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Outline

« LOPA Methodology

« LCLS-II Oxygen Deficiency Monitoring (ODM)
« LCLS Personnel Protection System (PPS)
 LCLS Beam Containment System (BCS)

« Conclusion

S | TN g \ ICALEPCS 2017, Barcelona, Oct. 12
NATIONAL ACCELERATOR LABOR Y



LOPA: Basics

* A semi-quantitative risk
assessment method used by
process industry for SIL
assignment

« Start after risks are identified in
the consequence-cause pair

« Carefully evaluate the initiating
events, enabling conditions and
condition modifiers,
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Passive protection
(e.g. Bund/Dike)

Safety Instrumented System
Trip
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\ Process Control
Loop
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LOPA: Simple Math

 |dentify existing protection

layers, evaluate if they are T o PP
Independent Protection Layers
(| Pl_) AW ﬁj
— Core Attributes: independence, Fo e e
functionality, integrity, reliability,
auditability, access security, Original Risk: R=Y1¢,
i=1

management of change

— Prevention IPL: lower the
frequency of the event

— Mitigation IPL: lessen the

Risk Prevention:

R=Y (fT]PFD/X,

j=1

Risk Mitigation: R=Y f{C,PFD,+C,(1- PFD,)}
i=1

seve rlty of the con sequence si. | Average Probability of | picy Reduction Factor | Availability (%)
1 10" to 10 10 - 100 90 - 99
2 10%t0 10 100 - 1,000 99-99.9
3 10°to0 10™ 1,000 — 10,000 99.9 - 99.99
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Why LOPA

» Accelerator safety systems are more complex compared to machinery
safeguarding

* |In addition to safety systems, other risk reduction measures are
deployed: alarms, periodic checkout, multiple layers of control and
protection

« Radiation Physicists use a “descriptive” approach to mandate
requirements for Radiation Safety Systems (PPS and BCS)

« Radiation Safety Systems are required to be: redundant, self-checking,
fail-safe, etc.

» If classified as SIL rated, additional work to comply with standard-
compliance development procedure

— FMEDA, structural constraints, SFF, QA
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Evolution of LOPA

* From concept to widely adopted

Guidelines for Safe

m
l;’fffh_n-:m,,;.,; Automation of Chemical IEC 61511-3

Guidelines for Initiating
Events and
Independent Protection

>

Processes Layers in Layer of
M= v Protection Analysis
2001 2014
¢
1990 1993 2004 2015
Layer of Protection Guidelines for Enabling
§ Analysis: Simplified Conditions and
§ Process Risk Conditional Modifiers in
i Assessment Layers of Protection
Analysis
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LCLS-Il Oxygen Deficiency Monitoring

| to the

where
@ = the ODH fatality rate (per hour)
P; = the expected rate of the i type of event (per hour)
F; = the fatality factor for the i type of event

T T T T T T T T T 1
02 4 6 & 0 12 14 16 18 20 2
% Oxygen

Using results from FMEA to get the list of event, frequency and consequence
« SLAC’s|tolerable risk threshold: fatality rate 1x 10-" /hour
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LCLS-Il ODM Risk

« Unmitigated risk is high

-Improve the system
-Add instrumented functions to reduce the risk
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Preliminary ODH Analysis for Linac Tunnel with LCLS Tatalq Tatalg | Ho Bowtkiu Dwygen Dwygen Duygan Cwygen Cygeen Ceygeen Ceaygen Cygen Dwygen Dwygen F;
11 SRF Linac - w8000 CFM of Forced Fresh Air Vantilation | Ventilation | orfice | He Bowthru | e spill rare | Bespillans | Comtral | Cone, (560} | Conc.[50y) | Come[5%604) | Cone[504) | Cone.[504) | Cone.[804) | Conc, 0] | Cone, (80:] | Cone, 180u) | Cone, 1560y} | famalivies/ P,

1 Comments | Fate[scfm] | Rave fsct] I fsec) | erfica i fs) (L= {SCRE) Voluma (') | wtik =0 Wik =1 wtike=10 wtike=20 wiihie=30 wih =40 wih =50 WHh =60 | washn=120 ain—p= Baitura) | {failusres, i) ,

Z | M Cavity [Pressure Vessel) Rupture = = 1.63E+02 21583 818,945 | 13,649.09 32472 10 138 o3 ol 0o o 0 08 0.0 o0 100600 5. 00600 1 4BE-DE
2 |VeryLargs Eathguaks Mary Ruptures nla nfa n/a na nfa s 330,000 210 0.1 0.1 1, D0E+00 7 61E07 761607
4 |Wald Leak CM Halium Circuiz [G)- 2-phasa pipa Ruptura = = 2.5EE-0L 2.555 134,81 2,248.01 32,472 21.0 155 105 EE] 15 13 07 03 0.0 0.0 1.00E+00 5.23E-11 2 0EOE
§ |vaheLeak M Cool-Down and Liquid Level Control Valwes Fupture - - 3 riE«01 2.170) 111,362 1,856.03 32,472 20 188 ii4 BT 38 21 i3 6.7 0.0 0.0 100800 5.00€-10 370808
& |Weld Lank Transfar , End B Feed Cap Circwit [B) - 3K Returm Largsleat - - 7 S6E+00| 1.056) 0,085 56809 31,471 o 06 171 139 113 9.2 7.5 6.1 18 o0 1.00E+00 1.3BE-10 303608
7 |Wald Leak CM Halism Circuit [G)- 2-phass pips Largabaak - - 8.226+00| 1.092 41,824 53036 32,472 210 206 17.0 13.7 111 2.0 73 53 16 oo 1.00E+00 2.77E-11 286508
8 |Weld Leak CM Helium Clrcuiz H) - warm wp/ cool dn Augture - 1256401 1.431 2208 | 113680 22,472 210 202 14.8 10.4 73 52 e 26 03 a0 1006400 E.SEE-12 175608
S |Weld Leak CM Helivm Circuit [B) - 2K Return Large leak = = B B3E+00] 953 4,351 740.85 32,472 10 05 16.7 13.3 106 B4 6.7 5.3 14 L) 1.00E=00 1.38E-10 153608
10 |Weld Leak Tramgfar Lirg, End & Fasd Cap Cineuit [3]- 28 Ratuen Rugturs & - 2 E0E+01 =7.110| 1408075 | 23,467.92 32,472 210 102 o o 0.0 0.0 00 o0 o0 o0 1, D0E=00 4,136-11 5 05608
11 |Weld Leak CM Halium Circuic () - 2.3 K Liquid Supply Rugture - - 2.58E+01 2.540 135,362 2,25603 32,472 210 156 105 52 26 e o7 03 oo 0.0 1.00EH00) 1.15E-11 5.71EL8
12 |Weld Leak €M Helium Circuit [B] - 2K Return Rupture - - 2 BOE+02 37.110| 1,408,075 | 2346792 32,472 210 102 &0 el 00 0 0.8 08 0.0 0.0 1.00E<00 4.13E-11 4. 55E400
13 | Weld Leak Transfer , End B Feed Caplircuit IC) -SK T Supply Rupture = 2 2.656+01 850 135,362 2,256.03 31472 pri 196 105 5.2 16 i3 a7 03 o8 a8 1.00E+00 118611 16108
14 |Wald Laak Transfer Ling, End & Feed CapCircuit [D)- 5K Tl Raturn RugLura - - 2.506+04 2932 131,075 |  2,184.58 32,472 210 136 0.7 5.5 28 14 o7 04 oo o0 1.00E+00 1.136-11 261609
15 | Weld Leak Tranzéer Ling, End & Foed CapCircuic (E] - 40K T Supply fupture - & G3E+00)] £.935 29,882 49780 32,472 210 20.7 18.0 155 133 114 e 2.4 23 0.0 1.00E-00 1.18E-11 261508
16 | Weld Leak Transfer Line, End & Feed CapCircuit F] 40K Ti Return Rupture: - - 4. T 2E+00| 7.403 23,782 F06.37 31,472 o 0.7 186 165 146 128 114 104 4.5 1) 1.00E=00 1.196-11 3 61E08
17 |Weld Laak Transfer Lire, End & Fead CapCircuit |8)-2 3K Supply Rupturs - - 158810 1,732 52570 |  1,37517 32,472 210 201 137 2.0 53 33 25 17 04 00 1, D0E-00) 337612 204503
18 |Weld Leak CM Hallum Circulz (2} - 5K Supply Rupture - - 2586401 2.540 135,362 2,25603 52,472 210 156 105 53 26 13 o7 03 oo 0.0 1.00E-00) 1.15E.11 132608
1% | Weld Leak ©M Helium Circuit [0 - 5K Beturn Rupture - - 2608401 2932 121,075 2,184 58 32,472 210 1895 1T 55 28 14 0.7 0.4 0.8 ) 1.00E-00 1.19€-11 132600
20 |Weld Leak CM Heliem Circyit [E)- 40K Supply Rugture =: = 5 FIE00] 5935 13,868 387.80 31,471 9 T 180 155 133 114 28 84 33 o9 1.00E+00 118611 132609
21 | ECJFCPraumatic Valva Ruptura = = 2 21E+D 2.170 111,362 1,556.03 32,472 310 155 119 ET 3B 23 11 07 0.0 0.0 1.00E+-00 5.00E-10 100609
22 | VaiveLeak CA Cooi-Cown and Liquid Level Control Valwes Leak - . B.a4E01 083 | 4,755 T8 32,472 210 209 205 200 185 180 156 181 b L 0.0 1.00E+00 1.006-08 7_40&07
22 |EGFC Pneumstic Walve Leak - - 544804 0083 4,755 79.25 31,472 Ho itk ] 05 200 135 15.0 186 i81 157 00 1.00E=00 1. 00E-08 200808
24 Wald Leak CM Halium Circuit [F)- 40K Return Rupturs - - 2.536-04 1,503 4,827 8025 32,472 210 209 205 200 19.5 19.0 136 123 156 o0 1,00E+00 8.056-12 834510
25 | CM Cavity [Pressura Vassal) Laak - - 2.83602 2.010 781 32,472 210 210 210 209 209 20.8 208 207 204 oo 1006400 8.006-08 2.37E05
26 |Weld Leak CM Helium Circuit (4)-2.3 K Liquid Supply mallleak - - 2EIEN O2E| 21.99 32,472 1.0 21.0 209 207 2006 20.4 20.3 20.2 19.4 o0 1.00E=00 3.98E-10 190607
27 |Weld Leak CM Heliem Circyit |B) - 2K Return Small Leak a s 283002 So10| 741 21472 19 19 e e 08 08 208 07 04 o0 1.008+00 13BE0R 153607
28 'Wald Leak CM Halium Circuiz (€} - 5K Supply smalllaak - - 252600 o027 2118 32,472 210 210 205 207 206 205 203 20.2 134 o0 1.00E-00) 3.9EE-10 435508
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31 | Weld Leak CM Halium Ciruit [F)- 20K Return smallbeak - - 275602 o074 299 32,472 210 210 210 209 209 209 209 208 207 0.1 1.00E+00 2.686-10 2.98508
32 |Weld Leak CM Halium Circuiz [G)« 2:phaza pipe small leak = - 2.52E01 0.027 2118 32472 210 210 209 0.7 206 205 203 20.2 15.4 0.0 1.008-00 277611 2 8EEOE
33 |Weid Leak i Melivm Circuit [H) - warm up/ cocl dn Leak - - 2 8XED1 D026 2198 32,472 pals) 210 200 20T 20.6 20.4 203 20.2 i8.4 ) 1.00E=00 4. T1E-10 1 26ED6
=4 | Weld Leak Tranifer , End B Fead CapCircuir |4)-2.3 K Supply Lenk - - 352804 S0z7 18 31,472 g el Fk) w07 W06 20.5 203 0.2 134 a0 1.00E+00 3.09€-10 & BOEDB
25 | 'Wald Leak Transfar Ling, End & Faed Cap Circuit [5) - 25 Raruwn smallleak - - 7.56E02 011 668 32,472 210 210 210 209 208 208 208 207 205 0.1 1.00E-00) 1.38EL8 3.03E07
36 | Weld Leak Transfer Ling, End & Feed CapLircuit [C] - 5K T Supply =mallleak - 252600 o2t 2118 32,472 1.0 21.0 209 207 2006 20.5 20.3 20.2 194 o0 1.00E<00 3.98E-10 870808
37 |Weld Leak Tramsfer , End B Fead Caplir D}-5K Tl Return rmallleak =) = ] D2E| 20.51 31,472 P mnn 0 07 206 20.5 203 202 19.5 a8 1.00E+00 3.96E-10 B.70E-08
28 |Wald Laak Tramstor Lirg, End & Fasd CapCircuit [E) - 40K T Supply | smalllaak 2 - 58802 0,080 5.00 32,472 210 210 21.0 209 209 209 208 208 206 0.1 1.00E+00 2 9EE-10 3 70EOE
25 Weld Leak Transfor Ling, End & Foed CapCirculs [F] 40K TI Recurm smallleak - - 475602 0074 EET) 33,472 210 210 210 09 208 208 208 08 5.7 0.1 1.008-00 396810 4.70608
40 TP w, NOvardlatien| 2 S3E05
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ODM Alarm & Control

9
* Instrumented Alarms  sspammses e e
M ki E ACR a ODH Strobe
E SLAC Security @ PPS
ODH Alarm - YELLOW Evacuate Area + Emergency Ventilation
il = .. ® ...
* Systermn Fault
e @ SLAC Security @ PPS
ODHStatus-GREEN ~ SystemOK|
. ?m,rgen ;:9.5% E
* Instrumented control function (SIL 1 rated)
— Turn on 9000 ft3/min active ventilation, tunnel air exchange before setting
access
— Turn on emergency ventilation
« ODM will mitigate part of the risks by about a factor of 10
ol A>
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Experimental Area (photon) PPS

* Risk is relatively low compared to

electron beamline

C1

(EIE
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HPS controller system

Risk Parameter

Classification

Consequence (C) C1 | Lightinjury to persons
C2 Serious permanent injury to one or more persons;
death of one person
Cc3 Death of several persons
C4 | Catastrophic effect, very many people killed
Frequency of F1 Rare to more frequent exposure in the hazardous
presence in the zone
hazardous zone F2 Frequent to permanent exposure in the
multiplied with the hazardous zone
exposure time (F)
Possibility of avoiding | P1 Possible under certain conditions
the consequences of | P2 | Almost impossible
the hazardous event
(P)
Probability of the W1 | Avery slight probability that the unwanted
unwanted occurrence occurrences occur and only a few unwanted
(W) occurrences are likely
W2 | Aslight probability that the unwanted
occurrences occur and few unwanted occurrences
are likely
W3 | Arelatively high probability that the unwanted

occurrences occur and frequent unwanted
occurrences are likely




HPS LOPA

« List all potential scenarios as well as protection layers for each case

Case Radiation Safety Risk C|F|P|W][IPL Safeguards Creditable IPL SIL Reguirement

1 people trapped inside the hutch 2 |12 |z |2 |2 1. Training Mo, given credit to reduce W factor
during beam operation

2. Search Preset and Search Reset | Yes

5. Emergency Exit mechanism Mo, medhanical means, depend on 3, will have no
SIL rating since it is not an I&C function

2 people entering the hutch during |2 |2 |2 (2 |2 1. Training Na, given credit to reduce W factor
aperation through the sliding
A 2. Viswal Warrang (Y/M [aght) Mo, given credit to reduce W factor
3. Key nelease function Yes
4_Key bank complete switches Yes 4 or 5 need to be

designed asaSIL 1
function

3 people entering the hutch 2 |2 |z |2 |2 1. Training Na, given credit to reduce W factor
mistakenly via emergency entry

i 2. Visual Warrang [Y/M light) Na, given credit to reduce W factor

4 people enter the hutch thraugh 2 12 |2 |2 |2 1. Training Na, given credit to reduce W factor

rollup equipment door

2_ Lok of the rollup door to Yes
round

Case 1, 2, 4: Already have 2 IPLs

Case 3: One SIL2 function; or take additional efforts to credit another IPL

Y | Y am \ 11 ICALEPCS 2017, Barcelona, Oct. 12
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Application to SLAC RSS

Radiation Safety System

Access Control

Functions of

*Design Requirements Documentation

SLAC Requirements for standard PPS and BCS
designs are covered in the Radiation Safety
Systems Technical Basis Document, ESH
Division SLAC-1-720-0A05Z-002.

Radiation Control

~—

Operations Requirements Documentation

SLAC Requirements for the operation,
maintenance, and periodic testing of the

Fast and “soft”
injector shut-off

Slower but “hard”
injector & LINAC shut-off

System Controls Circuits System
Radiation Safety Systems are described in the
SLAC Guidelines for Operations, Accelerator
Systems Division SLAC-1-010-00100-000.
Beam Beam
Personrmel HUtCh Containment Containment | | configuration
Protection Protection o System (BCS) for System (BCS) Control
System (PPS) System (HPS) Shielding electrons for photons Interlocks
for electron for photon : (cal)
enclosures enclosures ACM, PIC, LIONS, || | vacuum Gauges Sensor inputs
etc. | to BCS
‘ J
Doors, gates, Doors, gates, Beam Shut Off Burn Through <“— Vacuum Gauges
emergency off emergency off lon Chambers M u”.l ?L:'I'gM) Keys ’
buttons, etc. buttons, etc. (BSOICS) onttors :
| | i | | Sensor inputs
e e e e B S | e e B e S S

to PPS/HPS '

ol Ay
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Electron PPS

Safe access with beam parked e |

» Operators park the beam on the
Beam Switch Yard (BSY) stopper
set, to allow personnel downstream
access

* Protection layers
— 3-stopper set (5kW x1, 500W x2)

— BCS beam power interlock

« Beam energy interlock (bend
magnet current)

» Average Current Monitor

— 6 Protection lon Chambers (PICs)
installed, interlocked to BCS

— 1 Burn Through Monitor (2 pressure
switches) interlock to PPS

1 A ﬁ
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Beam Transport Hall (BTH) Beam Loss

« The BTH is above the ground and the shielding is insufficient
« Protection Layers:

* Protection Collimators
— PICs installed on Protection Collimators
— PPS interlocked to BTMs at the back of collimators
— BCS interlocked to Long lon Chambers (LION)
— PPS interlocked to Beam Shutoff lon Chambers (BSIOC)

« There are 4 PLs for the hazards, but they are not all independent: PIC

and LION sensors are connected to the same signal processing chassis

— Need to find more IPLs ol
— Or the PIC/LION chassis should be SIL2 capable  [aisiesiia o

-—= =9
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Summary

« LOPA methodology explained
« Used three SLAC safety systems to illustrate methodology

« One IPL is equivalent to one SIL 1 function, but may simplify the
hardware development efforts

« The LOPA worksheet is a good reference for decision making.
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Another Perspective
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Potential
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