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Abstract - The Korean government is conducting heat-using equipment(industrial boiler) inspection in ac-
cordance with the Energy Use Rationalization Act because of the heat-using equipment(industrial boiler)’s
risks such as explosion and fire, and safe use and management. This paper aimed to setup the safe and perform-
ance vulnerabilities from database based on the inspection results for heat-using equipment(industrial boiler).
This study surveyed the inspection results of 1,249 heat-using equipment(industrial boiler) which were failed
inspection of heat-using equipment(industrial boiler) from january 2016 to december 2020. And the analysis
method is to inform safety and performance vulnerability categories of heat-using equipment(industrial boiler)
by statistically analyzing the failure reasons of boiler type and inspection type which are high variance in fail-
ure rate. The safety and performance vulnerability categories was abbreviated into 18 cases. And each cata-
gory’s main reason for failure was suggested by additional analyzing the opinions of inspectors. This paper
would be the basic source and the comprehensive information dealing with the safety and performance vulner-
ability of heat-using equipment(industrial boiler).
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Table 1. Inspection Results of Industrial Boiler
by Inspection Year

Contents | Untested* | Fail Pass Total RaI::I%)
2016 145 183 31,732 32,060 0.57
2017 226 321 46,350 46,897 0.68
2018 225 366 47,086 47,677 0.77
2019 178 313 46,996 47,487 0.66
2020 62 66 15,751 15,879 0.42
Total 836 1,249 | 187,915 | 190,000 -

* Untested : Inspection is not conducted due to insufficient
preparation
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Table 2. Inspection Results of Industrial Boiler
by boiler Type

Table 3. Inspection Results of Industrial Boiler
by Inspection Type

Fail
*| Fail | P Total
Contents Untested ai ass otal Rate(%)
Gas small hot | ;¢ 67 | 4,140 | 4234 | 158
water boiler
Steel heating | 74 | 12343 | 12,511 | 059
medium boiler
Steel hot water| 40 87 | 10,178 | 10300 | 0.84
boiler
Steel steam | ooe | 1004 | 159,171 | 160,843 | 0.62
boiler

Fail
*| Fail | P Total

Contents | Untested ai ass otal Rate(%)

pen 497 | 638 | 8559 | 86734 | 074
Inspection

Remodeling |, 21 | 1,686 | 1,720 | 122
Inspection

Structural 4 2 | 10,797 | 10827 | 024
Inspection

In-use 86 141 | 19,704 | 19931 | 071
Inspection

Tron section
hot water 1 4 638 643 0.62
boiler

Installation

Tnspection 78 183 | 8,441 8,702 2.1

Tron section

. 10 13 1,445 1,469 0.88
steam boiler

Installation
report

3 1 930 934 0.11

Total 836 1,249 | 187,915 | 190,000

Welding

Tnspection 6 17 4,481 4,504 0.38
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Operational
performance 140 200 | 55,784 | 56,124 0.36
Inspection

Location
change 9 22 493 524 4.2
Inspection
Total 836 1,249 | 187,915 | 190,000 -

Table 4. Inspection Results of Industrial Boiler
by Boiler Age

Fail
ol e

Contents | Untested Fail Pass Total Rate(%)
Under 33 72 | 10030 | 10135 | 071
3year
3year ~ 125 1 | 19,770 | 20086 | 095
Syear
Syear ~ 268 313 | 57,122 | 57,703 | 0.54
10year
10year =1 280 | 43353 | 43844 | 0.64
15year
more than | o, 393 | 57,640 | 58232 | 0.67
15year
Total 836 | 1,249 | 187,915 | 190,000 -
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Table 5. Inspection Results of Industrial Boiler
by Boiler Pressure

Al

Table 7. Analyzing the inspection failure reasons
of gas small hot water boiler

it Untested* | Fail Pass Total Fail Contents | O | RI |I-UI| LI |LCI|OPI| W.I| S.I |Total
Rate(%)
Under 1MPa 99 148 | 15941 | 16,188 | 091 Measuring
Instrument, | 1 4 9 14
1MPa 649 986 | 155,877 || 157,512 | 0.63 Valve
IMPa~5MPa | 74 103 | 14,420 || 14,597 | 071 Water
1 1
Supply
SMPa~10MPa 3 6 898 907 0.66
10MPa~20MPa | 11 6 | 12 | 789 | 076 Ete ! 4 3
Over 20MPa - - 7 7 0 Internal |, 14
Inspection
Total 836 1,249 | 187,915 || 190,000 - Saf
afety
Device 4 ! 3
Table 6. Inspection Results of Industrial Boiler External | | 5
by Boiler Capacity Inspection
. Fail Operational 1 5 3 14
Contents | Untested* | Fail Pass Total performance
Rate(%)
Place.
Under - 11 11
Settin,
|Ton/h 147 147 18,177 18,471 0.8 g
I Toryh Preparation, L h
(o) ~ .
436 658 97,526 98,620 0.67 Setting
3Ton/h > ’
Total 18| 1 |14|3|1 0|0 /| 0|67
STowh ~ 100 | 179 | 31361 | 31,640 057 , ,
5Ton/h * O : Open Inspection, RI : Remodeling Inspection, I-U.I :
In-use Inspection, LI : Installation Inspection, L.C.I : Loca-
S5Ton/h ~ 85 197 | 29,651 29,933 0.66 tion Change Inspection, O.P.I : Operational Performance In-
10Ton/h spection, W.I : Welding Inspection, S.I : Structural Inspection
. ;V:/h 68 | 68 | 11,200 | 11336 0.6 : i
o 0, 77| A2, 8, S ol met tha A
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Table 8. Analyzing the inspection failure reasons
of Steel heating medium boiler
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Table 9. Analyzing the inspection failure reasons
of Steel hot water boiler

Contents | O.I| RI |[-UJ| LI [L.CI|O.PI| W.I| S.I || Total Contents | O.I | RI|I-UI| LI [LCI|JOPI W.I| SI | Total
Measuring Measuring
Instrument, 1 1 Instrument, 1 5 5
Valve Valve
Etc 2 4 6 Specification 1 1
Water
Intern?l 12 2 o] 1 1
Inspection pply
Exhaust gas Etc 1 1
Component 37 z
I 1
| 53 53
Installation ) ) nspection
Place Exhaust gas
C 12 12
Safety ‘omponent
. 41 2 5
Device Hydro test 2 2
Extem'al 3 h 4 Safety s 5
Inspection Device
Operational ) 71 4 13 External 5 ’
performance Inspection
Place, 5 2 Welding 1 1
Setting
Operational 3 4
Material 2 1 performance
Prepar.ation, ’ 2 Pla?e, 3 3
Setting Setting
Total 17 4 |12 | 11| 3 |37 | 2 0 74 Total 562|411 0121 1 87
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Table 10. Analyzing the inspection failure rea- Table 11. Analyzing the inspection failure rea-
sons of Steel steam boiler sons of Iron section hot water boiler
Contents O.J1| RI|-UI LI |LCIJO.PI W.I| S.I | Total Contents | O | RI |I-UJ| 1T |L.CI|O.PI| WI| S.I | Total
Measuring 2 2 Internal 5 »
Inspection
Measuring
Instrument, | 3 7|26 36 External | | ,
Valve Inspection
Engineering Operational h ,
work 5 5 performance
Specification 5 5 Total 3 0 1 0 0 0 0 0 4
Water 45 45 B RRE o o «
A}-LHT@AM AG p, A2
Etc 71914 4| 2|3 70 QB0 AL O ]{'_,_4% ]6‘]—) n)eh AR ZE AL
Internal | ) an +4%5 9 A $-CO 71¥(200ppm ©]3}) FIE o]t}
Inspection
S ol WA A JEA F7] R ol g
Component 144 144 71719 AApg2AE B A= 3 109 2T
Exhaust gas = =
temperatfre 1 1 FHEA S71ELE AAET1719] B ERA
E0] T2 Al 7HA AAR A EHA A= A
Corrosion | 1 1 AN BEAAP, A1 SHAA AR, A XA
1y = o
Installation 9 0 ARQPRAEA = 1= T
status AF-A o= 9 a5 AR T A2 T
— AR L] A e, SRS
nstallation - -
e 1 1 g4 9] - “CO 71%(200ppm ©|3h w1, “AH X4
ARV A A A AR P4
Hydro test 4 4 2)> o]t}
Safety 471 3 50
Device oAl HA ZA S FEAL 2R de ol
N 717 A AERA B3tA A= 113 72
Efficiency 3 3 13 71719 AAPE2E B304 A= 3 113 2T
Extern.al 14 23 37 —7,:7:%&}/;_ é}: H ) /‘]'EH }\]'7] 7] ,/] 3 T E@'
fnspection 2 go] Ee Al 714 A PAE BIA ALfE A
Welding 26| 8 HA-WFEAAR, ABHAA-EHAR, ARG AL
P— A4 2 SARYT,
p;fgﬁi:ﬂ:e 13917 57 AR o2 9] g5 HAY tE oA /A
AR D] A e, TS ol
Sexim 5 . $ M5, AU LA 2] B 5O
e 7]?:(200ppm O] 3 2ol o,
Preparation, 19 19
Setting wpA o} of 5 WAl A e FHAHSY| 0
=3 B=E] S o - 3¢
Total | 516 14 | 114|174| 17 |151| 7 | 11 | 1004 golH sl 71719 AARTAE 274 A 12
o} 2},
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Table 12. Analyzing the inspection failure rea-
sons of Iron section steam boiler

Contents | OI | RI |I-UI| 1T |LCI|O.PI| W.I| S.I |Total
Etc 2 2
Interntal 3 g
Inspection
Extern.al 5 )
Inspection
Preparation,
X 1 1
Setting
Total 11| 0 2 0 0 0 0| 13

Table 13. The safety

FAARZ/ RYH AANET7)9) B3 BGA
Fol & Al 7HA ZALEADE B8 AL AR
AREAAR, ABRAA-A R, AL FAART]
= Fls g

ARA 02 9 B2 Z At E o)z A
AREAAR O] 5 5, PR AL- BAAR
B9 B, ALGFAATNER o] A5 w77k
Eabeh 9] 3] )45 o],

v. & 8

B A7s ARSI AANE71 71 (A8 B
dehe] HArra, Bl tig o) e A =
=< st AAAE, AAMER, 71715, 71714
2], 71714, 7171878 ERAES Els) i A,
AAAE, 717194, 717194, 7171 838 24 E

and performance vulnerabilities of heat-using equipment(industrial boiler)

Ol Ol 1I Mei';urin LI O.PI I-UI LUI
- Internal - External - Place, Imtrumentg - Safety |- Exhaust gas|- Operational Eéc
Inspection Inspection Setting LValve ? Device Component | performance
failure of
Gas small unfixed of s.afety
hot water leak o, device’s set
. boiler’s floor
boiler pressure
standard
Steel heating failure of CO |failure of CO
medium leak standard(below |standard(below
boiler 200ppm) 200ppm)
Steel hot failure of O2 |failure of CO
water boiler leak standard(below |standard(below
4%) 200ppm)
not installed
Steel steam of gas failure of CO
boiler leak leakage  |standard(below
shut-off 200ppm)
device
Iron section failure of CO
hot water leak pipe leak standard(below
boiler 200ppm)
not working
Iron section of
o leak corrosion exhaust gas
steam boiler
temperature
limit switch

* O : Open Inspection, LI : Installation Inspection, O.P.I : Operational Performance Inspection, I-U.I : In-use Inspection
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