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	IMPORTANT — SCOPE OF THIS DOCUMENT
This report presents the results of a SIL verification calculation covering random hardware reliability only (PFDavg). It does not constitute a complete functional safety assessment. Systematic capability of SIF elements must be assessed separately per IEC 61511 Clause 11.9. See Section 9 for full scope statement.
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[bookmark: _Toc225073259]1. Executive Summary
	SIF Tag
	SIF Name
	Target SIL
	Achieved SIL
	PFDavg
	Result

	SIF-001
	High Pressure Trip
	2
	SIL 2 — Hardware
	2.24 × 10-3
	PASS



	Achieved SIL covers random hardware reliability (PFDavg) only. Systematic capability assessment required separately per IEC 61511 Clause 11.9.



[bookmark: _Toc225073260]2. SIF Descriptions
[bookmark: _Toc225073261]SIF-001: High Pressure Trip
	Field
	Value

	SIF Tag
	SIF-001

	SIF Name
	High Pressure Trip

	Description
	Emergency shutdown of reactor feed on high pressure to prevent overpressure and potential vessel rupture.

	Hazard
	Reactor overpressure leading to loss of containment of hazardous materials.

	Demand Mode
	Low Demand

	Target SIL
	2

	Mission Time LT
	87,600 hours (10.0 years)



[bookmark: _Toc225073262]3. Architecture
[bookmark: _Toc225073263]SIF-001
	Subsystem
	Architecture
	Channels

	Sensors
	2oo3
	3

	Logic Solver
	1oo2
	2

	Final Elements
	1oo2
	2



[bookmark: _Toc225073264]4. Failure Data
The following table presents the reliability input data for all channels. All values as entered by the engineer of record.

[bookmark: _Toc225073265]SIF-001
[bookmark: _Toc225073266]Sensors
Table A — Reliability Parameters
	Instrument Tag
	λD (failures/hr)
	DC (%)
	PTC (%)
	TI (hrs)
	MTTR (hrs)

	PT-101A
	3.00 × 10-6
	65%
	90%
	8,760
	8

	PT-101B
	3.00 × 10-6
	65%
	90%
	8,760
	8

	PT-101C
	3.00 × 10-6
	65%
	90%
	8,760
	8



Table B — Data Traceability
	Instrument Tag
	Data Source
	Device Reference
	Verified By
	Verification Basis

	PT-101A
	FARADIP Issue 4
	Table 3.1 — Differential Pressure Transmitter
	J. Smith, Lead FSE
	Certified Database

	PT-101B
	FARADIP Issue 4
	Table 3.1 — Differential Pressure Transmitter
	J. Smith, Lead FSE
	Certified Database

	PT-101C
	FARADIP Issue 4
	Table 3.1 — Differential Pressure Transmitter
	J. Smith, Lead FSE
	Certified Database



[bookmark: _Toc225073267]Logic Solver
Table A — Reliability Parameters
	Instrument Tag
	λD (failures/hr)
	DC (%)
	PTC (%)
	TI (hrs)
	MTTR (hrs)

	LS-101A
	7.10 × 10-8
	99%
	100%
	8,760
	8

	LS-101B
	7.10 × 10-8
	99%
	100%
	8,760
	8



Table B — Data Traceability
	Instrument Tag
	Data Source
	Device Reference
	Verified By
	Verification Basis

	LS-101A
	Exida SERH
	SERH 7.20 — Siemens S7-300 PLC
	J. Smith, Lead FSE
	Certified Database

	LS-101B
	Exida SERH
	SERH 7.20 — Siemens S7-300 PLC
	J. Smith, Lead FSE
	Certified Database



[bookmark: _Toc225073268]Final Elements
Table A — Reliability Parameters
	Instrument Tag
	λD (failures/hr)
	DC (%)
	PTC (%)
	TI (hrs)
	MTTR (hrs)

	XV-101A
	5.00 × 10-7
	0%
	85%
	8,760
	8

	XV-101B
	5.00 × 10-7
	0%
	85%
	8,760
	8



Table B — Data Traceability
	Instrument Tag
	Data Source
	Device Reference
	Verified By
	Verification Basis

	XV-101A
	Manufacturer FMEDA
	FMEDA Report Rev B — XV-101 Actuated Ball Valve
	J. Smith, Lead FSE
	Certified Database

	XV-101B
	Manufacturer FMEDA
	FMEDA Report Rev B — XV-101 Actuated Ball Valve
	J. Smith, Lead FSE
	Certified Database






[bookmark: _Toc225073269]5. UPM / CCF Assessment
Common cause failure (CCF) is assessed using the Unified Partial Method (UPM) for redundant subsystems. The beta factor represents the fraction of dangerous failures attributable to common cause events.

[bookmark: _Toc225073270]SIF-001
[bookmark: _Toc225073271]Sensors
Beta source: manual, Beta used: 0.1

[bookmark: _Toc225073272]Logic Solver
Beta source: manual, Beta used: 0.02

[bookmark: _Toc225073273]Final Elements
Beta source: manual, Beta used: 0.1

	Beta factors derived from UPM represent a structured engineering judgement consistent with IEC 61508 guidance. They are not statistically derived values. Beta derivation and justification should be subject to independent review for SIL 2 and above claims.



[bookmark: _Toc225073274]6. Calculations
All calculations use the simplified equations from IEC 61508-6 Annex B for low-demand mode. Per-channel intermediate values are shown for full traceability.

[bookmark: _Toc225073275]SIF-001
[bookmark: _Toc225073276]Sensors (2oo3)
	Instrument Tag
	λD
	DC
	PTC
	TI (hrs)
	LT (hrs)
	λDU
	λDD
	PFD_ch_UD
	PFD_ch_DD
	PFD_ch

	PT-101A
	3.00 × 10-6
	65%
	90%
	8,760
	87,600
	1.05 × 10-6
	1.95 × 10-6
	8.74 × 10-3
	1.56 × 10-5
	8.75 × 10-3

	PT-101B
	3.00 × 10-6
	65%
	90%
	8,760
	87,600
	1.05 × 10-6
	1.95 × 10-6
	8.74 × 10-3
	1.56 × 10-5
	8.75 × 10-3

	PT-101C
	3.00 × 10-6
	65%
	90%
	8,760
	87,600
	1.05 × 10-6
	1.95 × 10-6
	8.74 × 10-3
	1.56 × 10-5
	8.75 × 10-3



PT-101A: PFD_ch_UD = (λDU/2) × [PTC×TI + (1−PTC)×LT] = (1.05 × 10-6/2) × [0.90×8760 + 0.10×87600] = 8.74 × 10-3
PT-101B: PFD_ch_UD = (λDU/2) × [PTC×TI + (1−PTC)×LT] = (1.05 × 10-6/2) × [0.90×8760 + 0.10×87600] = 8.74 × 10-3
PT-101C: PFD_ch_UD = (λDU/2) × [PTC×TI + (1−PTC)×LT] = (1.05 × 10-6/2) × [0.90×8760 + 0.10×87600] = 8.74 × 10-3

	Beta = 0.1 (source: Manual)
Formula: PFD_2oo3 = (1-β)×12×PFD_ch_UD² + β×PFD_ch_UD
       = (1 - 0.1) × 12 × 8.74 × 10-3² + 0.1 × 8.74 × 10-3
Subsystem PFDavg = 1.70 × 10-3



[bookmark: _Toc225073277]Logic Solver (1oo2)
	Instrument Tag
	λD
	DC
	PTC
	TI (hrs)
	LT (hrs)
	λDU
	λDD
	PFD_ch_UD
	PFD_ch_DD
	PFD_ch

	LS-101A
	7.10 × 10-8
	99%
	100%
	8,760
	87,600
	7.10 × 10-10
	7.03 × 10-8
	3.11 × 10-6
	5.62 × 10-7
	3.67 × 10-6

	LS-101B
	7.10 × 10-8
	99%
	100%
	8,760
	87,600
	7.10 × 10-10
	7.03 × 10-8
	3.11 × 10-6
	5.62 × 10-7
	3.67 × 10-6



LS-101A: PFD_ch_UD = (λDU/2) × [PTC×TI + (1−PTC)×LT] = (7.10 × 10-10/2) × [1.00×8760 + 0.00×87600] = 3.11 × 10-6
LS-101B: PFD_ch_UD = (λDU/2) × [PTC×TI + (1−PTC)×LT] = (7.10 × 10-10/2) × [1.00×8760 + 0.00×87600] = 3.11 × 10-6

	Beta = 0.02 (source: Manual)
Formula: PFD_1oo2 = (1-β)×PFD_ch_UD² + β×PFD_ch_UD
       = (1 - 0.02) × 3.11 × 10-6² + 0.02 × 3.11 × 10-6
Subsystem PFDavg = 6.22 × 10-8



[bookmark: _Toc225073278]Final Elements (1oo2)
	Instrument Tag
	λD
	DC
	PTC
	TI (hrs)
	LT (hrs)
	λDU
	λDD
	PFD_ch_UD
	PFD_ch_DD
	PFD_ch

	XV-101A
	5.00 × 10-7
	0%
	85%
	8,760
	87,600
	5.00 × 10-7
	0
	5.15 × 10-3
	0
	5.15 × 10-3

	XV-101B
	5.00 × 10-7
	0%
	85%
	8,760
	87,600
	5.00 × 10-7
	0
	5.15 × 10-3
	0
	5.15 × 10-3



XV-101A: PFD_ch_UD = (λDU/2) × [PTC×TI + (1−PTC)×LT] = (5.00 × 10-7/2) × [0.85×8760 + 0.15×87600] = 5.15 × 10-3
XV-101B: PFD_ch_UD = (λDU/2) × [PTC×TI + (1−PTC)×LT] = (5.00 × 10-7/2) × [0.85×8760 + 0.15×87600] = 5.15 × 10-3

	Beta = 0.1 (source: Manual)
Formula: PFD_1oo2 = (1-β)×PFD_ch_UD² + β×PFD_ch_UD
       = (1 - 0.1) × 5.15 × 10-3² + 0.1 × 5.15 × 10-3
Subsystem PFDavg = 5.38 × 10-4



	SIF Total PFDavg Calculation
PFDavg_SIF = PFDavg_sensor + PFDavg_logic + PFDavg_final
           = 1.70 × 10-3 + 6.22 × 10-8 + 5.38 × 10-4
           = 2.24 × 10-3



[bookmark: _Toc225073279]7. Results
[bookmark: _Toc225073280]SIF-001
	Subsystem
	Architecture
	Beta Used
	PFDavg
	Contribution %

	Sensors
	2oo3
	0.1
	1.70 × 10-3
	76%

	Logic Solver
	1oo2
	0.02
	6.22 × 10-8
	0%

	Final Elements
	1oo2
	0.1
	5.38 × 10-4
	24%



	Total PFDavg: 2.24 × 10-3
Achieved SIL: SIL 2 — Hardware
Target SIL: SIL 2    Verification Result: PASS



	Sensors contributes 76% of total PFDavg. Consider reducing proof test interval or increasing diagnostic coverage on the sensors to improve overall SIF performance.



[bookmark: _Toc225073281]8. Architectural Constraint (IEC 61508 Route 1H)
The following table presents the architectural constraint assessment per IEC 61508-2 Table 3 (Type A) and Table 4 (Type B). The hardware fault tolerance (HFT) is derived from the voting architecture. The constraint SIL is the maximum SIL claimable from hardware architecture and SFF.

[bookmark: _Toc225073282]SIF-001
	Subsystem
	Architecture
	HFT
	Component Type
	SFF (%)
	Constraint SIL

	Sensors
	2oo3
	1
	Type B
	72%
	SIL 2

	Logic Solver
	1oo2
	1
	Type B
	99%
	SIL 3

	Final Elements
	1oo2
	1
	Type A
	92%
	SIL 3



	The overall architectural constraint is SIL 2, limited by sensors. This is the maximum SIL claimable from hardware architecture and SFF per IEC 61508-2.



[bookmark: _Toc225073283]9. Systematic Capability Assessment
Systematic capability (SC) is the third barrier in the IEC 61508 three-barrier SIL verification model. Each SIF element must demonstrate a systematic capability commensurate with the target SIL. SC ratings are typically established through IEC 61508 certification, prior use evidence, or engineering assessment.



[bookmark: _Toc225073284]SIF-001
	Instrument Tag
	Subsystem
	Declared SC
	Evidence Basis

	PT-101A
	Sensors
	SC 2
	Manufacturers Safety Manual

	PT-101B
	Sensors
	SC 2
	Manufacturers Safety Manual

	PT-101C
	Sensors
	SC 2
	Manufacturers Safety Manual

	LS-101A
	Logic Solver
	SC 2
	Manufacturers Safety Manual

	LS-101B
	Logic Solver
	SC 2
	Manufacturers Safety Manual

	XV-101A
	Final Elements
	SC 2
	Manufacturers Safety Manual

	XV-101B
	Final Elements
	SC 2
	Manufacturers Safety Manual



[bookmark: _Toc225073285]Subsystem SC Summary
	Subsystem
	Architecture
	Subsystem SC
	Basis

	Sensors
	2oo3
	SC 3
	SC 3 (synthesised from 3 × SC 2) — engineer confirmed sufficient independence (IEC 61508 Clause 7.4.7)

	Logic Solver
	1oo2
	SC 2
	Minimum of channel SC values

	Final Elements
	1oo2
	SC 2
	Minimum of channel SC values



	SC synthesis applied to Sensors — engineer has confirmed sufficient independence between channels.



	The minimum systematic capability declared across all SIF elements is SC 2. This meets the target SIL of SIL 2. The engineer of record is responsible for ensuring appropriate evidence is documented for each declared SC rating.



[bookmark: _Toc225073286]10. Assumptions and Limitations
The following assumptions and limitations apply to all calculations in this report. The engineer of record is responsible for confirming each assumption is appropriate for the specific installation.

1. Constant failure rate assumed (IEC 61508 useful-life period assumption). Applicable to electronic and electromechanical devices in the useful-life phase.
1. Low demand mode: demand rate << 1/TI. The engineer must confirm this condition is satisfied for each SIF.
1. Subsystem independence assumed. No cross-subsystem common cause failures are modelled.
1. Single beta factor model. The beta factor applies uniformly to all channels in a redundant subsystem. Partial CCF events are not distinguished.
1. Simplified equations from IEC 61508-6 Annex B. For SIL 3 claims, an independent Markov or fault tree analysis is recommended as a cross-check.
1. Arithmetic mean used for mixed-channel redundant subsystems. For channel failure rate ratios > 5:1, verify by hand calculation.
1. The PFDavg calculation uses the formula PFD_ch_UD = (λDU/2)×[PTC×TI+(1−PTC)×LT]. Failures caught by the proof test accumulate over the proof test interval TI. Residual failures not caught by the proof test accumulate over the mission time LT. The engineer is responsible for confirming both the stated PTC is achievable with the defined test procedure, and that the stated mission time is appropriate for the installation.
1. Detected failure approximation PFD_ch_DD = λDD × MTTR is valid when MTTR << TI (recommended: MTTR < TI/10).
1. No systematic failure modelling. This report addresses random hardware failures only. IEC 61511 requires separate assessment of systematic failure avoidance and management.
1. Mission time (LT) represents the design life of the safety system. Residual dangerous failures not caught by proof testing accumulate over this period. The engineer must confirm the stated mission time is appropriate for the installation and that systematic review or replacement occurs at end of mission life.
1. 2oo2 architecture: no independent CCF additive term. System fails on single-channel failure; CCF probability is subsumed within the independent channel terms.
1. 2oo3 architecture: for identical channels, PFD_2oo3 > PFD_1oo2. This is mathematically correct per IEC 61508-6 Annex B. 2oo3 is typically selected for availability reasons, not to reduce PFDavg.

[bookmark: _Toc225073287]11. Scope of This Verification
	SCOPE OF THIS VERIFICATION
This report presents the results of a Safety Integrity Level (SIL) verification calculation for the Safety Instrumented Functions listed in Section 1.
The verification has been performed in accordance with the simplified calculation methods of IEC 61511, low-demand mode.
This report demonstrates that the hardware reliability of the specified SIF architectures, expressed as average probability of dangerous failure on demand (PFDavg), meets the target SIL for each function as defined in Section 1.

This report does NOT constitute:
•  A complete functional safety assessment
•  A safety requirements specification
•  An assessment of systematic failure avoidance or management
•  A confirmation that the demand rate satisfies the low-demand assumption
•  A proof test procedure or proof test adequacy assessment
•  A management of change assessment

The results presented are valid subject to the assumptions in Section 9. The engineer of record is responsible for confirming all assumptions are appropriate for the specific installation.
Engineer:  Sample Engineer
Date:  22 March 2026
Revision:  Rev 0
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[bookmark: _Toc225073289]SIF-001
This report presents the SIL verification for SIF-001: High Pressure Trip.

[bookmark: _Toc225073290]THREE-BARRIER VERIFICATION SUMMARY
	Barrier
	Description
	Achieved
	Result

	1
	Random hardware reliability (PFDavg)
	SIL 2
	PASS

	2
	Architectural constraint (IEC 61508 Route 1H)
	SIL 2
	PASS

	3
	Systematic capability
	SC 2
	PASS

	
	Overall result (minimum of three barriers)
	SIL 2
	PASS



	Overall verification result: PASS — SIL 2 achieved meets or exceeds target SIL 2
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