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Docket No. 50-605

APPLICANT: General Electric Company (GE)
PROJECT: Advanced Boiling Water Reactor (ABWR)
SUBJECT: SUMMARY OF MEETING HELD ON NOVEMBER 20 AND 21, 1991

On November 20 and 21, 1991, members of the Nuclear Regulatory Commission
(NRC) staff met with General Electric Company (GE) repre.entatives at GE's
offices in San Jose, California. The purpose of the meeting was to discuss
open items from the staff’'s review of tne Advanced Boiling Water Reactor
(ABWR) Standard Safety Analisis Report (SSAR). Enclosure 1 is a list of the
attendees, Enclosure 2 is the meeting agenda, and Enclosure 3 was used as a
handout during the discussions,

The following 1s a 1ist of the discussion topics and actions assigned as a
result of the meeting:

Mmu#ummmmyn&- GE will submit to the staff
their formal response to this issue by December 6, 1991.

(2) Control Red Design - GE indicated that they would have difficulty
providing a representative control rod design for the ABWR. GE will
coordinate with the staff to schedule a follow-up meeting at NRC

heac -arters to discuss this issue.

1%*_5L&§_§11131 - GE will submit to the staff an amendment to the ABWR
SSAR which indicates that the SLCS design incorporates automatic
initiation.

11%_311; ~ GE stated that the
information in SSAR Section 5.4.6.]1 which indicates that the RCIC is
designed to accommodate a loss of AC er for 30 minutes, will be
corrected to indicate 8 hours. GE will also provide information to
demonstrate that 8 hours is acceptable.

(5) Residual Heat Removal (RHR) System - GE indicated that they would
revise SSAR Section 5.4.7.1.3 to adequately address RSB 5-1 of SRP 5.4.7
regarding the design of relief valves in discharge piping. GE discussed
the design features of the RHR system 1nc1udigg & methodology to address
the Intersystem Loss Of Coolant Accident (ISLOCA) concerns described in
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discussions led to a re.ised staff position that GE should provide
additiona) information and justification in the SSAR for the credit

being sought for non-safety systems.

1121.5&?_3lnsk.ﬂnnl&nx.*Bﬁﬁl_%lnnni&hm - GE discussed this issue using
the enclosed handout. The information appeared to provide a detailed

explanation of terms and methodology for the RBM algorithm. The staff
requested that GE formally submit this information for staff review.

un_ﬂn.}mmf_mml_mn;mmm - GE stated that it would
provide information to the staff which indicates that this event is

bounded by the "fast-closure” of turbine control valve event.

(14) ARI. RPT and SLCS Design - GE indicated that to mitigate the
effects of an anticipated transient without scram (ATWS), the reactor
internal pump logic would be modified to cause the pumps to run-back
upon receipt of an ATWS signal. The staff reiterated that it requires
GE to submit its ATWS analysis (SSAR Chapter 15() to complete its
review. In addition, the staff noted that it requires GE to submit its
response to instrumentation and contrels (SSAR Chapter 7) open issues to
comgletc ils integrated assessment of ARI, RPT and SLCS which will be
included in FSER Section 15.8.

(15) Shutdown Risk (SDR) - GE expressed concern that the scope of
information required by the staff to address SOR for the ABWR was
inconsistent. GE reviewed the design features selected to reduce the
risk to the ABWR design during shutdown and presented the areas it
planned to incorporate into the ABWR SDR assessment. The staff ques-
tioned whether GE's approach would produce a comprehensive identifica-
tion of shutdown vulnerabilities. The staff also informed GE that the
Grand Gulf SDR assessment would not be sufficiently complete to be
useful in GE's assessment of risk for the ABWR.

un_cﬂmmﬁnu_mmﬂnnmmmum - This issue deals with
the number of RHR heat exchangers necessary to remove containment heat

loads in the event of an ATWS without boron injection. GE stated that
an ATWS event with no boron injection is a seriously degraded and beyond
design basis event, GE indicated that it is extremely unlikely that
containment design pressure level would be reached since the time
required to reach the containment design pressure limit is sufficient
for alternate insertion of boron. GE also indicated that it would
formally submit a response to the staff for review.

{17) Loss-of-Coolant Accident (LOCA) ‘n Reactor Water Cleanup (RWCU)
System - GE stated that a 2-inch RWCU Sy<tem line break is bounding.
This 1s based upon the diameter of the oqeninq in the reactor-vessel
lower head connected to the RWCU system linc, GE indicated that a break
of this line is considered in the LOCA analy.is and that a response to
the staff’s concerns will be formally submittiod for review.
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*1;1_Aggjngn1_ugnjg¥|gnx - The staff outlined the information required
rom GE to adequately address this issue as part of severe accident clo-
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sure for the ABWR. There was general agreement on the scope and purpose
of information needed to address the concerns described in SECY-89-012.
The staff and GE also agreed to included this issue as an agenda item
for the next NRC/GE management meeting.
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Enclosure 2

CGE Meeting with NRC Reactor Systems Branch

ABWR Open Items

San Jose

8:30 AM - 5:00 PM

Building J, Room 1010

Questions GE Representetive Duration
Wednesday, November 20
(6) ADS timer FM Paradiso 8:30-9:30
M ADS System
(17) LOCA in RWCU System
(18)  Accident management PD Knecht 9:30-10:30
+F Quirk
Break
(18) Emergency Procedure Guidelines CK Tang 10:45-11:30
CE Buchholz
(18)  Capability of RCIC/RHR System to mitigate CE Buchholz 11:30-12:00
ATWS
Lunch - GE Ca eteria
(8) REDYA and ODYNA codes RW Schrum 1:00-1:45
P'. Huang
(4) RCIC System EV Nazareno 1:45-2:30
Break
(11)  Credit for Non-Safety Grade Equipment CD Sawyer 2:45-3:30
Topics from Thursday as needed RL Huang 3:30-5:00
Thursday, November 21
(2) Control Rod Design JS Charnley 8:30-9:00
() RHR System WE Taft 9:00-9:30
Break
(16)  Shutdown Risk Vishu Visweswaran 9:45-10:30
(1) Thermal Hydraulic Stability RL Huang 10:30-12:00
(3 SLCS System
Lunch - GE Cafeteria
(9) Loss of FW Heater Transient RL Huang +1:00 - 2:30
(10)  Limiting Fault Events
Break
{12!  Rod Block Monitor Algorithm RL Huang / FC Chao 2:45 - 3:30
(13)  Slow Turbine Control Valve Closure Event RL Huang 3:30 - 5:00
(14)  ARI, RPT and SLCS Design

Rev. 1



NRC Reactor Systems Branch - ABWR Open Items

GE Responsibility

Topic

AL Huang (1) Thermal Hydraulic Stability Question

JS Charnley

RL Huang

EV Nazareno

We have had no response as yet on the staff question on thermal-
hydraulic stability, in which we asked for a review of the ABWR
instability protection system in light of the improved understanding of
the problem area developed over the past several years by GE and the
BWROG, and the developments in "'ong term solution” methods and
methodologies. An initial attempt at a telephone discussion wis
cancelled several months ago and no interaction or response (o the
question has since been indicated.

(2) Control Rod Design

There has been an open item in the staff review of the ABWR control
rod design. GE has proposed a set of design criteria (presented in SSAR
Appendix 4C) for the ABWR control rod similar to those proposed (for
GESTAR 11) for current BWRs. These criteria are similar in nature to
those approved (and accepted for GESTAR 1) by the staff 1or new fuel
designs for current reactors (with a parallel set approved for the ABWR).
However, the staff has not reviewed the control rod criteria for curreat
BWRs and there is, therefore, currently no basis for review of a similar
set for the ABWR. This situation is not likely to change in the near
future since the staff currently believes the design criteria path is not
suitable for control rod review. We have heard nothing from GE on this
subject, and GE may not be aware of the likely permanent nature of the
criteria rejection. We believe they should remove it from the SSAR and
replace it by referencing a representative design similar to one
currently accepted for current BWRs (suitably modified for the ABWR,
e.g., no velocity limiter).

(3) SLCS System

The SSAR indicates that SLCS is started manually rather rian
automatically as required by ATWS Rule 10 CFR 50.62 for new plants.
GE has informally indicated that the SLCS design will be modified for
automatic SLCS initiation. GE needs to docket this design change in a
supplement to the SSAR (4.6,9.8.5).

(4) RCIC System

In SSAR Section 5.4.6.1 design basis, it is stated that RCIC is designed for
loss of AC power of 30 minutes only. This stat:ment should be revised Lo
address the staff position that the RCIC System must perform its function
without the availability of any AC power for a reasonable time (5.4.6).

Rav. 1
Page 10f 5



NRC Reactor Systems Branch - ABWR Open Items
GE Responsibility Topic

WE Taft (5) RHR System

GE response to the swff questions sent on September 6, 1991 is required.
RHR system design should be assessed relative to the Generic Issue 105
“Interface LOCA", compliance with SECY 90016, The RHR relief
systein cesign should be assessed relatve to RSB 5-1 position.

FM Paradiso (6) ADS timer

The staff requires that GE justify the adequacy of the 29 second tume
seting with regard to human factors (6.3). The ADS tumer is set at 29
seconds rather than 120 seconds for current operating BWRs. 29

seconds is a very short time for operator intervention to prevent ADS.

FM Paradisc (7) ADS System

GE should demonstrate that high drywell pressure will be present for all
situations requiring ADS or provide modifications to ADS required by
TMI action item ILK.8.18 (6.3).

RW Schrum (8) REDYA and ODYNA codes

RL Huang
These transient analvsis codes ar» under staff review. NRC, with

support from BNL, will audit GE's changes to these codes for modeling
ABWR transients (15).

RL Huang (9)Loss of FW Heater Transient

For this transient, GE assumed 100°F (55.6°C) drop in feedwater
temperature. However, a drop of 150°F has occurred at a domesuc
Boiling Water Reactor. The staff requires that GE analyze the transient
for 150°F drop of feedwater temperature, or provide justification on their
choice of limiting temperature drop (15).

RL Huang {10) Limiting Fault Events

GE analyzed the following as limiting fault events rather than moderate
frequency events, as specified in the SRP: Inadvertent RHR Shutdown
Cooling Operation; Failure 1o RHR Shutdown Cooling; and Pressure
Regulatory Downscale failure and trip of all reactor internal pumps.
This is a significant deviation from SRP guidance. The staff requires that
GE provide a detailed justification o support the frequency atributed to
these events (15).

Rev. 1
Page 2of §

T R e T A N R AW i AR i



NRC Reactor Systems Branch - ABWR Open Items

GE Responsibility Topic

e W TS TTEN IR S TR T L A L WA T S T I S LR SR DAY LT DO L TS RSN U SRS 1 LS L UG IS SRS LIS 1

CD Sawyer (11) Credit for Non-Safety Grada Equipment

RL Huang
FC Chao

RL Huang 3) Slow Turbine Control Valve Closure Event
*

A

RL Huang { )

WS R

Vishu {15) Shutdown Risk
Visweswaran




NRC Reactor Systems Branch - ABWR Open Items
GE Responsibility Topic

E.(' ;uehhs {16) Ep&billtv a iEiEfiui Systems to mitigate Aﬁ!

During the GFE presentation to the staff on ABWR PRA on August 6,
1991, GE referred 1o an INEL analysis which showed that RCIC was
capable of prevenung core damage. INEL performed the analysis of a
high pressure ATWS with very low makeup flow 1o support GE's PRA
assessmeat of the ABWR during degraded conditions. (Ref. DOE/ID
10211, October 1988.) The conclusion of the analysis was that based upon
& constant vessel superheat of 175 K the equivalent of 345 heat
exchangers are necessary (o keep the »eak containment pressure below
the design pressure. Confirm that the threc heat exchangers as

presently designed having sufficient heat removal capacity to mitigate
ATWS.

FM Paradiso (17) LOCA in RWCU System

During the ACRS subcommittee meeting on September 18, 1991, Dr,
Michelson requested the staff to confirm that the Reactor Water Clean-up
System suction line trom the reactor bottom is covered in the LOCA
analysis. The reactor water clean-up system suction line (from the
reactor bottom) pipe size is about $1/2 inches and not 2 inches as
originally designed. Confirm that the cleanup pipe break is considered
in the LOCA analysis. Which break size considered in the LOCA
analysis bounds the cleanup pipe break?

CK Tang {18) Emergency Procedure Guidelines
CE Buchholz

(Conference call to Containment Systems Branch). Requirements for
shutdown EPGs. Chapter 18A EPGs.

PD Knecht (19) Accident management
JF Quirk Defined in SECY89-012, involves actions taken by plant staff o
() prevent core damage,

(@ ‘terminate progress of core damage and retain the core within
the vessel,

(3) maintain containment integrity, and
(49 minimize offsite release.

A comprehensive accident management plan is an important element
for severe accident closure on the ABWR design. The staff would expect
to review a detailed accident management plan as part of the first COL
review for an ABWR application. Prior to completion of ouy design
review, please provide GE's planned approach and strategy for assuring
tnat each of the five elements of accident management defined in
SECY-89-012 will be appropriately addressed by the vendor/licensee
Identify the respective responsibilities of GE and of the licensee for
addressing each of the elements and projected schedules, and any
methods and/or guidance that are expected to be used in this process

Rev. 1
Page 4 of &



NRC Reactor Systems Branch - ABWR Open items
Topie

GE Responsibility

(e g, the "Process for Evaluating Accident Management Capabilities”
developed by NUMARC, the "Severe Accident Management Guidance
Technical Basis Report” developed by EPRI, or the accident
manegement guidelines now under development by each of the reactor
vendors as part of the industry Accident Management Program).

Rev. 1
Page 5 of b



Enclosure 3

ATWS without Boron Injection

\

issue: INEL Report DOEID10211 interpreted ss showing that 3.45
hest axchangers are necessary 10 remove heat from the
containment during an ATWS event with no boron injection.

INEL snalysis indicates that:

. 3.45 heat #xe ® #re needed 1o meintain containment
pressure below design ikt

. 3 heat exchangers limita containment pressure 10 72 peig.

. With 3 heat exchang~'s containment pressure wiil not
exceed design 1or airnost § hou's.

N

ATWS Without Boron Injection (continued)

o
™

S

GE poshicn:

. This event is & serious! raded svent - well beyond the
design basis =

. Success criteris for the PRA use reslistic limits rether than
licensing or design basis limhs

. Peak pressure predicled u three hest exchangers ls
below servics i1C -

. Further, time unti! design levei s resched e adequate for

the aiternate insertion of boron, so it is extremely uniikaly
that even the design limit will be reached

Three w“n‘ucm ] M?
sdequate removal capacity to
mitigate ATWS —
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ABWR SHUTDOWN RISK
PRESENTED TO NRC
OCTOBER 9, 1991

S. VISWESWARAN
GENERAL ELSCTRIC NUCLEAR ENERGY
SAN JOSE, CALIFORNIA



ABWR SHUTDOWN RISK

NRC ISSUES

1. DESIGN FEATURES WHICH MINIMIZE RISK

2. DETAILED SHUTDOWN RISK ASSESSMENT




ABWR SHUTDOWN RISK

DESIGN FEATURES

1. ISSJE:

A) DESIGN MODIFICATIONS SELECTED TO
REDUCE SHUTDOWN RISK

B) INSTRUMENTATION TO MONITOR REACTOR
DURING SHUTDOWN EVENTS

GE RESPONSE:

MANY FEATURES PROVIDED IN ABWR DESIGN.
EXAMPLES ARE THIRD DIESEL GENERATOR,
COMBUSTIBLE GAS TURBINE GENERATOR,
ELIMINATION OF EXTERNAL RECIRCULATION
PIPING AND INCREASED PRESSURE VESSEL
ISOLATION CAPABILITY ON LOW WATER LEVEL.
ROLE OF DESIGN FEATURES IN MITIGATING
SHUTDOWN RISK WILL BE DESCRIBED IN SSAR.



ABWR SHUTDOWN RISK

DESIGN FEATURES (conTInuED)

2. ISSUE:

A) TECHNICAL SPECIFICATIONS FOR SHUTDOWN
CONDITIONS

B) EPGs FOR SHUTDOWN CONDITIONS

GE RESPONSE:

ABWR TECHNICAL SPECIFICATIONS FOLLOW BWROG
iIMPROVED TECHNICAL SPECIFICATION
RECOMMENDATIONS. HOWEVER, THIRD DIVISION OF
ECCS PROVIDES MORE FLEXIBILITY COMPARED TO
CURRENT PLANTS AND ENSURES ADDITIONAL SAFETY.

CURRENT EPGs DO NOT APPLY TO SHUTDOWN
CONDITIONS. UTILITIES REFERENCING ABWR SSAR
WILL ADOPT NUMARC GUIDELINES WHICH ARE
CURRENTLY UNDER DEVELOPMENT. GE WILL ASSIST
UTILITIES IN ADOPTING THESE GUIDELINES.



ABWR SHUTDOWN RISK

DESIGN FEATURES (conTINUEDR)
3. ISSUE:

A)

B)

0

D)

E)

F)

G)

RAPID ISOLATION CAPABILITY WHEN FUEL
IN-VESSEL

REDUCED LIKELIHOOD AND CONSEQUENCE OF
LOSS OF AC POWER DURING SHUTDOWN

CONSIDERATION OF DEMANDS CN EQUIPMENT
DURING SHUTDOWN CONDITION

DECAY HEAT REMOVAL CAPABILITY DURING
VARIOUS MODES OF OPERATION

MINIMAL ISOLATION NEEDED FOR OUTAGE
AND MAINTENANCE ACTIVITIES

PROTECTION AGAINST "FREEZE SEAL"
FAILURE

REDUCED LIKELIHOOD OF DROPPING HEAVY
LOADS ON DRYWELL HEAD

GE RESPONSE:
AVAILABLE FEATURES WILL BE DESCRIBED IN SSAR



ABWR SHUTDOWN RISK

DESIGN FEATURES (conNTINUED)

4. ISSUE:

SPECIFIC ANALYSES TO DEVELOP BASES FOR SHUTDOWN
PROCEDURES, INSTRUMENT INSTALLATION AND
RESPONSE, EQUIPMENT/NSSS INTERACTION AND
RESPONSE, AND LCO FOR TECHNICAL SPECIFICATIONS
RELATIVE TO SHUTDOWN

GE RESPONSE:

MOST SHUTDOWN SITUATIONS ARE BOUNDED BY
SITUATIONS AT POWER. SPECIFIC ANALYSES
PERFORMED ONLY WHEN UNIQUE CONDITIONS MAY EXIST
DURING SHUTDOWN CONDITIONS



ABWR SHUTDOWN R1SK

SHUTDOWN RISK ASSESSMENT

ISSUE:

DETAILED SHUTDOWN RISK ASSESSMENT TO INCLUDE:
LOCAs

LOSS OF SUPPORT SYSTEMS

- OVERPRESSURE EVENTS

- TECHNICAL SPECIFICATIONS

- FIRE/FLOOD EVENTS

- ETC.



ABWR SHUTDOWN RISK

SHUTDOWN RISK ASSESSMENT (continuep)

GE RESPONSE:

0

FOCUS ON IMPROVED DESIGN FEATURES

CATALOG ALL SIGNIFICANT SHUTDOWN EVENTS IN
OPERATING PLANTS AND DEMONSTRATE FEATURLS
T0 PREVENT OR MITIGATE SUCH EVENTS.

USE GRAND GULF SHUTDOWN PRA TO IDENTIFY
DOMINANT SEQUENCES AND IDENVIFY ABWR
DESIGN FEATURES THAT PREVENT OR MITIGATE
SUCH SEQUENCES

IMPROVE DESIGN WHERE NEEDED

NO NEED FOR SHUTDOWN PRA



(9) Loss of FW Heating Transient

For ABWR design, the following design requirement is specified for the
FW heating system design :

“No single operator error or equipment failure shall cause loss of more
than 55 oC (100 oF) feedwater heating "

The reference steam and power conversion system shown in Figures 10.1-1 to
10.1-3 meets thie requirement. In fact, the FW temperature drop based on the
reference heat balance shown in Figure 10.1-2 is as follows:

- isolation of one low pessure heater < |50F
- isolation of one high pressure heater < 28 OF
- isolation of c.ae low pressure heater string < 53 OF

« isolation of one high pressure heater string < 53 OF

Therefore, the use of 100 OF temperature drop in the transient analysis is
conservative,

A drop of 150 °F occurred at a domestic BWR was a unique condition for
that particular plant & sign. That unique condition will not occur in the ABWR
design.
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(36} GE Nuclear Energy —

26A1652 36
N ¢

4.13.9 The automatic flow contrsl range shall be fros 70% to 100% rated pover
(1003 rod line).

4.13.10 The minimum RIP speed shall be greater than or equal to 450 RPN

.16 Coxe Flow Measurement Reguirements

4.14.1 Core flov measurement shall be provided to deliver inputs for seram trip
a5 shown In Flgurey | o d 1.

4.16.2 The required messurement sccuracy shall be within the requirements
specified in Section 2.1.2.¢. .

4.14.3 The design basis maxioun sensor response time shall be less than or equal
to 0.25 second. (Analyzis econdition for E/FA « 1.0 second)

6.15 Feedvater Reguirsments

4.15.1 Trip of main feedwater pumps shall be initiated upon the conaition of
high vessel water level (Level B). This function may be desigrned as a non-safety
related trip, However, the design of this trip function shall be highly
reliable.

4.15.2 The trip signal shall be the sanme signal to be supplied for the high
vessel vater level turbine trip (see Section &.10).

6.15.3 The maximum feedvater runout capacity with a dome pressure of 74.9
Kg/em'g (1065 paig) shall be less than or equal te 130 percent of rated. The
change of slov belov the pressure specified above shall be less than 2. 8%
flow/Kg/em™ (0.2% flow/psi). E/P analysis may take credit of the saximun flow
limit (110%) {mposed by the feedwater control system.

4.15.4 Folloving a trip of one main feedvater pump, the sinimusm feedvater
available %o the vessel shall be greater than or equal to 75% of rated.

4.15.5 A six-heater feedvater heating system shall be designed to provide at
least 215.5°C (420°F) feedvater at the rated condition,

: |

4.15.6 No single cporater error or equipment failure shall cause loss of more

than 55°C (100'F) feedwater heating.
\_~ e T, g i R L

4.15.7 The lo (standad deviation) uncertainty for the fesdvater flov
Beasurement system shill be luoss than or equal to 1.76% of ratet feedwster flow.

.16 Auxiliary Water Makeup Requirements

4.16.1 The Reactor Core Isolation Cooling (RCIC) system shall be Initiated upon
the condition of low vessel vater level (Level 2).

J
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For BrancH TecHNICAL PosiTion RSB 5-1 or SRP 5.4.7;

SSAR section 5.4.7.1.3 WAS REVISED:

RELIEF VALVES IN THY DISCHARGE PIPING ARE SIZED
TO ACCOUNT FOR LEAKAGE PAST THE CHECK VALVE AND
ARE_CODED IN ACCORDANCE WITH THE ASME BOILER AND
Pressure Vessel Cope, Sectron III,
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IntersysTem LOCA

SECY-90-016 SATISFIED:

D
2)

3)

ISOLATION VALVE LEAK TESTING CAPABILITY

ISOLATION VALVE POSITION INDICATION
AVAILABLE IN THE CONTROL ROOM

HIGH PRESSURE ALARMS FOR LOW PRESSURE
REGIONS

FURTHERMORE

1)

2)

PROVIDE PIPING TO WITHSTAND THE ULTIMATE
RUPTURE STRENGTH (URS) OF THE FULL REACTOR
PRESSURE., (1025 psiG)

ASSUME AT LEAST ONE VALVE REMAINS CLOSED IN
A PATH TO THE LOW PRESSURE CONTAINMENT,
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RHR SysTem
where :
NC-3640 ESSURE IGN OF PIPING ™ minimum required wall thickness, in. If pipe
r:ooum - it ordered by its nominal wall thickness, the
NC-3641  Straight Pipe P internal Design Pressure, psi
-~ i in. F i .
NC-3641.1 Straight Pipe Under Internal Pressure. Bt amnd e lad o d o

The mimimum thickness of pipe wall required for De-
sign Pressurer and for temperatures not exceeding
those for the vanous matenals listed in Tables 1.7.0,
including allc ¥ances for mechanical strength. shall not
be less than hat determined by Eq. (3) as follows:

PIPES D, y= a coeflicient having a value of 0.4, except that,
LT E it for pipe with & D, /1, ratio less than 6, the
value of y shall be taken as

§= maximum cUowable stress for the material at
the Design ) *mperature, psi (Tables 1.7.0)

A= an additional &, ickness 10 provide for matenal
removed in thieading, corrosion or erosion
allowance, and .natena) required for strue.

y& T"'b': (6)
o, = general membrane stress, psi. This stress is
NCEN V“:‘L P03 BRCTION I equal to the average stress across the solid
TABLE NC-3321.1 section under consideration. It excludes dis-
. 1 conunuities and concentrations and is pro-
STRESS LIMITS {::J::’,?“ N0 Sravict duced only by pressure and other mechanical
Service Limit Stress Limis (Note (2)) i
Phoan 00 Lol 4 i 2 :' : :: : S= allowable stress value given in Tables 1.7.0,
$ICNEL . psi. The allowable stress shall correspond 1o
the highest metal temperature at the section
under consideration during the loading under
consideration.
NC-3416 NC.3000 « DESIGN NC.3423
Pumes
TABLE NC-3416-1
STRESS AND PRESSURE LIMITS FOR DESIGN AND SERVICE LOADINGS
Service Stress Limits P
Limit (Note (1)) [Note (2))
Level A v, 58 1.0
lo o o) » o, 5 185
NC.3530 1989 SECTION IT1, DIVISION | — NC NC.3831.4
VALVES TABLE NC-3521.1
LEVEL A B, C, AND D SERVICE LIMITS
Service Stress Limits e
Limit [Notes (1)-(4)) [Note (5))
Level A v.55 1.0

e or @) 4 0, g 155
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n .
2(S+Py)

tm = (Design Pressure) (Do) + A = (High Pressure) (Do) + A

2(A11owable Stress) 2(Ultimate Stress)

High Pressure = (Ultimate Stress)(Design Pressure)
(Allowable Stress)

800 psig = 60K (200 psig)
15K

OR

Design Pressure = (Allowable Stress)(High Pressure)
(Ul1timate Stress)

256 psig = 15K (1025 psig)
60K

Round up; Consider 300 psig minimum design pressure
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SINGLE TURBINE CONTROL VALVE CLOSURE EVENT

GE Nuclear Energy has recently evaluated the safety significance of a single
Turbine Control Valve (TCV) slow closure : evaluation showed that
under certain conditions a slow closure of a TCV could cause the Miaimum
Critical Power Ratio (MCPR) to approach the safety limit The purpose of
this SIL is to discuss this postulated event

Riscussion
Postulated failures in the turbine and pressure control systems may cause a
gingle TCV to close without initiating the turbine-generator trip scram logic
In such an event, the high neutron flux, high Simulated Thermal Power
(STP) available on some plants and high pressure scram are avallable for
plant protection.

A single TCV closure causes an increase in reacior pressure with a corre-
sponding increase in neutron flux. A high neutron flux scram provides
quick protection with no significant change in Critical Power Ratio (CPR) for
most postulated fallures. However, if the postulated faulure, and subsequent
valve closure. occurs slowly, pressure and neutron flux increases could be
such that the flux increase would not reach the high flux scram or STP
scram setpoints. In this case the high reactor pressure scram would provide
the remaining protection. During such a slow closure event, the remaining
TCVs and bypass valves open in response 1o the turbine pressure control
system to compensate for the steam flow reduction that results from the
single TCV closure. TCVs arnd bypass valves open until limited by the
control system limiters. A simplified diagram of a typical pressure contr
system is shown in Figure 1.

If single TCV closure occurs at a power level beiow aboul 85% of rated
power, the turbine and bypass flow adequately handle the steam flow with rno
significant disturbance. However, when operating at or near full power, the

GENERAL & ELECTRIC

O WABBANTY OF REPRESENT ATV ON g ot et D 18 MADE Wi T BE AT ok A ALY WA FTENE L O GEF nt 5 WIS N OO MA ’
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remaining turbine and bypass flow may not be large enough to accept all of
\he steam from the reactor. If this occurs, the thermal power may reach a
level at which & significant change in CPR could occur. However, this will
result in & high reactor pressure scram. Normally, periodic TCV
surveillance tesis are conducted at reduced power and are not a concern if
the tests are conducted according to plant procedures. If tests are
conducled near full rated power, & similar, but less severe response would
be expected.

The single TCV closure event has not been analyzed specifically for
operating BWRs in the FSAR or reload licensing analyses because this event
has been assumed to be bounded by the other events which establish the
MCPR operating lmit,

GE has performed & bounding analysis of this postulated event. The
analysis was based on full power, a typical GE Mark 1] turbine electro-
hydraulic control system, a limiter value of 100% of nuclear boller rated
(NBR) steam flow for the turbine flow reference limiter in combination with a
Maximum Combined Flow Limiter (MCFL) value of 1154 NBR steam flow. The
analysis assumed a value of 85% of NBR steam flow through the three
remaining TCVs (typical for GE turbines). The analysis took no credit for
the power reduction response which would occur if recirculation flow control
were in the automatic flux control mode. GE concluded the following from
this analysis:

1. BWR/2 through BWR/S plants have sufficient MCPR margin to stay
above the MCPR safety limit with a nominal MCFL setting of 115% of
NBR steam flow.

2. BWR/6 plants also have sufficient MCPR margin if the steam flow
through the three TCVs plus the steam flow through the bypass valves
is greater than 97% of NBR steam flow. Note that 87% of NBR steam
flow ig the value referenced to an initial turbine inlet pressure.

The MCFL setting determines the total stean flow available to the pressure
controls. GE usually has specified the MCFL value of 115% of NBR steam
flow as an upper limit in the FSAR case for the "Pressure Regulator Fallure
- Open" (PRFO) event. The purpose of this upper limit is to avoid too
rapid a vessel depressurization, which would result if the MCFL setting were
higher. The MCFL value is not included in plant technical specifications
because the PRFO event is not limiting and a higher MCFL limit can be
shown to be adequate.

Because BWR/6 plants have less MCPR margin for this event than BWR/2
through BWR/S plants, BWR/6 turbine pressure control system setlings
should receive additional attention. As is shown in Figure 1, steam flow for
pressure control purposes is affected not only by the MCFL setting but also
by other control signal adjustments or limits.

« Q2 -
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Review of & single TCV slow closure event emphasizes the importance of the
jower bound of the MCrL value and other settings because they determine
the amount of steam flow available to the pressure controls. Because it is
possible that some plants may operate with lower than the specified MCFL
setting, GE Nuclear Energy is issuing this $IL to inform all BWR owners of
the need to maintain the MCFL setting at the value specified by GE. This
action should avoid the potential for exceeding the technical specification
MCPR safety limit if the postulated slow failure of a single TCV were to
oceur.

Recommended Action
GE recommends that BWR owners implement the following actions:
1. BWR/2 through BWR,6 plants:

Check the current value of the MCFL setting. If the current value is
jower than 115% of NBR steam flow, raise the setting to at least 115% of
NBR steam flow.

2. BWR/S plants

Adjust the MCFL value and other settings, if necessary, to ensure that
the total steam flow through the three TCVs plus bypass flow is greater
than 97% of NBR steam flow with the pressure regulator output
saturated at its MCFL value.

To receive additional information on this subject or for assistance in imple-
menting a recommendation, please contact your local GE Nuclear "nergy
Service Representative.

Technical Source: E. C. Eckert
Motice

This S'L pertains only to GE BWRs. GE Nuclear Energy prepared this SIL
excl. vely as a service for owners of GE BWRs. GE Nuclear Energy has
not considered or evaluated the applicability, if any, of information contained
in this SIL to any plant or facility other than GE BWRs. Determination of
applicability of information contained in this SIL to a specific BWR and imple~
mentation of »ecommended action are the responsibilities of the owner of that
BWR.
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lssued by:

J. G. Moore
Customer Service Communications Manager

Product Referwnce:
C85: Steam Bypass and Pressure Control

A62: Plant Requirements
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A) Eormula
The formula for calculating the OLMCPR RBS is
LPRM; ¢ A, * RMCPR

RBS, =
OLMCPR

B) Algerithm Analytical Bagis

The critical power ratio (CPR) is related to the bundle power by
the following relationship (See note)!:

CPR = Xo / X

where X is the nodal quality and is proporticnal to the ratio of
bundle power divided by channel flow, or

X = cAngtant * P / W
Consequentlv,

CPR = constant +«

For two different power conditions:

CPR 1imit 3 (P/W ) " Xe 1imit
CPR (P/W) 1 imit Xe

Assuming that flow change caused by control rod withdrawal is very
small and that X, change is negligible, then

4 CPR
init = constant +* '

F CPR limit

The above equation says that the bundle power is inversely
proportional to the CPR of the bundle, with a constant.

ATLM/fce




OLMCPR RES Calculation Methodolegy (Continued)

1f there is axial power peaking shift caused by adjacent control
rod motion, then

Primit CPR
A - K
7 CPR limit

Also, when a control rod is being withdrawn next to a LPRM string,
the true bundle power around this rod next to the LPRM string are
under-measured by this LPRM string by a factor of C. This factor
is grimarily a function of control rod density change next to the

string.
Then,
LPRM 3 imit TP Flimit
LPRM P

Combining the above two equations,

LPRM 1imit . 2 e CPR
a
LPRM CPR limit

CPR
- A+

CPR limit

"A" value is a function of power, flow, and control rod pull
distance, etc. If there is no control rod motion in a specified
core region (16 bundles), then "A" value will have the value of
unity.

Th: above explains the analytical basis of the A fr=otor. However,
fcr actual plant application for CPR menitoring during control rod
operation, the A value is determined based on a semi-empirical
approach where a statistical value is determined based on a set of
representative data base.

ATIM/fcc
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QLMCER _REBS Calculation Methedelogy (Continued)

€) Determination of A value

The purpose of the ATIM is to provide on-line thermal limit
protection based on actual operating plant data. It requires
quick calculation with a simple algorithm. It is taus not
practical to calculate the above C and K, values in order to
obtain the A value, A semi-empirical statist.cal approach is used
instead. The principle is similar to the method used in deriving
the BWR/5 Rod Block Monitor setpoint. Instead of deriving a
single worst bounding case, the “A" value is determined based on a
ootd?t1r0011nt10 control rod withdrawal cases at various operating
conditions.

A family of operating power and flow conditions with corresponding
typical rod patterns are developed using the GE core simulator
code. The rod patterns are developed based on BWR standard rod
withdrawal seguence procedure and ABWR rod and gang groups,
consistent with ABWR reactivity control requirements. This data
base consists of various power and flow conditions covering the
ABWR power-flow map. From these initial conditions, control rod
withdrawval cases are developed using the simulator code, which
include both four-rod gang and eight-rod gang withdrawal cases
from various initial rod positions. Also, conditions of both
initial core design end equilibrium core design are included in
the data base. With this set of contrel rod withdraval studies, a
family of "A" values are obtained., Based on this set of "A"
values, a statistical analysis is performed to derive a bounding
"A" value curve as a function of relative control red withdrawal
distance. A typical "A" value curve based on ABWR reference core
and fuel design is shown in Figure 1. This curve will be updated
based on the most current fuel design for actual ABWR plant
application.

Due to the use of the statistical data base, the "A" value
obtained is conservative for MCPR protection. This is wh¥ the "A"
value is also referred to as a margin factor. The "A" value curve
will be programmed into the microprocessor-based ATIM instrument
as a "known function" for a particular core and fuel design.

Note: The relationship between CPR and critical quality can be
found in MCPR calculation method description document on GE
Process Computer Pl program

ATU‘,’ fon



A) Eernmula

The formula for calculating the OLMLHGR RBS is

LPRM (X) * By(X) * My
mm“)()

B) Algorithm Ane.ytical Basis

The average planar LHGR (APLHGR) is a calculated bundle average
fuel pollotxsowcr density (KW/FT). The maximum APLHGR in the
region (RAPLHGR) monitored by the LPRM is proportional to the LPRM
output!

LFRM = constant ¢ RAPLHGR
For two different power levels,

LPRM RAPLHGR §

ey TPLER,

However, when a control rod is withdrawn next to a LPRM string,
the true fuel power density of the fuel section around this rod is
under-neasured. This under-measured factor is B, For two power
conditions with one being the limiting coendition, then

LPRM) {mit e RAPLHGR) ymit
LPRM RAPLHGR

By definition,

MAPRAT = RAPLHGR / MAPLHGR

whéere MAPLHGR is the maximu APLHGR.

ATIM/fcc



QLMLHGR RBS Calculation Methodology (Continued)

Consequently,
LPRM) imit S MAPRAT) {mit
LPRM MAPRAT

“B" value is a function of power, flow, and control rod pull
distance, e*c. 1f there is no contrel reod motion in a specified
core region (16 bundles) and segment, then "B" value will have the
value of unity.

Also, based on over-power conditions during worst transient at
off-rated conditions, an off-rated power multiplier factour for
MAPLHCR, np, has to be included in the above eguation, or

RBS * MAPRAT M
i Mp Mait P

TFRN; MAPRAT MAPRAT |

Where M. is determined based on over-power factors during worst
trlnsiogt at off-rated conditions. It is a functio) of power and
flow, or a combined function of power only. (See note.) With the
factor M, included, the APRM setpoint setdown at off-rated
eondltiog for power peaking protection is not required. At rated
condition, Hp = 1, For a typical BWR/S, = 1 + ,0052 «(P} ~
100). The curve will be updated for thé most current ABWR fuel
and core deslign.

€) B Yalue Determipation

The method used in determining the "B" value is similar to the
method used in obtaining the "A" value. Same data bage is used,
A very conservative bounding curve that cover all "B" values in
the data base is developed for each of the four segments of fuel
bund’ - % .t eorvesponding to the four LPRM sensor elevations.

L .o'r get of "B" value curves based on ABWR reference core and
fue w¢ yn is shown in Table 1. This table will be updated based
on th: - o8t current fuel design for actual ABWR plant application.

Note: The method of M. determination can be found in the licensing
report of GE'®* ARTS xgprovcmont Program,

ATIM/fce



Figure 1|  A-Factor for OLMCPR Protection

—
<>

- A (9579%)
R oineen

pre
ST

-
-

ineiellits izl

- - - - -
o - - - =
- s W, © L, W

o
o T__L to_a > 5

Rod Pul) Distance (ft)

1. Considered 15% random LPRM failure
2. Above datas included both initia) and equilibrium cycle.
3. Above dates based on 95z probability 952 confidence.




Table 1 B-Values in
Setpoint Algorithe Yor MAPRAT Red Block

(Inftial Cycle Worst KW/F7 Peaking & LPRM Aversge Randon
Failure of 15% Considered )

LEVEL INITIAL | POWER B-VALUES
NOTOM
PO eB% | NOTEW  © 32 34 44 a0
N1 < ,. 0'. c.. O.o 0.0 O”
“ Popeth | NOTEH © 32 34 48

96 % Y4 .9

Ni ) Se | ALL 0.98

P < %% NOTEM  © 18 26 32 34 A0 ap

Ni < 28 95 L0871 W70 W78 78 .8
b Popoe%4 | NOTCH, © 22 26 32 36 A2 a4 ap
97 .97 .08 .08 .9 .0 07 W
Ni 3 28 ALl 0,9
-
F < %% NOTOMW O 10 14 1s 18 30 AR
NI < 22 «95 .90 .82 .82 .09 0T %
¢ P o) 6%h | NDTCK © 10 12 32 48
98,98 L0675 678 %
[
N o) 22 ALL 0.98
Ni < 10 ALl NOTEN  © 24 4B
85 .85 .98
10ENIC12 | ALL NOTCH  © 12 14 24 4B
90 9% 8% 0T .S
D 12¢NIC 18 | P < 6% | NDTEH  © 12 14 24 48

%0 .90 .05 .08 .95

I2NIC 1B [ P ) 3% | NOTCH © & 0 42 48
" o" 1’7 .'2 0.2 o" '

NCpo3e | AL 0. 98

NOTE: Ni = Injtial control rod notch position before rod pull after
Predictor MAFRAT update



2.2.4 Standby Liquid Control System

224

The standby liﬁd control system (SLCS) is design to inject neutron absorbing
poison using a boron solution into the reactor and thus provde back-up reacior
shutdown capability independent of the normal reactivity control system based
on inservon of control rods into the core. The system is capable of operation
over a wide range of reactor pressure conditions up 1o and including the
elevated pressures associated with an anucipated plant transient coupled with a
failure 10 scram (ATWS),

The standby liquid control system (SLES) is designed 1o provide the capability
of bringing the reactor, at any ume in a cycle, from full power and at all
conditions 10 a subcritical condition with the reactor in the most reactive xenon:
free state without control rod movement,

The SLCS consists of a boron solution storage tank, two positive displacement
pumps, two motor operated injection valves which are provided in paraliel for
redundancy and associated piping and valves used 1o transfer borated water from
the storage tank 10 the reacior pressure vessel (RPV). The borated soludon is
discharged through the ‘B high pressure core flooder (HPCF) subsysiem
sparger. Figure 2 2.4 shows major system components. Key equipment
performance requirements are.

a.  Pump flow 100 gpom with both pumps running

a  Maximum reactlor pressure 1250 psig
(for injection)

a  Pumpable volume in 6100 LS. gal
storage tank (minimum)

The required volume of solution contained in the storage tank is dependent
upon the solution concentration and this concentration can vary during reactor
operations. A required boron solution volume /concentration relationship is
used 10 define acceptable SLCS storage tank conditions during plant operation.

The SLCS is automatically inivated during an ATWS or can be manually initiated
from the main control room. When the SLCS is automatically initated to inject
a liquid neutron absorber into the reactor, the following devices are actuated:

a  the two injection valves are opened,
b.  the two storage tank discharge valves are opened,
¢.  the two injection pumps are started; and

d  the reactor water cleanup isolation valves are closed.

- 11182
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When the SLCS s manually initiated to inject a liquid neutron absorber into the
reactor, the following devices are actuated by each switch:

a  one of the two injection valves is opened,

b.  one of the two storage tank discharge valves is opened,

¢ one of the two injection pumps is started; and

Jd.  one of the reactor water cleanuj. isolation valves is closed.

The SLCS provides borated water 10 the reactor core 1o compensate for the
various reactivity effects during the required conditions. These effects include
xenon decay, elimination of steam voids, changing water density due 1o the
reduction in water temperature, Doppler effect in vianium, changes in neutron
leakage and changes in control rod worth as boron affects neutron migration
length. To meet this objective it is necessary 1o inj=ct a quantity of boron which
produces a minimum concentrauon of 850 ppm of natural boron in the reactor
core at 70°F. To allow for potential leakage and imperfect mixing in the reactor
system, an additional 25% (220) is added to the above requirement. The
required concentration is achieved accounting for dilution in the RPV with
normal water level and including the volume in the residual heat removal
shutdown cooling piping. This quantity of boron solution is the amount which
is above the pump suction shutoff level in the tank thus allowing for the portion
of the tank volume which cannot be injected.

The pumps are capable of producing dischar “e pressure 1o inject the solution
in1o the reactor when the reactor is at high p essure conditions corresponding
10 the system reliel valve actuation

The SLCS includes sufficient Control Room indication to allow for the necessary
monitoring and control during design basis operational condivons. This
includes pump discharge pressure, storage tank liquid level and temperature as
well as valve open /close and pump on/off indication for those components
shown on Figure 2.2.4 (with the evception of the simple check valves).

The SLCS uses a dissolved solution of sodium pentaborate as the neutron-
absorbing poison. This solution is held in a storage tank which has & heater 10
maintain solutio 1 temperature above the saturation temperature. The heater is
capable of autoniatic operation and automatic shutoff to maintain an acceptable
solution temperature. The SLCS solution tank, a test water tank, the two positive
displacement pumps, and associated valving is located in the secondary
containment 02 the floor elevation below the operating floor. This is a Seismic
Category 1 str cture, and the SLCS equipment 1s protected from phenomena
such as earthquakes, tornados, hurricanes and floods as well as from internal
postulated accident phenomena. In this area, the SLCS is not subject 1o
conditions such as missiles, pipe whip, and discharging fluids.

g AARL ¥
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The pumps, heater, valves and controls are powered from the standby power
supphy or normal offsite power. The pumps and valves are powered and
controlled from separate buses and circuits so that single active failure will not
prevent system operation The power supplied 10 one motor operated injection
valve, storage tank discharge valve, and injectiion pump is powered from
Division 1, 480 VAC. The power supply to the other motor-operated injection
valve, siorage tank outlet valve, and injection pump is powered from Division 11,
480 VAC. The power supply to the tank heaters and heater controls is
connectable 10 a standby power source. The standby power source is Class 1E
from ar on-site source and s independent of the oflsite power.

All components of the sistem which are required for injection of the neutron
absorber in» the reactor are classified Seismic Category 1. All major mechanical
components are designed to meet ASME Code requirements as shown below.

ASME Design Conditions
Lomaponent Code Class Pressute Temperalue
Storage Tank 2 Static Mead 160°F
Pump ¢ 1660 psig 160°F
Injection Valves 1 1660 psig 180°F
Piping Inboard of \ 1260 psig 676°F

Injection Valves

Design provisions 1o permit system testing include a test tank and associated
piping and valves. The tank can be supplied with demineralized water which can
be puniped in a closed loop through either pump or injected into the reactor.

The SLCS is separated both physically and electrically from the control rod drive
system,

Inspection, Test, Analyses and Acceptance Criteria

Table 2.2 4 provides 2 definition of the inspections, tests, and/or analyses
together with associated acceptance criteria which will be undertaken for the
SLCS.

224 = RIARE
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Table 2.2.4: STANDBY LIQUID CONTROL SYSTEM
inspections, Tests. Analyses and Acceptance Criteria

Certifiad Design Commitment

concentration in the reactor after operation
of the SLCS shall be egual to or greater
than B850 ppm.

2 A simpified systerm configuration m

shown in Figure 22 4.

inspections. Tests. Anslyses

visual sxammnations will be undertaken o
assess as bult parameters bistad below for
compatibility with SLCS design
caiculations. If necessary. an as built SLTS
anaiysis will be conducted to demonstrate
the acceptance critena i3 met

Critical Parameters.
a  Storage tank pumpabie volume
b. APV water imventory at 70°F

¢ RHR shutdown cooling system water
inventory at 70°F

inspections ¢ mstallation records together 2

with piant walkdowns wili be conducted to
confirm that the instalied equipment 1S n
comphance with the design conhguration
defined in Figure 22 4

1

Accepisnce Critera

® must be shown tha SLCS can achseve »
posrson concentraton of B850 ppm or greater
assurmng 3 25% diiution due to non-
unsform miing = the reactor and
accounting for dilution n the RHR
shutdown coolng systems. Thes
concentration must be achweved under
sy=tern design bass condtwons.

Thie requires that SLCS meet the foliowing
values

Storage tank pumpabie volume rangs
67006800 gai

APV water mventory < 100 x 1051

RHR shutdown Tvstem™
mventory < 287 x ib
The system configuration s m accorcdance
with Figure 2.2 4 .
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Table 2.2.4: STANDEY LIQUID CONTROL SYSTEM (Continued)
inspections, Tests, Analyses and Acceptance Crit=-'a

Certifiea Design Commitment

3. SLCS shail be capable of delivering 100

gpm of solution with both pumps

operating against the slevated pressure
conditions which can exist in the reactor
during events involving SLCS indiation.

The system is designed to permit in-service 4.

functional testing of SLCS.

be powered from the standby AC power
supply as described in Section 2.2.4.*

All SLCS components which are requirad
for the injection of the neutron absorber
Category | and gqualified for appropriate

lrspections, Tests, Analyses

System preoperation tests will he
conducted to demaonstrate acceptabie
pump and system performance. These
will exist duning an SLCES design basis
eve: .. To de.nonstrate adequate Net
Positive Suction Head INFSH), delivery of
rated flow will be confirmed by tests
conducted at conditions of iow level and

maximum temperature n the storage tank,

and the water will be imjected from the
storage tank to the 8PV,

Fipld tests wil! be conducted after system
nstallation to confirm, in-service systerm
testing can be performed.

System tests will be conducted after
instaliation to confirm that the electrical
power supply configura’ ‘ons are .,
SO.WEWQM
verification activities (ITA).

* This entry may be transferred to the standby AC power ITAAC in Section 2.12.13

Acceptance Criteria

3.t must be shown that the SLCS can

running) against 2 reacior pressure of 1250
psig with simrmulated ATWS conditions. 1t
must also be shown that the SLCS pumps
can pump the entire storage tank
pumpabie volume.

Using normaily installed controts, power
has the capabiity to

a. Pump tests in 3 closed loop on the test
‘v ok and

b. Reactor pressure vessel injection tests
test tank.

The instalied equipment can be powered
from the standby AC power supply.

See Generc Equipment Qualification
Acceptance Criteris (AC).
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The reactor protection system (RPS) for the Advanced Boiling Water Reactor
(ABWR) is a warning and trip system where initial warning and trip decisions are
implemented with software logic installed in microprocessors. The primary
functions of this system are 10: (1) make the logic decisions related 1o warning
and trip conditions of the individual instrument channels, and (2) make the
decision for system trip (emergency reactor shutdown) based on coincidence of
instrument channel trip conditions.

The RPS is classified as a safety protecton sysiem (i.¢., as differing from a reactor
control system or a power generation system). All functions of the RPS and the
components of the system are safety-related. The RPS and the electrical
equipment of the system are also classified as Safety Class 8, Seismic Category |
and as 1EEE electrical category Class 1E.

Basic System Parameters are:

a  Number of independent divisions of equipment 4

b.  Minimum number of sensors per trip variable 4
(at least one per division)

¢.  Number of automatic trip systems (one per division) 4

d.  Automatic trip logic used for piant sensor inputs 2out-of4
(per division)

e. Separate automatic trip logic used for division 2-out-of4
trip outputs

f  Number of separate manual trip systems 2

g  Manual trip logic 2-out-of-2

The RPS consists of instrument channels, trip logics, trip actuators, manual
controls and scram logic circuitry that initiates rapid insertion of control rods
(scram) to shut down the reactor for situations that could result in unsafe
reactor operating conditions. The RPS also establishes the required trip
conditions that are appropriate for the different reactor operating modes and
provides status and control signals to other systems and annunciators. The RPS
related equipment includes detectors, switches, microprocessors, solid-state
logic circuits, relay type contactors, relays, solid-state load drivers, lamps,
displays, signal transmission routes, circuits and other equipment which are
required to execute the functions of the system. To accomplish its overall
function, the RPS utilizes the functions of the essential multiplexing system
(EMS) and of portions of the safety system logic and control (SSLC) system.

= 1792
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As shown in Figure £.2 7a, the RPS interfaces with the neutron monitoring
systern (NMS), the process radiation monitoring (PRRM) system, the nuclear
boiler system (NBS), the control rod drive (CRD) system, the rod control and
information system (RC&IS), the recirculation flow control (RFC) system, the
process computer system and with other plant systems and equipment. RPS
components and equipment are separated or segregated from process control
system sensors, circuits and functions such as 1o minimize control and protection
system interactions. Any necessary interlocks from the RPS 1o control systems
are through isolaton devices

The RPS is a four division system which is designed to provide reliable single-
failure proof capability to automatically or manually inivale a reacior scram
while maintaining protection against unnecessary scrams resulting from single
failures in the RPS. The RPS remains single-failure proof even when one entre
division of channel sensors is bypassed and/or when one of the four automauc
RPS trip logic systems is out-ofsesvice. All equipment within the RPS is designed
to fail into a trip initating state or other safe state on loss of power or input
signals or disconnection of portions of the system. The system aiso inciudes tnp
bpasses and isolated outputs for display, annunciation or performance
monitoring. RPS inputs to annunciators, recorders and the computer are
electrically isolated so that no malfunction of the annunciating, recording, or
computing equipment can ‘unctionally disable any portion of the RPS. The RPS
related equipment is divided into four redundant divisions of sensor
(instrument) channels, trip logics and trip actuators, and two divisions of
manual scram controls and scram logic circuitry. The autematic and manual
scram initiation logic sysieras are independent of each other and use diverse
methods and equipment to initiate a reactor scram. The RPS design is such that,
once afull re. ctor scram has been initiated automatically or manually, this scram
condition seals-in such that the intended fast insertion of all control rods into
the reactor core can continue to completion. After a time delay, deliberate
operator action is required to return the RPS 10 normal.

Figure 2.2 7b shows the RPS divisional separation aspects and the signal flow
paths from sensors to scrari pilot valve solenoids. Equipment within a RPS
related sensor channel corsists of sensors (transducers or switches),
multiplexers and digital trip modules (DTMs). The sensors within each channel
monitor for abnormal ope rating conditions and send eithor discrete bistable
(trip/no trip) or analog s'gnals directly to the RPS related DTM or else send
analog output signals to the RPS related DTM by means of the remote
multiplexer unit (RMU) within the associated division of essential muluplexing
system (EMS). The RPS related bistable switch type sen“ors, or, in the case of
analog channels, the RPS software logic, will initate reactor trip signals within
the individual sensor channels, when any one or more of the conditions listed
below exist within the piant during different conditions of reactor operation,
and will initiate rexctor scram if coincidence logic is satisfied.

a.  Turbine Stop Valves Closure (above 40% power levels) [RFS]

-2~ ViIm2
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b.  Turbine Control Valves Fast Closure (above 40% power levels) [RPS)

¢.  NMS monitored SRNM and APRM conditions exceed acceptable limits
[NMS]

d. High Main Steam Line Radiation [PRRM Sysiem ]
e. High Reactor Pressure [NBS]
{.  Low Reactor Water Level (Level 8) [NRBS)
High Drywell Pressure [NBS]
h.  Main Steam Lines Isolation (MSLI) (Run mode only) [NBS]
i.  Low Control Rod Drive Accumulator Charging Header Pressure [CRD]
j.  Operator-nitiated Manual Scram [RPS)

The system monitoring the process condition is indicated in brackets in the list
above. The RPS outputs, the NMS outputs, the PRRM system outputs and the
MSLI and manual scram outputs are provided directly to the RPS by hard-wired
or fiber-optic signals. The NBS and the CRD system provide other sensor
outputs through the EMS. Analog to digital conversion of these latter sensor
output values is done by EMS equipment. The DTM in each division uses either
the discrete bistable input signals, or compares the current values of the
individual monitored analog variables with their trip setpoint values, and for
each variable sends a separate, discrete bistable (trip/no trip) output signal 1o
the trip logic units {TLUs) in all four divisions of trip logics. The DTMs and
TLUs uiilized by the RPS are microprocessor components within the SSLC
system.

RPS related equipment within a RPS division of trip logic consists of manual
control switches, bypass units (BPUs), trip logic units (TLUs) and output logic
units (OLUs). The manual control switches and the BPUs, TLUs and OLUs are
comiponents of the RPS portions of the SSLC system. The various manual
swi'ches provide the operator means to modify the RPS trip logic for special
operation, maintenance, testing and system reset. The bypass units perform
bypass and interlock logic for the single division of channel sensors

function and for the single division TLU bypass function. The TLUs perform
the automatic scram initiation logic, normally checking for two-outwof-four
coincidence of trip conditions in any set of instrument channel signals coming
from the four division DTMs or from isolated bistable inputs from all four
divisions of NMS equipment, and outputting a trip signal if any one of the two-
out-of-four coincidence checks is satisfied. TLU trip decision logic in all four
RPS TLUs becomes a check for two-out-of-three coincidence of trip conditions
if any one division of channel sensors has been bypassed. The OLUs perform
the division trip, seal-in, reset and trip test functions. Trip signals from the OLUs
within a single division are used 10 trip the trip actuators, which are fast response,
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bistable, solid-state load drivers for automatic scram initiation, and are trip relays
for air header dump (back-up scram) initiation. Load driver outputs toggled by
a division OLU interconnect with load driver outputs toggled by other division
OLL's into two separate arrangements which results in wo-out-of-four scram
logic. i.¢., reactor scram will occur if load drivers associated with any two or more
divisions receive trip signals.

The isolated ac load drivers are fast response time, bistable, solid-state, high
current interrupting devices. The operation of the load drivc s is such thata trip
signal on the input side will create a high impedance, current interrupting
condition on the output side. The output side of each load driver is elecurically
isolated from its input signal. The load driver outputs are arranged in the scram
logic circuitry, between the scram pilot valves' solenoids and the solenoids ac
power source, such that when in a tripped state the load drivers will cause
deenergization of the scram pilot valve solenoids (scram initiation). Normally
closed relay contacts are arranged in the two back-up scram logic circuits,
between the air header dump valve solenoid and air header dump valve dc
solenoid power source, such that when in a tripped state (coil deenergized) the
relays will cause energization of the air header dump valve solenoids (air header
dump initiation ). Associated dc voltage relay logic is also utilized 10 effect scram
reset permissives and scram-follow (control rod run-in) initiation,

The RPS design for the ABWR is testable for correct response and performance,
in over-lapping stages, eitk.er on-line or off-line (to minimize potential of
unwanted trips). Access 1o bypass capabilities of trip functions, instrument
channels or a trip svstem and access 10 setpoints, calibration controls and test
points are designed 10 be under administrative control.

Inspection, Test, Analyses and Acceptance Criteria

Table 2.2.7 provides a definition of the visual inspections, tests and /or analyses,
together with associated acceptance criteria, which will be used by the RPS.

-4 V11192
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Table 2.2 7: REACTOR PROTECTION SYSTEM

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitmant

RPS safety-related software, which is
utilized in effecting individual sensor
channel trip decisions and trip system
comncidence trip decisions, has been
developed and verified, the firmware
implemented and validatad and then
integrated with hardware; ali according to
a formal documented plan.
Certain process signals utilized by the RPS
are transmitted to RPS sensor channel
signal processing equipment by means of
four separate divisions of Essential
Multiplexing System equipment.
Critical parameter trip setpoints are based
upon values used in analyses of abnormai
operational occurrences. Documented
instrument setpoint methodology has been
used 10 account for uncertainties (such as
instrument inaccuracies and drift) in order
to establish RPS related setpoints.
RPS equipment is designed to be protected
from the effects of noise, such as
electromagnetic interference (EMI), and
has adequate surge withstand capability
{SWC).

RPS equipment is qualified for seismic
loads and appropriate environment for

inspections, Tests, Analyses

See Generic Software Development
verification activities (ITA).

See the Essential Multiplexing System
verification actwvities (ITA)

See Generic Setpoint Methodology
verification activities (ITA)

verification activities {ITA)

See Generic Equipment Qualification
vorification activities (ITA]

Acceptance Criteria

See Genernic Software Development
Acceptance Criteria (AC).

See the Essential Multiplexing System
Acceptance Criteria (AC).

See Generic Setpoint Methodology
Acceptance Critenia (AC).

See Gernernc EMI/SWC Qualification
Acceptance Criteria (AC).

See Generic Equipment Qualification
Acceptance Criteris {(AC).
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Table 2.2.7: REACTOR PROTECTION SYSTEM (Continued!
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

Fail-safe failure modes resuft upon joss of
power or disconnection of components.

Provisions exist to limit access to trip
point=

The four redundant divisions of RPS

except in the area of the required
coincidence of trip logic decisions and are
bath electrically and physicaily separated
from each other. Similarly, the two manual
trip systems are separate and independent
of each other and of the four automatic trip
systems.

inspections, Tests, Ansiyses

6. Visuai field inspections and analyses of

relationship of installed RPS equipment
and of installed equipment of interfacing
process control systems (ard/or tests of
interfaces) to confirm appropriate solation
methods used to satisty separstion and

. Field tests to confirm that trip conditions

and/or bypass inhibits resuft upon loss of
power or disconnection of components.

Visual fieid inspections of the instalied APS
equipment will be used {0 confirm the
exisience of appropriate adminitrative
controls.
Inspections of fabrication and mstailation
records and construction drawings or
visual field inspections of the instalied RPS
equipment will be used to confirm the
aquadrupie redundancy of *he RPS and the
electrical and physical separation aspects
of the RPS instrument channels and the
four automatic trip systems as well as their
manual trip systems.

6.

Acceptance Criteria

RPS equipment installation acceptable if
inspections, analyses ar.d/or tests confirm
that any fallure in process control systems
can not prevent RPS safety functions.
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Table 2.2.7: REACTOR PRLUTECTION SYSTEM (Continued)
Inspections, Tests. Ana ' ses and Acceptance Criteria

Certified Design Commitment
10. 1 is possible to conduct verifications of

by means of a) individual mstrument
channel functional tests, b} trip system
functionsl tests and c) total system
functional tests.

inspection:;. Tests, Ansiyses

10. Preoperational tr- ts will be conducted to

confirm that systen testing such as
channel checks, ¢..nnel functionsi tests,
and paired control | ods scram tests can be
performed. Ther. [ests will invoive
simulation of RPS jasting modes of
operation. inte o .s associated with the
reactor mode swit¢h positions, and with
other operational - nd maintenance
bypasses or test switches will be tested
functions wil! be confirmed.

Acceptance Criteria

10. The instalied reactor protection system

and instaliatons of interfacing systemns
supports the RPS iogic system functional
testing and the operability verfication of
design as foliows.

a. Instalied RPS hardware/firmware
inttiates trip conditions in all four RPS
automatic trip systems upon
comcdence of tnp conditons in two or
maore instrument channels associated

b installed system initiates full reactor
trip and emergency shutdown lie,
deenergization of both solenoids
associated with all scram pilot vaives)
upon concidence of trip conditions in
two or more of the four RPS autormatic
trip systems.

c. Instalied system infiates trip
condttions in both RPS manual trip
systemns f both manual trip switches
are operated or if the reactor mode

tich is placed in the " shutdown™
m‘ ‘o“.

d.  Trip system (automatic and manual)
actions go to completion. Trip reset
(after appropniate delay for trip
completion) requires deliberate
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Tabie 2.2.7: REACTOR PROTECTION SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

11. The RPS design provides prompt
protection against the onset and
consequences of everits or conditions that
threaten the integrity of the fuel barrier.

inspections, Tests, Analyses

11. Preoperational tests will he conducted to

measure the RPS and supporting systems
response times to: (1) monitor the variation
of the selected proces=es; (2} detect when
trip setpoints have been exceeded; and, {3)
execute the subsequent protechon achions
when comncidence of trip conditions exist.

Acceptance Criteria

11. The RPS hardware/firmware response to

initiate reactor scram will be considered
scceptable if such response is
demonstrated to be sufficient 1o assure
that the specified acceptable fuei design
lrmits are not exceeded.

Validation Attributes:
Total trip system response, from time when

sensor nput 1s beyond setpont to time of

NMS APRM < 0.090 sec.
Reactor pressure < 0.55 sec.
Reactor water level < 1.05 sec.
Turbine stop vaive < 0.060 sec.
closure

Turbine control vaive < 0.080 sec.
fast ciosure

Main steamn hnes < 0.060 sec.

solation
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Figure 2.2.7b REACTOR PROTECTION SYSTEM
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3.3 CONFIGURAT/ON MANAGEMENT PLAN DAC ITAAC

33

This section contains the proposed Configuration Management Plan DAC
ITAAC. The DACITAAC isincluded as a section (APPENDIX B) of the generic
software ITAAC. The genenic ITAAC establishes acceptance criteria for the
overall software development process. which includes a Software Management
Plan, Configuration Management Plan and Verification and Validauon (V&V)
Plan. Each ABWR safety system that uses the safety-related software functions of
the Safety System Logic and Control (SSLC) equipment will reference the
generic software ITAAC as part of thatsafety system’s ITAAC acceptance criteria.
The ITAAC of other safety-related equipment that con.ains software to perform
safery funcuons will also reference the genenic software ITAAC.

The generic software ITAAC will reference the DAC ITAAC for Software
Management, Configuration Management and V&V, which in turn establish
design acceptance criteria that will ensure that proper controls are placed on the
step-by-step software development process

APPENDIX B is an example of a software development DAC ITAAC for the
Configuration Management Plan. APPENDIX A for the Software Management
Plan DAC ITAAC and APPENDIX C for the V&V DAC ITAAC will be developed
later.

S V1182
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Tabie 3.3: SOFTWARE FOR PROGRAMMABLE DIGITAL COMPUTERS IN SAFETY-RELATED APPLICATIONS
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment
A plan shall be developed for software

used in microprocessor -based equipment
that performs safety-related functions. The
plan shall describe the organizational and

procedural aspects of software
development and shall comprise the
following elements:
Software Management Plan
Configuration Management Plan

Verification and Validation (V&V} pian

inspectior ., Tests, Anaiyses

Software Management Plan
Configuration Management Plan
Verfication and Validation Plan

Acceptance Criteria

The overall development plan documents
the requirements and methodgoiogy for
achieving the software attributes of
consistency, accuracy, error tolerance anc
modulanty. The plan includes the
methodology for assurng the software is
both auditable and testable durning the
phases. Each element of the plan contans
the following tems as a3 mmimum:

a Software Management Pian
design processes for the design,
development, and mamtenance of
satery related software. The plan
described in Appendix A

bh. Configuration Management Plan

establishes a formal set of standards

and procedures to provide visibie

status and control of software

documentation. The following basic

elements are addressed:

1)  Umque dentification of each

2) Management of software
documentation change contr. .

3)  Accounting methods to prowide
wisibility and traceabiity for all
changes to baseline product
software

4) Verfication steps required to

assure proper adherence to
software design requirements
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Table 2.3: SOFTWARE FOR PROGRAMMABLE DIGITAL COMPUTERS IN SAFETY-RELATED APPLICATIONS (Continued)
Inspections, Tests. Analyses and Acceptance Criteria

Certified Design Commitment inspections, Tests, Anaiyses Acceptance Criteria
1 (Continued)

The plan meets the design acceptance
criteria described in Appendix 8.

c. Verification and Validation Plan
fcliowng components:
11 Independent design verification
2} Baseline reviews
3) Testing
4} Firmware issue and vahdation

2. The software design documentation meets 2. Review design documentation: 2. The documentation compies with the
the requirements of the development plan. - Hardware/Software System requirements n the Certified Desgn
Software Requirements Specification ailows correiation of the design eiements
Software Design Specification with each specific software requirement as
Hardware Requirements Specification determined by the V&V process described
Hardware Design Specification in Appendix C.
The computer sysiem hardware

3. Detsils of software implementation and the 3 Tier 2 requirement 3. Tier 2 requirement
integration of hardware and software into
the final product shall be addressed n
Tier 2.



“  Table3.3: SOFTWARE FOR PROGRAMMABLE DIiGITAL COMPUTERS IN SAFETY-RELATED APPLICATIONS (Continued) .
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Cornmitment inspections, Tests, Analyses Aece 2ptance Criterie

4 The assembled, final procduction computer 4 Review formal (verified) validation test 4 The test repornt summarizes the results of
system shall be exercised through static report. the computer systemn validation testing and
and dynamic simulations of input signais shows how the system s in comphance
computer system action. The test repc-t identifies the validation

tests for each computer system and safety

The vatlidation test pian shall identify the system regquerement. In addition, the
software-based system component. anticipated output signals, and the

acceptance critena are siated.
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- Table 3.3: SOFTWARE FOR PROGRAMMABLE DIGITAL COMPUTERS IN SAFETY-RELATED APPLICATIONS
APPENDIX A: SOFTWARE MANAGEMENT PLAN DESIGN ACCEPTANCE CRITERIA

Inspections, Tests, Analyses and Acceptance Criteria
Certified Design Commitment inspections, Tests, Analyses Acceptance Criteria
[LATER!
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Table 3.3: SOFTWARE FOR PROGRAMMABLE DIGITAL COMPUTERS IN SAFETY-RELATED APPLICATIONS

APPENDIX B: CONFIGURATION MANAGEMENT PLAN DESICN ACCEPTANCE CRITERIA

Inspections, Tests, Analyses anc¢ Acceptance Criteria

Certified Design Commitment

Development of software for the
microp-onessor-based safety systems
shall be controlled according to a
configuration management plan.

The configuration management plan will
define the purpose and scope cf the plan
with emphasis on the groups to whith it
applies and the specific product which is to
be developed. The product description
shall include beth executable and non-
executable matenal

The configuration plan shall describe the
organizationa! responsibilities. The
organizational independence or
dependence of the groups responsible for
the software configuration management
shall be specifically described. The plan
shall describe a function independent of
the software designers that is responsibie
for verifying that the software is

detail the refationships of the configuration
control with the software QA, development
and other groups.

1.

!

Inspections, Tests, Analyses

A review shall be performed of the
contents of the configuration management
plan.

A review shall be performed of the
contents of the configuration management
plan.

A review shail be performed of the
contents of the configurat:on management
plan.

. The configuration management pian

identifies each group wihnch develops and/
or maintams so*tware for safety systems.
The pian includes both executable and
non-executable porhons of the design.

The configuration plan describes the
organizational independence and
responsibiltes.
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Tabie 2.3: SOFTWARE FOR PROGRAMMABLE DIGITAL COMPUTERS IM SAFETY-RELATED APPLICATIONS

APPENDIX B: CONFIGURATION MANAGEMENT PLAN DESIGN ACCEPTANCE CRITERIA (Continued)

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

4. Applicable procedures, such as standards

for the designation of software versions,
shall be described in the plan or
specifically referenced. All software shall
be identified such that the version can be
verified directly, either embedded in the
software if in a8 non-programmabile/
erasable format or permanently inscribed
directly on the component.

. The plan shail describe the audits and

reviews that are to be performed to verify
that the software is being maintained
under coafiguration management. The
plan shall describe a procedure for
corrective actions if any probiems are
discovered.

4

7.

inspections, Tests, Analyses

A review chall be performed of the
contents of the configuration management
plan.

A review shall be performed of the
contents of the configuration management
plan.

A review shall be performed of the
contents of the configuration management
plan

A review shall be performed of the
contents of the configuration management

Acceptance Criteria

. The plan describes the procedures for

impiementation of the plan.

describes a procedure for corrective

. The plan describes the record storage plan.
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Table 3.3: SOFTWARE FOR PROGRAMMABLE DIGITAL COMPUTERS IN SAFETY-RELATED APPLICATIONS
APPENDIX B: CONFIGURATION MANAGEMENT PLAN DESIGN ACCEPTANCE CRITERIA (Continued)

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment inspections, Tests, Analyses Acceptance Critena
The pian shall address control of the final 8 A review shall be performed of the 8. The plan will identify the method by which
user documentation and the information to contents of the configuration management faults, failures, ang changes are dentified
be supplied. The method of informing the pian. to the affected user.

user of each product of known fau'ts,
failures, and changes shall be specifically

described.

The configuration management plan shail 9 A review shall be performed of the 9 The configuration management plan wiii
be in place and approved by the contents of the configuration management be approved and in place at the beginning
implementer prior to the first concept plan. of the project.
development phases of software

development.

The configuration management plan shall  10. A review shall be performed of the 10. The plan will require that the design
require that the desinn documents (such as contents of the configuration management documents reference the configuration

shall provide specific reference to the
applicable configuration management
pian. The plan shall define procedures for
change controi, including change request,
evaluation, approval, and implementation.



w Tabie 3.3: mummmmmumwsmmmm
APPENDIX C. VERIFICATION AND VALIDATION PLAN DESIGN ACCEPTANCE CRITERIA

inspections, Tests, Anclyses and Acceptance Criteria
Certified Design Commitment inspections, Tests, Ansiyses Acceptiace Criteria
{LATER]
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