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This presentation contains-publicly
available information related to the
WOG and PWROG SAMG.

The WOG SAMG package is
proprietary to the Westinghouse
Owners Group.

The PWROG SAMG package is

proprietary to the Pressurized Water
Reactor Owners Group.
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SAMG Verification &
Validation Background (1/2)

* Many acknowledged Iinternational documents
provide the requirements on SAMG
verification & validation:

— |AEA Safety Guide NS-G-2.15
— |AEA Safety Report Series No. 32
— WENRARHWG SRLfER 09/2014, Issue LM

» Similar requirements can be found In national
legislation (decrees, guides)



SAMG Verification &
Validation Background (2/2)

e International and national documents should
be used as high-level reference documents

when defining SAMG V&V acceptance
Criteria

* |t Is required that all developed SAMG V&V
acceptance criteria can be linked to
requirements specified In high-level reference
documents



SAMG Verification &
Validation Requirements (1/11)

 JAEA NS-G-2.15, art. 3.99:
— All procedures and guidelines should be verified.

— Verification should be carried out to confirm the
correctness of a written procedure or guideline
and to ensure that technical and human factors
have been properly incorporated.

— The review of plant specific procedures and
guidelines in the development phase, In
accordance with the quality assurance
regulations, forms part of this verification
process.



SAMG Verification &

Validation Requirements (2/11)

* IAEA NS-G-2.15, art. 3.100:
— All procedures and guidelines should be

validated.

— Validation should be carriec
the actions specified in the
guidelines can be followed

out to confirm that
orocedures and

oy trained staff to

manage emergency events.



SAMG Verification &
Validation Requirements (3/11)

* JAEANS-G-2.15, art. 3.101:

— Possible methods for validation of the SAMGs are
the use of a full scope simulator (if available), an
engineering simulator or other plant analyser tool, or
a tabletop method.

— The most appropriate method should be selected.

— On-site tests should be performed to validate the use
of equipment.

— Scenarios should be developed that describe a
number of fairly realistic (complex) situations that
would require the application of major portions of the
EOPs and the SAMGs.



SAMG Verification &
Validation Requirements (4/11)

 |JAEA NS-G-2.15, art. 3.101 contd’:

— The scenarios encompass the uncertainties in
the magnitude and timing of phenomena (both
phenomena that result from the accident
progression and phenomena that result from
recovery actions).

* IJAEA NS-G-2.15, art. 3.102:

— Members of staff involved in the validation of the
procedures and guidelines should not be those
who developed the procedures and guidelines.



SAMG Verification &
Validation Requirements (5/11)

 JAEA NS-G-2.15, art. 3.103:

— The findings and insights from the verification
and validation processes should be documented
and used for providing feedback to the
developers of procedures and guidelines for any
necessary updates before the documents are
brought into force by the management of the
operating organization.



SAMG Verification &
Validation Requirements (6/11)

* JAEA SRS N0.32, art. 4.6.1:

— Verification Is the evaluation which confirms the
correctness of a written procedure or guideline and
ensures that technical and human factors have been
properly incorporated.

— As such, the review of plant specific guidelines
during the development phase, in accordance with
QA regulations, forms part of the verification process.

— It Is advisable to perform all implementation
activities, including independent review, In
accordance with internationally accepted QA
guidelines.



SAMG Verification &
Validation Requirements (7/11)

« WENRARHWG SRLfER 09/2014 Issue LM,
art. LM4.1:

— The set of procedures and guidelines shall be
verified and validated in the form in which they
will be used In the field, as far as practicable, to
ensure that they are administratively and
technically correct for the plant, are compatible
with the environment in which they will be used
and with the human resources available.



SAMG Verification &
Validation Requirements (8/11)

« WENRARHWG SRLfER 09/2014 Issue LM,
art. LM4.2:

— The approach used for plant-specific validation
and verification shall be documented.

— The effectiveness of incorporating human factors
engineering principles in procedures and
guidelines shall be judged when validating them.

— The validation of EOPs shall be based on
representative simulations, using a simulator,
where appropriate”.



SAMG Verification &
Validation Requirements (9/11)

« WENRARHWG SRLfER 09/2014 Issue LM,
art. LM5.1:

— The set of procedures and guidelines shall be
kept updated to ensure that they remain fit for
their purpose.



SAMG Verification & Validation
Requirements (10/11)

* NRA SR, Annex No. 4 do Decree No.
430/2011, Coll. G. Operating rules, art. (11):

— Procedures for dealing with emergency states
and instructions for managing severe accidents
are verified and validated in the form in which
they shall be used on site, in order to ensure that
they are administratively and technically correct
and consistent with the environment in which
they shall be used.



SAMG Verification & Validation
Requirements (11/11)

* NRA SR, Annex No. 4 do Decree No. 430/2011,
Coll. G. Operating rules, art. (12):

— The verification and validation procedure for
procedures for dealing with emergency states and
Instructions for managing severe accidents Is
documented.

— Validation is performed for the given nuclear facility.

— During validation, the effectiveness of including the
human factor into procedures and instructions is
assessed.

— Validation of procedures is performed on a
representative full-scale simulator.



SAMG Verification Objectives
& Criteria (1/2)

* In general, SAMG verification objectives are
mainly related to:

— Check whether developed guidelines meet
requirements posed on them

— Review and correct any internal inconsistencies
or errors In guidelines

— Check whether appropriate QA regulations were
followed



SAMG Verification Objectives
& Criteria (2/2)

 SAMG verification criteria used in Bohunice NPP SAMG
verification:

Have ALL SAMG components been verified?

Were the guidelines verified in the form that they will be used on
site?

Have technical features been fully considered, especially plant
design specific features?

Has due consideration of human factors been included?

Have plant specific administrative/organisational aspects been fully
considered?

Have appropriate QA regulations been followed?
Have independent reviews been performed?

Have findings from the verification process been fed back into the
guidelines?

Has the verification process been documented?

Have guidelines been updated, and is a process in place to ensure
future updates are made in a timely fashion?



SAMG Verification Process

« SAMG verification process consists of a
thorough review of developed SAMG package.

 All defined SAMG verification criteria have to be
evaluated.

* The major task of the SAMG verification is to
check whether the developed SAMG verification
package meets the original requirements on the
guidelines(e.g. NS-G-2.15)

* The verification process has to be systematically
document.



Bohunice NPP SAMG Update
& Verification Project
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2016 (SE)
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2012
—

—

Ny
PSC-1081

—

Compare
& Review

Evaluate
changes

F — N
Evaluate

2013

PSC-0932r5
2016

\.---[---

j-——L-—--

I PSC-1413
2016

1
|
|
4

Y

v

—

changes

SACRG-0.0

| —

Scope of current contract

Sub-task 1: Review modifications to
original SAMG from 2004:

Recommended
changes
[SE 2016 “+")

Recommended
changes

[ -= Revs. 1 & 2)

Recommended
changes
(- PSC-1081)

27 May 2016
~\ s
Final report Verification
(changes) report
A L
L4 b4
Final Report Sub-task 4:
Verification Repot
26 May 2017
2 lune 2017

Sub-task 2: Changes Required to
Update SE SAMG to WOG SAMG
Rev. 2

29 July 2016

Sub-task 3: Review applicability of
1081, changes required to update
SE SAMG to PSC-1081:

14 October 2016




SAMG Verification
Bohunice NPP Lessons Learned

 SAMG verification Is a major task requiring a
sound QA system In place.

* Checking and corrections of internal guideline
Inconsistencies requires a lot of resources to
be completed In timely fashion.

* |t Is beneficial not to start development of
own SAMGs from the scratch but rather
Implement generic internationally recognized
SAMG package

— Straightforward development and verification
process



SAMG Validation Objectives

« SAMG validation objectives and approach are
designed to be in compliance with national and
iInternational requirements and guidance.

* The principal objective of a validation exercise is
to check the usability of the SAMG package in
as realistic environment as possible.

* Other objectives include verification of human
factors approach as treated in SAMGs,
collection of feedback for further ERO & SAMG

optimization, etc.



Bohunice NPP SAMG
Structure Overview

Control Room

SACRG-0:
Severe Accident Control Room Guideline
Loss of DC and/or Instrumentation

Technical Support Center

Diagnostic Flow
Chart (DFC)

Severe Challenge
Status Tree (SCST)

SACRG-1:
Severe Accident Control Room Guideline
Initial Response

SACRG-2:
Severe Accident Control Room Guideline
TSC Functional

Severe Accident Guidelines:

SAG-1: Depressurize the RCS

SAG-2: InjectintoRCS

SAG-3: Inject into Containment and
Cavity Flooding

SAG-4: Reduce Fission Product Releases

SAG-5: Inject into Steam Generators

SAG-6: Control Containment Conditions

SAG-7: Refill the Spent Fuel Pool

Severe Challenge Guidelines:

SCG-1: Mitigate Fission ProductReleases
SCG-2: Depressurize Containment
SCG-3: Reduce Containment Hydrogen
SCG-4: Control Containment Vacuum
SCG-5: Recover SpentFuel Pool Level

SACRG-3:
Severe Accident Control Room Guideline
Shutdown Modes Initial Response

SACRG-4:
Severe Accident Control Room Guideline
Shutdown Modes TSC Functional

CA-4: Vent Mass Flow

Computational Aids CA-1to 9
CA-1: RCS Injection to Recover the Core
CA-2: Injection Rate for Long Term Decay Heat Removal

CA-5: Containment Water Level and Volume

CA-6: Potential Containment Vacuum Severe Challenge
CA-7: Hydrogen Concentration in Long Term Stable Condition
CA-8: Radiation Level as a function of Time after Shutdown
CA-9: Coolant Flow needed for SFP Residual Heat Removal

SAEG-1
TSC Long Term Monitoring Activities

SAEG-2
SAMG Termination




SAMG Validation Overview
(1/2)

* For accidents progressinfg to cg%re damage, the
or exi

MCR will be responsible

Ing the EOP and

transitioning to the Bohunice NPP SAMG

package. Once this transition is mac
control room utilizes the SACRG.

e, the

* The portion of the validation exercise, which
concentrated solely on the control room
guidelines, focused on validating the following

aspects of the SAMG:

— transition from EOP to SACRG-1,3

— use of SACRGs

— transition from SACRG-1to SACRG-2,

from

SACRG-3to SACRG-4,to SACRG-0 and back.



SAMG Validation Overview
(2/2)

The SAMG package Is designed primarily for TSC
use. The TSC utilizes the remaining portions of the
SAMG, without SACRG qguidelines, to evaluate
accident management strategies and to decide on an
optimum strategy.

Validation aspects of the SAMG which concentrated
solely on the TSC guidelines:

— use of diagnostic tools (DFC and SCST) including the
ability to diagnose plant conditions,

— use of guidelines (SAG and SCG) to choose appropriate
strategy,

— use of computational aids (CA) to aid decision making,
— use of the first exit guidelines (SAEG-1).



SAMG Validation Criteria (1/8)

« SAMG validation acceptance criteriaare
developed to meet the defined SAMG validation

objectives.

« Several sets of validation acceptance criteria
should be developed to fit the structure of SAMG

package that is being validated
 Validation acceptance criteria s

nould not focus

on SAMG package only, but also on the

conduction of activities during t

ne validation

exercise so that the usage of SAMG package is

assessed

— Important to understand and rely
validation exercise

on the outcomes of



SAMG Validation Criteria (2/8)

» Based on the Bohunice NPP SAMG package
structure, the following sets of validation
acceptance criteria (AC) were developed:

— EOP-SAMG Interface AC

— Control Room Guidelines (CRG) AC
— TSC Diagnostics (DFC and SCST) AC
— TSC Guidelines (SAG/SCG/CA) AC

— Exit Guidelines (SAEG) AC

— Validation Exercise AC



SAMG Validation Criteria (3/8)

« Examples of EOP-SAMG Interface AC:

St
St

St

ne EO
ne EO
ne EO

P-SAMG transition clearly defined?
P-SAMG transition unambiguous?
P-SAMG transition easily used?




SAMG Validation Criteria (4/8)

« Examples of CRG AC:

— Is the transition from SACRG-1 to SACRG-2
clearly defined?

— Can the plant parameters required be obtained?

— Are t
— Are t

ne instructions clear and easily understood?
ne responsibilities between control room

and

'SC clearly defined?



SAMG Validation Criteria (5/8)

« Examples of TSC Diagnostics (DFC and
SCST) AC:
— Can the plant parameters required be obtained?

— Are the priorities (SCST vs. DFC, and within
each) clearly defined?

— Can a cycle through the diagnostics be
completed In a reasonable timeframe?

— Are the DFC/SCST parameters representative of
EBO specific challenges?



SAMG Validation Criteria (6/8)

. E)éam ples of TSC Guidelines (SAG/SCG/CA)

— Can the plant parameters required be obtained?

— Are the strategies used appropriate, applicable and
usable?

— Are the instructions clear and easily understood?

— Are the negative impacts adequately described, and
can the guidance to evaluating negative |mpacts be
followed easily? Can decisions be reached?

— Are the computational aids complete, appropriate,
fully applicable and easy to use?

— |Is communication between TSC, ECC and control
room staff adequate for guideline usage?




SAMG Validation Criteria (7/8)

« Examples of Exit Guidelines (SAEG) AC.:

— Is the transition from SAEG-1 to SAEG-2 clearly
defined?

— Can the plant parameters required be obtained?
— Are the decision steps logically ordered?

— Can the steps be completed?

— Are the instructions clear and easily understood?
— Are responsiblilities clearly set?



SAMG Validation Criteria (8/8)

« Examples of Validation Exercise AC:
— Were the diagnostics continuously monitored?

— Were priorities observed (SCST vs DFC, within the
diagnostics, and within the guidelines)?

— Were negative impacts fully assessed before
recommendations were made?

— Was strategy implementation checked, and was the
guidance on this clear (detailed enough)?

— Were the SAMG evaluation duties efficiently
assigned within the TSC?

— Did the emergency organization face any problems
with respect to split of responsibilities?
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Bohunice NPP On-Site Emergency
Response Organisation

Emergency Response of NPP
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SAMG Validation Participants

« “Players” are the staff actually using the SAMG — the operating team in
the control room, and the TSC. These people do not know anything
about the scenarios beforehand, and must be adequately trained on
usage of SAMG before performing the exercise. After the exercise, they
provide feedback in the form of comments on usability etc. Ideally, the
players should be actual operating and TSC teams from the plant.

« “Controllers” provide the boundary conditions for the exercise (for
example they act as the control room in a TSC-only exercise), and they
are responsible for the realistic progression of the simulated event, and
for the updating of plant data and parameters as actions are taken. The
observer and controller roles should (in principle) not be mixed.

« “Observers” are dedicated to developing insights on potential
Improvements to usability, and other aspects of the SAMG package by
observing the exercise, and then feeding back their comments,
observations and insights afterwards. Observers should be persons
experienced in SAMG implementation.



Bohunice NPP SAMG Validation
Schedule and Participants

Day Subject Attendance Location
Final preparation / run- Controller team. TSC (suggested)
Day 1 am through of exercises Observer team.
Non-player project staff.
Players should not attend
this session.
Training / orientation Whole validation team ERC training room
Day 1 pm 0 Validation (plus others?)
plan/approach
TSC exercise 1 Whole validation team — TSC
Day 2 TSC exercise 2 including TSC players
1 Briefing
0 Perform exercise
0 De-briefing session
1 Preparation for Controllers, simulator staff | Simulator
Day 3 am simulator exercises and observers only
INT exercise 1 Whole validation team — Simulator, TSC
Day 3 pm 7 Briefing inc operations and TSC
1 Perform exercise players
0 De-briefing session
INT exercise 3 Whole validation team — Simulator, TSC
Day 4 INT exercise 2 inc operations and TSC TSC
7 Briefing players
0 Perform exercise
7] De-briefing session
TSC exercise 4 Whole validation team — TSC
Day 5 INT exercise 4 inc TSC players TSC, ECC
0 Briefing
1 Perform exercise
[ De-briefing session
INT exercise 5 —2 UNIT Whole validation team — TSC, ECC
Day 6 am ] Briefing inc operations, TSC and
7 Perform exercise ECC players
0 De-briefing session




SAMG Validation Scenarios

« Ajoint Westinghouse — Bohunice team prepared
and finalized validation scenarios.

 Validation scenarios were developed using
MAAP/VVER code (version 4.03):

— to determine the exact starting conditions (i.e., Initial
Condition) required for each scenario,

— to determine the plant specific response to the
scenarios,

— to develop plant datasheets for players (table top).

* Validation scenarios for EOP-SAMG transition
and SACRG validation were prepared on FSS.




SAMG Validation Scenarios (1/4)

« Ajoint Westinghouse — Bohunice team prepared
and finalized validation scenarios.

 Validation scenarios were developed using
MAAP/VVER code (version 4.03):

— to determine the exact starting conditions (i.e., Initial
Condition) required for each scenario,

— to determine the plant specific response to the
scenarios,

— to develop plant datasheets for players.

* Validation scenarios for EOP-SAMG transition
and SACRG validation were prepared on FSS.




SAMG Validation Scenarios (2/4)

Scenario

TSC

Ops

ERC

Method

Main Guidelines Covered and Main

Objectives
TSC-1 SAG-2, 3,6
Stand-alone Y N N TT SCG-2.
TSC
TSC-2
SAG-2, 3, 5, 6, and SCG-3
_Srtsagd-alone Y N N T Test Hydrogen SCG
TSC-4 SAGs -1, 2, 4, 5 (from SCG-1) and SCG-
Stand-alone Y N N TT 1
TSC Test releases SCG
INT-1 v v N FSS EOP (E-0, E-1, ES-1.2, FR-C.2, FR-C.1)-
Integrated SAMG transition-SACRG-1, 2 (at power)
INT-2 EOP-SAMG transition
Y Y N TT (shutdown states)
Integrated EOP-SACRG-3
Test SACRG-0 and transitions after
power/instn. Recovered.
INT-3 v v N £SS ECA-0.0, SACRG-1, SACRG-0, SACRG-
Integrated 2
SACRG-0 and transition to SACRG-2 /
TSC
Interfaces:
INT-4 TSC-ERC-Ops
Integrated Y Y Y i DFC, SCST
SACRG2/4
INT-5 v v v T TSC function and interfaces with ERC
Integrated and ops for multi-unit accident




SAMG Validation Scenarios (3/4)

ScenariofNotes[

TSC-1@
Stand-alonelfTSCE

LOCA,hoBIEndEhoctive@®ontainmentheat@emoval.@
Exercisefegins@tBAMGEntry

TSC-20
Stand-alonelr'SCE

Blackout,thoeedwater,®RCSRIepressurization@nECA-0.0.E
SACRG-1&tepBE,B,BEuccess@poweriack,@epressurizeRCS,Flood
cavity).@egraded®ARs.

TSC-40
Stand-alonelI'SCE

Hazard@nduceddossB | IHeedwater.®

NoFECCSBIBbutiPAnjectionvailable@romBAM@iesel .
UnableoBpenny@ressurizeralvesk
NoBbrimary@lepressurization. @

Induced@BGTREBbeforelfISCEets@oBAG-1.0l

INT-101
Integrated

MLOCARBIHailure.R
TSCRvailable@fterEbhrFfulldmplementation®DfBACRG-1)E
TSCictive,@ransition®oBACRG-2,E@nd.E

INT-21
Integrated?

Vesseldevel@At#lange, [CETs@emoved,Wesseltheadjust@emoved.k
Spurious@ZccidentaldRHR)Falve@®peningRausesverdraining@vhich
uncoversXore.MNoprimary@nakeupiivailable.H

INT-32
Integrated?

LossflIEcipower.INot@ecovered@nECA-0.0qfire@vater@oBGEhotE
av).fransition@oBACRG-1{pressurizer@alvesBpenediniransition).B
Subsequentdoss@®fibatteries/instrumentation. BACRG-0.Buccessful@
recoverydfEninimuminstrumentation@mobile@lcower@init,
instrumentation,docal®nly)@&ndETSCRctivated@vhileANBACRG-0.3

Transitionack@oBACRG-2AvithETSCAisingBAMG.End. 2

INT-42
Integrated?

TestERCRIecision@naker@olefventing)?
Start@xercise@anythoursinto@vent@vith@ontainment@pressurel
increasing@ndihearing®he@CG-2Betpoint.k
IVRBuccessfultbutBhoontainmenttheat@emoval@vailable.B

DefinelctiveBAGs@priortoeaching®CG.A
AfterBuccessful@ent,®xitBCG-2,@e-enterBAG-6,@ecover@HR.End.B




SAMG Validation Scenarios (4/4)

ScenariofNotes[

INT-5E Seismiclnitiator:Blackout®n@4,Blackout@plusi@nduced@MLOCARDNE
Integratedp u3.m
(ECA-0.0@v/oFfeedwater:@lepressurizeBGsndirimary@o@.5MPal

using@xisting@GHAnventory...)?
SAM@liesel@n@naintenance.?

ECA-0.0@vill@nstruct®
U3:FireruckA@n@iseoRXonnect@nobileRieseldin@rogressEaking?
time)l
U4:HeedBGsAvithHire@rucksBut@onnection@ointsinaccessible@iueiol]
building@lamage.B

U3@nterBAMGHEromECA-0.0irst.2

MobileRliesel@onnected 3.

U3, BAMGE:ntry#FromECA-0.0,EISCE| U4RBtillAnECA-0.0.3
activated,bubble@®ower@iraineddnkl| Feeding®GsEnotBucceeding).?
SACRG-1,®Ravity#loodeddvalvesh SGslepleting.
needEmobileower).B

Active:R
SAG-2:Btart@HSIBumpifromn
mobile@liesel)?
SAG-6:Bhothingvailableill BAME
diesel@esupplies?
(Containment@ressurizing)@

UABAMGRNtry@BromECA-0.08
(RCSRlepressurizedinikickout?
step)@

TSCRActivated?
SACRG-1:BbubblefowerEhot?




Bohunice SAMG Validation Data
Sheet

EXERCISE

EBO SAMG Validation

EXERCISE
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SAMG Validation Feedback

 Validation feedback should be grouped into
corresponding categories:

— Validation feedback issues potentially leading to

a guide
should

Ine modification. A preliminary evaluation
e presented, which will be used when

the guic

eline change Is considered for

Implementation.
— Validation issues to be addressed in training.
— Validation issues requiring no specific action

(mainly

related to the methodology of the

exercises).



SAMG Validation
Evaluation of Acceptance Criteria

* Observers are responsible for taking notes
during the validation exercise

 Notes should be taken to allow for evaluation
of acceptance criteria

* All defined acceptance criteria have to be
evaluated

» Conclusions should be given on the usability
of SAMG In real environment



Conclusions

« SAMG V&YV is an essential part of SAMG
development and implementation

 SAMG verification Is important tool to confirm
that all requirements posed on SAMG package
were met and guidelines are technically correct

« SAMG validation is essential activity to test
developed and verified SAMG package In
realistic environment before final Iimplementation
providing important feedback on future updates
and personnel training
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