VA

.
s LonLuamos

LA-UR-15-23087

Approved for public release; distribution is unlimited.

Title:
Author(s):

Intended for:

Issued:

Layer of Protection Analysis for SIL Determination of the SCRAM System
Strelow, James M.

Report

2015-04-27




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer,is operated by the Los Alamos National Security, LLC for

the National NuclearSecurity Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By approving this
article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published
form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the
publisher identify this article as work performed under the auspices of the U.S. Departmentof Energy. Los Alamos National Laboratory
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the
viewpoint of a publication or guarantee its technical correctness.



NCERC

Los Alamos National Laboratory

CALCULATION COVER SHEET

Calculation No:

CEF-ENG-CAL-
0465,Rev. 5

PROJECT TITLE / NUMBER:
National Criticality Experiments Research Center

CLIENT:

Nuclear Engineering and Nonproliferation

Division

CALCULATION TITLE:
Layer of Protection Analysis for SIL Determination of the SCRAM System

OBJECTIVE:

The purpose of this calculation is to determine the Safety Integrity Level (SIL) required for the SCRAM
System at the National Criticality Experiments Research Center (NCERC).

DOCUMENTS AFFECTED:

CEF-ENG-0419, Safety Integrity Level (SIL) Verification of the Safety Instrumented System for the Critical
Assembly Machine Installations at the Criticality Experiments Facility (CEF)

Revision | Affected Revision Originator Checker Approver
Number Pages Description Name / Date Name / Date Name / Date
0 Initial Release Cappiello 8/05
1 Calculation for all | Robbins 11/18/05
scenarios
2 Format Robbins Hayes Cappiello
conclusions
properly
3 Using latest PrHA Robbins Hayes Cappiello
PDSA dated Nov.
2006
4 Updated using Strelow Hayes Rhodes
latest DSA PrHA 07/11/13 07/11/13 07/11/13
Eff. 03/19/12
5 Updated to Strelow Hayes Rhodes
Include Rev. 1, 03/19/15 03/19/15 03/19/15
Change Notice 4




NCERC CALCULATION

Los Alamos National Laboratory SHEET
PROJECT NO.: CALC NO.: CEF-ENG-CAL-0465 REVISION NO.: 5 SHEET No. 1/5
SUBJECT: LAYER OF PROTECTION ANALYSIS FOR THE SCRAM SYSTEM
PREPARED BY: J. STRELOW DATE: 19 MAR 2015 CHECKED BY: D. HAYES DATE: 19 MAR 2015

Purpose

The purpose of this calculation is to determine the Safety Integrity Level (SIL) required for the SCRAM System
at the National Criticality Experiments Research Center (NCERC).

System Description

The SCRAM System includes three Programmable Logic Controller (PLC) based subsystems. Each subsystem
is designed to open a series of relays to initiate a SCRAM of the critical assembly machines. Each of these
subsystems must be verified to meet their required Safety Integrity Level (SIL).

Subsystem #1: If it is determined that an abnormal condition exists, the worker can manually initiate a SCRAM
by pushing an e-stop switch (manual pushbutton) located in the assembly bay or on the remote control console.

Subsystem #2: A SCRAM may be initiated by a worker opening the personnel access door to the assembly bay
during operation.

Subsystem #3: A SCRAM may be initiated by a Log-N neutron channel sending a signal to the SCRAM system
when CAM power reaches a preset value.

ISA 84.01 defines the 3 discrete Safety Integrity Levels (SIL) in terms of Probability of Failure on Demand
(PFD). Shown below are these probabilities:

SIL 1=10"to 107
SIL 2 =10"to 107
SIL 3=10"to 10*

Methodology
The methodology used to determine the Safety Integrity Level (SIL) is described in Chapter 8 of the LANL

Engineering Standards Manual (Reference 1). In brief, the Documented Safety Analysis (DSA) (Reference 2)
lists various accident scenarios in Appendix A and lists the uncontrolled frequency of each scenario. The DSA
then credits one or more of the three SCRAM System subsystems as a preventive engineering control to reduce
the frequency of that particular accident scenario.

This document uses Layer Of Protection Analysis (LOPA) to determine the required SIL for the SCRAM
System. Two assumptions are made for these calculations. First, the uncontrolled frequency for the calculation
is assumed to be the middle of the bin. That is, if the uncontrolled frequency is Bin II, the frequency is assumed
to be 10°. Second, the required controlled frequency for the calculation is assumed to be “one half decade
beyond the minimum”. That is, if the required controlled frequency is Bin III, the frequency is assumed to be
5.0%107.

Calculation

One or more of the three SCRAM System subsystems are identified as safety significant controls for several
scenarios in the Process Hazard Analysis (PrHA) section of the DSA. The scenarios listed below are those that
credit the SCRAM System for a reduction in frequency.
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remote operation

Hazard Scenario Description Initial Credited SCRAM Engineering Final
ID No. Freq Controls Freq
Bin Bin

REA-11 | Personnel left in Cell during I Manual SCRAM Buttons II
transition into remote operation Door Interlock

REA-13 | Personnel enters Cell during II Door Interlock II
remote operation

REA-14 | Release of radioactive material I Log-N Channels II
from damaged core during
remote operation caused by
excessive reactivity insertion

REA-20 | Personnel left in Cell during I Manual SCRAM Buttons II
transition into remote operation Door Interlock

REA-21 | Personnel enters Cell during II Door Interlock II
remote operation

REB-03 | Larger than planned reactivity I Log-N Channels II
insertion due to improper core
loading

REB-04 | Larger than planned insertion I Log-N Channels II
due to control rods insertion
more than planned

REB-06 | Personnel left in Cell during I Manual SCRAM Buttons II
transition into remote operation Door Interlock

REB-08 | Personnel enters Cell during II Door Interlock II

The PrHA lists the frequency bins as follows:
Frequency Bin I is > 10~ events per year,
Frequency Bin Il is 107 to 10 events per year,
Frequency Bin IIl is 10 to 10 events per year, and
Frequency Bin IV is < 10 events per year.
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The 9 accident scenarios above that credit the SCRAM System fit into the 3 categories shown below:

Initial | Final . Accident Scenarios
Category Freq | Freq P.E. Control Credited Fitting this Category

1 1 I Manual SCRAM Buttons REA-11, REA-20
Door Interlock REB -06

REA-14, REB-03,
2 I II Log-N Channels REB-04

REA-13,REA-21,
3 II I Door Interlock REB-08

For the purposes of the calculations, there is a single Independent Protection Layer defined as follows:

Independent Protection Layer 1 (IPL-1) is the SCRAM System consisting of the SCRAM Safety System (SSS)
and the Safety Shutdown Mechanism (SSM). The SSS includes the following initiating subsystems that may
individually or in combination activate the SSM for the critical assemblies within the cell.

¢  Manual SCRAM buttons

¢  Door interlock

* Log-N channel input

Below, a Layer Of Protection Analysis (LOPA) is performed for Category 1 and Category 2 accident scenarios.
Category 3 accident scenario does not involve a reduction in frequency, so a LOPA is not required.




NCERC

Los Alamos National Laboratory

CALCULATION
SHEET

PROJECT NO.: CALC NoO.: CEF-ENG-CAL-0465
SUBJECT: LAYER OF PROTECTION ANALYSIS FOR THE SCRAM SYSTEM
PREPARED BY: J. STRELOW DATE: 19 MAR 2015

REVISION NO.: 5

CHECKED BY: D. HAYES

SHEET No. 4/5

DATE: 19 MAR 2015

For accident scenarios fitting category 1:

Independent Protection Layer 1
(manual SCRAM buttons)

Unmitigated Hazardous Event

Unacceptable Consequence
Likelihood

IPL-1 Fails

Likelihood

PFDIPL»I

REA-11,REA-20, REB-06
Frequency Bin |
10" events/year

Independent Protection Layer Operates

Frequency Bin II
<5.0x10” events/year

No Impact

10" * PFD,,,_, < 5.0%10°
Therefore: PFD,, , <5.0%10

Independent Protection Layer 1
(door interlock)

Unmitigated Hazardous Event

Unacceptable Consequence
Likelihood

IPL-1 Fails

Likelihood

PFDIPL»I

REA-11,REA-20, REB-06
Frequency Bin |
10" events/year

Independent Protection Layer Operates

Frequency Bin II
<5.0x10” events/year

No Impact

10" * PFD,,,_, < 5.0%10°
Therefore: PFD,, , <5.0%10
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For accident scenarios fitting category 2:
Independent Protection Layer 1 Unacceptable Consequence
Unmitigated Hazardous Event | (Log-N channels) Likelihood
IPL-1 Fails Likelihood
PFDyp, Frequency Bin II

<5.0x10” events/year

REA-14, REB-03, REB-04
Frequency Bin |
10" events/year

Independent Protection Layer Operates  No Impact

10" * PFD,,,_, < 5.0%10°
Therefore: PFD,, , <5.0%10

Conclusion

For category 1 accident scenario: PFDyy, , < 5.0%107 (initiated by manual SCRAM buttons OR door interlock)

For category 2 accident scenario: PFDyy, ; < 5.0%107 (initiated by Log-N Channels)

For category 3 accident scenario there is no reduction in frequency
In all categories above, the PFD required is < 5.0¥10. The Safety Integrity Level (SIL) for a PFD of < 5.0¥10™
is SIL 1 =10"to 10
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