrative controls and aid the operator
in assessing the availability of component and system-level protective actions-HEEE-Ste-

603;—Seetion—5-8). These displays do not perform a safety-related function(HEEE-Std-

System out-of-service alarm circuits are electrically isolated from the plant safety-related

systems to prevent adverse effects(HEEE-Std—603Seetion5-7.

Testing is included on a periodic basis when equipment associated with the display is
tested.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Plant Protection Systems:

e Conformance: The RPS is organized into four physically and electrically-isolated
divisions that use the principles of independence and redundancy for the single failure
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criterion as defined by IEEE Std. 379. Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379

will be used to confirm the safetv-related svstems desuzns conformance to the single-

RG 1.62, Manual Initiation of Protective Actions:

Conformance: Means are provided for manual initiation of reactor scram through the use
of two control switches and the Reactor Mode Switch—(HEEE-Std—603,—Seection—6-2).
Reactor scram is accomplished by operation of both pushbutton switches, or by placing
the Reactor Mode Switch in the Shutdown position. These controls are located on the
MCR console.

The common equipment required for initiation of both manual scram and automatic
scram is limited to actuator load power sources, actuator loads, and cabling between the
two. There is no shared trip or scram logic equipment for manual scram and automatic
scram-(HEEE-Std—603,-Seetions5-6-and-6-2). No single failure in the manual, automatic,
or common portions of the protection system would prevent initiation of reactor scram by
manual or automatic means.

Manual initiation of reactor scram, once initiated, goes to completion as required by
IEEE Std. 603, Section 5.2.

RG 1.75, Physical Independence of Electric Systems:

Conformance: The RPS design complies with the criteria set forth in IEEE Std. 603,
Section 5.6, and RG 1.75;—which-endorses HEEE-Std-—384. Safety-related circuits and
safety-related associated circuits are identified and separated from redundant and
nonsafety-related circuits. Isolation devices are provided where an interface exists
between redundant safety-related divisions and between safety-related or safety-related
associated circuits and nonsafety-related circuits. See Subsection 8.3.1.4.1 for RPS
separation requirements.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

Conformance: The RPS design conforms to RG 1.89._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.
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RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The RPS design conforms to RG 1.100. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.105, Setpoints for Safety-Related Instrumentation:

e Conformance: The RPS initiation setpoints are consistent with this guide. Reference
7.2-1 provides a detailed description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection System:

e Conformance: Periodic testing of the protection systems is performed in accordance with

IEEE Std. 338, as modified byFhe RPS-design-complies—with RG 1.118-asamplifiedin
HEEE-Std-—338. The RPS is designed so its individual elements can periodically and

mdependently be tested to demonstrate system reliability 1s being maintained. Safety-
related RPS equipment allows for inspection and testing during periodic shutdowns and
refueling.

RG 1.151, Instrument Sensing Lines:

e Conformance: NBS provides the measurement inputs to RPS. The NBS instrument
sensing lines conform to the guidelines of RG 1.151 and ISA-67.02.01. Flow restrictors
are provided inside containment on instrument lines connected to the RCPB. Accessible
manual isolation valves and self-actuating excess flow check valves are provided outside
the drywell. The mechanical design guidelines as defined by ISA-67.02.01 and RG 1.151
are met as applicable for each installation.

RG 1.152, Criteria for Digital Computers in Safety Systems of Nuclear Power Plants:

e Conformance: The RPS design complies with RG 1.152. The hardware and software for
the RPS function and other safety-related systems are developed in compliance with RG
1.152, which endorses IEEE Std. 7-4.3.2. The structured development plan for the RPS
includes conformance to all software standards referenced in IEEE Std. 7-4.3.2.
Hardware and software are integrated into a final assembly validated by testing against
input requirements.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

. Conformance' The eeﬂﬁg&Faﬂen—ef—ﬂq%RPS de51gn &Hd—eﬂqer—safet{yhrekafeed—systems

a—conforms to the

gmd—&aeaa#RG—l—lé%—M&ebem&e%ses—l—E—EE—Std—é@%lO CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The RPS design conforms to RG 1.168_as implemented on the RTIF
platform.
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RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The RPS design conforms to RG 1.169_as implemented on the RTIF
platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The RPS design conforms to RG 1.170_as implemented on the RTIF
platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e (Conformance: The RPS design conforms to RG 1.171_as implemented on the RTIF
platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The RPS design conforms to RG 1.172_as implemented on the RTIF
platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The RPS design conforms to RG 1.173_as implemented on the RTIF
platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The RPS design conforms to RG 1.180._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The RPS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The RPS design conforms to RG 1.209._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.2.1.3.5 Branch Technical Positions
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BTP HICB-8, Guidance on Application of RG 1.22:
e Conformance: The RPS design conforms to BTP HICB-8.
BTP HICB-9, Guidance on Requirements for RPS Anticipatory Trips:

e Conformance: Hardware used to provide trip signals in the RPS is designed in
accordance with IEEE Std. 603, Section 5.4 and is considered safety-related and meets
the design requirements of BTP HICB-9.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: The RPS design conforms to this position. The RPS logics use safety-
related fiber optic CIMs and fiber optic cables for interconnections between safety-
related divisions for data exchange and for interconnections between safety-related and
nonsafety-related devices.

Certain diverse and hardwired portions of RPS use coil-to-contact isolation of relays or
contactors. This is acceptable according to BTP HICB-11 when the application is
analyzed or tested per the guidelines of RG 1.75 and RG 1.153.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The RPS design conforms to BTP HICB-12. The nominal setpoints are
calculated based on the GEH instrument setpoint methodology (Reference 7.2-1). The
setpoints are established based on instrument accuracy, calibration capability, and
estimated design drift allowance data, and are within the instrument best accuracy range.

The digital RPS trip setpoints do not drift and any changes are reported to the N-DCIS as
alarms. The analog-to-digital converters are self-calibrating, and the RPS uses self-
diagnostics, all of which are reported to the N-DCIS through the required safety-related
isolation. It is expected that all of the variability in the parameter channel will be
attributable to the field sensor. The established setpoints provide margin to fulfill both
safety requirements and plant availability objectives.
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7.2.2.3 Safety Evaluation

This evaluation covers the safety-related SRNM, LPRM, APRM, and OPRM functions of the
NMS.

The evaluation of the trip inputs from the NMS to the RPS is discussed in Subsection 7.2.1.

The AFIP subsystem and the MRBM are nonsafety-related subsystems of the NMS, and are
evaluated in Subsection 7.7.6.

Table 7.1-1 identifies the NMS and the associated codes and standards applied, in accordance
with the Standard Review Plan NUREG-0800. This subsection addresses I&C systems
conformance to regulatory requirements, guidelines, and industry standards.

7.2.2.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:
e Conformance: The NMS design conforms to these standards.

10 CFR 50.55a(h), “Protection and Safety Systems,” compliance with ANS/IEEE Std. 603:

e (Conformance:

The NMS conforms to IEEE Std. 603. Conformance information is found in Subsection
7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning how the NMS
conforms to IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions): See Subsections 7.2.2.1.1.2. 7.2.2.1.2.1,
7.2.2.1.3.1.and 7.2.2.1.4.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): See Subsections 7.2.2.
Tables 7.2-2 and 7.2-4 for a description of the NMS system Operating Bypasses and
Permissive Conditions.

— Section 4.6 (Spatially Dependent Variables): See Subsections 7.2.2.2.4.3,7.2.2.2.5.3,
7.2.2.2.6.3. and Tables 7.2-6 through 7.2-10 for a description of the NMS system
sensor and location information.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions
are not applicable beyond that discussed in subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): See Subsections 7.2.2.4.1 through
7.2.2.4.2.4 for NMS Test and Calibration Capability.

— Section 6.2 and 7.2 (Manual Control): Manual Control is not applicable to NMS.
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— Section 6.4 (Derivation of System Inputs): The NMS derives its sense and command
features from direct measurements.

— Section 6.5 (Capability of Test and Calibration): See Subsections 7.2.2.4.1 through
7.2.2.4.2.4 for NMS Test and Calibration Capability.

— Section 6.6 and 7.4 (Operating Bypasses): See Section 7.2.2. Tables 7.2-2 and 7.2-4
for a description of the NMS system Operating Bypasses and Permissive Conditions.

7.2.2.2.6.6,7.2.2.2.7.5 for a description of NMS Maintenance Bypasses.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
NMS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the NMS power
sources are not applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design:

Conformance: The NMS design conforms to these requirements.

10 CFR 50.34(f)(2)(v) [1.D.3], Bypass and Inoperable Status Indication:

Conformance: The NMS design of bypass and inoperable status indication conforms to

this requirement, consistent with conformance of the NMS design to RG 1.47. In

The 12 SRNM channels are divided into four divisions and are independently assigned to
four bypass groups such that bypass of up to four SRNM channels at any one time is
allowed while still providing the required monitoring and protection capability (with any
three of the four divisions of safety-related power available).

10 CFR 50.34 (f) (2) (xvii1) [II.F.2], Inadequate Core Cooling Instrumentation:
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e Conformance: The LPRM assemblies contain thermocouples that are available for
monitoring core cooling. The discussion of the thermocouples for LPRM is addressed in
Subsection 7.2.2.2.5.3.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e  Conformance: The NMS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 50.62, Requirements for Reduction of Risk from Anticipated Transients without Scram
(ATWS) Events for Light-Water-Cooled Nuclear Power Plants:

e Conformance: The NMS conforms to these requirements.

10 CFR 52.47(a)(b+(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a3(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for I&C systems and equipment in Tier 1.
10 CFR 52.47(a)yH)(25), Interface Requirements:

e (Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a)2), Level of Detail:

e Conformance: The level of detail provided for the NMS within the DCD documents
conforms to this requirement.

10 CFR 52.47(c)fb)(2)¢H), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.2.2.3.2 General Design Criteria

GDC 1, 2,4,10, 12, 13, 19, 20, 21, 22, 23, 24, 25, 26, 27, and 29:

e Conformance: The NMS design complies with these GDC.

7.2.2.3.3 Staff Requirements Memorandum

Item I1.Q of SECY-93-087, (Defense Against Common-Mode Failures in Digital Instrument and
Control Systems):

e Conformance: The NMS design, as part of the safety-related system, minimizes the
likelihood of common mode failures, and conforms to this requirement by the
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implementation of additional Diverse Instrumentation and Control System capabilities,
described in Section 7.8.

7.2.2.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Functions:
e Conformance: The NMS design conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:
e Conformance: The NMS design conforms to RG 1.47.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e (Conformance: The NMS is organized into four physically and electrically-isolated
divisions that use the principles of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single-

failure criterion. Fhe- NMS-design-conformsto RG1+53-

RG 1.75, Physical Independence of Electric Systems:

e Conformance: The NMS design conforms to RG 1.75 as described in Subsections 8.3.1.3
and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power
Plants & &

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as

discussed in Section 7.5.Fhe NMS-design-conforms-to RG1+97

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The NMS design conforms to RG 1.100._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.105, Instrument Setpoints for Safety-Related Systems:

e Conformance: The NMS design conforms to RG 1.105._ Reference 7.2-1 provides a
detailed description of the GEH setpoint methodology.
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RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: FThe NMS-design-econformstoPeriodic testing of the protection systems is
performed in accordance with IEE Std. 338, as modified by RG 1.118.

RG 1.152, Criteria for Programmable Digital Computer System Software in Safety-Related
Systems of Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.152.

RG 1.153, Criteria for Power, Instrumentation and Control Portions of Safety Systems:

e Conformance: The NMS design conforms t6-RG++45310 CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.168_as implemented on the NMS
platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.169_as implemented on the NMS
platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e C(Conformance: The NMS design conforms to RG 1.170_as implemented on the NMS
platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.171_as implemented on the NMS
platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.172_as implemented on the NMS
platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.173_as implemented on the NMS
platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

7.2-51



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

e Conformance: The NMS design conforms to RG 1.180._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The NMS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The NMS design conforms to RG 1.209._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.2.2.3.5 Branch Technical Positions

BTP HICB-8, Guidance for Application of RG 1.22:
e Conformance: The NMS design conforms to BTP HICB-8.
BTP HICB-10, Guidance on Application of RG 1.97:

e (Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as

dlscussed in Sectlon 7. S%er%a%%fe&kda%mwl—safemeka{ed—s&bsystem&eﬁth%

BTP HICB2-11, Guidance for Application and Qualification of Isolation Devices:

e Conformance: The NMS design conforms to BTP HICBP-11. The NMS equipment uses
safety-related fiber optic CIMs and fiber optic cables for interconnections between
safety-related divisions for data exchange and for interconnections between safety-related
and nonsafety-related devices to meet the requirements of RG 1.75 and RG 1.153.

BTP HICB-12, Guidance for Establishing and Maintaining Instrument Setpoints:

e Conformance: The analytical limits of the safety-related setpoints of the NMS are
determined from safety analyses for each reactor fuel cycle to ensure the reactor core is
protected from any rising neutron flux potentially exceeding these values. The nominal
setpoints are calculated to be consistent with the GEH standard setpoint methodology
(Reference 7.2-1), which conforms to RG 1.105. The setpoint margin calculated by this
method also has considered additional uncertainties with the calibration interval.
Therefore, the NMS meets BTP HICB-12.
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divisional Q-DCIS to the RPS. Safety-related protective actions are generated by the RPS.
Abnormal status alarms, data display, and recording are provided.
7.2.3.3 Safety Evaluation

Table 7.1-1 identifies the SPTM function and the associated codes and standards applied, in
accordance with the Standard Review Plan, NUREG-0800. This subsection addresses 1&C
systems conformance to regulatory requirements, guidelines, and industry standards.

7.2.3.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e (Conformance: The SPTM function complies with these standards

10 CFR 50.55a(h), Protection and Safety Systems, compliance with IEEE Std. 603:

e Conformance:

redundant—divistons-The SPTM function conforms to IEEE Std. 603. Conformance
information is found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information
concerning how the SPTM function conforms to IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions): See Subsection 7.2.3.1.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable to the SPTM function.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency requirements of the
SPTM function are described in Subsection 7.2.1.2.4.2.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions
are not applicable beyond that discussed in subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): Subsection 7.2.3.4 describes testing
requirements specific to the SPTM function.

— Section 6.2 and 7.2 (Manual Control): Manual Control is not applicable to the SPTM
function.

— Section 6.4 (Derivation of System Inputs): SPTM inputs are derived from direct
measures.

— Section 6.5 (Capability of Test and Calibration): Subsection 7.2.3.4 describes testing
requirements specific to the SPTM function.
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— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses are not applicable to
the SPTM function.

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the SPTM
function are adequately described in Subsection 7.1.6.6.1.24.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
SPTM function are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the SPTM function
are not applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(£)(2)(111)[1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The SPTM function conforms to these requirements.

10 CFR 50.34(f)(2)(v)[€I.D.3}], Bypass and Inoperable Status Indication:

e Conformance: The SPTM function complies by providing automatic indication of
bypassed and inoperable status.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The SPTM function conforms to these requirements. See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)Hw)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢)(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)b#(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a)}2), Level of Detail:

e Conformance: The level of detail provided for the SPTM function within the DCD
documents conforms to this requirement.

10 CFR 52.47¢b)(c)(2)6), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.
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7.2.3.3.2 General Design Criteria

GDC 1, 2,4, 13,19, 20, 21, 22, 23, 24, 25;-and 29:

e Conformance: The SPTM function complies with these GDC.

7.2.3.3.3 Staff Requirements Memorandum

Item I1.Q, (Defense Against Common-Mode Failures in Digital Instrument and Control
Systems):

e Conformance: The SPTM subsystem-designfunction conforms to item I1.QQ of SECY-93-

087 (BTP HICB-19) by the implementation of diverse instrumentation and control;
described in Section 7.8.

7.2.3.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Function:

e Conformance: The SPTM design-function conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety System:

e Conformance: The SPTM design-function conforms to RG 1.47.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e Conformance: The-SPTM-design-conformsto-RG1-53- The SPTM is organized into four

physically and electrically-isolated divisions that use the principle of independence and
redundancy to conform to the single failure criterion as defined by IEEE Std. 379,
Section 4, and IEEE Std. 603, Section 5.1; additionally, the design meets N-2 conditions.
Analyses complying with IEEE Std. 379 will be used to confirm the safety-related system
designs’ conformance to the single-failure criterion.

RG 162 M L Initias e p : ons:

RG 1.75, Physical Independence of Electric Systems:

e Conformance: The SPTM design—function conforms to RG 1.75 as described in

Subsections 8.3.1.3 and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The SPTM design—function conforms to RG 1.89._ See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).
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RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power
PlantsIastrumentation ischt-Wate e neles e s e Ht—an

—E ; Conditi Dusi | Eellowi dent:
e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as

discussed in Section 7.5.Fhe-SPTM-design-conformsto RG1-97.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The SPTM design—function conforms to RG 1.100. _See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.105, Setpoints for safety-related Instrumentation:

e Conformance: The SPTM design—function conforms to RG 1.105._ Reference 7.2-1

provides a detailed description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection System:

e Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified by Fhe-SPTM-design-conformste-RG 1.118.

RG 1.151, Instrument Sensing Lines:

e Conformance: The SPTM function conforms to RG 1.151.

RG 1.152, Criteria for Programmable Digital Computer System Software in Safety-Related
Systems of Nuclear Power Plants:

e Conformance: The SPTM functiondesign conforms to RG 1.152.

RG 1.153, Power Instrumentation & Control Portions of Safety Systems:

e Conformance: The SPTM design-function conforms to-RG1+-15310 CFR 50.55a(h).

RG 1.168, Verification, Validation Reviews and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The SPTM design-function conforms to RG 1.168_as implemented on the
RTIF platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The SPTM design-function conforms to RG 1.169_as implemented on the
RTIF platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:
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e Conformance: The SPTM design-function conforms to RG 1.170 as implemented on the
RTIF platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The SPTM design-function conforms to RG 1.171_as implemented on the
RTIF platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The SPTM design-function conforms to RG 1.172_as implemented on the
RTIF platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The SPTM design-function conforms to RG 1.173_as implemented on the
RTIF platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The SPTM design—function conforms to RG 1.180._See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:

e Conformance: The SPTM design-function conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e (Conformance: The SPTM design—function conforms to RG 1.209-_See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

7.2.3.3.5 Branch Technical Positions

BTP HICB-8, Guidance for Application of RG 1.22:

e Conformance: The SPTM design-function conforms to BTP HICB-8.

BTP HICB-10, Guidance on Application of RG 1.97:
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e Conformance: The ESBWR I1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as

discussed in Section 7.5Fhe-SPTM-destgn-conforms-to BTRPHICB10.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: The SPTM design—function conforms to BTP HICB-11. _RTIF logic
controllers for the SPTM use safety-related fiber optic CIMs and fiber optic cables for
interconnections between safety-related divisions for data exchange and for

interconnections between safety-related and nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The SPTM design-function conforms to BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e Conformance: The SPTM design-function conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The SPTM design-function conforms to BTP HICB-16.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

e Conformance: The SPTM design-function conforms to BTP HICB-17.

BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-
Based Instrumentation and Control Systems:

e (Conformance: The SPTM design—function conforms to BTP HICB-19. The
implementation of an additional diverse instrumentation and control system is described
in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

e Conformance: The SPTM design-function conforms to BTP HICB-21.
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Table 7.1-1 identifies the ADS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.3.1.1.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

Conformance: The ADS design complies with 10 CFR 50.55a(a)(1).

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603:

Conformance:

ol : ) " ot L o Electrical
separation-is-maintained-between-the redundant-divisions: The ADS design conforms to

IEEE Std. 603. Conformance information is found in Subsection 7.1.6.6.1 through

7.1.6.6.1.27. Additional information concerning how the ADS design conforms to IEEE

Std. 603 is discussed below.

Section 4.2 (Safety-related Functions): See Subsection 7.3.1.1.1.

Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions

for operating bypasses See Subsection 7.3.1.1.2.

Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored

variables is not applicable to ADS.

Section 5.2 (Completion of Protective Actions): See Subsection 7.3.1.1.2.

Section 5.7 (Capability for Test and Calibration): See Subsections 7.3.1.1.2.

Section 6.2 and 7.2 (Manual Control): See Subsection 7.3.1.1.2.

Section 6.4 (Derivation of System Inputs): Derivation of System Inputs for the DPS

are not applicable beyond that discussed in Subsection 7.1.6.6.1.20.

Section 6.5 (Capability of Test and Calibration): See Subsection 7.3.1.1.2.

Section 6.6 and 7.4 (Operating Bypasses): See Subsection 7.3.1.1.2.

Section 6.7 and 7.5 (Maintenance Bypasses): See Subsection 7.3.1.1.2.

Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the

DPS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the DPS are not

applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(DH(1)(W)[11.K.3.13], HPCI and RCIC Initiation Levels:
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e Conformance: The ADS design conforms to these requirements.

10 CFR 50.34(H (1) (x)[11.K.3.28], Automatic Depressurization System Functioning
During/Following an Accident Situation:

e Conformance: The ADS design conforms to these requirements.

10 CFR 50.34(H)(2)(ii)[I.D.1], Human Factors Principles for Control Room Design:

e Conformance: The ADS design conforms to these requirements.

10 CFR 50.34 (f) (2) (v) €¢[11.D.39;-], Bypass and Inoperable Status Indication:
e Conformance: The ADS design complies with 10 CFR 50.34 (f) (2) (v) {[I.D.3}-].

10 CFR 50.34(DH(2)(x)[IL.D.1], Relief and Safety Valve Test Requirements:

e Conformance: The ADS design conforms to these requirements.

10 CFR 50.34(H)(2)(x1)[11.D.3], Direct Indication of Relief and Safety Valve Position in the Control
Room:

e Conformance: The ADS design conforms to these requirements.

10 CFR 50.34(H)(2)(xvii)[I1.F.2], Inadequate Core Cooling Instrumentation:

e Conformance: NBS provides the reactor water level measurement (temperature
compensated) inputs to ADS. The reactor water level instrumentation errors due to non-
condensable gases in instrument reference legs are addressed in Subsection 7.7.1.2.2.

10 CFR 50.34(H)(2)(xix)[1I.F.3], Instruments for Monitoring Plant Conditions Following Core
Damage:

e Conformance: The ADS design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The ADS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)tb+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47(b)23(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for I&C systems and equipment in Tier 1.
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10 CFR 52.47(a)H)(25), Interface Requirements:

Conformance: There are no interface requirements for this section.

10 CFR 52.47¢a}23, Level of Detail:

Conformance: The level of detail provided for the ADS within the DCD conforms to this
requirement.

10 CFR 52.47¢b)(c)(2)(), Innovative Means of Accomplishing Safety Functions:

Conformance: The 1&C design does not use innovative means for accomplishing safety
functions.

7.3.1.1.3.2 General Design Criteria

GDC 1, 2, 4, 1315, [19, 20, 21, 22, 23, and-24, 29]30, 33, 35, and 37:

Conformance: The ADS design complies with these GDCs.

7.3.1.1.3.3 Staff Requirements Memorandum

SRM on SECY 93-087, Item II1.Q Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

Conformance: Implementation of a Diverse I&C System, the DPS, is described in
Section 7.8.

7.3.1.1.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Functions:

Conformance: Components are tested periodically during refueling outages every two
years. The ADS design conforms to RG 1.22 with the clarification that for the DPVs,
periodic testing is interpreted to mean testing of the squib initiators in a laboratory after

removal from the squib valves.—Refer-also-to-Subseetion 73114~

Because the DPVs are squib-actuated and cannot be closed once they are opened, there is
no practicable system design to allow testing during reactor operation without creating an
unacceptable breach of the RCPB. The SRVs are tested with the reactor at low power
and at, or near, rated pressure. Both the squib wires and the SRV solenoids are
continuously monitored for electrical continuity, as indicated in Subsection 7.3.1.1.4.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:

Conformance: The ADS design conforms to RG 1.47. Automatic indication is provided
in the MCR to inform the operator that the system is inoperable or a division is bypassed.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:
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e Conformancc: The ADS design conforms to RG 1.53, TEEE Std. 603, Section 5.1. and
IEEE Std—379. The ADS is organized into four physically and electrically-isolated

divisions that use the principles of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single
failure criterion.

RG 1.62, Manual Initiation of Protective Actions:

e Conformance: The ADS design conforms to RG 1.62. Manual actuation of ADS requires
the operator to actuate at least two dual action switches. This ensures that manual
initiation of the ADS is a premeditated act.

RG 1.75, Physical Independence of Electric Systems:

e Conformance: The ADS design conforms to RG 1.75 as described in Subsections 8.3.1.3
and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The ADS design conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The ADS design conforms to RG 1.100._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.105, Instrument Setpoints for Safety-Related Systems:

e Conformance: The setpoints used to initiate the ADS are consistent with RG 1.105.
Because the discrete setpoints in the ADS logic do not drift, most of the variation is
expected to be in the process transmitters. Setpoints are continuously monitored and
alarmed by the PCF. Reference 7.3-2 provides a detailed description of the GEH setpoint
methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified by Fhe-ADS-desten-conforms-to-the-guidance of RG 1.118. A

full functional test of the ADS is not practical, because a LOCA results if the non-
reclosable DPVs are opened. Acceptable reliability of equipment operation is
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demonstrated by alternate test methods. System logic is periodically self-tested, and
initiating circuits are continuously monitored. DPV valve initiators periodically are
removed and test-fired in a laboratory. RPV level transmitters are located outside
containment, so calibration verification can be performed during plant operation.

RG 1.151, Instrument Sensing Lines:

e Conformance: NBS provides the measurement inputs to ADS. The NBS instrument
sensing lines conform to the guidelines of RG 1.151 and ISA-67.02.01. Flow restrictors
are provided inside containment on instrument lines connected to the RCPB. Accessible
manual isolation valves and self-actuating excess flow check valves are provided outside
the drywell. The mechanical design guidelines as defined by ISA-67.02.01 and RG 1.151
are met as applicable for each installation.

RG 1.152, Criteria for Digital computers in Safety Systems of Nuclear Power Plants:
e Conformance: The ADS design conforms to RG 1.152.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The ADS design conforms to RG+15310 CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The ADS design conforms to RG 1.168_as implemented on the SSLC/ESF
platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The ADS design conforms to RG 1.169 as implemented on the SSLC/ESF
platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The ADS design conforms to RG 1.170 as implemented on the SSLC/ESF
platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The ADS design conforms to RG 1.171_as implemented on the SSLC/ESF
platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The ADS design conforms to RG 1.172_as implemented on the SSLC/ESF
platform.
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RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The ADS design conforms to RG 1.173_as implemented on the SSLC/ESF
platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related I&C Systems:

e Conformance: The ADS design conforms to RG 1.180. _See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The ADS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The ADS design conforms to RG 1.209._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.3.1.1.3.5 Branch Technical Positions

BTP HICB-8, Guidance on Application of RG 1.22:

e (Conformance: BTP HICB-8 calls for the identification of the actuated equipment not
tested during reactor operation, and for a discussion of how each conforms to the

justification criteria of Paragraph D.4 of RG 1.22._The ADS design conforms to RG 1.22
with the clarification that for the DPVs, periodic testing is interpreted to mean testing of
the squib initiators in a laboratory after removal from the squib valves.

Because the DPVs are squib-actuated and cannot be closed once they are opened, there is
no practicable system design to allow testing during reactor operation without creating an
unacceptable breach of the RCPB. The SRVs are tested with the reactor at low power
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and at, or near, rated pressure. Both the squib wires and the SRV solenoids are

continuously monitored for electrical continuity, as indicated in Subsection 7.3.1.1.24.

The SRVs and DPV initiators can be tested when the reactor is shut down.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:
e Conformance: The ADS design conforms to BTP HICB-11.

ADS logic is controlled by the SSLC/ESF system. SSLC/ESF logic controllers_for the
ADS use safety-related fiber optic CIMs and fiber optic cables for interconnections

between safety-related divisions for data exchange and for interconnections between
safety-related and nonsafety-related devices. The Q-DCIS provides the communication
functions for SSLC/ESF. See Subsections 7.1.2, 7.1.3.2 and 7.1.3.3 for a description of
the Q-DCIS communication system design.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:
e Conformance: The ADS design conforms to BTP HICB-12. See Reference 7.3-2.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e (Conformance: The ADS design conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the ADS within the DCD conforms to
BTP HICB-16.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:
e Conformance: The ADS design conforms to BTP HICB-17.
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BTP HICB-19, Guidance on Evaluation of Defense-in-Depth and Diversity in digital Computer-
based Instrumentation and Control Systems:

e Conformance: The ADS design conforms to BTP HICB-19._The implementation of an
additional diverse instrumentation and control system is described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

e Conformance: The ADS design conforms to BTP HICB-21.

7.3.1.1.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for 7.3 and with Table 7.1-1, 10 CFR 50.34()(2)(v)+[1.D.3}];-and1+0
CER5034H2)vHEA42) apply to the ADS. The ADS complies with the requirements as

mdicated above. TMI action plan requirements are addressed mn Appendix [ A.

7.3.1.1.4 Testing and Inspection Requirements

The ADS trip logic units (TLUs) continuously self-test-HEEE-Std—603—Seetions 41257 and
6-5), as shown in Table 7.3-1. A very low current is used to test the continuity of the SRV pilot

solenoids and the bridge wires within the DPV squib valve actuating circuitry. The test current
is continuously applied, and triggers an alarm if the circuit is interrupted. Testing of ADS
equipment is conducted during refueling outages. Refer to Subsection 6.3.2.8.4 for a discussion
of mechanical tests performed on the ADS. The same continuity test also is applied to the GDCS
squib valves described in Subsection 7.3.1.2.

7.3.1.1.5 Instrumentation and Control Requirements

System status during normal plant operation and ADS performance monitoring(HEEE-Std-—603;
Seetion5-8} in an accident relies on the following MCR indications (additional discussion on the
ADS instrumentation is contained in Subsection 7.3.1.1.2):

e Status indication of the SRVs and DPVs;
e SRV discharge line temperature alarm,;
e RPV pressure indication;
e Suppression pool high/low level alarm;
e GDCS pool low level alarm;
e Water level indication for the GDCS pools, suppression pool, and RPV; and
e Alarms for the following ADS parameters in the MCR:
— Manual arming of ADS,

— Manual actuation of ADS,

7.3-12
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The GDCS has no equipment protective interlocks that could interrupt automatic system
operation. To initiate the GDCS injection and equalization systems manually, a RPV low-
pressure signal must be present. This prevents system initiation while the reactor is at operating
pressure. The GDCS injection and equalizing functions are designed to operate from safety-
related power. The system instrumentation is powered by divisionally separated safety-related
power. The injection squib valve, and the equalizing squib valve logic and initiation circuitry is
powered by divisionally separated, safety-related power (Refer to Section 8.3). The mechanical
aspects of the GDCS are discussed in Subsection 6.3.2.

The two deluge system temperature switches and related contacts are safety-related only to
prevent the inadvertent actuation of the deluge valves. No single failure within the deluge
system control and monitoring equipment causes an inadvertent actuation of the deluge system

HEEE-Std—603Seetion5-1). This is to protect against inadvertently draining the GDCS pools,
thereby preventing the injection and equalizing systems from performing their safety functions.

Table 7.1-1 identifies the GDCS and the associated codes and standards applied in accordance
with the SRP. This subsection addresses 1&C systems conformance to regulatory requirements,
guidelines, and industry standards. Any exceptions or clarifications are so noted.

7.3.1.2.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The GDCS design complies with these standards.

10 CFR 50.55a(h), Protection and Safety Systems, compliance with IEEE Std. 603:

e (Conformance: The GDCS design conforms to IEEE Std. 603. Conformance information
1s found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning
how the GDCS conforms to IEEE Std. 603 is discussed below.Safety-related-systems

— Section 4.2 (Safety-related Functions): See Subsection 7.3.1.2.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the GDCS system.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to GDCS.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions is
not applicable beyond that discussed in subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): See Subsection 7.3.1.2.4.

— Section 6.2 and 7.2 (Manual Control): See Subsection 7.3.1.2.2.
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— Section 6.4 (Derivation of System Inputs): The GDCS derives its sense and command
features from direct measurements.

— Section 6.5 (Capability of Test and Calibration): See Subsection 7.3.1.2.4.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the GDCS are not
applicable beyond that discussed in Subsection 7.1.6.6.1.22.

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the GDCS
are not applicable beyond that discussed in Subsection 7.1.6.6.1.23.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
GDCS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the GDCS are not
applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(H(1)(v)[11.K.3.13], HPCI and RCIC Initiation Levels,

e Conformance: The GDCS design conforms to these requirements.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design,

e Conformance: The GDCS design conforms to these requirements.

10 CFR 50.34(f)(2)(v)[€1.D.3]), Bypass and Inoperable Status Indication:

e (Conformance: The GDCS design complies by providing automatic indication of

bypassed and inoperable status(HEEE-Std-—603;-Seetion5-8).

Conh . The GDCS desi i iy . ‘

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The GDCS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 50.63. Loss of All Alternating Current Power:

e Conformance: The GDCS conforms to these requirements.

10 CFR 52.47(a)tHEwH(21), Resolution ot Unresolved and (eneric datety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a3(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
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10 CFR 52.47(a)H)(25), Interface Requirements:
e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a}23, Level of Detail:

e Conformance: The level of detail provided for the GDCS within the DCD conforms to
this requirement.

10 CFR 52.47(c)fb)(2)H), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.3.1.2.3.2 General Design Criteria

GDC 1, 2, 4, 13, 19, 20, 21, 22, 23, and-24, 29|33, 35, and 37:

e Conformance: The GDCS design complies with these GDCs.

7.3.1.2.3.3 Staff Requirements Memorandum

SECY-93-087, Item I1.Q, Defense Against Common-Mode Failures in Digital Instrumentation
and Control Systems:

e Conformance: The GDCS design conforms to these criteria by providing diverse I&C, as
described in Section 7.8.

7.3.1.2.3.4 Regulatory Guides
RG 1.22, Periodic Testing of Protection System Function:

e Conformance: System logic is tested continually as described in Subsection 7.3.1.2.4.
Components are tested periodically during refueling outages. The GDCS design

complies with RG 1.22._In the GDCS, the squib valves are not actuated during reactor
operation, because their actuation would adversely affect the operation of the plant by
resulting in a reactor shutdown.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety:

e Conformance: The GDCS design complies with RG 1.47. Automatic indication is
provided in the MCR to inform the operator that the system is inoperable or a division is
bypassed.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e Conformance: Fhe-GDECS-design—ecomphes—with—RG 153, TEEE Std—603Seetion 5+
andIEEE Std-379. The GDCS is organized into four physically and electrically-isolated

divisions that use the principles of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379. Section 4, and IEEE Std. 603, Section 5.1;
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additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single
failure criterion.

RG 1.62, Manual Initiation of Protective Actions:

e Conformance: The GDCS design complies with RG 1.62. Each division of the GDCS
has a manual actuation switch in the MCR. Initiation of the system requires actuation of
two switches to ensure that manual initiation is a premeditated act. There is an interlock
between the manual initiation switches and a low reactor-pressure signal. This interlock
prevents manual initiation of the system if the RPV is not depressurized.

RG 1.75, Physical Independence of Electric Systems:
e The GDCS design conforms to RG 1.75 as described in Subsections 8.3.1.3 and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The GDCS design conforms to RG 1.89._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR I1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The GDCS design conforms to RG 1.100._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.105, Instrument Setpoints for Safety-Related Systems:

e Conformance: The setpoints used to initiate GDCS are established consistent with
RG 1.105. Reference 7.3-2 provides a detailed description of the GEH methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified byFhe- GDES-desten-comphes-with-the guidaneeof RG 1.118.

RG 1.151, Instrument Sensing Lines:

e Conformance: NBS provides the measurement inputs to GDCS. The NBS instrument
sensing lines conform to the guidelines of RG 1.151 and ISA-67.02.01. Flow restrictors
are provided inside containment on instrument lines connected to the RCPB. Accessible
manual isolation valves and self-actuating excess flow check valves are provided outside
the drywell. The mechanical design guidelines as defined by ISA-67.02.01 and RG 1.151
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are met as applicable for each installation. Fhe-GDES-desien-comphes—with-the-guidanee
et e

RG 1.152, Criteria for Digital computers in Safety Systems of Nuclear Power Plants:
e Conformance: The GDCS design conforms to RG 1.152.

RG 1.153, Criteria for Power, I&C Portions of Safety Systems:

e Conformance: The GDCS design complies with 10 CFR 50.55a(h)RG1+153.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The GDCS design conforms to RG 1.168_as implemented on the
SSLC/ESF platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e C(Conformance: The GDCS design conforms to RG 1.169_as implemented on the
SSLC/ESF platform..

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The GDCS design conforms to RG 1.170_as implemented on the
SSLC/ESF platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The GDCS design conforms to RG 1.171_as implemented on the
SSLC/ESF platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The GDCS design conforms to RG 1.172_as implemented on the
SSLC/ESF platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e (Conformance: The GDCS design conforms to RG 1.173_as implemented on the
SSLC/ESF platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related 1&C Systems:

e Conformance: The GDCS design conforms to RG 1.180._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).
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RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e (Conformance: The GDCS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The GDCS design conforms to RG 1.209._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

7.3.1.2.3.5 Branch Technical Positions

In accordance with the SRP for Section 7.3 and Table 7.1-1, the following BTPs are addressed
for the GDCS:

BTP HICB-1, Guidance on Isolation of the Low Pressure Systems from the High Pressure
Reactor Coolant System:

e (Conformance: Because the portion of the GDCS downstream of the squib valves
connected to the RPV has a design pressure equivalent to the reactor operating pressure,
and the low pressure portion of the GDCS upstream of the squib valves is open to the
GDCS pools, there is no need for over-pressure protection of the low pressure portion. A
high-pressure interlock is provided to prevent inadvertent manual initiation of the GDCS.

BTP HICB-8, Guidance on Application of RG 1.22:

e Conformance: BTP HICB-8 requires the identification of actuated equipment not tested
during reactor operation and a discussion of how each conforms to the provision of
Paragraph D.4 of RG 1.22. In the GDCS, the squib valves are not actuated during reactor
operation, because their actuation would adversely affect the operation of the plant by
resulting in a reactor shutdown.

— Given the GDCS system requirements for zero RCPB leakage over the 60-year life of
the plant, the only practical solution is for the system actuation valve to be non-
reclosing with a metal diaphragm seal that is ruptured to initiate system flow.
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— The GDCS is designed to provide adequate inventory make-up to the core in the
event of a LOCA. The system has sufficient redundancy and reliability that core-
cooling requirements are met in the event of a LOCA.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP -HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: SSLC/ESF logic controllers for the GDCS comply with BTP-HICB-11.
SSLC/ESF logic controllers for the GDCS use safety-related fiber optic CIMs and by
using—fiber optic cables for interconnections between safety-related divisions for data

exchange and for interconnections between safety-related and nonsafety-related devices.
BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:
e Conformance: GDCS logic resides within the SSLC/ESF conforming to BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e Conformance: The GDCS design conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR 52:

e Conformance: The GDCS design conforms to BTP HICB-16
BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

e Conformance: The GDCS design conforms to BTP HICB-17.

BTP HICB-19, Guidance on Evaluation of Defense-in-Depth and Diversity in digital Computer-
based Instrumentation and Control Systems:

e Conformance: The GDCS design conforms to BTP HICB-19._The implementation of an
additional diverse instrumentation and control system is described in Section 7.8.
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BTP HICB-21, Guidance on Digital Computer Real-Time Performance:
e Conformance: The GDCS design conforms to BTP HICB-21.

7.3.1.2.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for Section 7.3 and Table 7.1-1, 10 CFR 50.34()(2)(v)[1.D.3] and
HOCER50234(H 26 HEHE-42}-(addressed above) apply to the GDCS. The GDCS design

complies with these requirements. TMI action plan requirements are generically addressed in
Appendix 1A.
7.3.1.2.4 Testing and Inspection Requirements

The GDCS TLUs are self-tested continually at preset intervals. The TLUs of each logic division,
and the timers for the automatic logic, can be tested during plant operation-HEEE-Std—603;
Seetions5Fand-6-5). GDCS equipment inside containment is tested during refueling outages.
Refer to Subsection 6.3.2.7.4 for a discussion of mechanical tests performed on the GDCS.

7.3.1.2.5 Instrumentation and Control Requirements

The performance and effectiveness of the GDCS in a postulated accident is verified by observing
the following MCR indications-HEEE-Std-603Seetion5-8) (additional discussion on the GDCS
instrumentation is contained in Subsection 7.3.1.2.2 and in Subsection 6.3.2.7.5):

e Status indication of locked-open maintenance valves;

e Status indication and alarm of the squib-actuated valves;

e Position indication of the GDCS check valves;

e Drywell and RPV pressure indication;

e Suppression pool high/low level alarm;

e GDCS pool high/low level alarm;

e Water level indication for the GDCS pools, suppression pool and RPV; and
e Squib valve open alarm.

The safety-related GDCS instrumentation is designed to operate in a drywell environment
resulting from a LOCA. The thermocouples that initiate the deluge valves are qualified to
operate in a severe accident environment. Safety-related instruments, located outside the
drywell, are qualified for the environment in which they must perform their safety-related
functions.

7.3.2 Passive Containment Cooling System

The Passive Containment Cooling System (PCCS) consists of condensers that are an integral part
of the containment pressure boundary. The PCCS heat exchanger tubes are located in the
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Manual control switches and associated logic are provided in the design of the LD&IS to give
the operator the capability to perform manual control functions for initiation of isolation, logic

reset, channel bypass and test functions(HEEE-Std--603;-Seetion62-and-7-2).

The instrumentation for the drywell Low Conductivity Waste (LCW) and High Conductivity
Waste (HCW) sump levels is designed to meet the leakage rate requirements for identified and
unidentified sources. The LD&IS includes isolation logic using high drywell pressure and low
RPV water level for the isolation of the drain lines transferring waste from the sumps to the
liquid radwaste system. Additional information on LD&IS operation is contained in Subsection
5.2.5.

Table 7.1-1 identifies the LD&IS function and the associated codes and standards applied, in
accordance with the SRP. This subsection addresses 1&C systems conformance to regulatory
requirements, guidelines, and industry standards.
7.3.3.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The LD&IS design complies with these standards.

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603:

The LD&IS conforms to IEEE Std 603. Conformance information is found in

Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning how the
LD&IS conforms to IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-Related Functions): See Subsection 7.3.3.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the LD&IS system.

— Section 4.6 (Spatially Dependent Variables): See Subsection 5.2.5.2.1.

— Section 5.2 (Completion of Protective Actions): See Subsection 7.3.3.3.

— Section 5.7 (Capability for Test and Calibration): See Subsection 7.3.3.4 for LD&IS
(MSIV), Subsection 7.3.5.4 for Non-MSIV, & 7.4.3.4 for RWCU/SDC.

— Section 6.2 and 7.2 (Manual Control): See Subsections 7.3.3.3, 7.3.3.1 for LD&IS
(MSIV), and 7.3.5.1 for non-MSIV.

— Section 6.4 (Derivation of System Inputs): See Subsection 7.3.3.2 and Table 7.3-5.

— Section 6.5 (Capability of Test and Calibration): See Subsections 7.3.3.4 for MSIV
and 7.3.5.2.3,7.3.5.2.4, & 7.3.5.4 for non-MSIV.
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— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the LD&IS are not
applicable beyond that discussed in Subsection 7.1.6.6.1.22.

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the LD&IS
(MSIV) are not applicable beyond that discussed in Subsection 7.1.6.6.1.23. See
Subsections 7.3.5.2.3 & 7.3.5.2.4 for (non-MSIV).

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
LD&IS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the LD&IS are not
applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(11) [1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The LD&IS design conforms to these requirements.

10 CFR 50.34(f)(2)(v)¢[1.D.3]}, Bypass and Inoperable Status Indication:

e Conformance: The LD&IS design complies by providing automatic indication of

bypassed and inoperable status(HEEE-Std-—603,-Seetion5-8).

10 CFR 50.34(H)(2)(xiv)([I1.LE.4.2]), TMI Action Plan Item IIE.4.2, Containment Isolation
Systems:

e Conformance: The LD&IS design complies with this requirement.

10 CFR 50.34(D)(2)(xv)[11.E.4.4], Purge System Isolation Under Accident Conditions:

e Conformance: The LD&IS (non-MSIV) conforms to these requirements.

10 CFR 50.34(H)(2)(xxvi)[IIL.D.1.1], Leakage Control and Detection in Design Systems Outside
Containment:

e Conformance: The LD&IS (non-MSIV) conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The LD&IS conforms to these requirements.

10 CFR 50.63. Loss of All Alternating Current Power:

e Conformance: The LD&IS conforms to these requirements.

10 CFR 52.47(a)tb+(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: The resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47(b)ta)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
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10 CFR 52.47(a)H+)(25), Interface Requirements:
e (Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a}23, Level of Detail:

e Conformance: The level of detail provided for the LD&IS in the DCD conforms to this
requirement.

10 CFR 52.47¢b)(c)(2)(), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.3.3.3.2 General Design Criteria

GDC 1, 2,4,13)15,16.[19, 20, 21, 22, 23, and-24 29 and 30:

e Conformance: The LD&IS|(non-MSIV) fesign complies with these GDCs.

GDC1,2.4,13,15.16,19, 20, 21,22, 23, 24, and 29:

e Conformance: The LD&IS (MSIV only) design complies with these GDCs.

7.3.3.3.3 Staff Requirements Memorandum

SRM on SECY 93-087, Item II.Q, Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

e Conformance: The LD&IS and ESF designs conform to item I1.Q of SECY-93-087 (BTP
HICB-19) by implementation of diverse I&C, described in Section 7.8.

7.3.3.3.4 Regulatory Guide

RG 1.22, (Safety Guide 22) Periodic Testing of Protection System Actuation Function:

e Conformance: The LD&IS design conforms to RG 1.22.

RG 1.45, Reactor Coolant Pressure Boundary Leakage Detection Systems:

e Conformance: The LD&IS (non-MSIV) design conforms to RG 1.45.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety System:
e Conformance: The LD&IS design conforms to RG 1.47.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e Conformance: The ED&IS-design—eontforms—toRG153-The LD&IS is organized into

four physically and electrically-isolated divisions that use the principles of independence
and redundancy to conform to the single failure criterion as defined by IEEE Std. 379,
Section 4, and IEEE Std. 603, Section 5.1: additionally, the design meets N-2 conditions.
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Analyses complying with IEEE Std. 379 will be used to confirm the safety-related system
designs’ conformance to the single failure criterion.

RG 1.62, Manual Initiation of Protective Actions:
e Conformance: The LD&IS design conforms to RG 1.62.
RG 1.75, Physical Independence of Electric Systems:

e C(Conformance: The LD&IS design conforms to RG 1.75 as described in Subsections
8.3.1.3 and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The LD&IS design conforms to RG 1.89._ See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The LD&IS design conforms to RG 1.100._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.105, Setpoints for Safety-Related Instrumentation:

e Conformance: The safety-related portions of the LD&IS design conforms to RG 1.105.
Reference 7.3-2 provides detailed description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified byFhe LD &IS-designeconformsto RG 1.118.

RG 1.151, Instrument Sensing Lines:

e Conformance: NBS provides the measurement inputs to LD&IS (non-MSIV). The NBS
instrument sensing lines conform to the guidelines of RG 1.151 and ISA-67.02.01. Flow
restrictors are provided inside containment on instrument lines connected to the RCPB.
Accessible manual isolation valves and self-actuating excess flow check valves are
provided outside the drywell. The mechanical design guidelines as defined by
ISA-67.02.01 and RG 1.151 are met as applicable for each installation.

RG 1.152, Criteria for Digital computers in Safety Systems of Nuclear Power Plants:

e Conformance: The LD&IS design conforms to RG 1.152.
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RG 1.153, Power Instrumentation & Control Portions of Safety Systems:

e Conformance: The LD&IS design conforms to RG+145310 CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The LD&IS_ (MSIV Only) design conforms to RG 1.168_as implemented
on the RTIF platform.

The LD&IS (non-MSIV) design conforms to RG 1.168 as implemented on the
SSLC/ESF platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The LD&IS_(MSIV Only) design conforms to RG 1.169 _as implemented
on the RTIF platform.

The LD&IS (non-MSIV) design conforms to RG 1.169 as implemented on the
SSLC/ESF platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The LD&IS_(MSIV Only) design conforms to RG 1.170_as implemented
on the RTIF platform.

The LD&IS (non-MSIV) design conforms to RG 1.170 as implemented on the
SSLC/ESF platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e (Conformance: The LD&IS (MSIV Only) design conforms to RG 1.171_as implemented
on the RTIF platform.

The LD&IS (non-MSIV) design conforms to RG 1.171 as implemented on the
SSLC/ESF platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The LD&IS_ (MSIV Only) design conforms to RG 1.172_as implemented
on the RTIF platform.

The LD&IS (non-MSIV) design conforms to RG 1.172 as implemented on the
SSLC/ESF platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:
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e Conformance: The LD&IS_(MSIV Only) design conforms to RG 1.173_as implemented
on the RTIF platform.

The LD&IS (non-MSIV) design conforms to RG 1.173 as implemented on the
SSLC/ESF platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related I&C Systems:

e (Conformance: The LD&IS design conforms to RG 1.180. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The LD&IS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The LD&IS design conforms to RG 1.209._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

7.3.3.3.5 Branch Technical Positions

BTP HICB-8, Guidance for Application of RG 1.22:

e Conformance: The LD&IS design complies with BTP HICB-8.

BTP HICB-10, Guidance on Application of RG 1.97:

e  Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:
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logic controllers for the LD&IS (non-MSIV) use safety-related fiber optic CIMs and fiber
optic cables for interconnections between safety-related divisions for data exchange and
for interconnections between safety-related and nonsafety-related devices.

e Conformance: The LD&IS (MSIV only) design complies with BTP HICB-11._ RTIF

The LD&IS (non-MSIV) design complies with BTP HICB-11. SSLC/ESF logic
controllers for the LD&IS (non-MSIV) use safety-related fiber optic CIMs and fiber optic
cables for interconnections between safety-related divisions for data exchange and for
interconnections between safety-related and nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:
e Conformance: The LD&IS design complies with BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based [&C Systems:
e Conformance: The LD&IS design complies with BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The LD&IS design complies with BTP HICB-16.
BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

e Conformance: The LD&IS design complies with BTP HICB-17.

BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-
Based 1&C Systems:

e Conformance: The LD&IS design complies with BTP HICB-19._The implementation of
an additional diverse instrumentation and control system is described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:
e Conformance: The LD&IS design complies with BTP HICB-21.

7.3.3.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for 7.3 and with Table 7.1-1, 10 CFR 50.34(f)(2)(v)[[.D.3], and
10 CFR 50.34(H)(2)(xiv)[IL.LE.4.2] apply to the LD&IS. The LD&IS complies with these
requirements as indicated above. TMI action plan requirements are addressed in Appendix 1A.
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The CRHS isolation and EFU operation cannot be shut down automatically. EFU
disengagement and de-energization of safety-related isolation dampers can be accomplished
manually.

The CRHS isolation and EFU actuation are part of the SSLC/ESF system logic is illustrated in
Figure 7.3-5. The required instrumentation for CRHS is described in Subsection 9.4.1.5. Alarms
for CRHA/Control Room Habitability Area Heating, Ventilation, and Air Conditioning
Subsystem conditions are discussed in Subsection 6.4.8.

7.3.4.3 Safety Evaluation

A safety evaluation of the CRHS is provided in Subsections 6.4.5 and 9.4.1.3.

Table 7.1-1 identifies the CRHS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.3.4.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The CRHS design complies with these standards.

10 CRFR 50.55a(h), Protection and Safety Systems compliance with Criteria—forProtection
Systemsfor Nuelear Power Generating Stations(IEEE Std. 603):

E%eeﬂqeal—sepafaﬁeﬂ%s—m&m%amed—beﬁveen—ﬂ%dﬂﬂd&n%dﬁqﬂeﬂ& The CRHS desmn

conforms to IEEE Std. 603. Conformance information is found in Subsection 7.1.6.6.1
through 7.1.6.6.1.27. Additional information concerning how the CRHS conforms to
IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions): See Subsection 6.4.1.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are discussed in Subsection 7.3.4.2.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to CRHS.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions are
not applicable beyond that discussed in subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): Test and Calibrate features beyond
that discussed in section 7.1.6.6.1.8 are not applicable.

— Section 6.2 and 7.2 (Manual Control): See Subsection 7.3.4.2.
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— Section 6.4 (Derivation of System Inputs): The CRHS derives its sense and command
features from direct measurements as described in section 7.3.4.2.

— Section 6.5 (Capability of Test and Calibration): Capability for Test and Calibrate
features beyond that discussed in section 7.1.6.6.1.21 is not applicable.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the CRHS are
discussed in subsection 7.3.4.2..

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the CRHS are
not applicable beyond that discussed in Subsection 7.1.6.6.1.23.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
CRHS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the CRHS are
discussed in subsection 7.3.4.2.

10 CFR 50.34(H)(2)(111)[1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The CRHS design conforms to these requirements.

10 CFR 50.34(f)(2)(v)[1.D.33], Bypass and Inoperable Status Indication:

e Conformance: The CRHS design complies by providing automatic indication of bypassed
and inoperable status.

10 CFR 50.34(H)(2)(xxvii)[II[.D.3.4], Control Room Habitability Problems Under Accident
Conditions:

e Conformance: The CRHS design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The CHRS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 50.63. Loss of All Alternating Current Power:

e Conformance: The CRHS conforms to these requirements.

10 CFR 52.47(a)(H6¥)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:
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e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)(HA)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a}2), Level of Detail:

e Conformance: The level of detail provided for the CRHS in the DCD conforms to this
requirement.

10 CFR 52.47¢6)(c)(2)H), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.3.4.3.2 General Design Criteria
GDC 1, 2, 4, 13, 19, 20, 21, 22, 23, and-24 and 29:
e Conformance: The CRHS design complies with these GDCs.

7.3.4.3.3 Staff Requirements Memorandum

SRM on SECY 93-087, Item II.Q, Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

e C(Conformance: The CRHS and ESF designs conform to these criteria, as described in
Subsection 7.8.2.2.

7.3.4.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Function:
e Conformance: The CRHS design conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety System:
e Conformance: The CRHS design conforms to RG 1.47.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e Conformance: The CRHS is organized into four physically and electrically-isolated
divisions that use the principles of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single

failure criterion. Fhe-CRHS-designeconformsto RG153-

RG 1.62, Manual Initiation of Protective Actions:
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e Conformance: The CRHS design conforms to RG 1.62.
RG 1.75, Physical Independence of Electric Systems:

e Conformance: The CRHS design conforms to RG 1.75 as described in Subsections
8.3.1.3 and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e (Conformance: The CRHS design conforms to RG 1.89._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The CRHS design conforms to RG 1.100._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.105, Setpoints for safety-related Instrumentation:

e Conformance: The CRHS design conforms to RG 1.105._ Reference 7.3-2 provides
detailed description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: The-CRHS-designeconforms-toPeriodic testing of the protection systems is
performed in accordance with IEE Std. 338, as modified by RG 1.118.

RG 1.152, Criteria for Digital computers in Safety Systems of Nuclear Power Plants:
e Conformance: The CRHS design conforms to RG 1.152.

RG 1.153, Power Instrumentation & Control Portions of Safety Systems:

e Conformance: The CRHS design conforms to 10 CFR 50.55a(h)RG1-153.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The CRHS design conforms to RG 1.168_as implemented on the
SSLC/ESF platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:
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e Conformance: The CRHS design conforms to RG 1.169 as implemented on the
SSLC/ESF platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The CRHS design conforms to RG 1.170_as implemented on the
SSLC/ESF platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The CRHS design conforms to RG 1.171_as implemented on the
SSLC/ESF platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e (Conformance: The CRHS design conforms to RG 1.172_as implemented on the
SSLC/ESF platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The CRHS design conforms to RG 1.173_as implemented on the
SSLC/ESF platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The CRHS design conforms to RG 1.180._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The CRHS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The CRHS design conforms to RG 1.209._ See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

7.3.4.3.5 Branch Technical Positions
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BTP HICB-8, Guidance for Application of RG 1.22:
e Conformance: The CRHS design complies with BTP HICB-8.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: The CRHS design complies with BTP HICB-11._ SSLC/ESF logic
controllers for the CRHS use safety-related fiber optic CIMs and fiber optic cables for
interconnections between safety-related divisions for data exchange and for
interconnections between safety-related and nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The CRHS design complies with BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based I&C Systems:
e Conformance: The CRHS design complies with BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The CRHS design complies with BTP HICB-16.
BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

e Conformance: The CRHS design complies with BTP HICB-17.
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BTPHICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-
Based [&C Systems:

e Conformance: The CRHS design complies with BTP HICB-19._ The implementation of
an additional diverse instrumentation and control system is described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

e Conformance: The CRHS design complies with BTP HICB-21.

7.3.4.3.6 Three Mile Island Action Plan Requirements

In accordance with Table 7.1-1, 10 CFR 50.34(f)(2)(v)—~[1.D.3}] and+0-CER-5034H2) )
H-EA42)-applyies to the CRHS. The CRHS complies with the regulatory requirements indicated

above. TMI action plan requirements are addressed in Appendix 1A.

7.3.4.4 Testing and Inspection Requirements

Testing and inspections requirements are identified in Subsections 6.4.7 and 9.4.1.4.

7.3.4.5 Instrumentation and Control Requirements

The required instrumentation for the CRHS is described in Subsection 9.4.1.5 and alarms for
abnormal CRHA/Control Room Habitability Area Heating, Ventilation, and Air Conditioning
Subsystem conditions are addressed in Subsection 6.4.8.

7.3.5 Safety System Logic and Control/Engineered Safety Features

7.3.5.1 System Design Bases

The SSLC/ESF system performs the control logic processing of the plant sensor data and manual
control switch signals activating the functions of the LD&IS (non-MSIV), ECCS and CRHS.

The SSLC/ESF also performs control logic processing for the decay heat removal, - safe, stable
shutdown, funetion—and reactor pressure control functions of the ICS;—and-other—safety—related
funetions._ SSLC/ESF also provides safety-related display information in support of safety-
related system performance and accident monitoring. Logic for detecting and signaling a control
rod separation is also included in the SSLC/ESF system.

The SSLC/ESF:

e Monitors safety-related signals providing automatic control of the plant safety protection
systems;

e Performs processing of plant sensor and equipment interlock signals according to the
required trip and interlock logic, including time delays, of each safety-related interfacing
plant system or system important to safe plant operation;
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Meets the performance requirements of each safety-related interfacing plant system or
system important to safe plant operation, including transient response, delay time, and
overall time to trip system actuators, or initiates necessary system operation;

Monitors safety-related manual control switches used for system or component test,
protection system manual initiation, and individual control of equipment actuators;

Furnishes trip output signals to actuators driving safety-related system equipment (e.g.
solenoids and squib explosive-actuated valves);

Furnishes trip or initiation outputs signals to the logic of interfacing functions;

Provides diagnostic facilities for detecting imminent failure of safety-related system
components and provides an operator interface facilitating quick repair;

Provides safety-related accident monitoring display information, alarm and status outputs

to operator displays, annunciators, and the PCF; and
Satisfies regulatory requirements for implementation of:
— The single failure criterion,

— Defense-in-depth protection,

— Testability,

— Separation and independence, and

— Bypass of certain functions and indication thereof.

7.3.5.2 System Description

SSLC/ESF is the decision-making control logic segment for the ESF systems. The SSLC/ESF
processes automatic and manual demands for ESF system actuations, based upon sensed plant
process parameters or at operator request. The SSLC/ESF includes the 1&C implementing the

following functions:

The non-MSIV isolation functions of the LD&IS:;

-tThe ADS functions of the NBS for SRV and DPV control;;
+The ECCS, and decay heat removal — safe, stable functions—ofthe-GDCS—-and-SLEC

system;—the ECCS—and-shutdown eeehng—and reactor pressure control functions of the
ICS;;and

tThe| control room isolation function of the CRHS.—The SSEC/ESE architecture—is

Logic for the detection of a CRD system control rod separation event and transmits the

rod separation signal to the RC&IS (described in Subsections 4.6.1 and 7.7.2.2.7).

7.3-49



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

The SSLC/ESF system also provides safety-related display information for system performance
monitoring and accident monitoring (described in Subsection 7.5.1).

7.3.5.2.1 General SSLC/ESF Arrangement

The SSLC/ESF resides in four independent and separated instrumentation divisions. The
SSLC/ESF integrates the control logic of the safety-related systems in each division into
firmware or microprocessor-based, software-controlled, processing modules located in divisional
cabinets in the safety-related equipment rooms of the CB. The SSLC/ESF runs without
interruption in all modes of plant operation to support required safety functions.

The SSLC/ESF consists of the non-MSIV isolation functions of the LD&IS, the ECCS functions,
and the isolation function of the CRHS. The ESF/ECCS part includes the functions of SRV and
DPV initiation, GDCS initiation, SLC initiation, and the core cooling and shutdown cooling
logic functions of the ICS. There are separate multiplexing networks for RTIF and SSLC/ESF
functions within each division. Figure 7.3-4 shows a functional block diagram of the SSLC/ESF
portion of the system. The RPS function is discussed in Subsection 7.2.1, with the RPS
functional block diagram shown in Figure 7.2-1. The ATWS/SLC mitigation function is
discussed in Subsection 7.8.1.1.

Most SSLC/ESF input data are process variables multiplexed by the Q-DCIS in four physically
and electrically isolated redundant instrumentation divisions (Subsection 7.1.3). Each of the four
independent and separated Q-DCIS channels feeds separate and independent trains of SSLC/ESF
equipment in the same division.

7.3.5.2.2 Signal Logic Processing

Signals that must meet time response constraints and signals from system logic that are proximal
to the SSLC/ESF cabinets are directly connected to the divisional cabinets in the safety-related
equipment rooms in the CB. These signals are derived from sensors that are redundant in the
four divisions (for each sensed variable).

All input data are processed within the RMU function of the Q-DCIS. The sensor data are
transmitted through the DCIS network to the SSLC/ESF Digital Trip Module (DTM) function
for setpoint comparison. A trip (or non-trip) signal is generated from this function. Processed
trip signals from a division and trip signals from the other three divisions are transmitted through
the communication interface and are processed in the VLU function for two-out-of-four voting.
The final trip signal (from two or more divisions) is then transmitted to the RMU function via the
Q-DCIS network to initiate mechanical actuation devices.

There are two independent and redundant VLU functional trains (three for the DPV actuation
logic) in each division of the SSLC/ESF equipment. The vote logic trip signals from each VLU
functional train are transmitted to the RMU, where a two-out-of-two (or three-out-of-three)
confirmation is performed. The redundant trains within a division are necessary to prevent
single failures within a division from causing a squib initiator to fire; as a result each VLU logic
train is required to operate to produce an output. Self-tests within the SSLC/ESF determine
whether any one VLU function has failed, and such a failure is alarmed in the MCR.
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associated VLU inputs in the four divisions. Interlocks are provided by a four-position joystick-
type switch so only one division of sensors at a time can be placed in bypass. When such a
bypass is made, all four divisions of two-out-of-four logic become two-out-of-three logic while
the bypass is maintained. Bypass permits calibration and repair of sensors or the DTM function.
Although all sensors for all systems are bypassed in one division, the remaining three divisions
furnish sufficient redundant sensor data for safe operation. The logic is such that all four
divisions still can perform two-out-of-four (two-out-of-three) trip decisions - even if sensors are
bypassed. Bypass status is indicated to the operator until the bypass condition is removed. An
interlock rejects simultaneous attempts to bypass more than one SSLC/ESF division. Any loss
of communication caused by a bypass switch is interpreted as a “no bypass” signal.

7.3.5.2.4 Division-Out-of-Service Bypass

For a fail-safe design, a division-out-of-service bypass inhibits the trip output in a division from
affecting the output load drivers/discrete outputs by maintaining that division’s load
drivers/discrete outputs in an energized state. Bypass status is indicated to the operator until the
bypass condition is removed. Only one division can be bypassed at any one time. For the
SSLC/ESF logic because the division-of-sensors bypass is implemented, and there are multiple
trains of two-out-of-four VLU logic, no additional division trip logic bypass is implemented.
Each of the VLU trip outputs is directly applied to one of the load drivers/discrete outputs in
series. Each VLU trip is required to prevent inadvertent trip initiation of the squib valves. It is
undesirable to perform the VLU logic bypass activities with the RMU electrically connected to
the valve. The disable switch that bypasses the load driver/discrete output actuation for the squib
initiators provides the effective bypass function required at the actuator level. (Refer to
Figure 7.3-1a and Figure 7.3-1b.)

7.3.5.3 Safety Evaluation

The SSLC/ESF consists of a set of logic processing functions for the ESF systems and therefore
is a safety-related system. The functions related to sensor signal processing and trip output are
safety-related.

The four separated divisions of logic processing equipment provide the necessary degree of
redundancy and independence to maintain safe operation despite the loss of portions of the
processing capacity.

The SSLC/ESF system is designed so no single equipment failure causes inability to:

e Perform a reactor trip,

o Establish-econtainmentisolationPerform safety-related decay heat removal and reactor
pressure control, or

e Initiate the ESF.

Physically separate divisions are established by their relationship with the RPV, which is
spatially divided into four quadrants. The sensors, logic, and output actuators of the various
systems are allocated to these divisions.
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The digital devices in SSLC/ESF are, in general, microprocessor-based, software-controlled
instruments.

Microprocessor-based logic in the SSLC/ESF activates the solenoid-controlled SRVs squib-
actuated DPVs, GDCS injection and equalizing valves, ICS valves, and SLC squib valves.

A diverse I&C system is incorporated, featuring a totally independent set of selected reactor trip
logic functions and ESF initiation logic functions addressing the requirements of the BTP HICB-
19 position. This system is described in Section 7.8. The RPS logic is implemented using a
diverse vendor furnished microprocessor-based platform. The SSLC/ESF system is designed to
operate in a mild environment in clean areas within the CB and RB safety envelopes. Refer to

Appendix 3H, Subsections 9.4.1 and 9.4.6 for specific environmental conditions.

Panel internal environments are maintained to ensure that reliability goals are achieved. Panel
internal cooling is by natural convection. Fans are used to improve long-term reliability, but no
credit is taken for forced-air cooling in the qualification of safety-related functions. Thermal
design adequacy is considered during detail equipment design by analysis of heat loads (per
circuit module, per bay, and per module).

Table 7.1-1 identifies the SSLC/ESF and the associated codes and standards applied, in
accordance with the SRP. This subsection addresses 1&C systems conformance to regulatory
requirements, guidelines, and industry standards.
7.3.5.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The SSLC/ESF design conforms to these standards.

10 CFR 50.55a(h), Protection and Safety Systems Compliance with IEEE Std. 603:

e Conformance: Safe%eka%ed—sys{ems—af%éeskgﬂed—te—eeﬂfema—te%%é—&&d

IEEE Std 603. Conformance information is found in Subsection 7.1.6.6.1 through

7.1.6.6.1.27. Additional information concerning how the SSLC/ESF design conforms to
IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions): See Subsection 7.3.5.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): See Subsections
7.3.5.2.2.7.3.5.2.3 and 7.3.5.2.4.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to SSLC/ESF.

— Section 5.2 (Completion of Protective Actions): See Subsections 7.3.5.2.2.

— Section 5.7 (Capability for Test and Calibration): See Subsections 7.3.5.2.2 and
7.3.5.4.
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— Section 6.2 and 7.2 (Manual Control): See Subsection 7.3.5.1.

— Section 6.4 (Derivation of System Inputs): The SSLC/ESF is a logic processing
system only and its sensors are part of other systems.

— Section 6.5 (Capability of Test and Calibration): See Subsection 7.3.5.2.2 and 7.3.5.4.

— Section 6.6 and 7.4 (Operating Bypasses): See Subsection 7.3.5.2.2. 7.3.5.2.3 and
7.3.5.2.4.

7.3.5.2.4.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
SSLC/ESF are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the SSLC/ESF are
not applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(H)(1)(V)[11.K.3.13], HPCI and RCIC Initiation Levels:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(H)(2)(ii) [1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34 (f)(2)(v) [1.D.3], Bypass and Inoperable Status Indication:

e Conformance: The SSLC/ESF complies by providing automatic indication of bypassed
and inoperable status-HEEE-Std—603-Seetions 58,62 and72).

10 CFR 50.34(H)(2)(vii)[11.B.3] Capability to Promptly Obtain and Analyze Samples from the
Reactor Coolant System and Containment:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(DH(2)(x)[IL.D.1], Relief and Safety Valve Test Requirements:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(H)(2)(x1)[11.D.3], Direct Indication of Relief and Safety Valve Position in the Control
Room:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34 (f)(2)(xiv) [I1.LE.4.2], Containment Isolation Systems:

e Conformance: The SSLC/ESF logic controlling containment isolation functions
conforms to these criteria.

10 CFR 50.34(DH(2)(xv)[11.E.4.4], Purge System Isolation Under Accident Conditions:
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e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(H)(2)(xvi)[IL.F.1], Accident Monitoring Instrumentation:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(H)(2)(xvii1)[11.F.2], Inadequate Core Cooling Instrumentation:

e (Conformance: NBS provides the reactor water level measurement (temperature
compensated) inputs to SSLC/ESF. The reactor water level instrumentation errors due to
non-condensable gases in instrument reference legs are addressed in Subsection 7.7.1.2.2.

10 CFR 50.34(H)(2)(xix)[1I.F.3], Instrumentation for Monitoring Plant Conditions Following
Core Damage:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(DH()[11.K.1.22], Auxiliary Heat Removal Systems:

e Conformance: The SSLC/ESF conforms to these requirements.

10 CFR 50.34 (f)(2)(xxiii) [II.K.2.10], Anticipatory Reactor Trip:

e Conformance: The SSLC/ESF initiates the ICS in pesponse to a T.oss of All Feedwater

Flow Event. This is an anticipatory trip actuated on fless-efpewerto-two-of the fourmain

| FW-pumpsa power generation bus loss event. |

10 CFR 52.47(a)(H6w)(21), Resolution of Unresolved and Generic Safety Issues:

10 CFR 50.34(H)(2)(xxvi)[IIL.D.1.1], Leakage Control and Detection in Design Systems Qutside
Containment:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(H)(2)(xxvii)[II1.D.3.3], Monitoring of In-plant Airborne Radioactivity:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.34(H)(2)(xxvii))[1I1.D.3.4] Control Room Habitability Problems Under Accident
Conditions:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.44(¢)(4), Combustible Gas Control For Nuclear Power Reactors, Monitoring:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The SSLC/ESF design conforms to these requirements. See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

7.3-55



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

10 CFR 50.62, Requirements for Reduction of Risk from Anticipated Transients without Scram
(ATWS) Events for Light-Water-Cooled Nuclear Power Plants:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 50.63. Loss of All Alternating Current Power:

e Conformance: The SSLC/ESF design conforms to these requirements.

10 CFR 52.47(a)(21)6+, Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)(HA)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a}2), Level of Detail:

e Conformance: The level of detail provided for the SSLC/ESF within the DCD conforms
to this requirement.

10 CFR 52.47¢b)(c)(2)(), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.3.5.3.2 General Design Criteria

GDC 1, 2, 4, 13[_15, 16.|19, 20, 21, 22, 23, and-24, 29| 30, 33, 34, 35, 37, 41, 43, 63 and 64:

e Conformance: The SSLC/ESF design complies with these GDCs.

7.3.5.3.3 Staff Requirements Memorandum

SRM on SECY-93-087, Item II1.Q Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

e Conformance: The Reactor Trip (Protection) System and ESF designs conform to Item
I1.Q of SRM on SECY-93-087 (BTP HICB-19) in conjunction with the implementation
of the DPS, described in Section 7.8.

SRM on SECY-93-087, Item II.T, Control Room Annunciator (Alarm) Reliability:

e Conformance: The SSLC/ESF VDU design meets the requirements of SECY-93-087.
Item II.T for redundancy, independence, and separation in that the “alarm system” is
considered redundant as follows:
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— Alarm points are sent via dual networks to redundant message processors using dual
power supplies. The processors are dedicated to alarm processing.

— The alarms are displayed on multiple independent VDUs (dual power supplies on

each).

— The alarms are driven by redundant data links to the AMS (dual power). There are
redundant alarm processors.

— There is one horn and one voice speaker. Test buttons are available to test the horn(s)
and all the lights.

— There are no alarms requiring manually controlled actions for systems to accomplish
their safety-related functions.

7.3.5.3.4 Regulatory Guides
RG 1.22, Safety Guide 22 Periodic Testing of Protection System Actuation Functions:
e Conformance: The SSLC/ESF design complies with the guidance of RG 1.22.

RG 1.45, Reactor Coolant Pressure Boundary Leakage Detection Systems:

e Conformance: The SSLC/ESF design complies with the guidance of RG 1.45.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:

e Conformance: The SSLC/ESF provides bypass capability and status that complies with
RG 1.47.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e Conformance: The-SSEC/HSE designcomphlies—with-the guidanceof RG 153 1EEE Std-
603-SeetionSt-andJEEE-Std-379- The SSLC/ESF is organized into four physically and

electrically-isolated divisions that use the principles of independence and redundancy to
conform to the single failure criterion as defined by IEEE Std. 379, Section 4, and IEEE
Std. 603, Section 5.1; additionally, the design meets N-2 conditions. Analyses complying
with IEEE Std. 379 will be used to confirm the safety-related system designs’
conformance to the single failure criterion.

RG 1.62, Manual Initiation of Protective Actions:

e Conformance: The SSLC/ESF design complies with the guidance of RG 1.62. Signals
for manual initiation of protective actions are hardwired to the SSLC/ESF equipment.

RG 1.75, Physical Independence of Electric Systems:

e Conformance: The SSLC/ESF design conforms to RG 1.75 as described in Subsections
8.3.1.3 and 8.3.1.4.
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RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The SSLC/ESF design conforms to RG 1.89._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e (Conformance: The SSLC/ESF design conforms to RG 1.100._ See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.105, Instrument Setpoints for Safety-related Systems:

e Conformance: The SSLC/ESF design complies with RG 1.105._Reference 7.3-2 provides
detailed description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e (Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified byFhe SSEC/ESE-design-eonforms—to RG 1.118-as—amplified
inHEEE-Std—338. Testing of the SSLC/ESF is performed in conjunction with the Q-

DCIS.

RG 1.152, Criteria for Programmable Digital Computer System Software in safety-related
Systems of Nuclear Power Plants:

e Conformance: The SSLC/ESF design conforms to the guidelines of RG 1.152.
Additional discussion is provided in Subsection 7.2.1.3 describing RPS system
compliance.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The SSLC/ESF design, in conjunction with the Q-DCIS, conforms to RG
+45310 CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used In
Safety Systems of Nuclear Power Plants:

e Conformance: The SSLC/ESF design complies with RG 1.168_as implemented on the
SSLC/ESF platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:
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e Conformance: The SSLC/ESF design complies with RG 1.169_as implemented on the
SSLC/ESF platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The SSLC/ESF design complies with RG 1.170_as implemented on the
SSLC/ESF platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The SSLC/ESF design complies with RG 1.171_as implemented on the
SSLC/ESF platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The SSLC/ESF design complies with RG 1.172_as implemented on the
SSLC/ESF platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The SSLC/ESF design complies with RG 1.173_as implemented on the
SSLC/ESF platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The SSLC/ESF design conforms to RG 1.180._ See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The SSLC/ESF design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The SSLC/ESF design conforms to RG 1.209._ See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

7.3.5.3.5 Branch Technical Positions

BTP HICB-1, Guidance on Isolation of the Low Pressure Systems from the High Pressure
Reactor Coolant System:

e Conformance: The SSLC/ESF design complies with BTP HICB-1.
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BTP HICB-8, Guidance on Application of RG 1.22:

e Conformance: The SSLC/ESF is fully operational during reactor operation, and is tested
in conjunction with the Q-DCIS. Therefore, the SSLC/ESF design complies with BTP
HICB-8.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

[ ® Conformance: SSLC/ESF logic controllers use safety-related fiber optic CIMs and fiber | |
optic cables for interconnections between safety-related divisions for data exchange and
for interconnections between safety-related and nonsafety-related devices. The Q-DCIS
provides the communication functions for SSLC/ESF. See Subsection 7.1.2, 7.1.3.2 and
7.1.3.3 for descriptions of the Q-DCIS communication system design.

Defined diverse and hardwired portions of RPS and SSLC/ESF may use coil-to-contact
isolation of relays or contactors. This is acceptable according to BTP HICB-11 when the
application is analyzed or tested in accordance with the guidelines of RG 1.75 and
RG 1.153.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The SSLC/ESF design conforms to BTP HICB-12. Setpoint
implementation is in accordance with Reference 7.3-2.
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7.3.6.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

Conformance: The VB isolation function design complies with these standards.

10 CFR 50.55a(h), Protection and Safety Systems, compliance with IEEE Std. 603:

Conformance: Safetv-related systems are in conformance with RG 153 and HeEE Std.
60 en 1

divasiens-The VB isolation function conforms to IEEE Std. 603. Conformance
information is found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information
concerning how the VB isolation function conforms to IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-Related Function): See Subsection 7.3.6.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the VB isolation function.

— Section 4.6 (Spatially Dependent Variables): See the Actuation Logic section of
Subsection 7.3.6.2 & Subsection 6.2.1.1.5.5.1.

— Section 5.2 (Completion of Protective Actions): Completion of protective actions is
not applicable beyond that discussed in Subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): See Subsection 7.6.3.4.

— Section 6.2 and 7.2 (Manual Control): See Subsections 7.3.6.1 & 7.3.6.2.

— Section 6.4 (Derivation of System Inputs): Derivation of system inputs for the VB
1solation function are not applicable beyond that discussed in Subsection 7.1.6.6.1.20.

— Section 6.5 (Capability of Test and Calibration): See Subsection 7.6.3.4.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the VB isolation
function are not applicable beyond that discussed in Subsection 7.1.6.6.1.22.

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance Bypasses for the VB
1solation function are not applicable beyond that discussed in Subsection 7.1.6.6.1.23.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the VB
1solation function are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the VB isolation
function are not applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(H)(2)(ii) [1.D.1], Human Factors Principles for Control Room Design:

Conformance: The VB isolation function design conforms to these requirements.
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10 CFR 50.34()(2)(v})[1.D.3)-], Bypass and Inoperable Status Indication:

e (Conformance: The VB isolation function design complies by providing automatic

indication of bypassed and inoperable status{HEEE-Std—603_Seetion5-8).

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The VB isolation function conforms to these requirements. See Table
3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)(H6w)(21), Resolution of Unresolved and Generic Safety Issues:

e (Conformance: Resolution of unresolved and generic safety issues is discussed in Section
1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)tH)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a)2), Level of Detail:

e Conformance: The level of detail provided for the design of the VB and VB isolation
function within the DCD complies with this requirement.

10 CFR 52.47¢b)(c)(2)(), Innovative Means of Accomplishing Safety Functions:

e Conformance: The 1&C design does not use innovative means for accomplishing safety-
related functions.

7.3.6.3.2 General Design Criteria

GDC 1, 2,4, 13,|16. |19, 20, 21, 22, 23, and-24 and 29:

e Conformance: The VB isolation function design complies with these GDCs.

7.3.6.3.3 Staff Requirements Memorandum

SRM on SECY-93-087, Item II.Q, Defense Against Common-Mode Failures in Digital
Instrumentation and Control Systems:

e Conformance: The VB isolation function design complies with these criteria through
demonstration that no postulated common-mode failure of the control system could
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disable the VB isolation function. The discrete logic and solid state controls used in this
design are not subject to the vulnerabilities described by SECY-93-087, Item I1.Q.

7.3.6.3.4 Regulatory Guides
RG 1.22, Periodic Testing of Protection System Function:

e Conformance: The VB isolation function design conforms to RG 1.22. System logic and
components are tested periodically during refueling outages.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety:

e Conformance: The VB isolation function design conforms to RG 1.47. Automatic
indication is provided in the MCR to inform the operator that the system is inoperable or
a division is bypassed.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e Conformance: Th d
Seeﬂeﬂé—l—aﬂd—LEEE—Sfed%lQ The VB 1solat10 functlon is orgamzed mto four
physically and electrically-isolated divisions that use the principles of independence and
redundancy to conform to the single failure criterion as defined by IEEE Std. 379,
Section 4, and IEEE Std. 603, Section 5.1; additionally, the design meets N-2 conditions.
Analyses complying with IEEE Std. 379 will be used to confirm the safety-related system
designs’ conformance to the single failure criterion.

RG 1.62, Manual Initiation of Protective Actions:

e Conformance: The VB isolation function design complies with RG 1.62. Each division
has a manual actuation switch in the MCR. Initiation of the system requires actuation of
two switches to ensure that manual initiation is a premeditated act.

RG 1.75, Physical Independence of Electric Systems:

e The VB isolation function design conforms to RG 1.75 as described in Subsections
8.3.1.3 and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The VB isolation function design conforms to RG 1.89._See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:
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e Conformance: The VB isolation function design conforms to RG 1.100._See Table 3.11-
1 (Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.105, Instrument Setpoints for Safety-Related Systems:

e Conformance: The setpoints established to control the VB isolation valve conform to RG
1.105. Reference 7.3-2 provides a detailed description of the GEH methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e (Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified byFhe—VB—iselation—funetion—design—complies—with—the
suidaneeof RG 1.118.

RG 1.152, Criteria for Digital computers in Safety Systems of Nuclear Power Plants:
e Conformance: The VB isolation function design conforms to RG 1.152.

RG 1.153, Criteria for Power, I&C Portions of Safety Systems:

e (Conformance: The VB isolation function design complies with IEEE Std. 603RG1153.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The VB isolation function design conforms to RG 1.168_as implemented
on the independent control platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e (Conformance: The VB isolation function design conforms to RG 1.169 _as implemented
on the independent control platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The VB isolation function design conforms to RG 1.170_as implemented
on the independent control platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The VB isolation function design conforms to RG 1.171_as implemented
on the independent control platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The VB isolation function design conforms to RG 1.172_as implemented
on the independent control platform.
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RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The VB isolation function design conforms to RG 1.173_as implemented
on the independent control platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related I&C Systems:

e Conformance: The VB isolation function design conforms to RG 1.180. _See
Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The VB isolation function design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The VB isolation function design conforms to RG 1.209. _ See
Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification).

7.3.6.3.5 Branch Technical Positions

In accordance with the SRP for Section 7.3 and Table 7.1-1, the following BTPs are addressed
for the VB isolation function:

BTP HICB-8, Guidance on Application of RG 1.22:

e Conformance: The VB isolation function design conforms to BTP HICB 8.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: Logic controllers for the VB isolation function use safety-related fiber
optic CIMs and fiber optic cables for interconnections between safety-related divisions

for data exchange and for interconnections between safety-related and nonsafety-related
devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The setpoints established to control the VB isolation valve conform to this
guide. Reference 7.3-2 provides a detailed description of the GEH methodology.
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BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e (Conformance: The VB isolation function design conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR 52:

e Conformance: The level of detail in the VB isolation function description conforms to
BTP HICB-16.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:
e Conformance: The VB isolation function design conforms to BTP HICB-17.

BTP HICB-18, Guidance on Use of Programmable Logic Controllers in Digital Computer-Based
Instrumentation and control Systems:

e Conformance: Q-DCIS hardware, embedded and operating system software, and
peripheral components conform to the guidance of Branch Technical Position HICB-18.
Q-DCIS is built and qualified specifically for ESBWR applications as safety-related and
not as commercial grade PLCs. The embedded and operating system software meet the
acceptance criteria _contained in BTP HICB-14, for safety-related applicationsThe—VB

tselattontunetton-destgn-conformsto BFRP- HICBS.

BTP HICB-19, Guidance on Evaluation of Defense-in-Depth and Diversity in digital Computer-
based Instrumentation and Control Systems:

e Conformance: The VB isolation function design conforms to BTP HICB-19. The

discrete logic and solid state controls used in this design are not subject to the
vulnerabilities described by BTP HICB-19.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

e (Conformance: The VB isolation function design conforms to BTP HICB-21.

7.3.6.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for 7.3 and with Table 7.1-1, 10 CFR 50.34(f)(2)(v)[I.D.3] and 10
CFR 50.34(f)(2)(xiv)[II.E.4.2] apply to the VB isolation function. The VB isolation function
complies with the requirements as indicated above. TMI action plan requirements are addressed
in Appendix 1A.

7.3.6.4 Testing and Inspection Requirements

The VB isolation function TLUs are self-tested continually at preset intervals and can be tested

during plant operation-HEEE-Std—-603-Seections5-7-and-6-5). VB isolation function equipment |
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afety 3 : : 3 3 and-nonsafety 3 ns- The
SLC system design conforms to IEEE Std. 603. Conformance information is found in
Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning how the
SLC system design conforms to IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions): See Subsections 7.4.1.1 and 9.3.5.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are discussed in Subsection 9.3.5.2.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to SLC system design.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions
are not applicable beyond that discussed in Subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): Test and Calibrate features are
discussed in Subsections 7.4.1.4 and 9.3.5.4.

—  Section 6.2 and 7.2 (Manual Control): See Subsections 7.4.1.2.2. 7.4.1.3, 9.3.5.2 and
9.3.5.5.

—  Section 6.4 (Derivation of System Inputs): The SLC system derives its sense and
command features from direct measurements as described in Subsections 7.4.1.2.
7.4.1.5 and 9.3.5.5.

— Section 6.5 (Capability of Test and Calibration): Capability for Test and Calibrate
features are discussed in Subsections 7.4.1.4 and 9.3.5.4.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the SLC system
design beyond that discussed in Subsections 7.1.6.6.1.22 are not applicable.

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the SLC
system design beyond that discussed in Subsection 7.1.6.6.1.23 are not applicable.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
SLC system design are discussed in Subsections 7.4.1.2.1 and 9.3.5.2.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the SLC system
design are discussed in Subsection 7.4.1.3.

10 CFR 50.34(H)(2)(111)[1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The SLC design conforms to these requirements.

10 CFR 50.34(f)(2)(v)[1.D.3], Bypass and Inoperable Status Indication:
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e Conformance: The SLC system design conforms to this requirement.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The SLC conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: The SLC system design complies with this criterion. Reference
Section 1.11 for resolution of unresolved and generic safety issues.

10 CFR 52.47¢(b)(1)&), ITAAC in Design Certification Applications:
e Conformance: ITAAC are provided for I&C Equipment in Tier 1.
10 CFR 52.47(a)yH)(25), Interface Requirements:
e Conformance: There are no interface requirements for the SLC system.
10 CFR 52.47¢a}2), Level of Detail:
e Conformance: The level of detail provided for the SLC system within the DCD conforms
to this requirement.
10 CFR 52.47¢(6)(c)(2)H, Innovative Means of Accomplishing Safety Function:
e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.
7.4.1.3.2 General Design Criteria.

In accordance with Table 7.1-1, the following General Design Criteria (GDC) are addressed for
the SLC system:

GDC 1, 2,4, 13,19, 20, 21, 22, 23, and-24, 29, 35, and 37:

e Conformance: The SLC system design conforms to these GDC.

7.4.1.3.3 Staff Requirements Memorandum

SECY-93-087, Item I1.Q, Defense Against Common-Mode Failures in Digital Instrumentation
and Control Systems:

7.4-6



NEV81408
Rectangle

ne32577
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

e Conformance: The SLC system design conforms to these criteria by providing diverse
1&C, as described in Section 7.8.

7.4.1.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Functions:
e Conformance: The SLC system design conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:
e Conformance: The SLC system design conforms to RG 1.47.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

o Conformance: The SLC is organized into four physically and electrically-isolated
divisions that use the principles of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single
failure criterion.

The SLC system design is a redundant backup to the reactor control and scram systems,
and performs an ECCS function. The SLC system design has two redundant and parallel
squib-type valves in each loop. Only one valve in each loop is required for the safety-
related function of the SLC system. The SLC system instrumentation assuring
operability of the system also is redundant.

RG 1.75, Physical Independence of Electric Systems:

e Conformance: The SLC system design conforms to RG 1.75 as described in
Subsections 8.3.1.3 and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The SLC system design conforms to RG 1.89._See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.
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RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The SLC system design conforms to RG 1.100._ See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.105, Setpoints for Safety-Related Instrumentation:

e Conformance: The SLC system design conforms to RG 1.105, as described in Reference
7.4-2.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e (Conformance: Periodic testing of the protection systems 1s performed in accordance with

IEE Std. 338, as modified by Fhe-SEC-system-design-conformsto-RG 1.118.

RG 1.151, Instrument Sensing Lines:
e Conformance: The SLC system design conforms to RG 1.151.

RG 1.152, Criteria for Digital computers in Safety Systems of Nuclear Power Plants:
e Conformance: The SLC system design conforms to RG 1.152.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: Cenststent—with—the—diseusston—ofother RGs—andtheGeneral Design
Criterta;the-The SLC system design conforms to RG+45310 CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The SLC system design conforms to RG 1.168 as implemented on the
SSLC/ESF platform. The SLC system design conforms to RG 1.168_as implemented on
the independent control platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e (Conformance: The SLC system design conforms to RG 1.169 as implemented on the
SSLC/ESF platform. The SLC system design conforms to RG 1.169_as implemented on
the independent control platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The SLC system design conforms to RG 1.170 as implemented on the
SSLC/ESF platform. The SLC system design conforms to RG 1.170_as implemented on
the independent control platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

7.4-8
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e Conformance: The SLC system design conforms to RG 1.171 as implemented on the
SSLC/ESF platform. The SLC system design conforms to RG 1.171_as implemented on
the independent control platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e (Conformance: The SLC system design conforms to RG 1.172 as implemented on the
SSLC/ESF platform. The SLC system design conforms to RG 1.172_as implemented on
the independent control platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The SLC system design conforms to RG 1.173 as implemented on the
SSLC/ESF platform. The SLC system design conforms to RG 1.173_as implemented on
the independent control platform.-

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The SLC system design conforms to RG 1.180._See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The SLC system design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The SLC system design conforms to RG 1.209._ See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

7.4.1.3.5 Branch Technical Positions
BTP HICB-8, Guidance on Application of Regulatory Guide 1.22:

e Conformance: The SLC system design conforms to BTP HICB-8.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: The SLC system design conforms to BTP HICB-11._ SSLC/ESF logic
controllers for the SLC use safety-related fiber optic CIMs and fiber optic cables for
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interconnections between safety-related divisions for data exchange and for
interconnections between safety-related and nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Setpoints:

e Conformance: The SLC system design conforms to BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e Conformance: The SLC system design conforms to BTP HICB-14.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the SLC system conforms to BTP HICB-
16.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

e Conformance: The SLC system design conforms to BTP HICB-17.

BTP HICB-19, Guidance on Evaluation of Defense-in-Depth and Diversity in digital Computer-
based Instrumentation and Control Systems:

e Conformance: The SLC system design conforms to BTP HICB-19._The implementation
of an additional diverse instrumentation and control system is described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

e Conformance: The SLC system design conforms to BTP HICB-21.

7.4.1.4 Testing and Inspection Requirements

Testing and inspection requirements are described further in Subsection 9.3.5.4. An initial SLC
system performance verification test is conducted as part of the startup test program. This test is
intended to demonstrate that the SLC system performance is in accordance with design
requirements.

A full test of this system is not possible during plant operation. Other than the two squib valves
in each loop, there are no active components in this system, that are required to actuate for

7.4-10
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7.4.2.2 System Description

7.4.2.2.1 General

The RSS has two redundant and independent panels. All parameters displayed and/or controlled
from Division 1 and Division 2 in the MCR also are displayed and/or can be controlled from any

of the two RSS panels(HEEE-Std--603,-Seetion5-8). Each panel contains:
e Division 1 Manual Scram Switch,
e Division 2 Manual Scram Switch,
e Division 1 Manual Main Steam Isolation Valve (MSIV) Isolation Switch,
e Division 2 Manual MSIV Isolation Switch,
e Division 1 Safety-related Video Display Unit (VDU),
e Division 2 Safety-related VDU,
e Nonsafety-related VDU, and
e Nonsafety-related Communications Equipment.

All data from the Q-DCIS and N-DCIS networks are available for display on the RSS panels.
Because the VDUs on the RSS panels are connected to Q-DCIS or N-DCIS through the same
networks serving corresponding VDUs at the MCR, all Division 1 and 2 safety-related and
nonsafety-related display/control functions at the MCR also are available at the RSS panels. A
simplified RSS panel schematic is provided in Figure 7.4-1. A simplified network functional
bleek-diagram of the Q-DCIS and N-DCIS is included as part-ef-Figure 7.1-1.; and-afunetional
network-diagram-appears-asFigure 712 Thisese diagrams indicates the relatlonshlps of safety-

related er—and nonsafety-related systems with their peers, and with plant data acquisition

systems. Section 7.1 contains a description of these relationships. The software for the RSS
safety-related VDUs is developed as part of the SSLC/ESF platform hardware/software
development process. The software for the RSS nonsafety-related VDUs is developed as part of
the nonsafety-related network segment hardware/software development processes.

The two RSS panels are located in different rooms inside the Reactor Building (RB). Each RSS
Panel room has a sliding fire door with a minimum fire rating of three hours. The RSS panel
room environment typically is similar to the MCR environment. Access to and use of the RSS

panels is administratively controlled. This satisfies the control access requirement of IEEE Std.
603, Section 5.9.

The RSS provides sufficient redundancy in its control and monitoring capability, to
accommodate a single failure in the interfacing systems, a single failure in the RSS controls and
the event that caused the MCR evacuation. The RSS is designed such that any failure within it
does not degrade the capability of interfacing safety-related systems. The RSS satisfies the
single-failure criterion and independence requirements of IEEE Std. 603, Sections 5.1, 5.6, and
6.3.

7.4-12
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any other safety or nonsafety-related system) is outside the MCR, ICS operation is not affected
by an event necessitating MCR evacuation, and continued operation of the isolation condensers
is assured. If the event necessitating MCR evacuation results in a loss of the reactor pressure
regulator, but does not cause main steam line isolation, the ICS initiates on high pressure. With
the ICS in operation, the isolation condensers provide initial decay heat removal, and further
reactor cooldown is achieved from the RSS panels using the RWCU/SDC.

7.4.2.3 Safety Evaluation

The RSS is classified as a safety-related system that can control safety-related systems or
equipment.

The RSS provides instrumentation and controls (I&C) outside the MCR to allow prompt hot
shutdown of the reactor after a scram and to maintain safe conditions during hot shutdown. It
also provides capability for subsequent cold shutdown of the reactor through the use of suitable
operating procedures.

Table 7.1-1 identifies the RSS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.4.2.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The RSS design conforms to these requirements.

10 CFR 50.55a(h), Protection and Safety Systems Compliance with Criteria—for Protection
Systems for Nuclear Power Generating Stations (IEEE Std. 603):

e (Conformance: The RSS design conforms to IEEE Std. 603. Conformance information is
found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning
how the RSS design conforms to IEEE Std. 603 is discussed below.Separation—and

— Section 4.2 (Safety-Related Function): See Subsections 7.4.2.1 and 7.4.2.2.2.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the RSS design.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to RSS design.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions is
not applicable beyond that discussed in section 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): See Subsections 7.4.2.4.

— Section 6.2 and 7.2 (Manual Control): See Subsections 7.2.1.5.5 & 7.4.2.2.3.

74-14
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— Section 6.4 (Derivation of System Inputs): Derivation of System Inputs is not
applicable for the RSS.

— Section 6.5 (Capability of Test and Calibration): Testing sense and command sensors
1s not applicable to RSS.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the RSS are not
applicable beyond that discussed in Subsection 7.1.6.6.1.22.

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the RSS are
not applicable beyond that discussed in Subsection 7.1.6.6.1.23.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
RSS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the RSS are not
applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(£)(2)(11) [1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The RSS design conforms to these requirements.

10 CFR 50.34(H)(2)(v)[1.D.3], Bypass and Inoperable Status Indication:

e Conformance: The RSS design conforms to these requirements by providing automatic
indication of bypassed and inoperable status.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The RSS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).
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10 CFR 52.47(a)(H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e (Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47(b)ta)(1)&4), ITAAC in Design Certification Applications:
e Conformance: ITAAC for the RSS are identified in Tier 1.

10 CFR 52.47(a)H)(25), Interface Requirements:
e Conformance: There are no interface requirements for RSS.

10 CFR 52.47¢a)2), Level of Detail:

e Conformance: The level of detail provided for the RSS within the DCD conforms to this
requirement.

10 CFR 52.47¢b)(c)(2)(1), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.4.2.3.2 General Design Criteria

GDC 1, 2,4,13,19, 20, 21, 22, 23.and 24, and 29:

e Conformance: The RSS design conforms to these GDC.

7.4.2.3.3 Staff Requirements Memorandum

SRM on SECY-93-087, Item II.T, Control Room Annunciator (Alarm) Reliability:

e Conformance: The AMS meets the requirements of SECY-93-087, Item IL.T for
redundancy, independence, and separation in that the “alarm system” is considered
redundant as follows:

— Alarm points are sent via dual networks to redundant message processors using dual
power supplies. The processors are dedicated to alarm processing.

— The alarms are displayed on multiple independent Video Display Units (VDUs) (dual
power supplies on each).

— The alarms are driven by redundant datalinks to the AMS (dual power). There are
redundant alarm processors.

— There is one horn and one voice speaker. Test buttons are available to test the horn
and all the lights.

— There are no alarms requiring manually controlled actions for safety systems to
accomplish their safety-related functions.

7.4-16
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74.2.3.3-7.4.2.3.4 Regulatory Guides

RG 1.22. (Safety Guide 22) Periodic Testing of Protection System Actuation Function:

e Conformance: The RSS design conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:

e Conformance: The RSS system design conforms to RG 1.47.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e (Conformance: The RSS is organized into four physically and electrically-isolated
divisions that use the principles of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single

failure criterion. The RSS design conforms to RG 1.53. IEEE Std. 603, Section 3.1, and
e

In addition, separation and isolation is preserved both mechanically and electrically in
accordance with IEEE 603, Sections 5.6 and 6.3, and RG 1.75.

RG 1.75, Physical Independence of Electric Systems:

e Conformance: The RSS design conforms to RG 1.75 as described in Subsections 8.3.1.3
and 8.3.1.4.

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The RSS design conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e  Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The RSS design conforms to RG 1.100._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified by Fhe RSS-design-conformsto-RG 1.118.

RG 1.153, Power Instrumentation & Control Portions of Safety Systems:
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e Conformance: The RSS design conforms to 10 CFR 50.55a(h)RG1-153. |

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related 1&C Systems:

e Conformance: The RSS design conforms to RG 1.180. _See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e (Conformance: The RSS design conforms to RG 1.204.

RG 1.209, Guidelines For Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The RSS Safety-Related system design conforms to RG 1.209.| See Table |
| 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification). |

7:4.2.3.4-7.4.2.3.5 Branch Technical Positions

BTP HICB-8, Guidance for Application of RG 1.22:

e Conformance: The RSS design complies with BTP HICB-8.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance The ESBWR I&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: The RSS design conforms to BTP HICB-11._ Logic controllers for the
RSS use safety-related fiber optic CIMs and fiber optic cables for interconnections
between safety-related divisions for data exchange and for interconnections between
safety-related and nonsafety-related devices.

BTP HICB-12 - Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The RSS design conforms to BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e Conformance: The RSS design conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR, Part 52:

e Conformance: The level of detail provided for RSS conforms to BTP HICB-16.
BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:
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e Conformance: The RSS design conforms to BTP HICB-17.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:
e Conformance: The RSS design conforms to BTP HICB-21.

7:4:2:3.5-7.4.2.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for 7.4 and with Table 7.1-1, there are no Three Mile Island (TMI)
action plan requirements applicable for the RSS. TMI action plan requirements are generically
addressed in Table 1A-1 of Appendix 1A.

From the foregoing analyses, it is concluded that the RSS meets its design bases.

7.4.2.4 Testing and Inspection Requirements

The capability to safely shut down the reactor from outside the MCR is confirmed during the
Initial Plant Test Program (Refer to Section 14.2). Testing to confirm the functionality of each
RSS control circuit is performed during each refueling outage.

Minimum Requirements to Place and Maintain Plant in MODE 3 from Location Outside MCR

On the basis of Sections 15.5.6.2 and 15.5.6.3 which provide the assumptions and results of safe
shutdown fire analysis, only a manual scram of the plant from the MCR is required to reach and
maintain Mode 3 (hot shutdown). If the operator is not able to initiate manual scram from the
MCR due to spread of the fire, manual scram can be initiated from either of the RSS panels.
Therefore, the operability of Division 1& 2 Manual Scram Switches at either of the two RSS
panels is the minimum requirement to achieve and maintain Mode 3 from a location outside
MCR.

7.4.2.5 Instrumentation and Control Requirements
The parameters displayed and/or controlled from Division 1 and Division 2 in the MCR also are
displayed and/or can be controlled from either of the RSS panels.

7.4.3 Reactor Water Cleanup/Shutdown Cooling System

7.4.3.1 System Design Bases

The RWCU/SDC system design bases are described further in Subsections 5.4.8.1 and 5.4.8.2.
Figure 5.1-4 shows the basic configuration of the RWCU/SDC system.

The RWCU/SDC system is one of the dual redundant Plant Investment Protection (PIP) systems
whose instrumentation belongs to the N-DCIS. The RWCU/SDC system functions are not
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Temperature elements are provided in the RPV bottom drain, the regenerative heat exchanger
supply inlet and outlet, the non-regenerative heat exchanger outlet, the demineralizer influent
(located at the pump suction), and the inlet and outlet of the regenerative heat exchanger return.

Temperature elements located in the NBS and a reactor cooldown controller with temperature
feedback are used to provide the necessary signals to control pump speed during cooldown to
maintain the required cooldown rate.

Density compensated system mass flow is measured in the process lines (by mid-vessel nozzles
with venturi-type flow elements in each line) from the reactor bottom, located inside the
containment. Flow elements also are provided in the Seismic Category I RWCU/SDC return
lines to the feedwater lines and in the overboarding lines. The flow transmitters for all of these
flow elements are arranged in a two-out-of-four logic configuration used to detect high
RWCU/SDC differential mass flow due to a break outside the containment and to close the
inboard and outboard containment isolation valves of the affected RWCU/SDC train. The
containment isolation function on detection of RWCU/SDC high differential mass flow (due to a
break outside the containment) is part of the LD&IS described in Subsection 7.3.3. See
Figures 7.4-2a through 7.4-2e for the logic for detection of a RWCU/SDC pipe break outside
containment.

Flow orifices are used for flow monitoring of demineralizer inlet flow and to open the
demineralizer bypass control valve if the flow exceeds the demineralizer capacity.
7.4.3.3 Safety Evaluation

The RWCU/SDC system functions are nonsafety-related, with the exception of containment
isolation functions and providing instruments to detect high differential mass flow following a
RWCU/SDC break outside the containment. Refer to Subsection 6.2.4 for the containment
isolation functions, and Subsection 7.3.3 for the containment isolation and leak detection
functions performed by the LD&IS.

Table 7.1-1 identifies the RWCU/SDC system and the associated codes and standards applied, in
accordance with the SRP. This subsection addresses 1&C systems conformance to regulatory
requirements, guidelines, and industry standards.

7.4.3.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The RWCU/SDC system design conforms to these requirements.

10 CFR 50.34(f)(2)(1i)[1.D.11], Human Factors Principles for Control Room Design:

e Conformance: The RWCU/SDC design conforms to these requirements.

10 CFR 50.55a(h), Protection and Safety System Compliance with IEEE 603:
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e Conformancc: The RWCU/SDC system is nonsafety-related. TOCER 50.55a(h) and IEEE

Std—603—are—not-applicable—to—this—systemsafety-related requirements are addressed in
Subsection 7.3.3, LD&IS.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The RWCU/SDC conforms to these requirements. See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

10 CFR 50.62, Requirements for Reduction of Risk from Anticipated Transients without Scram
(ATWS) Events for Light-Water-Cooled Nuclear Power Plants:

e Conformance: The RWCU/SDC conforms to these requirements.

10 CFR 52.47(a)(b+(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues for I&C is discussed in
Section 1.11.

10 CFR 52.47(b)23(1)&4), ITAAC in Design Certification Applications:
e Conformance: ITAAC are provided for the I&C equipment in Tier 1.
10 CFR 52.47(a)yH)(25), Interface Requirements:

e Conformance: There are no interface requirements for the RWCU/SDC system.

10 CFR 52.47, Level of Detail:

e Conformance: The level of detail provided for the RWCU/SDC within the DCD
documents conforms to this requirement.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The RWCU/SDC design does not use innovative means for
accomplishing safety functions.

7.4.3.3.2 General Design Criteria

GDC 1, 2,4, 13, 19, and-24, 33, and 38:

e Conformance: The RWCU/SDC system is nonsafety-related, but is designed to conform
to these GDC.

7.4.3.3.3 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:
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e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The RWCU/SDC design conforms to RG 1.97. which endorses IEEE 497.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.151, Instrument Sensing Lines:

e Conformance: RG 1.151 is applicable to safety-related sensing lines. However, sections
of endorsed standard ANSI/ISA-S67.02.01 on design practices for tubing, vents, and
drains also apply to nonsafety-related instrumentation.

RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The RWCU/SDC system design conforms to RG 1.152.

RG 1.153. Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The safety-related requirements are addressed in Subsection 7.3.3.
LD&IS.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The RWCU/SDC design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The RWCU/SDC design conforms to RG 1.169.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The RWCU/SDC design conforms to RG 1.170.

RG 1.171. Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The RWCU/SDC design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The RWCU/SDC design conforms to RG 1.172.
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RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The RWCU/SDC design conforms to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related 1&C Systems:

e Conformance: The RWCU/SDC system design conforms to RG 1.180._See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The RWCU/SDC system design conforms to RG 1.209. See Table 3.11-1
(Electrical and Mechanical Equipment for Environmental Qualification).

7.4.3.3.4 Branch Technical Positions

BTP HICB-1, Guidance on Isolation of the Low Pressure Systems from the High Pressure
Reactor Coolant System:

e Conformance: The RWCU/SDC design conforms to BTP HICB-1.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the RWCU/SDC system design conforms
to BTP HICB-16.

7.4.3.4 Testing and Inspection Requirements

The RWCU/SDC system instruments are calibrated and tested during the preoperational testing
program to confirm the instrumentation is correctly installed and functions as designed. In
addition, calibration and surveillance testing of the containment isolation devices is performed at
regular intervals—HEEE—Std—603;Seetion—5-7-and—6-5). To the maximum extent possible,
instrumentation requiring regular calibration, testing, and maintenance is mounted on accessible
panels or racks located outside high radiation areas.
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function of the CRD system operating in conjunction with safety relief valves and the
suppression pool cooling systems.

The DPS discussed in Section 7.8 provides diverse nonsafety-related signals for ICS initiation
and opening of equalizing valves between the equipment storage pool and the IC/PCC expansion
pools.

Table 7.1-1 identifies the ICS and the associated codes and standards applied, in accordance with
the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.4.4.3.1 Code of Federal Regulations

10 CFR 50.55a(h), Criterta—forProtection—Systems—for Nuelear Power—Generating—Stations
(Protection and Safety Systems Compliance with IEEE Std. 6035:

divasiens—The ICS design conforms to IEEE Std. 603. Conformance information is
found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning
how the ICS conforms to IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions): See Subsection 5.4.6.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are discussed in Subsections 5.4.6.2.3 and 7.4.4.3.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to ICS.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions
are not applicable beyond that discussed in Subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): Test and Calibrate features are
discussed in Subsection 5.4.6.4.

— Section 6.2 and 7.2 (Manual Control): See Subsections 5.4.6.2.2 and 5.4.6.2.3.

— Section 6.4 (Derivation of System Inputs): The ICS derives its sense and command
features from direct measurements as described in Subsections 5.4.6.5, 7.4.4.3 and
7.8.

— Section 6.5 (Capability of Test and Calibration): Capability for Test and Calibrate
features beyond that discussed in are discussed in Subsection 5.4.6.4.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the SLC beyond
that discussed in Subsections 7.1.6.6.1.22 are not applicable.
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— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the SLC
beyond that discussed in Subsection 7.1.6.6.1.23 are not applicable.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
ICS beyond that discussed in Subsection 7.1.6.6.1.26 are not applicable.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the beyond that
discussed in Subsection 7.1.6.6.1.27 are not applicable.

10 CFR 50.34(H)(1)(V)[11.K.3.13], HPCI and RCIC Initiation Levels,

e Conformance: The ICS design conforms to these requirements.

10 CFR 50.34(H)(2)(i1) [1.D.1], Human Factors Principles for Control Room Design,

e Conformance: The ICS design conforms to these requirements.

10 CFR 50.34(f)(2)(v)[1.D.3], Bypass and Inoperable Status Indication:

e Conformance: The ICS design conforms to this requirement because it is an ECCS.

10 CFR 50.34(H)(2)[11.K.1.22], Auxiliary Heat Removal Systems:

e (Conformance: The ICS conforms to these requirements.

10 CFR 50.34(f)(2)(xxiii)[11.K.2.10], Anticipatory Reactor Trip:

e Conformance: The ICS will initiate in response to a Loss of All Feedwater Flow Event.

This is an anticipatory trip actuated on less-efpewerto-two-of the four-mainfeedwater

pumpsa power generation buss loss event.

[0 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The ICS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

[0 CFR 50.62, Requirements for Reduction of Risk from Anticipated Transients without Scram
ATWS) Events for Light-Water-Cooled Nuclear Power Plants:

e Conformance: The ICS conforms to these requirements.

[0 CFR 50.63. Loss of All Alternating Current Power:

e Conformance: The ICS conforms to these requirements.

10 CFR 52.47(a)(H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢(b)(1)&48), ITAAC in Design Certification Applications:
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e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)(HA)(25), Interface Requirements:

e Conformance: There are no interface requirements for ICS.
10 CFR 52.47¢a}2), Level of Detail:

e Conformance: The level of detail provided for the ICS within the DCD conforms to this
BTP.

10 CFR 52.47¢6)(c)(2)H), Innovative Means of Accomplishing Safety Functions:
e Conformance: The 1&C design does not use innovative means for accomplishing safety
functions.
7.4.4.3.2 General Design Criteria

In accordance with the SRP for Section 7.4 and Table 7.1-1, the following GDC are addressed
for the ICS:

GDC 1, 2,4,13,19, 20, 21, 22, 23, and;-24, 29, 33, 34, 35, 37, and 44:

e Conformance: The ICS design conforms to these GDC.

7.4.4.3.3 Staff Requirements Memorandum

SECY-93-087, Item II.Q, Defense Against Common-Mode Failures in Digital Instrumentation
and Control Systems:

e Conformance: The ICS design conforms to these criteria by providing diverse 1&C, as
described in Section 7.8.

7.4.4.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Functions:
e Conformance: The ICS system design conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:
e Conformance: The ICS design conforms to RG 1.47.

RG 1.53, Application of the Single-Failure to Nuclear Power Protection Systems:

e Conformance: The ICS is organized into four physically and electrically-isolated
divisions that use the principles of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single

failure criterion. Fhe }ES-designeconformsto RG153-
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RG 1.62, Manual Initiation of Protective Actions:
e (Conformance: The ICS design conforms to RG 1.62.
RG 1.75, Physical Independence of Electric Systems:

e Conformance: The ICS design conforms to RG 1.75 as described in Subsections 8.3.1.3
and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The ICS design conforms to RG 1.89._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e (Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The ICS design conforms to RG 1.100._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.105, Instrument Setpoints for Safety-Related Systems:

e Conformance: The setpoints used to initiate ICS automatic operation or isolation are
established consistent with this guide. Reference 7.4-2 provides a detailed description of
the GEH methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified by Fhe 1ES-desien-conformsto-RG 1.118.

RG 1.151 - Instrument Sensing Lines:
e Conformance: The ICS design conforms with RG 1.151.

RG 1.152, Criteria for Digital Computers in Safety Systems of Nuclear Power Plants:
e Conformance: The ICS design conforms to RG 1.152.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The ICS design conforms to RG+15310 CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:
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e Conformance: The ICS design conforms to RG 1.168_as implemented on the SSLC/ESF
platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The ICS design conforms to RG 1.169_as implemented on the SSLC/ESF
platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The ICS design conforms to RG 1.170_as implemented on the SSLC/ESF
platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The ICS design conforms to RG 1.171_as implemented on the SSLC/ESF
platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The ICS design conforms to RG 1.172_as implemented on the SSLC/ESF
platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The ICS design conforms to RG 1.173_as implemented on the SSLC/ESF
platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related 1&C Systems:

e Conformance: The ICS design conforms to RG 1.180._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
e Conformance: The ICS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The ICS design conforms to RG 1.209._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).
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7.4.4.3.5 Branch Technical Positions
BTP HICB-8, Guidance for Application of RG 1.22:

e Conformance: The ICS design conforms to BTP HICB-8.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: The ICS design conforms to BTP HICB-11. SSLC/ESF logic controllers
for ICS use safety-related fiber optic communication interface modules and fiber optic
cables for interconnections between safety-related divisions for data exchange and for
interconnections between safety-related and nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The ICS logic resides within the SSLC/ESF so that the design conforms to
BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based [&C Systems:
e Conformance: The ICS design conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided in the ICS description conforms to BTP
HICB-16.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

e Conformance: The ICS design conforms to BTP HICB-17.

BTP HICB-19, Guidance on Evaluation of Defense-in-Depth and Diversity in digital Computer-
based Instrumentation and Control Systems:
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e Conformance: The ICS design conforms to BTP HICB 19._ The implementation of an
additional diverse instrumentation and control system is described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

e Conformance: The ICS design conforms to BTP HICB-21.

7.4.4.4 Testing and Inspection Requirements

Refer to Subsection 5.4.6.4 (HEEE-Std-—603;-Seetions 5-Fand-6-5)-

7.4.4.5 Instrumentation and Control Requirements

Refer to Subsection 5.4.6.5. FEEE-Std—603,Sections 4-4,4-5, 57 -and-6-5)-
The ICS indications reported in the MCR-IEEE-Std--603,-Seetion5-8} are:

e Radiation level in each IC pool compartment airspace,

e Mass flow rate in condensate return line,

e Mass flow rate in steam supply line,

e Temperatures of steam and condensate return lines,
e Temperatures of IC top and bottom vent lines, and

e Valve positions.

The following manual controls are provided by the ICS-HEEE-Std—603,Sections62-and-723 to:

e Open/close condensate return valves,

e C(Close condensate return isolation valves,
e Close steam supply isolation valves,

e Open/close all bottom vent valves,

e Open/close all top vent valves, and

e QOpen/close purge line valve.

7.4.5 COL Information

None.

7.4.6 References
7.4-1 (Deleted)
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7.5 SAFETY-RELATED AND NONSAFETY-RELATED INFORMATION SYSTEMS
This section discusses instrumentation associated with:

e Post Accident Monitoring (PAM),

e Containment Monitoring System (CMS),

e Process Radiation Monitoring System (PRMS),

e Area Radiation Monitoring System (ARMS), and

e Pool Monitoring SubsystemsInstrumentation.

The safety-related portions of the PAM Instrumentation, CMS, PRMS, and Pool Monitoring
InstrumentationSubsystems are part of a group of systems—instruments/equipment collectively

called the Safety-Related Distributed Control and Information System (Q-DCIS). A simplified
network functional bleek-diagram of the Q-DCIS is included as part—ef—Figure 7.1-1 and-=a

funetional network-diagram-appears-asFigure/1-2-(not all systems are shown on these figures.)

Thisese diagrams schematically indicates the relationships of a safety-related system with its
safety-related peers and with nonsafety-related plant data systems called the Nonsafety-Related
Distributed Control and Information System (N-DCIS). Section 7.1 contains a description of
these relationships.

The nonsafety-related portions of the PAM instrumentation, CMS, PRMS, and the ARMS are
part of the N-DCIS.

7.5.1 Post Accident Monitoring Instrumentation

7.5.1.1 System Design Bases
The PAM instrumentation safety-related design bases are to:

e Provide instrumentation to monitor variables and systems over their anticipated ranges
for accident conditions as appropriate to ensure adequate safety.

e Provide the appropriate Main Control Room (MCR) instrumentation and displays to
provide the information from which actions can be taken to maintain a safe plant
condition under accident conditions, including Loss-of-Coolant Accidents (LOCAs).

e Provide equipment (including the necessary instrumentation) at appropriate locations
outside the MCR with the capability for prompt hot shutdown of the reactor, and

e Provide the means for monitoring the reactor containment atmosphere spaces containing
components that recirculate LOCA fluids, effluent discharge paths, and the plant environs
for radioactivity that may be released as a result of accidents.

7.5-1



NEV81408
Rectangle

NEV81408
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

7.5.1.2 System Descriptions

The safety-related portions of the PAM systems are those systems that provide information for
the safe operation of the plant during normal operation, Anticipated Operational Occurrences
(AOOs) and accidents, to help ensure performance of manual safety-related functions. The
safety-related information systems:

e Include those systems that provide information for manual initiation and control of
safety-related systems,

e Indicate that safety-related plant functions are being accomplished, and

e Provide information, from which appropriate actions can be taken to mitigate the
consequences of accidents.

The nonsafety-related portions of the PAM systems include the Safety Parameter Display System
(SPDS), information systems associated with the emergency response facilities and the
Emergency Response Data System (ERDS), none of which perform safety-related functions.

7.5.1.3 Safety Evaluation

]

andg
da+d Anlied 1n o . N
g a

PAM instrumentation conformance to regulatory requirements,

guidelines, and industry standards.

7.5.1.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards Important to Safety:
e Conformance: The PAM instrumentation design complies with these standards.

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603:

¢ Conformance: The PAM safety-related instrumentation desten complies with these

performed-via-fiber-optic-eables: The PAM instrumentation design onforms to IEEE Std.
603. Conformance information is found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27.
Additional information concerning how the PAM conforms to IEEE Std. 603 is discussed

below.

— Section 4.2 (Safety-related Functions): See Subsection 7.5.1.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the PAM instrumentation design.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to PAM instrumentation design.
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Section 5.2 (Completion of Protective Actions): The Post Accident Monitoring

system does not provide any trip or isolation functions.

Section 5.7 (Capability for Test and Calibration): Test and Calibration requirements

are not applicable beyond that discussed in Subsection 7.1.6.6.1.8.

Section 6.2 and 7.2 (Manual Control): Manual Control is not applicable beyond that

discussed in Subsection 7.1.6.6.1.18.

Section 6.4 (Derivation of System Inputs): Derivation of System Inputs for PAM

instrumentation is not applicable beyond that discussed in Subsection 7.1.6.6.1.20.

Section 6.5 (Capability of Test and Calibration): Test and Calibration requirements

for PAM instrumentation design is not applicable beyond that discussed in

Subsection7.1.6.6.1.21.

Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the PAM

instrumentation desien are not applicable beyond that discussed in

Subsection 7.1.6.6.1.22.

Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for PAM

instrumentation design are not applicable beyond that discussed in

Subsection 7.1.6.6.1.23.

Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for PAM

instrumentation desien are not applicable beyond that discussed in

Subsection 7.1.6.6.1.26.

Section 8.3 (Maintenance Bypasses): Maintenance bypasses for PAM instrumentation

design are not applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design:

Conformance: The PAM design conforms to these requirements.

10 CFR 50.34a(f)(2)(v) [1.D.3], Bypass and Inoperable Status Indication:

Conformance: The PAM instrumentation design conforms to the Bypass and Inoperable

Status Indlcatlon (BISI) requlrements of 10 CFR 50 34(ﬂ(2)(v)(ID 3) T—h%sys{ems

deﬁﬂeel—m—T—ale—General conformance is dlscussed in Subsectlon 7. 1 6.1, and
specific conformance is discussed in the system specific sections.

10 CFR 50.34(f)(2)(xvii) [II.F.1], Accident Monitoring Instrumentation:

Conformance: The PAM instrumentation design complies with these requirements.

10 CFR 50.34(f)(2)(xviii) [IL.F.2], Inadequate Core Cooling Instrumentation:

Conformance: The PAM instrumentation design complies with this requirement. The

direct water-level instrument system provides for the detection of conditions indicative of
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inadequate core cooling (Refer to Table 1A-1 of Appendix 1A, Three Mile Island [TMI]
Action Plan Items).

10 CFR 50.34(f)(2)(xix) [II.F.3], Instrumentation for Monitoring Plant Conditions Following
Core Damage:

e Conformance: The PAM instrumentation design conforms to this requirement. The PAM
instrumentation design conforms to RG 1.97.

10 CFR 50.34(f)(2)(xxiv) [1I.K.3.23], Recording of Reactor Vessel Water Level:

e Conformance: The PAM instrumentation design conforms to this requirement. (Refer to
Table 1.A-1 of Appendix 1A TMI Action Plan Items).

10 CFR 50.34(H(2)(xxvi)[IIL.D.1.1], Leakage Control and Detection in Design Systems Qutside
Containment:

e Conformance: The PAM design conforms to these requirements.

10 CFR 50.34(H)(2)(xxvii)[II1.D.3.3], Monitoring of In-plant Airborne Radioactivity:

e Conformance: The PAM design conforms to these requirements.

10 CFR 52.47(a)(H6Gv)(21), Resolution of Unresolved and Generic Safety Issues:

e (Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)6#), Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC) in |
Design Certification Applications:

e Conformance: ITAAC are provided for the Instrumentation and Control (I&C) systems
and equipment in Tier 1.

10 CFR 52.47(a)yH+)(25), Interface Requirements: |
e Conformance: There are no interface requirements for this section.

10 CFR 52.47¢a)(2), Level of Detail: ‘

e Conformance: The level of detail provided for the PAM instrumentation within the DCD
conforms to this requirement.

10 CFR 52.47¢b)(c)(2)(), Innovative Means of Accomplishing Safety Functions: ‘

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.5.1.3.2 General Design Criteria

GDC 1,2, 4, 13, 19, 24, 63. and 64: |
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e Conformance: The PAM instrumentation design conforms to these GDC.

7.5.1.3.3 Staff Requirements Memorandum
Item IL.T of SECY 93-087, Control Room Annunciator (Alarm) Reliability:

e Conformance: The alarm management system (AMS) design conforms to the Control
Room Annunciator (Alarm) Reliability requirements of SECY 93-087, Item II.T. The
systems to which this requirement applies are defined in Table 7.1-1. General
conformance is discussed in Subsection 7.1.6.3, and specific conformance is discussed in
the system specific sections.

7.5.1.3.4 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The PAM instrumentation design conforms to RG 1.97, which endorses
(with certain exceptions specified in Section C of the RG) IEEE Std. 497 that establishes
flexible, performance-based criteria for the selection, performance, design, qualification,
display, and quality assurance of accident monitoring variables. IEEE Std. 497 identifies
five types of variables for accident monitoring and the criteria for the selection of each
type of variable.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The PAM design conforms to RG 1.100._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.152. Computer Software Used in Safety-related Systems:

e (Conformance: The PAM design conforms to RG 1.152.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The PAM instrumentation design conforms to IEEE Std. 603.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The PAM design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:
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e Conformance: The PAM design conforms to RG 1.169.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e (Conformance: The PAM design conforms to RG 1.170.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e (Conformance: The PAM design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The PAM design conforms to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The PAM design conforms to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e (Conformance: The PAM instrumentation design conforms to RG 1.180._  See
Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based

Instrumentation and Control Systems in Nuclear Power Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

Variable Types and Selection Criteria

The five variable types (A, B, C, D, E) and their selection criteria are defined in Section 4 and
Table 1 of IEEE Std. 497. Table 1 summarizes the selection criteria for each variable type and
the source documents such as plant accident analysis licensing basis, Emergency Procedure
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7.5.2.3 Safety Evaluation

The CMS design, including the sensors and the instrumentation channels, is engineered into both
safety-related and nonsafety-related subsystems. Safety-related systems are environmentally and
seismically qualified for continuous monitoring during reactor operation, as well as abnormal
and accident plant conditions. The system design conforms to the System Design Bases.

Table 7.1-1 identifies the CMS and the associated regulatory requirements, guidelines, and codes
and standards applied, in accordance with NUREG 0800. This subsection addresses 1&C
systems conformance to regulatory requirements, guidelines, and industry standards.

7.5.2.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The CMS design complies with these standards.

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603:

e (Conformance: The CMS design conforms to IEEE Std. 603. Conformance information is
found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning
how the CMS design conforms to IEEE Std. 603 is discussed below.Separation—and

— Section 4.2 (Safety-related Functions): See Subsection 7.5.2.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the CMS system.

— Section 4.6 (Spatially Dependent Variables): See Subsection 7.5.2.2.

— Section 5.2 (Completion of Protective Actions): Completion of Protective Actions
are not applicable beyond that discussed in subsection 7.1.6.6.1.3.

— Section 5.7 (Capability for Test and Calibration): See Subsections 7.5.2.1.

— Section 6.2 and 7.2 (Manual Control): See Subsection 7.5.2.1 and 7.5.2.2.

— Section 6.4 (Derivation of System Inputs): The CMS derives its sense and command
features from direct measurements, See Subsections 7.5.2.2.

— Section 6.5 (Capability of Test and Calibration): See Subsection 7.5.2.4.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the CMS are not
applicable.
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— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the CMS are
not applicable.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
CMS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the CMS are not
applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(111) [1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The CMS design conforms to these requirements.

10 CFR 50.34(f)(2)(v)[1.D.3], Bypass and Inoperable Status Indication:

e Conformance: The CMS design complies by being able to provide automatic indication
of bypassed and inoperable status.

10 CFR 50.34(f)(2)(viii)[I[.B.3], Compatibility to Promptly Obtain and Analyze Containment
Atmosphere Samples:

e Conformance: The CMS design complies with this requirement.

10 CFR 50.34(H)(2)(xvii)[IL.F.1], Accident Monitoring Instrumentation:

e Conformance: The CMS design complies with these requirements.

10 CFR 50.34(H)(2)(xix)[11.F.3], Instrumentation for Monitoring Plant Conditions Following
Core Damage:

e Conformance: The CMS design complies with these requirements.

10 CFR 50.34(f)(2)(xxvii)[II1.D.3.3], Monitoring of In-plant Airborne Radioactivity:

e Conformance: The CMS design complies with this requirement.

10 CFR 50.44(c)(4), Combustible Gas Control For Nuclear Power Reactors, Monitoring:

e Conformance: The CMS design complies with this requirement.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:
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e Conformance: The CMS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)(H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47(b)ta)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)(25)H1), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a)2), Level of Detail:

e Conformance: The level of detail provided for the CMS within the DCD conforms to this
requirement.

10 CFR 52.47¢b)(c)(2)(1), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.5.2.3.2 General Design Criteria

GDC 1, 2, 4,13, 19,20, 21, 22, 23, and-24, 29, 41, 43, and 64:

e Conformance: The CMS design complies with these GDC.

7.5.2.3.3 Staff Requirements Memorandum

SRM on SECY 93-087, Item II.Q. Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

e Conformance: The CMS design conforms to item I1.Q of SECY-93-087 (BTP HICB-19)

by implementation of diverse 1&C. described in Section 7.8.
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7.5.2.3.4 Regulatory Guides

RG 1.22. (Safety Guide 22) Periodic Testing of Protection System Actuation Function:

e Conformance: The CMS design conforms to RG 1.22.

RG 1.45, Reactor Coolant Pressure Boundary Leakage Detection Systems:

e The CMS design complies with RG 1.45.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:
e Conformance: The CMS design conforms to RG 1.47.

RG 1.53, Application of the Single Failure Criterion to Nuclear Power Protection Systems:

e Conformance: The CMS is organized into four physically and electrically-isolated
divisions that use the principle of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single-

failure criterion. Fhe-EMS-design-conformsto RG1H53-

RG 1.75, Physical Independence of Electrical Systems:

e Conformance: The CMS design conforms to RG 1.75 as described in Subsections 8.3.1.3
and 8.3.1.4.

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The CMS design conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, —Ceriteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:
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e Conformance: The CMS design conforms to RG 1.100._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.105, Setpoints for Safety-Related Instrumentation:

e Conformance: The safety-related portions of the CMS design conforms to RG 1.105.
Reference 7.5-2 provides a detailed description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e (Conformance: Periodic testing of the protection systems is performed in accordance with

IEE Std. 338, as modified by Fhe-CMS-destgnconformsto-RG 1.118.

RG 1.151, Instrument Sensing Lines
e Conformance: The CMS design conforms to RG 1.151.
RG 1.152, Computer Software Used in Safety-related Systems:
e Conformance: The CMS design conforms to RG 1.152.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The CMS design conforms to RG+-15310 CFR 50.55a(h).

RG 1.168, Verification, Validation, Reviews, and Audits For Digital Computer Software Used In
Safety Systems:

e Conformance: The CMS design conforms to RG 1.168 _as implemented on the SSLC/ESF
platform.

RG 1.169, Configuration Management Plans For Digital Computer Software Used In Safety
Systems:

e Conformance: The CMS design conforms to RG 1.169 as implemented on the SSLC/ESF
platform.

RG 1.170, Software Test Documentation For Digital Computer Software Used In Safety
Systems:

e Conformance: The CMS design conforms to RG 1.170_as implemented on the SSLC/ESF
platform.

RG 1.171, Software Unit Testing For Digital Computer Software Used In Safety Systems:

e Conformance: The CMS design conforms to RG 1.171_as implemented on the SSLC/ESF
platform.

RG 1.172, Software Requirements Specifications For Digital Computer Software Used In Safety
Systems:

e Conformance: The CMS design conforms to RG 1.172 as implemented on the SSLC/ESF
platform.
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RG 1.173, Developing Software Life Cycle Processes For Digital Computer Software Used In
Safety Systems:.

e Conformance: The CMS design conforms to RG 1.173_as implemented on the SSLC/ESF
platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The CMS design conforms to RG 1.180._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:

« Conformance: The CMS design conforms to RG 1.204.RG 1.209, Guidelines for
Environmental Qualification of Safety-Related Computer-Based Instrumentation and Control
System in Nuclear Power Plants.

e Conformance: The CMS design conforms to RG 1.209._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.5.2.3.5 Branch Technical Positions

BTP HICB-8. Guidance for Application of RG 1.22:

e Conformance: The CMS design complies with BTP HICB-S.

BTP HICB-10, Guidance on Application of RG 1.97:

e Conformance The ESBWR I&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

e Conformance: The CMS design conforms to BTP HICB-11._SSLC/ESF logic controllers
for the CMS use safety-related fiber optic CIMs and fiber optic cables for
interconnections between safety-related divisions for data exchange and for
interconnections between safety-related and nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:
e Conformance: The CMS design conforms to BTP HICB-12.
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BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e Conformance: The CMS design conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the CMS design conforms to BTP
HICB-16.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:
e Conformance: The CMS design conforms to BTP HICB-17.

BTP HICB-19. Guidance on Evaluation of Defense-in-Depth and Diversity in digital Computer-

based Instrumentation and Control Systems:

e Conformance: The CMS design conforms to BTP HICB-19. The implementation of an
additional diverse instrumentation and control system is described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:
e Conformance: The CMS design complies with BTP HICB-21.

Subsection 7.3.5.3.5 provides a discussion of BTP HICB-14, BTP HICB-17, BFR HICB18_-and ||

BTP HICB-21 in conjunction with the SSLC/ESF system.

7.5.2.3.6 Three Mile Island Action Plan Requirements

In accordance with SRP 7.5, and with Table 7.1-1, 10 CFR 50.34(f)(2)(v) [I.D.3],
10 CFR 50.34(f)(2)(xvii)[IL.F.1], 10 CFR 50.34(f)(2)(viii)[11.B.3], and 10 CFR 50.34
(H(2)(xix)[IL.F.3] apply to the CMS. In addition, 10 CFR 50.34(f)(2)(xxvii)[II1.D.3.3], also
applies. The CMS complies with these requirements, as indicated above. TMI action plan
requirements are addressed generically in Appendix 1A.

7.5.2.4 Testing and Inspection Requirements

In-service and Surveillance Testing: In-service testing is performed periodically on each CMS
subsystem to verify operability and to ensure its readiness status for post accident monitoring

HEEE-Std—603Seetion6-5). Surveillance testing includes instrument channel checks of the
radiation and gas monitors, functional tests to verify equipment operability, sensor calibration

and response tests, and leakage tests of the gas sampling lines.
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e Radwaste Building Stack.

—PlantStaek:

The PRMS alerts operators when radiation levels exceed preset limits and initiates automatically
the required protection action to isolate, contain or redirect radioactivity releases from the
environs. See Subsection 11.5.1.1.2 for process and effluent paths and/or areas with the potential
for excessive radiation levels.

The system is configured as shown in Figure 11.5-1 and Table 11.5-3.

7.5.3.1 Design Bases

The design bases are provided in Section 11.5.

7.5.3.2 System Description

The system description is provided in Section 11.5.

7.5.3.3 Safety Evaluation

The safety-related PRMS, including the sensors and the instrumentation channels, is
environmentally and seismically qualified for continuous monitoring during reactor operation as
well as abnormal and accident plant conditions.

Table 7.1-1 identifies the PRMS and the associated regulatory requirements, guidelines and
codes and standards applied, in accordance with NUREG-0800. This subsection addresses [&C
systems conformance to regulatory requirements, guidelines, and industry standards.

7.5.3.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The PRMS design complies with these standards.

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603:

e Conformance: The PRMS design conforms to IEEE Std. 603. Conformance information
is found in Subsection 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning
how the SLC conforms to IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions): See Subsection 11.5.1.1.1.

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the PRMS system.
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Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored

variables is not applicable to PRMS.

Section 5.2 (Completion of Protective Actions): Completion of Protective Actions

are not applicable beyond that discussed in subsection 7.1.6.6.1.3.

Section 5.7 (Capability for Test and Calibration): See Subsections 11.5.6.1, 11.5.6.2.

and 11.5.6.3.
Section 6.2 and 7.2 (Manual Control): See Subsection 7.5.3.3.3.

Section 6.4 (Derivation of System Inputs): The PRMS derives its sense and command

features from direct measurements.

Section 6.5 (Capability of Test and Calibration): See Subsection 11.5.6.1, 11.5.6.2,

and 11.5.6.3.

Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the PRMS are not

applicable beyond that discussed in Subsection 7.1.6.6.1.22.

Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the PRMS

are not applicable beyond that discussed in Subsection 7.1.6.6.1.23.

Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the

PRMS are not applicable beyond that discussed in Subsection 7.1.6.6.1.26.

Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the PRMS are not

applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(111) [1.D.1], Human Factors Principles for Control Room Design,

e Conformance: The PRMS design conforms to these requirements.

10 CFR 50.34(f)(2)(v)[1.D.3], Bypass and Inoperable Status Indication:

Conformance: The PRMS design complies by being able to provide automatic indication

of bypassed and inoperable status.

10 CFR 50.34(f)(2)(xvii)[IL.F.1], Accident Monitoring Instrumentation:

Conformance: The PRMS design complies with this requirement.

10 CFR 50.34(H)(2)(xix)[1I.F.3], Instrumentation for Monitoring Plant Conditions Following

Core Damage:

Conformance: The PRMS design conforms to these requirements.
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10 CFR 50.34(f)(2)(xxvii)[II1.D.3.3], Monitoring of In-plant Airborne Radioactivity:

e Conformance: The PRMS design complies with this requirement.

10 CFR 50.34(H(2)(xxviii)[III.D.3.4] Control Room Habitability Problems Under Accident

Conditions:

e Conformance: The PRMS design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The PRMS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)tb+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47(b)a3(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)(25)Hvih), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a)2), Level of Detail:

e Conformance: The level of detail provided for the PRMS within the DCD documents
conforms to this requirement.

10 CFR 52.47(b)(c)(2)(), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.5.3.3.2 General Design Criteria

GDC 1, 2,4, 13, 19, 20, 21, 22, 23, 24, 29, and 64:

e Conformance: The PRMS design complies with these GDC.
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7.5.3.3.3 Staff Requirements Memorandum

SRM on SECY 93-087, Item II.Q, Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

e Conformance: The PRMS design conforms to item II.Q of SECY-93-087 (BTP

HICB-19).

7.5.3.3.4 Regulatory Guides

RG 1.22. (Safety Guide 22) Periodic Testing of Protection System Actuation Function:

e Conformance: The PRMS design conforms to RG 1.22.

RG 1.45, Reactor Coolant Pressure Boundary Leakage Detection Systems:

e Conformance: The PRMS design complies with RG 1.45.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:
e Conformance: The PRMS design conforms to RG 1.47.

RG 1.53, Application of the Single Failure Criterion to Nuclear Power Protection Systems:

e (Conformance: The PRMS is organized into four physically and electrically-isolated
divisions that use the principle of independence and redundancy to conform to the single
failure criterion as defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1;
additionally, the design meets N-2 conditions. Analyses complying with IEEE Std. 379
will be used to confirm the safety-related system designs’ conformance to the single-

failure criterion. Fhe PRMS-destgneconformsto RG1H53-

RG 1.75, Physical Independence of Electrical Systems:

7.5-26



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

e Conformance: The PRMS design conforms to RG 1.75 as described in
Subsections 8.3.1.3 and 8.3.1.4.

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: The PRMS design conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

and Mechanical Equipment for Environmental Qualification).

e Conformance: The PRMS design conforms to RG 1.100._See Table 3.11-1 (Electrical ‘

RG 1.105, Setpoints for Safety-Related Instrumentation:

e Conformance: The safety-related portions of the PRMS design conforms to RG 1.105. ||

Reterence /.5-2 provides a detailed description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

IEE Std. 338, as modified by Fhe PRMS-design-conformsto-RG 1.118.

e (Conformance: Periodic testing of the protection systems is performed in accordance with ‘

RG 1.152, Computer Software Used in Safety-related Systems:
e (Conformance: The PRMS design conforms to RG 1.152.

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The PRMS design conforms to 10 CFR 50.55a(h)RG1-153. |

RG 1.168, Verification, Validation, Reviews, and Audits For Digital Computer Software Used In
Safety Systems:

e (Conformance: The PRMS design conforms to RG 1.168_as implemented on the
SSLC/ESF platform..

RG 1.169, Configuration Management Plans For Digital Computer Software Used In Safety
Systems:

SSLC/ESF platform..

e Conformance: The PRMS design conforms to RG 1.169_as implemented on the ‘
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RG 1.170, Software Test Documentation For Digital Computer Software Used In Safety
Systems:

e Conformance: The PRMS design conforms to RG 1.170_as implemented on the
SSLC/ESF platform..

RG 1.171, Software Unit Testing For Digital Computer Software Used In Safety Systems:

e Conformance: The PRMS design conforms to RG 1.171_as implemented on the
SSLC/ESF platform..

RG 1.172, Software Requirements Specifications For Digital Computer Software Used In Safety
Systems:

e Conformance: The PRMS design conforms to RG 1.172_as implemented on the
SSLC/ESF platform..

RG 1.173, Developing Software Life Cycle Processes For Digital Computer Software Used In
Safety Systems:

e Conformance: The PRMS design conforms to RG 1.173_as implemented on the
SSLC/ESF platform..

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The PRMS design conforms to RG 1.180._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:

e (Conformance: The PRMS design conforms to RG 1.204.

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: The PRMS design conforms to RG 1.209See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.5.3.3.5 Branch Technical Positions

BTP HICB-8, Guidance for Application of RG 1.22:

e Conformance: The PRMS design complies with BTP HICB-8.

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

e (Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.-

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:
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e Conformance: The PRMS design conforms to BTP HICB-11._ SSLC/ESF logic
controllers for the PRMS use safety-related fiber optic CIMs and fiber optic cables for
interconnections between safety-related divisions for data exchange and for
interconnections between safety-related and nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

e Conformance: The PRMS design conforms to BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

e Conformance: The PRMS design conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the PRMS design conforms to BTP
HICB-16.

BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

e Conformance: The PRMS design conforms to BTP HICB-17.

BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-

Based 1&C Systems:

e Conformance: The PRMS design complies with BTP HICB-19.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:
e Conformance: The PRMS design complies with BTP HICB-21.

BTP HICB-14, BTP HICB-17, BTP HICB-18, and BTP HICB-21 are addressed in conjunction
with the SSLC/ESF in Subsection 7.3.5.3.5.

7.5.3.3.6 Three Mile Island Action Plan Requirements

In accordance with SRP 7.5 and with Table 7.1-1, 10 CFR 50.34(f)(2)(v)[[.D.3], +t0—CER
5034H 2 vrnHHB-34-10 CFR 50.34(f)(2)(xvii) [1L.F.1], 10 -CFR -50.34(f)(2)(xxvii)[II1.D.3.3],

and 10 CFR 50.34 ()(2)(xix)[II.F.3] apply to the PRMS. The PRMS complies with these
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e Conformance: The ARMS design complies with these standards.

10 CFR 50.34(fH)(2)(11) [1.D.1], Human Factors Principles for Control Room Design,

e Conformance: The ARMS design conforms to these requirements.

10 CFR 50.34(f)(2)(xvii)[IL.F.1], Accident Monitoring Instrumentation:

e Conformance: The ARMS design complies with this requirement.

10 CFR 50.34(H)(2)(xvii1)[11.F.2], Inadequate Core Cooling Instrumentation:

e Conformance: ARMS design conforms to these requirements.

10 CFR 50.34(f)(2)(xxvii)[II1.D.3.3], Monitoring of In-plant Airborne Radioactivity:
e Conformance: The ARMS design complies with this requirement.

10 CFR 50.34(f)(2)(xix)[1I.F.3], Instrumentation for Monitoring Plant Conditions Following
Core Damage:

e Conformance: The ARMS design complies with this requirement.

10 CFR 50.34(H)(2)(xxiv)[11.K.3.23] Capability to Record Reactor Vessel Water Level in One
Location on Recorders that Meet Normal Post-Accident Recording Requirements:

e Conformance: The ARMS design conforms to these requirements.

10 CFR 50.34(OH(2)(xxv)[IIL.D.1.1], Leakage Control and Detection in Design Systems Qutside
Containment:

e Conformance: The ARMS conforms to these requirements.

10 CFR 52.47(a)(H6w)(21), Resolution of Unresolved and Generic Safety Issues:

e (Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:
e Conformance: ITAAC are provided for the I&C systems and equipment in Tier 1.
10 CFR 52.47(a)H)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:
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e Conformance: The level of detail provided for the ARMS within the DCD conforms to
this requirement.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The ARMS design does not use innovative means for accomplishing
safety functions.

7.5.4.3.2 General Design Criteria

GDC 1, 2,4, 13, 19, 24, 63, and 64:

e Conformance: The ARMS design complies with these GDC.

7.5.4.3.3 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, —Ceriteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
lnSect10n7.5 --A.'\'A-.-. .=_ =. evze 1 .._-.-.-e. onform =!‘ . _

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The ARMS design conforms to RG 1.152.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The ARMS design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The ARMS design conforms to RG 1.169.

RG 1.170. Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:
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e Conformance: The ARMS design conforms to RG 1.170.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The ARMS design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e (Conformance: The ARMS design conforms to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The ARMS design conforms to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The ARMS design conforms to RG 1.180._ See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

7.5.4.3.4 Branch Technical Positions

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

e (Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed

in Scction 7.5.The ARMS design conforms to BTP HICB-10.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the ARMS complies with BTP HICB-16.

7.5.4.3.5 Three Mile Island Action Plan Requirements

In accordance with SRP 7.5 and with Table 7.1-1, 10 CFR 50.34(f)(2)(xvii)[IL.F.1],
10 CFR 50.34(f)(2)(xix)[II.LF.3], and 10 CFR 50.34(f)(2)(xxvii)[II.D.3.3] apply to the ARMS.
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The ARMS design complies with these requirements, as indicated above. TMI action plan
requirements are addressed generically in Appendix 1A.

7.5.4.4 Testing and Inspection Requirements

ARMS channels are tested and calibrated using the plant operating and maintenance procedures.
Each Signal Conditioning Unit (SCU) is equipped with an internal self-diagnostic feature to
detect and locate instrument failures. The SCU is also equipped with internal software to
facilitate electronic calibration. Each SCU is provided with a means for adjustment of electronic
calibration and trip setting. These adjustments do not require equipment removal from its
associated panel. The SCU is also provided with a means for generating internal signals that can
be used both to check the calibration of the electronic circuits that process the Radiation Detector
Assembly’s signal and to verify trip setpoints.

The SCU is provided with a means for administrative control of all adjustments and setpoints.

7.5.4.5 Instrumentation and Control Requirements

Every ARM channel consists of a gamma sensitive detector and a digital area radiation
processor. All channels are provided with local visual and audible alarms and local readouts.
Where appropriate, additional readouts and alarms are provided by local auxiliary units.

7.5.5 Pool Monitoring SubsystemsInstrumentation

General Functional Requirements Conformance
Suppression Pool

The safety-related requirement of the Suppression Pool Temperature Monitoring (SPTM)
function is to protect the suppression pool temperature from exceeding established limits. The

SPTM, which is a Containment Monitoring (CMS) function, continuously monitors pool

temperatures and provides visual indications and alarms to the MCR panels for automatic

suppression pool cooling during reactor operation and accident conditions as discussed and
evaluated in Subsection 7.2.3.

The CMS provides temperature and level instruments for monitoring suppression pool water
temperature and water level, respectively. The CMS instruments provide functions necessary to
maintain suppression water temperature and level required for safety-related Emergency Core

Cooling System (ECCS) functions_described in Subsection 7.3.1.2. For this reason, they are
classified as safety-related._The CMS also includes nonsafety-related temperature sensors for the
DPS diverse scram function described in Subsection 7.8.1.2.1.

The suppression pool-cooling mode of the Fuel and Auxiliary Pools Cooling System (FAPCS) is

automatically mitiated by a high pool-temperature signal provided that either FAPCS Train A or
Train B is in standby mode. The water level instrument generates a low water level signal when
the suppression pool level decreases to a low level setpoint. This signal trips the FAPCS pump
when it operates with suction from the suppression pool.
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Gravity-Driven Cooling System Pools

The Gravity-Driven Cooling System (GDCS) provides the GDCS pools are-previded-with safety-
related instruments that monitor water level. Each instrument generates high or low water level

signals when the water level reading increases above or decreases below its setpoint. Each high
and low-level signal initiates an alarm in the MCR. Additionally, a low-level trips the FAPCS
system pump operating in the GDCS pool-cooling mode. The high-level setpoint is established
to avoid overflow of GDCS pool water. The low water level setpoint is established to prevent
inadvertent draining of the pool water below the minimum safe level.

The instruments provide necessary information to the operator for maintaining GDCS water level

required for the safety-related ECCS function_as discussed and evaluated in Subsection 7.3.1.2.

For-thisreason;they-are-elassified-as—safety-related-The GDCS also provides nonsafety-related

instrumentation for the DPS diverse emergency core cooling function described in Subsection
7.8.1.2.2.

IC/PCC Expansion Pools

The FAPCS provides the Isolation Condenser / Passive Containment Cooling System (IC/PCCS)
expansion pools are—precomponentvided— with safety-related instruments that monitor water

level. Each instrument generates high or low water-level signals when the water level reading
increases above or decreases below its setpoint. Each high or low level signal initiates an alarm
in the MCR. Additionally, a low level signal trips the IC/PCCS pool cooling and cleanup
system. The high water-level setpoint is established to avoid overflow of IC/PCCS expansion
pool water. The low water-level setpoint is established to prevent inadvertent draining of the
IC/PCCS expansion pool water below the minimum safe level.

The instruments provide necessary information to the operator for refilling the IC/PCCS pools

following an accident. Fer-this-reason;-eachis—elassified-as—asafety-related-component. Safety-

related water level sensors are included to allow ICS to automatically open the equalizing valves
between the equipment storage pool and the IC/PCC expansion pools when a low water level is
detected in either of the IC/PCC expansion pools to provide makeup water to support design
basis events, as discussed and evaluated in Subsection 7.4.4. The FAPCS also includes
nonsafety-related IC/PCCS expansion pool level sensors for use by DPS as described in
Subsection 7.8.1.2.5.

Spent Fuel Pool

The FAPCS provides the Spent Fuel pool is—previded—with safety-related instruments that

monitor water level. Each instrument generates a high and low water level signal when the water
level reading increases above or decreases below its setpoint. Anti-siphoning holes are provided
in all submerged portions of FAPCS discharge lines at the elevation of normal water level to
prevent significant draining of the pool in the event of a pipe break. These level instruments are
safety-related to ensure proper level is maintained.

The skimmer surge tanks are used for receiving overflow water from the spent fuel pool, and as a
pump suction source during the spent fuel pool-cooling mode of operation. These tanks are
provided with instruments that monitor their water level. The instruments generate high-high,
high, low, or low-low water level signals when the water level reading increases above or
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decreases below its setpoint. The high and low level signals are used for the opening and closing
of the Condensate Storage and Transfer System valve for make up water to skimmer surge tanks.
The high-high and low-low signals initiate high and low water level alarms in the MCR.
Additionally, the low level signal is used for tripping the FAPCS pump operating in the spent
fuel pool-cooling mode. The high level setpoint is established to avoid overflow of skimmer
surge tank water. The low water level setpoint is established to prevent inadvertent draining of
the tank water below the minimum safe level.

The level instruments for the spent fuel pool are classified as safety-related components because
they provide necessary information to the operator for performing the safety-related function of
refilling the spent fuel pool following an accident.

7.5.5.1 System Design Bases
See Subsection 9.1.3.1.

7.5.5.2 System Description
See Subsection 9.1.3.2.

7.5.5.3 Safety Evaluation

This subsection addresses Pool Monitoring Instrumentations conformance to regulatory
requirements, guidelines, and industry standards.

7.5.5.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards Important to Safety:

e Conformance: The safety-related Pool Monitoring instrumentation design complies with
these standards.

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603:

e Conformance: The safety-related Pool Monitoring instrumentation design conforms to
IEEE Std. 603. Conformance information is found in Subsection 7.1.6.6.1 through
7.1.6.6.1.27. Additional information concerning how the Pool Monitoring conforms to
IEEE Std. 603 is discussed below.

— Section 4.2 (Safety-related Functions):  Safety-related functions of the Pool
Monitoring instrumentation are described in Subsection 7.5.5. The design bases for
the instrumentation is included with the system that uses the signal from the sensor as
shown below.

= GDCS pools (Subsection 7.3.1.2.1),

= JC/PCCS Expansion Pools (Subsection 5.4.6.1). and
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= Spent Fuel Pool (Subsection 7.5.1.1).

— Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are not applicable for the Pool Monitoring instrumentation

design.

— Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to Pool Monitoring instrumentation design.

— Section 5.2 (Completion of Protective Actions): The Pool Monitoring
instrumentation does not provide any trip or isolation functions.

— Section 5.7 (Capability for Test and Calibration): See Subsection 9.1.3.4.

— Section 6.2 and 7.2 (Manual Control): Manual Control is not applicable beyond that
discussed in Subsection 7.1.6.6.1.18.

— Section 6.4 (Derivation of System Inputs): Derivation of System Inputs for Pool
Monitoring instrumentation is not applicable beyond that discussed in
Subsection 7.1.6.6.1.20.

— Section 6.5 (Capability of Test and Calibration): See Subsection 9.1.3.4.

— Section 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the Pool
Monitoring instrumentation design are not applicable beyond that discussed in
Subsection 7.1.6.6.1.22.

— Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for Pool
Monitoring instrumentation design are not applicable beyond that discussed in
Subsection 7.1.6.6.1.23.

— Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for Pool
Monitoring instrumentation design are not applicable beyond that discussed in
Subsection 7.1.6.6.1.26.

— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for Pool Monitoring
instrumentation design are not applicable beyond that discussed in
Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design:

e Conformance: The Pool Monitoring instrumentation design conforms to these standards.

10 CFR 50.34(H)(2)(xvii) [IL.F.1], Accident Monitoring Instrumentation:

e (Conformance: The Pool Monitoring instrumentation design complies with these
requirements.

10 CFR 50.34()(2)(xviii) [1I.F.2], Inadequate Core Cooling Instrumentation:
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e Conformance: The Pool Monitoring instrumentation design complies with this
requirement. The direct water-level instrument system provides for the detection of
conditions indicative of inadequate core cooling (Refer to Table 1A-1 of Appendix 1A,
Three Mile Island [TMI] Action Plan Items).

10 CFR 50.34(H)(2)(xix) [1L.F.3]. Instrumentation for Monitoring Plant Conditions Following
Core Damage:

e (Conformance: The Pool Monitoring instrumentation design conforms to this
requirement. The Pool Monitoring instrumentation design conforms to RG 1.97.

10 CFR 50.34(DH(2)(xxiv) [11.K.3.23], Recording of Reactor Vessel Water Level:

e (Conformance: The Pool Monitoring instrumentation design conforms to this
requirement. (Refer to Table 1.A-1 of Appendix 1A TMI Action Plan Items).

10 CFR 52.47(a)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47(b)(1), Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC) in Design
Certification Applications:

e Conformance: ITAAC are provided for the Instrumentation and Control (I&C) systems
and equipment in Tier 1.

10 CFR 52.47(a)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:

e Conformance: The level of detail provided for the Pool Monitoring instrumentation
within the DCD conforms to this requirement.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.5.5.3.2 General Design Criteria

GDC 1,2.4, 13,19, 24, 34, 35, 38, and 63:

e Conformance: The Pool Monitoring instrumentation design conforms to these GDC.

7.5.5.3.3 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:
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e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The Pool Monitoring instrumentation design conforms to RG 1.97, which
endorses (with certain exceptions specified in Section C of the RG) IEEE Std. 497 that
establishes flexible, performance-based criteria for the selection, performance, design,
qualification, display, and quality assurance of accident monitoring variables. IEEE Std.
497 identifies five types of variables for accident monitoring and the criteria for the
selection of each type of variable.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The Pool Monitoring instrumentation design conforms to RG 1.100. See
Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.153, Criteria for Power, Instrumentation, and Control Portions of Safety Systems:

e Conformance: The Pool Monitoring instrumentation design. in conjunction with the
Q-DCIS, conforms to IEEE Std. 603.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The Pool Monitoring instrumentation design conforms to RG 1.180. See
Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

7.5.5.3.4 Branch Technical Positions

BTP HICB-10, Guidance on Application of RG 1.97:

e (Conformance: The Pool Monitoring instrumentation design conforms to RG 1.97
Revision 4, IEEE Standard 497-2002 (with clarifications and exceptions stated in RG
1.97 Revision 4), and RG 1.100.

BTP HICB-16., Guidance on the Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the Pool Monitoring instrumentation
design conforms to BTP HICB-16.
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passing through the check valves. A safety relief valve is provided upstream of the testable
check valves to protect against over-pressurization of the pipe by leakage through the check
valves. The relief valve discharge line i is monitored to detect any leakage through the check
valves. S es—H o

The FAPCS HP/LP interlock logic system—prevents the opening of the isolation valves on the
LPCI discharge line. The interlock logic systemvprohibits the LPCI line isolation valves from
being opened whenever the reactor pressure is greater than the reactor pressure permissive
setpoint for the interlock logic, thereby precluding over-pressurization ofpreteeting—the low

pressure FAPCS piping frem-ever-pressurization-during reactor power operation. The interlock
logic systemis-designed-te-permits LPCI mode initiation when the reactor pressure is below its
reactor pressure permissive setpoint allowing the operator to manually open either isolation
valve. The interlock logic system-operates automatically, and its status is provided to the reactor
operator in the MCR.

aﬁaked—m—aeeefdaﬂeH&ﬂa—NUR—EG—O%@O—IThls subsectlon addresses conformance of the

nonsafety-related HP/LP interlock logic system—to regulatory requirements, guidelines, and
industry standards.

7.6.1.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:
e Conformance: The HP/LP 1nterlock loglc sysfeemls nonsafety related ZFhetestableeheek

10 CFR 50.55a(h), Protection and Safety Systems compliance with IEEE Std. 603

e Conformance: The HP/LP interlock logic system-is nonsafety-related. 10 CFR 50.55a(h)
and IEEE Std. 603 are not apphcable —te—ﬂ%s—sﬁem—heweve&eaeh—e#&h&p&mﬁel—&&

10 CFR 50.34(f)(2)(v)¢[1.D.3]), Bypass and Inoperable Status Indication:

e Conformance: The HP/LP interlock logic system-does not have a bypass feature.
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Safety Relief Valve Leak Detection

Thermocouples are located in the discharge pipes of ten Safety Relief Valves (SRVs) (Reference
Subsection 5.2.5). The temperature signals are recorded, and temperatures indicative of a
leaking SRV are alarmed in the MCR.

Main Steam Flow Rate

Differential pressure transmitters are used to infer main steam flow rate. Pressure taps from the
throat of the RPV steam outlet nozzles, in conjunction with the RPV dome pressure taps,
measure differential pressure The square root of dlfferentlal pressure is proport10na1 to the mam
steam flow rate.—Safety
SystenttED&SHogte Outputs from nonsafety related transmltters are used for feedwater (FW)
control.

7.7.1.3 Safety Evaluation

Sectron 7.7 addresses onlv the nonsafetv related portlon of the NBS 1nstruments ’H&Hafetlf

The nonsafety-related instruments discussed in this subsection are designed to operate under
normal and peak operating conditions of system pressure and at ambient pressures and
temperatures. Any mechanical interface between nonsafety-related instruments and safety-
related instrument piping or the RCPB is classified as safety-related to avoid compromise of the
safety-related sensing capability and/or the RCPB. If a line break occurs in a nonsafety-related
portion of a sensing line, the excess flow check valve closes to stop the flow of reactor coolant.
If there is a single failure of the excess flow check valve, a restriction orifice limits the flow of
coolant to within acceptable bounds.

7.7.1.3.1 Code of Federal Regulations

e OTLE2T L o
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10 CFR 50.55a(a)(1), Quality Standards Important to Safety:

e Conformance: The NBS conforms to these criteria, as shown by the following
commitments to applicable Regulatory Guides (RG) and standards.

10 CFR 50.34(£)(2)(11) [1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The NBS design conforms to these requirements.

10 CFR 50.34(H)(2)(xvii1)[11.F.2], Inadequate Core Cooling Instrumentation:

e Conformance: Reactor water level instrumentation errors due to non-condensable gases
in instrument reference legs are addressed in Subsection 7.7.1.2.2.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

10 CFR 52.47(a)(H6w)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the [&C systems and equipment in Tier 1.
10 CFR 52.47(a)bA)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a)2), Level of Detail:

e Conformance: The level of detail provided for the NBS within the DCD conforms to this
regulation.

10 CFR 52.47¢b)(c)(2)(1), Innovative Means of Accomplishing Safety Functions:
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e Conformance: The I&C design does not use innovative means for accomplishing safety
functions.

7.7.1.3.2 General Design Criteria

GDC 1, 2,4, 13, 19, 20, 21, 22, 23, and 24:

e Conformance: The NBS design complies with these GDC.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification) [Fhesafety—related-portions-ofthe NBS-design—conform—to
R

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).
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RGs 1.151, Instrument Sensing Lines:

e Conformance: The instrument sensing lines for the NBS instrumentation conform to the
guidelines of RG 1.151 and ISA-67.02.01. Flow restrictors are provided inside
containment on instrument lines connected to the RCPB. Accessible manual isolation
valves and self-actuating excess flow check valves are provided outside the drywell. The
mechanical design guidelines as defined by ISA-67.02.01 and RG 1.151 are met as
applicable for each installation.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems.

e Conformance: The NBS design conforms to RG 1.180._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
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e Conformance: The NBS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification)The-safety-related-portions—of the NBS-design—conform—to
RGH204:

7313-5-7.7.1.3.4 Branch Technical Positions

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for this system complies with BTP HICB-16.

BTP HICB-14, 17, 18, 19, and 21 are discussed in association with the Safety System Logic and
Control/Engineered Safety Features (SSLC/ESF) in Subsection 7.3.5.3.

7.7.1.4 Testing and Inspection Requirements

Calibration and testing of the various instruments are performed during preoperational testing to
confirm that the instrumentation is installed correctly and performs as intended.

Pressure, differential pressure, water level, and flow instruments are located outside the drywell
so that calibration and test signals can be applied during reactor operation. Temperature
elements located inside the drywell can be tested and calibrated from junction boxes located

outside the drywell HEEE-Std—603Seetion5-7.

7.7.1.5 Instrumentation and Control Requirements

The information available to the reactor operator from the NBS instrumentation is discussed in

Scction 7.1.this subscction (IEEE Std. 603, Scction 5.8) consists oft
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adjusted, if needed, as a result of plant startup testing results. It is anticipated that none or very
few of the RC&IS setpoints (besides the continual ATLM rod block setpoint updates) require
adjustment as a result of startup testing results.

7.7.2.2.7.11 Environmental Considerations

The RC&IS is not required for safety-related purposes, nor is it required to operate after a design
basis accident. This system is required to operate in the normal plant environmental conditions
at the locations of the RC&IS equipment, in the back-panel area of the MCR and in applicable
areas of the RB.

7.7.2.3 Safety Evaluation

The circuitry described for the RC&IS is completely independent of the circuitry controlling the
scram valves. This separation of the scram and normal rod control functions prevents failures in
the RC&IS circuitry from affecting the scram circuitry. The scram circuitry is discussed in
Subsection 7.2.1. Because the RC&IS directly controls movement of each control rod as an
individual unit, a failure that results in inadvertent movement of a control rod affects only one
control rod. The malfunctioning of any single control rod does not impair the effectiveness of a
reactor scram. Therefore, no single failure in the RC&IS prevents a reactor scram. Repair,
adjustment, or maintenance of the RC&IS components does not affect the scram circuitry.

Chapter 15 examines the various failure mode considerations for this system. The expected and
abnormal transients and accident events analyzed in subsections 15.2.3.1, 15.2.3.2, 15.3.1,
15.3.7, 15.3.8, and 15.3.9 envelope the failure modes associated with RC&IS-cemponents_digital
controls.

Table 7.1-1 identifies the RC&IS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.7.2.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The RC&IS design conforms to these requirements.

10 CFR 50.34(H)(2)(ii) [1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The RC&IS design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The RC&IS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 50.62, Requirements for reduction of risk from Anticipated Transients Without Scram
(ATWS) events for light-water-cooled nuclear power plants:
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e Conformance: The ATWS mitigation functions are designed in accordance with the
requirements of 10 CFR 50.62.

10 CFR 52.47(a)(H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues for I&C is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:
e Conformance: ITAAC are provided for the [&C equipment in Tier 1.
10 CFR 52.47(a){HA(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:

e Conformance: The level of detail provided for the RC&IS within the DCD conforms to
this requirement.

10 CFR 52.47(c)(2), Innovative Means of Accomplishing Safety Functions:

e  Conformance: The RC&IS design does not use innovative means for accomplishing
safety functions.

7.7.2.3.2 General Design Criteria

GDC1,2.4,12.13,19, 24,25, 26,27, 28 and 29:

e Conformance: The RC&IS complies with these GDC.

7.7.2.3.3 Staff Requirements Memorandum

SRM on SECY 93-087, Item II.Q. Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

e Conformance: The portions of RC&IS that provide interface support for DPS conform to
item 11.Q of SECY-93-087.

T7233-7.7.2.3.4 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:
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e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The RC&IS design conforms to RG 1.152.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The RC&IS design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The RC&IS design conforms to RG 1.169.

RG 1.170. Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The RC&IS design conforms to RG 1.170.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The RC&IS design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The RC&IS design conforms to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The RC&IS design conforms to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related Instrumentation and Control Systems:

e Conformance: The RC&IS design conforms to RG 1.180._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).
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RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

77:2:3:4-7.7.2.3.5 Branch Technical Positions

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the RC&IS design conforms to BTP
HICB-16.

BTP HICB-19., Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-
Based 1&C Systems:

e Conformance: The portions of RC&IS that provide interface support for DPS conform to
BTP HICB-19.

7.7.2.4 Testing and Inspection Requirements

The RC&IS equipment is designed with consideration for online testing capabilities. The system
can be maintained on line while repairs or replacement of hardware take place without causing
any abnormal upset condition. The single-channel bypass capabilities support having continued
RC&IS operation while repair or maintenance work is being performed on the dual-channel
portion of the RC&IS equipment.

7.7.2.5 Instrumentation and Control Requirements

The CRD system is the RC&IS main direct interface to gather control rod position information
and FMCRD status information and execute control rod movement commands. The FMCRD-
related instrumentation that provides direct input to the RC&IS is addressed as part of the CRD
system in Subsection 4.6.1. The primary output of the RC&IS to accomplish the RC&IS related
rod movement functions is the 3-phase AC power to the FMCRD motors, associated AC power
to the MBBs, and the holding brakes of the CRD system.

The RC&IS modules that interface with FMCRD instrumentation include the appropriate signal
conditioning and conversion components (for example, RDC, discrete contact closure or reed
switch input circuitry, and excitation power sources/supplies) for acquisition of:

e Resolver A and B position feedback signals (continuous signals);

e Coupling check (overtravel-out) position reed switch (discrete signal);
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e The FW temperature controller is unable to decrease FW temperature if the reactor
thermal power is greater than 100%. The validated reactor thermal power signal is
provided by the NMS.

e Individual temperature control valves are “locked up” if they are not at their demanded
position within a prespecified time or one-way “locked up” if there is an ATLM one-way
block (to prevent FW temperature from additional decrease [increase], the steam heating
valves are blocked from further closing [opening] the bypass valves are blocked from
further opening [closing]).

e The heating valves to the seventh FW heater and the high pressure FW heater bypass
valves are not open simultaneously.

7.7.3.3 Safety Evaluation

The FWCS is a power generation system that maintains proper RPV water level and FW
temperature. Its level control range is from high water level (Level 8) to low water level
(Level 3) and its nominal FW temperature control range at 100% rated power is from 188°C
(370°F) to 215.6°C (420°F). FW temperature can be increased up to 252.2°C (486°F) which
reduces the rated reactor power by approximately 15%. The RPV water level rising to Level 8 or
falling to Level 3 results in the shutdown of the reactor by the RPS. If the RPV water level rises

| too high (Level 8), the main turbine trips, the ASD feed pump ASB-flow demand is reduced to

zero, and the safety-related FW isolation valves are closed by LD&IS. Continued rising water
level to Level 9 results in a trip of all ASD feed pumps by the DPS and the ASD controller
power supply being interrupted by LD&IS . If the reactor thermal power versus FW temperature
combination is outside of the area allowed by the reactor power versus FW temperature map, the
RC&IS initiates a control rod withdrawal block and FW temperature control valve one-way
block. If the reactor thermal power versus FW temperature combination further departs from the
area allowed by the reactor power versus FW temperature map (high reactor thermal power, high
feedwater temperature or low feedwater temperature), the RPS initiates reactor shutdown. The
RPS uses eight safety-related measurements of FW temperature (two per division) and
implements a reactor scram using two-out-of-four logic based on a validated reactor thermal
power. Refer to Subsection 7.2.1 for the RPS description.

The FWCS initiates a runback of FW pump FW demand to zero and closes the LFCV and
RWCU/SDC OBCYV when it receives an ATWS trip signal from the ATWS/SLC Logic. Refer to
Subsection 7.8.1.1.

A combined FW temperature change and FW flow/reactor water level change caused by
controller failure is precluded by implementing the two control schemes in physically different
cabinets and logic processors.

A loss of FW heating that results in a significant decrease in FW temperature is independently
detected by the ATLMs and by the DPS, either of which will mitigate the event by initiating
SCRRI and SRI functions. These interlocks mitigate the effects of a reactor power increase due
to reduced FW temperature. Although no credit is taken for the function in a safety analysis, the
FW temperature control system also mitigates inadvertent FW temperature changes in either
direction by manipulating its control valves to maintain the setpoint temperature. The
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temperature difference between FW lines A and B is monitored and alarmed if it exceeds the
allowable value.

A total failure of the triple redundant FW temperature control system such that the outputs all fail
downscale (or upscale), and the heating steam valves close (or open), or the bypass valves close
(or open) is highly unlikely. No single failure or operator error of the FW temperature control
system results in more than a 55.6°C (100°F) decrease in the final FW temperature. The design
meets the requirements for the condensate and FW system specification in Subsection 10.4.7.1.

Chapter 15 examines the various failure mode considerations for this system. The expected and
abnormal transients and accident events analyzed in Subsections 15.2.4.2. 15.3.1, and 15.3.2
envelope the failure modes associated with the FWCS digital controls.

Table 7.1-1 identifies the FWCS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.7.3.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The FWCS design conforms to these requirements.

10 CFR 50.34(H)(2)(111)[1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The FWCS design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The FWCS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 50.62, Requirements for reduction of risk from ATWS events for light-water-cooled
nuclear power plants:

e Conformance: The ATWS mitigation functions are designed in accordance with the
requirements of 10 CFR 50.62.

10 CFR 52.47(a)tb+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Unresolved and generic safety issues are discussed in Section 1.11.
10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the [&C equipment in Tier 1.
10 CFR 52.47(a)H)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:
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e Conformance: The level of detail provided for the FWCS within the DCD conforms to
this requirement.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

— Conformance: The FWCS design does not use innovative means for accomplishing
safety functions.

7.7.3.3.2 General Design Criteria

GDC 1, 2.4, 13,19, and 24:

e Conformance: The FWCS design complies with these GDC.

7.7.3.3.3 Staff Requirements Memorandum

SRM on SECY 93-087. Item II.Q. Defense Against Common-Mode Failures in Digital
Instrument and Control Systems:

e Conformance: The portions of FWCS that provide interface support for DPS conform to
item I1.Q of SECY-93-087.

77333-7.7.3.3.4 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.151, Instrument Sensing Lines:

e Conformance: The FWCS receives signals from sensors on vessel instrument lines in the
NBS. Refer to Subsection 7.7.1.3 for a discussion of the guidance of RG 1.151 in
relation to the NBS.

RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The FWCS design conforms to RG 1.152.
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RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The FWCS design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The FWCS design conforms to RG 1.169.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The FWCS design conforms to RG 1.170.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The FWCS design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The FWCS design conforms to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The FWCS design conforms to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance: The FWCS design conforms to RG 1.180._See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

T:73:34-7.7.3.3.5 Branch Technical Positions

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail in this subsection conforms to BTP HICB-16.
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BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital Computer-
Based 1& Control Systems:

e Conformance: The portions of FWCS that provide interface support for DPS conform to
BTP HICB-19.

7.7.3.4 Testing and Inspection Requirements

The FTDC self-test and on-line diagnostic test features are capable of identifying and isolating
failures of process sensors, Input/Output (I/O) cards, power buses, power supplies, processors
and inter-processor communication paths. These features identify the presence of a fault and
determine the location of the failure down to the module level.

The FWCS components and critical components of interfacing systems are tested to ensure that
specified performance requirements are satisfied. Preoperational testing of the FWCS is
performed before fuel loading and startup testing to ensure that the system functions as designed
and that stated system performance is within specified criteria.

7.7.3.5 Instrumentation and Control Requirements

7.7.3.5.1 Power Sources

Redundant UPS power the FWCS digital controllers and process measurement equipment. No
single power source or single power supply failure results in the loss of FWCS functions.
7.7.3.5.2 Equipment

The FWCS consists of:

e The FTDC that contains the software and processors for execution of the control
algorithms;

e FW flow rate signals that provide for the measurement of the total flow rate of FW into
the RPV;

e Steam flow rate signals that provide for the measurement of the total flow rate of steam
leaving the RPV;

e Feed water pump discharge flow rate signals that provide for the measurement of the
discharge flow rate of each feed pump;

e The LFCV differential pressure transmitters that provide for the measurement of the
pressure drop across the LFCV, for LFCV gain control; and

e The LFCV flow transmitters that provide for the measurement of the flow rate through
the LFCV, for both LFCV control and low thermal power calculations; and

e FW temperature signals that provide for the measurement of the FW temperature at the
point prior to the FW penetration to the reactor building.
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e Conformance: The PAS design conforms to these requirements.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design:

e Conformance: The PAS design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The PAS conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)(H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues for I&C is discussed in
Section 1.11.

10 CFR 52.47¢(b)(1)&4), ITAAC in Design Certification Applications:
e Conformance: ITAAC are provided for the I&C equipment in Tier 1.
10 CFR 52.47(a)(HA)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:

e Conformance: The level of detail provided for the PAS within the DCD conforms to this
requirement.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The PAS design does not use innovative means for accomplishing safety
functions.

7.7.4.3.2 General Design Criteria

GDC 1,2, 4,13, 19, and 24:

e Conformance: The PAS design complies with these GDC.

7.7.4.3.3 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

7.7-42



NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle

NEV83265
Rectangle


26A6642AW Rev. 06
ESBWR Design Control Document/Tier 2

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The PAS design conforms to RG 1.152.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The PAS design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The PAS design conforms to RG 1.169.

RG 1.170. Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The PAS design conforms to RG 1.170.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The PAS design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The PAS design conforms to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The PAS design conforms to RG 1.173.

RG 1.180,— Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related Instrumentation and Control Systems:

e Conformance: The PAS design conforms to RG 1.180._See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).
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RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

7.7.4.3.4 Branch Technical Positions

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided for the PAS conforms to BTP HICB-16.
7.7.4.4 Testing and Inspection Requirements

The FTDC input and output communication interfaces function continuously during normal
power operation. Abnormal functioning of these components can be detected during operation.
In addition, the FTDC is equipped with self-test and on-line diagnostic capabilities for
identifying and isolating failures of input/output signals, buses, power supplies, processors, and
inter-processor communications. These on-line tests and diagnostics can be performed without
interrupting the normal control operation of the PAS.

7.7.4.5 Instrumentation and Control Requirements

The instrumentation required for the system can be categorized as (1) MCR instrumentation,
needed for the man-machine interface, (2) hardware and software instrumentation for
input/output interfaces and controller functions, and (3) direct non multiplexed sensor inputs
needed by the system. The PAS hardware comprises triple redundant master controllers and
duplicate system controllers. PAS software is required for controller functions and input/output
interfaces.

7.7.5 Steam Bypass and Pressure Control System

7.7.5.1 System Design Bases

7.7.5.1.1 Safety Design Bases

The SB&PC System does not perform or ensure any safety-related function, is classified as a
nonsafety-related system, and has no safety-related design basis. In the Power Operation Mode,
only one of the three triple redundant FTDCs can be removed from service.
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Table 7.1-1 identifies the nonsafety-related SB&PC System and the associated codes and
standards applied, in accordance with the SRP. This subsection addresses I&C systems
conformance to regulatory requirements, guidelines, and industry standards.

7.7.5.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The SB&PC design conforms to these requirements.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design:

e Conformance: The SB&PC design conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

10 CFR 52.47(a)(H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: The SB&PC System is nonsafety-related and conforms in that there are no
unresolved issues for the SB&PC System. Resolution of unresolved and generic safety
issues is discussed in Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:

e Conformance: Inspection, test, analyses, and acceptance criteria of the SB&PC System
FTDC are identified in Tier 1.

10 CFR 52.47(a)(HA)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:

e Conformance: The level of detail provided for the SB&PC within the DCD conforms to
this requirement.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The SB&PC design does not use innovative means for accomplishing
safety functions.

7.7.5.3.2 General Design Criteria

GDC 1, 2.4, 13,19, and 24:

e Conformance: The SB&PC System design conforms to these GDC.
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7.7.5.3.3 Regulatory Guides

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.151, Instrument Sensing Lines:

e Conformance: RG 1.151 is not applicable to the SB&PC System. The SB&PC System
receives RPV dome pressure signals from sensors in the NBS (refer to Subsection
7.7.1.3). The SB&PC System also receives condenser absolute pressure signals from
sensors in the Main Condenser and Auxiliaries System.

RG 1.152. Computer Software Used in Safety-related Systems:

o Conformance: The SB&PC design conforms to RG 1.152.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The SB&PC design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The SB&PC design conforms to RG 1.169.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The SB&PC design conforms to RG 1.170.

RG 1.171. Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

o Conformance: The SB&PC design conforms to RG 1.171.
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RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The SB&PC design conforms to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The SB&PC design conforms to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interface in Safety-
related Instrumentation and Control Systems:-

e Conformance: The SB&PCSystem—design—econforms—toRG1180.-See Table 3.11-1

(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

7.7.5.3.4 Branch Technical Positions

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided in this subsection conforms to BTP HICB-16.

7.7.5.4 Testing and Inspection Requirements

The FTDC input and output communication interfaces function continuously during normal
power operation. Abnormal operation of these components is detected during operation. The
FTDC is equipped with on-line diagnostic capabilities to identify and isolate failure of I/O
signals, buses, power supplies, processors, and inter-processor communications. On-line
diagnostics are performed without interrupting the normal control operation of the SB&PC
System.

The SB&PC System components and critical components of interfacing systems are tested to
ensure the specified performance requirements are satisfied. Preoperational testing of the
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7.7.6.2.2.2 Classification

The MRBM is nonsafety-related. Its activating interface is through the RC&IS, which is also a
nonsafety-related system.

7.7.6.2.2.3 Power Supply

The power supply for the MRBM is from the non-divisional, nonsafety-related 120 VAC UPS
buses in two different load groups.

7.7.6.2.2.4 Environmental Considerations

The MRBM is located in the MCR. It is physically and electrically isolated from the safety-
related NMS subsystems. All interfaces with the safety-related NMS subsystems are through
fiber optic isolators.

7.7.6.3 Safety Evaluation

Table 7.1-1 identifies the nonsafety-related control systems and the associated codes and
standards applied, in accordance with the SRP. This subsection addresses 1&C systems
conformance to regulatory requirements, guidelines, and industry standards.

7.7.6.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The AFIP and MRBM subsystem designs conform to these requirements.

10 CFR 50.34(H)(2)(111)[1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The AFIP and MRBM designs conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: See Table 3.11-1 (FElectrical and Mechanical Equipment for
Environmental Qualification).

10 CFR 52.47(a)(H6v)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Unresolved and generic safety issues are discussed in Section 1.11.
10 CFR 52.47¢(b)(1)&), ITAAC in Design Certification Applications:

e Conformance: ITAAC are provided for the I&C equipment in Tier 1.
10 CFR 52.47(a)yH6)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47, Level of Detail:
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e Conformance: The level of detail provided for the AFIP and MRBM within the DCD
conforms to this BTP.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The AFIP and MRBM designs do not use innovative means for
accomplishing safety functions.

7.7.6.3.2 General Design Criteria

GDC 1,2.4,12,13,19, 24, 25, 26, 27, and-28 and 29:

e Conformance: The AFIP and MRBM subsystem designs comply with these GDC.

7.7.6.3.3 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The AFIP and MRBM subsystem designs conform to RG 1.152.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The AFIP and MRBM designs conform to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The AFIP and MRBM designs conform to RG 1.169.

RG 1.170. Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:
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e Conformance: The AFIP and MRBM designs conform to RG 1.170.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The AFIP and MRBM designs conform to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The AFIP and MRBM designs conform to RG 1.172.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The AFIP and MRBM designs conform to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related Instrumentation and Control Systems:

e Conformance: The AFIP and MRBM subsystem designs conform to RG 1.180._ See
Table 3.11-1 (Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

7.7.6.3.4 Branch Technical Positions

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail provided in this subsection conforms to BTP HICB-16.
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The MRBM instrument is provided with necessary operator interface functions meeting NMS
man-machine interface requirements.

The MRBM includes basic logic such as continuous LPRM data collection, MRBM rod block
algorithm calculation, MRBM setpoint comparison, and communication protocol with the N-
DCIS. The MRBM subsystem is located within the nonsafety-related equipment rooms of the
CB having acceptable environmental conditions and physical and electrical separation from the
safety-related NMS instruments..

7.7.7 Containment Inerting System

7.7.7.1 System Design Bases

The CIS design bases are discussed in Subsection 6.2.5.2.1.
7.7.7.2 System Description

The CIS system description is discussed in Subsection 6.2.5.2.
7.7.7.3 Safety Evaluation

The CIS safety evaluation is discussed in Subsection 6.2.5.2.3.

Table 7.1-1 identifies the CIS and the associated codes and standards applied, in accordance with
the SRP. This subsection addresses 1&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.7.7.3.1 Code of Federal Regulations
10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

e Conformance: The CIS design conforms to these requirements.

10 CFR 50.34(f)(2)(111) [I.D.1], Human Factors Principles for Control Room Design:

e Conformance: The CIS design conforms to these requirements.

10 CFR 50.34(H)(2)(xv)[1I.E.4.4], Purge System Isolation Under Accident Conditions:

e Conformance: The CIS conforms to these requirements.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e Conformance: The CIS conforms to these standards. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

10 CFR 52.47(a)tb+(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.

10 CFR 52.47¢a)(b)(1)&4), ITAAC in Design Certification Applications:
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e Conformance: ITAAC are provided for I&C systems and equipment in Tier 1.
10 CFR 52.47(a)(HA)(25), Interface Requirements:

e Conformance: There are no interface requirements for this section.

10 CFR 52.47. Level of Detail:

e Conformance: The level of detail provided for the CIS within the DCD conforms to this
requirement.

10 CFR 52.47(¢)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The CIS design does not use innovative means for accomplishing safety
functions.

7.7.7.3.2 General Design Criteria

GDC 1,2.4, 13,19, and-24, 41, 42, and 43:

e Conformance: The CIS design conforms to these GDC. 1&C are provided to operate the
system and monitor process variables during startup, normal, and abnormal reactor
operation. The CIS is operable from the MCR.

7.7.7.3.3 Regulatory Guides

RG 1.89. Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.97 - Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of FElectric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

RG 1.151, Instrument Sensing Lines:

e Conformance:® The CIS instrument lines penetrating containment comply with the
guidance of RG 1.151. Sensing lines are Seismic Category I Quality Group B and are
provided with redundant isolation valves that can be isolated locally or remote manually
from the MCR.
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RG 1.152. Computer Software Used in Safety-related Systems:

e Conformance: The CIS design conforms to RG 1.152.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The CIS design conforms to RG 1.168.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear power Plants:

e Conformance: The CIS design conforms to RG 1.169.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

e Conformance: The CIS design conforms to RG 1.170.

RG 1.171. Software Unit Testing for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

e Conformance: The CIS design conforms to RG 1.171.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The CIS design conforms to RG 1.172.

RG 1.173. Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The CIS design conforms to RG 1.173.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
safety-related Instrumentation and Control Systems:

e Conformance: The CIS system design conforms to RG 1.180.

RG 1.209. Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

7.7.7.3.4 Branch Technical Positions

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:
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e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

Only—BTP HICB-16., Guidance on the Level of Detail Required for Design Certification

Applications Under 10 CFR Part 52, is applicable to the nonsafety-related CIS. The level of
detail provided in this subsection conforms to BTP HICB-16.

7.7.7.4 Testing and Inspection Requirements
The CIS testing and inspection requirements are discussed in Subsection 9.4.9.

7.7.7.5 Instrumentation and Control Requirements

7.7.7.5.1 Logic and Interlocks

The CIS operation is manually or automatically activated from the MCR by aligning
corresponding valves through remote manual control switches. During the inerting mode, a
temperature controller accomplishes automatic control of the steam supply once the steam-
heated nitrogen vaporizer has been activated. A temperature sensor at the outlet of the steam-
heated vaporizer provides input to the temperature controller that then regulates the amount of
steam. Low nitrogen temperature in the steam vaporizer outlet causes an alarm and a low-low
temperature condition shuts off the main inerting line. The auxiliary steam supply is manually
terminated. When the required inert containment pressure is reached, the CIS drywell pressure
switch provides a signal to isolate the nitrogen supply shutoff valve.

Upon completion of the initial inerting, the CIS is manually or automatically aligned to its make-
up mode. Make-up nitrogen is obtained by the automatic modulation of a pressure control valve
on the nitrogen supply. The opening and closing of the pressure control valve is driven by the
pressure controller in response to change of containment pressure. Make-up nitrogen supply is
vaporized and heated up to an appropriate temperature by an electric heater that is manually
loaded to its power source. Once activated, it continues to operate in automatic on-off mode
until manually disconnected. Temperature sensors provide switching signals to start/stop the
heater. When the required temperature is reached, the heater automatically cuts off electrical
power to the heater elements.

The de-inerting process is manually or automatically activated, by aligning the CIS with the RB
Heating, Ventilation and Air Conditioning (HVAC) to replace gases in the containment with
breathable air.

During containment isolation events, the CIS containment isolation valves automatically close
upon receipt of the isolation signal from LD&IS. Details of the isolation logic are discussed in
Subsection 7.3.3.

The CIS can provide continued nitrogen makeup during isolation events. This is accomplished
by overriding, with controlled bypass switches, the isolation signal to the makeup isolation
valves.

A simplified system diagram is shown in Figure 6.2-29.
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Table 7.8-1 provides a summary of the functions, initiators, and interfacing systems used by the
diverse 1&C systems for ATWS mitigation or for mitigation of design basis events described in
Chapter 15. Table 7.8-2 provides a list of the controls, interlocks, and bypasses used by the
diverse 1&C systems for ATWS mitigation or for mitigation of design basis events described in
Chapter 15. Tables 7.8-3 and 7.8-4 describe additional diverse instrumentation and control

features used to ensure that releases during a common mode protection system failure coincident
with the design basis events discussed in the Safety Analysis of Chapter 15|d0 not exceed the |

radiation guidelines from 10 CFR 52.47(a)(2)(iv).

Mitigation of common mode failures is provided by:

e Manual scram and Main Steam Isolation Valve (MSIV) isolation by the operator in the
Main Control Room (MCR) in response to diverse parameter indications;

e Availability of diverse manual initiation of the passive ECCS functions including
Gravity-Driven Cooling System (GDCS) squib valve initiation, Safety Relief Valve
(SRV) initiation, Depressurization Valve (DPV) initiation, Isolation Condenser System
(ICS) initiation, and SLC System squib valve initiation. Manual initiation functions are
available in the safety-related systems and in the DPS;

e (Core makeup water capability from the Condensate and Feedwater System (C&FS), CRD
System, and Fuel and Auxiliary Pools Cooling System (FAPCS) in the Low Pressure
Coolant Injection (LPCI) mode;

e Long-term shutdown capability in the two redundant Remote Shutdown System (RSS)
panels which are equipped with Division 1 and 2 controls for manual scram and MSIV
closure, Division 1 and 2 safety-related Video Display Units (VDUs), and anonsafety-
related ¥DU-displays and controls to allow monitoring and control of all plant systems.
Local displays of process variables in the RSS system are continuously powered and are
available for monitoring at any time;

e Diverse scramreactor-trip-initiationtogie, which is different from the safety-related RPS, |
using separate and independent hardware with diverse software;

e Diverse ESF initiation logic, which is different from the SSLC/ESF, using separate and
independent hardware with diverse software;

e ATWS mitigation using liquid boron injection for emergency plant shutdown through the
SLC system;

e ATWS mitigation using alternate rod insertion (ARI) to hydraulically scram the plant
using the three sets of air header dump valves of the CRD system;

e Seclected Control Rod Run-in (SCRRI) command to the Rod Control and Information
System (RC&IS);

e Select Rod Insert (SRI) to hydraulically insert selected control rods with every SCRRI
action; and
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e Identical modules that provide simple, readily verifiable functions such as setpoint
comparison and two-out-of-four logic; and

e Standard protocols for multiplexing and other data transmission functions that are
verified to industry standards and are qualified to safety-related standards.

7.8.3 Safety Evaluation

The DPS is designed as a highly reliable nonsafety-related system that meets the probabilistic
risk assessment (PRA) requirements to minimize failures on demand and to minimize inadvertent
operation. The DPS components are designed to ensure that reliability goals and system design
requirements are met. The sensors and actuation devices that interface directly with safety-
related structures, systems, and components (SSC) are qualified to meet the Seismic Category I

classification-HEEE-Std-—603,Seetion54).

Consistent with the guidance in IEEE Std. 603, Section 5.6 and IEEE Std. 384, the nonsafety-
related DPS is designed to avoid adverse interaction with the protection systems with which it
interfaces. Because the DPS logic does not communicate with the RPS logic, credible DPS
failure modes do not prevent the RPS from performing a reactor scramtrip. The DPS cannot
cause the RPS to initiate a reactor_scram tr#p-prematurely. Credible DPS failure modes cannot
prevent the SSLC/ESF actuation system from initiating ECCS functions and/or performing
fission product barrier isolation functions. Additionally, credible DPS failure modes cannot
result in premature operation of these protection systems.

The ATWS/SLC logic is designed to mitigate a failure of the normal reactor trip system to
function and is diverse from and independent of the RPS. The ATWS/SLC logic platform is
designed as a safety-related system with four independent divisions powered from divisionally
separated safety-related power sources. Each redundant division of ATWS/SLC logic, which
uses two-out-of-four voting logic, is capable of performing ATWS mitigation during reactor
operation.

A quality assurance program that meets or exceeds the guidance contained in NRC Generic
Letter 85-06, “Quality Assurance Guidance for ATWS Equipment That Is Not Safety-Related,”
is applied to all diverse I&C systems and components described in this section. Software used in
diverse instrumentation and control systems is designed and developed in accordance with the
requirements of Reference 7.8-3.

The guidance contained in the SRM on SECY 93-087 Item II.Q, SRP BTP HICB-19, and
Generic Letter 85-06 is applicable to the DPS and to all portions of the systems shown in
Figure 7.8-1 and identified in Table 3.2-1 that are required to perform sense and actuate
functions in support of the diverse instrumentation and control functions described in this
Section.

Table 7.1-1 identifies the diverse 1&C and the associated codes and standards applied, in
accordance with the SRP. This subsection addresses I&C systems conformance to regulatory
requirements, guidelines, and industry standards.
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7.8.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

Conformance: The diverse 1&C systems design conforms to these standards.

10 CFR 50.55a(h), Protection and Safety Systems, compliance with IEEE Std. 603:

Conformance: The safety-related portions of the diverse 1&C conform to IEEE Std. 603.
Conformance information is found in Subsections 7.1.6.6.1 through 7.1.6.6.1.27.

Additional information concerning how the diverse 1&C conforms to IEEE Std. 603 is

discussed below.

Section 4.2 (Safety-related Functions): See Subsection 7.8.1.1.

Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive conditions
for operating bypasses are for the Diverse 1&C system are described in Tables 7.8-1
and 7.8-2.

Section 4.6 (Spatially Dependent Variables): Spatial dependency of monitored
variables is not applicable to the Diverse 1&C system beyond that discussed in
Subsection 7.1.6.6.1.1.

Section 5.2 (Completion of Protective Actions): Completion of Protective Actions is
not applicable to the Diverse I&C system beyond that discussed in
Subsection 7.1.6.6.1.3.

Section 5.7 (Capability for Test and Calibration): Capability for Test and Calibration
1s not applicable to the Diverse I&C system beyond that discussed in
Subsection 7.1.6.6.1.8.

Section 6.2 and 7.2 (Manual Control): Manual Control is not applicable to the
Diverse 1&C system beyond that discussed in Subsection 7.1.6.6.1.18.

Section 6.4 (Derivation of System Inputs): Derivation of System Inputs is not
applicable to the Diverse I&C system beyond that discussed in
Subsection 7.1.6.6.1.20.

Section 6.5 (Capability of Test and Calibration): Capability for Test and Calibration
is not applicable to the Diverse I&C system beyond that discussed in
Subsection 7.1.6.6.1.8.

Section 6.6 and 7.4 (Operating Bypasses): Operating Bypasses are for the Diverse
1&C system are described in Table 7.8-2.

Section 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses for the Diverse
1&C system are not applicable beyond that discussed in Subsection 7.1.6.6.1.23.

Section 8.2 (Non-Electrical Power Sources): Non-Electrical power sources for the
Diverse I&C system are not applicable beyond that discussed in
Subsection 7.1.6.6.1.26.
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— Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the Diverse 1&C
system power sources are not applicable beyond that discussed in
Subsection 7.1.6.6.1.27.

10 CFR 50.34(f)(2)(111) [1.D.1], Human Factors Principles for Control Room Design:

e Conformance: The diverse [&C systems design conforms to these requirements.

10 CFR 50.34(H)(2)Gv) [1.D.2], Minimum Set of Parameters on a Safety Display Console
Defining the Safety Status of the Plant:

e Conformance: The diverse I&C systems design conforms to these requirements.

10 CFR 50.34(f)(2)(v)_€[1.D.3]}, Bypass and Inoperable Status Indication:

e Conformance: The diverse t&C-—systemssafety-related ATWS mitigation logic conform to

these requirements by providing automatic indication of bypassed and moperable status.

10 CFR 50.49. Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Plants:

e (Conformance: See Table 3.11-1 (Electrical and Mechanical Equipment for
Environmental Qualification).

10 CFR 50.62, Requirements for reduction of risk from ATWS events for light-water cooled
nuclear power plants:

e Conformance: The ATWS mitigation functions described in Subsection 7.8.1.1 are
designed in accordance with the requirements of 10 CFR 50.62.

10 CFR 52.47(a)H6+)(21), Resolution of Unresolved and Generic Safety Issues:

e Conformance: Resolution of unresolved and generic safety issues is discussed in
Section 1.11.
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10 CFR 52.47¢a)(b)(1)&+4), ITAAC in Design Certification Applications:

e Conformance: ITAACs are provided for the diverse 1&C systems and equipment in
Tier 1.

10 CFR 52.47(a)yH)(25), Interface Requirements:
e Conformance: There are no interface requirements for this section.
10 CFR 52.47¢a}2), Level of Detail:

e Conformance: The level of detail provided for the diverse I&C functions within the DCD
conforms to this requirement.

10 CFR 52.47(c)(2), Innovative Means of Accomplishing Safety Functions:

e Conformance: The diverse 1&C systems design does not use innovative means for
accomplishing safety functions.

7.8.3.2 General Design Criteria

General Design Criteria (GDC) 1, 2, 4, 13, 19, and 24:
e Conformance: The diverset&CsystemsDPS design conforms to these GDC.
General Design Criteria (GDC) 1, 2,4, 13, 19, 20, 21, 22, 23, 24, and 29:

e Conformance: The safety-related ATWS mitigation logic design conforms to these GDC.

The design of the diverse I&C systems does not compromise the ability of the RPS and
SSLC/ESF actuation system to meet the requirements of 10 CFR 50 Appendix A, "General
Design Criteria for Nuclear Power Plants," Section III, "Protection and Reactivity Control
Systems."

7.8.3.3 Staff Requirements Memorandum

Item I1.Q, (Defense Against Common-Mode Failures in Digital Instrument and Control Systems)
of SECY-93-087 and SRM on SECY 93-087 (Policy, Technical, and Licensing Issues Pertaining
to Evolutionary and ALWR Designs):

e Conformance: The SRM requirements applicable to the diverse I&C functions state that,
“If a postulated common-mode failure could disable a safety function, then a diverse
means, with a documented basis that the diverse means is unlikely to be subject to the
same common-mode failure as the safety system shall be required to perform either the
same function as the safety system function that is vulnerable to common mode failure or
a different function.” It also states, “The diverse or different function may be performed
by a non-safety system if the system is of sufficient quality to perform the necessary
functions under the associated event conditions.” With respect to manual control and
display functions, it states, “A set of displays and controls located in the main control
room shall be provided for manual system-level actuation of critical safety functions and
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monitoring of parameters that support the safety functions. The displays and controls
shall be independent and diverse from the safety computer systems.”

The implementation of the DPS and the ATWS mitigation features as described in
Subsection 7.8.1, in conjunction with the RPS and ESF designs, conforms to the above
SRM requirements.

7.8.3.4 Regulatory Guides

RG 1.22, (Safety Guide 22) Periodic Testing of Protection System Actuation Functions:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
RG 1.22. This RG is not applicable to the nonsafety-related DPS.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
RG 1.47. Automatic indication is provided in the MCR to inform the operator that the
system is inoperable or a division is bypassed. This RG is not applicable to the
nonsafety-related DPS.

RG 1.53, Application of the Single-Failure Criterion to Nuclear Power Protection Systems:

e Conformance The safety-related ATWS mitigation logic is organized into four physically
and electrically isolated divisions that use the principles of independence and redundancy
to_conform to the single failure criterion as defined by IEEE Std. 379, Section 4, and
IEEE Std. 603, Section 5.1; additionally the design meets N-2 conditions. Analyses
complying with IEEE Std. 379 will be used to confirm the safety-related system designs’

conformance to the single-failure criterion.eonforms—to-thesuidance—in RG153. This

RG i1s not applicable to the nonsafety-related DPS.
RG 1.62, Manual Initiation of Protection Actions:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
RG 1.62. This RG is not applicable to the nonsafety-related DPS.

RG 1.75, Physical Independence of Electric Systems:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
RG 1.75. This RG is not applicable to the nonsafety-related DPS.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants:

e (Conformance:

RG+89—"th—RG—}s—Het—appheab}He—th%neﬂsafet§kfela{ed—DPSSee Table 3.11-1

(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.97-Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:
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e Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for
RG 1.97 compliance are determined as part of the HFE development process as discussed
in Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power
Plants:

e Conformance: The-satety-relatedATWSmitigatientegte—conformsto RGI-1H00—This
RG—isnet-applicableto—the nonsafetyrelated DPS-See Table 3.11-1 (Electrical and

Mechanical Equipment for Environmental Qualification).

RG 1.105, Instrument Setpoints for Safety Systems:

e Conformance: The safety-related ATWS mitigation logic setpoints are consistent with
this guide. The guidance in RG 1.105 is also applied to any portions of the nonsafety-

related DPS used for maintaining destentmits-deseribedinautomatic initiation function
required by the Technical Specifications. Reference 7.8-4 provides a detailed description

of the GEH setpoint methodology.
RG 1.118, Periodic Testing of Electric Power and Protection Systems:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
RG 1.118. This RG is not applicable to the nonsafety-related DPS.

RG 1.151, Instrument Sensing Lines:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
RG 1.151. Sections of endorsed standard ANSI/ISA-S67.02.01 on design practices for
tubing, vents, and drains also apply to sensing lines that support DPS.

RG 1.152, Criteria for Digital Computers in Safety Systems of Nuclear Power Plants:

e Conformance: The safety-related-ATWS—mitigation-togiediverse 1&C conforms to the
guidance in RG 1.152. FhisRG-isnotapplicable-to-thenonsafety-related DPS-

RG 1.153, Criteria for Power Instrumentation and Control Portions of Safety Systems:

e Conformance: The safety-related ATWS mitigation logic conforms to the-guidance-inRG
+145210 CFR 50.55a(h). This RG is not applicable to the nonsafety-related DPS.

RG 1.168, Verification, Validation, Reviews and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

e Conformance: The satetyrelated AT WS—mitigationtogiediverse 1&C conforms to the
guidance in RG 1.168. FhisRG-isnotapplicable-to-thenonsafety-related DPS-

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

e Conformance: The safety-related-ATWS—mitigcation-tegiediverse 1&C conforms to the
guidance in RG 1.169. FhisRG-isnotapplicable-to-thenonsafetyrelated DPS-
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RG 1.170, Software Test Documentation for Digital Computer Software used in Safety Systems
of Nuclear Power Plants:

e Conformance: The safetyrelated-ATWS—mitigation-togiediverse I&C conforms to the
guidance in RG 1.170. ThisRGisnotappheabletothe nonsatety-related- BPS:

RG 1.171, Software Unit Testing for Digital Computer Software used in Safety Systems of
Nuclear Power Plants:

e Conformance: The safety-related-ATWS—mitigation-togiediverse 1&C conforms to the
guidance in RG 1.171. FhisRG-isnotappheable-to-the nonsafety-related DPS:

RG 1.172, Software Requirements Specifications for Digital Computer Software used in Safety
Systems of Nuclear Power Plants:

e Conformance: The satetyrelated AT WS—mitigationtogiediverse 1&C conforms to the
guidance in RG 1.172. Fhis RGisnotapplicable-to-thenonsafety-related DPS-

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software used in
Safety Systems of Nuclear Power Plants:

e Conformance: The safety-related-ATWS—mitigcation-tegiediverse 1&C conforms to the
guidance in RG 1.173. This RG is not applicable to the nonsalety-related DPS.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

e Conformance:

H%O—"Phrs%%@—rs—ﬂet—appk&ab}%te—ﬂ%ﬁeﬂ&afeﬁqela%d—DPS—See Table 3.11- 1

(Electrical and Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:

e Conformance: The diverset&C-designsafety-related ATWS mitigation logic conforms to

the guidance provided in RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

e Conformance: -Th e 3 i
RGA—}OQ—"Phﬂ—RG—}S—HeF&ppk&ab}He—Eh%HeﬂsafeWek&ted—DPS—See Table 3.11-1

(Electrical and Mechanical Equipment for Environmental Qualification).

7.8.3.5 Branch Technical Position
BTP HICB-8, Guidance on Application of RG 1.22:

e (Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
HICB-8. This BTP is not applicable to the nonsafety-related DPS.

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:
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e Conformance: The ESBWR I1&C conforms to RG 1.97. Specific instruments credited
for RG 1.97 compliance are determined as part of the HFE development process as
discussed in Section 7.5.

BTP HICB-11, Application and Qualification of Isolation Devices:

e Conformance: The safety-related ATWS mitigation logicdiverset&EC-design conforms to
BTP HICB-11.. BTP HICB-11 is not applicable to the nonsafety-related DPS because all
interfacing isolation devices are part of the safety-related systems.

BTP HICB-12, Establishing and Maintaining Instrument Setpoints:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
HICB-12. This BTP is not applicable to the nonsafety-related DPS.

BTP HICB-14, Software Reviews for Digital Computer-Based Instrumentation and Control
Systems:

e (Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
HICB-14. This BTP is not applicable to the nonsafety-related DPS.

BTP HICB-16, Guidance on Level of Detail Required for Design Certification Applications
Under 10 CFR Part 52:

e Conformance: The level of detail for the diverse 1&C systems conform to BTP HICB-16.

BTP HICB-17, Self-Test and Surveillance Test for Digital Computer-Based Instrumentation and
Control Systems:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
HICB-17. This BTP is not applicable to the nonsafety-related DPS.

BTP HICB-18,Use of Programmable Logic Controllers in Digital Computer-Based
Instrumentation and Control Systems:

e Conformance: The safety-related ATWS mitigation logic conforms to the guidance in
HICB-18. This BTP is not applicable to the nonsafety-related DPS.

BTP HICB-19, Guidance for evaluation of Defense-in-Depth and Diversity in Digital Computer-
Based Instrumentation and Control Systems:

e Conformance: Reference 7.8-1 details the echelons of defense used in the design that
conforms to BTP HICB-19. This document also discusses the basis for selection of the
DPS functions used as backups for the RPS and SSLC/ESF. A failure modes and effects
analysis based on the Guidance in NUREG/CR-6303 (Reference 7.8-2) is performed to
ensure the radiation guidelines from 10—CER—100—10 CFR 52.47(a)(2)(iv) are not
exceeded in the event of a common mode failure of the RPS or SSLC/ESF software
platform during the design basis events discussed in the Safety Analyses.

BTP HICB-21, Guidance on Digital System Real-Time Performance:
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