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Abstract This study introduced deterioration evaluation item and criteria that could be applied to industrial facilities with
the most widely used carbon steel pipe installed for ordinary piping (KSD 3507). Experimental industrial pipes were evaluated
with pipe sectionalizing method combined with the established evaluation item and criteria to measure and manage
semi-continuously for overall piping system. After applying outcomes from this study to a plant of incineration facility,

a 42% saving in repairing and remodeling cost was achieved.
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Table 1 Evaluation items and calculation equations for
pipe deterioration evaluation in industrial facilities

Diagnostic N Calculation
Evaluation items .

methods equation
Closure rate Q)
Sampling Maximum erosion rate )
Estimated residual life (5)
. Average erosion rate ?3)
Ultrasonic Estimated residual life (5)
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Table 2 Evaluation criteria for pipe deterioration in industrial facilities
Diagnostic Lo . I11(Regenerate or
methods Evaluation items I(Continued) I1(Regenerate) replacement) IV(Replacement)

Closure rate Less than 5%

5~1less than 15%

15~less than 25%  More than 25%

Sampling Maximum erosion rate Less than 5%

5~1less than 20%

20~ess than 40% More than 40%

Estimated residual life More than 20 years 10~less than 20 years 1~less than 10 years Less than 1 year

Average erosion rate Less than 5%

5~less than 7%

7~less than 10% More than 10%

Ultrasonic

Estimated residual life More than 20 years 10~less than 20 years 1~less than 10 years Less than 1 year
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Fig. 1 Comparing with section unit concept and
system unit diagnostic.
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Fig. 2 Example of the pipe section map.
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Table 3 The result of the sectionalizing for pipe deterioration evaluation in experimental facilities

Pipe sectionalizing methods

Pipe section sampling measuring methods

No. By By By By L Dia. . .
Section  supplier line floor room isolated (m) (A) Inspection point Inspect. method
Lift ; 65 F5 corridor side Sample
SN. 1 't pp. © - - - 68 65 B1 Elbow Ultrasonic
plant water
65 F3 corridor side Ultrasonic
50 F5 solidification room Sample
50 F2 solid. rm. vert. In. Sample
Re_fuge 50 F5 #1 incinerator center Ultrasonic
SN. 2 drainage - - - 131 A " ; | -
storage tank 50 F1 fly ash rm. front Ultrasonic
40 B1 blower room side Ultrasonic
20 B1 leachate tk. filter Ultrasonic
SN. 3 Amm. £> 40 F1 ammonia rm. side Ultrasonic
' washing twr. 25 F1 ammonia rm. side Ultrasonic
SN. 4
SN. 19
SN. 20 ) | ) 37 40 F2 SDR side Ultrasonic
L|me. slarry . Rm. 15 F6 L.S. flush. line(#1) Ultrasonic
SN. 21 flushing line divided 42 - .
15 F6 L.S. flush. line(#2) Ultrasonic

(a) Ultrasonic method
Fig. 3 Thickness measurement by methods.

(b) Sample method
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(3) 65 A(F5) of SN. 1

(c) 25A(F3) of SN. 7

(e) 25 A(F2) of SN. 11
Fig. 4
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(b) 50 A(F5) of SN. 2

.

(d) 20 A(F2) of SN. 8

(f) 50 A(F6) of SN. 12

Internal state of the collected sample pipe.
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Table 4 Measurement thickness and used year of carbon steel pipe by sections

No Dia. Thickness (mm) Volume( ¢) Used year
' A) Normal(td) Minimum(tc) ~ Average(tcm)  Normal(Vd) Inside(Vc) (year)

SN. 1 65 3.65 15 2.98 0.995 0.945 12
SN. 2 50 3.65 2 2.9 0.589 0.306 12

50 3.65 - 3.06 - - 3
SN. 3 40 3.25 - 3 - - 12
SN. 4 25 3.25 - 2.92 - - 12
SN. 5 25 3.25 - 2.98 - - 12
SN. 6 25 3.25 - 2.97 - - 12
SN. 7 25 3.25 2.9 - 0.147 0.142 12
-~ 20 2.65 25 - 0.094 0.092

25 3.25 - 2.96 - -
SN. 9 25 3.25 - 3.01 - -
SN. 10 15 2.65 - 2.65 - - 12
SN. 11 25 3.25 2.7 3.14 0.147 0.141 12
SN. 12 50 3.65 2 3.04 0.589 0.487 12
SN. 13 25 3.25 - 2.98 - - 12
SN. 14 25 3.25 - 2.98 - - 12
SN. 15 25 3.25 - 2.98 - - 12
SN. 16 25 3.25 - 2.98 - - 12
SN. 17 25 3.25 - 3.01 - - 12
SN. 18 25 3.25 - 2.96 - - 12
SN. 19 50 3.65 - 3.2 - - 12
SN. 20 40 3.25 - 2.99 - - 12
SN. 21 15 2.65 - 2.65 - - 12

Note) " List only representative of the total of 39 measurement points.
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Fig. 5 Measurement results by the sampling diagnosis.
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Fig. 6 The maximum and average corrosion speed of
the entire section.
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Fig. 7 Comparison of stand and lateral pipe.
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Fig. 8 Comparison of continuous and intermittent operation.

Table 5 The result of deterioration evaluation by section in the plant water system and comparison with existing
system unit method

Sampling Ultrasonic Sectionalizing Existing

diagnostic analysis diagnostic analysis method method

gle?:.. Supplier line name (;) Closure erosion E§timateq Average E§timate_d Fir?al _ Fir_lal _

rate rate residual life erosion rate residual life determ_matlon measures determ_matlon

(%) %) (year) (%) (year) rating rating
SN. 1 Lift pp. of plant wt. 68 5.0(I) 58.9(1V) 0(1V) 18.3(1V) 14(11) v Replace
SN. 2 Refuge drainage tk. 131 48.1(1V) 45.2(1V) 0(1V) 20.5(1V) A(111) v Replace
SN. 3 Amm. washing twr. 52 - - - 7.7(110) 50(1) 1] Replace
SN. 4 LS. solution tank 21 - - - 7.4(110) 53(1) I Replace
SN. 5 43 - - - 8.3(111) 45(1) 1l Regen.
SN. 6 Incineration rm.(#1) 44 - - - 8.6(111) 43(1) 11 Regen.
SN. 7 35  3.3() 10.7(11) 32(1) - - 1l Regen.
SN. 8 Liquid deodorizer 14 2.2(1) 5.7(l) 24(1) 8.9(111) 10(11) I Replace
SN. 9 . . 20 - - - 7.3(111) 17(1) " Replace

Incineration rm.(#1) -

SN. 10 81 - - - 0(l) 20(1) | Continue

SN. 11 Reception hall 222 4.5(1) 16.9(11) 16(11) 3.3() 129(1) I Regen. (Re::)\I;ce)
SN. 12 Refuse drainage 39 17.3(1) 45.2(1V) 0(1V) 16.7(1V) 16(11) v Replace
SN. 13 39 - - - 8.3(111) 45(1) 11 Regen.
SN. 14 37 - - - 8.3(11) 45(1) 1 Regen.
SN. 15 Incineration rm.(#2) 36 - - - 8.3(111) 45(1) 1 Regen.
SN. 16 37 - - - 8.3(111) 45(1) 1 Regen.
SN. 17 35 - - - 7.3(111) 50(1) " Replace
SN. 18  W.W treatment 28 - - - 8.9(11) 41(1) 1 Regen.
SN. 19 Living water line 24 - - - 12.3(1V) 26(1) v Replace
SN. 20 o 37 - - - 7.9(1) 48(1) I Regen.

LS. flushing line -
SN. 21 42 - - - o) 20(1) I Continue
128 (© SAREK
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Table 6 Example of economic effect by application of the deterioration evaluation model and pipe sectionalizing

method

Existing diagnostic

Deterioration evaluation by pipe sectionalizing and

Cost-cutting effect

technique evaluation criteria in industrial facility
Outline System unit method Section unit method
. o - Repair parts :
Character Overall replacement Selective replacement by exact quantitative determination 15 km — 05 km
. - - 156 million won
Repair cost 375 million won 219 million won

(42% reduction)

Note) ¥ Performance based on the method applied to real 1A Incinerator.

Y Refer to Table 7 for detailed economic analysis.

Table 7 Economic analysis of Incheon International Airport Incinerator in accordance with the method applied
pipe sectionalizing method and existing diagnostic techniquea)

Existing diagnostic

Deterioration evaluation

Remark

technique by pipe sectionalizing
- Pipe : 1.5— 0.5 km
Material cost 104,926,618 107,592,326” ' (P\;gﬁlsciiiis:;eilangel o)
14,074 — 1,558 ea
Labor cost 172,272,938 63,361,154 63% reduction
Overhead cost 97,813,748 47,835,602 51% reduction
Total 375,013,304 218,789,082 42% reduction
Note) ¥ Source : Incheon International Airport Corporation(2013), Unit : won.

v Expensive mechanical equipment replacement added than originally.
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