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Abstract

In recent years HAZOP has become recognized as an essential part of process design.
HAZOP usually constitutes a significant part of the design effort at various stage of
flowsheet deyelopment, and requires the involvement of an experienced, interdisciplinary
team of engineers. Hence, it is desirable to reduce the Hme and engineering cost
associated with HAZOP. One way of doing this would be to incorporate the knowledge
used by human experts into an intelligent computer system, an expert system. A
system of this type could peymit an engineer, knowledgeable only about the process, to
perform a complete HAZOP, in much less time than previously required for the group
effort.

The HAZOP support system, which is developed by MITSUBISHI RESEARCH
INSTITUTE, is tested on chemical plants and nuclear fuel reprocessing plants. Problems
of this system are discussed in this report. HAZOP which was developed at ICI, U. K.
has the feature of focussing on the deviations in a pipeline joining two main plant items,
but some difficulties in analysis of auxiliary facilities such as control circuits. This report
presents a new systematic procedures of HAZOP to examine the nuclear fuel reprocesing
plant more fully. The improved technique is based on application of the input— output
relation in the system engineering to the main plant item, and the concept of the
deviations is defined more clearly by using the control and state variables. By defining the
procedures of improved HAZOP, it could be possible to examine the application of HAZQP
to nuclear fuel reprocessing plant and develop the computer— aided HAZOP.

This report also presents an algorithm for application of knowledge engineering to
automated HAZQOP. The development of the expert system for HAZOP first required the
consideration of the types of knowledge required for the study, and how this information
could be incorporated into the system. The knowledge required to perform HAZOP can be
separated into two types; (1) the generic knowledge, (2) the plant specific knowledge.
These knowledge interact with each other to perform HAZOP analysis.

* Work performed by Hayatoshi Sayama, Kazuhiko Suzuki and Yukiyasu Shimada under
contract with Power Reactor and Nuclear Fuel Development Corporation

PNC Liaison--Safety Technology Development Section, Health and Safety Division,
Tokai works, Ichiro Nojiri

3  Department of Mechanical Engineering , Faculty of Engineering,
Okayama University
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#£ 411 FVT74 BTS2 ORI AEOBIRER (1)

| SEGMENT No. : S01

FLUID . ORGANIC SOLVENT
PROCESS PARAMETER & FLOW
| <GUAID |  <DEVIATION> | <CONSEQUENCESS |  <CAUSES> ' CCONDITION>
WORD)
A. FIRE 1. COMPONENT 1. DETECTION
' FAILURE FAILURE
B, EXPLOSION | 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEN
, FAILURE FAILURE
: D. CRITICALITY | 4. HEATING SYSTEM
FAILURE
B.EXTENSION | 5.EXTENSION
NONE c 1. PUMP1  -PSS-LF | 2. FAIL-CS-LVCOTL

vy PUMPLI  -PRS-LF
PUMP1  -EPS-SF
PUMPY  -SIG~-SF
PUMPI  -CNT-LF

V1 —-X0C-LF
V1 -XLO-LF
NV1 -NOC-LF
NV1 ~NLO~LF

PIPE-S01-PLO~LF
PIPE-501-POC~-LF
FATIL-CS-LVCOTL

501-0S-F-NON-EXI
PUMP1  -PSS-LF
PUMP1  -PRS-LF
PUMPL  —EPS-SF
PUMP1  ~-SIG-SF
PUMP1  -CNT-LF

o

¥1 =X0C~-LF
¥1 ~XLO-LF
NV1 —NOC-LF
NV1 =NLO-LF

PIPE-S01-PLO-LF
PIPE-S01-POC-LF

-+

* MORE #

ES
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R 412 AU 74 YTRIETS  bOREBELOBITEER (2)

-+

<GUAID
WORD>

+

<DEVIATION>

{CONSEQUENCES>

<CAUSES>

{CONDITION>

+

NONE

MORE OF

LESS OF

=

ol

. FAIL-C3-LVCOTL
. 501-0S-F-NON-EXI

. PUMP1  -PRS-LF

PUMP1  -CNT-LF

. FATL-CS-LVCOTL
. 501-0S~F-MOF-EXI

. PUMP1  —-PRS-LF

PUMP1  —CNT-LF

V1 =X0C-LF
V1 -XLO-LF
NV1 —-NOC-LE
NVL -NLO-LF

PIPE-S01-PLO-LF
PIPE-S01-POC-LF
FAIL-CS-LVCOTL

S501-05-F-LOF-EXI
PUMPL  -PRS-LF
PUMP1  -CNT-LF

V1 -X0C-LF
V1 —XLO-LF
NV1 ~NOC-LF
NV1 =NLG~LF

PIPE-§01~PLO-LF
PIPE-S01-POC-LF

. FAIL-CS-LVCOTL
. SQ1-08~F-LOF-EXI

. FAIL-CS-LVCOTL
. FAIL-CS-LVCOTL

. FAIL-DS-FI1

4

+4




PNC PJ1612 96-001

# 413 AL 74 yZBETS ORBBSAROBITHE (3)

1
4

-+

SEGMENT NO. i S02
FLUID ; NOx
PROCESS PARAMETER ; FLOW
| <cuamp | <DEVIATION> CCONSEQUENCES> |  <CAUSES) <CONDITION>
WORD>
A. FIRE 1. COMPONENT 1. DETECTION
FAILURE FAILURE
B.EXPLOSION | 2.CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3, COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
D.CRITICALITY | 4.HEATING SYSTEM
FAILURE
E.EXTENSION | 5. EXTENSION
NONE c 5. S02-NX~F-NON-EXI
- E 5. S02-NX-F-NON-EXI
MORE OF B 5. S02-NX-F-MOF-EXI
LESS OF E 5. S02-NX~F~LOF-EXI
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£ 414 FU74 YTRAETS V POREBEBOBITHR (4)

SEGMENT NO.
FLUID

3 503

i DISSOLUTION SOLUTION

<GUAID
WORD>

PROCESS PARAMETER ; FLOW

<DEVIATION>

{CONSEQUENCES>
A.FIRE

B. EXPLOSION
C. LEAK

D. CRITICALITY
L. EXTENSION

+
¥

. COMPONENT
. CONTROL SYSTEM
. COOLING SYSTEM
. HEATING SYSTEM
. EXTENSION

<CAUSES>

FAILURE
FATLURE
FAILURE
FAILURE

<CONDITION>

1. DETECTION
FAILURE

2, CONTROL SYSTEM
FATLURE

3. SAFETY SYSTEM
FAILURE

+

NONE

MORE OF

LESS OF

c

. FAIL-CS-LVCOTL
. S503-DS-F-MOF-EXI

. SETTLING-TKR-LF

SETTLING-TKR-LF
PIPE-S03-PLO-LF
PIPE~S03-POC-LF
FAIL-CS-LVCOTL
503-DS-F-NON-EX1
+501-08-F-NON-EX0Q
+502-NX-F-NON-EX0
SETTLING-TKR-LF
PIPE-S03-PLO-LF
PIPE-S03-POC-LF
FAIL-CS-LVYCOTL
S03-DS-F-NON-EXI
+501-0S-F~-NON-EX0
+802-NX-F-NON-EXO

+501-05-F-MOF-EX0
+502-NX-F-MOF-EX0

PIPE-503-PLO-LF
PIPE-S03-POC-LF

+

* MORE *

+502-NX-F-LOF-EX0

+
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# 415 AV 74 yTRAETS U OREEFORITHR (5)

<GUAID <DEVIATION> {CONSEQUENCES> <CAUSES>

WORD>

-

<CONDITION>

5. 503-DS-F-LOF-EX1
+301-05-F-LOF-EX0
+502-N{-F-LOF-EX0
1. SETTLING-TKR-LF
PIPE-503-PLO-LF
PIPE-503-POC-LF

5. 503-DS~F-LOF-EXI
+501-05-F-LOF-EXC
+302-NX-F-LOF-EX0

LESS OF C

=

y o

F 416 AV74 BTSSP OFERBEBOFITEER (6)

SEGMENT NO. ;S04
FLUID ; DISSOLUTION SOLUTION
PROCESS PARAMETER : FLOW

+

£
) T T ¥ T

{GUAID <DEVIATION> {CONSEQUENCES> {CAUSES>

WORD>

A.FIRE. 1. COMPONENT
FAILURE

2. CONTROL SYSTEM
FAILURE

3. COOLING SYSTEM
FAILURE

4. HEATING SYSTEM
FAILURE

5. EXTENSION

B. EXPLOSION
C. LEAK

D. CRITICALITY
E. EXTENSION

<CONDITION>

1. DETECTEON
FAILURE

2. CONTROL SYSTEM
FAILURE

3. SAFETY SYSTEM
FAILURE

| NONE C 1. PUMP2
PUMPZ

PUMP2

-PSS-LF
—-PRS-LF
~EPS-SF
PUMP2  -SIG-SF
PUMPZ  -CNT-LF
V2 =X0C-LE
V2 -XLO-LF
NV2 -NOC-LF
NV2 ~NLO-LF
HEXCHANG-HXC-LF
PIPE-S04~PLO-LF
PIPE-504-POC-LF
2. FAIL-CS-FLOWCOTL
4, FAIL-HS-HEXCHANG
5. S504-DS-F-NON-EXI
+503~-DS-F-NON-EXO0

f ] ! 1 t

1. FAIL-DS-FI2

"% MORE * ' HEXCHANG-HXC-LF



PNC PJ1612 96-001

# 417 AU74 VRALTS V PORRBARORITRESR (7)

<GUAID <DEVIATION>
WORD>

<CONSEQUENCES>

<CAUSES>

<CONDITION>

+-

3

NONE

MORE OF

LESS OF

s
T

1

o 1o

—

P

P

. PUMPZ  -PSS-LF

PUMP2Z  -PRS-LF
PUMP2  -EPS-SF
PUMP2  -SIG-SF
PUMP2  -CNT-LF

V2 -X0C-LF
V2 -XLO-LF
NvV2 -NOC-LF
Nv2 ~NLO-LF

HEXCHANG-HXC-LF
PIPE-S04~PLO-LF
PIPE~504-POC-LF
FAIL-CS-FLOWCOTL
FAIL-HS-HEXCHANG
. 504-DS-F-NON-EXI
+503-DS-F-NON-EX0

PUMP2  -PRS-LF
PUMPZ  —CNT-LF
FAIL~CS-FLOWCOTL
FATL-HS-HEXCHANG
. S04-DS-F-MOF-EXI
+503-B3-F-MOF-EX0

PUMPZ  -PRS-LF
PUMP2  -CNT-LF

V2 ~X0C~LF
V2 =XLO-LF
NV2 ~NOC-LF
NV2 -NLO-LF

HEXCHANG-HXC-LF
PIPE-S04-PLO-LF
PIPE-S04-POC-LF
FAIL-CS-FLOWCOTL
FATL-HS-HEXCHANG
. S04-DS-F-LOF-EXI
+503-DS-F-MOF-EXO

1. FAIL-DS-FI2

1. FAIL-DS-Fi2

1. FAIL-DS-Fi2
1. FAIL-DS-FI2

* MORE *

V2 ~X0C-LF
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F 418 FUL74 BTSSP OEBESEORTER (8)

+ ) i !

+

<GUﬁéRD> <DEVIATION> {CONSEQUENCES> {CAUSES> <CONDEITION>
LESS OF E 1. PUMP2  -PRS-LF
PUMP2  -CNT-LF
V2 -X0C-LF
V2 -XLO-LF
NV2 —-NOC-LF
NvV2 ~NLO-LF

HEXCHANG~HXC-LF
PIPE~504-PLO-LF
PIPE-504-POC-LF
FAIL-CS-FLOWCOTL| 1. FAIL-DS-FI2
FAIL-HS-HEXCHANG
. 504-DS-F-LOF-EXI
+503~DS-F-LOF-EX0

;b

F 419 FL74 vZRIETSS Y POREBEEORITEER (9)

" 1
t T

SEGHENT NO. . 505
FLUID © STEAM
PROCESS PARAMETER : FLOW
| <GUAID |  <DEVIATIONY CCONSEQUENCES> |  <CAUSESY <CONDITIONY
WORD>
A. FIRE 1. COMPONENT 1. DETECTTON
FAILURE FAILURE
B.EXPLOSION | 2. CONTROL SYSTEM 2, CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FALLURE FATLURE
D. CRITICALITY | 4.HEATING SYSTEM
FATLURE
E. EXTENSION | 5. EXTENSION
| NONE | E | 5. S05-ST-F-NON-EXI|
MORE OF £ 5. S05-ST-F-MOF-EXI
LESS OF E 5. S05-ST-F-LOF-EXI

+
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& 5.1.1 HVERTEGHY R T LAOBRER (1)

SEGMENT NO. ; S01
FLUID ; CHILLED WATER
PROCESS PARAMETER ; FLOW
<GUAID S <DEVIATION> {CONSEQUENCES> {CAUSES> <CONDITION>
WORD
A, FIRE 1, COMPONENT 1. DETECTION
FAILURE FAILURE
B. EXPLOSION 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
f C. LEAK 3, COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
D. CRITICALITY | 4. HEATING SYSTEM
FAILURE
E. EXTENSION 5. EXTENSION
NONE L E . SO1-CW-F-NON-EXI| 1
# 5.1.2 BLVBNOHEGH Y ZF AORITEER (2)
SEGMENT NO. : 502
FLUID : CHILLED WATER
PROCESS PARAMETER ; FLOW
<GUALD <DEVIATION> <CONSEQUENCES> {CAUSES> <COMDITION>
WORD
A, FIRE 1. COMPONENT 1. DETECTION
FAILURE FATLURE
B. EXPLOSION 2. CONTROL SYSTEM 2, CONTROL SYSTEM
FAILURE FATLURE
C.LEAK 3. COOLING SYSTEM 3, SAFETY SVSTEM °
FAILURE FATILURE
D. CRITICALITY | 4. HEATING SYSTEM
FAILURE
E. EXTENSION 5. EXTENSION
NONE E 5, S02-CW-F-NON-EXI
+S01-CW-F-NON-EX0
MORE OF c 1. PUMP1  -PRS-LF
PUMP1  —-CNT-LF
il ~COO-LF
cvl ~CCO-LF
5. S02-CW-F-MOF-EXI
+S01-CW-F-NON-EX0
E 1. PUMPt  -PRS-LF
PUMP1  -CNT-LF
cvl ~CO0-LF
Ccvl -CCO-LF
5. S02-CH-F-MOF-EXI
+501-CW-F-NON-EX0
% MORE * PIPE-S02-PLO-LF
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#5133 BUAUVENEHRSHY 27 AORIHER (3)

o+

<GUAID
WORD>

<DEVIATION>

<CONSEQUENCES>

<CAUSES>

CCONDITIONS

LESS OF

REVERSE

5

+

+

HEXCHANG-HXC-LF
PUMP1  ~PRS-LF
PUMPI  ~CNT-LF
VI -CCC-LF
CV1T  ~CLO-LF
VALVE12 -XOC-LF
VALVEL2 -XLO-LF
VALVE1L -XOC-LF
VALVEL1 -XLO-LF
PIPE~S02-PLO-LF
PIPE~S02-POC-LF
$02-CW-F-LOF-EXI
$01-CH~-F~NON-EX0
HEXCHANG-HYC-LF
PUMP!  —PRS-LF
PUMPI  -CNT-LF
Cvi ~CCC-LF
CVl  -CLO-LF
VALVELZ -XOC-LF
VALVEL2 -XLO-LF
VALVEL1 -XOC-LF
VALVE11 ~XLO-LF
PIPE-S02~PLO-LF
PIPE-S02-POC-LF
S$02-CW-F~LOF-EXI
SO1-CW-F-NON-EX0

5. S02-CW-F-REV-EXI

+,

S01-CW-F-NON-EX0

4
T

-
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#5.14  ELRVENEHESH Y X 7 AOBNER (4)
| SEGMENT NO. ;503 '
FLUID ; CHILLED WATER
PROCESS PARAMETER - FLOW
| CGUAID |  CDEVIATION> | <CONSEQUENCES |  <CAUSES> | <CONDITION> '
WORDY
A. FIRE 1. COMPONENT 1. DETECTTON
FAILURE FAILURE
B.EXPLOSION | 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
| D. CRITECALITY | 4. HEATING SYSTEM
! FAILURE
E.EXTENSION | 5.EXTENSION
REVERSE | | E | 5. S03-CH-F-REV—EXI| ]
+802-CH-F-NON-EXO
. | +302-CH-F-MOF-EXO
+802-CH-F-LOF-EX0
+502-CH-F~REV—EX0
#6515 BLVBENEERHY 27 LAOBIFER (5)
| SEGMENT No. . S04
FLUID : CHILLED WATER
PROCESS PARAMETER : FLOW
| <GUAID > | <DEVIATION> <CONSEQUENCES) CCAUSES> <CONDITION
¥ORD
A, FIRE 1. COMPONENT 1. DETECTION
FAILURE FAILURE
B.EXPLOSION | 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FATLURE
C. LEAK 3, COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
D. CRITICALITY | 4. HEATING SYSTEM
FAILURE
E.EXTENSION | 5.EXTENSION
| NONE | E | 5. S04-CH-F-NON-EXI| 1

o

ES
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£ 5.1.6 RLVBENFESH Y 27 LAORITHR (6)

r

SEGMENT NoO, : 805
FLUID : CHILLED WATER
PROCESS PARAMETER ; TEMPERATURE

Il
+

4
1

4 Il
T

<GUAID <DEVIATION> CCONSEQUENCES> {CAUSES> <CONDITION>
WORD>
A.FIRE 1. COMPONENT 1, DETECTION
FAILURE FAILURE
B. EXPLOSION 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C.LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
( D. CRITICALITY | 4.HEATING SYSTEM
' FAILURE
E. EXTENSION 5. EXTENSION
MORE OF B 1. HEXCHANG-HXR-LF

HEXCHANG-HXC-LF
t HEXCHANG-COL-SF
PUMP2  -PRS-LF
PUMPZ  -CNT-LF
cv2 —-CCO-LF

5. S05-CW-T-MOF-EXI

+504~-CW~F-NON-EX0
D 1. HEXCHANG~HXR-LF
HEXCHANG-HXC-LF
HEXCHANG-COL-SF
PUMP2  -PRS~LF
PUMPZ  ~CNT-LF
cvz ~-CCO-LF

5. S05-CW-T-MOF-EX1

+504~C¥-F-NON-EX0
E 5. S05-CW-T-MOF-EXI
+504-CW-F-NON-EX0

+



ENC PJ1612 96-001

£ 517 BUIUBENTESHIY X7 LAORIER (7)

N

SEGMENT No. » 508

-

FLUID ; CHILLED WATER
PROCESS PARAMETER ; FLOW
(GU@ID N <DEVIATION> {CONSEQUENCES> <CAUSES> {CONDITION>
ORD
A.FIRE L. COMPONENT 1. DETECTION
FAILURE FAILURE
B. EXPLOSION 2, CONTROL SYSTEM 2. CONTROL SYSTEM
FATLURE FAILURE
C.LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
. D, CRITICALITY | 4.HEATING SYSTEM
. FAILURE
E. EXTENSION 5. EXTENSION
NONE E 1, HEXCHANG-HXC-LF
PUMPZ  -PSS-LF
Tyt PUMPZ  -PRS-LF
PUMP2  -EPS-SF
PUMP2  -SIG-SF
PUMP2  —CNT-LF
cv2 ~CCC-LF
cv2 -CLO-LF
VALVE22 -XOC-LF
VALVE22 -XLO-LF
VALVE21 -XOC-LF
VALVE2L -XLO-LF
PIPE-505-PLO-LF
PIPE-505-POC-LF
5, S05-CW-F-NON-EXI
+504-CH~-F-NON-EX0
MORE OF c L. PUMP2  -PRS-LF
PUMP2  —CNT-LF
cv2 -C00-LF
Ccv2 ~CCO-LF
5. 305-CW-F-MOF-EXI
+504-CW-F-NON-EX0
* MORE * cv2 ~-CO0-LF
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#6.1.8 HUNVEBIGHNIY 2T LAORITER (8)

<GUAID <DEVIATIOND
WORD>

{CONSEQUENCES>

{CAUSES>

<CONDITION>

MORE OF

LESS OF

REVERSE

5.

5,

1.

5.

5.

PUMP2  -PRS-LF
PUMPZ  -CNT-LF
cv2 -C0Q-LF
cvz ~CCO-LF
S05-CW-F-MOF-EX1
+504-C¥W-F~-NON-EX0

HEXCHANG-HXC-LF
PUMPZ  -PRS-LF
PUMP2  -CNT-LF
cv2 ~CCC-LF
Cv2 ~-CLO-LF
VALVE22 -XOC-LF
VALVE22 -XLO-LF
VALVE21 -XOC-LF
VALVE21 -XLO-LF
PIPE-S06-PLO-LF
PIPE-805-POC-LF
505-CW-F-LOF-EXI
+504~CW-F-NON-EX0
HEXCHANG-HXC-LF
PUMP2  -PRS-LF
PUMP2  -CNT-LF
vz -CCC-LF
cv2 —CLO-LF
VALVE22 -XOC-LF
VALVE22 -XLO-LF
VALVE21 -XOC-LF
VALVE21 -XLO-LF
PiPE-S0&8~PLO-LF
PIPE-S05-POC-LF
S05-CW-F-LOF-EXI
+504-CW-F~-NON-EX0

S06—CW-F-REV-EXI
+304-CW-F-NON-EX0

4
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£ 5619 B OVVERTESHIY 2T AORER (9)
| SEGMENT N, ; S06
FLUID : CHILLED WATER
PROCESS PARAMETER : FLOW
| CGUAID |  <DEVIATIONS CCONSEQUENCES> |  <CAUSES> <CONDITION) '
WORD>
A. FIRE 1. COMPONENT 1. DETECTION
FAILURE FAILURE
B.EXPLOSION | 2.CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FATLURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
! D. CRITICALITY | 4. HEATING SYSTEM
FAILURE
E.EXTENSION | 5.EXTENSION
+ } ) } +
REVERSE B 5. S06-CH-F-REV-EXI

+505-CW~-T-MOF-EXQ
+505-CW-F-NON-EX0
+505-CW-F-MOF-EX0
+505-CW-F-LOF~EX0
+505—-C¥-F-REV-EX0

+
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R 5.5.1 TN b=0 LIEBUERO— ORISR (1)

e

SEGMENT NO. » 301

-+

FLUID 5 PLUTONTUM NITRATE SOLUTION
PROCESS PARAMETER ; FLOW
<GU$IDD> <DEVIATION> {CONSEQUENCES> - <CAUSES> <CONDITION>
OR
A. FIRE 1. COMPONENT 1. DETECTION
FAILURE FAILURE
B. EXPLOSION 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
. D, CRITICALITY | 4.HEATING SYSTEM .
‘ FAILURE
E, EXTENSION 5. EXTENSTON
MORE OF ] 5. S01-PN-F-MOF-EXI
E 5. S501-PN-F-MOF-EXI
LI

+

-+

3£ 5.5.2 TNV LRBKRO—EORITER (2)

| SEGMENT NO. ;502

+

FLUID : TBP
PROCESS PARAMETER ; FLOW
. <GUAID I <DEYIATION> I {CONSEQUENCES> {CAUSES> CONDITION>
WORD>
A FIRE L. COMPONENT 1. DETECTION
FAILURE FAILURE
B. EXPLOSION 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
D. CRITICALITY | 4, HEATING SYSTEM
FAILURE
E. EXTENSION 5, EXTENSICN
. NONE )] 5. S02-TB-F-NON-EXI
E 5. S02~TB-F-NON-EXI
LESS OF D 5. S02-TB-F-LOF-EXI
E b, S02-TB-F-LOF-EXI
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# 553 T ABBERO—ORITER (3)

| SEGMENT No.

1
4

. $03
FLUID ; PLUTONIUM NITRATE SOLUTION
PROCESS PARAMETER : FLOW
} + $ { t 4 +
Guatp <DEVIATIOND CCONSEQUENCES> CCAUSES) <CONDITION)
ORD
A. FIRE 1. COMPONENT 1. DETECTION
FAILURE FAILURE
B.EXPLOSION | 2.CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3, SAFETY SYSTEM
FAILURE FAILURE
D. CRITICALITY | 4.HEATING SYSTEM
! FAILURE
E. EXTENSION | 5.EXTENSION
} 3 " : : +
MORE OF D 5. S03-PN-F-MOF-EX1
+501-PN-F-HOF—-EX0
. E 5. S03-PN-F-MOF-EXI
+501-PN-F-MOF-EX0
# 554 TN b= AESRRO—SOREHEER (4)
| SEGMENT No. . S04
FLUID . ORGANIC SOLVENT
PROCESS PARAMETER & FLOW
CGUAID <DEVIATIOND <CONSEQUENCES> CCAUSES) <CONDITION>
WORD>
A. FIRE 1. COMPONENT 1. DETECTION
FAILURE FAILURE
B.EXPLOSION | 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FATLURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FATLURE
D. CRITICALITY | 4.HEATING SYSTEM
FATLURE
E.EXTENSION | 5.EXTENSION
| NONE ' E 5. S04-0S-F-NON-EXI
+503-PN~F-MOF-EX0

+
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# 5.5.56 T b= ARG O—EBOBITER (5)

k.
t

+

SEGMENT NO. ; 3056
FLUID 3 PLUTONIUM NITRATE SOLUTION
PROCESS PARAMETER : FLOW
(GU%ID N <DEVIATION> {CONSEQUENCES> {CAUSES> {CONDITION>
ORD
A.FIRE 1, COMPONENT 1, DETECTIQON
FAILURE FAILURE
B, EXPLOSION 2, CONTROL SYSTEM 2, CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. CQOLING SYSTEM 3. SAFETY SYSTEM
FAILURE - FAILURE
\ D, CRITICALITY | 4. HEATING SYSTEM
' FAILURE
. EXTENSION 5. EXTENSION
MORE OF D 5. S05-PN-F-MOF-EXI
+303-PN-F-MOF-EX0
Cye E 5, S05-PN-F-MOF-EX1
+303-PN-F-MOF-EX0
£ 556 T b0 MINERO—HORITHR (6)
SEGMENT NO. » S06
FLUTD ; PLUTONIUM NITRATE SOLUTION
PROCESS PARAMETER ; FLOW . .
{GUAID <DEVIATION> <CONSEQUENCES> {CAUSES> <CONDITION>
WORD>
: A. FIRE 1. COMPONENT 1. DETECTION
FATILURE FATILURE
B, EXPLOSION 2. CONTROL SYSTEM 2, CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3, COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
D, CRITICALITY | 4.HEATING SYSTEM
FAILURE

E. EXTENSION [ 6. EXTENSION

1 Il 1 3
t T T

MORE QF D 1
: 5. S06~PN-F-MOF-EXI
+505-PN-F-MOF-EX0

E 5. S06-PN-F-MOF-EXI

+305~-PN-F-MOF-EX0

4=

b o

g
4
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#£55.7 TN =0 ARMKRO—SORITEER (7)

1

1
+

SEGMENT NO. ; S07
FLUID i PLUTONIUM NITRATE SOLUTION
PROCESS PARAMETER ; FLOW
<GU$IED> <DEVIATION> <CONSEQUENCES> <CAUSES> <CONDITION>
0
A.FIRE L. COMPONENT 1. DETECTION
FAILURE FAILURE
B. EXPLOSION 2, CONTROL SYSTEM 2, CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
D. CRITICALITY | 4.HEATING SYSTEM
FAILURE
E, EXTENSION 5. EXTENSION
MORE OF D 5. S07-PN-F-MOF-EXI
+506-PN-F-MOF-EX0
_— E 5, S07-PN-F-MOF-EXI
+306-PN-F-MOF-EXQ
# 5.56.8 TN b=ty AEBGRO—SORITHER (8)
SEGMENT NO. » S08
FLUID ; PLUTONIUM NITRATE SOLUTION
PROCESS PARAMETER ; FLOW
{GUAID <DEVIATION> <CONSEQUENCES> {CAUSES> <CONDITION>
WORD>
A.FIRE 1, COMPONENT 1. DETECTION
FAILURE FAILURE
B. EXPLOSION 2, CONTROL SYSTEM 2. CONTROL SYSTEM'
FATLURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
D. CRITICALITY | 4.HEATING SYSTEM
FAILURE ‘
E. EXTENSICN 5. EXTENSION
MORE OF D 1
5, S08-PN-F-MOF-EXI
+507-PN-F-MOF-EX0
E 5, 808-PN~F-MOF-EXI
+507-PN-F-MOF-EX0
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# 5.6.9 TN LRERZYO—ERORBITEE (9)

SEGMENT NO, 7 309
FLUID + PLUTONIUM NITRATE SOLUTION
PROCESS PARAMETER ; FLOW
¢ t t — + +
<GU$£ED> <DEVIATION> <CONSEQUENCES> <CAUSES> CONDITION>
A. FIRE 1. COMPONENT 1. DETECTION
FAILURE FATLURE
B. EXPLOSION 2. CONTROL SYSTEM 2, CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
. D. CRITICALITY | 4.HEATING SYSTEM
' FAILURE
1 E. EXTENSION 5. EXTENSION
MORE OF D 5. S509-PN-F-MOF-EXI
+508-PN-F-MOF-EX0
ot E 5. S09-PN-F-MOF-EXI
+508-PN-F-MOF-EX0
# 6.5.10 TNV b= LIEBUERO—HORITER (10)
SEGMENT NO. : S09
FLUID ; PLUTONIUM NITRATE SOLUTION
PROCESS PARAMETER ; CONCENTRATION
<GUAID <DEVIATION> <CONSEQUENCES> {CAUSES> <CONDITION>
WORD> _ .
A, FIRE 1, COMPONENT 1. DETECTION
FATLURE FAILURE
B. EXPLOSION 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FATLURE
D. CRITICALITY { 4. HEATING SYSTEM
FAILURE
E. EXTENSION 5. EXTENSION
MORE THAN B 1
5. SQ9-PN-C-MTN-EXI
+S508-PN~-F-MOF-EX0
E 5. S09-PN-C-MTN-EXI

+508-PN-F-MOF-EXO

~58—
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#5511 b=y AWBERO—LORITER (1 1)

i
o+

| SEGMENT No.

; S10

FLUID : TBP
PROCESS PARAMETER ; FLOW
<GUAID <DEVIATION> <CONSEQUENCES> <CAUSES> <CONDITION>
WORD>
A.FIRE 1. COMPONENT 1. DETECTLON
FAILURE FATLURE
B. EXPLOSION 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
FAILURE FAILURE
, D. CRITICALITY | 4. HEATING SYSTEM
' FAILURE
E. EXTENSION 5, EXTENSION
NOGNE B 1. PIPE-S10-PLG-LF
PIPE-S10-POC-LF
vy 5. S10-TB-F-NON-EXI
+508-PN-F-MOF-EX0
E 5. S510-TB-F-NON-EXI
+508-PN-F-MOF-EX0
LESS OF B 1. PIPE-S10-PLO-LF
PIPE-S10-POC-LF
5. S10-TB-F-LOF-EXI
+308-PN-F-MOF-EXQ
#5512 TS0 ARMESRO—BORIHEE (12)
SEGMENT NO. ; S10
FLUID ; TBP
PROCESS PARAMETER ; CONCENTRATION
{GUAID N <DEVIATION> <CONSEQUENCES> <CAUSES> <CONDITION>
WORD
A.FIRE 1. COMPONENT 1. DETECTION
FAILURE FAILURE
B. EXPLOSION 2. CONTROL SYSTEM 2. CONTROL SYSTEM
FAILURE FAILURE
C. LEAK 3. COOLING SYSTEM 3. SAFETY SYSTEM
: FAILURE FATLURE
D. CRITICALITY | 4. HEATING SYSTEM
FAILURE
E. EXTENSION 65, EXTENSTON
PART OF B 5, S510-TB-C-POF-EXI
+508-PN-F-MOF-EX0

-

+
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TRORE DEH
dt8_mode | HIEXOIEEPRS BECEADED a0
DFEBDEK BRDEE
dt9 mode | EVFALIERD BER DBEE RS @
DR DEHORE
dt10_mode | EEHIOHD EYEA D L
THORE YRR




PNC PJ1612 96-001

(I) dtl_mode DF ¥ Vg vF—T i
m%&n%w%ﬁmﬂﬁéﬂﬁﬁﬁoﬁuaxb.:nc%#%&ﬁ%ﬁﬁ%o%ﬁm
REZHPRBOTICHZALLLDOTHY, K 6.2 OREEIEOQIHETS. B62 D
ERIEROSE TR, ORI 3RS EEEQREBEROMIE- BT 3 REE
O 2T S, I TREEHTREROHOERE LTINS,

(I) dt2 mode DF ¥V a vF—T I
EEAONOEHOREZATRBOMEICEAL, ZHICHd 3 OE0EHDOR
BEHARBOBICHA LA SOTHS. H 6.2 TIHRIESHEAE, BERUEIERED
BIOZEHDIRE L€ — FORBREREEROHEE UTHEDL LTINS 100, BEA
O#fi o B OB~NORREEBZER L TORLY, 2T OREESE4E dt2_mode O
TvParF—7NELTMAT.

(II) dt3_mode DF ¥ Vo ¥vF—T I

BB E OEMOREEATREOEICEA L, SHITd 2 RISEENHEOEMOIR
BEHIMREOTUCRA LD THY, F6.2 DEEEEOIHETS.

(IV} dt4d_mode DF Vg VF—TN
FEEMREROREENRBOEICITAL, Shictd AREHOEOERORES
HARBOIEIZHRA LD THY, K6.2 DREEBOISHET 5.

(V) dts_mode DF Vg »F—T )
ABRERRERORELZNIBREOEIZEAL, Jhicild 2 BIEE 0L omREE
EHARBOEICHEALIZSDOTHY, H6.2 DREEEOICHET 3.

(VI) dt6_mode DTV T a »7—T )b
REROHBOEROREEZATREBOTCEAL, ChicxT 2RERRERORS
RERRIEQOIHICREA L2 b DTH Y, 6.2 DEESEEOIHET 5.

(VD dt7 mode DTV a vF—T )
FIREOTEHORREANRBOEIRAL, ZHicHd 2 BB ERORS
ZHITREOHIZHA LKL DD THY, 6.2 DREEEOICHET 3.

() dt8_mode DF Vg »F—T I
BORENBOEHOREEATREBOMICEAL, JhCHT 3ESADSOE
ORBERTTREOIEIHA LSO TH Y, H6.2 OREFZODIETS. ~oT
SRR LNEEHOTIMED 2 BREOEE A L, WEANGOLHRE LTNE,
(X) dt9_mode DF Vg »F—T I _
REAODBOEBOREEANTRBOTCEAL, ShicHT 3RO ENIEOES
OIRBE HPRBOFISEA L2 b D TH Y, K 6.2 DREEEOICET 3.

(X) dtl0_mode DFY T 5 v5—T N
EEHNMOEHOREEZANREOHITAL, JHISHT 3 REA DO D%

BEHARBOEICHA LI SDOTH S, dt10_moede DF LY 3 V57— U b dt2_mode

—656—.
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- DHFERBIC, JITENLZLOTHS.

BED 10 BEDT YV a vF—T7NERNT, BRORECET3F—y428m LT
k<.

TP avF—TIMERORE LT, He4 KFITREREELE. “ORILE LT
AR SNCRMBRY ERGEBTH Y, BEWRKF BKEU)THS. TR 1iREE:
BUTRIGRE~BREINDE. Be3 kUk61 OAELD, JOZRDOREREBIZRD 3
WEOT YV a vr—TVTHEDT I ENTXS.

DEEA CHEE SRR 30280 28 OBR(dt2_mode)

R EMRERORY LTEH ISOEHORE DBIF[A4_mode)

B)BLE I [T & RIS BB P ET O E SO R % OBR(dt1_mode)

dtl_mode

T dt2 mod
BEADBOLSST TRgmnHo o I 55 P 2
FHEORY EHORE DEHZORYR
/ e N, S
/ ,/! " dt4_mode : \\\ — ’
[ RERRES Ve
f.f" NEF . —— A
/I/".' T ‘,w' ‘( l:{
! — o L
V)
"'..\_’__,.' ’ -\\\H/'J,.
K64 WER

62T LI, dt2 mode HEEHFRERPHIRD I ER ood) TH 5B40D
EEAONERENOHOEROREOBREED LT, ThHbs, AHREELT
READSOBREES R fow), FE(pressure)), REZEH OHIMEGRE (temperature),
B (concentration)) DEEFEZ, HIPREL UTEEEIHNOERICEZ 2 8%, 7
¥ValyT—T7NOERTERLLZLDTHS.

#£6.2@ D dt2_mode DT Y'Y 3 »F—T ¥k Prolog MR TERL, Z0O—LALT
K9, ERAIE dt2_mode & U, BODFEEANS. 51 5IBIERREADSD ) —
HSWN), B2 3B ADRE, %3 5IBIEE, BERORNEEDT. & 4 5 53HEE),
%5 BB IR E DT

dt2_mode([N], [node(N,[flow,no])],lig, F, [flow,no}).

dt2_mode([N], [node(N,[flow,less])],lig,F, [flow,less]).
dt2_mode([N], [node(N, [flow,more})] liq, F, [flow, more]).
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dt2_mode([N], [node(N, [press,less])],lig,F, [press,less]).
dt2_mode([N], [node(N, [press,more])},lig,F, [press,more]).

£62 FUVarFr—7NOH

(a) dt2 mode
REANBOEEORY - EFHOBOLEROARK
ASRIE | RimRiE — HARE

Flow : Press. ; Temp. : Conc.
flow no good no . - ' - -

flow less good less | - b P

flow more |  .good more ; -— . - 1 =

press less good — i less 1 - b=
press more good - more ! -— i —
temp less good - Po— i less po—
temp more good - b= i more ; -
conc  no good - P b i Mo
conc less good - P b 5 less
conc  more good - = - i more

(b) dt4_mode
REBRER (XV7)0RE - EEHOBOERORE
AJIREE 2N H D RER
normal failure flow no
normal . stroke too short flow less
normal stroke too_long flow more

(c) dt1 mode
EEHOIBOERORY - REZEBEABOEEORY

(FEBNERKIEL )

ASRIE | PIBRIREE — BITRIE

: Level : Press. | Temp. : Conc.
flow no good no ' less less ' no
flow less good less } less | less | less
flow more good more : Imore | more : more
temp less good — i less i less | less
temp more good - 1 more | more :more
conc no good - ; less : less i o
conc - less good - i less i less i less
conc  more good - ¢ more | more . Inore

—67—
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dt4_mode (3% 6.20)ICRT LI, EERNERORE LEEHOHOEHORED
BRERED LT E. AESREBOEIZIE, RUOFOEEE LT, DR FOEBE (failure),
AR v T ORER K (stroke_too_short), 3)7 7 DigtE R (stroke_too_long) A L,
hoDREIREHIMOELRICEZLZBBET VY a V7T INOEATERT 5.
EEADHEIRENDHOEROREOMFRE, RO L SIC dt2_mode ELTELDT
HY, T ITRAIRBEAIEE @ormal) & LT3,

dt1_mode {37 6.2()IC T & 5 I, E RO & RICEENIOEHOREOBFEE
HULTHA. BRSO ADARTEY T 4 « RAF T4 Tit, WETRELL T OERE
HOREGE Y, RIGEENICEDOLSURBAEEZ B0EBNT 2 EPERTH 3.
I TCHESHOHOEHOREEZAIRE RGEENTOERORE L IREER
EG 3.

RIGHE T, RISOBRGRE, B&, BE U, OwEGE, Al <& ®
Ik DB HREIRET S EEL O6NE. JhSORIGRBOMEEAEERIZAL
RIGEBATOREICET 27— 7 28T 5. F=20) @R NRIGHEEBEICEX X
N, MCEENDORIEVREBERIGTHABROT VY Va v —TNWERLTHS. &
6.2(b)D dt4_mode BUFE 62} dtl_mode DF VY 3 »F—TMIDNThH, HidD
dt2_mode DA & FHHIC Prolog R EAOTERL, HEMKITHEWNT 5.

6.8 IR d 10 EEDTF YV a v —TIERCT, (T 22T 584 LB
ROREORFEFAEBRL, STEBCEALTEL. I0LEFVYa 7T,
BERTRIDIDZINTOREEZERL, BT 578, —DOEFRIIDNTATIRE,
PEBREDMA GO EOENEL, T BRIEVER TH AL LEOMERNHS. hic
XU T, Prolog @ X MABMEREA TSR T 5 Z &IC L DIFRDE[HETH 5.

6.1.2. HEF~—2X

SHEBICE VARG EY) 74 - AT F 4 RERTH0I10, B ot C@EERE
B ANTE30ELNHS. Z6IIIRTLIT, MEER—-2L UTHEBIC AT § &t
S0 2IEREERE UTRO 3BRESZL5.

Q)7 ot 2AOM#EIC T A ER

QRISIZ 3 5 {EH

(8) T DALDIEH
OREPRIEERUEN S AT 2EROEREREEAEDL L, QIRISEENT
ORIGOFEFAFHL LT3, QITEBERCOBRBOHICREB LI — FESRUTZD
DEET 7, YU DT AERTHS. I TR 65 DVILRA Tk
ZHEUT, MR-, @IZDWTERET 5.
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# 6.3 AHR—R GlEESOER)

\ w4 (Bl 1 2 3 4 5 6
O &F line 6 B®5 ‘et AQH | WO | ERESE | ik
REMR | BREX or &k
ey
@ EndE | device 4 &5 AR | RERE | MRER - -
vy )
© KR | column 4 &R | BUSES | WIS | MEpikik - -
@
@ {LZEEH: | reaction S | RIGES | RIEWH | 0K | BEDL | At | -
/¥ node 3 B | BER | WmEWE| - - -
&)
@ Toih other 2 Al MHE 4 - - - -
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AMMONIATION CARBONATION ABSORPTION
,  COLUMN COLUMN COLUMN

L10

Ge t e e

PRODUCT

6.5 VIRAL TR
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VIWRA et Rid, 7reoTRIE, RE BUUSO=->ORGEE, ¥7, &
BV VY, CNoEHEGT 2 10 XORBICL DIRENS. 7 e 7RIS TiE6.1)
RICRT L DI, EABEKRDNT v e 7&E ML, a7 v eoT7hkEDL 3,

NaCl + H20 + NH3 — NaCl + NH40H 6.1)
BFIAERIEY 7 &0, TUVESTRBEYY VLD, 2hehT veo 7RIS
BoND. CLHRIRBSIETH B, 7o e TRIUSICIBBHY v 4 v POIREX
NT5, TITERINAEMT e TRERIEE 3 2B U THRILS~BR XN S,
BALETHE, @2FUTRT LIS, AT o 7RERD SHLRB L RIS L, ERER
7 'Y AWNHAHCO3) AL 58T 5.

NaCl+ NH40H + CO2 — NaCl + NH4HCO3 6.2
G.DRDEFMEE.HRUITAT & DT, LB ZESHH U, BREES b Y) 7 ANaHCO3)
EHRKT 5.

NaCl + NH4HCO3 — NaHCO03 + NH4Cl 6.3)
ZIT, H6.5 TIHUTOIZERHNTHA.

L:EE T: 2y PoRVT VST AV TN T

FI .GiBfemes TLARERRE LI WAsRE PLIEHERS

PR:EAiREE SI: Vv v b
ENETNDORBIESERALT, BRORHETS. £, EEXEOBEEFD~BDE
FTHEDL, ZOEE ) — FER
) FobeXO#EICET AER

7O ADREEICET B ERIZE 6.3 OREWMICTRT X512, QREOHE, QRED%
EOHEICSEL, s ORESIIELEERIZOWT, BREZ0EEREET 7L
75,

FIZE, W65 D/NWRAL O ROEES L)L, /—F5Le4x8ELTED, &
72, WEETE 2, BRERTRE 3 RUEE 3 boBRINTHE, T ORE:
BUTHENBEINTOS. ZOBHREOREOHEE LTUTORTEDLL, HER
W AT LIZATT 3.

line(3,ct,[5],[6], [pump(2),flow_ind(2),temp_ind(3),line(3)],liq).

o, TUELTRBICREINTOERH Y vy ML, 07 A1, Ar7 AR
URE dl KL ORI TS, ChokQRIHBEOHKSE L L TUTORTEDT.

device(d1,cooling_device(d1),[col,ammoniation], [valve(d1),pump(d1),line(d1)]).
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ZDEIITIRS b RERKT 5T TORERVAEEEICDHT, TOME
ZHAN—RAE UTEBIT Y AT LAICANT 5.
©Q BISKET 3

BEHEH 5 WIFEEEIC K 5290 FIGOFFEPRIGEIC L D, RISSBEMNICHE
NEEEEZ 5. CITREGICET21EH2E 6.3 OHBE@ICTRT O, ORGEE
OEH, OERIGOBHO 2ERICAHETS. OTCREKGEBENOIKE KL @Tit
BICHE, £phd, BERCGE, TEy, EAOERLfER HEHoFmES5. i
KL DEREPRLEETORED, KICEETORINIED X DM EEEL L0V
THIEPTES.

FZIE YIARATaZ0T7 e TIRIUETR, 6.)DINORIEIERI D, ERIHE
ATAHRFET v E=TWHI)TH Y, BERITIELT M) 7 AENaCY), KBLFFY T A
(NHAOH) K OKH2ZO)TH 5. Ch o DEHAORICEEDOEHE LTUTOE TEDT.

column{ammoniation,['R1'],['NH3'],['NaCl_sol',/NH40H_sol','H20",]).

ZIT, Rl BT B THRIET, 6. DRORGHEZ B EARLUTHS. 1261
ROFEGRE, RIGHEHH20, NaCl_sol, NH3], 4 pE 0{NaCl_sol, NH40H_sol] T&H
b, FHEexo), WHiconRIGTHAH. _ho2OMLERICOHERE L TUTOETEDT.

reaction(R1',['H20",'NaCl_sol',NH3'],['NaCl_sol',NH40OH_sol'],exo,con).

RO RISERE PALERIZ DV T b Prolog MERERWTERL, M- &
UTHEWET Y X7 LI AT B,

6.2. HERi%E

HEREERE TIIARAN — A OERE BT — I R—R 2B L, ARSFEYF4 - A& F
1 BB EATD. B 66 ICARS EY 74 - X774 BEFEROMNETRTD, BbHic
RDO=D>DFIFIZ & VIR A ED 5,

WFhoEE

()RR - FENER

EFTRREOHA

Z TR 6.5 DVIARA ot AOEE 3 OEFrEME UTIRY LI, HERBEER
EP
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6.6 ANRSEUFT 4 - 295+ BHBIFOFH

6.2.1. FhoilEE

HERAN—R & UTAN U T o R OBERURIGCIT 25842500, OB 2
TLARTHEEET 57-010, K67 Knd B TENATY. SFFERIst LT,
B 5 MEHRS, T REHRUFSIHELREL, ANTS. oo THERE 3 AR
BL, TovREHEUT flow, FEIHEE UT less 28A LISt THR~ S, 4]
N — 2 DEHRA SEE 3 T, Hifk F=[NaCl_sol, NH4OH_sol, H2O]0 £ I TI3
ZERGINE. ThED, ROTHAERT 2 - ENTES.

“B/& 3 D[NaCl_sol, NH40H._sol, H20] DIBHA T "
line(3,flow,less,['NaCl_sol', NH40OH_sol','H20').
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Please input a line number.
Line number(1,2,3,4,5,6,7,8,9,10) :3.

Please input a property word number.
(1) flow, (2) press., (3) temp., (4) conc. ; 1.

t  Please input a guide word number,
(1) no, (2) less, (3) more, (4) reverse, (5) other_than : 2.

Deviation : Line(3,flow,less).

6.7 FholE

6.22. EFEER - LEXEM

FARFEU T4 « Y T4 BREIR Y 27 A, AR —XOBBRAEICT - R~ X
REL, THhICHT AER, B8k s. He3IlFiT Lo, ERUERESEIC
B 5TNOGERIL, FRRGEGHRORD) LEEREROFIMTIohs. BERRIZT
hEZDOFERDOBFERLIZDDTHY, K 6.3 OERMORHTRTFLYa v5—T W
(dt2_mode, dt4_mode, dt5_mode, dt8_mode)ZHFE I 2 Z iz kD, THhoOERARD 5.
ELREBRIThEZORBOBBRERED LD THY, K6.3 OEBORNTRTT
¥V a T —T7/Wdtl_mode, dt3_m6de, dt6_mode, dt7_mode, dt9_mode, dt10_mode)%-
BETDIEILY, ThoBEERkD5. UTTH WScEELILTh “BE 3 ok
BHPise OFE, HEORITERERT.
(1) FEENER

K 6.3 IKRT LI, EEICKOTRETSThOERIE, BREADMTOEHORY
EREMNERORRILH B EEL N, ThEN dt2_mode, dtd_mode DF VP g vF
=T NELTTF—IR-RIEHINTOS. IS KEEADS TOLHROREDOFERIL,
BIRORICEBNIE TORFDORETH Y, ZOEHIZ dt8_mode & LTEDLIN T 3.
@ dt2_mode DERFEEAHECOEHMDRE)

dt2_mode D7 Y g » T —TWIZDNT, BIREDED [flow, less] BRIV TN T
HBTF—FERRICLDRDB. JITiE, ROF—FHHEYT 3.

dt2_mode([N],[node(N, [flow,less]),liq,F, [flow,less]).
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ELABAN—-2OBH LD, BEE3DAOWIE/ — F5WN=5TH, FilkF=[NaClsol,
NH40H_sol, H201 BE XN T3, “hiThREDERO—&E LT, BEAD
HOEMORE, T4bB “1)/ — F 5 O[NaCl_sol, NH4OH_sol, H20|DHED" |

[node(®,flow,less, [ NaCl_sol',' NH40OH_sol','H20)].

%485,
@ dt4_mode DIRFREERELERDORE)

REOHERL Y, BESKBHEERLLUTRV 2 0B BINTO ARG 2,
RERTER S, BE I D2V TIRHIITHENT B). #£-T, dtd_mode DE L FIoDl
TOTFYYa v7F—7NERERL, BHRBOREIflow,loss] 2B T 25— 7 5KD 3.
Z I THEHROF— 7 HHE4T 3.

dt4_mode([pump(E,stroke_too_short)],pump(E),liq,F, [flow less]).

NIV TNREDCFERE LT, BRELETHEIRT 2 ORE, THbb 972
DOBERE"

[pump(2,stroke_too_short)].
2175,
@ dt8_mode DIRFEGIERDEFE NI TOEHRORE)
QTHD SHIEEADITOEHDEE 1)/ — F 5 D[NaCl_sol, NH4OH_sol, H20]

OHEL” OEFEREIL, dt8_mode DF Y Vg vF—F L bkpHOND. I TIRES
RO [flow,less] # BT BIRDF— F EHRIC L DRD B,

dt8_mode([column(C,level, less, Fq)],[col,C] lig, [Fa,Fg,Fq], [flow,less]).
Eiz, /— F5 I3HIBROEETHZ7 B 7RIUEC, ammoniation)iC BB XN TEY,
HIKIE Fo=[NaCl_sol, NH4OH_sol] TH 5. IhEhThREQEEE LT, “9)BIUL
D[NaCl_sol, NH4OH_sol] DHEAET" |

[column(ammoniation, level, less, ['NaCl_sol', NH40OH_sol])].

=155.
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L EO~@DteFc LY, “EEE 3 D[NaCl_sol, NH40H_sol, H20]DFERAD T
ENHFhORRLE LT,

1)/ — K 5 ®[NaCl_sol, NH4OH_sol, H20] DR

2y 2 DEERIE

3 HIIED[NaCl_sol, NH4OH_sol] DHEALIETF
HESHhMEhiz. FhéhsZo0REOBFRERRNE W) K TRiBT 5. Prolog
BB T cause WD MBIEZAOTH 6.8@D L3 icFEDL, FHEMBICENT 3.
(2 REAIERK

B 6.3 ILRT FIOEEEEL D, mECBTA T RISEENIIOZEY, REWHR
BREZRUTE ATHOER~EBLEZ A EEZ 503, ZhoOThEFEOBIRIT
ZhEh dt1_mode, dit6_mode, dt10 mode & UTF—FR—A BN TH S, X5
KEEAODHTORER, MROMICEEMTOERICHEELEZ, JoBHRI
dt9_mode & UTEDLINTHA.

&, BHRIEEICLABABREEAEZLS. BB X7 AICHE, RICOBECRITE
75, RINCET ABRIMER—R & UTAAINTE D, BEERTIR I DH
AR, BrETD.
@ dti_mode DRR(ZICERPIBOELHDOHEE

EEICBIBThOBELUT, ANREOEN flow,less] TH BT —F %, dtl_mode
DFTavF—TNERRTHILEICLDRDSE. BE 3 &/ —F 6 Tk
(C,carbonation) ICEBE XN TH Y, Wik[NaCl sol, NH4OH_sol, H20IXFHRITH 5. %
7o, RAGE TGO, GHRORBBERICHRI Y, £ERWHEIT Fa=[NaHCOS,
NH4Cl_sol] T D, ROT—FZHHHT 3.

dtl_mode([flow,less, F],[col,C],_ [ ._],_.]I,_ [Fa,Fg,Fq,Fw],[column(C,conc,less,Fa)]).

& D RICERBERT~OREL, DRUEOEFE[NaHCO3 NH4CL sol] DIREE
T,

[column(carbonation,conc,less,[NaHCO3','NH4CI_solD].

W5,
@ dt6_mode DRZF(ECEMBER DS

WE 3 IR T2 0FREBEEIITED, RUTPOFEEERDS. dt6_mode DTV Y
g YT — 7 W LT ATRBOEN [flow,less] TH AT —F AR L VKD B, 2
Tid,
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dt6_mode([flow,less],pump(E),S, [pump(E,cavitation)]).
ENIT—FHHEEL, TOERER L T2 OBBIL, ‘2R F20FvyEF—Ta ",
{pump(2,cavitation)].

F1LB.
@ dt10_mode DRFEEE A DIBOEHADILLE)

MEICBIIZTHhOMEE UT, ASRBOFEY flow,less] Th 5 F—F % dt10_mode
DTFYTa v T—TNVERRTHI EICL RS, =T,

dt10_mode([flow,less],[N],liq,[node (N, {flow,less])]).

ENS TS L, BEADNAOHEER, “3)/—F 5 O[NaCl_sol, NH40H_sol,
H20]DHEL" |

[node(5,{low,less,['NaCl_sol',' NH40OH_sol','H20)].

&35,
@ dt9_mode DHRFEGFIEROEENHOEHDOHE)

@ TRDHIMEADLTOEHDRE “/ — I 5 D[NaCl_sol, NH4OH_sol, H20] Dk
A7 UT, dt9 mode DF YV a vF—TAAERKRTZILICLY, BIBOBEERNE
DERA~DOBERD S Z ENTE S, I I THAHRBOEICflow less] 54 3 KD
T=F BT DEKD B,

dt9_mode([flow,less], [col,C] lig, [Fa,Fg,Fq], [column(C,level, more, Fq)]).
NI DFThOREL LT “4IBEDNaCL_sol, NHAOH_sol| DEEALIGHI" |
[column(ammoniation,level,more, ['NaCl_sol', WH40OH_solD].
LW RRERB.
P EQ~@DRZICL D,  “HE 8 D[NaCl_sol, NH4OH_sol, H20] DFEEAT

DI LI ThOREEELT,
DRALE DL RME [NaHCO3, NHACL sol] DEEHET
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DRVT20DF rEF—Va

3)./ — F 5 ®[NaCl_sol, NH40OH_sol, H20] DR

4)BIIE D [NaCl_sol, NHAOH _sol] DI AN
PRoMIENI. ThE oD >OEEORREHENE LTHlRd 5. Prolog L
H% Tl consequence &I BeEEAOTR 6.8M)D L HiIcFEb L, FHEMICERMT 3.

6.2.3. BAERHA

B 6.8@)icad LD ICHERERN, BEXLELYH, ARSEVF4 - R TF 1 OTHhick
TH5ER - BEOMFRICERTS. II T RETOTHOBIICOUTERE Lizds,
FIRAEEEIZ DO T SR 217 5.

Z OMMORE, RBEEIZOWTHREBKC, HEFREZTD, YA Foe 0xE
mm 9$&Eﬂ§ﬁﬁ55ﬁﬂﬁv&/bmﬁ?é¢&5€U%4 » RY T 4 IRATRIR
Tl B6.9 ISV RS o ADEE 2, B 3 RUBHEBICHT 2 MITER4eR
?.m%&%ﬁ%ﬁﬂébrm,iu%mﬁmgﬁmi oGt s, BEE LTI,
RIGOMEE, FICWERR EOERAZRICSEL, A#HR—-XELTARH LS LIzt D,
RICERENTRIARE(ES BE BEORELLOHIRHONTHE. Idi, Bl
ZBEICOWT ORI RERL - LN TE
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cause(line(3,flow,less, [’NaCl_sol’,’NH40H_sol’,’HzO’]),
[node(5,flow,less,['N: aCl_sol’,’NH4OH_sol’,’HZO’]),
pump(2,stroke_too_short),
column(ammoniation,level,less, [’NaCl_soI’,’NH40H_sol’])]).

(@) KR
consequence(line(3,flow,less,'N aCl_sol’,'NH4OH_sol’,’H20’]),
[column(carbonation,conc,Iess, ['N: aHCO3'/NHA4CI sor']),
pump(z,'cé\‘ritation),
node(5,flow,less,['N aCl_sol’,’NH4OH_sol’,’H20’]),
column(ammoniation,level,more,[’NaCI_sol’,’NH4OH_s01’])]).

(b) X

DEVIATION :Iine(3,ﬂow,less,[’NaCI_sol’,’NH4OH_sol’,’H20’]).

CAUSE .CONSEQUENCE

node(5,flow,less, colurrm(carbonation,conc,less,
[’NaCl_soI’,’NH4OH_sol’,’HZO’] [NaHCO3'/NHACI_sol'])

pump(2,stroke too short) pump(2,cavitation)

column(ammoniation,level,less, node(5,flow,less,
['NaCl_sol',’NH40H_sol'] ['N aCl_sol’,’NH40H_sol’,’H20’])

column(ammoniation,level,more,
[N aCI_sol’,’NH4OH_sol’])
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LINE 2 flow less

DEVIATION :line(z,ﬂow,less,[’NaCl_sol’,’HZO’]).

CAUSE

CONSEQUENCE

tank(l,level less,'NaCl_sol’,H20])
flow_indicator(4,failure)
ﬂow_indicator(4,indicating_too_high)
pump(l,failure)
pump(l,stroke too short)
line(z,pracked)
line(2,partly_blocked)

pump(1,cavitation)

column(ammoniation, press,more,['NH3'])

column(ammoniation,temp,less,
['NH3’,'NaCl sol’,’NH4OH_sol’,’H20'))

column(ammoniation,level, less,
[’NaCl_sol’,’NH4OH_sol’,’HZO’])

column(ammoniation,conc,less,
[’NaCl_sol’,’NH4OH_sol’])

tank(l,IeveI,more,[’NaCl__soI’,’HZO’])

LINE 3 flow less " !°

DEVIATION:line(3,flow, less,'N aCl_sof’,NH40H_sol’,’'H20']).

CAUSE

CONSEQUENCE

column(ammoniation,level less,

['N: aCl sol',’NH40H_sol’,’H20'])
flow_indicator(2,failure)
ﬂow_indicator(z,indicating_too_high)
pump(2, failure)
pump(z,stroke__too_short)
line(3,cracked)
line(3,partly blocked)

pump(2,cavitation)
column(carbonation,temp,less,
[’COZ’,’NaCl__sol’,’NH4CI_sol’,’H20’,
'NaHCO3'])
column(carbonation,level less,
[’NaCl_sol’,’NH4Cl_sol’,’H20’,’NaHCO’] _
column(carbonation,press,more, [CO2'
column(carbonation,conc,less,
[’NaHCOB’,’NH4CI_sol’,’NaCI_sol’,
'NH40H_sol’, NHZHCO03'])
column(ammoniation,level, more,
[’NaCl_sol’,’NH4OH__sol’,’HZO’])

DEVICE d1 temp more

DEVIATION :device(d1,temp,more).

CAUSE

CONSEQUENCE

coolwater_tank(dl,ternp,more)

column(ammoniation, temp, more,
[’NH3’,’NaCl_sol’,'NH4OH_sol’,’H20’])
column(ammontation,press,more, PNH3’])
column(ammoniation,conc,less,
NH40H _sol'])
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e HEA N Z
TANK ; compiden-TKR-LF  : . &8ORIE
i+ compiden-COL-SF D IR DR
; compiden-HTS-SF : INBGROBHE
EXT : compiden-EXR-LF : HhLEs DS, EORHE
EVP ; compiden-EVR-LF  : i3#5H. EREOHE
; compiden-HTS-SF : InRGR O
CTF ; compiden-CNT-LF DB, ERROME
: compiden-EPS-SF : BER O
; compiden-CNT-LF : TIBHIEIRE D
PUMP ; compiden-PSS-LF R L oORE SR
; compiden-PRS-LF  : By R SOzl
i compiden-EPS-SF : BIFFROME
; compiden-SIG-SF : EBYES OB
; compiden-CNT-LF  : $IGIEI RO
J-PUMP ; compiden-JRS-LF U xw MRUTORHE
; compiden-JRC-LF :Vrw PRUTOMZE
; compiden-STS-SF : A HHA R DM
FILTER ; compiden-FLC-LF P T4y —DHZE
HTX ; compiden-HXR-LF  : #3THBOME
i compiden-HXC-LF : BT E OB
; compiden-COL-SF  : HIFROHEE
XV (NO) ; compiden-XOC-LF  : FEHFOHE (BiMeHss)
; compiden-XLO-LF : FEFONEEY) — 7
XV (NC) ; compiden-XCO-LF  FEIFOMNEY — 7

compiden-XLO-LF
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MV (NO)

MV (NC)

NV (NO)

NV (NC)

Cv

SV

PIPE

; compiden-MOC-LF
; compiden-MLO-LF
1 compiden-MCO-LF
; compiden-MLO-LF
; compiden-NOC-LF
; compiden-NLO-LF
; compiden-NCO-LF
; compiden-NLO-LF
i compiden-CCC-LF
i compiden-CLO-LF
; compiden-CCO-LF
i+ compiden-COO-LF
; compiden-SCC-LF

; compiden-SOO-LF
; PIPE- sgn-PLO-LF

; PIPE- sgn-POC-LF
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