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BOUNDARY CONDITIONSBOUNDARY CONDITIONS
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PSA MODEL INTEGRATIONPSA MODEL INTEGRATION
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HUMAN ACTION DEPENDENCIESHUMAN ACTION DEPENDENCIES
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COMMON AREAS - MULTIPLE ACTIONS INITIATED BY 
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BY TIME
PARALLEL ACTIONS LIMITED BY MANPOWER
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EXAMPLE: EXAMPLE: 
TWO MANUALLYTWO MANUALLY--INITIATED FUNCTIONSINITIATED FUNCTIONS

CORE DAMAGE OCCURS ONLY IF BOTH FUNCTIONS FAIL

FUNCTION A:  HARDWARE A (HDWA) + OPERATOR ACTION A (OPA)

FUNCTION B:  HARDWARE B (HDWB) + OPERATOR ACTION B (OPB)

FUNCTION A “PREFERRED”, FUNCTION B “ALTERNATE”

NOMINAL VALUES: HDWA = 5.0E-04
HDWB = 2.0E-03
OPA = 1.0E-03
OPB = 1.0E-02

CORE DAMAGE OCCURS ONLY IF BOTH FUNCTIONS FAILCORE DAMAGE OCCURS ONLY IF BOTH FUNCTIONS FAIL

FUNCTION A:  HARDWARE A (HDWA) + OPERATOR ACTION A (OPA)FUNCTION A:  HARDWARE A (HDWA) + OPERATOR ACTION A (OPA)

FUNCTION B:  HARDWARE B (HDWB) + OPERATOR ACTION B (OPB)FUNCTION B:  HARDWARE B (HDWB) + OPERATOR ACTION B (OPB)

FUNCTION A FUNCTION A ““PREFERREDPREFERRED””, FUNCTION B , FUNCTION B ““ALTERNATEALTERNATE””

NOMINAL VALUES:NOMINAL VALUES: HDWAHDWA == 5.0E5.0E--0404
HDWBHDWB == 2.0E2.0E--0303
OPAOPA == 1.0E1.0E--0303
OPBOPB == 1.0E1.0E--0202
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EXAMPLE:  EXAMPLE:  
ASSUMED COMPLETE INDEPENDENCE (GENERALLY ASSUMED COMPLETE INDEPENDENCE (GENERALLY 
INCORRECT)INCORRECT)

FOUR INDEPENDENT CUTSETS:

HDWA * HDWB = 1.0E-06
HDWA * OPB = 5.0E-06
OPA * HDWB = 2.0E-06
OPA * OPB = 1.0E-05

CORE DAMAGE FREQUENCY: 1.8E-05

FOUR INDEPENDENT CUTSETS:FOUR INDEPENDENT CUTSETS:

HDWA * HDWBHDWA * HDWB == 1.0E1.0E--0606
HDWA * OPBHDWA * OPB == 5.0E5.0E--0606
OPA * HDWBOPA * HDWB == 2.0E2.0E--0606
OPA * OPBOPA * OPB == 1.0E1.0E--0505

CORE DAMAGE FREQUENCY:CORE DAMAGE FREQUENCY: 1.8E1.8E--0505
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EXAMPLE:  EXAMPLE:  
COMPLETE DEPENDENCE (POSSIBLE FOR SOME SCENARIOS)COMPLETE DEPENDENCE (POSSIBLE FOR SOME SCENARIOS)

IF OPERATORS FAIL TO PERFORM “PREFERRED”
ACTION OPA, THEY WILL ALWAYS FAIL TO PERFORM 
“ALTERNATE” ACTION OPB

ONE FUNCTIONAL ACTION: OPA = OPB = OP

TWO CUTSETS:

HDWA * HDWB = 1.0E-06
OP = 1.0E-03

CORE DAMAGE FREQUENCY: 1.0E-03

IF OPERATORS FAIL TO PERFORM IF OPERATORS FAIL TO PERFORM ““PREFERREDPREFERRED””
ACTION OPA, THEY WILL ALWAYS FAIL TO PERFORM ACTION OPA, THEY WILL ALWAYS FAIL TO PERFORM 
““ALTERNATEALTERNATE”” ACTION OPBACTION OPB

ONE FUNCTIONAL ACTION:ONE FUNCTIONAL ACTION: OPA = OPB = OPOPA = OPB = OP

TWO CUTSETS:TWO CUTSETS:

HDWA * HDWBHDWA * HDWB == 1.0E1.0E--0606
OPOP == 1.0E1.0E--0303

CORE DAMAGE FREQUENCY:CORE DAMAGE FREQUENCY: 1.0E1.0E--0303
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EXAMPLE: EXAMPLE: 
PARTIAL DEPENDENCE (MOST TYPICAL CASE)PARTIAL DEPENDENCE (MOST TYPICAL CASE)

IF OPERATORS FAIL TO PERFORM “PREFERRED”
ACTION OPA, IT IS MORE LIKELY THAT THEY WILL ALSO 
FAIL TO PERFORM “ALTERNATE” ACTION OPB

THREE FUNCTIONAL ACTIONS:

OPA (NOMINAL ACTION) 1.0E-03
OPB1 (AFTER SUCCESS OF OPA) 5.0E-03
OPB2 (AFTER FAILURE OF OPA) 1.0E-01

IF OPERATORS FAIL TO PERFORM IF OPERATORS FAIL TO PERFORM ““PREFERREDPREFERRED””
ACTION OPA, IT IS MORE LIKELY THAT THEY WILL ALSO ACTION OPA, IT IS MORE LIKELY THAT THEY WILL ALSO 
FAIL TO PERFORM FAIL TO PERFORM ““ALTERNATEALTERNATE”” ACTION OPBACTION OPB

THREE FUNCTIONAL ACTIONS:THREE FUNCTIONAL ACTIONS:

OPA (NOMINAL ACTION)OPA (NOMINAL ACTION) 1.0E1.0E--0303
OPB1 (AFTER SUCCESS OF OPA)OPB1 (AFTER SUCCESS OF OPA) 5.0E5.0E--0303
OPB2 (AFTER FAILURE OF OPA)OPB2 (AFTER FAILURE OF OPA) 1.0E1.0E--0101
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EXAMPLE:  EXAMPLE:  
PARTIAL DEPENDENCE (MOST TYPICAL CASE)PARTIAL DEPENDENCE (MOST TYPICAL CASE)

FOUR CORRELATED CUTSETS:

HDWA * HDWB = 1.0E-06
HDWA * OPB1 = 2.5E-05
OPA * HDWB = 2.0E-06
OPA * OPB2 = 1.0E-04

CORE DAMAGE FREQUENCY: 1.1E-04

FOUR CORRELATED CUTSETS:FOUR CORRELATED CUTSETS:

HDWA * HDWBHDWA * HDWB == 1.0E1.0E--0606
HDWA * OPB1HDWA * OPB1 == 2.5E2.5E--0505
OPA * HDWBOPA * HDWB == 2.0E2.0E--0606
OPA * OPB2OPA * OPB2 == 1.0E1.0E--0404

CORE DAMAGE FREQUENCY:CORE DAMAGE FREQUENCY: 1.1E1.1E--0404
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ADD THE ACTION TO THE PSA LOGIC MODELSADD THE ACTION TO THE PSA LOGIC MODELS

REVIEW EVENT TREES AND FAULT TREES TO IDENTIFY 
DIFFERENT RESPONSE SCENARIOS

GROUP SCENARIOS ACCORDING TO SIMILAR EFFECTS 
ON OPERATOR RESPONSE

DEFINE SEPARATE OPERATOR ACTIONS (TOP EVENTS, 
SPLIT FRACTIONS, BASIC EVENTS) FOR EACH GROUP 
OF SCENARIOS

AVOID DIRECT COMBINATION OF OPERATOR ACTIONS 
WITH SYSTEM HARDWARE FAILURES

MODELS MUST ACCOUNT FOR DEPENDENCIES IN 
SCENARIOS THAT INCLUDE MULTIPLE ACTIONS

REVIEW EVENT TREES AND FAULT TREES TO IDENTIFY REVIEW EVENT TREES AND FAULT TREES TO IDENTIFY 
DIFFERENT RESPONSE SCENARIOSDIFFERENT RESPONSE SCENARIOS

GROUP SCENARIOS ACCORDING TO SIMILAR EFFECTS GROUP SCENARIOS ACCORDING TO SIMILAR EFFECTS 
ON OPERATOR RESPONSEON OPERATOR RESPONSE

DEFINE SEPARATE OPERATOR ACTIONS (TOP EVENTS, DEFINE SEPARATE OPERATOR ACTIONS (TOP EVENTS, 
SPLIT FRACTIONS, BASIC EVENTS) FOR EACH GROUP SPLIT FRACTIONS, BASIC EVENTS) FOR EACH GROUP 
OF SCENARIOSOF SCENARIOS

AVOID DIRECT COMBINATION OF OPERATOR ACTIONS AVOID DIRECT COMBINATION OF OPERATOR ACTIONS 
WITH SYSTEM HARDWARE FAILURESWITH SYSTEM HARDWARE FAILURES

MODELS MUST ACCOUNT FOR DEPENDENCIES IN MODELS MUST ACCOUNT FOR DEPENDENCIES IN 
SCENARIOS THAT INCLUDE MULTIPLE ACTIONSSCENARIOS THAT INCLUDE MULTIPLE ACTIONS
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ACTIONS IN FAULT TREES: EVENT TREE LOGICACTIONS IN FAULT TREES: EVENT TREE LOGIC

A B
   __________________________ 1

| |________ 2
|_________________ 3

|________ 4

A = OPA + (1-OPA) * (HDWA)

B  = OPB + (1-OPB) * (HDWB)
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ACTIONS IN FAULT TREES: SEQUENCE RESULTSACTIONS IN FAULT TREES: SEQUENCE RESULTS

SEQUENCE CUTSET FORM EXPANDED FORM
1 1 - (OPA + HDWA + OPB  + HDWB) 1 - OPA - (1-OPA)*(HDWA) - OPB - (1-OPB)*(HDWB) +

(OPA)*(OPB) + (OPA)*(1-OPB)*(HDWB) +
(1-OPA)*(HDWA)*(OPB) +
(1-OPA)*(HDWA)*(1-OPB)*(HDWB)

2 OPB + HDWB OPB + (1-OPB)*(HDWB) - (OPA)*(OPB) -
(1-OPA)*(HDWA)*(OPB) - (OPA)*(1-OPB)*(HDWB) -
(1-OPA)*(HDWA)*(1-OPB)*(HDWB)

3 OPA + HDWA OPA + (1-OPA)*(HDWA) - (OPA)*(OPB) -
(1-OPA)*(HDWA)*(OPB) - (OPA)*(1-OPB)*(HDWB) -
(1-OPA)*(HDWA)*(1-OPB)*(HDWB)

4 (OPA)*(OPB) + (HDWA)*(OPB) +
(OPA)*(HDWB) + (HDWA)*(HDWB)

(OPA)*(OPB) + (1-OPA)*(HDWA)*(OPB) +
(OPA)*(1-OPB)*(HDWB) +
(1-OPA)*(HDWA)*(1-OPB)*(HDWB)
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ACTIONS IN FAULT TREESACTIONS IN FAULT TREES

ADVANTAGES
SIMPLER EVENT TREES

DISADVANTAGES
MORE COMPLEX FAULT TREES
MORE DIFFICULT FOR ANALYSTS TO IDENTIFY SCENARIO-
SPECIFIC DEPENDENCIES
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ACTIONS IN EVENT TREES: EVENT TREE LOGICACTIONS IN EVENT TREES: EVENT TREE LOGIC

     OPA     HDWA     OPB     HDWB
____________________________1_________________ 1

| | | | _______ 2
| | | ________GF_______ 3
| | ________2_________________ 4
| | | _______ 5
| | ________GF_______ 6
| ________GF________3_________________ 7

| | _______ 8
| ________GF_______ 9

"GF" DENOTES SYSTEM FAILURE IF OPERATOR ACTION
FAILS
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ACTIONS IN EVENT TREES: SEQUENCE RESULTSACTIONS IN EVENT TREES: SEQUENCE RESULTS

SEQUENCE CUTSET FORM EXPANDED FORM
1 1 - (OPA + HDWA + OPB1 + HDWB) (1 - OPA)*(1 - HDWA)*(1 - OPB1)*(1 - HDWB)
2 HDWB (1 - OPA)*(1 - HDWA)*(1 - OPB1)*(HDWB)
3 OPB1 (1 - OPA)*(1 - HDWA)*(OPB1)
4 HDWA (1 - OPA)*(HDWA)*(1 - OPB2)*(1 - HDWB)
5 HDWA * HDWB (1 - OPA)*(HDWA)*(1 - OPB2)*(HDWB)
6 HDWA * OPB2 (1 - OPA)*(HDWA)*(OPB2)
7 OPA (OPA)*(1 - OPB3)*(1 - HDWB)
8 OPA * HDWB (OPA)*(1 - OPB3)*(HDWB)
9 OPA * OPB3 (OPA)*(OPB3)
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