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'STATEMENT OF PROBLEM/ABSTRACT

The obsolete analog control systems for WBN unit 2 are being replaced with a Foxboro IA Distributed Control System (DCS) for control and monitoring
of most non-safety related NSSS and BOP systems. The controls are distributed among 15 control groups, each with a redundant processor pair. For
those control system functions which are important to plant operation, this analysis evaluates the distribution (segmentation) of the inputs/outputs
among these control groups to confirm that no new failures are introduced which could adversely impact plant safety analyses. The analysis includes
confirmation that the DCS configuration maintains the functional diversity and independence of the original control systems design. ’

‘Based on this analysis, the design of the WBN unit 2 DCS does not introduce new control system failures which could adversely impact the safety
analyses as described in the FSAR. Functional diversity and independence are provided for the critical control systems as required by the design basis
and in a manner consistent with the original design.
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1.0

2.0

Purpose

The existing analog control systems for WBN Unit 2 are being replaced with a Foxboro
(Invensys) I/A Distributed Control System (DCS) for control and monitoring of most
non-safety related NSSS and BOP systems. The controls are distributed among 15
control groups, each with a redundant processor pair. The purpose of this analysis is
to evaluate the distribution (segmentation) of the inputs/outputs of those control
systems important to plant operation among these control groups to confirm that no
new failures are introduced which could adversely impact plant safety analyses.

Sources of Design Inputs / Réferences

1

~N O O A

EDCR 52378, Replace Obsolete Non-Safety Analog NSSS and BOP Control
Systems with a Foxboro I/A Distributed Control System

Invensys Letter INV-WBN2-802403-2398 dated July 19, 2010, Drawing Submittal for post-
FAT changes. '

Design Criteria »

A. WB-DC-40-70 R18, Accident Analysis Parameters Checklist

B. WB-DC-40-58 RS, Auxiliary Control System

Unit 2 UFSAR, Amendment 99

Unit 2 Technical Specifications

DG-E18.1.25 R2, Digital System Development, Procuremenit, and Implementation

Draft revision of “Effects of Common Cause Failure” prepared by Altran Solutions for
the NRC Task Working Group on Defense-in-Depth & Diversity, August 2007

System Descriptions

C. WBN2-1-4002 R2, Main Steam System

WBN2-3A-4002 R2, Main Feedwater, Feedwater Control And Injection Water.
WBN2-6-4002 R1, Heater Drains and Vents

WBN2-47-4002 R1, Turbogenerator System (Part 1) and Turbogenerator
Control and Protection System (Part 2)

WBN2-62-4001 R1, Chemical And Volume Control System
WBN2-63-4001 R1, Safety Injection System '
WBN2-68-4001 RO, Reactor Coolant System
WBN2-85-4003 R1, Control Rod Drive System
WBN2-92-4003 R1, Neutron Monitoring System
WBN2-99-4003 RO, Reactor Protection System

Foxboro Functional Diagrams (contract 69247)

A. 08F802403-FD-2004-1 R2

mmo

FRAXe T IO
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08F802403-FD-2005-1 R3
08F802403-FD-2006-1 R3, -2 R2,
08F802403-FD-2012-1 R4
08F802403-FD-2101-1 R2, -4 R2
08F802403-FD-2102-1 R3
08F802403-FD-2103-1 R2, -3 R2
08F802403-FD-2104-1 R4, -3 R3
08F802403-FD-2105-1 R3, -2 R3,
08F802403-FD-2107-1 R3, -2 R3,
08F802403-FD-2109-1 R2, -2 R2
08F802403-FD-2110-1 R3
08F802403-FD-2111-1 R3, -2 R2
08F802403-FD-2201-1 R5
08F802403-FD-2202-1 R6
08F802403-FD-2203-1 R4
08F802403-FD-2205-1 R6, -2 R6
08F802403-FD-2300-1 R3, -6 R3
08F802403-FD-2301-1 R2, -6 R3
08F802403-FD-2302-1 R2, -6 R3
08F802403-FD-2303-1 R2, -6 R3
08F802403-FD-2304-1 R5, -3 R2,
08F802403-FD-2400-1 R5, -3 R5,
08F802403-FD-2401-1 R7, -5 R5,
08F802403-FD-2402-1 R5, -3 R6
08F802403-FD-2403-1 RS, -3 R4
. 08F802403-FD-2404-1 R6, -6 R7,
. 08F802403-FD-2501-1 R2

. 08F802403-FD-2600-1 R3

. 08F802403-FD-2601-1 R4

. 08F802403-FD-2603-1 R4, -2 R4,
FF. 08F802403-FD-2604-1 R3
GG. 08F802403-FD-2605-1 R5

HH. 08F802403-FD-2607-1 R4

mUOW;.N.'<><§.<C."|U>IJO.'UOZZ!—.X-‘—""IO.'“?“FJQ.W
mo s o > ¢ i

-4 R3, -5 R4

-4 R2
4R2

-4 R2, -8 R4, -9 R4, -10 R2
-5 R4, -6 R5, -7 R4
-6 R5, -12 R0

-8 R6, -10 R7

-3R5

REV 0
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08F802403-FD-2608-1 RS

JJ. 08F802403-FD-2609-1 R4

KK. 08F802403-FD-2616-1 R3

LL. 08F802403-FD-2818-1 R3

MM. 08F802403-FD-2908-1 R3

NN. 08F802403-FD-2909-1 R4

OO0. 08F802403-FD-2910-1 R4
10 Control Drawings

A.
B.
C.

1-47W610-1-1 R30, -1A R16, -2 R29, -2A R20, -3 R10, -3A R7
2-47W610-1-1 R2, -1AR2, -2 R2, -2A R2, -3 R1, -3A R0

1-47W610-3-1 R28, -1A R6, -1BR11, -1C R4, -1D R7, -2 R19, -2A R18, -2B
R3, -2C R8, -3 R22, -4 R17, -5 R18, -5A RS

2-47W610-3-1 R1, -1A R0, -1B RO, -G RO, -1D R1, -2 R0, -2A R1, -2B RO, -2C
R1,-3R2, -4 R1, -5 R1, -5A R1

1-47W610-62-1 R21, -2 R24, -3 R25
2-47TW610-62-1 R1, -2 R3, -3 R0

1-47W610-68-1 R1 8, -2 R15, -3 R21, -4 R18, -5 R22, -5A R4, -6 R12, -8 R8, -9
R5, -10R5, -11 R9

2-47W610-68-1 RO, -2 RO, -3 R1, -4 R1, -5 R1, -5A R1, -6 R1, -8 R0, -9 RO, -10
RO, -11 RO

11 Logic Drawings

12

mMOoOWPP»2ITOMTMOO® >

1-47W611-1-1 R13, -2 R12
2-47W611-1-1 R1, -2 R1

1-47W611-3-1 R12, -2 R22, -6 R18
2-47W611-3-1 R2, -2 R3, -6 R1
1-47W611-62-1 R6, -2 R8, -3 R9, 4 R11
2-47TW611-62-1 R1, -2 R1, -3 R1, 4 R1
1-47W611-68-1 R10, -2 R7,-3 R8
2-47W611-68-1 R1, -2 R1, -3 R1

estinghouse Functional Diagrams, 5655D87 series (contract 54114-01)

2-54114-1-5655D87-9 RO

2-54114-1-5655D87-10 RO
2-54114-1-5655D87-11 RO
2-54114-1-5655D87-12 RO
2-54114-1-5655D87-13 RO.
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F. 2-54114-1-5655D87-14 RO

13 Westinghouse Process Control Block Diagrams, 108D408 series (contract 54114-01
and 65717)

108D408-5 RE, 2-65717-108D408-5 RO
108D408-6 RE, 2-65717-108D408-6 RO
108D408-23 RF

108D408-24 RE

108D408-25 RD

108D408-26 RD

108D408-27 RE

108D408-28 RD .

108D408-31 RD

108D408-32 RD

108D408-33 RF :
108D408-36 RF, 2-65717-108D408-36 RO
M. 108D408-41 RD

14 Calculation EPMFBN072892 R3, “Maximum Feedwater Flow for Multiple Loop
Failures.”

15 NPG Critical Digital Review of the Foxboro I/A Series Platform (B43 090303 001)

FrAE T IOEMMOUO D>

3.0 Assumptions

1. Unverified assumption: The post-FAT functional logic changes submitted in
reference 2 and evaluated in this calculation will be implemented by EDCR 52378
(reference 1) via FCR 55490.

2. Unverified assumption: A network data storm test will be performed with the
system installed and prior to final commissioning. The test will confirm that the
system will continue to function with a failed communication network without any
plant upset.
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4.0 DCS Design Description

The functional design of the WBN unit 2 control systems implemented in the DCS is
similar to unit 1 but with changes which improve reliability and eliminate many
significant single points of failure. The basic components of the DCS are redundant
fault-tolerant processor pairs, redundant power supplies with diverse power sources,
redundant communication networks, and redundant operator workstations. Redundant
field-bus modules (FBMs) are utilized for critical inputs and outputs. The system is
designed such that the control system functions most important to safe plant operation
are not affected by the failure of a single device or component.

Functional Groups (CP Pairs)

The unit 2 DCS consists of 15 functional groups, each with a redundant control
processor (CP) pair. This arrangement provides capability to maintain independence
between redundant control functions and to limit the effects of failures on the critical
control systems.

Table 1 identifies the primary functions of each of the DCS functional groups. Each
group also includes other control and monitoring functions for which segmentation is
not considered to be necessary as further discussed in section 5.0.

Table 1
FUNCTIONAL GROUPS
Group Primary Functions
(CP Pair)
01 Steam Generator 1 Levei, FW Flow

02 Steam Generator 2 Level, FW Flow

03 Steam Generator 3 Level, FW Flow

04 Steam Generator 4 Level, FW Flow

05 Main FW Pump Speed Control & Steam Dump Loss of Load Interiock

06 Raod Control

07 | Steam Generator 1 PORV (Atmospheric Dump)

08 | Steam Generator 2 PORV (Atmospheric Dump)

09 Steam Generator 3 PORV (Atmospheric Dump)

10 Steam Generator 4 PORV (Atmospheric Dump)

11 Condenser Steam Dump

12 Pressurizer A (Pressure, Leve|, Charging, Letdown, Spray, COMS)

13 Pressurizer B (Pressure, Level, Charging, Letdown, Spray, COMS)

14 Augxiliary Control System A

15 Auxiliary Control System B

10
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Auxiliary Control System

Groups 14 and 15 are dedicated to the Auxiliary Control System (ACS) which is not
required for normal plant operation. The ACS provides controls and instrumentation
needed for plant shutdown from outside the Main Control Room (MCR) in the event
that the MCR has to be abandoned. Isolation of the ACS from the normal controls is
achieved either by dedicated control loops or by manually-operated transfer switches.
The safety related functions of the ACS are implemented independently of the DCS.
Groups 14 and 15 are isolated from the network during normal operation, except for
maintenance purposes, to eliminate the possibility of events external to the auxiliary
control room causing loss of these processor pairs.

Segmentation of the DCS functions of the ACS is not evaluated in this analysis since
the ACS is not used for normal plant operation, DCS groups 14 and 15 are isolated
from the network during normal operation, the unit will be shut down if the MCR has to
be abandoned, and no other design basis event or abnormal plant condition is
assumed concurrent with MCR evacuation except fire or design basis flood (reference
3B).

Power Supplies

Each of the redundant power supplies for the control groups is fed from an inverter
with battery and emergency diesel generator backup - typically the primary power
supply from a 120 VAC Vital Inverter and the secondary from the 120 VAC TSC
Inverter. This arrangement ensures that a single power supply or inverter failure will
not result in loss of function, eliminating loss of power as a single point of failure. One
significant benefit of this configuration is that an inverter failure will not cause a plant
trip due to the main feedwater control valves closing.

Signal Selection and Validation

The use of multiple measurement channels for critical parameters such as turbine
impulse pressure, steam header pressure, and feedwater pressure allows the use of
various signal selectors to improve reliability and eliminate single point failures.
Redundant inputs are typically assigned to different input modules to provide additional
hardware diversity and eliminate hardware common cause failure.

A median signal selector chooses the median value signal of three inputs for control
use. With the median signal selector, a spurious high or low signal from any one
channel will not .cause a control action. Where only two inputs are available, an
average is computed, and a third correlated signal may be provided as a voter. The
voter is never used for control. With four inputs, either the highest input (auctioneered)
or the second highest input (higher median) is selected for control. The high quality of
the median signal selector is documented in reference 15 of section 3.6.

The system also employs signal validation techniques which can remove bad or out-of-
service signals from the algorithm and select from the remaining good signals or
transfer control to manual in the event of multiple input signal failures. This includes
input signals which deviate significantly from the selected signal (auctioneered or

11
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median). These conditions will be alarmed and the bad signal removed from the
control algorithm. Use of these techniques eliminates the potential for a transient
initiated by the failure of a single input.

Shared Signals

The signals listed in Table 2 are used in more than one functional group or processor
pair. They may be provided to each processor as separate inputs, or they may be
input to one processor for development of the control sighal (auctioneered, median,
etc.) which is then transmitted to other processors by either a hardwired analog
connection, peer-to-peer network connection or both. No critical control function is
dependent upon the network alone. This scheme eliminates the possibility that failure
of a single input signal, a single processor pair, or both communication networks will
disable multiple control systems or functions.

Figure 1 shows how these input signals or the derived control signals are distributed
among multiple processor pairs. Simplified configuration sketches based on the
referenced functional logic diagrams are shown in Figures 2 through 10.

External Communication

Two communication links are provided from the DCS to the plant computer. Firewalls
between the systems limit the volume of data traffic and ensure that common cause
events, such as a data storm, do not impact muitiple control systems within the DCS.

There is no digital communication between the control syétem and the protection
system. The control system analog process inputs from the protection system are
transmitted via qualified isolators as on unit 1.

Network Data Storm

The impact of erroneous communication internal to the system, such as a data storm
due to a processor failure, will be evaluated by test. A Sequoyah factory acceptance
test for a Foxboro I/A DCS demonstrated that a data storm can disable the -
communication networks and cause one CP of a pair to become non-functional. The
control groups, however, continued to operate. The network is disabled only during the
datastorm event and full system redundancy can be restored by an online reboot of the
secondary CP. A data storm test will be performed with the installed WBN Unit 2
system prior to final commissioning to confirm similar results. Further, as noted
previously, the system is designed with hardwired analog control signal transmission
between CP pairs so that no critical control functions are totally dependent upon the
network and the system will continue to function if the network fails.

12
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Table 2
~ SHARED SIGNALS
Parameter Loops Function
Turbine Impulse Press 2-P-1-72* Rod Control, Steam Dump, Turb Runback
Turbine Impulse Press - 2-P-1-73* Rod Control, Steam Dump, Turb Runback
Turbine Impulse Press 2-PT-1-74 Rod Control, Steam Dump, Turb Runback
Turbine Impulse Press 2-PT-1-81 Rod Control, Steam Dump, Turb Runback
RCS Loop 1 Tavg 2-T-68-2 * Rod Control, Steam Dump, Pzr Level
RCS Loop 2 Tavg 2-T-68-25* Rod Control, Steam Dump, Pzr Level
RCS Loop 3 Tavg 2-T-68-44 * Rod Control, Steam Dump, Pzr Level
RCS Loop 4 Tavg 2-T-68-67 * Rod Control, Steam Dump, Pzr Level
NIS Reactor Power Ch | 2-LP-92-412 * Rod Control, SG Level
NIS Reactor Power Ch |l 2-LP-92-412* Rod Control, SG Level
NIS Reactor Power Ch 111 2-LP-92-412* Rod Control, SG Level
NIS Reactor Power Ch IV | 2-LP-92-412 * Rod Control, SG Level
Pressurizer Press 2-P-68-322 * Pressurizer Pressure
| Pressurizer Press 2-P-68-323 * | Pressurizer Pressure
Pressurizer Press | 2-P-68-334 * Pressurizer Pressure
Pressurizer Press 2-P-68-340 * Pressurizer Pressure
Pressurizer Level 2-1.-68-320 * Pressurizer Level
Pressurizer Level 2-1-68-335* Pressurizer Level
Pressurizer Level 2-1-68-339 * Pressurizer Level
Steam Header Press 2-PT-1-33A Steam Dump, MFP Speed Control
Steam Header Press 2-PT-1-33B | Steam Dump, MFP Speed Control
Steam Header Press 2-PT-1-33C | Steam Dump, MFP Speed Control
Steam Flow Loop 1 2-F-1-3A, 3B * SG 1 Level, MFP Speed Control
Steam Flow Loop 2 1 2-F-1-10A, 10B * | SG 2 Level, MFP Speed Control
Steam Flow Loop 3 2-F-1-21A, 21B * | SG 3 Level, MFP Speed Control
Steam Flow Loop 4 2-F-1-28A, 28B * | SG 4 Level, MFP ‘Speed Control
Volume Control Tank Level | 2-LT-63-129A VCT Level
Volume Control Tank Level | 2-LT-63-130A VCT Level

* Input signals from isolated protection system channels.

Analysis

Control systems which are important to safe plant operation and can affect the plant
safety analyses and for which segmentation is necessary or can provide a significant
benefit are evaluated in the sections following. Some functions, while important to
plant operation, do not lend themselves to or would not be significantly improved by
segmentation of inputs and outputs and are not evaluated.

The analysis verifies that no new control system failures are introduced which could
adversely impact the safety analyses as described in the FSAR and WB-DC~40-70,
Accident Analysis Parameters Checklist. Typically, the control systems are assumed to

13
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systems evaluated in this analysis are not credited for accident mitigation but their
availability can enhance the plant response to an event. The focus of this safety
analysis review then is to identify configurations wherein failure of a CP pair could
result in plant conditions which are more limiting than those analyzed in the safety
analysis. The results of this review are provided in Appendix B and the control system
discussions following. '

Design basis documents including design criteria, system descriptions and drawings
were reviewed for functional and configuration requirements to minimize differences
with unit 1 with respect to functional diversity and independence. The unit 1 design
limits the effects of a component failure or loss of power by providing redundant
hardware and power sources for certain functions. For example, the pressurizer
heaters can be turned off by either of two independent channels which have different
power sources. Maintaining this approach for unit 2 will limit the effects of failures and
requires that certain functions be processed in different CP pairs. Segmentation of
important control systems and functions improves availability of these systems for both
normal operation and transient/accident response.

The configuration of signals which are shared by more than one control system or
functional group are also evaluated to verify that loss of any one signal or processor
pair will not cause an unacceptable loss of multiple functions.

Simplified functional logic sketches are provided in Appendix A. These figures are
based on the Foxboro functional diagrams listed in reference 9.

Failure Modes

For this analysis, the unlikely failure of both processors of a redundant pair is
assumed, with all outputs failing high, low or as-is. Failures resulting in output state
changes are recognizable by their effects, e.g., plant components changing state or
indicators going off-scale high or low. As-is failures are not likely to have an immediate
effect and therefore would not result in a transient; but they may remain undetected
until there is a demand failure or until a process parameter exceeds its normal range
and actuates an alarm.

The following design and implementation strategies provide reasonable assurance of
adequate protection against a common cause failure affecting multiple processor pairs:

» defensive design techniques including multiple processor pairs running
asynchronously with different application software, deterministic software
programs, redundant hardware and communication paths, system diagnostics,
input signal redundancy and functional segmentation;

¢ design reviews performed during the design process, including a critical design
review of the Foxboro I/A platform (reference 15);
software quality assurance,
testing before and after installation, i.e., factory and site acceptance tests, startup
tests;

* hardware and software configuration control during the design phase and after
installation. :

14
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5.1

Based on the above considerations, simuiltaneous failure of more than one processor
pair and multiple smart combinations of failure states such as high and low are not
considered. This approach is supported by reference 7 and is consistent with the
guidelines of reference 6 and with the nuclear industry position.

Feedwater / SG Level

One control processor pair is provided for level control for each steam generator so
that a single processor pair failure will not cause more than one SG level control
system failure. The controls for SGs 1-4 are located in processors CP01, CP02, CP03,
and CP04, respectively. Three water level signals per steam generator are provided
via isolated Eagle 21 outputs to the respective processors for control of both the
feedwater regulating valves and the feedwater bypass regulating valves. A median
signal selector function in the DCS provides a median signal for control use similar to
unit 1 except the unit 1 MSS is implemented with hardware and unit 2 with software.

Two feedwater flow signals and two steam flow signals per loop are also provided to
the respective SG level control processors. The DCS calculates an average of the two
inputs for each variable for input to the controlier. If one channel of feedwater flow or
one channel of steam flow fails, a voter signal will determine which of the two channels
should be used for control. The voter signal is the average of the feedwater flows of
the other steam generators. The voter is not used for control. On unit 1 a single
channel each of feedwater flow and steam flow are manually selected for control so
that operator intervention is required if the selected channel fails or is to be tested. The

" average steam flow signals are transmitted from each SG level control processor to

CPO05 to develop the speed control setpoint for the main feedwater pumps.

The steam generator level setpoints for both the main and bypass feedwater regulating
valves are generated from the second highest value (high median select) of the four
NIS power inputs. Using the higher median signal prevents a single input failure from
causing a spurious SG level setpoint change. ‘On unit 1, the programmed level
setpoints for loops 1 and 4 are derived from a single NIS channel | module and the
setpoints for loops 2 and 3 are similarly derived from NIS channel Il. A single input
channel or module failure could cause a disturbance on two SG loops. The unit 1
bypass valves controllers also have a bias input from auctioneered high NIS. During
low power operation with the bypass valves in auto, a single failure could resutt i m all
four bypass valves opening.

The unit 2 level demand signal (NIS power high median) is developed in CP06 (Rod
Control). The signal is transmitted independently to each of the four SG level
processors by a hardwired connection and also by a peer-to-peer network interface.
The programmed level setpoint for each SG is developed in each of the SG level
control processors independently of the others except for the common demand signal
from CP06. See Figure 2.

Since all four SG level control processors -are dependent on CP06 for the level
demand, a failure of this processor could affect the level controls for all SGs. However,

15
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5.2

the level setpoint algorithm in each of the level control processors limits the setpoint to
the range of 38-60% (the no load and full load values). Each of the level control
processors contains diagnostics which will detect failure of the level demand inputs
and will then freeze the setpoint to the last good value and switch control to manual.
This will give operators time to respond before a significant transient is initiated.

At full power, a high failure of the NIS level demand signal from CP06 would not resuilt
in any change in SG levels because of the setpoint high limit (60%). At less than full
power, the level program would open the feedwater regulating valves to increase SG
levels to the high limit. This condition is less severe than the cases evaluated in the
“Excessive Heat Removal Due to Feedwater System Malfunction” event described in
FSAR section 15.2.10. The analysis considered four cases to be limiting:

1. Accidental opening of one feedwater control valve with the reactor at zero load.
2. Accidental opening of all feedwater control valves with the reactor at zero load.

3. Accidental opening of one feedwater control valve with the reactor at full power.
4. Accidental opening of all feedwater control valves with the reactor at full power.

The analysis concluded that the hot zero power feedwater malfunction is bounded by
the hot full power feedwater malfunction. The event is terminated by the steam
generator high-high level signal, which closes all feedwater control and isolation valves
and trips the main feedwater pumps. The cases assuming all the valves fully open
bound the conditions resulting from a high failure of CP06.

Similarly, in response to a low failure of the NIS level demand signal from CP08, the
level control system would reduce flow by closing the feedwater valves to match SG
levels to the demand value. The system response to this failure is constrained by the
low limit on the setpaints (38%). This failure is bounded by the “Loss of Normal
Feedwater” event described in FSAR Section 15.2.8.

A failure of one SG level control CP could result in both the main and bypass valves
either opening or closing depending on the signals failing high or low. Both these
cases are bounded by the analyses as described above.

TVA calculation EPMFBNO072892 (reference 14) evaluates feedwater system failures
at different power levels to determine the maximum feedwater flows for single and
multiple loop failures. In each case the calculation assumes both the main and bypass
valves in the failed loop to be wide open instead of in their normal-zero or full power
position, providing conservatively maximum flow results. The results of this calculation
were used as input to the FSAR feedwater malfunction analysis discussed above. The
FSAR cases analyzed bound those evaluated in the calculation.

Main Feedwater Pumps Speed Control
The feedwater pump speed controls in CP05 utilize median signal selectors for three
feedwater header pressure (feedwater pump discharge) inputs and three main steam

header pressure inputs. Use of the MSS eliminates the potential for a transient initiated
by a single transmitter failure as on unit 1. The feedwater pump programmed DP
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setpoint is a function of the four-loop average of the loop steam flows with each loop
flow being the average of two flow measurements from the respective SG control
processor-(CP01, CP02, CP03, CP04). The average loop flow for each SG is
transmitted to CPO5 via the network. The SG 1 and SG 2 flows are also hardwired to
provide additional reliability. Failure of the steam flow inputs from two or more SGs,
including complete loss of the networked inputs, will freeze the DP setpoint at the last
good value. See Figure 3.

Redundant DCS modules provide 4-20 mA speed demand outputs for each MFP. The
signals are converted to 10-50 mA and auctioneered before being transmitted to each
MFP speed changer. Both the DCS output modules and the external signal converters
are current limited. A high failure of a pump speed demand output (such as froma
processor pair failure) would result in increased feedwater flow.

The feedwater flow values used in the maximum feedwater flow calculation (reference
14) discussed in the previous section are conservatively large values which in the
limiting case are beyond the guaranteed pump operating range and may be at the run-
out range as noted in the calculation. Thus, even if a MFP speed control processor
failure caused both MFPs to go to the maximum speed allowed by the speed changers
and approach runout, the results would still be bounded by the maximum feedwater
flow analysis of reference 14 and the FSAR feedwater malfunction analysis. In
addition, the level control systems would continue to maintain the desired SG levels by
adjusting the feedwater regulating valves.

Low failure of a pump speed demand output would result in decreased feedwater flow
and subsequent drop in SG level. This condition is bounded by the Loss of Normal
Feedwater event described in FSAR Section 15.2.8.

SG PORVs

The SG PORVs provide capability for SG pressure control and for a controlled plant
cooldown when the condenser steam dump system is not available. The controls for
each of the SG PORVs are in separate processors, CP07, CP08, CP09, and CP10, so
that only one PORV control system will be affected by a processor pair failure. Steam
dump control is assigned to CP11. Each PORV control has three steam pressure
inputs from the corresponding steam line, two of which are from isolated Eagle 21
outputs. The median of three steam pressure signals in each CP is input to the PORV
controller. See Figure 4. The unit 1 PORV controls have only one pressure input.

The SG PORVSs should be available to dump excess steam generated from a loss of
load or turbine trip event (FSAR 15.2.7 and reference 3.A section 4.1.7) if the
condenser is not available. Separation of the controls for the PORVs and the steam
dumps maximizes the availability of steam relief for a single CP failure. In addition, a
discrete high pressure output is provided from the steam pressure median signal in
each CP to open the PORV when the rate of pressure increase is greater than the
controller’s capability to control. On unit 1 this interlock is performed by a single
mechanical pressure switch. '
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Inadvertent opening of a SG relief valve is identified as an initiator in the analysis of
the Accidental Depressurization of Main Steam event in FSAR section 15.2.13 and
described in reference 3.A-section 4.1.12. With the SG PORYV controls in separate
processors, no single CP failure will result in more than one PORV opening. Safety
related controls independent of the DCS are available to close a PORV opened by a
control system failure.

The safety analyses credit the main steam safety valves for pressure relief for events
involving significant pressure increases where the PORVs may be unable to control
the pressure increase, such as a load rejection with steamline isolation, or if a PORV
fails to open. Safety-grade manual controls are available for control of the PORVs if
needed. :

Rod Control

The reactor control system controls reactor power by maintaining reactor coolant
average temperature to within + 3.5°F of the programmed temperature. The system is
designed to automatically control the reactor in the range of 15-100 percent of rated
power for the following design transients:

o 10 percent step change in load or a ramp increase or decrease of § percent/minute
without reactor trip, steam dump, or pressurizer relief actuation.

¢ 50 percent step load decrease without reactor trip (10% control rods, 40% steam
dump). .

The reactor control signal consists of an error signal used to determine rod speed and
position (direction) to maintain programmed Tavg. The two channels used to generate
the total error signal are the deviation of the primary coolant average temperature
(Tavg) from the programmed average temperature (Tref) and the mismatch between
turbine load and nuclear power. The Tavg control signal is the auctioneered highest
value of the four loop Tavg inputs from Eagle 21. The Tref signal is generated from the

'second highest of four turbine impulse pressure signals as determined by a higher

median SIgnaI selector in‘the DCS. The Tref signal should be more reliable than unit 1
where it is derived from a-single channel.

The error between Tref and Tavg constitutes the primary control signal for rod control.
The power mismatch signal improves system performance by enhancing response and
reducing transient peaks. The control system maintains Tavg within prescribed limits
during normal operation and anticipated operational transients and is capable of
restoring coolant average temperature to the programmed value following a change in
load.

Turbine load is also represented by the Tref signal. The nuclear power input to the
power mismatch circuit is derived from the auctioneered highest of the four NIS power
range signals. A second nuclear power signal, the higher median value (2nd highest),
is developed for input to the SG level control systems (section 5.1). A channel
deviation alarm will be generated if any NIS input deviates significantly from the higher
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median value and that input will not be used in the algorithm. The output will be frozen
if two or more input signalis are determined to be bad.

The Tavg, Tref and nuclear power signals derived in CP06 for use in the rod control
system are aiso used for other control functions. The auctioneered Tavg signal is sent
to CP11 for steam dump control (section 5.5) and to CP13 for pressurizer level control
(section 5.7). Tref is transmitted to CP11 for steam dump control and to CP05 for the
steam dump loss of load interlock. The higher median nuclear power signal is
transmitted independently to each of the four SG level control systems in CP01 CPO02,
CP03 and CP04 as described in section 5.1. See Figure 5.

Since control is based on the highest of the loop average temperatures, control rod
position is based upon the most limiting temperature measurement with respect to
DNB margins. A spurious low average temperature signal from any loop Tavg channel
will cause no control action, Depending on the magnitude, a spurious high average
temperature signal could cause rod insertion (safe direction) or may be removed from
the algorithm if it deviates excessively from the next highest signal. A channel
deviation alarm will be generated by the DCS if any of the Tavg inputs deviates
significantly from the auctioneered (highest) value. Operators can block any Tavg
channel from control use with the Tavg defeat switch on the main control board or via
an operator work station.

Failure of the CP06 outputs could cause rod insertion or withdrawal similar to the
analog system failures on unit 1. The control rod drive system (not part of the DCS) is
designed such that no more than two banks can be withdrawn at any time. The FSAR
section 15.2.2 analysis of an Uncontrolied Rod Cluster Control Assembly Bank
Withdrawal at Power, which assumes the simultaneous withdrawal of two banks at
maximum speed, remains bounding for unit 2 DCS failures. Rod withdrawal blocks
originate from systems external to the DCS.

Rod control and the éontrol systems with which it shares control signals (steam dump,
pressurizer level and SG level) are segregated such that failure of CP06 will not
disable more than one of these systems.

Steam Dump

The condenser steam dump system assists in mitigating a load reduction to reduce the
effects of the transient imposed on the RCS. As noted previously, the SG PORVs
provide capability for SG pressure control and for a controlled plant cooldown when
the condenser steam dump system is not available. Therefore, the steam dump
controls are assigned to CP11, while the SG PORVs are in CP07, CP08, CP09, and
CP10.

Redundant pressure inputs are provided for the steam pressure mode. The median of
three steam header pressure channels in CP05 (MFP Speed control) is provided to
CP11 by both hardwired and networked connections. One of these three pressure
channels is also hardwired as an input to CP11 so that steam dump control in the
steam pressure mode is not disabled by failure of CP05.
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Turbine impulse pressure, which is representative of turbine load, is used to generate
the programmed reference average coolant temperature (Tref) as described
previously. The Tref input to steam dump control is the higher median of four turbine
impulse pressure signals input to the rod control processor pair CP06. Tref is an input
to the load rejection controller and the load rejection bistables which trip on excessive
deviation between Tavg and Tref. The Tavg input to steam dump is the auctioneered
high Tavg signal, also developed in CP06.

The Tref and Tavg signals are transmitted from CP06 to CP11 by both hardwired and
networked connections to improve signal reliability. Due to the upper and lower range
limits applied to these signals within CP11, failure of the Tavg and Tref outputs from
CPO06 wouid be less severe than failure of the CP11 outputs and similar to failure of a
single module in.unit 1.

To prevent actuation of steam dump on small load perturbations, an independent load
rejection circuit (C-7) is provided in the DCS. This circuit senses the rate of decrease
in the turbine load as detected by the turbine impulse pressure. C-7 is an arming
interlock which will unblock the dump valves when the rate of load rejection exceeds a
preset value corresponding to a 10% step load decrease. Independence is
accomplished by providing one of the turbine impulse pressure inputs to a second
processor pair, CP05, to generate the C-7 permissive. If the turbine impulse pressure
input to C-7 came from the same processor as Tref, a low failure of one processor
could both arm the dump valves and actuate the trip outputs, opening all of the vaives.
Providing a redundant input to C-7 in a different processor prevents a failure of CP11
from causing all of the steam dump valves to open when at full load, resulting in a
rapid depressurization of the main steam system. See Figure 6.

The basis for this design is the consideration of steam dump failures in two analyzed
events: Excessive Load Increase (FSAR section 15.2.11) and Accidental
Depressurization of Main Steam (FSAR section 15.2.13). These analyses assume the
inadvertent opening of a steam dump, relief or safety valve. Maintaining functional
independence between the C-7 loss-of-load interlock and Tref as described above
ensures that the analyses remain bounding. These events are further described in
reference 3.A sections 4.1.10 and 4.1.12.

Pressurizer Pressure

The pressurizer maintains reactor coolant system pressure during operation and can
accommodate certain transients without reactor trip. The pressurizer controls are
divided into two groups, identified as Pressurizer A (PRZA) and Pressurizer B (PRZB),
which utilize separate processor pairs, CP12 and CP13. Each processor receives
inputs from two of the four pressurizer pressure channels via isolated outputs from
Eagle 21. An average of the two inputs in each CP is transmitted via the network to the
other CP pair and a median signal is developed in each processor. The median signal
in PRZA (CP12) is input to a master controller whose output is used for control of the
pressurizer spray valves and the variable and backup heaters. Figure 7 is a simplified
sketch of the principal pressurizer control features.

20



Calculation Identifierr DCSSEGMENT REV 0
Calculation Title; SEGMENTATION ANALYSIS FOR WBN UNIT 2 DCS

The spray valves controllers are assigned to different CPs to provide functional
diversity. The spray valve controller in PRZB (CP13) receives its input from the master
controller via both the network and a hardwired connection. The median signals from
both CPs are used for redundant actuation of the pressurizer power-operated relief
valves (PORVS).

The unit 1 configuration has the controllers for the spray valves and the variable heater
driven from the master controller output so that failure of or loss of power to the master
controller would result in loss of the automatic control of these functions. However the
unit 1 spray valve control stations in the main control room (MCR) are independent of
the master controller in the manual mode and are powered from a different power
source. The unit 2 DCS hand-auto stations in the MCR, however, will not function if the
CP fails. Placing one spray valve controller and associated hand-auto station in PRZB
(CP13) maintains manual control capability for at least one spray valve if one of the
pressurizer CPs fails. Both the variable and backup heaters can be operated
independently of the DCS from the MCR. Diverse spray isolation valve controls are
provided external to the DCS if needed.

The pressurizer PORVSs limit system pressure during a large power mismatch to a
value below the high pressure reactor trip setpoint for transients up to and including a
50% step load decrease with steam dump actuation. A coincident high pressure signal
from two independent channels (one from each processor) is needed for the actuation
of each PORV. The PORVSs also limit undesirable opening of the pressurizer safety
valves. Condenser steam dumps and atmospheric steam dumps are controlied by
different processor pairs than the pressurizer PORVs.

A spurious high or low control signal resulting from failure of CP12 can cause both
spray valves to open or close and heaters to turn on or off as described above. A
spurious high signal can cause decreasing pressure by turning off the heaters and
actuating spray. Failure of a single CP will not cause spurious opening of a PORV
since coincident high pressure signals are required from both processors.

A spurious low signal can cause increasing pressure by turning-on the heaters and
turning off spray. The rate of pressure rise achievable with heaters is slow, and ample
time and pressure alarms are provided to alert the operator of the need for appropriate
action. In addition, operation of either PORV can maintain pressure below the high
pressure trip setpoint for most transients. No credit is taken for the relief capability
provided by the PORVs during a pressure surge.

Cold Overpressure Mitigation System (COMS)

Two independent sets of controls are provided for mitigation of RCS overpressure
events (e.g., inadvertent ECCS actuation) during low temperature operation. Each of
two processor pairs, CP12 and CP13, receives signals from redundant channels of
wide range RCS pressure and temperature via isolated outputs from Eagle 21. Each
processor provides an output to open one PORV if necessary to prevent pressure from
exceeding allowable limits. The actuation logic is manually armed (unblocked) external
to the DCS when plant operation is at a temperature below the arming setpoint.
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Manual arming prevents a spurious PORV opening due to a processor failure
whenever the RCS temperature is above the arming temperature. In lower modes
COMS will open the PORVs. See Figure 8.

Pressurizer Level, Charging and Letdown Flow

RCS inventory is maintained by controlling charging and letdown flows to keep the
pressurizer at programmed level as a function of the average reactor coolant

~ temperature (T avg). A portion of the charging flow is provided to the reactor coolant

pump (RCP) seals.

Consistent with the unit 1 design, the unit 2 design for pressurizer level control
incorporates redundancy for letdown isolation and pressurizer heater protection. Two
processor pairs, CP12 and CP13, receive inputs from three pressurizer level channels
via isolated outputs from Eagle 21. Two channels are input to CP13; the third is input
to CP12. The third channel is then networked to CP13, where a median signal is
developed. The median signal in CP13, with the programmed level input from
auctioneered high Tavg (from CP0B), provides the setpoint to the charging flow
controller in CP13. A low level output from either CP12 or CP13 will close the letdown
isolation valves and shutoff the heaters. See Figure 9. The controllers for pressurizer
pressure and pressurizer level (via charging flow) are in different CPs, providing
additional diversity.

A spurious high or low control signal resulting from failure of CP13 can cause an
increase or decrease in charging flow and a slow change in pressurizer level. The high
pressurizer level and high pressurizer pressure reactor trips prevent liquid discharge
through the safety valves in the event of a level control failure. With redundant outputs
from two pressurizer level control CPs, a single CP failure will not prevent letdown
isolation nor result in the heaters being uncovered.

The Tavg signal (level demand) from CP06 is transmitted independently to CP13 by a
hardwired connection and also over the network. The pressurizer programmed level
setpoint is caiculated in CP13 and is limited to the range of 25-60% (the no load and
full load values). Failure of the Tavg level demand signal from CP06 would be less
severe than failure of the CP13 outputs and similar to Tavg failure on unit 1.

Charging Flow

In the AUTO mode, the charging flow controller output is limited to a minimum flow of
55 gpm to the RCP seals and the regenerative heat exchanger. The limit does not
apply in MANUAL mode. The redundant output field bus modules also have a fail-safe
feature which will maintain the output at 55 gpm minimum fiow on loss of
communication with the processor. Thermal barrier cooling provides back up for
cooling the RCP seals.

External to the DCS, the charging flow valve controls also include a high select

pneumatic relay in series with the signal to the valve positioner to prevent the valve
from closing completely due to a spurious control signal during an Appendix R fire
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event. The relay ensures a minimum flow rate of 32 gpm is maintained to the RCP
seals regardless of the status of the DCS.

Letdown

When the normal letdown path is out of service the excess letdown path can be used
to maintain RCS inventory and ensure that the ‘allowable backpressure on the RCP
pump No. 1 seals is not exceeded. Controls for the letdown and excess letdown paths
are in separate processors. The excess letdown path instrumentation is in CP12 while
the normal ietdown instrumentation is controlled from CP13.

Volume Control Tank Level

The two level channels governing the water inventory in the volume control tank are
input into separate processor pairs, CP12 and CP13. The CP12 level signal is then
networked and hardwired to CP13 where an average of the two level signals is
developed for diversion valve control and auto makeup control. A redundant high level
interlock is provided in CP12 for diverting letdown flow to the holdup tank. Independent
indications and high and low level alarms are provided from each channel/CP so that
operators are alerted to a CP failure and can take appropriate action.

Low-low level signals are provided from each CP for re-aligning charging flow suction

to the Refueling Water Storage Tank. Since valve alignment to the RWST requires a
low-low level signal from both channels, a high output failure from either CP will
prevent the switchover to RWST. Operators are alerted by redundant low level alarms
from each channel/CP with ample time for action to maintain water supply to the
charging pumps.

Failure effects of VCT level controls are similar to unit 1 except that failure of one
transmitter will not disable automatic makeup. See Figure 10.

BOP Turbine Runback

For conditions where the turbine-generator steam consumption exceeds the amount of
feedwater being delivered to the steam generators, a decrease in turbine load is
required to prevent a reactor trip due to low-low steam generator water level. The
turbine runback is discussed here not because of a need for segmentation but
because of its significance in preventing a trip. The changes which have been
implemented for unit 2 will increase reliability, eliminate single point failures, and
provide improved protection against certain failures.

One such condition is the loss of a main feedwater pump, which will initiate runback of
the turbine to below 85% and start the Standby Main Feedwater Pump. The unit can
be operated at 85% load with one MFP and the SBMFP in operation.

The load reference for the BOP turbine runback is turbine impulse pressure. On unit 1
the turbine impulse pressure input to turbine runback is derived from a single
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transmitter and associated bistables. The unit 2 turbine runback functions will be
implemented in DCS with the higher median turbine impulse pressure signal providing
the load reference and the switch functions implemented with outputs to relay logic
similar to unit 1. Implementing the unit 2 runback in the DCS provides increased
reliability and less susceptibility to single point failures.

Another condition requiring runback involves the No. 3 heater drain tank (HDT). With
all drains from the No. 3 HDT being bypassed to the condenser, the condensate and
feedwater systems can deliver only 85% guaranteed flow to the steam generators. A
turbine-generator load runback to less than 85% power will be initiated when all of the
following conditions exist concurrently: Unit load greater than 85% (as indicated by
turbine impulse pressure), No. 3 HDT pump discharge low flow, and No. 3 HDT high
level. '

As noted above the turbine load reference is provided by the higher median of four
turbine impulse pressure inputs to the DCS (CP06). The No. 3 HDT pump discharge
flow is the median of three redundant flow measurements with redundant low flow
switch outputs. The No. 3 HDT level signal is also the median of three redundant level
measurements. The No. 3 HDT flow and level signals are processed in CP08.
Implementing these features in the DCS provides a significant reliability improvement.
Having the load reference signal in a different processor than the No. 3 HDT flow and
level signals also provides a degree of protection against a false runback from a single
CP failure. '

Conclusions

Review of the design and licensing basis for WBN unit 2 identified requirements for
segmentation of control systems and functions important to safe plant operation and
ensuring the safety analyses remain bounding. The WBN unit 2 DCS design
incorporates the principal segmentation features described below.

Failure of a one control processor pair, with all outputs failing high, low or as is, will not
cause:
1. The feedwater control valves in more than one loop (SG level control) to fail open.

2. The feedwater control valves in one loop to fail open concurrent with the main
feedwater pump speed control to going to maximum speed.

3. All the condenser steam dump valves to fail open.

Both the condenser steam dump valves and atmospheric steam dump valves (SG
PORVs) to fail open.

5. More than one SG PORV to fail open.

Both pressurizer PORVs to fail open or closed, including low power operation
(COMS).

7. Both pressurizer spray valves to fail open or closed. Loss of charging flow to the

Reactor Coolant Pump seals.
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8. Loss of both reactor coolant letdown paths.
8. Complete loss of pressurizer heater control and protection.

These requirements are satisfied by segmentation of the controls into multiple
processor pairs as shown in Table 1.

Based on this evaluation, the design of the WBN unit 2 DCS does not introduce new
control system failures which could adversely impact the safety analyses as described
in the FSAR. Functional diversity and independence are provided for the critical control
systems as required by the design basis and in a manner consistent with the unit 1
design. The segmentation implemented for unit 2-eliminates the possibility of a single
processor pair failure from disabling muitiple control systems or redundant features of
these systems.
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FUNCTIONAL LOGIC SKETCHES

FIGURES 1-10
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Appendix A
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Appendix A
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» ‘ Calculation Identifier: DCSSEGMENT
APPENDIX B
SAFETY ANALYSIS REVIEW

The design basis accidents analyzed in the FSAR and WB-DC-40-70, Accident Analysis Parameter Checklist (AAPC), are listed in the following table. The
-modeling of the control systems for.each event is deéscribed in the Plant Parameter List tables (item 6 of section 4.x.x.3) of the AAPC. Each analysis has
been reviewed to verify that no new control system failures are introduced which could adversely impact the safety analyses. Typically, the control systems
are assumed to function only if their operation results in more severe accident results. This does not imply that any segmentation requirements should be
applied as a result of these assumptions. The principal aim of this review is to identify configurations wherein failure of a control processor pair could result in
plant conditions which are more limiting than those analyzed. Segmentation configurations required to address such conditions are identified as well as those
configurations which would enhance the availability of control systems/functions for transient response.

=

Frequency
16.2.1 411 Uncontrolled Rod Cluster Control

Assembly Bank Withdrawal From

Subcritical _

Pressurizer Pressure NA

Pressurizer Level NA

Steam Generator Level NA

Main Feedwater Pump Flow NA L .

Rod Control NA. Rod control malfunction is an initiator.

Steam Dump NA , . . :

Conclusion Eventis characterized by a power excursion and is terminated by high flux trips. No specific
ALLILLLALLRL ALLR AR AETHARTALHLLLLALLLALRLALLLAL R L L LARLTURLRRANL RN \?\ontr0|sy5tems segnmmmm’“m‘““&tm&mmmm
15.2.2 412 Uncontrolled Rod :Cluster Control _ :

Assembly Bank Withdrawal at
Power

Pressurizer Pressure

PORVs and sprays afe assumed to function.

Pressurizer Level

Level control is not modeled; the high pressurizer water level reactor trip is not credited in the
analysis for DNB.or overpressure protection because the'makeup and letdown functions of the
CVCS inhibit the high pressurizer water level trip from being reached during a pressurizer fill
event.

Steam Generator Level NA

Main Feedwater Pump Flow NA

Rod Control NA. Rod control malfunction is an initiator.

Steam Dump NA ' . v

Conclusion Rod control should be in different cp pair than pressurizer pressure (PORVs and spray vaives),

pressurizer level, and CVCS. PORV controls should be in different cp pairs so that a cp pair failure

B1



Calculation Identifier: DCSSEGMENT

APPENDIX B
SAFETY ANALYSIS REVIEW
EVENTANALYSIS
1523 |43 Rod Cluster Control Assembly
Misalignment
Pressurizer Pressure PORVs and sprays are assumed to function before and after reactor trip.
Pressurizer Level NA
Steam Generator Level NA
Main Feedwater Pump Flow NA
-Rod Control NA. Rod control is assumed to be operating in AUTO.
Steam Dump NA i}
s e ok eRntol should be in different cp pair than pressurizer pressure Controlt, s
15.2.4 4.1.4 | Uncontrolled Boron Dilution
Pressurizer Pressure NA
Pressurizer Level NA
Steam Generator Level NA
Main Feedwater Pump Flow NA
Rod Control NA, but two cases implicitly assumed: AUTO rod control and MANUAL rod control. in AUTO,
_ , event will cause power and temperature increase and rod control system will insert rods.
Steam Dump NA .
Conclusion Since failure of boric acid and. primary makeup water controls in IA could initiate event, they
should be in different cp than rod control. Mitigated by reactor trip or operator intervention. Event
e e e e is boung‘e‘g\py other non-LOCA f@ﬂ?{?ﬂfi - T ECe
15.2.5 415 | Partial Loss of Forced Reactor ‘
Coolant Flow
Pressurizer Pressure NA
Pressurizer Level NA
Steam Generator Level NA
Main Feedwater Pump Fiow NA
Rod Control NA. Rod control is assumed to be operating in MANUAL.
Steam Dump NA . L
Conclusion Control systems not modeled. Event terminated by reactor trip. No.segmentation requirements.
156.2.6 4.1.6 | Startup of an‘Inactive Reactor Not analyzed; N-1 RCP operation prohibited by Tech Specs.
LTI LR AAR AR AR R ALY \g:\??s!\a\rlt LOOP L I T T ITIITHIMTIT LI ITITTH I IT T AT TMTITTIIITIT I I TSI I I ITIT I T I T AT AT T T TITIT AT T TITITIIT AT IR T LSRRI LR RN LA, Y
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o Calculation identifier: DCSSEGMENT
APPENDIX B
SAFETY ANALYSIS REVIEW

" Loss ofExteaIEIectrlcaI Load

and/or Turbine Trip

__EVENT ANALYSIS

Pressurizer Pressure

Pressure control (PORVs and sprays) assumed in DNB analysis; no pressure control for over
pressure analysis. .

Pressurizer Level 1 NA
Steam Generator Level I NA
Main Feedwater Pump Flow NA

Rod Control

NA. Rod control is assumed to be operating in MANUAL.

Steam Dump Not modeled, but desirable for steam dumps to be available to mlmmlze pressure increase and
remove decay heat. .
Conclusion if condenser not available, atmospheric dump valves (SG PORVs) should be available. Rod
control, pressurizer pressure and steam dump and SG PORVs shouid be in different cp pairs. Pzr
‘ I . e PORV controls should be in different cp pairs; similar for spray valves and SG PORVs.
15.2.8 4.1.8 | Loss of Normal Feedwater

Pressurizer Pressure

Pressure control (PORVs; sprays and heaters) a'ssuméd to fuhction beforé and éffer reactor trip.

Pressurizer Level

NA. Low level heater cutout assumed.

Steam Generator Level

NA

Main Feedwater Pump Flow

NA. MFP or reg valve controls malfunction could initiate.

Rod Control

NA. Rod control is assumed to be operating in MANUAL.

Steam Dump

NA

Conclusion

Rod control and pressunzer pressure controls should be in different cp pairs. Pzr PORV controls
should be in different cp pairs; similar for spray valves. Heater shutoff controls should also be in
different cp pairs. Manual control of heaters is available outside the DCS. FW reg valves should
be in different.cp pairs, .one per loop, with MFP control in another.

ALLRALRRRNRY

\\\\\m\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

LAALLLTLUACL AR LR LR VAN Y I T T T I HILTIEITHTITIEITTITEEETTTITIIIT G T T T T TTHETEETETRTEHTITITITITIHITHE T IIELIAATTATTILITI I I TATIAS AL AR AR R WL AR LR LAY

16.2.9 Loss Of Onsite and External Addressed in 15.2.7, 15.2.8 and 15.3.4.
(Offsite) Ac Power _ 3y ;
156210 | 41.9 Excessive Heat Removal Due to

Feedwater System Malfunctions

Pressurizer Pressure

Pressure control (PORVs and sprays) assumed to function.

Pressurizer Level

NA

Steam Generator Level

Feedwater flow control malfunction, both single loop and multipie loops, is initiating event.
Assumes feedwater control valves full open in one or all loops. TVA calc used as input assumed
all 4 main reg valves wide open plus one bypass valve wide open. This analysis bounds the 1A
failure mode which is limited to a single CP failure' which could cause both main and bypass

valves in one loop to fail open while other valves continue to regulate.
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Calculation Identifier: DCSSEGMENT

APPENDIX B
SAFETY ANALYSIS REVIEW
EVENT ANALYSIS
Main Feedwater Pump Flow NA
Rod Control Both AUTO and MANUAL rod coritrol assumed.
Steam Dump NA , . o
Conclusion Controls for feedwater reg valves should be in four different cp pairs, one per loop, with feedwater

pump speed control in a fifth, to limit effects of a single cp pair failure. SG level control setpoint
program for each loop should reside in different cp pair. MFP and reg valve controls, rod control
and pressurizer pressure controls should be segregated. Pzr PORV controls should be in different
cp pairs, similar for spray vaives.

THIA LTI I LTI ATIHIH H’ - : HTI GTCTHNH ATTHHATIHITTIIITTTT TR R IITITITITEII G TI;HA TG I HITHET T ;R I I A I T T I A T T I I T I T T T I T T T T T T I I I T I T I I LT T I LTI A TLALLZIAALE L L T 1T ALA LA L A AT RO LRALATAR LA R

156.2.11 | 4.1.10 | Excessive Load Increase Incident

Pressurizer Pressure NA

Pressurizer Level NA

Steam Generator Level NA

Main Feedwater Pump Flow NA.

Rod Control NA. Both AUTO and MANUAL rod control assumed. ,

Steam Dump | NA. Steam dump control maifunction could be initiator. Analysis assumes that a single controller

malfunction does not cause steam dump because of an interlock which blocks the opening of the
valves unless a large turbine load decrease or turbine trip has occurred (the C-7 permissive

, derived from turbine impulse pressure loop 1-72)

Conclusion The C-7 loss of load permissive should be segregated from the steam dump controls so that a
single cp failure does not result in opening of all steam dump valves.

ATATITHVATILT LRARRTLARNLACRAARR VUG WU Y ATTALILLLLLRLLARARRAR VRN RRR RN

152,12 | 4.1.11 Accndental Depressurization of the

Reactor Coolant System B ,
Pressurizer Pressure Not modeled, but.event initiator is inadvertent opening of pzr relief (PORV) or safety valve, with
. safety valve being more limiting.

Pressurizer Level NA

Steam Generator Level NA

Main Feedwater Pump Flow NA

Rod Control NA. MANUAL rod control assumed.

Steam Dump NA.
A N Conclusion Pzr PORV controls should be segregated so that a single cp failure does not open both PORVs.
15.2.13 | 4.1.12 | Accidental Depressurization of the '

Main Steam System (Steamline

Break Core Response)

Pressurizer Pressure NA

Pressurizer Level NA




Calculatior_\ identifier: DCSSEGMENT

APPENDIX B
SAFETY ANALYSIS REVIEW
Main Feedwater Pump Flow NA :
Rod Control NA. MANUAL rod control assumed.
Steam Dump Not modeled, but inadvertent opening of a single steam dump valve is one initiator. Analysis does
not evaluate opening of all steam dumps.
Conclusion The C-7 loss of load permissive should be segregated from the steam dump controls so that a
15.2.14 | 4.1.13 | Inadvertent Operation of the
Emergency Core Cooling System
Pressurizer Pressure For the minimum DNBR case, pressurizer heaters are assumed not available; the opposite is
assumed for the pressurizer filling case. Sprays are assumed operable for both cases. The limiting
case for pressurizer filling assumed PORVs are isolated and not available for pressure refief. In
lower modes, cold overpressure mitigation system (COMS) provides protection by opening
PORVS.
Pressurizer Level NA
Steam Generator Level NA
Main Feedwatér Pump Flow NA
Rod Control NA. MANUAL rod control assumed.
Steam Dump NA.
onclusion e - COMS controls f'o P should be seg read i} e
15.3 4.2 Condition I - Infrequent Faults
15.3.1 421 Small Break Loss of Coolant
' Accident
Pressurizer Pressure NA
Pressurizer Level NA
Steam Generator Level NA
Main Feedwater Pump Flow NA
Rod Control NA
Steam Dump NA.
e T —
165.3.4 422 | Complete Loss of Forced (CLOF)
Reactor Coolant Flow
Pressurizer Pressure NA
Pressurizer Level NA

BS



Calculation Identifier: DCSSEGMENT

APPENDIX B
SAFETY ANALYSIS REVIEW

Main Feedwater Pump Flow NA ,

Rod Control NA. MANUAL rod control assumed.

Steam Dump | NA. : _

I Conclusion No segmentation reguirements. _

15.3.6 423 | Single Rod Cluster Control

Assembly Withdrawal at Full

Power '

Pressurizer Pressure NA

Pressurizer Level NA

Steam Generator Level _ NA

Main Feedwater Pump Flow NA

Rod Control ’ NA. Rod control malfunction is an initiator.

Steam Dump NA.

Conclusion _ o No segmentation requirements CCCECCCEE e e e e e
15.4 43 Condition IV - Limiting Faults
15.4.1 4.3.1 Large Break Loss of Coolant

Accident

Pressurizer Pressure NA

Pressurizer Level NA

Steam Generator Level NA

Main Feedwater Pump Flow NA

Rod Control NA.

Steam Dump NA.
16421 {432 | Major Rupture of a Main Steam

System Pipe (Steamline Break

Core Response)

Pressurizer Pressure NA

Pressurizer Level , - NA

Steam Generator Level NA

Main Feedwater Pump Flow NA .

Rod Control 1 NA. MANUAL rod control assumed.

Steam Dump NA.
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Calculation ldentifier: DCSSEGMENT

APPENDIX B
SAFETY ANALYSIS REVIEW
15422 | 43.3 | Major Rupture of a Main
- Feedwater Pipe _ . .
Pressurizer Pressure Pressurizer PORVs are assumed-to function.
Pressurizer Level NA
- Steam Generator Level NA
Main Feedwater Pump Flow NA :
"Rod Control NA. MANUAL rod control assumed.
" Steam Dump NA.
S Conclusion No segmentation requirements.
15.4.3 4.3.4 | Steam Generator Tube Rupture
Pressurizer Pressure NA
Pressurizer Level NA
Steam Generator Level NA
Main Feedwater Pump Flow NA
Rod Control NA.
Steam Dump NA. ,
I R Conclusion No sggmentation reguirements.
15.4.4 -4.3.5 | Single Reactor Coolant Pump
L.ocked Rotor.
Pressurizer Pressure NA
Pressurizer Level NA
Steam Generator Level NA
Main Feedwater Pump Flow NA o
Rod Control NA. MANUAL rod control assumed.
Steam Dump NA.
Conclusion No segmentation requirements.
15646 4.3.6 | Rupture of a Control Rod Drive
.| Mechanism Housing (Rod Cluster
Control Assembly Ejection)
Pressurizer Pressure NA
Pressurizer Level _ NA
Steam Generator Level NA
‘Main Feedwater Pump Flow NA
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Calculation ldentifier: DCSSEGMENT

APPENDIX B
SAFETY ANALYSIS REVIEW
EVENT ANALYSIS
Rod Control NA.
Steam Dump NA. )
Conclusion i No segmentation requirements.

NA - Not modeled or not applicable to analysis.
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Design Verification Report
WBN Unit 2 Calculation No. DCSSEGMENT

Design Verified (System, Structure, Component): Method(s)
Interdisciplinary Review
System 098, non-safety related NSSS and BOP digital Off-Project Design Review
control system ‘ ' ' 1 X' { Individual Critical Review
Alternate Calculation
Qualification Testing

Document(s) Reviewed: DCSSEGMENT, Rev. 0, Segmentation Analysis for WBN Unit 2 DCS

Summary of Review (attach additional sheets if needed):

A design verification has been performed by the design review method in accordance with 25402-3DP-G04G-00027,
Rev. 3.

Conclusions (attach additional sheets if needed)

Technical adequacy of this calculation was verified by determining that the methodology was adequate to ensure
compliance with regulatory and design basis requirements, design inputs were appropriately addressed, and results
and conclusions are valid.

Signature of Verifier Organization ‘Position ‘ Report Prepared by
J. T. Kepler WBN2 Engineering | & C Engineer Name J.T. Kepler
?—'70
7_/ 29J0

Signature U
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Date
7 / 29 / |0

Refer to the electronic documents in TVA Business Support Library (BSL) for current revision.
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Attachment 1

Design Verification Checklist
(excerpted from ANSI N.45.2.11 [1974 Edition]

Name and Document Number (See Section 2.3.9.)

Yes No N/A

Design Verification Element
Note: Any items checked “No” automatically imply the design is not
verified.

Remarks *

Is the person performing the design verification qualified to originate
the document?

Is the design verification being performed by someone other than
the supervisor of the originator?  If the supervisor of the originator
is performing design verification, mark the answer “N/A” and provide
justification in the document (see section 2.3.7 for requirements).

Do the collective results of the design inpuit/output substantiate the
concept and approach chosen to ensure the design activity provides
an adequate, accurate, and‘workable solution to the
problem/question being resolved?

Were the design inputs correctly selected and incorporated into
design?

Are assumptions necessary to perform the design activity
adequately described and reasonable? Where necessary, are

-assumptions identified for subsequent re-verifications when the

detailed design activities are completed?

Are the appropriate quality and quality assurance requirements

‘specified?

Are the applicable codes, standards and regulatory requirements
including issue and addenda properly identified, and their
requirements for design met?

Have applicable construction and operating experiences beéen
considered?

Have the design interface requirements been satisfied?

Were appropriate design methods and computer programs used?

is the design output reasonable compared to design inputs?

Are the specified parts, equipment, and processes suitable for the
required appiication? Are all applicable construction specifications
referenced on the drawing(s)?

Are the specified materials compatible with each other and the
design environmental conditions to which the material will be
exposed?

Have adequate maintenance features and requirements been
specified?

| Are accessibility and other design provisions adequate for initial

installation and for performing needed maintenance and repair?

Have adequate accessibility been provided to perform the in-service
inspection expected to be required during the plant life?

Has the design proper_iy considered radiation exposure to the public
and plant personnel (e.g., ALARA)?

Are the acceptance criteria incorporated in the design documents
sufficient to allow verification that design requirements have been
satisfactorily accomplished?

Refer to the electronic documents in TVA Business Support Library (BSL) for current revision.

25402-3DP-G04G-00027 EFFECTIVE DATE: 12-23-09

Page 2 of 3




Attachment |

Design Verification Checklist
(excerpted from ANSI N.45.2.11 [1974 Edition]
Name and Document Number (See Section 2.3.9.)

Design Verification Element
Note: Any items checked “No” automatically imply the design is not
Yes No N/A ‘ : verified. - Remarks *
X Have adequate pre-operational and subsequent periodic test

requirements been appropriately specified?

X Have adequate handling, stbrage. cleaning, and shipping
requirements been specified?

X Are adequate identification requirements specified?

X Are requirements for record preparation review, acceptance,
. retention, etc., adequately specified?

X Has constructability been adequately considered?

* It is encouraged that the verifier provide a brief explanation of the considerations utilized in performing the design
verification activity in the “Remarks” column

Refer to the electronic documents in TVA Business Support Library (BSL) for current revision.
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