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Kazuhiko Suzuki® and Yukiyasu Shimada™

Abstract

HAZOP is a systematic technique, which requires the involvement of an experienced,
interdisciplinary team of engineers, to identify hazards or operability problems throughout an
entire facility by brainstorming. Though HAZOP is recognized as the useful safety
assessment method, it requires a labor-intensive and time-consuming process. So recently
computer-aided HAZOP has been proposed.

The research report in 1998 (PNC PJ1612 98-001) presented prototype system, which
carries out HAZOP and FT synthesis, by making use of proposed method. Relationships
between states of input and output variables, internal and external events of each component
are represented using decision tables, and the system is implemented by C++.

In this study, the causalities of plant component malfunctions are described as component
malfunction basic model and are stored in the computer. Thus, we have developed safety
evaluation support system by considering the fault propagation path. Component malfunction
basic model is made based on the information on the causalities between the abnormal state
and each malfunction in components. This component malfunction basic model provides the
common frame to describe abnormal situation in components. By using this basic model, not
only state malfunction of component but also the consequence to external circumstance is
assessed. G2, which is an excellent object-oriented developer tool in GUI (Graphlcal User
Interface), is used as a tool for developing the system. By using the graphical editor in the
system, the user can carry out HAZOP easily. We have applied this system to the Nuclear
Reprocessing Facilities to demonstrate the utilities of developing system.

3 Work performed by Kazuhiko Suzuki and Yukiyasu Shimada
under contract with Japan Nuclear Cycle Development Institute
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TA_PLUSIT_A breskage
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1111 G2 RIS N ERRE AR AOREOHAZFY. & 11, KU
#1217, TNTI HEAT COIL (nEa-1J)1) , XU DECREASE TEMP SYS (FlRZ=E)
DNEZEEARN—AERT.

Item configuration

none

Names

HEAT_COUL_INTERNAL_TO_FAILURE]

Unii_name

"heat_coil”

Loop_reme | ™

Nomnal

“rormat”

Vapor_flow_none

“function_loss"

5

Vapor_flow_lees

“funcilon_loss”

Vapor_flow_ragre

“funcilon_uplift'

Yapor_morethan_rust

“blank_otr

Vapor_otherthan_coolihgwater

"condensation_water”

Vapor_otherthan_cormpressedair

“rormaf”

Vapor_temp_less

“function_loss*

Vaper_temp_more

“function_upitit*

Vapor_press meme

"hreakage”

Vapor_press less

“funetion_loss"

Waste flow_none

*rormai”

Wasle_{low_less

“rormal’

‘Waste flow more

“normal”

Wasle_concentration less

*rorrmaf”

Waste_concentration_more

“corrosior’

‘Wastz_morethan_impurity

“rorrraf

A 1 )LD Internal 75 Failure ~®

L R niRER
— MR

\

FRERBOER

(ERHNRRE, HRIAEORE)

* Normal 3 T#8Mzl , ERiE
[ZDRBIE DTN TEETRT,

‘Waste_otherthan_punewater

“rormal”

‘Wasiz_aotherthan_air

“rormal”

Wasle_temp_fess

“normaf”

Waste_temp_more

“normal”

Waste_press_more

“normal®

Waste_press_less

“norrmal*

J

(#)

——»! Vapor_flow_less

| Function_loss |

* PNERAS Vapor_flow less (ERFERD) 72514, Fonction_loss (EEEET) ORENET 5.

11 G2 RIS NAEBERRENRAN—AOERHDHHA
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Z {111 HEAT COIL (hn#ia-1))) OEHREEHREN—X
(@) Inlet 7S Internal ~OEFIIBRESR

MNotes

HEAT_COIL_INLET_TQC_INTERNAL, an inlet_te intamal @

OK

(b) “Tntewal 2*5 Inlet NOEHERIEH

Notes

oK

Htem configuration

none

Hem configuration

hone

Names

HEAT_COIL_INLET_TO_INTERNAL

Names

HEAT_COIL_INTERNAL_TO_[NLET

Unit_nama

“heat_eoil’

Unit_reme

"heat_col

Loop_pame

"

Loop_name

Normmal

"normal®

Nommal

“nomnes”

Vapor_fiow_none

"Wapor_flow_none”

Vapor_flow_none

"Vapor_flow_noneg'

Vapor_low_less

“vapor_flow lass"

Vapor_flow_less

apor_flow_less”

Vapeor_flow_more

"vap or_flow_mord”

Vapor_ilow_more

"wapor_flow_more"

Vaper_morathan_ust

"vap of_meotethan rust”

Vaper_morethan_rust

‘vapar_rmarethan_ust”

Vapor_otharthan_ceolngwater

"vap of_otherthan_coolingwater”

Vapor_otherthan_cootingwater

"vapor_otherthan_coolingwater”

Vapor_otherthan_compressedair

"vapor_otherthan_com pressedair”

Vapor_otherthan_compressedair

“nomal*

Vapor_temp_less

"vapor_temp_less”

Yapor_tmp_less

"Wapor_temp_less”

Vapor_temp_more

“vapor_temp_mers!

Vapor_ternp_fnore

"vapor_temp_morg’

Vapor_press_more

“vap oi_press_more’

Vepar_press rrofe

vapor_press more"

Vapor_press_less

"vapor_press_less"

Vapor_press_[less

‘wapor_press less"

Waste_flow_none

"waste,_flows_none®

Waste_flow_rone

"waste_fiow_nong”

Waste flow loss

"wasta_flow_less”

Waste flow_less

‘waste_fiow_less”

Waste_ilow_meore

"waste flow mord”

Waste_flow_more

‘waste_flow_more"

Waste_concentration_less

"waste_concanfration_lass®

Waste_concenvation_less

‘wastz_concentration_less”

Waste concentratlen_more

"waste_concentmilen_mere’

Waste concentration_rnore

“Wwaste_cencentmtion_more"

Waste_morethan_impurity

“waste_meorathan_impurity”

Waste_morethan_mpurity

"waste_morethan_impurity”

Waste otherthan_purevmter

"waste_otharthan_puravates”

Waste_otherthan_purewater

"waste_otherttan purewatsr”

Waste_otherthan_gir

"wmste_otherthan air’

Wasie_otherthan_air

‘waste_otherthan_git

Waste_temp_less

"waste_temp_less”

‘Weste temp_less

“weste_terap_less”

Waste_temp_meore

“waste_temp_more”

Waste lemp_more

“waste_ternp_mare"

Wasle_press more

“weste_press_more”

Waste press_mare

"waste_press_more"

Waste press less

“wuste_press_less”

Waste_press_less

‘waste_press_less
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% {111 HEAT COIL (ImE3-1)l) OEREFEMHN—A
(c) Internal 7* 5 OQutlet ~DEFH{EIEHR

EAT_COIL_INTERNAL_TC_CUTLET,

Notes

QK

(d) Outlet 70 5 Internal ~NDEFHEREHIR

_'HEAT_COIL_OUTLET_TO_INTERNAL anoutlet_to_internal

Notes

OK

Itern configuration

none

Itern configuration

nong

Names | HEAT_COIL_INTERNAL_TO_OUTLET Marmes | HEAT _COIL_CQUTLET_TO_INTERRAL
Unit_peme | "heat_coil” Unit_rame | "heat_coil®
Loop_reme | Loop_name | *
Nomal | “normal® Nommal | “normal’

Vapor_flow_none

“vapor_flow_none"

Vapor_flow_less

"vapor_flow_less'

Vapor_flow_nons

"vapor_flow_none”

Vapor_fiow_rnore

“vapor_llow_rore”

Vapor_flow_less

“vapor_flow_less”

Vapor_marethan_rust

“vapor_morethan_rust®

Vapor_tiow_more

“vapor_flow_more”

Vapor_otherthan_coolitgwaler

“wapor_ otherthan_coolingwater”

Vapor_marethan_rust

"vapor_morethan_rust

Vapor_otherthan_compressedair

"normal’

VYapor_otherthan_coolingwater

“vapor_otherthan_coolingwater

Vapor_temp_less

"vapor_temp_less’

Vapor_otherthan_compressedair

"vapor_otherthen_compressedaii”

Vapor_ternp_more

"vapor_temp_more"

Vapor_temp_less

“vapor_temp_less”

Vapor_press_morne

"vapor_press_more”

Vapor_temp_more

"vapor_temp_maore*

Vapor_press_less

"vapor_press_less'

Vapor_press_mofre

"vapor_press_more"

Waste_fiow_none

"‘waste_flow_none"

Vapor_press _less

“vapor_press_less’

Waste_flow_less

“waste_flow_less"

Wastke_flow_nong

"normeal*

Waste_flow_more

“weste_flow_more”

Waste_flow_less

“norreal’

Waste_concentmtion_less

“waste_concentration less”

Waste_flow_more

“norrmal’

Waste_concentrallon_more

“waste_concentration_more"

Mase_concentrafion_less

"normeaf’

:

Waste_morethan_im purity

'waste_morethan_impurity®

Waste_concentration_more

“waste concentration_more"

Waste_otherthan_purewater

‘waste_otherthan_purewater”

Waste_morethan_impurity

"normal®

Waste_otherthan air

‘waste_otherthan_af™

Waste_otherthan_purewater

“waste_otharthan_purewatei®

Waste_temp_less

"weste_temp_lese’

Waste_otherthen_air

"waste_otherthan_gi”

Waste_temp_more

‘waste_temp_more”

‘Waste_temp_less

“waste_temp_less”

VWaste_press_more

"wesle_press mone”

Waste_temp_more

"waste_temp_more"

Waste_press_less

“waste_press_less’

Waste press_more

‘waste_press_more”

Waste_press_less

“wasie_press_less”

l
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# {111 HEAT COIL (Etia-f)l) OBEHZEEEHRAN—A

() Internal 75 Failure D EETIEER

() Failure 2> & Internal ~DEFE{EIHIFR

" FEAT_GOIL FAILURE_TC_IMTERMAL,a failuse_to inlemel ;¥ 5%

Notes

OK

Notes

OK

Itern configuration

none

Itern configumtion

Aone

Mames | HEAT_COIL_INTERNAL_TO_FAILURE hames | HEAT_COIL FAILURE_TO_INTERNAL
Unit_nesne | "heat coil® Unit_rame | ‘haat coil”
Loop_reme | ™ Loop_name { '
Momnal | “rorrral” Mormal | "narmal
Vapor_flow_none | “function_loss! Funefon_lose | "vapor_flow ieag"

Vapor_flow_less

“function_loss"

Function_uplift

"vapor flow_ more!

Veapor_ilow_more

“function_uplift

Blank_off

"vapor_press_more

Vapor_marethan_rust

"olank_otf

Condenzation_water

"vapor_prazs_mora”

Vapor_otherthan_coolingwaler

"condensation_water'

Vapor_otherthan _compressedair

‘normal”

Vapor_temp_less

“function_loss’

Vapor_temp_more

"function_uopliit’

Vapor_press_more

“breakage”

Vapor_press_less

“function_loss"

Breakage | "wapor_press_less"
Anchoring | “waste_flow_less”
Cmol_fisaure | "waste flow loss®
Cavitation | "apor_t=mp more”
Power_less | "‘normal'
Power_more | ‘nommal’
Over _diive [ *homal
Break_down | "waste femp_leas”
Excese_open | notmal
Bust up | "nomal
Waste_seidity_lesz | nomal
Yaste acidity_more | ‘nomal
H2 arige | "nomnal
Wast=_concentation_lase | ‘nomnal

Wazsle temp levs

"waste temp les”

Waste_flow_none | "normal”
Waste flow_less | “normal”
Waste_flow_more | "normal"
Waste_conceniration_less | “nermal”
Waste_concentration_more | "corrosiar'
Waste_morethan_impurity | "normal”
Waste_otherthan_purewater | “normal
Waste_otherthan_air | "normal"
Waste_temp_less | "normal”
Waste_ternp_more | “normal”
Waste_press_more | "norral”
Waste press_less | "notmal”

Waste_temp more | "wazte_termp more"
Intamel_positiveprezsuna_fluctuation | "normal’
Intemal_level down | "nomef
Interral_level up | ‘homal’

Decorposition_reaction_less

"vapor_marethan_nat®

Danger_of_explaaion

“normat

Functicnal ineompetence

‘vapor_flow_led!

Abnomal_reaction | ‘nomal
intemal_corrode | "vapor_morethan_nsf
iist_more | "Romal
Df Jeza | @
Intemal_fizsure | "apor_flow_fegs”
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% {11 HEAT COIL (MEia-Jl) DEREEHEN—A
(g) Failure 7n & External NDOEEGEER

(&) External 7*5 Internal ~DE B

HEAT_COM_EXTERNAL_TO_INTERNAL, an extarnsl_to_intemsl . -

Extermal_temp_lass

OIL_FAILUR
Notes | OK Motes | OK
item configuration | none ltam configumtion | none
Names | HEAT_COIL FAILURE_TO_EXTERNAL Mames | HEAT _COIL_EXTERNAL_TO_INTERNAL
Unit_neme | 'heat col" Unit_nsme | ‘heat_coil”
Loop_neme | " Leop_rsme | ™
Norrral | "noral® Nomal | i ommad’
Function_lces | "external_temp_less"

“vapor_temp_lese’

Vapor_temp_135over

“wapor_tesnp_mon"

Breskage

‘vapor_flow_lezs"

Vapor_feak

wapor_flow_lasa”

Function_uplift | “wapor_temp_125over’
Blnk_off | "breakage”
Condensation_water | *hanmaring"
Brealage | “vapor_leak®
Anchoring | "vapor_press_more’

Vapor_outilow

wapor_flow_less"

Crack_finaure

“vapor_flow lesd"

H2_arize

'homal*

Rediation_leak

"homal’

Dangerous_ohkject_genemate

"woste temp_lese”

Dangereus_object leak | nomal®
Hanmarin g | 'homal
Cool_down | "vapor_temp_leas" II

Cavitation { ‘norral”

Power_lees | ‘nomal’

Powear_more | ‘nomal”

Over_drive | "nomal”
Break_down | “wapor_flow_less"

Excess_open | "mommal’
Buzt up | “vapor_flow_lezs"

Waste acidity less

‘wazin_temp_more!

‘Waste aocidity more

"wante temp_less’

H2 atize

‘nomal®

Waste_concentmiion_iess

‘notral®

Waste_temp_less

“waste temp_less!

Waste _tep_more

“agste temp_more”

Intes nat_positivepresaure_fluctuation

omaf”

Internal lavel down

"vapor_temp_more’

Intesmal_jevel_op

"vapor_temp_lezs"

Decomposition_reaclion_lese

"waste temp_more

Danger_of_explosion

"hormal"

Funetional incompetence

"wvapeor_femp_rmare!

Abnarral_teaction

"waste temp_more

Intermal_comode

"wapor_morethan_nst"

Mt more

‘normal®
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% {112 DECREASE TEMP SYS (RiR3E) OBEZREFAREN—A

(@) Inlet 705 Internal NDREH TR

() Internal *5 Inlet NDOEEERBER

. CECREASE_TEMP_SY S INTERNAL_TO_INLET, snintemal_to_nfet ;-5

Motes

oK

|tem configumtion

nona

Itern configuraticn

none

Nemes | DECREASE_TEMP_SYS_INLET_TO_INTERMAL Neres | DECREASE_TEMP_SY S_INTEANAL_TO_INLET
Unit_name | “decrease_temp_sys" Unit_name | "decreass_temp_sys”
Locp_rame | ™ Laop_name | ™
Neomal | "nermal® Nomml | “nomma”

Vapor_flow_none

“vap of_ilow_none”

Vapor_fiow_nene

"vapor_flow_rone”

Vapor_flow_less | "vapor_ilow_Jass Vapor_fiow_less | "vapor_flow_less”
Vapor_flow_meore | "wapor_flow_more" Vapor_flow_more | “vapor_flow_more"
Vapor_morethan_rust | “vapor_morethan_rust’ Vapor_morethan_rust | "wapor_morethan st

Vapor_othasthan_coolingrater

“vap or_otharthan_ceoclingwater”

Vapor_otherthan_coolingwater

“wapor_otherthan_coolingwaier’

Vapor_otherthan_cempressedalr

"vap ¢_otherthan_comuprassedai’”

\rapur_uthem'an__com'pressedalr

“wapor_otherthan_compresse dair’

Vaper_temp_less

"vap or_temp_lass”

Vapor_temp_less

“vapor_temp_less’

Vapor_temp_mora

"vap or_temp_more’

apor_piass_mere

"vap or_prass more’

Vapor_temp_more

"vapor_temp_morg”

Vaper_press_less

"vap or_press_lass"

Vapor_press_more

"wapor_press mare”

Waste flow nens

“waste flow_nona”

Vapor ~_press_less

“vapor_press_less”

Waste_flow_none

“waste_flow_nong”

Waste flow Jess

"waste_flow lags”

Wasta flow_more

"waste_flow_m ore”

Waste_flow_less

weste_fiow_less

Waste_concentmation_less

"weste_concenimbion_lass”

Waste_flow_more

“waste_flow_more’

Waste concentration_more

“waste_concentmtion_more"

Waste_concentration_less

"waste_concentration_less"

Waste_morathan_impurity

"wmste_merethan_impurty”

‘Waesie_concentation_rnore

“wasie_concentration_more’

Waste_omeriﬁan_purm!er

“wanste_otherhan_purevates™

Waste_morethan_Fnpurity

“waste_rnorethan_impurity”

Waste otherthan_air

“waste_otherhan_air"

Waste_otherthan_purewater

“waste_otherthan_purewater”

Wasie_temp_less

“waste_temp_lass”

Waste_otherhan_air

“waste_otherthan_ali*

Waste_temp_more

“waste_temp_more”

Waste_temp_less

“wesk_temp_less”

Waste_press_more

"waste_press_meore”

Waste_ternp_more

"wesk_temp_more”

Waste press lass

“waste prese less”

Waste_press_more

“weste_press mare"

Waste press_less

"weste_press_less'
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# {1712 DECREASE TEMP SYS (RR¥E) OERBEBAFN—X
(d) Outlet 75 Internal ~DEHEREEH

(c) Internal /15 Outlet ~DEEIHER

Notes

..+ :DECPEASE TEMP_SYS_INTERNAL_TC_CUTLET, en infermal_to_vutlet

Notes

- DEGREASE TEMP_SYS_OUTLET TO_INTERNAL, an autiet_to_intermal .00

OK

Item configuration

Itern configuration

nong

DECREASE_TEMP_SYS_OUTLET_TO_INTERNAL

Nemes | DECREASE _TEMP_SYS_INTERNAL TO QUTLET Nermes
P " Unit_neme | “decriase_terp_sys®
Unit_name | "decrease_temp_sys’
Loop_reme | ™
Loop_reme | ™
Nomnal | *normal
Nomnal | “normal”

Vapor_flow_naone

Vapor_flow_none

“vapor_tlow_none"

*vapor_ilow_none"

Vapor_flow_less

Vapor_flow_fess

“sapor_flow_less?

"vapor_flow_lass®

Vapor_flow_more

Vapor_flow_more

"wapor_tlow_more"

"vapor_fiow_more®

Vagor_morathen_rust

Vapor_morethan_rust

"wapor_Mmorthan_rust

"vapor_motaitan_rust"

Vapor_otherthan_coolingwaler

"wapor_oiherthan_coolingwates”

Vapor_otherthan_coolingwater

“vapor_otherthan_coolingwater”

Vapor_otherthan_compressedair

"vapor_otherthan_compressedair

WVapor_otherthan_corpressedalr

“wapor_otherthen_compressedair

Vapor_bmb_!ess

“vapor_termnp_less!

Vapor_emp_momre

“wapor_temp_more®

Vapor_press_more

“vapor_press_more”

Vapor_terap_less | “vapor_temp_less”
Vapor_terp_more | “wvapor_temp_more”
Vapor_press_more | “vapor_press_more"

Vapor_press_less

“wapor_press less’

Vapeor_press_less

“vapor_press_less”

Waste_flow_none

'Waste__ﬂuw_ﬁone‘

Waste_flow_none

“waste_flow_nong”

Waste flow_lgss

"waste_flow_less”

Waste_flow_more

Waste_flow_less

“waste_flow_less”

"waste_flow more*

Waste_concentrtion less

Waste_fiow_more

‘waste_flow_rnore"

"waste concentration_less®

Waste_conceniralion_more

Waste_concentration_less

‘wasle_concentration less”

"waste_concentration_more*

Waste_morethan_[mpurity

Wasiz_concentration_rore

“wagte_concentration more"

‘waste_marelhan_impurlky”

Waste_otherthan_puerevater

"waste_othertban_purewater”

Waste_morethan_mpurity

‘waste_morethan_mpurity”

Waste_otherthan_air

“waste_otherthan_air

Waste_otherthan_purswaler

‘waste_otherthan_purewater”

Waste temp_less

"waste_temp_less”

Waste_otherthan_air

"waste_otherthan_air"

Waste_lemp_more

"waste_ternp_grore”

Waste_terop_less

‘waste_temp_less’

Waste_press_more

"waste_press_more®

Waste_temp_more

“weste_temp_more"

Wasle press less

“waste_press_less”

‘Waste_press_more

‘waste_press_more"

Waste press_less

"waste press less’
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% {12 DECREASE TEMP SYS (RiBZEE) OBEZREEHGREN—R

(e) Internal %*% Failure ~DEFRHIEH

ECREASE_TEMP_SYS_INTERNAL_TO FAILU

Notes

oK

(f) Failure 7»5 Internal ~DEFEEER

. 'DECREASE_TEMP_SYS_FAILURE_TO_INTERNAL, a failure_o_intemal

Notez

oK

Item configuraticn

nong

Item configumiicn

none

hamen | DECREASE_TEMP_SYS_FAIUJRE_TO_INTERMAL
Nemes | DECREASE TEMP_SYS_INTERMAL_TO FAILURE
Unit name | “dacrease_temp sy
Unit_name | "decrease_temp_sys"
= = - Loop_nzme |
Loop_reme { Mermal | *homat
Nomal | "normal” Function_loss | "nong”
Vapor_flow_none | "normaf’ Funcfion_upift | "none
Blank_ofi | "“vaper_flow_less’
Vapor_tlow_fess | "normal” = par oW
N Condengation_vater | 'none"
Vapor_fiow_more | “infernal_level_up”
Breakage | “wapeor_temp more'
Vapar_morethan_rust | "blank_off"
por - b Anchoring | “wapor_flow_leas’
Vapor_otherthan_coolingwater | “normal® Gmeck_fiwaure | “vapar,_fow_leag'
Vapor_otherthan_compressedair | "normal” Cavitation | *none’
Vapoi_ternp_less | “nosmal® Power_lees | ‘none’
Vapor_temp more | "breakage” Power_more | ‘none’
Quer_drive | “waper_temp_loes"
Vapor_press_more | “brealkage”
Break_down | "waper_temp more!
Vapor press less { “normal”
- - Excers_open | 'nong’
Waste_flow_none | “normal” Bust_up | one”
Waste_flow_tess | “normal® Wasta_acidity_leas | ‘none”
Weaste flow more | "normal” Waute_acidity_monz | "nong"
) iea | ‘none"
Waste_concentration_less | “normal® He_prie | nan
. Wasle_concentrafion_lezs | 'mone!
Waste_concentration_more | "norreal” =
Wasiz temp losz | ‘waste temp lese’ -
Waste_rorethan_impurity | "normaf”
Yaute femp_more | "wazste temp mor
n .
Wasw—othe”hm—pmemmr normar Intemal_peaitiveprezsura fucluation | "none”
Waste_olherthan_air "normaf” Intemal_level down | “wapor_temp lesd"
Waste_temp_less | "normaf’ Intamal_tevel up | “wpar_faw_morc"
Waste_temp_more | "normaf’
Waste_press_more | "normaf”
Waste press_less | "normal"
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#* f12 DECREASE TEMP SYS (RUEHEE) OEREEARN—X
(2) Failure /* 5 External ~OEERFEHR

EASE_TEMP_SYS_FAILURE TO_EXTERMAL & faily

(h) External /5 Intemal D HEEHFER

Notes

"  DECREASE_TEMP_SYS EXTERNAL TO_INTERNAL, sn exterasl_to_intemal :

OK

1em configu mtion

nane

Mames | DECREASE TEMP_SYS EXTERNAL TO_INTERNAL
Unit_name [ “decreaze_temp_sys"
Loap_name | ™
Nemal | "hemal’
Extemal temp less | neope

Vapor_temp_13%over | "“vapor_temp_more®”
Bresltage | “vapor_prees_less”
Vapor_lagk | “vapor_temp_leag"
Vapor_outilow | ‘hone"
H2_arze | "rone”
Radiation_lesk | “rone"
Dangerous_okjeci_genemte | rene"

Notes | OK
1tem configuration | none
Marnes | DECREASE_TEMP_SYS FAILURE TO EXTERNAL
Unit name | "Secrease_temp _sys’
Loop_name | *
Mormal | ‘mormal
Function_loza | 'none?
Function_uplift | "nene”
Blank_off | "breakage!
Condenzation_water | "none”
Breslage | “wmpor_leak®
Anchoring { "mong”
Grack_frgure | "wapor |eak!
Cavitation | "none"
Power_lezs | "none”
Power_meote | mong'
Ower_drive | 'none’
Break dowm | "vapor_leak”
Expezz_open | mone!
Bust up | "vape:_leak’
Waste acidity less | 'nong”
‘Waste acidity more | "mond’
H2 arige | "none
Waste_concentmiion_lere | 'none

Waste_temp_lesn

"waste temp_leed"

Waste_temnp_more | "wazte temp_mare
Interral_poriivepteazure_fuctuation | "nong’
Internal_leval_dowm | "nommal
Internal_level_up | "nosmarl”
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