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Chapter 1 Outline of investigation examination

.1.1 Purpose of investigation

The safety inspection of the outdoor tank storage facilities where dangerous articles of
the liquid of 10,000 kiloliters or more in capacity is undergone by municipal head such
as mayors for each of the eight years cycle (10 years or 13 years for the one that takes
the measures for safety) under the fire protection law.

In the business sort of "Consignment expense of the national oil-stockpiling
management etc." by the administrative reform conference that had been held on
November 27, 2009, it was requested to search for the possibility of deregulation of the
tank safety inspection interval in the fire protection law while verifying it enough. To do
the investigation examination that lies at the cycle of the safety inspection of the
outdoor tank facilities based on such a situation stated above, Investigation study

Committee is set up.

1.2 Investigation consideration

1.2.1 Evaluation of safety when basic inspection cycle is extended

When the basic inspection cycle is extended, the evaluation of safety is executed from
the view points of the situation of the occurrence of the accident, the factor analysis, and
the possibility of the spill accident generation by the progress of corrosion and the
earthquake performance reduction etc. All of the outdoor tank storage facilities at the
national oil-stockpiling terminals are constructed after 1977 when a detailed
technological standard for outdoor tank storage facilities was provided. As for the
outdoor tank storage facilities installed after 1977, its safety is different from the ones
set up before that. Therefore, items examined herein are for the outdoor tank storage
facilities set up after 1977 as it is not technically appropriate to treat in the same way

since the influence caused by the cycle extension is also different in both.
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1.2.2 Ideal way at inspection cycle

The thickness management of the bottom plate using the equipment that efficiently
measures it continuously has recently come to be executed though it was general so far
that the thickness management of the bottom plate of the tank which is the main body
of the outdoor tank storage facilities (Hereafter, it is said, "Tank") by the fixed point
metrology (The measurement example by the fixed point metrology is shown in Figure
1.2.1) with an ultrasonic thickness meter. So, whether the safety inspection cycle can be
decided to a specific individual outdoor tank storage facility is examined without
decreasing safety by using the continuous board thickness metrology (The example of
the measurement result is shown in Figure 1.2.2).

Within the main deterioration mechanism of Tank such as a decrease in plate thickness
due to corrosion, deterioration in the weld and an uneven settlement of the base as
described in 2.6, only a decrease in plate thickness due to corrosion can be able to
confirm by the continuous plate thickness metrology. On the other hand, because both a
concrete standard is not about the firmness of the base of the outdoor tank facilities and
there is something with inferior reliability in the weld of Tank set up before 1977, safety
cannot be examined with a deterioration mechanism by a decrease in plate thickness
alone. By the reason above mentioned, the continuous board thickness metrology can
examine the cycle of outdoor tank facilities (And, one to have the performance more
than the equal to it) set up only after 1977. Therefore, this examination item is for these

outdoor tank facilities.
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1.2.3 The life of inside protection coating

An inside coating is one of the requirements as the measures for safety for 13 years, the
longest cycle of the safety inspection of the outdoor tank storage facilities where
dangerous articles of the liquid of 10,000 kiloliters or more in capacity are stored. The
life of this inside coating is assumed to be 20 years ("Coating guide": fire fighting
[abunal No.74 on September 1, 1994). Since results data that it is used soundly
exceeding this years are accumulated in recent years, whether the life of the coating can
be extended without decreasing safety is examined. Figure 1.2.3 shows the image at the

recoating time of the coating when the life can be extended.
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The abbreviation used at this study committee is as follows.

- Fire protection law (No.186 of law in 1948) -+ Law

- Government ordinance concerning restriction of dangerous articles (No.306 of
government ordinance in 1959) --+ Government ordinance

-Rule concerning restriction of dangerous articles (Prime Minister's Office [rei] No.55 in
1959) --- Rule

-Notification (N0.99 of Ministry of Home Affairs notification in 1974) that provides
details of standard in technology concerning restriction of dangerous articles - - -
Notification

*Main body of tank of outdoor storage tank facilities -+ Tank

- Specific outdoor tank facilities to which construction permit was applied after
government ordinance concerning restriction of dangerous articles and government
ordinance (No.10 of government ordinance in 1977) in which a part of fire fighting
method enforcement order is revised are enforced ::+ New law tank

-When the government ordinance concerning the restriction of dangerous articles and
the government ordinance (No.10 of the government ordinance in 1977) in which a part
of the fire fighting method enforcement order is revised are enforced, permission to lie
set by regulations of steps is actually obtained in front of Article 11 clause 1 of the law.
Or, what has not suited the standard in the technology that the structure and
equipment provide in 2 or No.4 3 of the government ordinances in Article 11 clause 1 in
a specific outdoor storage tank facilities where permission concerned was applied ---
The old law tank.

-The one that has not suited technological standard that the structure and equipment
provide in clause 3 each title of government ordinance of the tenth additional clause in
1977 among old law tanks -+ Old law old standard tank

‘The one that has suited technological standard that the structure and equipment
provide in clause 3 each title of government ordinance of the tenth additional clause in
1977 among old law tanks -+ Old law new standard tank

‘The one that has suited technological standard that the structure and equipment
provide by administration ministerial ordinance first of government ordinances of the
214th additional clauses in clause 3 in 1994 among old law tanks --- The first stage
standard tank of old law



1.3 System of investigation examination
Investigation study committee of cycle of safety inspection of
outdoor storage tank facilities

(Japanese syllabary order, honorific title abbreviation)

Chairman
Asamichi Kamei; former special duty professor of education center of research for
science of safe and ease, Yokohama National University,
Member
Naotake Otsuka; professor of mechanical system engineering department at Ryukoku

University

Shinji Okazaki; Associate professor of function creation department, graduate school

engineering, Yokohama National University

Tomohiko Tsutida: Project Director of Petroleum Stockpile Management Department,
Planning & Management Division, Japan Oil, Gas and Metals

National Corporation

Masanori Mine: Deputy General Manager of Manufacturing Technology Division &

Engineering Department, Nippon Oil Corporation,

Tetsuo Miyamura: Professor of Department of Industrial Systems Engineering, Chuo

University,

Siniti Mori: Manager of Hazardous Materials Section Fire Prevention Department,

Kawasaki City Fire Bureau

Minoru Yamada: Head of Research & Development Division, National Research

Institute of Fire and Disaster



Working group for longevity of inside coating of outdoor storage tank

Chief
Minoru Yamada: Head of Research & Development Division, National Research

Institute of Fire and Disaster
Member
Shinji Okazaki: Associate professor of function creation department, graduate school

engineering, Yokohama National University

Susumu Ogawa: General manager, East Branch Office, Japan Paint Inspection and

Testing Association,

Yasuhisa Kimura: Kashiwabara Corporation,

Kenji Kurosawa: NACE Certified Coating Inspector, Steel Structural & Architectural
Coating Department, Dainippon Toryo Co. Ltd,

Tetsuo Miyamura: Professor of Department of Industrial Systems Engineering, Chuo

University,

Kaniti Horii: Senior Engineer of Tank Engineering& Construction Department,

Nitiyo Engineering Corporation,

You Yamamoto: Manager of Integrity Management Group, Maintenance &

Engineering Department, Cosmo Oil Co. Ltd,

Akio Yokoyama: Special Member of Plastic Lining Association,



1.4 Investigation examination passage

The passage of the examination is as follows.

(1) Investigation study committee that lies at cycle of safety inspection of outdoor
storage tank facilities

The first study committee April 23, 2010

The 2nd study committee June 24, 2010

The 4th study committee October 22, 2010,

The 3rd study committee August 23 2010

The 5th study committee December 16, 2010

(2) Working group concerning the life of inside coating of outdoor storage tank
The first study committee May 18, 2010

The 2nd study committee July 30, 2010

The 3rd study committee November 5, 2010

The 4th study committee November 26, 2010



1.5 Outline of examination of investigation consideration

(1) Information on the current state of the outdoor storage tank facilities, the situation
of the occurrence of the accident, the influence of the dangerous article spill accident
and the situation of overseas shut down inspection, etc. was collected and arranged.
Moreover, data of the inspection and the repair situation, the cause report of the
accident occurred in the past, the occurrence of corrosion and ete. were collected and
analyzed to clarify the factor of the accident and the deterioration mechanism. As a
result, a constant finding about the corrosion rate and its range of the bottom plate of
Tank and etc. were obtained though there remained uncertainty since there is a
constant number of case of which the bottom plate was removed without measuring its
corrosion depth and because of the restriction of the data measurement density and
frequency (Chapter 2).

(2) After constant assumption about the deterioration mechanism of the tank was put
by using the data when it was inspected, how the possibility of the accident increase by
the basic inspection cycle extension was evaluated quantitatively per each deterioration
factor (Chapter 3).

(3)When the continuous plate thickness metrology was applied to the tank bottom plate,
1t was evaluated how a very detailed analysis was possible. Moreover, it was examined
whether the inspection cycle was able to be extended without ruining safety, when the
uncertainty to be included in the measurement and the presumption of a corrosion rate
were evaluated. As a result it was proposed that constant years were enable to extend at
Tank inspection cycle under the condition that the requirements such as the corrosion
speed of back of bottom plate was less than a constant value when continuous plate
thickness metrology was used and coating meeting certain conditions was applied and
inside corrosion speed was very small because of contents having no causticity were
fulfilled (Chapter 4).

(4) With respect to life of coating, the temperature inclination immersion examination
result, site investigation data and the repair history data were collected and analyzed.
As a result, the life of the glass flakes coating mostly used in the new law tank was
evaluated as 26 years by meeting the condition that it has a constant film thickness by
constructing under constant quality control and using the material for which the

quality was secured (Chapter 5).



Chapter 2 Current state analysis
2.1 Current state of safety inspection
2.1.1. Safety inspection object and cycle
It is specified that owner or equal person of outdoor storage tank facilities of 10,000 kl
in capacity of liquid dangerous article must undergo safety inspection (Hereafter, Safety
Inspection) for a certain period by mayor of municipality about whether structure and
equipment of concerned outdoor storage tank facilities are maintained in accordance
with technology standard (Hereafter, Technology Standard)
(Four of government ordinance of Article 8-4, clauses 1] .
Moreover, Safety Inspection is applied in order to check if items shown below meet
Technology Standard (clauses 3 and 6 of the government ordinance of Article 8-4).
*Matter concerning thickness of plate that lies to bottom of Tank

*Matter concerning weld that lies to bottom of Tank

A current safety inspection cycle (new law tank and the first stage standard tank of the

old law) is indicated in Table 2.1.1.
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2.1.2 Transition at safety inspection cycle

Figure 2.1.1 shows the transition of the safety inspection cycle.

(1) Foundation of Safety Inspection system (1977)

In the cause investigation report V of the oil spill accident from the outdoor storage
tank facilities in 1974, at Kurashiki City, Okayama, such necessity as securing of
the main body of the firmness of the base and performance that the material of
main body had to have and appropriate execution management of welding and
nondestructive testing for the outdoor storage tank facilities was proposed. Thus, a
technological standard concerning the base, the ground, and the main body of the
outdoor storage tank facilities was strengthened greatly. The tank was opened every
five years, and the system that a safety inspection and an internal check (voluntary
inspection) were alternately executed was made.

(2)Provision for 8 years of a fundamental cycle of safety inspection and 10 years of
the cycle of an individual extension (1994)2’

The rate of accident of the outdoor tank facilities decreases and uneven settlement
generation decreases after 1977. Moreover, the result of every 10 years inside check
for specific outdoor storage tank facilities of 10,000 kl in capacity and high corrosion
protection performance of inside protection coating was confirmed. As a result, it
was decided that fundamental cycle was 8 years and for facilities of which inside
corrosion control measures and etc. were taken, 10 years cycle were allowed for new
law tank and old law stage standard tank on the basis of the examination by owner,
people from academic background and person related to fire fighting parties
concerned.

In this case, it was on the mind that the outdoor storage tank facilities of 10,000 kl
more in capacity was the one that it was put might cause the great deal of harm
because the stress generated in shell is higher and capacity is bigger than those of
facilities below 10,000 kl in capacity.
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(3) Tt provides for the cycle 13 years that lie the one that the corrosion amount
management etc. are done (2003)3. )

The study committee by the owner of outdoor storage tank facilities, the people from
academic background, and the person related to fire fighting concerned was held,
and the results of the corrosion rate of the bottom of the new law tank were collected,
and the corrosion factor was analyzed. As a result, the expression that presumes the
maximum corrosion depth of an individual tank was proposed by capacity, the oil
temperature, the tenure of use, the amount of the uneven settlement, the facing
situation to the coast or the river and the preventive measure for rain water going
into. When safety was secured for the deterioration factors other than the bottom
plate corrosion, it was assumed that the cycle was able to be taken to be 13 years
individually in a new law tank and the first stage standard tank of the old law.

2.2 Current status of outdoor storage tank facilities

2.2.1 Repair situation in safety inspection

The details of the repair in case that the safety inspection was done for new law tanks
between 2006 and 2008 fiscal year were examined. As shown in Table 2.2.1, the one
without the repair at all was 0 or 1, and the repair was done in most one. The outline of
the repair of these one was summarized in Tables 2.2.2 and 2.2.3. The annular plates
that are the constructional important parts exposed to a severe distortion condition and
at which a big stress was caused in the tank bottom were partially or as a whole
substituted with about 6 to 13%. Moreover, the bottom plates were partially or as a
whole changed with about 5 to 16%. Moreover, as for the repair of the weld, the whole
line of two Tanks were repaired in last three years, and a partial repair was done with
about 80 percent in the weld line between the shell and the annular plates where the
highest stress was caused. The repair was done by 80 percent or more as for other parts.

It was thought that safety until the next inspection was maintained by these repairs.
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2.2.2 Number of Tank at outdoor storage tank facilities according to installation

permission year

Figure 2.2.1 shows the number of the new law Tank of 10,000 kl or more in capacity
according to the installation permission year. The number of Tanks set up in the 1975's
counts for 463 and is about 70 percent among 617 (Abolition is included) new law tanks
understood in Fire Defense Agency, and 98 (only about 20 percent) of them were

constructed in the Heisei era. Since the peak of the installation was in 1981, it is

understood that many of new law tanks have passed about 30 years after set up.
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2.2.3 Repair situation when safety was inspected before one cycle

Many of new law tanks have passed about 30 years as described by 2.2.2 since set up,
and it is important to understand the change in the repair situation according to the
aged deterioration when safety was inspected. Then, the outline of the repair from 1998
to 2000 which roughly corresponds to that in one cycle before inspection shown in Table
2.2.1 was examined. As shown in Table 2.2.4, the repair was done in a lot of new law
Tanks when safety was inspected. The figures shown in row in Table 2.2.5 are an
average of three years (in Table 2.2.1 and Table 2.2.4), respectively. Thus, it is
understood that the execution ratio of a meat vigor repair and a weld repair increased
greatly in addition to the execution ratio of a large-scale repair such as substitution and
application of patched plate comparatively rising as years increase since set up. The
graph of Figure 2.2.2 shows the repair number of the bottom of Tank by the difference at
the safety inspection time. It is understood that the aged deterioration of the new law
tank advances and the execution ratio of repairing required has increased as passing of

years since the installation.
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inspection of specific outdoor storage tank facilities of old law tank, March, 1994
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and Disaster Management Agency: investigation examination report concerning

safety assessment of outdoor storage tank, March, 2003

2.3 Situation of the occurrence of accident
2.3.1 Accident statistics of outdoor storage tank facilities

The outline of spill accidents from tank bottom plate or shell plate of outdoor storage




tank facilities between 1974 and 2007 fiscal year is summarized on Table 2.3.1(under
normal operation) and 2.3.2 (under earthquake) based on the investigation report of
“accident case concerning dangerous article” by Fire and Disaster Management Agency
of Ministry of Public Management, Home Affairs, Posts, and Telecommunications
through whole country fire fighting organization and also the investigation report of
“earthquake damage” by fire fighting research center of Fire Defense College of
Ministry of Public Management, Home Affairs, Posts, and Telecommunications, Fire
and Disaster Management Agency. The tendency to the accident was analyzed since
2.3.2.

2.3.2 Number of Spill accident from bottom of Tank

Number of spill accident from the bottom under normal operation based on Table 2.3.1
1s shown in Figures 2.3.1 and 2.3.2 according to capacity. The number of spill accident
from the bottom of Tank of 1,000 kI or more in capacity decreases after 1980. This is
thought that the effect that the shut down inspection of Tank was obligated in 1977 and
executed one by one after 1977 has been brought. On the other hand, the occurrence of
the spill accident of Tank of 10,000 kl or more in capacity continues though the safety
inspection was executed. Refer to the number of outdoor storage tank facilities (As of
March 31, 2009) to Table 2.3.3.
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2.3.3 Spill accident number of outdoor storage tank facilities according to installation
passage year

Figure 2.3.3 shows the spill accident number under normal operation based on Table
2.3.1 in each passage year of the installation. When the installation passage year
becomes ten years or more, the number of spill accidents shows the tendency to increase.
On the other hand, it is thought that the accident number has decreased in 35 years or

more because the population parameter is few.
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2.3.4 Amount of flow of spill accident from bottom of Tank

Based on Table 2.3.1 and Table 2.3.2, the accident under normal operation is shown in
Table 2.3.3 and the accident at the earthquake in Table 2.3.4 respectively about the
relation between the spill accident number and the amount of flow of the Tank
according to capacity. It is understood that the amount of the average spill of the one of
10,000 Kkl or more in capacity is considerably large compared with the one of less than

10,000 kl in capacity, and the amount of flow at the earthquake especially grows.

#2.8.3 U7 OER»OOMMHER G ERE) OV E

I TRE Ao gL e SR H e
VL (120 j;mﬁr) < >WIEFEHER (RHAER< )
e B O %k (FrY v kL)
N 52
1FFe Uy hLR 61, 425 g~ 6.0
1T%eVy bALLE
11 12. 8
1% Y v LR > 017
N 16
1 Fxul v ML E 2,361 1> 3,230.5




#2.3.4 HZ 7 OIKERH b OHFRRH H S D2 it B

e it B3R . " SESJR
VAVE/E ™Sy (H20 4EJiE s 31) it S (Xa Vv kL)
1T%v Vv bR 61, 425 0 0.0
1+%aVUyvy L E
1A%V vy FVAER % O 2 0.0
1%V bR 2,361 5 13, 960. 6

#2.3.1 o7 RO A B O W S Gl s )




Inside

Capacity Backsid Period Spill
Date of . 0il Kind Part acxsidae Date (Month & | Damaged
Ne Occurrence Permitted Stored Part Occurred Detail : Installed Year) Area Amount
(kD) Coating (k1)
Presence Passed
. Within
1 1974/04/04 Unknown Heavy Oil Unknown Unknown — Unknown | Unknown Dike 160.0
Within
2 1974/06/12 Unknown Heavy Oil Base Metal/ Corroded Unknown | Unknown | Unknown Pit of 0.1
Bottom Plate Pore .
Dike
3 1974/08/08 Unknown Heavy Oil Base Metal/ Corroded Unknown | Unknown | Unknown Wl.thm Unknown
Bottom Plate Pore Dike
. . e Base Metal/ Corroded Within
4 1974/10/31 Unknown | Sulfuric Acid* Shell Plate Pore — Unknown | Unknown Dike 0.0001
i Unknown
5 1974/12/17 50000 Minas C rude Unknown Unknown Unknown | Unknown | Unknown 0.5
0Oil Unknown
Weld Between Crack 1973
6 | 1974/12118 50000 C Heavy Oil Shell & rac Unknown 1.0 Sea Area | 42,888.0
Part 12.15,
bottom
. Within
7 1974/12/28 1000 A Heavy Oil Unknown Unknown — Unknown | Unknown Dike 0.5
8 1975/02/20 Unknown Heavy Oil Base Metal/ Corroded Unknown | Unknown | Unknown Wl.thm Unknown
Bottom Plate Pore Site
. Base Metal/ Corroded Within
9 1975/04/01 3350 Heavy Oil Shell Plate Pore — Unknown | Unknown Site 0.1
Neighbor
10 1975/04/22 10 A Heavy Oil Base Metal/ Corroded Unknown 1964 11.1 Rice/Lotus 3.5
Bottom Plate Pore 4.1 .
Field
Unrefined Base Metal/ Corroded Within
11 1975/05/30 Unknown Tar Bottom Plate Pore Unknown | Unknown | Unknown Dike 192.0
Chloro- Base Metal/ Corroded Within
12 1975/08/29 Unknown Sulfonic Acid Bottom Plate Pore Unknown | Unknown | Unknown Site 0.01
Hydrochloric Base Metal/ Corroded 1973 Within
13 | 1975/0912 | Unknown Acid Shell Plate Pore - 6.25 2.2 Site 0-1
. Weld/ Corroded Within
14 1975/09/20 1084 A Heavy Oil Shell Plate Pore — Unknown | Unknown Dike 0.2
. Base Metal/ Corroded Inside Within
15 1976/05/14 30000 Heavy Oil Bottom Plate Pore U Unknown | Unknown Dike 0.2
Minas Crude Base Metal/ Corroded 1961 Within
16 1976/09/28 44 0il Bottom Plate Pore Unknown 19.7 14.8 Dike 0.8
17 1976/10/08 Unknown Heavy Oil Base Metal/ Corroded Unknown | Unknown | Unknown Wl.thm 0.1
Bottom Plate Pore Site
Inside ithi
18 | 19770131 30000 C Heavy 0il | baseMetall | Corroded Unknown | Unknown | vithin 85.0
Bottom Plate Pore Unknown Dike
Compound/
Waste Fluid, -
19 | 1977/02/07 | Unknown Toluene, Base Metal/ | Corroded |y, oo | 1975 1.7 Within 0.1
Chlorine- Bottom Plate Pore 5.22 Dike

Hydrocarbon




Capacit Inside Period Spill
Date of apacity 0Oil Kind Part Backside Date (Month & | Damaged P
No Permitted Part Occurred . : Amount
Occurrence Stored Detail Coating Installed Year) Area
(kD (kD)
Presence Passed
. Base Metal/ Corroded ANFETFIK
20 1977/03/17 241 Heavy Oil Bottom Plate Pore Unknown | Unknown | Unknown % 9.0
21 1977/11/07 Unknown Jet A-l Base Metal/ Corroded Unknown | Unknown | Unknown | Sea Area 0.5
Oil Bottom Plate Pore
. . Weld/ & 1958 Within
22 1977/12/08 4700 Light Oil Bottom Plate Elh Unknown 498 19.6 Dike Unknown
FLoR
. Base Metal/ Corroded 1968
23 1978/02/27 988 Heavy Oil Bottom Plate Pore Unknown 397 9.9 b ﬁ? T 0.0005
=]
. Base Metal/ Corroded Within
24 1978/05/15 4740 Heavy Oil Shell Plate Pore — Unknown | Unknown Site 0.04
- Unknown 1
25 | 1978/06/16 24000 Crude Oil Base Metal/ | JEFEA 1 1973 47 Within 49.7
Bottom Plate b Unknown 9.17 Dike
Inside ihi
26 1978/07/29 3000 Heavy Oil Base Metal/ Corroded Unknown | Unknown Wl.thm 1.2
Bottom Plate Pore Unknown Site
27 | 1979/01/08 300 B Heavy 0il Base Metal/ |- Corroded | vy 10 | Unknown | Unknown %mb K 2.7
Bottom Plate Pore I
. Weld/ Crack TENHEK
28 1979/02/04 50000 Crude Oil Bottom Plate Part — Unknown | Unknown e 50.0
Base Metal/ Corroded Inside Within
29 1979/02/13 7350 C Heavy Oil Unknown | Unknown . 1.2
Bottom Plate Pore Unknown Site
Base Metal/ | Corroded |- 259 Withi
30 | 1979/04/22 22855 C Heavy Oil ase vewa orrode Unknown | Unknown i 0.02
Bottom Plate Pore Unknown Site
31 | 1979/08/08 160 Heavy Oil Base Metal/ | Corroded | vy o0 | Unknown | Unknown | itpin 92.0
Bottom Plate Pore Site
The first Oil Base Metal/ Corroded Within
32 1979/11/24 Unknown Product Group Shell Plate Pore — Unknown | Unknown Site 0.2
Minas Crude Base Metal/ Crack Within
33 1979/12/21 Unknown 0il Bottom Plate Part Unknown | Unknown | Unknown Dike 0.5
. Weld/ Crack 1971 Within
34 1980/02/06 99,000 Crude Oil Bottom Plate Part — 914 8.4 Site 0.07
. Base Metal/ Corroded Backside 1958 Within
35 1980/02/23 4000 C Heavy Oil Bottom Plate Pore 4 21.9 Dike 10.9
Compound
Liquid/
Ethyl acetate, Base Metal/ Corroded Within
36 1980/05/12 30 Dichloro- Bottom Plate Pore Unknown | Unknown | Unknown Site 0.003
methane(48
Vol. %)
Polybutene(k Base Metal/ Corroded Within
37 1980/06/12 Unknown %) Shell Plate Pore — Unknown | Unknown Dike Unknown
38 1980/06/16 390 C Heavy Oil Base Metal/ Corroded Unknown | Unknown | Unknown Wl.thm 3.0
Bottom Plate Pore Site




C it Inside Period Spill
Date of apacity 0il Kind Part Backside Date (Month & | Damaged P
No Permitted Part Occurred . : Amount
Occurrence Stored Detail Coating Installed Year) Area
(k1) (kD
Presence Passed
Inside
39 | 1980/06/26 30000 Kerosene Base Metal/ - Corroded Unknown | Unknown | /i 16.0
Bottom Plate Pore Unknown
40 | 1980/08/01 | Unknown Gasoline Base Metal/ | Corroded | vy, o | Unknown | Unknown | "™ | Unknown
Bottom Plate Pore Site
Minas Crude Base Metal/ Corroded Within
41 1980/08/09 Unknown 0il Shell Plate Pore — Unknown | Unknown Site 1.6
. Base Metal/ Corroded Within
42 1980/09/28 Unknown Heavy Oil Bottom Plate Pore Unknown | Unknown | Unknown Dike 2.0
Base Metal/ Corroded Inside 1972 Within
43 1980/12/06 3180 Naphtha Bottom Plate Pore A — 117 8.9 Site Unknown
Inside
. . Base Metal/ Corroded 1972 Within
44 1980/12/22 10926 Light Oil Bottom Plate Pore Unknown 3.4 8.8 Site Unknown
45 1981/03/20 Unknown Acetone Base Metal/ Corroded Unknown | Unknown | Unknown Wl.thm 0.2
Bottom Plate Pore Site
. Base Metal/ Corroded Within
46 1981/06/22 Unknown C Heavy Oil Shell Plate Pore — Unknown | Unknown Site 0.0002
. Weld/ Corroded 1978 Within
47 1981/08/06 28 A Heavy Oil Shell Plate Pore — 318 3.4 Site 0.001
. Weld/ Corroded 1972 Within
48 1981/09/01 4655 C Heavy Oil Shell Plate Pore — 991 9.5 Site 0.0195
Neighbor
49 | 198112002 150 AHeavy 0l | PaseMetall | Corroded |y p o | Unknown | Unknown | Rice/Lotus 5.0
Bottom Plate Pore .
Field
Base Metal/ Corroded 1970 |
50 1982/02/05 3 Kerosene Bottom Plate Pore Unknown 10.97 11.3 Zas ol 0.1
Base Metal/ Corroded 1970 Within
51 1982/07/01 140 Methanol Shell Plate Pore — 799 11.9 Site Unknown
Base Metal/ Corroded Inside 1964
52 1982/08/10 1024 Gasoline Bottom Plate Pore Unknown 194 18.5 SN Hy 46.1
53 1982/09/29 2000 CH 0il Base Metal/ Corroded Backside 1969 13.4 Within 0.8
eavy Bottom Plate Pore 5.1 ’ Site ’
. Base Metal/ Corroded 1970 Within
54 1982/10/21 995 Soybean Oil Bottom Plate Pore Unknown 59 12.5 Site Unknown
. Weld/ e 1961 Within
55 1982/12/09 500 Heavy Oil Bottom Plate El Unknown 11.18 21.1 Dike 0.003
. Base Metal/ Corroded 1971 Within
56 1982/12/22 31 C Heavy 0Oil Bottom Plate Pore Unknown 10.19 11.2 Dike 0.2
. Base Metal/ Corroded 1968
57 1982/12/24 120 Heavy Oil Bottom Plate Pore Unknown 593 14.6 Sea Area 60.0
Base Metal/ Corroded Inside ;
58 1984/04/23 10 A Heavy Oil Unknown | Unknown | #H#4MAIJII 0.1
Bottom Plate Pore
Unknown
. Base Metal/ Corroded 1963 ; y
59 1984/05/15 510 A Heavy Oil Bottom Plate Pore Unknown 11 20.5 N H 17.8




Capacit Inside Period Spill
Date of apacity 0Oil Kind Part Backside Date (Month & | Damaged P
No Permitted Part Occurred . : Amount
Occurrence Stored Detail Coating Installed Year) Area
(k1) (kD)
Presence Passed
. Base Metal/ Corroded 1971
60 1984/11/22 300 C Heavy Oil Bottom Plate Pore Unknown 6.98 13.4 i 0.3
Inside
. Base Metal/ Corroded 1952 Within
61 1984/12/10 1500 B Heavy Oil Bottom Plate Pore Unknown 6.12 32.5 Site 0.6
S YT | Corroded oo Withi
62 | 1985/06/11 | 109817 Crude 0il | ~. 7/ _Fib | Corrode 1972 12.7 ithin 0.1
T =2 TR Pore Unknown 10.3 Dike
. Base Metal/ Corroded 1980 Within
63 1985/08/23 2000 Creosote Oil Shell Plate Pore — 5.7 5.3 Dike 1.0
Neighbor
Weld/ Crack 1973 .
64 1985/10/04 145 Kerosene Bottom Plate Part — 10.25 11.9 Rlce(Lotus 0.2
Field
Concentrated Base Metal/ Corroded 1976 Within
65 1985/10/29 106 Sulfuric Acid Bottom Plate Pore Unknown 12.2 8.9 Dike 1.9
. . Base Metal/ Corroded 1966 Within
66 1985/11/29 500 Light Oil Bottom Plate Pore Unknown 44 19.7 Dike 5.0
Epichlorohydri Base Metal/ Corroded 1967 Within
67 1986/01/06 600 n Bottom Plate Pore Unknown 12.16 18.1 Dike 4.5
. Base Metal/ Corroded 1974 Within
68 1986/08/30 15 B Heavy Oil Bottom Plate Pore Unknown 397 12.4 Dike 0.1
69 1986/11/07 107 Kerosene Base Metal/ Corroded Unknown 1974 12.8 KAV Unknown
Bottom Plate Pore 2.4
. Bottom Plate- B s/ ; .
S N H.
70 1987/06/11 50 Lubrlc.atmg Manhole Corroded Unknown 1973 14.2 B2 & Unknown
0il 3.28 v b
Flange Pore
De-sulfurized Base Metal/ Corroded 1970 Within
71 | 1987/09/08 20 C Heavy Oil | Shell Plate Pore - 10.7 16.9 Dike 10.4
. Base Metal/ Crack 1971
72 1987/09/09 145 A Heavy Oil Bottom Plate Part Unknown 6.99 16.2 Sea Area 9.7
. Weld/ Crack 1975 |
73 1988/07/05 82641 Crude Oil Bottom Plate Part Unknown 36 13.3 Hirp 0.4
. Base Metal/ Corroded 1968 Within
74 1988/08/26 2000 Heavy Oil Shell Plate Pore — 718 20.1 Dike 0.2
. Base Metal/ Corroded Inside 1973 Within
75 1989/12/17 84548 Crude Oil Bottom Plate Pore Unknown 3.3 16.4 Dike 0.8
. Base Metal/ Corroded 1969 Within
76 1991/02/24 15 Heavy Oil Bottom Plate Pore Unknown 33 22.0 Dike 2.0
Molten Base Metal/ Corroded 1969
77 1991/09/06 4000 Sulphur Shell Plate Pore — 9.10 23.0 fiiAn 0.3
Molten Base Metal/ Corroded 1976
78 1991/10/04 2400 ton Sulphur Shell Plate Pore — 1118 14.9 HEN 43.7
. Base Metal/ Corroded 1979 Within
79 1992/07/29 40 Heavy Oil Shell Plate Pore — 398 13.3 Dike 0.001
. Base Metal/ Corroded 1961 Within
80 1992/08/21 995 Heavy Oil Bottom Plate Pore Unknown 393 31.4 Dike 5.0




Capacit Inside Period Spill
Date of apacity 0Oil Kind Part Backside Date (Month & | Damaged P
No Permitted Part Occurred . : Amount
Occurrence Stored Detail Coating Installed Year) Area
(k1) (kD)
Presence Passed
. Base Metal/ Corroded 1961 Within
80 1992/08/21 995 Heavy Oil Bottom Plate Pore Unknown 393 31.4 Dike 5.0
. Base Metal/ Crack 1961 Within
81 1992/11/24 1750 Gasoline Shell Plate Part — 12.6 31.0 Dike 0.2
. . Base Metal/ Corroded 1973 PN
82 1994/07/01 50 Light Oil Shell Plate Pore — 11.99 20.6 £ 0.0005
L VA"
83 | 1994/08/10 125 Lubricating |~ Base Metal/ | Corroded | 1 o | 1964 29.8 R HAE D 0.9
0Oil Bottom Plate Pore 10.5 7
MY — b Corroded 1973 VAN
84 1994/08/25 500 Kerosene B 25 Pore — 10.3 20.9 +0 0.001
. Base Metal/ Corroded 1967
_ o 7
85 1995/01/07 420 A Heavy Oil Shell Plate Pore 19,99 27.0 ##E72 L | Unknown
. . Weld/ & 1968 Within
86 1995/01/13 28970 Light Oil Bottom Plate Elh Unknown 515 26.7 Dike 142.6
Base Metal/
. Bottom Plate e 1966
87 1995/03/27 192 AHeavy Oil Weld/ Eli — 6.5 28.8 Sea Area 0.2
Bottom Plate
. Base Metal/ Corroded 1973 e
88 1995/05/18 10 Heavy Oil Shell Plate Pore — 76 21.9 Zasmpll| 8.5
. Base Metal/ Corroded 1969
89 1996/02/29 30 Heavy Oil Bottom Plate Pore Unknown 493 26.9 Sea Area 1.2
. Base Metal/ Corroded Inside 1972 Within
90 1997/04/13 110000 Crude Oil Bottom Plate Pore pe 9.98 24.5 Dike 1.3
91 | 1997/05/09 300 Gasoline Base Metal/ - Corroded | vy, ooy | 1970 265 | MM | Unknown
Bottom Plate Pore 11.2
. Base Metal/ Corroded 1971
92 1997/05/28 200 A Heavy Oil Bottom Plate Pore Unknown 6.9 26.0 Sea Area 26.0
. . Base Metal/ Corroded 1976 Within
93 1997/07/10 670 Light Oil Bottom Plate Pore Unknown 11.16 20.7 Dike 0.1
. Base Metal/ Corroded 1973 e
94 1997/11/13 20 A Heavy Oil Bottom Plate Pore Unknown 9.3 24.8 Zasmplll 0.2
Base Metal/ Corroded 1971
95 1998/03/04 500 Kerosene Bottom Plate Pore Unknown 11.19 26.3 Sea Area Unknown
. Base Metal/ Corroded 1972 Within
96 1998/05/23 200 Heavy Oil Bottom Plate Pore Unknown 398 26.2 Dike 20.0
. Base Metal/ Corroded 1971 e
97 1998/07/04 30 A Heavy Oil Bottom Plate Pore Unknown 3.30 26.8 FESMAT 0.5
. Base Metal/ Crack 1970 Within
98 1999/01/09 12 Heavy Oil Bottom Plate Part — 730 28.4 Dike 0.7
. . Base Metal/ Corroded 1972
99 1999/01/15 54 Light Oil Shell Plate Pore — 99 26.4 Sea Area 1.0
. Base Metal/ Corroded 1972 Within
100 1999/05/21 1450 Gasoline Shell Plate Pore — 11.13 26.5 Dike 0.003
. . Base Metal/ Corroded 1976 . "
101 1999/06/11 4 Light Oil Bottom Plate Pore Unknown 19.8 31.5 KA & Unknown




Capacit Inside Period Spill
Date of apacity 0Oil Kind Part Backside Date (Month & | Damaged P
No Permitted Part Occurred . : Amount
Occurrence Stored Detail Coating Installed Year) Area
(k1) (kD)
Presence Passed
. Base Metal/ Corroded 1963 Within
102 1999/08/12 481 C Heavy Oil Shell Plate Pore — 10.94 35.8 Dike 0.02
. Base Metal/ Corroded 1972
103 | 1999/10/11 2160 C Heavy Oil Shell Plate Pore — 105 27.0 il 0.5
. Base Metal/ Corroded 1980
104 | 1999/10/20 880 A Heavy Oil Bottom Plate Pore Unknown 12.15 18.8 Sea Area 6.3
. Base Metal/ Corroded 1970 Within
105 2001/06/01 4880 Gasoline Shell Plate Pore — 9.99 30.7 Dike Unknown
. Base Metal/ Corroded Inside 1970 Within
106 2001/06/27 50000 Crude Oil Bottom Plate Pore pe 19.4 30.6 Dike 8.0
. Base Metal/ Corroded 1966 Within
107 2001/08/15 15 Heavy Oil Shell Plate Pore — 993 35.5 Dike 0.3
Base Metal/ Corroded 1970 Within
108 2001/07/31 2050 JETA- 1 Shell Plate Pore — 11.19 30.7 Dike 0.1
. Base Metal/ Corroded 1969 Within
109 2001/12/29 35000 Crude Oil Shell Plate Pore — 410 32.7 Dike 0.002
FCC Bottom Base Metal/ Corroded 1957
110 2002/04/01 455 0il Bottom Plate Pore Unknown 25 45.2 Sea Area | Unknown
. Base Metal/ Corroded 1975
111 2002/06/07 1255 C Heavy Oil Shell Plate Pore — 12.9 26.5 fiiAn 0.005
. Base Metal/ Corroded 1971
112 | 2002/07/02 40000 Crude Oil Shell Plate Pore — 5.96 31.1 &N Unknown
. Base Metal/ Corroded 1970 Within
113 2002/09/05 500 C Heavy Oil Shell Plate Pore — 10.27 31.9 Dike 2.0
Base Metal/ Corroded Inside 1967
114 2003/01/25 9800 Crude Oil 35.1 fiiAn 0.03
Bottom Plate Pore Unknown 12.26
. . Base Metal/ Corroded 1962
115 2003/02/07 995 Light Oil Bottom Plate Pore Unknown 118 41.1 fiiAn 0.1
Base Metal/ Corroded 1965
116 2003/02/24 700 Xylene Bottom Plate Pore Unknown 12.98 37.2 Sea Area Unknown
Inside
117 | 2003/03/15 50000 Crude Oil Base Metal/ | Corroded 1970 33.0 1N 0.13
Bottom Plate Pore 4 3.15
. Base Metal/ Corroded 1976
118 | 2003/03/20 57 Heavy Oil Shell Plate Pore — 415 26.9 HEN 0.2
. Base Metal/ Corroded 1992
119 | 2003/03/27 8 Heavy Oil Shell Plate Pore — 0.4 11.6 N 0.1
. Weld/ & 1971 |
120 | 2003/06/11 100 Heavy Oil Bottom Plate Elh — 611 32.0 SN Unknown
121 | 2003/07/07 2000 Styrene Base Metal/ | Corroded | Backside | 1y (00 | (rinown HiA 0.2
Bottom Plate Pore
. Base Metal/ Corroded 1967 Within
122 2003/10/23 40 Heavy Oil Bottom Plate Pore Unknown 10.12 36.0 Dike 0.1
. Base Metal/ Corroded 1968 Within
123 2003/12/15 2330 Heavy Oil Shell Plate Pore — 918 35.2 Dike 0.04




Capacit Inside Period Spill
Date of apacity 0Oil Kind Part Backside Date (Month & | Damaged P
No Permitted Part Occurred . : Amount
Occurrence Stored Detail Coating Installed Year) Area
(k1) (kD)
Presence Passed
. Base Metal/ Corroded 1973 Within
124 | 2004/06/01 130 Heavy Oil Bottom Plate Pore Unknown 795 30.9 Dike 0.4
. Base Metal/ Corroded 1980 Within
125 2004/07/22 7830 Heavy Oil Shell Plate Pore — 10.21 23.8 Dike 0.045
. Base Metal/ Corroded 1968 Within
126 2005/01/06 28 Heavy Oil Shell Plate Pore — 19.27 36.0 Dike 0.4
. Base Metal/ Corroded 1976 Within
127 2005/05/26 10 Heavy Oil Shell Plate Pore — 11.9 28.6 Dike 0.001
Weld Between -
128 | 2005/07/01 1680 Heavy 0il Shell & Corroded - 1969 36.3 Within 0.1
Pore 3.27 Dike
Bottom
. . Base Metal/ Corroded 1972 Within
129 2005/09/15 12000 Light Oil Shell Plate Pore — 12.97 32.7 Dike 0.2
. Base Metal/ Corroded 1959 Within
130 2005/09/21 7000 Heavy Oil Shell Plate Pore — 43 46.5 Dike 0.1
Methyl -
Base Metal/ Corroded 1970 Within
131 2005/11/14 620 Isobutyl Shell Plate Pore — 919 35.8 Dike 0.003
Ketone
Base Metal/ Corroded 1970 Within
132 2005/11/22 620 Butyl Acetate Shell Plate Pore — 197 35.8 Dike Unknown
Base Metal/ Corroded Inside 1973 ,
e T |
133 2005/12/07 2400 Naphtha Bottom Plate Pore & 917 32.2 FESMRT)1| 80.0
Base Metal/ Corroded 1974
e
134 2006/03/01 10 Kerosene Bottom Plate Pore Unknown 1.9 31.3 PN Unknown
. Base Metal/ Corroded 1975 TEAHEAK
135 2006/04/08 20 Heavy Oil Bottom Plate Pore Unknown 716 30.7 e Unknown
_ . Weld/ 3 i 1968 Within
136 2006/06/08 234 Nitric Acid Bottom Plate B — 6.11 38.0 Dike 0.0002
. Base Metal/ Corroded 1977
137 2006/07/01 15 Heavy Oil Shell Plate Pore — 218 29.4 7K H 1.2
. . Base Metal/ Corroded 1971 Within
138 2006/07/06 24250 Light Oil Shell Plate Pore — 12.97 34.5 Dike Unknown
. Base Metal/ Corroded 1981 Within
139 2006/07/16 20 Heavy Oil Bottom Plate Pore Unknown 711 25.0 Dike 1.0
. Base Metal/ Corroded 1972 Within
140 2006/08/01 9950 Heavy Oil Shell Plate Pore — 3.4 34.4 Dike Unknown
. Base Metal/ Corroded 1972
141 | 2006/08/10 5060 Gasoline Shell Plate Pore — 34 34.4 HEN Unknown
JRAR SCFEOR
142 | 2007/03/15 740 Heavy Oil B /Bottom | COroded | pown | 1973 335 Hurp 50.0
Pore 9.6
Plate
Weld Between L
143 | 2007/04/01 200 Heavy Oil Shell & Corroded | 4y 1 own | 1978 28.8 Within 0.002
Pore 6.19 Dike
Bottom
Base Metal/ Corroded 1973 Within
144 | 2007/05/13 200 Sludge Shell Plate Pore — 19.17 33.4 Dike Unknown
. Base Metal/ Corroded 1974 Within
145 2007/11/26 53620 Gasoline Shell Plate Pore — 10.15 33.1 Dike 0.012
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2.4 Inside corrosion of Tank bottom

To understand the realities of the progress of thinning due to inside corrosion that was
one of the deterioration factors of Tank, the inside corrosion data collected in the past
was arranged and analyzed. Since it was considered that there was no difference about
the characteristic of inside corrosion between in the new law Tank and in the old law
Tank, the data of the old law Tank was used about assorted traits (Figure 2.4.1 of 2.4.1
and 2.4.2(2)) where the number of data of the new law Tank was insufficient to secure
the number of data necessary to the analysis. Refer to 2.6.5(4) for the measuring

method of the inside corrosion depth of the tank bottom.

2.4.1 Investigation of actual conditions of inside corrosion speed

Figure 2.4.1 shows the relation between minimum bottom plate thickness due to inside
corrosion and in year of passage from the installation of Tank where the spill accident
occurs from thinning due to inside corrosion and the corrosion history was understood
by Accident Cause Report V¥ (The accident number corresponds to the number in Table
2.3.1). The ordinate shows minimum plate thickness (design thickness when set up) due
to inside corrosion of the Tank bottom. The thinnest plate thickness of measured one on
inspection was connected with the last plate thickness by the straight line, of which
inclination was assumed to be a corrosion rate. In this case, the value in which
"Corrosion depth that was 0.1mm less than the minimum corrosion depth (value that
the owner set as a specification of the repair)" was subtracted from the design plate
thickness was assumed to be estimated minimum one after had been repaired. The
following two corrosion rates were calculated because there was no one cycle before
inspection record of the minimum plate thickness part at that time inspection since the
second times.

A: Presumption upper bound value that is assumed that the maximum, inside corrosion
part occurred at a part which had design plate thickness on the last time inspection.

B: Presumption lower bound value that is assumed that the maximum, inside corrosion
part occurred at a part that was minimum plate thickness after repaired on the last
time inspection.

From this figure spill accident occurred when the inside corrosion speed increased
rapidly, and it is understood that there was a change in the corrosion rate, and the
change about 3 or 4 times could happen enough.

Figure 2.4.2 and Table 2.4.2 are averages of the maximum, inside corrosion rate of the
bottom plate and annular plate of the new law Tank of which data are shown in Table

2.4.1 per each frequency of inspection. The one due to defect by striking was included



while the one of the plate substitution without measuring the inside corrosion depth*
and the case that the corrosion rate could not calculated because of the uncertainty of
the details of the repair were excluded in calculating on average corrosion rate. The
corrosion historical data was offered by Hazardous Materials Safety Techniques
Association, of which the oldest one in each Tank was regarded as the first data
respectively and, in addition, after second time the corrosion rate was calculated by the
above mentioned method. So, corrosion rate calculated tends to be small.
*It was likely to exchange it at the opening time followed without measuring the
thickness of the plate with an intense corrosion. In this case, the corrosion depth was
not understood. As such, there were constant cases that were not investigated and
recorded though there was big corrosion. They have become obstacles in
understanding realities and analyzing the data.
According as the level of the mean value at the inside corrosion rate and its change level
(ratio of each time mean values to the minimum value ) are shown in Figure 2.4.2 and
Table 2.4.2, it is understood that the difference is in the corrosion rate depending upon
the frequency of internal inspection and the part. It is also understood that the inside
corrosion rate of the bottom plate is larger than that of the annular plate, and the
corrosion rate has changed into about 1.7 times or less on the annular plate and into
about 1.7 times or less on the bottom plates as long as the inside corrosion rate grows by
increasing of the frequency of internal inspection. Through the above, it can be said that
it 1s clarified to have to pay the great caution to progress of inside corrosion in the

bottom plate, and to have to pay attention to inside corrosion as years have passed since

set up.
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Using the data of Tank which had been reported to have big inside corrosion( see
Reference-1), Figure 2.4.3 shows a display of the inside corrosion rate of each
individual Tank by the difference of the frequency of internal inspection among the
new law Tanks. It is not the one to show the tendency of all tanks because neither
the one of which corrosion depth was small nor the one of which plate was
substituted without measuring the corrosion depth was included when data was
collected. Moreover, data of Tanks which was clear to be coated in case of internal
inspection was excluded because the meanings of the comparison was low since the
erosive environment was greatly different before and after coating. It makes a
special mention that there were a lot of data that the third time corrosion rate was
growing more than the second time one though it was understood that the inside

corrosion rate change of each time was extremely large from this figure.
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2.4.2 Confirmation of inside corrosion prevention function of coating

The corrosion prevention function was analyzed since inside corrosion was able to
prevent by the coating and was adopted widely.

(1) Results at inside corrosion rate of Tank where coating was constructed

Figure 2.4.4 shows the inside corrosion rate divided into three categories which are
glass flakes (Hereafter, it is said "GF") coatings that are assumed that the inside
corrosion prevention function is the highest, the coatings other than GF and without the
coating in order to examine the difference according to the kind and presence of the
coating. In the figure, neither the one that the plate was substituted nor the one of
which corrosion depth were not measured because of small corrosion is included. The
data used was summarized in Table 2.4.3. Moreover, data of Tanks which was clear to
coat in case of internal inspection was excluded because the meanings of the
comparison was low since the erosive environment was greatly different before and
after coating. In the figure, high corrosion rates at second and third time inspection
were seen in all kinds of Tanks and GF coating of which data were surrounded by the
dotted circle was constructed from 1977 to 1979. From this, it is necessary to think that
the one with an inferior corrosion prevention function were included in the GF coating

constructed at old age.
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(2) Collection and analysis of trouble case

It was reported in (1) that the inside of some of coated Tanks were corroded, though the
corrosion rates of the one on which the coating was constructed were expected to become
0 within the lives of coating. The inspection reports etc. which had trouble case like
inside corrosion though the coating had been constructed were collected and analyzed to

examine the factor that disturbed the corrosion prevention function (refer to 5.5.2).

(3)Aged deterioration of coating

Figure 2.4.5 shows the frequency distribution at the maximum, inside corrosion rate of
each Tank that had been measured in each case of internal inspection and a mean value
and the maximum value were summarized in Table 2.4.4. Relative to coating of Tank, in
some cases the coating was applied from the beginning of Tank installation and in other
cases applied when they were internally inspected after initial installation.

It brought it together in the figure per number of opening for inspection regardless of
coating construction time. The corrosion rate was a presumption lower bound value (B
of 2.4.1). Tt is understood that the bigger one of the corrosion rate had increased
whenever the frequency of opening for internal inspection increased. It is because the
one of which inside corrosion prevention function decreased according to the aged

deterioration of the coating increase, and some of them had shown a big corrosion rate.
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Data of Tanks of which inside were GF coated from the initial construction and not

repainted and in addition, which had more than three times of opening for internal

inspection were extracted from the one shown in Figure 2.4.5 to analyze relation

between tenure of use and aged deterioration of coating (Refer to Figure 2.4.6

(presumption lower bound value at inside corrosion rate), Figure 2.4.7 (presumption

upper bound value at inside corrosion rate), Table 2.4.5 and Tables 2.4.6). From them it

is understood that the inside average corrosion rate increased as year passed and until

the second times (passage of 14.7 years on the average from the coating construction),

there were many Tanks whose inside corrosion is 0 and at third times (passage of 22.8

years on the average from the coating construction) the inside corrosion had been found




in a lot of Tanks though a remarkable peak was not seen. Moreover, the coatings of

these Tanks were applied by ether in accordance with Coating Guide or not.
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(4) Summary of trouble case and Condition of coating with high corrosion prevention

function

The following can be said by (2), (3).

a. When the coating flakes were off in Tank where the coating was constructed, the
corrosion rate might become larger.

b. The factor that the coating flakes off includes the followings.

-Use of paints with low resistance to solvent attack

-Dewfall on surface of painting and adhesion power shortage because of return rust?

- Coating degradation by high temperature

-Adhesion power shortage and corrosion progress by insufficient surface preparation

(remaining of salinity and garbage and surface-roughness shortage)

- Film thickness shortage and stiffening shortage because of defective construction

c. The factors that the corrosion rate of the steel plate grows after coating flakes off are

as follows.

: Formation of macro cell

- Formation of oxygen concentration cell

- Corrosion with the action of sulfate reduction bacteria and acid etc.

d. Thinning was not plainly found though corrosion such as black rust was found a little

under the swelling. It is understood that inside corrosion with large corrosion rate

doesn't occur as long as the coating doesn't flake off.

As the problem such as flaking off of the paint film was caused in the coating

constructed between 1975 and 1984, the examination of the material quality and

conditions of performance of the coating between 1985 and 1994 was done, and a

conclusion almost similar to the above-mentioned analysis was obtained. The

requirement for the coating that did not flake off easily was brought together as a result

of the examination, and "Coating Guide (fire fighting [abunal No.74 in 1994)" was made.

It is thought that trouble by a factor already-known of these is not caused if constructed

in accordance with Coating Guide.

(5)Results of Tank coated with Coating Guide

Figure 2.4.8 shows an inside corrosion history of three Tanks to which the GF coating
equivalent to the one coated with Coating Guide was constructed at first of construction.
Inside corrosion has hardly occurred though it is a tank where 20 years or more passed
after the GF coating was constructed. Therefore it is understood that the function to
prevent inside corrosion of such GF coating is high. There are 314 new law Tanks of

10,000 kIl or more in capacity which had internally inspected more than three times.



29, about 10 percent of the Tanks had GF coating since the initial construction and the
inside corrosion rates of both their annular plate and bottom plate were 0.1mm/year or
less at the time of each opening. Namely, it is said that about 10 percent of the Tanks
which had the results of three opening or more had a little inside corrosion.

Figure 2.4.9 shows frequency distribution of the maximum, inside corrosion rate
(presumption lower bound value) at the first inspection of each GF coated Tank of which
coatings were used 5 to 13 years (8.4 years on the average) after construction. On the
other hand, Figure 2.4.10 is showing frequency distribution of the maximum, inside
corrosion rate (presumption lower bound value) at internal inspection of 28 Tanks
coated with Coating Guide which were used for about ten years. 276 Tanks are analyzed
in Figure 2.4.9 and of which coating were constructed either by equal to or more than
the specification of Coating Guide or by the one that didn't meet Coating Guide.

and the coating is the one

Because the one to show the high corrosion rate (for instance, one to exceed 0.3mm/year)
is seen in Figure 2.4.9 and is not seen in Figure 2.4.10, the coating constructed with

Coating Guide can be said that the prevention function to inside corrosion is high
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(6)Coating Guide

Necessary requirements and the test methodology are provided in Coating Guide about
the following matter to assume the coating that doesn't flake off easily.

- The selection of the coating that is appropriate for content and the storing
temperature: It specifies for the coating material with the resistance to oil because the
paint film is deteriorated easily unless the painting material that adjusts to contents
and the storing temperature is used.

-The quality of the material: The resistance to solvent attack and impact resistance, etc.
are confirmed by the materials test etc.

-The range of construction of the coating: It specifies for the range of construction
because non-painting part is corroded easily as for the part (bottom and lower side of
the shell) where moisture etc. collect if everything is not painted. It is confirmed by the
visual inspection.

-The thickness of the coating: It is specified because it cannot carry out the prevention
function of corrosion if the easiness etc. for moisture to penetrate change according to

the thickness of the paint film, and there is no enough thickness. This is confirmed by
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the film thickness test and the pinhole test.

*The construction environment (temperature and humidity, etc.): It is specified because
curing shortage owing to the construction environment causes insufficient adhesion
strength of the paint film when there are a dewfall etc. The temperature and the
humidity of paintwork are observed and recorded.

-Surface Preparation (surface-roughness and extent of rust removal): Proper surface
preparation is necessary to secure adhesion strength. It is confirmed comparing with
the standard.

- Extent of cleaning after surface prepared: Surface cleaning is necessary because
adhesion strength is insufficient when there is foreign body.

-The mixture and the management of the material: It is specified because the strength
shortage of the paint film if neither an appropriate mixture nor management are
performed.

- Application timing of the primer: It is specified because the adhesion strength is
insufficient if the surface is oxidized after surface treatment.

-The method of processing the weld: It is specified to prevent thickness shortage of the
paint film in the weld etc.

-Ventilation under painting and dry time of paints: It is specified to secure strength of
the paint film. It is confirmed by the pinhole test.

According to (5) GF coating constructed in accordance with Coating Guide has a high
prevention function to inside corrosion though the population parameter is few at
present. The check management for the coating is necessary to maintain a function
concerned because the inside corrosion prevention function decreases along with the
aged deterioration. It is necessary to repair because there is the possibility of the tear of
the part and flaking off during the next use period when the swelling is found in case of
internal inspection. Moreover, when the life of the paint film is passed, it is necessary to
note the paint film to the life because fear that the flaking off part appear if large range
1s deteriorated increases and fear that the corrosion rate grows in the part where the
flaking off appears is caused. The content of Coating Guide is necessary and sufficient
and the point that should be changed is not especially found even if compared with a
present finding. It is thought that it is important to improve the effectiveness of the
execution management through the education etc. from there was a case where the
swelling is widely caused by ventilation shortage though it follows the Guide in the

management record.



2.4.3 Comparison between general idea concerning wet corrosion and tank inside
corrosion case investigation

A past case research into inside corrosion of Tank bottom plate was done in detail. There
was a case where the penetration hole was caused by inside corrosion though the
number was little in that, and the corrosion rate had the one to exceed 2mm/year by
presumption. The inside of Tank is under wet corrosion environment because it touches
the water including electrolyte or the sludge which contained them, and corrosion is
caused by an electrochemical action chiefly. In this paragraph, after a general idea
concerning the wet corrosion is described based on the stated above, the case
investigation result concerning tank inside corrosion is analyzed.

(1) General idea concerning wet corrosion

Corrosion is caused by pairing with the anode oxidation reaction that is the dissolution
reaction of the metal and the cathode reduction reaction of the oxidant. Since these
reactions may accompany an electronic transfer at interfaces between the electronic
conductors such as the metal and the ion conductors of solution etc. without fail, the
reaction speed is shown as a current that flows in the interface (Figure 2.4.11). In the
simplest reactive mechanism, a linear relation consists between the logarithm of the
absolute value of this current and the potential of the metal (It is noted that the
inclination of the anode reaction and the cathode reaction is opposite, and shape is
various according to patterns of reaction, and the range where this relation consists is
very much limited in the real system). On the condition that the addition of the current
value related to the anode reaction and the cathode reaction becomes zero from the
principle of an electric neutral, the intersection of the current-voltage property of both
becomes corrosion potential when the corrosion reaction progresses in the natural state.
Well, the single meaning current-voltage property in which the corrosion reaction speed
is decided doesn't exist theoretically and is influenced by various physicochemical
environmental factors. The anode reaction corresponds to the corrosion dissolution
speed of steel, and it changes greatly by the character of the temperature, pressure, and
the solution, states of flow, and states of the surface film etc. besides potential. On the
other hand, the cathode reaction strongly depends on the property (kind and density of
the oxidant) on the solution side mainly though it receives the influence of various

factors as well as the above-mentioned.
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Well, the corrosion thinning observed after a certain period can be basically presumed
by integrating an occasional corrosion rate for the period if a time change in all the
influence factors for Tank during the period can be completely obtained. However, it is
realistically impossible to understand these carefully because spatial distribution exists
in the influence factor in a vast steel structure like the crude oil tank. When this spatial
non-uniformity is made fixed for a long time, the severe local corrosion occurs by the
anode part's fixation. In this case, since the polarized state of a local anode and a local
cathode differs, it is necessary to understand completely the total four current-voltage
properties, namely those of the anode and cathode of the local anode and those of the
anode and cathode of the local cathode to describe the corrosion rate strictly. Therefore,
the presumption of the corrosion rate becomes far more difficult than a simple corrosion
system. In addition, understanding of the corrosion action for a long time will be
thoroughly difficult further, since the area ratio and shape of the current-voltage
property where the anode and cathode reaction have happened change as time passes
because of the influences of the time changes etc. of not only environmental factors but

also surface state
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(2) Comparison with case investigation result

Though it cannot be accurately known of the current-voltage property for Tank during
service period as described in the preceding paragraph, the case investigation results
are evaluated by adopting® the document value of the current-voltage property of steel
(Figure 2.4.12) in the neutral solution of normal temperature (25°C) as a current-voltage
property of the local anode and assuming that this doesn't change for Tank during the
period. The tank bottom plate has come in contact with drain water similar to seawater
and sludge. In general, general corrosion rate of steel on the environment (excluding
splash zone and tide belt) 7 is around 0.15 mm/y. As there is a case in which drain water
pH shows around 3 depending on the influence of oil kind, general corrosion rate is
examined under atmospheric saturated condition and pH= 3 and understood about 0.33
mm/y®.

If there is no corrosion promotion action by a local cathode, it is clear from the figure of
the current-voltage property that a corrosion rate does not reach to such a value as that
exceeding 2mm/year which was presumed in the case research to cause at the flaking off
part or the defect part where the coating doesn't exist by becoming a local anode. The
promotion factor includes the formation of the oxygen concentration cell by piling up of
the rust layer where the oxygen penetration is controlled on a local anode and the action
as a local cathode of the flaking off part or the coating deterioration part (cathode
swelling) around the defect part. It is guessed that the local cell action that the local
anode changed to about as much as 0.1V higher potential was caused according to
Figure 2.4.13.
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Next, in the case research, in consideration of having often presented a big corrosion
rate by the local corrosion that was caused between the flaking off part of the coating
that originated in defective construction which became the local anode and the part in
the surrounding where the deterioration such as the flaking off was not but swellings
was caused became a local cathode, this corrosion is evaluated by assuming a simple

model (Figure 2.4.14).
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First of all, potential difference of an open circuit (AE = Ec-open ? Ea-open) of the local
anode and the cathode becomes the driving force of the local cell action. Here, to the
value 0.5V is assumed which was observed as acid-base battery in the concrete macro
cell corrosion etc.. 9 The current that flows between a local anode and a local cathode
is decided by this driving performance and the total resistance included in the local
battery circuit, and this can be considered to be a corrosion promotion by the local
corrosion.

In the resistance element included in this circuit, the influence of interfacial resistances
(Ra, Re) of a local anode and a local cathode which are non-[o-mikku] resistance element
depending on potential are not considered here. Among these resistance elements, Rmetal
that is the resistance of a metallic body can usually be disregarded because it is very
small. Moreover, it is thought that the current value is almost ruled by interfacial
resistance Rc of a local cathode and resistance element of the coating Rcoat, considering
that the drain water resembles seawater, the rust layer has porous quality and its ionic

permeability is very high compared with the coating, and the interfacial resistance is b



presumed to be small because the local anode has been activated.

Therefore, it is understood that the value of Rc +Rcoat is only 4k by simple calculation
in the case that the invasion speed of defect part of 10 mm is promoted from
0.15mm/year to 2mm/year at the corrosion rate in general seawater. It is guessed that
the coating of the part that is a local cathode hardly demonstrates the environmental
interception performance in this situation, considering that the direct current
resistance of non-defect part becomes far more than several hundred MQ though it is
difficult to discuss more than this due to the uncertainty of the cathode area.

3) Summary

In the case of the investigation of penetration through the bottom plate due to inside
corrosion of the crude oil tank, the case presumed to have presented the corrosion rate
that exceeded 2mm/year was admitted. It is guessed that a strong corrosion promotion
action by the oxygen concentration cell by the formation of [sabikobul or by the
formation of a local cathode of the undercoating corrosion was caused at surroundings of
the penetration hole that became a local anode. The trouble was often caused in
defective construction part and its circumference according to the case research.
However, since it occurred in the tank which was used for a long period, there was a
case with the possibility that the existing coating part that was not admitted trouble at
latest opening for inspection and had been used continuously also took part as a local
cathode, too. The deterioration of a peripheral coating is promoted if the defective
construction exists. Therefore, it is thought that it is necessary to take account,
especially, that there is a possibility of causing the corrosion of acceleration which cause
the penetration hole in the case that the flaking off of the coating by defective
construction is generated in the repair paint film etc., the surrounding of the hole
becomes a cathode in the tank where the coating usage period is long and is overall
deteriorated.

On the other hand, it is thought that it is a general deterioration scenario to pass the
process that the swelling is caused gradually because of deterioration for the use period,
this progresses further, the deterioration arrives at the undercoating corrosion and
finally the swelling is destroyed and intense corrosion is caused, if it is a coating to
which a constant execution management is performed!?. However, the number of
investigation cases might be little, and a typical case where a big corrosion rating was
presented according to this deterioration scenario was not extracted this time. It can be
said that swell of the coating is not instantly destroyed will suggest that the growth of
the local corrosion which brings a rapid invasion is controlled since the resistance

element (environmental interception) of the coating functions as a loose lining.
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2.5 The back side corrosion of tank bottom plate

To understand the realities of the progress of back side (ground side) corrosion that was
one of the deterioration factors of Tank, the result of the measurement ("Continuous
plate thickness measurement. ") by a new technology that was able to measure the back
corrosion in detail was collected and analyzed. Refer to 2.6.5(5) for the measuring

method of the depth of the back corrosion of the tank bottom plate.

2.5.1 Distribution and shape of the back side corrosion

Figure 2.5.1 shows the result of the continuous plate thickness measurement to three
Tanks. Blue shows the area where corrosion hardly progresses, and the area where
corrosion is comparatively advanced is shown in yellow and red (The remarkable one is
seen in the rectangle). White shows the defective part with the prop protection board etc.
of the floating roof. It is understood that the corrosion situation of the tank bottom plate

is different in each Tank and it is not the same in one Tank from this figure.
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As for the bottom plate in the tank in the right of Figure 2.5.1, the graph of Figure 2.5.2
1s a histogram of the plate thickness measured by the continuous plate board thickness
metrology. A horizontal axis shows the measured plate thickness, and the ordinate
shows the numbers of measurement points (it is almost proportional to the area). The
following is understood from this figure.

a. The majority of bottom plate thickness is in the range from 11.3 to 12.3mm.
( measurement points within the range of concerned: About 70 million points)

b. The part in the range from 7.0 to 9.0mm in plate thickness exists though the
distribution ratio is small. (measurement points within the range of concerned: About

300 points)



c. There is a possibility of not corroding in the most of the bottom plate too much even in
this case at which the spill accident from Tank bottom occurs because the penetration
hole becomes empty by corrosion which advances locally as shown b.

Figure 2.5.3 is showing of the corrosion shape of the tank bottom plate from the
continuous plate thickness measurement data. It is understood that how for corrosion to
progress is various with respect to its extension, depth, and the distribution, etc. and
presuming in the future of corrosion, it is necessary to consider the uncertainty for how
for corrosion to progress. The example of the cross sectional shape of corroded part
was shown in Figure 3.3.5.

It was likely to exchange it at the opening time followed without measuring the
thickness of the plate with an intense corrosion. In this case, the corrosion depth was
not understood. As such, there were constant cases that were substituted without
measuring the thickness though there was big corrosion. They have become obstacles in
understanding realities and analyzing the data.

The one due to defect by striking was included while the one of the plate substitution
without measuring the inside corrosion depth* and the case that the corrosion rate
could not calculated because of the uncertainty of the details of the repair were excluded

in calculating on average corrosion rate.
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2.5.2 Change of the back side corrosion rate as year passes

About the new law Tank (What used to examine 3.2. reference 2)) in which it was

reported that the back corrosion depth was large, Figure 2.5.4 is a display of the back

corrosion rate of each individual Tank by the difference of the frequency of opening for

inspection. The maximum corrosion part was assumed to be the same as that of last

time opening and in calculating the corrosion rate the corrosion depth difference

measured by the fixed point measurement between this opening and last opening was



divided by the period from this time to last time. The result of calculation is not so
dependable because the measurement density is low by a fixed point measurement. And
it is not the one to show the tendency to all tanks because neither the one of which
corrosion depth was small nor the one of which plate was substituted without
measuring the corrosion depth* was included on the calculation.
* Since there were constant cases that plates were substituted without
measuring its thickness though there was big corrosion on it. They have

become obstacles in understanding realities and analyzing the data.

It is difficult to find a constant tendency to the appearance situation at the back side
corrosion rate of each time and to get the upper limit of the change as long as Figure
2.5.4 is seen. It is noted that the calculated data are not necessarily to be the maximum
back side corrosion rate because it is the one calculated based on the result by the fixed
point measurement.

Such factors as the deterioration in the back side corrosion prevention measures, the
deterioration in the preventive measure for rain water inflow, the storing temperature
change and changes in the contact situation with the bottom plate etc. are actually
considered as the cause of the back side corrosion rate changes.

Examining the characteristic about Tank of which back side corrosion rate is large, it is
understood that the back side corrosion rate of Tank under normal temperature is about

almost less than 0.4 mm/year while it might become large in the warmed Tank.
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Figure 2.5.5 and Table 2.5.1 show averages of the maximum back side corrosion rate
calculated from the maximum back side corrosion depth of each new law Tank based on
the number of Tanks of which data were obtained at each frequency of opening. Figure
2.5.6 shows the distribution of the number of Tank at each back side corrosion rate. The
back side corrosion rate used for these was obtained according to the maximum back
corrosion depth based on the fixed point measurement, and so its dependability is not
high because the measurement density is low. It is understood that the ratio of the
number of Tank of which back side corrosion rate is not 0 and which have the big back

side corrosion rate has increased as the number of opening for inspection increases.
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In order to analyze the relation between the frequency of opening and the back side
corrosion rate of Tank in accuracy, the Tank where there are results of three or more in
the past opening and all the back side corrosion data in each opening was obtained, has
been extracted (Figure 2.5.7 and Table 2.5.2) from the data analyzed in Figure 2.5.6.
Figure 2.5.7 is showing distribution of the number of Tank at each back side corrosion
rate, and Table 2.5.2 is showing an average on the maximum back side corrosion rate
obtained from the maximum back side corrosion depth in each opening of Tanks.
Though no great disparity is seen in the mean value between the 2nd and 3rd times
opening, the mode value shifts from O at the 3rd times opening when the number of
Tanks distribution in the histogram is seen, and it is thought that the back side
corrosion has accelerated according to the age passed. As the factors, the deterioration
in the back side corrosion prevention measures, the deterioration in the preventive
measure for rain water inflow, the storing temperature change and changes in the
contact situation with the bottom plate etc. are considered.

Since the back side corrosion rates are showing the tendency to be still distributed in
about 0 at the third times opening, it is evaluated that the degree of acceleration of back

side corrosion according to the passing age is gradual compared to that of inside
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Figure 2.5.8 shows the result of analysis 1V of the tendency to the corrosion rate
obtained from the corrosion damage case with a metallic material in the pressure
equipment of the oil refinement etc. The corrosion rate has been divided as follows
according to the corrosion mechanism.
I Corrosion speed 0.15-0.3mm/year: Corrosion because of general comparatively mild
environment
II Corrosion speed 0.3-0.5mm/year: Corrosion of underground, corrosion in which
chlorine, salinity, and H2S influence it, and stress corrosion cracking

I Corrosion speed 0.5-4.0mm/year: erosion/corrosion

The division between I and Il is ruled by the

environment and the material, and said that s

REsr (iffak)
g (HF)
80C

original division is vague.
When the part where continuous distribution is

El
done is seen, the back side corrosion rate of the §

tank shown in Figure 2.5.6 is roughly within

0.45mm/year though its dependability is not bk

’ " [COUES (’2] °
high because the measurement density by the

FE1 BEEEEHAOLHFEEZ (mm) &
fixed point measurement is low. In addition, HERFH (F) ORFE (RREEEH)

from the corrosion mechanism that is thought, it 2.5.8 JEAEEENONTE

can be said that the corrosive environment of X L E R OIS
the back side of Tank bottom plate is [ andIlin a
lot of Tanks.

However, the one that the corrosion rate is large is partially seen, and it is necessary to
note the possibility that the corrosion rate grows on the back side of the tank bottom

because it is guessed that there is the one that becomes an abnormal environment, too.
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1) Hideo Kobayashi and Shozo Yanagida: High-Pressure Gas vol.35, No.3 , p.23—33
(1998)



2.6 Factor analysis on accident of outdoor storage tank facilities

2.6.1 Typical accident case and accident case occurred in 2010

Information on the accident obtained from the accident cause report etc. on two spill
accident cases from the bottom occurred in 2010 and five main cases of the spill accident

from bottom in the past is brought together as follows.

(1) Crack of weld by uneven settlement?

a. Accident outline

The weld connecting the shroud to the annular plate was broken because of uneven
settlement of the base and the crude petroleum 42,888 kl in the tank flowed out, of
which about 7,500 to 9,500 kl spilled out to the sea and about 1/3 of the Inland Sea was
polluted in the refinery in Kurashiki City, Okayama Prefecture.

b. Date of occurrence; It is about 20:40, December 18, 1974.

c. Outline of tank

-form; fixed roof type

-size; 52.307m in diameter X 23.67m in height

-capacity; 48,000 kl

-contents; heavy oil

-material; annular plate HW50, thickness 12mm, bottom plate SS41 thickness 9mm

d. Accident cause

The weld broke because the space was formed between annular plate and the ground
near shell plate, and a partial crack of the weld connecting the shell plate to the annular

plate was caused, and dangerous articles flowed out.

(2) Crack in weld due to earthquake in annular part thinned by corrosion?
a. Accident outline
The weld where shell plate and the annular plate were connected broke in three tanks,
and dangerous article 68,100 kl stored flowed out and exceeded oil retaining dike in the
tank surroundings and moreover it averted and scour the ground under the dike and
flowed into factory premises and of which 2,900 or 5,000 kl flowed out to the sea by
Miyagi-ken-oki Earthquake in 1978, at the refinery, in Sendai City, Miyagi Prefecture.
b. Date of occurrence; 17:14 ,June 12, 1978 (earthquake occurrence)
c. Outline of tank; (name of tank T-217, T-218 and T-224).
- Form; fixed roof type
-size; 43.588m in diameter X 21.855m in height (T-217,T-218)

37.776m in diameter X 21.855m in height (T-224)



-capacity; 31,500 kl (T-217,T-218) , 23,700 kI (T-224)

-Contents; C heavy oil (T-217,T-218), the decompression light 0il(T-224)

d. Accident cause

It is thought that the tank hit by a considerably big seismic ground motion of
Miyagi-ken-oki Earthquake. Moreover, the backside of annular plate was corroded
entirely. It is thought that the penetration crack in the weld and no penetration crack

spread by such a factor, and they it connected mutually and broke.

(3) Crack of bottom plate weld?

a. Accident outline

The lap joint weld between the bottom plates broke in the tank, and crude oil flowed out

to the drainage trench by 50 kl at the refinery in the Yokohama city.

b. Date of occurrence; about 12:30,February 4, 1979

c. Outline of tank

- Form; float roof type

-size; 69.765m in diameter X 15.29m in height

-capacity; 50,000 kl

- Contents; crude oil

-material; annular plate HT60, thickness 12mm, bottom plate SS41 thickness 8mm
[Anyural board: Material board thickness 12 bottom plate:

d. Accident cause

Lap joint weld was broken in bottom plate by synergy effect of local subsidence of base,

corrosion of fused spray deposit, and defect in weld.

(4) Penetration due to inside corrosion?

a. Accident outline

Naphtha flowed out by the penetration hole due to the inside corrosion caused in the
bottom plate in the tank. It was perceived 23 days after the outflow beginning. During
the period it infiltrated into the ground, and flowed out to the river through
underground water. The amount of the spill was presumed as 80 kl. Digging was done
between the river and the tank and the oil inflow to the river was stopped by pumping
underground water, at the refinery in Joetsu City, Niigata Prefecture.

b. Date of occurrence; December 7, 2005

c. Outline of tank

-form; fixed roof type

-size; 15.490m in diameter X 13.655m in height



- capacity 2,400 k1

- Contents; heavy naphtha

- material ; annular plate SS41, thickness 6mm, bottom plate SS41 thickness 6mm The
d. Accident cause

Flaking off of the inside coating of tank was caused in the construction defect part of a
bottom plate, and the pitting corrosion occurred from there. The penetration hole (about
10mm in diameter) was formed, and the outflow began. The oil slick was discovered in
the river, and accident was perceived on December 31. When the spill start date was
presumed from the change on the liquid level, it was assumed December 7, and the
amount of spill in the period was presumed as 80 kl later. The electrolytic protection
was set up, and there was little back side corrosion in the vicinity of the penetration
hole.

(5) Penetration due to the back side corrosion?

a. Accident outline

On the back side of bottom plate of tank, dewfall was caused and the back side corrosion
occurred. The 200 I of styrene flowed out from the water pulling out hole installed in the
ring-type base, in Otake city, Hiroshima Prefecture.

b. Date of occurrence; July Seven, 2003

c. Outline of tank

- Form; fixed roof type

-81z€;14.700m in diameter X 13.000m in height

-capacity; 2,000 k1

- Contents; styrene

d. Accident cause

Since the dewfall was occurred, it became a moist environment on the back side of the
bottom plate under the normal temperature management, and owing to the
deterioration of asphalt sand, chloride contained was concentrated in the sticking part
with the bottom plate. In addition, it is presumed to have developed into the abnormal
corrosion as the differential aeration corrosion and the acid caustic action came in

succession, too.

(6) Spill accident case due to weld crack in bottom plate®

a. Accident outline

Cracks occurred at the bottom plate weld in tank, and jet fuel leaked. The amount of
spill was calculated as 0.14 kI at refinery in Ichihara city, Chiba Prefecture.

b. Date of occurrence; 16:50, January 24, 2010



c. Outline of tank

-form; floating roof type

-size; 67.37m in diameter X 18.24m in height

-capacity; 51,252 kl

-contents; jet fuel (the fourth kind second oil)

d. Accident cause (tentative)

When tank was opened and the leakage part was specified, the coating of about 400mm

length and the crack of the bottom plate were found out in the neighborhood of the lap

welding line and the patched plate for the roof support. It was presumed as a crack by

the low cycle fatigue at the office.

(7) Outflow accident case due to the back side corrosion

a. Accident outline

The worker found out the lubricant about 60 kl (presumption) to leak from the outdoor

storage tank facility. The leak amount from the tank was estimated about 60 kl when

examining the receiving / shipping record though the leakage amount of lubricant from

the tank bottom was regarded as about 2 kI, at the refinery in Kainan-city ,Wakayama

Prefecture.

b. Date of occurrence; at noon, April 5th , 2010 (perception)

c. Outline of tank

-form; fixed roof type

-size; 21.3m in diameter X 15.225m in height

-capacity; 4,900 kl

-contents; The lubricant (the fourth kind fourth oil) (specified combustible when the
accident occurred)

d. Accident cause

The penetration hole of 5cm X 6cm was found out in the center part of tank bottom plate.

The internal inspection was executed in 2002, and bottom plate coating (epoxy resin)

construction was executed. The inside was hardly corroded, and it is thought that

corrosion from the back side of the bottom plate progressed chiefly. It was guessed that

there was little remaining plate thickness in the area of about 15cm in the diameter

around the hole concerned. The oil kind of contents was changed, namely from light oil

to the lubricant in 2007 and the heating pipe was installed.



2.6.2 Aged deterioration and accident factor of tank
Figure 2.6.1 shows the schematic figure of the factor of aging deterioration of the tank.
The following three factors are thought as the main causes of the spill accident from the
bottom of the tank (the factor of aging deterioration).
-Thinning due to inside corrosion (preceding clause case (4))
-Thinning due to the back side corrosion (preceding clause case (2), (5), and (7))
‘Deterioration in weld by earthquake and repetitive load (preceding clause case (2)
and (6))
Moreover, the following three are raised as the main cause though the change in the
load that acts on the tank can become the cause of the spill accident.
- hydraulic pressure (static hydraulic pressure, hydraulic pressure change, and
dynamic hydraulic pressure by sloshing)(preceding clause case (3))
-earthquake (preceding clause case (2))
uneven settlement and local subsidence of base (preceding clause case (1) and (3))
The followings are thought to influence the deterioration factor of the tank bottom.
-contents, liquid temperature, properties of sludge, and deterioration in inside coating,
etc.
-entering of water into the back side of bottom plate and material of base, groundwater
levels, and distance from rivers etc.

-hydraulic pressure and its change and incipient defect in weld etc.
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2.6.3 Occurrence process of accident

The process from the aged deterioration of the bottom of the tank to the spill accident
was summarized in Figure 2.6.2. The number of cases in parentheses in the figure was a
number of accidents extracted from Table 2.3.1 and Table 2.3.2 of Chapter 2 that related
to 1,000 Kkl or more in tank capacity and corresponded to each item. The deterioration
part where strength decreased with the passing age due to corrosion or a weld defect (or
these combined) occurred in the tank. The tank returns to the healthy condition again if
the deterioration part in prior is found by the major inspection and is repaired. But
when further deterioration was progressing ahead from the major inspection or the
deterioration part was overlooked by the major inspection, the deterioration part
arrives at the spill accident by such cause as a hydraulic pressure (change), an uneven
settlement, a local subsidence, and the earthquake. 34 spill accidents from such a
bottom have occurred about the one of 1,000 kiloliters or more in capacity since 1974.
The one that was broken by the combined factor with thinning by the corrosion and
defect in the weld was included in that, though all causes of breaking of the weld was
classified here as fatigue. In this figure, there were 13 accidents in which the spill of 10
k1 or more that corresponded to 50 drum and assumed to be a large-scale spill. There is
the one that seems to report on the amount of oil that was able to be collected as an
amount of spill according to the office, and is the one that it is not possible to confirm it

about the accuracy of the amount of spill.
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2.6.4 Damage expansion scenario of spill accident
After spill accident happens, the amount of spill stays small if the stockpiles are few or
the perception and countermeasure can be completed at time early compared with the
oil slick speed. On the other hand, a large-scale spill occurs when the perception and
countermeasure are delayed or a large-scale bottom breaking is caused by the
transformation and the destruction, etc. of the base due to the outflow pressure and
earthquakes. The hazardous material spill to the outside is expected to be prevented
with the oil retaining dike* as for the final fort of the spill expansion prevention. But as
reported on the accident case, there is the possibility that oil gets over the oil retaining
dike according to the power of the effluent and the fears that the oil retaining dike is
scoured ((1), (2) of 2.6.1, 2.7.3(1) a, and (2) a, b), the subterranean stream is
contaminated ((4) of 2.6.1 and (1) of 2.7.3) and fires in the dike. Therefore, it is
safety-critical to prevent from flowing out outside the tank itself.
*The standard of the o1l retaining dike was strengthened about the structure
etc. reflecting the damage of the accident in Kurashiki City, Okayama
Prefecture in 1974 and the accident by the Miyagi-ken-oki Earthquake in
1978.

(1) The fire case due to spill accident

A fire might occur when dangerous articles flow out outside the tank. In the disaster
prevention assessment of the oil industrial complex, 107 !is often used as an ignition
probability” in case of oil spill and it is necessary to recognize a fire as a disaster
scenario that can be assumed. There are the following examples as a fire case that
relates to the spill accident from the tank.

a. The polybutene (the fourth kind third oil) flowed out from the corrosion hole of shell
and a fire occurred in Kawasaki City in 1980.

b. Crude oil flowed out from the piping of the outdoor storage tank facilities and fire
occurred in Tomakomai City (Tokachi-oki Earthquake) in 2003.

c. The non-lead gasoline overflowed with the trouble of level meter and a fire occurred in
Hertford Shah, Britain in 2005.

(2)Environmental pollution

In the accident of Kurashiki City, Okayama Prefecture in 1974 that had become the
opportunity of the safety inspection system, large-scale seawater pollution occurred.
The heavy oil that flowed out polluted about 1/3 of the Inland Sea, and the removal

work lasted about four months. The amount of money as a total damage cost could be



converted with about 50 billion yen in which the fishery damage was estimated as about
21.4 billion yen (Quality of the Environment in Japan in 1974). In running aground and
the oil spill accident (amount of spill 6240 kl) of the Nakhodka (name of ship) in 1997
that is similar seawater pollution with a heavy oil, the oil processing cost and the
amount claimed of compensation for fishermen etc. are that mounts up to 358 billion
814 million yen. In addition to the seawater pollution, if the soil and underground water

are polluted, those purification is needed.

2.6.5 Situation on management of factor of accident

(1) Outline

The standard and the management method relevant to the deterioration factor that
related to the spill accident from the tank in a specific outdoor storage tank facilities
were summarized in Table 2.6.1. It is classified into a regular service (Once a year on
the standard scale) from the outside under operation and a regular internal inspection
(8 years, 10 years and 13 years cycle in case of the tank of 10,000 kl or more in capacity)
as a management method.

Deterioration in the part covered by net in the table where health is confirmed in case of
internal inspection will progress when the cycle of the safety internal inspection is
extended. Moreover, the chance of the check and the repair from the inside comes to
decrease about other factors managed by the check both under operation and during

internal inspection.

(2) Object part of safety inspection

The tank bottom spill accident causes the fear that whole quantity flows out, high
hydraulic pressure flow velocity generates foundation deformation and the scour of dike
and the perception delay continues spill etc. And since having the possibility of a large
amount of spill, it is risky. Therefore the factor of the spill accident from the tank
bottom i1s managed by the safety inspection. A concrete management items are as
follows.

a. thickness of bottom plate (back side corrosion and inside corrosion)

b. defect in the weld of bottom plate

c. items concerning the uneven settlement of the base

In the above, item c is managed as below.

The amount of the subsidence in the outer part of the tank is regularly measured, and
when the amount of the uneven settlement becomes 1/100 or more of the tank diameters,

it has to undergo the temporary safety inspection.



(3) Part that is not object of safety inspection

It is not provided to mortgage soundness by a public inspection about a shell, a roof, and
attached equipment, and the operation and maintenance of them has been entrusted to
the owner etc. of the outdoor storage tank facilities. In these, there is a part where
management under operation is difficult, namely internal, attached equipment etc. such
as the shell (for inside corrosion check), and the roof drains, too. The chance of these
management is mortgaged for such a part by the internal inspection (repair) for the
safety inspection examination each eight years, ten years, and 13 every about the tank
of 10,000 kiloliters or more in capacity. The spill accident from the shell stands out in
recent years as understood from Table 2.3.1 of Chapter 2, and it is feared of the

management situation of these parts which are off the subject for the examination.
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(4)Method of management to inside corrosion of bottom

a. The owner etc. execute the visual inspection to whole area of the bottom, and
understand the deterioration situation of the coating and the generation part of inside
corrosion.

b. The corrosion depth is measured at the corrosion part with a gauge etc. by hand

power. Moreover, the back side corrosion situation surrounding the part of corrosion



concerned is confirmed, and it is confirmed whether the plate thickness of the inside
corrosion part meets the requirement of standard in the law.

c. Repair when it doesn't meet the requirement of standard in law. Moreover, even when
it meets the standard in the law, the inside corrosion part concerned might be repaired
with an independent repair standard of the owner etc.

d. When safety is inspected, the mayor of municipality etc. confirms whether the visual
inspection is executed and minimum plate thickness of the corrosion part meets the

requirement of standard in the law.

(5) Method of management to the back side corrosion of bottom

a. The owner etc. measure plate thickness from the tank interior with the supersonic
wave thickness gage.

b. A general measurement part is that shown in fire fighting [abunal the 56th
notification "Enforcements of the government ordinance concerning the restriction of
dangerous articles and the government ordinance, etc. in which a part of the fire
fighting method enforcement order is revised" (Hereafter, it is said, "The 56th
notification") etc. on March 30, 1977 (refer to Figure 1.2.1).

c. When plate thickness doesn't meet the requirement of standard in the law, the
substitution repair of the bottom plate is executed. Moreover, the bottom plate might be
exchanged without the inspection if the plate to which the situation of the occurrence of
the corrosion was checked at the last internal inspection and planned to substitute
before it opens it this time. ( about the repair results, refer to 2.2)

d. In the safety examination, plate thickness data is extracted from the measurement
part of the above-mentioned owner etc., and the mayor of municipality etc. confirm
whether minimum plate thickness meets the requirement of standard in the law.

e. Because the back side corrosion could not be checked visually different from the
inside corrosion as shown in above, the tendency has been managed by the plate
thickness measured by the extraction point. In recent years, the technology that can
continuously measure plate thickness has been established, and back side corrosion is

thought to be manageable equal with inside corrosion by its use.

(6) Method of management to weld of bottom

a. Generally, the owner etc. executes the visual inspection of whole weld line.

b. The magnetic particle testing etc. is executed to the weld line shown in the 56th
notification or to whole weld line according the owner, etc.

c. The repair of the weld is executed by the judgment of the owner in the safety



measures etc. (about the repair results, refer to 2.2 ).

d. When safety is inspected, the nondestructive testing is done to the extraction point
from the part of a visual inspection and examination by the above-mentioned owner, etc.,
and the mayor of municipality etc. confirms whether to meet the requirement of

standard in the law.

(Reference) The inspection parts of the magnetic particle testing in the weld shown by
the 56th notification etc. are as follows.

a. in the weld joints inside of the tank between shell plate and the annular plate (in the

one that the annular plate has not been installed, the bottom plate is said. It is the same

as follows), the butt welding joints between the annular plates and the welding joints

between the annular plate (limit it at 1m in width of the annular plate that projects

toward the central portion of an inside tank from the shell), whole weld joints

b. among the weld joints of the bottom plate, whole three piece piling weld and treble

point weld

c. in the weld joints between the annular plate (limit it to the one to project from the

inside of the shell toward the center part of the tank and for the width of the annular

plate to exceed 1m) and the bottom plate, whole three piece piling weld and treble point

weld

d. among the weld joints of the bottom plate, if they are horizontal joints and the

welding worker and the welding construction method are the same, arbitrary one place

e. the part that is jig installation mark and in which examining is admitted necessary

(7) Relation between inspection cycle and accident factor

When the inspection cycle becomes long, the progression rate is not necessarily constant
though the aged deterioration of the tank progresses between the cycles (refer to 2.4 and
2.5). Moreover, the deterioration factor to change the deterioration rate like flaking off
of the coating and the change of the contact situation of the base and the bottom plate
greatly can be caused in the tank bottom plate. Safety in the tank has been maintained
to these by a confirmation of it through a regular internal inspection and by recovering
it by the repair to a necessary part ( refer to Figure 2.6.3). When the inspection cycle is
examined, it is necessary to pay attention to the change of the influence owing to

the uncertainty of the deterioration progress degree if the intervals of the repair chance

change
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Moreover, when the tank is opened for safety inspection the check and repair of the
deterioration situation of the shell, the roof and attached equipment is done besides the
confirmation of soundness in the plate thickness of the bottom and the weld which are
the inspection object opened, and these are assumed to be a matter that should be
considered in thinking about remaining life of the tank?. When the cycle is examined
about the safety inspection, the method of mortgaging safety of such a matter should be

considered.

(8) Stress that acts on bottom of tank and structural criteria that lie tanks in specific
outdoor storage tank facilities

a. stress that acts on bottom plate

-residual stress by welding and stress that originates in coming to the surface of bottom
plate from base

-uneven settlement and local subsidence of base, and stress by uneven settlement and
local subsidence due to earthquake

b. structural criteria to bottom plate

*Minimum thickness of the bottom plate in the new law tank of 10,000 kI or more in
capacity is 12mm (No.17 2 of the ministerial ordinance of Article 20 of the 2nd and 4
Articles 4 in clause 2 of notification). This thickness includes Smm corrosion
allowancel?,

c. stress that acts on annular plate

-residual stress by welding and stress that originates in coming to the surface of bottom
plate from base

-uneven settlement and local subsidence of base, and stress by uneven settlement and
local subsidence due to earthquake

‘bend stress by shell load and hydraulic pressure (static hydraulic pressure and
dynamic hydraulic pressure)

-bend stress by coming to the surface of bottom at earthquake



d. structural criteria to annular plate

-Minimum thickness and the size of the annular plate of the new law tank are decided
according to the thickness of the lowest plate of shell (refer to Table 2.6.2). The
thicknesses shown include corrosion allowance of 3mm!10.

-Moreover, the idea of the second design is taken, and the annular plate of the range of
500mm from shell is provided for to become plate thickness where the plastic strain
stays within the constant range for the assumed seismic ground motion for the behavior
of the tank coming to the surface at the earthquake (four two Articles 79 1 in clause 2 of
notification of the ministerial ordinance of Article 20).

-The welding method is the butt weld by the use of the back application material for the
new law tank of 10,000 kl or more in capacity (Or, method with strength more than the
equal to this) (No.3 in four clauses 3 of the ministerial ordinance of Article 20).

-As for the base, the bearing capacity, the distance from underground water and the
reinforcement measures that are necessary to become a structure not transformed
easily are provided ( paragraph the 4th and 5 and six titles of the ministerial ordinance

of Article 20 of two clauses 2).
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2.6.6 Factor analysis from accident case



With respect to the spill accident from the
bottom of the tank of 1,000 kl or more in
capacity extracted from Table 2.3.1 and
Table 2.3.2, the accident factor and the
size of the opening were brought together
from the accident case collection and the
accident cause investigation report (refer

to Table 2.6.3 and Table 2.6.4). It stays in
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that the defect was expanded according to
the aged deterioration afterwards and
caused the spill accident, and it is arranged that the aged deterioration was the main
accident factor. Though data was little, the size in the opening was reported by five of 17
accidents due to inside corrosion, and the size was assumed to be from several mm to
tens of mm in diameters (there was a case where two or more penetration were found,
too). The opening size was reported by two of four accidents of the back side corrosion,
and it was 3mm and 50X60mm in diameter respectively. It is understood that the spill
accident occurs because of the penetration hole of about from several mm to tens of mm
by local corrosion. Figure 2.6.3 shows the relation between the size (the diameter of the
corroded pore: ordinate) in the opening and the amount of flow (the amount of the
leakage: horizontal axis) of the spill accident due to corrosion from a domestic
hazardous materials facility!V. Though the spill can be said not to stay in a small
amount when the size in the opening is large, it is understood that there is a big

difference in the amount of spill when it is small. It can be said for the amount of spill



that the influence by the stockpile, pressure and time from the spill to the
correspondence completion are larger than that of the size in the opening. When the
spill accident occurs from the bottom of a big tank of capacity, a large-scale breaking
might be caused by the transformation and scour of the base according to forming
weakening of the base by a high hydraulic pressure and the exit velocity and temporary
water channel ducts. Such cases occurred in Kurashiki City in 19749, Sendai City in
19782, Belgium in 200512, France in 200713, Figure 2.6.4 is the one of the accident case
with France occurred in December, 2007, and the accident that is at first a small-scale
spill expands rapidly by destroying the base. In the spill accident from a large-scale
tank, it is understood that the danger of expanding rapidly is high though the spill is
small-scale at first. Moreover, the example of the accident in our country where a part of

the base was destroyed is shown in Figure 2.6.5 though it did not caused a large-scale

flow out fortunately.
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2.6.7 Influence case when hazardous materials flow out

(1) Damage event assumed due to spill accidents of hazardous materials

It is arranged in Figure 2.6.6 about what damage event is able to occur when spill
accidents of hazardous materials happens. When hazardous materials flow out from the
oil plant etc. on a large scale, an indirect influences like those to an entrepreneur
around the fisherman, a related entrepreneur, the resident, and the ecosystem effect are
caused besides the direct loss such as the value of hazardous materials, the repairing
cost of the damaged facilities and the opportunity losses by the facilities stops etc..
When a large scale accident occurs, an indirect damage cost might become several time
order large compared with a direct damage cost. The presumption of the amount is very

difficult though indirect damage might be covered by insurance.
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In the damage event, the economic loss etc. can be easily converted to the amount of
money. On the other hand, another is difficult to convert to the amount of money. In the
latter, it is considered such as influences that for the ecosystem, obstacle on the life
environmental preservation with the gas smell and oil slick!¥ and the anxiety of the
resident in the surroundings that it is likely to become a fire. Especially, it is thought
that a large-scale hazardous materials facilities are often adjacent to the residential

quarter in Japan, and the influence into which these amounts of money cannot be



converted occurs easily. Therefore, it is important to decrease the spill accidents of as

much as possible of if it sees from the standpoint of the resident in the surroundings.

From the above-mentioned viewpoint, the outline of the accident, the damage situation,

compensation, and other influences were investigated about a past hazardous materials

spill accident case.

(2) Exxon Valdez title oil spills accident 15 16

a. Outline of accident

- date of occurrence: Before dawn March 24, 1989

-crash site: offing Prince William bay in Alaska state,
United States

-outline of the accident: Tanker carrying oil "Exxon

Valdez title" that an Exxon mobile company owned

piled up the crude oil of 53 million gallons (200,000 k1),

left the Valdez oil terminal in Alaska state, and faced

California state at 9:00PM, March 23rd, 1989.
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However, it ran aground in Alaska state offing Prince William bay at 0:00AM of the
24th the next day, and the crude oil of 11 million gallons (42,000 k) that were about 20%
of the load flowed out.
b. Damage situation
*The crude oil 11 million gallons (42,000 kl) flow out. Spilled oil extended to the Prince
William bay on earth, and reached over 350 miles (560km).
- Fishes like herrings and the salmon, the sea bird and the sea animal etc. were much
damaged. Especially the herrings fishing suffered the devastating damage and the
amount of it exceeded 280 million dollars (about 25 billion yen).
-250,000 seabirds, 2800 sea otters, and 250 bald eagle died because of the accident.
Environmental pollution became a big problem.
c. Compensation
- Compensation of Exxon mobile company
Decontamination cost about 2.1 billion dollars (about 190 billion yen)
Compensation of 300 million dollars or more to local people including fisherman (about
27 billion yen)
- punished compensation for damages to Exxon mobile company

Anchorage district court decision in 1994: five billion dollar. — appeal

decision of federal appeal trial in 2006: 2.5 billion dollars— appeal

Federal supreme court in 2008: 507 million dollars (about 46 billion yen)
The Exxon mobile company load total is 4.3 billion dollars (about 390 billion yen).



(3) Nakhodka title oil spill accident 17

a. Outline of accident

-date of occurrence: before dawn January 2, 1997

-Crash site: Oki island offing, Shimane Prefecture, The Sea of
Japan

-outline of the accident: the ship tanker Nakhodka title of the
Russian nationality piled up C crude petroleum 19,000 kl, and

while sailing from Shanghai for Petropavlovsk under the

situation of about 20m in velocity of the wind and the wave about

EEZmEHP LY

high 6m, the prow part broke and the stern part sank at

north-northeast about 106km of Oki island offing in the Shimane Prefecture before
dawn January 2, 1997. The prow part was washed to the bedrock in the vicinity of
Ando cape of Mikuni town, Sakai-gun in the Fukui Prefecture while being thrown into
the current and the wind on the afternoon of January 7th. C heavy oil 6,240 kl that had
been loaded flowed out due to this accident.

b. Damage situation

- C heavy oil 6,240 kl flowed out. The oil that flowed out was thrown into the tide, and
extensive pollution damage occurred in the coast put from Shimane Prefecture on Akita
Prefecture.

-big damage was given to the local municipality, the fisherman, and the travel industry
person, etc. Sales of the local travel industry and the fishery (crab etc.) in the region
without seawater pollution by oil spill was decreased by rumor damaged!®,too.

-five people die by overwork etc. though a lot of local people and volunteers participated
in the oil collection work and the cleaning work.

-a lot of birds (the threatened species was included) that suffered damage by the oil
contamination were washed to shore coast of the Sea of Japan from Aomori Prefecture
to Yamaguchi Prefecture. Among these, the number of individuals in which the
protection accommodation was done was 1,315 and 11 families and 37 kinds were
recorded as a kind. A lot of one that was rhinoceros auklet was 497, and next was 455 of
the razorbill in the record. When the one not accommodated and what had sunk at the
bottom of the sea before it got to the coast were put together, actual damage was
presumed to be a number of individuals 2 to 3 time in the razorbill and 6 to 7 times in
the rhinoceros auklet of the number of protection accommodation.

¢. compensation

-compensation is 26 billion 127 million yen to which reconciliation was approved in

August, 2002.
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(4)United States oil mining base explosion & blazing up and oil spill accident 20)

a. Outline of accident

-date of occurrence: Night, April 20, 2010

-crash site: the Gulf of Mexico, offing (Venice southeast about 84km) in Louisiana state,
southern part of U.S.

-outline of the accident: at the digging base "Deep water Horizon" of the Gulf of Mexico
operated by BP , there was suddenly a big explosion, and the base had blazed up. It was
reported that within 126 workers, 11 people were assumed for missing and 17 people to
have been injured (in those three were seriously injured) due to the accident. Three
places of the pipeline that connected the bottom of the sea of about 1,500 meters in
depth with the base by this explosion were damaged, a large amount of crude oil flowed
out, and the part on the sea in the digging base went under water on April 22. The
outflow of crude oil to the ocean continued until the lid was done on July 15. It was at
September 19 that countermeasure ended completely by digging up another oil well.

b. Damage situation

-The amount of the total spill evaluation announced on August 2 is the one about 4.9

million barrels (780,000 kD)(the error margin is =10%) , of which about 4.1 million



barrels (650,000 k1) flowed out to the ocean.

‘The U.S. government restricted the fishery with about 200,000km2 (about ten times
that of the Inland Sea). Large-scale pollution damage had extended.

c. Compensation

*The cost paid by BP reached about 1.6 billion dollars (about 146 billion yen) by June 14.
175 million dollars in total (about 15.9 billion yen) were offered to four states (Louisiana,
Mississippi, Alabama, and Florida) where the emergency declaration was done.

-BP concluded the tentative agreement of 20 billion dollars (about 1.8 trillion yen) with
a U.S. President as local populace amends etc. on June 16.

-The main body of BP and the amends organization have paid the total of the
compensation including under the procedure is 2,350,689,296 dollars (about 200 billion

yen) according to the announcement of BP on September 30.

(5) Mizushima oil spill accident 2V

a. Outline of accident

- date of occurrence: December 18, 1974

-crash site: refinery that faced the Inland Sea in Kurashiki City, Okayama Prefecture
-outline of the accident: the crack occurred in the fillet weld between the lowest shell
plate and the annular plate of the dome roof tank of 50,000 ki, and the heavy oil leaked.
It failed in the transportation of the heavy oil and the heavy oil that flowed out had
diffused to the Inland Sea through the drainage trench because the oil retaining dike
was destroyed by the fall of the vertical stairs in the tank. The heavy oil that flowed out
outside the tank reached about as much as 43,000 kl.

b. Damage situation

-+ 7,5600-9,500 Kkl of heavy oil of about 43,000 kil flowed out to the sea. 1/3 of the Inland
Sea had been polluted. y '

*The heavy oil that flowed out reached

Sakaide city, Takamatsu City in Kagawa | .
Prefecture and the Naruto strait because
of the strong wind and the ebb, etc. , and
gave the devastating damage to the
fishery of the cultivation of the sea weed
and the young yellow tail etc.

- The people involved in the salvage
operation of the heavy oil spilled that WHHFHP LY

reached the extension 470km were



357,000 people in total. It was at April 15 next year that the cleaning work in the Inland
Sea coastline ended.

(6) Vance field oil terminal fire 22, Britain

a. Outline of accident

- date of occurrence: December 11, 2005

-crash site: Vance oil terminal field, Hemel Hempstead, Britain

-outline of the accident: The overflow was occurred by the trouble of the level meter
while receiving the non-leaded gasoline to the tank in the oil terminal (400 kl or more
presumed). Steam was ignited, and it had blazed up to the explosion and 23 tanks were
blazed up. 43 injured persons. Even the extinction of fires required five days.

b. Damage situation

*The oil terminal and the factory in the surroundings were destroyed due to the blast
and a fire. About 60,000 kI of the fuels of about 100,000 kl stored at the oil terminal
disappeared and even five days were required by the extinction of fires.

-Smoke from the fuel that burned brightly exceeded a southern part of British and it
had extended widely. PFOS (A kind of organofluoric compounds and object of
abolishment and limitation because of its toxicity) included in extinguishing media used
had contaminated the subterranean stream.

-Since the oil terminal supplied about 50% of aviation fuel to Heathrow Airport as a
pipeline base, obstacle was caused in refueling to aircraft over a long term.

- As the long-haul route for Australia, the Far East, and the South Africa, it was done
for another airport to pass for fueling through necessity.

c. Compensation

-An economic loss due to the accident is provisionally calculated as follows.

< economic loss breakdown of each influenced sector >

airlines industry; 245 million pounds (about 33 billion yen)

compensation; 625 million pounds (about 84 billion yen) (about intervention of
jurisdiction agency and government; 15 million pounds (about two billion yen)
environmental damage of tap water; two million pounds (about 300 million yen)

for emergency; Seven million pounds (900 million yen)

in total ; 894 million pounds (about 120 billion yen)

< breakdown of above-mentioned "Compensation claim" >

five people of enterprise in site; 103 million pounds (about 14 billion yen)

749 people of enterprise outside site; 488 million pounds (about 66 billion yen)
3,379 individual; 30 million pounds (about four billion yen)



seven people of local government office; four million pounds (about 500 million yen)
in total; 625 million pounds (about 84 billion yen)
-16 companies moved, and 1,422 employees were transferred, too. 1,200 people lost the

employment by moving or going bankrupt of the enterprise.

(7) Spill accident from tank at Floreffe in Pennsylvania state2?

a. Outline of accident

-date of occurrence: January 2, 1998

-crash site: Flooreffe Ashland Oil company of Allengheny County in Pennsylvania state,
United States

-outline of the accident: The shell of the above ground tank of 15100 kl (four million
gallons) tore at a dash, kerosene flowed out rapidly, the oil retaining dike was destroyed,
and 3,785 kl flowed out outside of site. Part of it flowed into the Monongahela river and
had polluted the aquatic environment widely.

b. Damage situation

-It became impossible to do the getting water of the drinking water of about one million
residents around Pittsburgh and the drinking water supply was hindered.

-1,200 families took shelter, and tens of factory and two or more school were closed.
-The ecosystem was destroyed and the wild bird and the fish that were killed reached
several thousand. The number of waterfowls that died such as the duck, the
red-throated diver, cormorant and the Canada goose, etc. is calculated with 2,000 to
4,000 24) .

(8)Diamond Grace title accident 25

a. Outline of accident

-date of occurrence: July 2, 1997

-crash site: Nakano-rapids in Tokyo Bay.

-outline of the accident: Tanker "Diamond Grace title" ran aground in Tokyo Bay in
Nakano-rapids, and the crude oil 1,550 ki flowed out to the sea. The odor trouble was

caused widely according to the volatilizing crude oil element because it was light quality



crude oil. The anxiety concerning safety was caused in the resident as the inquiry about
"Fear of the ignition" was at the fire fighting headquarters from the resident.
- Tt was guessed that the low boiling point hydrocarbon that ignited easily volatilized
and had diffused into the air in about 6 or 7 hours after the accident. Because the water
temperature was high in summer, and the wind had blown, volatilizing might have been
fast. If it had misjudged around here, the fire of the engine ignited to the oil slick, and
there was a possibility of becoming sea of flames in one side, too,.] 26
b. Damage situation
-Mainly from Chiba Prefecture that lies to the leeward side, and from far a way within
the range to reach Mito City, Ibaraki Prefecture, there were inquiries and complaints
(the complaint number: 3,200 or more in Chiba Prefecture, 458 in Tokyo and about 100
in Ibaraki Prefecture) concerning the stink 27).
-It was reported to be 21 people ambulance transportation due to the stink (18 in Tokyo,
3 in Chiba; one of them was hospitalized for the passage observation) and to be 21
people who consulted a physician of the medical institution in Chiba prefecture.
-The amount of damage due to this accident was presumed about three billion yen by
Japan Association for Preventing Marine Accidents.
(reference)
It is provisionally calculated that the amount of the presumption damage when the
crude oil 23,000 kI flow out in Tokyo Bay is about 28.7 billion yen (Depend on Japan

Association for Preventing Marine Accidents).
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2.7 Comparison with overseas outdoor tank reservoir

2.7.1 Comparison concerning environment

(1)Natural environment

As for the back side corrosion of the deterioration factors of the tank, it is different that
the progress speed depending on the climate factors of the soil temperature and the
rainfall, etc. Our country's possibility that the back side corrosion is promoted compared
with America and European countries is high because it is clement and there a lot of
precipitation. Moreover, the incidence of the earthquake that becomes the factor of the
transformation of the base is also high, and the climate factor of the damage of the tank
is at unfavorable terms compared with that of Europe and America. The difference of

the environment of Europe and America and Japan was summarized in Table 2.7.1.
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2) Social setting

Environmental pollution in addition to the fear's of a fire rising when the spill accident
happens from the tank on a large scale occurs. It is thought that the influence level of
the damage is decided by the location of the tank such as the distance with the
residential quarter, the height of underground water and the distance to the river coast
etc. and the use state of the near-shore waters etc. Moreover, it is likely to relate to the

risk tolerance of the society. For instance, there had occurred 124 fires of the tank every



13 years from 1990 to 2002 in USA 9 (reference: Our country is 2). Moreover, it is
assumed that the pollution of underground water has been found by 85% of facilities
where underground water was analyzed in the tank facilities with the storing capacity

of 380 kl or more (one million gallons) in Virginia intrastate ©.

2.7.2 Situation of regulation of foreign countries

(1) UsA

The United States federal government is not provided for about the inspection cycle of
the structural health though provides for regulation of the tank in 40CFR112 (the tank
that lies a pipeline is 49CFR195). It seems that the state government is chiefly
regulating the tank from the viewpoint of the environmental pollution prevention. It
divides into states with regulations and states without regulations about the cycle of the
shut down inspection of the tank etc..

The cycle of the internal inspection is provided ten years in three states (New York state,
Virginia state, and South Dakota state).

a. Virginia state, USA

The aboveground tank of about 45 kl or more (12,000 gallons) in capacity of the tank
storage facilities of total 3,785 kl or more (one million gallons) or the above ground
tank of the capacity of 3785 kl or more with the unit become objects. If validity can be
shown for state authorities by owners etc., its extension is possible (9VAC25-91-130).

b. New York state, USA

The aboveground tank of 38 kl or more (10,000 gallons) is an object. Several hundred
thousand tanks are in intrastate and the total capacity is assumed to be about 13.2
million KI.

Exception: the above ground tank which locates at oilwell or which has double-bottom or
impermeable barrier, leakage detection system, electrolytic protection, and outside
painting (6NYCRR613).

c¢. South Dakota state,USA

The aboveground tank (94.6-kl in capacity or less in capacity are excluded) in the
storage tank facilities of 946 kI or more (250,000 gallons) in the total capacity is objects.
There are no regulations on the cycle of the internal inspection according to state (for
instance, California state). It is thought that the cycle has been decided for that case
depending on the tank owner etc.. and it is assumed that there are a lot of owners etc.
who decide the method of managing maintenance such as cycles based on the civil
standard named API653 (Tank Inspection, Repair, Alternation, and Reconstruction)

according to a past investigation etc.. Moreover, there is state where it is regulated to



conform to API653, too (For instance, in Alaska state).

-Alaska state, USA

The owner of the aboveground tank of 38 kl or more (10,000 gallons) in capacity, the
above ground tank in facilities where the refined oil of 1,600 kl or more (420,000
gallons) is treated or the above ground tank in facilities where the crude oil 3,200 kl
(210,000 gallons) are handled is assuming that he or she should do the check
maintenance based on API653 (the third edition).Moreover, “when you may shorten the
interval for the above ground tank where 30 years are exceeded from the installation” is
being added by state authorities. Following "Similar tank" assumption is not admitted
(18AACT75.065).

In API653 (the fourth edition), the tank is assumed to do the internal inspection in ten
years or less after it is installed (When there is a tank similar to the object tank well
and the corrosion rate of a similar tank concerned is judged applicable to the object tank
by the tank engineer, it is possible to decide it separately) as a standard.

The time of the internal inspection since the second times is assumed to calculate years
in which the plate thickness of the bottom (or shell) becomes constant thickness by
using the corrosion rate measured at last inspection when assuming that corrosion will
progress at the same speed in the future, and to use it for the next inspection (However,
it is within 20 years at the maximum). Though the realities are uncertain whether how
much internal inspection cycle of the tank is actually performed by this method, it is
assumed that average inspection periods of 55 tanks of 300-12,490 kl in capacity in 2000
were 11.5 years according to Minnesota Pollution Control Agency?.

In the fourth edition of AP1653 (April, 2009) as a decision method of another inspection
time, the next inspection time is enabled to be decided by the tank engineer considering
a specification of the tank and the influence of spill based on the idea named RBI.
According to this idea, first time inspection is assumed to be within 12 to 25 years
depending on the tank specification, and since the second time upper bound is 25 years,
moreover is shown 30 years as upper bound for the tank which has the outflow diffusion
prevention barrier (special mechanism having function of spill perception and diffusion
prevention set on the tank bottom and base). It is in recent years for such a long-term
period to be provided, and the application results (for instance, incidence etc. of the
accident) are not clear. Moreover, it is assumed that the engineer decides it by capacity,
the specification, and the location, and the information about what period is being
applied to the tank which has equal location, structure and capacity to those of the
outdoor storage tank facilities which are the object of safety inspection of our country is

insufficient. Therefore, it is difficult to discuss now whether such upper bound years can



be applicable to the outdoor storage tank facilities in our country.

(2)Europe

The interval of the internal inspection is as follows depending on the document about
Europe®.

Belgium: 20 years

France (crude oil and clean product): ten years

Germany: five years (It is possible to extend to ten years according to the level of the
inspection).

The Netherlands: 12 years

Britain: There is no regulation.

Though the tank owner etc. come to decide the cycle of internal inspection when there is
no regulations by the country such as Britain. In the third edition of EEMUA159, (2003),
it provides as a standard cycle as shown in Table 2.7.2. It is not described in the third
edition though the idea of the representative tank was shown in a previous version of

EEMUA from 2003.
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Besides this, the method of deciding the internal inspection cycle in accordance with
RBI is provided for in EEMUA. It is the method to decide the next inspection time from
relation to the remainder plate thickness to management standard plate thickness
using corrosion rate which is based on 1 time or more internal inspection of the tank
and to consider the level of occurrence of accident according to tank specification etc.
and damage of accident. A cycle different from that of Table 2.7.2 can be applied
according to this method. Information on which extent of the cycle is applied to the one
of which location, structure, and capacity, etc. are equal to those of the tank in our
country for the safety inspection and on the safety level like the situation of the
occurrence etc. of the accident as the result cannot be obtained.

(reference: Concrete method of decision of internal inspection cycle based on RBI of
EEMUA)

Years to becoming of the plate thickness of the bottom (or shell) constant thickness are
calculated by using the corrosion rate measured on last inspection when assuming that
corrosion will progress at the same speed in the future and, and years multiplied by
the coefficient of reliability (0.5 for instance) are made a period until the next internal
inspection. The coefficient of reliability is decided according to "Easiness of the accident
to occur" and "Damage level at the accident". The easiness of the accident to occur is
made points in evaluation by the potential difference etc. of the electrolytic protection,
and the damage degree at the accident is classified by economy, the environment, and
health effects and made points in evaluation. Combination of these two factors is used
for making the points in evaluation, and based on the points the coefficient of reliability
is determined. In addition, the coefficient of reliability is increased and decreased

according to the degree of the precision etc. of the inspection.

2.7.3 Information on accident of overseas outdoor storage tank facilities

The accident data in the overseas outdoor tank facilities made public were collected.

(1) USA

a. Report of General Accounting Office in USA in 1995 9

"Number of aboveground storage tanks that leaked or has leaked" that United States
Environment Agency presumed go up to 67,034, and it is assumed that the amount of
the presumption leakage during year from the aboveground tank has been 160,000 to
200,000 KI.

b. South Dakota state, USA, in 198610

A large-scale underground water pollution by the outflow from the outdoor tank was

discovered in maximum in this state city Sioux Falls. The evacuation order was put out



to the elementary school at once because Sioux Falls City National Fire Prevention and
Control Administration measured the flammable gas in the Hayward elementary school
and the gas of the density of 40% of the lower explosive limit field was detected on
September 17, 1986. The benzene concentrations measured from the indoor air of the
Hayward elementary school were about 1000 times the standard value of the American
toxicity material disease registration organization.
53 investigation wells were dug up, and the pollution investigation of the shallow
groundwater was done. Benzene, the ethyl benzene, the toluene, the xylene, gasoline,
the fuel oil, and the jet fuel, etc. were detected. The well for five decontaminations was
dug up. The possibility of the land tank of 5,845 kl (25.9m in diameter, 12.2m in height,
bottom plate board thickness 6.35mm, and floating roof types) in capacity in the tank
base of a pipeline entrepreneur left from the elementary school by about 140m is
pointed out as a pollution source.
c. Pennsylvania state, USA, on January 2, 198810
The shell of the kerosene tank of 15,100 kl (four million gallons) tore i at a dash n this
state Floreffe, the wave of 10.7m (3.5ft) was caused, the oil retaining dike was destroyed,
and 3,785 kl flowed out to outside of site. Part of it flowed in the Monongahela river,
polluted the aquatic environment widely, and the getting the drinking water was
hindered. The oil of about 1,900 kI (510,000 gallons) or more has not been collected yet.
The cause is assumed to be a brittle fracture by a weld defect and the low-temperature
environment in the lower part of shell.
(2)Europe
a. Beveren City, Belgian federal, 12
+Outline
The bottom plate in the crude oil tank broke in the oil terminal of the big oil company of
Beveren City, Belgian federal and 37,000 kI of the whole quantity stored were flowed
out in 15 minutes. The oil that became a wave got over the oil retaining dike, and it
flowed out outside the bank by about three kl. It had not been ignited fortunately
though whole surface were not able to be covered because of the strong wind although
coating the fire with foam was tried to oil within the bank. A part of the tank foundation
was scoured and the tank inclined due to this accident. It was an accident at the time of
that 15 years passed from the last internal check.
-date of occurrence; October 25, 2005
-outline of tank

form; floating roof type

size; 17m in height and 54.5m diameter



capacity; 40,000kl in capacity

dangerous article; crude oil

material; annular plate uncertainty 12.7mm thickness

bottom plate; uncertainty 6.35mm thickness

- Cause of accident
There was an inside corrosion of lunate region with 20cm in width and 35m in length in
the bottom plate of about 1.5m from the shell, and the uniform corrosion was intense
and plate thickness was almost 0 though there was no pitting corrosion. Big corrosion
was not admitted in other parts of bottom plate. It was thought that a low part was
formed in the bottom plate, water stayed, and corrosion progressed. It infiltrated the
base and the naked eye was never detected though there was a small amount of leakage
before a large amount of leakage. The base inclined with the crude oil that decreased by
the outflow a part of strength of the base, tore according to the ditch in the bottom plate
the board, flowed, and went out and scour [sare] and the main body of the tank inclined

(Refer to the photograph in the under).
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b. Accident case 13 with France)

-Outline of accident

Outflow accident from bottom of tank in Ambes oil base in bordeaux outskirts. It was a
small outflow at first. Afterwards, the base was destroyed, and the bottom was broken,
and, the crude oil of 13,500 kl flowed out, in which 2,000 kl was getting over the oil
retaining dike and flowed out outside the site. It contaminated the subterranean stream,
and flowed out to the river by current action adding to also, and three rivers have been

polluted over about 40 kilometers. The watch of the atmosphere around (combustible



gas, hydrogen sulfide, and aromatic hydrocarbons, etc.), the evacuation of the
circumference residents, warning (alert) to the circumference offices, railways and port
authorities, digging up the outflow prevention waterways, and the prevention in the
rivers was done besides to the breaking out prevention with the fire-extinguishing foam.
The photograph of next page shows circumstances of the accident.

-date of occurrence; January 11, 2007

-outline of tank

form ; floating roof type
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c. Britain 19

-Accident that was caused in weld defect (Cleveland)

Occurrence on July 21, 1999. Contents were 30% sodium cyanides. 16 tons of contents
750 tons flowed out. It was assumed that it was a cause that the local corrosion occurred
in the slaggy rolling part in the weld. The effluent flowed in the Tees river from the
drain system.

- Accident due to bottom corrosion (Hampshire)

Occurrence on July 14, 1999. Light quality Syrian crude oil of 400 ki flowed out from the
tank at the refinery. Afterwards, two outflow accidents occurred in 19 months in the
refinery (do not report to ECRA for the domestic report obligation). The cause was
assumed the corrosion of the tank bottom.

- Accident due to bottom corrosion (Mild Ford Heaven)

Occurrence in July, 2005. The kerosene of 653 tons flowed out from the tank in the oil
terminal. The cause was assumed the corrosion of the tank bottom. A similar accident
had been caused in this tank in 2001. It was assumed that the repair had not met the

demand standard (required standard).
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Chapter 3 Impact assessment when inspection cycle is extended

In order to evaluate the influence when the basic inspection cycle of the safety
inspection of the outdoor storage tank facilities was changed, the spill accident was
verified how to increase, and to influence the safety of the tank like the decrease in

seismic performance etc. by using past data.

3.1 Impact assessment when inspection cycle is extended (inside corrosion)

It is examined mocking by using the data of the corrosion depth measured at the past
internal inspection of new law tank of 10,000 kl or more in capacity how the number of
spill accidents caused by the penetration hole according to the inside corrosion on the
bottom plate increases when the inspection cycle is extended. It is defined with a spill
accident here that it is forecast that inside corrosion progresses by the fixed rate and
the plate thickness of the bottom plate becomes Omm. In an actual tank, it is thought
that the spill accident occurs on a condition (early stage) that is thicker than the bottom
plate thickness which becomes Omm due to corrosion since there are the hydraulic
pressure, the residual stress, and coming to the surface of the bottom plate from the
base etc.. And, there is the possibility of change of the corrosion rate in the passing age
(Figure 3.1.1). Simple assumption is taken that the occurrence condition of the accident
1s assumed to be a plate thickness Omm, and the corrosion rate wants to be constant,
though it is optimistic, because of a virtual examination to the end here. However, at an
actual management such an idea is not suitable because it allows the large-scale spill

accident, but it is necessary to set the room for safety.

3.1.1 Data used to estimate years where bottom plate penetrates due to inside corrosion
-the maximum inside corrosion depth in each opening for internal inspection

-the minimum remainder plate thickness after it repairs being presumed from repair
specification to inside corrosion (When how many mm or more be the inside corrosion
depth, is the overlaying repair executed?) when each opening it.

- period of each opening for internal inspection

- design bottom plate thickness of tank (The allowance is not considered in this
examination though there is a case where the plate having the plus allowance more

than the design plate thickness is used in an actual tank).

3.1.2 Method of presuming years where bottom plate penetrates due to inside corrosion
When the inspection cycle is extended, years where the bottom plate penetrates due to

inside corrosion are presumed by the following methods. It is assumed that there is no



corrosion on the back side of the maximum, inside corrosion part.

(1) The data of 3.1.1 is collected from the data of 617 new law tanks of 10,000 kl or more
in capacity (the abolished one is included) that Hazardous Materials Safety Techniques
Association is preserving.

(2) The data of 70 tanks which have been reported one measured big inside corrosion
depth has been extracted (Refer to reference-1 for the extracted data).

(3) With the annular plate and the bottom plate, the minimum remainder plate
thickness (presumption minimum remainder plate thickness after repaired) is
presumed from the inside corrosion depth of this opening for inspection utilizing the
repair specification to inside corrosion based on the data of past opening.

(4) The corrosion rate is estimated from the remainder plate thickness due to inside
corrosion from the presumption minimum remainder plate thickness at opening last
time or the design plate thickness and the presumption minimum remainder plate
thickness after it was repaired at opening this time. Whether in how many years the
remainder plate thickness becomes Omm is calculated when the inspection cycle is
extended in the case that corrosion progresses by the estimated corrosion rate.

(5) The part where the maximum inside corrosion had been found at last opening was
not necessarily a part of the presumption minimum remainder plate thickness. The
inside corrosion rate during opening last time and this time was calculated from this by
the following two values (refer to Figure 3.1.2).

A:Presumption lower bound value (method of calculating direction where forecast
penetration years shorten) calculated as causing the maximum, inside corrosion at
opening this time in part that was design plate thickness after it was repaired at
opening last time (Figure 3.1.2 dotted line).

B:Presumption upper bound value (method of calculating direction where forecast
penetration years become long) calculated as causing the maximum, inside corrosion at
opening in part of the presumption minimum remainder plate thickness after it was
repaired at opening last time (Figure 3.1.2 solid line).

(6) The presumption years when the remainder plate thickness becomes Omm at the
time of each opening are calculated for one tank, and the one with a shortest years is
made the penetration year due to inside corrosion of the bottom plate of a tank

concerned (refer to Figure 3.1.4).
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Points of concern for presumption at penetration years of bottom board due to inside corrosion
?When it is thought, and it designs and board thickness minimum connects board thickness by

the straight line the change (blue solid line) with the first opening times, the corrosion rating

of the bottom board might grow. Therefore, it is necessary to consider the safety allowance

in actual management as for the corrosion rating in the future it is likely to become large
for the corrosion rating (blue solid line) connected by the straight line (red dotted line).
?When it undertakes actual management because it is thought that there are coming to the surface
of the bottom plate from the hydraulic pressure, the residual stress, and the base etc. , and
the outflow is generated by board thickness whose bottom board thickness is thicker than Omm
in an actual tank, constant management board thickness is necessary.

?1t is necessary to note the difference from an actual management method from the above—-mentioned
reason though the corrosion rating guesses years when the bottom board thickness becomes Omm

because it assumes it is constant because it is difficult to consider the change in the corrosion
rating in this examination.
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(7) The corrosion rate differs at the time of each opening, and the fluctuation band of the

corrosion rate has to be considered when penetration is forecast. The ratio of the

maximum value to the minimum value (bottom plate 1.4 and annular plate 1.7) of the

one that the maximum corrosion rate of each tank obtained at the time of each opening

was averaged to the number of tanks (Table 2.4.2) are assumed as the width. In civil

standard EEMUA of Europe, the value of 2.0 (reciprocal of "Reliability coefficient 0.5") is

indicated as a fluctuation band to the corrosion rate (2.7.2 references). Because this

penetration forecast is virtually examined, the above-mentioned assumption thought to

be almost real was used. Therefore, it is necessary to note that it is not the one of

showing the fluctuation band that should be considered in practical system. Even if the

highest corrosion rate calculated as a result was 1.5mm/year (Figure 3.1.3), it was below

the corrosion rate (1.5-2.6mm/year: Figure 2.4.1) of the case where inside corrosion

progressed rapidly and that arrived at spill accident.
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3.1.3 Penetration year's estimated result due to inside corrosion

The age to becoming of board thickness at the corrosion history of each tank Omm
earliest of the new law tank of 10,000 kiloliters or more in capacity was calculated from
the history data of inside corrosion by the method of the preceding clause. The forecast
year of penetration due to inside corrosion when the value is assumed for acceleration to
be able to exist constantly the measurement of concerned in the tank in the past to the
corrosion rating compared with (Figure 3.1.1 red line) is indicated in Table 3.1.2 in
Table 3.1.1 in the year of presumption of penetration due to inside corrosion when
assuming being acceleration from the value the measurement of concerned in the tank
in the past to the corrosion rating (Figure 3.1.1 blue line).

It is necessary to note that assumption that lengthened the presumption year about the
following respect (Danger is evaluated small) was used about the result.

Years when board thickness had become Omm were calculated.

-The back corrosion was assumed it not was and calculated.

‘Do not consider the change of the inside corrosion speed more greatly than the

average.
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3.2 Impact assessment when inspection cycle is extended (back side corrosion)

It is examined mocking by using the data of the corrosion depth measured when it was
opened in the new law tank of 10,000 kl or more in capacity in the past how the number
of spill accidents caused by the penetration hole according to the back side corrosion on
the bottom plate increases when the inspection cycle is extended. It is assumed with a
spill accident here that it is forecast that the back side corrosion progresses by the fixed
velocity and the plate thickness of the bottom plate becomes Omm. In an actual tank, it
is thought that the spill accident occurs on a condition (earlyer stage) that is thicker
than Omm of the bottom plate thickness of which becoming due to corrosion is forecast
since there are coming to the surface of the bottom plate from the hydraulic pressure,
the residual stress, and the base etc. And, there is the possibility of change of the
corrosion rate in the passing age (Figure 3.1.1). Simple assumption is taken that the
occurrence condition of the accident is assumed to be a plate thickness Omm, and the
corrosion rate wants to be constant, though it is optimistic, because of a virtual
examination to the end here. However, at an actual management such an idea is not
suitable because it allows the large-scale spill accident, but it is necessary to set the
room for safety.

3.2.1 Data used to estimate years where bottom plate penetrates due to the back side
corrosion

-The remainder plate thickness of the maximum back corrosion part detected by fixed
point metrology when each opening it

-Ratio of the maximum back side corrosion depth detected by fixed point metrology and
actual, maximum back side corrosion depth (3.2.2 references)

-Minimum plate thickness after it was repaired at each opening



-Period of each opening
- Bottom design plate thickness of tank (The allowance is not considered in this
examination though there is a case where the plate having the plus allowance more

than the design plate thickness is used in an actual tank).

3.2.2 Comparison between the maximum back side corrosion depth detected by fixed
point metrology and actual, maximum back side corrosion depth

In the measuring method of the plate thickness of the tank bottom of a specific outdoor
storage tank facilities, there are a fixed point metrology and a continuous plate
thickness metrology. There are two kinds of measuring methods for the fixed point
metrology, one is shown in paragraph 56 notification and the other is shown in
"Earthquake countermeasures of the outdoor storage tank facilities" (fire fighting
[abunal the 169th notification (Hereafter, it is said, "The 169th notification") on
December 25, 1979) (The measuring method was shown in reference-3). These
measuring methods are the methods of measuring plate thickness discrete aiming to
manage the back side corrosion of the tank bottom in the tendency.

On the other hand, the technology that can continuously measure the thickness of the
plate of the tank bottom over the wide range is developed as a new technology, and
management to the bottom back side corrosion has come to be executed by the method of
measuring plate thickness that uses this technology in some owner and etc.. This
measuring method is shown in "Operation concerning the plate thickness measurement
of specific outdoor storage tank bottom by the method of measuring continuous plate
thickness" (fire fighting [abunal No0.27 on March 28, 2003), and the measurement
intervals is 30mm or less. The measurement is possible at intervals of 30mm in the
device running direction and of 5mm in an orthogonal direction of the running direction
in the continuous plate thickness weighing device operated now. Because the back side
corrosion of the bottom of tank often occurs locally as seen in 2.5.1 and the corrosion
part cannot be checked visually with different from inside corrosion, it is thought that
the interval at discrete measurements in the fixed point metrology is big compared with
the size of the local corrosion. Therefore, there is a possibility that the maximum back
side corrosion depth occurred actually is larger than that of the detected maximum back
side corrosion depth in the fixed point metrology. On the other hand, it is necessary to
presume the actual, maximum back side corrosion depth from the result by the fixed
point metrology which was mainly used in a past safety inspection to estimate the
penetration year due to the back side corrosion because

By analyzing through comparing the maximum back side corrosion depth detected by



the fixed point metrology and obtained from the result of a measurement of the
continuous plate thickness metrology about the same tank, the ratio of the maximum
back side corrosion depth by the difference of the measuring method is calculated, and
so, the actual, maximum back side corrosion depth is calculated by the next expression
from the maximum back side corrosion depth detected by the fixed point metrology
when safety was inspected in the past.
The presumption maximum back side corrosion depth

=Ratio by difference of maximum back side corrosion depth Xthe maximum back

side corrosion depth detected by fixed point metrology

In the calculation of the ratio by the difference of the measuring method, the corrosion
depth by the continuous plate thickness metrology was used as an actual, maximum
back side corrosion depth.
(1) Method of calculating ratio by difference of measuring method
a. 37(12 data; for only annular plate) bottom plate thickness data of the new law tank of
1,000 kl or more in capacity that had been measured by the continuous plate thickness
metrology that used the supersonic wave (Hereafter, it is said, "continuous plate
thickness data") was collected.
b. Extracting the measuring data of the part shown to the annular plate and bottom
plate by the 56th notification and the 169th notification, respectively, from the
continuous plate thickness data, minimum value of plate thickness is calculated when
assuming measuring by each measuring method of the extracted data.
c. Assuming that the location of measurement shifted in which the fixed point was set
when the data of the fixed point measurement point was extracted from the continuous
plate thickness data, five kinds of extraction parts of each plate were set (refer to Figure
3.2.1 and Figure 3.2.2 for the setting method of the extraction point).
d. The mode value of the continuous plate thickness data was assumed to be initial
plate thickness in consideration with the allowance of initial plate thickness.
e. The maximum back side corrosion depth calculated from the continuous plate
thickness data and the maximum back side corrosion depth of each tank by each
measuring method of the 56th notification and the 169th notification are calculated.
f. Using the maximum back side corrosion depth obtained from the above-mentioned
method at e, for the annular plate and bottom plate, in the abscissa the maximum back
side corrosion depth of the continuous plate thickness metrology, and in ordinate that of
the point shown by the fixed point metrology is taken, respectively. And the ratio of the
maximum back side corrosion depth by the difference of the measuring method is

calculated for the regression line.
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(2) Regression analysis result of the back side corrosion depth detected by fixed point
metrology and the back side corrosion depth by continuous plate thickness metrology

The result of the analysis is shown in Figure 3.2.3 and Figure 3.2.4 (CJis a mean value of
the result by fixed point measurement method in which five kinds of points of a tank are
set, and a vertical segment shows the scattering by the method of setting the fixed point,
in the figures). In both figures, the left one simulates the 169th notification, the right is
a result for simulating the 56th notification. The relation between the back side
corrosion depth detected by fixed point metrology using the mean value and the one by
continuous plate thickness metrology was expressed regression line, from which
inclination the ratio how many times the real maximum corrosion depth of the one by
fixed point metrology was evaluated from an average viewpoint. The tank parameter etc.

of the plate thickness data used for this analysis is shown in references-4.
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It is thought that the real maximum back side corrosion depth of the tank bottom is
multiplication of the coefficient (reciprocal of the inclination of the regression line) in
Table 3.2.1 by the maximum back side corrosion depth obtained by the fixed point

metrology on the average.
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3.2.3 Method of presuming years where bottom plate penetrates due to the back side
corrosion

When the inspection cycle is extended, years where the bottom plate penetrates due to
back side corrosion are presumed by the following methods. It is assumed that there is
no inside corrosion at the maximum, back side corrosion part.

(1) The data of 3.1.1 is collected from the data of 617 new law tanks of 10,000 kI or more
in capacity (the abolished one is included) that Hazardous Materials Safety Techniques
Association is preserving.

(2) The data of 50 tanks which have been reported one measured big inside corrosion

depth has been extracted (Refer to reference-2 for the extracted data).



(3) With the annular plate and the bottom plate, the remainder plate thickness after
repaired due to back side corrosion is presumed from the minimum plate thickness
detected by fixed point metrology and the minimum plate thickness after repaired on

each opening,

(4) For the annular plate and the bottom plate, the maximum back side corrosion depth
assumed by the continuous plate thickness metrology is calculated by multiplying the
ratio in Table 3.2.1 to the maximum back corrosion depth detected by the fixed point
metrology on each opening.

(5) The corrosion rate is obtained from the minimum plate thickness after it was
repaired of opening last time and the minimum plate thickness detected by the fixed
point measurement of opening this time. Whether in how many years the remainder
plate thickness becomes Omm when the inspection cycle is extended assuming that
corrosion progresses by the obtained corrosion rate is calculated.

(6) Based on the idea of (4), whether in how many years the remainder plate thickness
becomes Omm when the inspection cycle is extended is calculated. Corrosion rate
required for calculation were obtained from minimum plate thickness that assumes the
case where the continuous plate thickness metrology was executed on last opening and
this time opening, respectively, and corrosion rate was presumed constant.

(7) According to (5). (6), following two estimated results are obtained.

?Fixed point..metrology..maximum..corrosion..depth..measure..assume..Figure..solid
line..fixed point..measurement..presumption..fixed
point..measurements..statistical..expect..maximum..corrosion..depth..presume..Figure..
dotted line..continuous..board
thickness..measurement..assumption..presumption..tank..open..remainder..board
thickness..become..presumption..years..calculate.

(8)The one with a short years of each approximation process is made the penetration
year due to the back corrosion of the bottom board of a tank concerned (Refer to Figure

3.2.6 for the procedure of the examination).
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3.2.4 Penetration presumption result due to the back side corrosion

The age to becoming of plate thickness Omm earliest at the corrosion history of each
tank of the new law tank of 10,000 kl or more in capacity was calculated from the
history data of the back side corrosion by the method of the preceding clause. The
presumption year of penetration due to the back corrosion respectively of presumption
by the fixed point metrology that was assumed being acceleration from the value to
which the corrosion rating was measured in a tank concerned in the past in
consideration of the calculation accuracy of the corrosion rating by the fixed point
metrology (Figure 3.1.1 blue line), and obtained by 3.2.3 and presumption by the
continuous board thickness measurement assumption is indicated in Table 3.2.2.

It is necessary to note that assumption that lengthened the presumption year about the
following respect (Danger is evaluated small) was used about the result.

Years when board thickness had become Omm were calculated.

-Inside corrosion was assumed it not was and calculated.

Do not consider the change of the back corrosion speed.
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- Reason to have done continuous plate thickness measurement assumption

It is understood that the maximum back side corrosion depth measured by a continuous
plate thickness metrology which is near the one occurred on the bottom plate of the tank
actually becomes larger by ratio shown in Table 3.2 than the maximum back corrosion
depth measured by the fixed point metrology on the average. Therefore, it comes to
evaluate excessively the penetration year of the bottom plate due to the back side
corrosion by using the maximum back side corrosion depth measured by the fixed point

metrology as it is (come to undervalue the number of penetration when the inspection



cycle is extended). Then, the evaluation was done assuming that the continuous plate
thickness metrology was executed by using the result of Table 3.2.1 to evaluate nearer

to the realities.
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Sekine: Probability statistical research on the oil tank bottom plate back side corrosion

(the first report), pressure technology, No. 1, Vol.46, August, 2007



3.3 Impact assessment when inspection cycle is extended (seismic performance)

3.3.1 Tank bottom breaking case due to earthquake

Figure 3.3.1 shows the photograph on the back side of annular plate of the tank
(accident case with 2.6.1 d) broken by Miyagi-ken-oki Earthquake.
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Figure 3.3.2 shows the macro photography of the part A and B in above Fig. 3.3.1. In
part A it can be confirmed for the micro-crack to connect and to grow up to a long crack.
On the other hand, in part B the crack wasn’t not found in the part without corrosion
though there was a crack in the corroded part. So, it is thought that the local corrosion

influences breaking the bottom plate from this.
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3.3.2 Concept of seismic performance of bottom of tank
(1) Idea of securing seismic performance as the entire tank due to power horizontal
proof

When a high-level seismic ground motion is received, the tank shows behavior of coming



to the surface (Figure 3.3.3). Therefore, a high stress acts on annular parts, and the
plastic strain is caused (Figure 3.3.4).

At this time, the tank is damaged as for

energy-absorbing capacity < input energy due to the plastic strain.

In the tank in a specific outdoor tank reservoir, it is provided to manage the board
thickness of [anyura] (The plastic strain energy is proportional to the second power of
board thickness) so as not to become such a condition in the fire fighting law. Necessary
[anyura] board thickness is calculated by the mean value of the tank all surroundings
because it thinks about behavior in the entire tank. It is not thought easily, and is
possible to become a corrosion situation in which the mean value of all surroundings
falls below necessary board thickness because of the part of the corrosion described by
2.5 of board thickness necessary for earthquake resistance that the necessity for
considering the influence of the cycle extension as long as it doesn't greatly extend it at

a present cycle is a little in the new law tank seen from a present corrosion situation.
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(2)Idea of earthquake resistance of local corrosion part

When the inspection cycle is extended, the progress of the local corrosion is feared
because the interval of the repair chance is postponed. When the local corrosion
progresses deeply, fear that damage is partially caused because the warp concentrates
when a big repetition transformation is received is thought. One trial calculation was
done this time though the point of the evaluation whether to cause damage in the part
at the earthquake had not been established to a determinate technique if the local
corrosion progressed up to the depth of which extent now. As for the trial calculation
method, is it a reference?It showed in five. The numerical result described from there
are future tasks like the verification of the accuracy of the accumulation of the validity
of not the established one but the assumption used and tiredness and the corrosion
shape etc. to the following clause, too refers to this computational method to the end.
3.3.3 ..low.. probabilistic assessment of cycle fatigue fracture in local corrosion part
(trial calculation example)

As for the possibility of cycle fatigue fracture, it is ..low.. reference against the back
corrosion of the example of the shape of cross section of deep corrosion with the
continuous board thickness measurement result. It calculated it provisionally
concerning safety by the showed in five method. The result is as shown in Table 3.3.1.
Figure 3.3.5 shows the calculated corrosion shape.

The possibility of destruction was shown partially of the shape of the back corrosion
found in the past when evaluating it due to the corrosion of the ditch (It is shown by X in
Table 3.3.1). Half of initial board thickness such corrosion is corrosion of depth (value
close to one by the line of b/p) to the level. That is, when corroding the half of initial
board thickness even to the level progresses, and it has extended like the line, the
possibility of cycle fatigue fracture ..low.. is thought. However, it was assumed that it
did not destroy it for these in the evaluation of the corrosion of the hole. It is possible to
say by no damage of earthquake resistance if corrosion is [tenjoul. It can be said that
attention will be needed from needing attention to the flat type of corrosion to
earthquake resistance when half of initial board thickness corrosion progresses from
the above-mentioned to the level. It sees statistically, and a big tank of the uneven
settlement of the base is 1 that the bottom corrosion is comparatively intense) 2.)A big
base of the uneven settlement is assumed there is a partial ruggedness as the factor,
and it is assumed that corrosion progresses easily from becoming a condition not
homogeneous electrically repeat moist and dryness by the back of the bottom board in
ruggedness surroundings. In this case, the part of thin board thickness that has

subsided the base and receives corrosion exists. At this time, a big stress is generated in



thinning [anyural board or bottom plate at the receiving payment and the earthquake of
the liquid. The trial calculation result becomes constant reference from this even
against besides [anyural. This method treats the evaluation method and the result
referring because there is not the one established as previously described but a problem

that should be examined.

References cited

1)The Ministry of Public Management, Home Affairs, Posts and Telecommunications
Fire and Disaster Management Agency: March, investigation examination report and
2002 concerning method of specific outdoor tank reservoir of calculating cycle of open
2)The Ministry of Public Management, Home Affairs, Posts and Telecommunications
Fire and Disaster Management Agency: March, investigation examination report and

2008 concerning residual life prediction of outdoor tank reservoir
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3.4The impact statement (weld defect) when the inspection cycle is extended

It is 1 as a result of investigating the number of tanks from which crack * was
discovered when opening is inspected in two years of 1996 the realities and nine years of
the weld crack discovered when opening it 3.4.1) is shown in Table 3.4.1(Refer to the
number of object tanks to Table 3.4.2). In the new law tank of 10,000 kiloliters or
more in capacity, nine in 102 cracks occur as a table inside net showed by disregarding.
If the accident because of a weld breaking considers 13(7 at six earthquake when
driving usually) it in the old law tank, it is necessary to note it in the new law tank
though the generation number is less than the old law tank.

*Danger of crack that occurs in bottom weld

The repair is necessary and indispensable to prevent the outflow accident because the
concentration of stress happens to the material with the crack in the crack point when
the tensile stress is added in an orthogonal direction in the growth direction, and the

crack might progress.
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3.4.2 [Yojumyoul] evaluation in weld

The one that the rest can become the factor of breaking, too is enumerated though the
crack of the weld is the main factor of breaking, and right or wrong of the [yojumyoul
evaluation and the idea to health in the weld are arranged based on distinctiveness in

the weld of the tank bottom of a specific outdoor tank reservoir.

(1)Factor of breaking weld (From a past accident case). *The concentration of stress is
generated in the part with initial malfunctions of an over grinder and the defective
shape, etc.

- The wound on the back side might progress to the surface because it cannot
understand the wound on the back side in the bottom weld in the tank.

-The bottom board might cause coming to the surface because the base causes the
uneven settlement, and it connects steel boards by the welding, and a high stress might

act on the bottom board in the tank.

(2)Characteristic in weld of tank bottom

-The wound might exist on internal or the back side because it cannot confirm it by
welding the tank bottom (From the restriction in the technology) like this though it is
confirmed that there are no wounds in internal and the surface (inside, outside both
sides) by the radiography when constructing it in high-pressure gas [**] tank etc.
(Figure 3.4.1).

-1t is possible for an internal wound to come out into the open so that the weld of the
tank bottom may receive corrosion, and to become a stress concentration source. °
Because a weld wound of the tank bottom cannot be examined from the outside unlike
high-pressure gas [¥*] tank and piping while driving, the progress degree of the wound
cannot be measured.

-The examination of the wound of the surface of the weld and the surface neighborhood
1s executed about the weld of the tank bottom of a specific outdoor tank reservoir. The
wound occurs newly while using it, and if it is considered that the crack of the back side
might progress to the surface, it is necessary to examine it regularly though the repair

1s executed because it is likely to progress when the crack exists in the weld.
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The wound in the weld of the tank bottom is repaired if necessary considering the
above-mentioned characteristic when regularly inspecting it, and in a present
technology, it is difficult for the weld to evaluate years how many another there is
longevity. Health in the weld is thought that it is reasonable to refer to results in a
present technology.

(reference)

Weld breaking case in tank bottom generated in January, 2010. It presumes in the one

and the office by the low cycle fatigue.
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1)Hazardous Materials Safety Techniques Association: Investigation examination
report concerning ideal way of specific outdoor tank reservoir of less than 10,000

kiloliters at cycle of open and March, 1999)



3.50utflow accident generation number presumption table 3.5.1 due to 3.5.1 summary
corrosion of the impact statement when the inspection cycle is extended is summaries of
the result by the continuous board thickness measurement assumption of the
penetration presumption numbers of the back corrosion of the one based on the
presumption upper bound value at the inside corrosion speed of the penetration
presumption numbers the inside corroding about 3.1 and 3.2. The total cardinal number
excluded and requested the penetration cardinal number due to inside corrosion from
both of the penetration cardinal number due to the back corrosion one with a long
penetration presumption year of the overlapping tank.

It 1s thought that the greater part of tanks were verified because the number of new law
tanks of 10,000 kiloliters or more in capacity is 582 as of March 31, 2009 after a peak of
624 of the 1999, and the tank used for the analysis is 617(Abolition is included).
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The new law tank of 10,000 kiloliters or more in capacity with the possibility that board
thickness becomes Omm the present, basic inspection cycle eight even years due to
inside corrosion or the back corrosion becomes three in 617 calculations though it is an
estimated result that puts a constant assumption condition. If the following is based,
the present, basic inspection cycle eight years are expectations of reasonable safety, and
1t cannot be said that the safety allowance was excessively expected.

*The corrosion rating of the tank bottom must have the possibility of changing greatly
constantly.

- Corrosion must progress to the forecast of the part that the corrosion rating grows by
the tank bottom difficult, and locally greatly.

-In the finding that lies corroded of the tank, it cannot be necessarily said that it will be
accumulated enough, and is necessary to accumulate data concerning the corrosion
situation of the bottom when you continuously open the tank.

The evaluation that it became 11, and a dangerous outflow rose up to about four times
was obtained in the new law tank of 10,000 kiloliters or more in capacity with the
possibility that board thickness becomes Omm due to inside corrosion or the back
corrosion when the fundamental period was

(reference)

The above-mentioned presumption result is based on the assumption etc. shown in
the above-mentioned note though an accurate comparison with the tank accident of the
reality is difficult, Especiallydo fundamental period do accident frequency table
object tankcardinal number installation passage yr radical age divide new
law tank number putcalculation to the extentthat increase recently capacity
tank  bottom  outflow accident frequency above-mentioned presumption

frequency increase accident frequency.
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It is what based on constant assumption, and it is actually thought to grow more than
this from the inclusion also of assumption that lengthens the presumption year (Danger
is evaluated small) in that though these evaluations are the one that only "Penetration
hole formation due to corrosion" that presumption is possible was assumed. In addition,
it is expected that the influence on safety when the cycle is extended grows more than
this , considering "Occurrence of the accident because of a weld breaking" that the
evaluation is difficult and "Generation of the tank where earthquake resistance cannot
be confirmed" (The generation number of accidents grows). The one that corrosion
progressed like the half ditch of initial board thickness at a present cycle was presumed
though the influence on earthquake resistance was not able to be evaluated
quantitatively though it was a reference trial calculation value that the one for which
attention was necessary came out.

Because a dangerous outflow rises greatly, it is not suitable to extend the fundamental
period if it is considered to become a major catastrophe extremely if a basic now cycle
eight years are expectations of reasonable safety, and the dangerous article outflow
accident happens from the above-mentioned because of the tank bottom of 10,000
kiloliters or more in capacity by any chance with a present inspection method

maintained.
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Chapter 4 How at cycle of security inspection that uses continuous board thickness

metrology for being

As for the back corrosion of the tank bottom, the tendency management that assumes
the value measured (fixed point measurement) by the extraction point not biased to be a
central value because all aspects cannot be inspected by the inside corroding and
different watching, and is based on historical earnings is done. On the other hand, the
maximum value of the detected corrosion depth is different from the actual, maximum
corrosion depth because of the fixed point measurement though it is necessary to know
a detailed corrosion situation of each tank, especially the maximum corrosion depth to
manage safety strictly because of the mind ..the prolongment at the inspection cycle...
Then, very detailed corrosion depth can be understood when the continuous board
thickness metrology is used is evaluated, and how of the cycle of the security inspection
in that case for being is examined.

4.1Evaluation of continuous board thickness measurement technique

In 3.3, the corrosion depth data of the measurement part when assuming that the
[anyural board and each bottom plate was measured from the continuous board
thickness data by the fixed point metrology was extracted, and the relation to the
maximum corrosion depth of the continuous board thickness data was analyzed. The
result was summarized in Figure 4.1.1 and Table 4.1.1. A red point indicates the value
in which the maximum corrosion depth extracted from five kinds of location of
measurements that a blue point was imitated the 169th notification for one tank and set
1s averaged by Figure 4.1.1, and indicates the value in which the maximum corrosion
depth that imitates the 56th notification for one tank and extracts it from five kinds of

location of measurements is averaged.
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The example of analyzing the tank bottom board of about 82m in inside diameter is

shown in Figure 4.1.2 and Table 4.1.2 so that the continuous board thickness metrology

may evaluate whether to obtain data in detail of which extent compared with the fixed

point metrology. In a left graph of Figure 4.1.2, a histogram of board thickness that

assumes the fixed point metrology by the 56th notification from the continuous board

thickness data and extracts it and right graph is histogram of the board thickness of the

continuous board thickness measurement data (The spindle at the left of the graph is a

measurement point, a horizontal axis is board thickness, and a right spindle is a ratio of

the measurement point to the entire measurement point).
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Precision's in which the minute sheath maximum corrosion depth of the measurement
of the corrosion depth is measured compared with the case to use the fixed point
metrology improving becomes clear, and the uncertainty concerning corrosion decreases
among the deterioration factors of the tank when the continuous board thickness
metrology is used from the above-mentioned result. Therefore, the inspection cycle of
the tank is extended noting the following points when the management of the back
corrosion becomes possible in detail by using the continuous board thickness metrology.
? The weld of the tank bottom cannot be understood while using it even if
support trouble, the back, and an inside wound of the base exist. It is difficult to do the
fixed quantity evaluation how it is deteriorated to the next opening. It is necessary to
inspect the mortgage of health in the weld of these parts for every a constant period.

? As for the corrosion rating, it is necessary to expect the room of the corrosion
depth from might the passing age acceleration of not constancy but the corrosion rating
to the next opening for constant safety.

? If the inspection cycle is extended it is necessary to secure the check chance due
to deterioration in attached equipment of the shroud and the drain piping, etc. for the
prevention of accidents, further consideration is necessary for the deterioration factor
measures managed by the independent security management.

4.21t is needless to say that the matter that leads to the increase of a dangerous outflow
from the tank should note that it is necessary to exclude it when the security inspection
cycle is examined about the tank of 10,000 kiloliters or more in capacity where a large
amount of dangerous articles such as basic idea oil of the security inspection of the
outdoor tank reservoir as of method 4.2.1 of deciding the time of the security inspection
that uses the continuous board thickness metrology are stored. For this, the dangerous
article outflow accident has not been caused until the following tank is opened by
understanding the current state of the safety of the tank (board thickness of the bottom
and wound in the weld, etc.) when opening regularly done is inspected, and doing a
necessary repair. The tank is opened by the safety of the tank 10 years of eight years or
13 every years, health (It is general that only the inside surface side is inspected in the
fixed point) in the inside corrosion depth, the back corrosion depth (Being measured in
the fixed point is general) of the tank bottom, and the weld is confirmed, and it is also
true that there is an inspection item that cannot help being inspected by the extraction
under the present situation. On the other hand, the room for the safety of the change of
the situation of non-area to be examined and the corrosion rating etc. is expected, and
Table 2.6 in the [anyural board of the tank bottom board thickness. It corrodes from

the minimum thickness (It is 12mm in the tank of 10,000 kiloliters or more in capacity)



that hangs to 17 of the Articles 4 of notification in minimum thickness corresponding to
the division of the thickness of the the lower of the shroud shown in two and the bottom
plate and it has been managed by more than the value in which 3mm in the furnace is

decreased it.

4.2.2 Idea of security inspection that uses continuous board thickness metrology at cycle
The inspection accuracy will rise to the extent that non-area to be examined that lies
the back corrosion is lost if the back corrosion depth of the tank bottom is measured in
detail by the continuous board thickness metrology. On the other
hand..weld..healthy..inspection accuracy..change..corrosion
rating..pass..age..change..width..the..factor..finding..enough..accumulate..safety..secure
..security..inspection..cycle..extension..think..safe..room..constant..expect.How to expect
room for safety is possible for the change and the corrosion rating of the management

board thickness

(= design board thickness ? must corrode) to consider the safety surcharge. In that case,
it is computable in the following expression in a next year of open.

allowance)

When how the corrosion rating changed of the past was examined (2.4 and 2.5
references), it is a difficult to say current state that an enough finding has been
accumulated to be clarified of greatly in each shut down inspection the back, the inside,
and the corrosion rating different, and to set the corrosion rating that considers the
room for safety objectively and quantitatively. Moreover, there is no reasonable reason
to change a present idea ("The earthquake of about six in the seismic intensity is
stopped in the elastic deformation" "In addition, it is not at least caused the outflow

though the transformation remains for the severe earthquake. " and) now about the
management board thickness, and the basis of the tank is a membrane structure.
The uncertainty is large while there is no room in strength for the transformation that
disarranges the assumed dynamic balance. the outside power condition like the
accumulation degree etc. of tiredness by the support situation and the repetition load of
the bottom board and the base that should be consideredBecause reasonable safety is
expected when these are based, it is suitable not to make the management board
thickness the object of the cycle when the tank where it sees from following a present

1dea and the corrosion rating and the erosive environment is defective is examined this

time extension.



Next, even if it uses the continuous board thickness metrology, the new law tank should
confirm the weld inspection accuracy from no improvement for every a constant period
about health in the weld among the security inspection items though reliability in the
weld is high because the board thickness of the parent metal is thick etc.Moreover, to
confirm corrosion progresses the passing age constantly according to results, the
corrosion rating should set the upper bound year about the time of the inspection.
Above..idea..based on..open..continuous..board
thickness..metrology..tank..bottom..corrosion..situation..measure..back..corrosion..spee
d..constant..fulfill certain
conditions..coating..construct..causticity..provide..contents..inside..corrosion..speed..ver
y..small..requirement..fill..tank..security..inspection..cycle..constant..years..extend..ena
ble..propose..following clause..propose..cycle..calculation..method..describe.

4.2.3 Calculation method of security inspection cycle when continuous board thickness
metrology was used

(1)Method of calculating cycle

Because the tank maintains the healthy condition until the tank will be opened from
the viewpoint of the dangerous article outflow prevention next time, this investigation
study committee is the following [al. ..twining.. [o]. In meeting the hanging [ni]
requirement, the period until the next inspecting. It proposes to make it to the hanging
[ni] period.

[A]. Board thickness must be measured for the tank bottom by the continuous board
thickness metrology.

[I]. The corrosion rating of the tank bottom when opening is inspected must be small.
(Both of the corrosion ratings from an inspection the last based on data by the
continuous board thickness metrology must get used, and be 0.2mm or less of the
bottom plate and [anyural of the object tank/year. )[U]. The coating must be constructed
under appropriate management, and the inside corrosion prevention function must be
maintained. However, it is a tank where the coating is not constructed, and it is not this
according to results that the causticity of contents is remarkably low as for the one that
clearly, and the erosive environment like contents and the moisture management (Limit
it to the one of the fixed roof form), etc. is changeless. [E]. There must not be change
construction of the base etc. after it i1s measured by the continuous board thickness
metrology. [O]. Do not let calefactory be stored to dangerous articles. .The bottom plate
and [anyura] forecast the corrosion depth in the future for the period until the next
Iinspecting by getting used, and using the maximum corrosion rating requested from the

result of a measurement of the continuous board thickness metrology etc. The



minimum board thickness part after it repairs of each makes the corrosion thinning
[shinai] years a period until the next inspecting from the minimum thickness that
hangs to 17 of the Articles 4 of notification exceeding 3mm. However, when a period
concerned exceeds 15 years, 15 years are made a period until the next opening.
(2)Corrosion rating
The corrosion rating divides at intervals of the shut down inspection and requests the
difference of the corrosion depth while it opens last time and it opens it this time. When
the continuous board thickness data by the ultrasonic method requests the back
corrosion speed when there is an amount twice, necessary data is shown in Table 4.2.1.
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of the corrosion depth and parts of 1.5mm or more in the corrosion depth) parts (The
size of one place is assumed to be ¢120mm) where the back corrosion depth was large.

- 2: The performance of the weighing device is £30mm the positional detection accuracy
on 900mm the test piece length ..monotonous.., and is thought for reproducibility at the
corrosion position to have to expect about the twice the positional detection accuracy of
the device , considering the condition of the site like undulation and the length etc. of
the traverse line of the board in the site operation. That is, it is necessary to think about
@120mm to search out the part where corrosion was intense from the last measuring
data surely this time. Reference?The example when surroundings ¢120mm in the
intense back corrosion part requested from the continuous board thickness data from
seven are considered is shown.

- 3: When the board thickness data of the part extracted by ? is not obtained by the last
no display part (Iess than 60mmx60mm) etc. , the board thickness of a part concerned is
assumed to be initial board thickness that considers the allowance that lies board

thickness. Moreover, when the measuring method when opening it last time is a fixed



point metrology, and the detailed measurement data of 30mm pitch is obtained in a part
concerned, the detailed concerned, measurement data can be used.

- 4: Years of last time and opening this time of the interval are the last date inspecteds
and this date inspecteds.

?Each corrosion rating of part to which [niyori] was extracted?It requests by + ?
(mm/year), and the maximum value in that is assumed to be the back corrosion speed of
the tank to calculate the time of open of next time. When the back corrosion speed is
requested, thinning by the factor that doesn't depend on corrosion it doesn't treat the
clear one as corrosion depth including cutting down by strike [kizu] and the grinder etc.
Does the inside corrosion speed extract big high rank of the one ten places of the
corrosion depth and parts of 1.5mm or more in the corrosion depth of the inside
corrosion part of opening this time, assume the difference (When the corrosion depth
when inspecting it last time is an uncertainty, it is assumed 0) with the corrosion depth
when inspecting it last time of each part to be inside corrosion depth for the corrosion
speed calculation, and : the maximum value in that?[De] crack is requested.

After the corrosion rating is requested by the above-mentioned method, the maximum
corrosion rating is requested by the following method.

+ The maximum value at the back corrosion speed calculated from result of a
measurement of continuous board thickness metrology when appropriate coating is
constructed to tank interior

-When the coating is not constructed to the tank interior

Either of of the maximum values of corrosion rating of the maximum value at calculated
the back corrosion speed and inside corrosion part (corrosion rating that considers both
when the back corrosion exists in part concerned) value that ..largeness.. becomes it

from result of a measurement of continuous board thickness metrology

(3)Continuous board thickness metrology

The continuous board thickness metrology is assumed that the bottom board almost
measures everything following 30mm intervals considering the resolution of the
weighing device operated now. Moreover, the part where the measurement with the
device by the continuous board thickness metrology is impossible is generated in an
actual tank so that the obstacle etc. may exist. It is assumed that it measures it by the
manual operation as a rule at intervals of 30milli or less in such a part. However, the
measurement is extremely difficult, and because the area is limited, the measurement
by the manual operation is not needed about the following part.

? Defective part of surrounding ? measurements of protective plate and protective plate



(Investigate the cause of the loss, and execute the remeasuring by the continuous board
thickness metrology . For the area of less than 60mmx60mm in the measurement loss
part after the cause is confirmed).

*The measurement by the continuous board thickness metrology has already been done.
The total of the area within the range of the fixed point measurement (The
above-mentioned [ni] excludes the lying one) in the equipment concerned neighborhood
considers the one that the fixed point measurement is done in the attached equipment
neighborhood such as the receiving payment piping and the vicinity of the water pulling
out for the measurement by the continuous board thickness metrology to have been
done only as for the one that is 1% or less of the entire bottom board. When the
inspection cycle is extended, the board thickness when opening it last time is considered
that there was no back corrosion, and assumed to be initial board thickness by using the
continuous board thickness metrology because it is not possible to compare it with the
continuous board thickness data when opening it this time when the data when opening
it last time is a fixed point metrology. Initial board thickness considers the allowance
that lies the board thickness of the board of the part extracted from the continuous

board thickness data concerned.

4 .3Idea of calculation method of cycle

4.3.1 Upper bound value at the back corrosion speed

In the tank etc. where the design board thickness is thicker than the minimum
thickness provided in 17 of the Articles 4 of notification, it is thought that there is the
one that the remainder board thickness to the management board thickness is large
even if the corrosion rating is large, and it becomes possible to extend the security
inspection cycle for eight years in such the one though remarkable corrosion has been
received.

For this case, because the board thickness at the time of a little opening next time even
if comparatively changing changes greatly, the back corrosion speed might not be able to
mortgage safety.

Moreover, there is a case where an abnormal corrosion rating is measured on the back of
the bottom of the new law tank like the description by 2.5.2, too and it is necessary to
set the upper bound value to confirm progress on the condition the back corrosion's
being usually thought about the tank where the inspection cycle is extended.

It is suitable to refer to an average value to confirm progress on the condition corrode
being usually thought by the value at the back corrosion speed.

The mean value at the back corrosion speed based on the fixed point metrology was



0.051mm in the bottom plate/year (2.5 references) of [anyural board 0.058mm/year.

It is thought that this extent is an average to an actual back corrosion speed of the tank
by each becoming 0.19mm/year during 0.17mm/year if the ratio of the maximum both
corrosion depth ([anyural board 2.9 and bottom plate 3.8 from Table 4.1.1) to the back
corrosion depth obtained from the analysis of the corrosion depth by the fixed point
metrology and the corrosion depth by the continuous board thickness metrology for
these is put. The upper bound at the back corrosion speed was assumed to be
0.2mm/year considering the accuracy of the analysis.

4.3.2 Management board thickness value

The hydraulic pressure, a residual stress by the welding, a local subsidence of the base,
the bend stress by the uneven settlement, and power of coming to the surface due to the
earthquake, etc. act on the bottom board. Minimum thickness to a present [anyural
board and the bottom plate assumes to corrode because of the one provided aiming at
installing on the elastic deformation for the seismic ground motion of about six in the
seismic intensity and is 1 including 3mm. )Corroding because extending the inspection
of open cycle increases the uncertainty to the corrosion depth and changing at the same
time as the furnace's extending at the cycle might greatly decrease safety, and it is not
suitable to change the management board thickness (Minimum thickness ? must
corrode).

4.3.3 The back corrosion

As for the one large the back corrosion depth having been reported, Figure 4.3.1 is
seeing of the back corrosion speed (one by the fixed point metrology) at the time of each
opening of an individual tank (Figure 2.5.4 and Figure 2.5.5 re-[**]) among the new law
tanks. It is difficult to understand the corrosion rating of each times of open has
changed from this figure, and to obtain the upper bound of the change ratio objectively.
The change, the base of deterioration in the back anti-corrosion measures, deterioration
in the rain water going into it preventive measure, and the storing temperature, and
changes in the contact situation with the bottom board, etc. are actually thought as a
factor that the back corrosion speed changes.

On the other hand, the back corrosion speed requested from this figure by the fixed
point metrology in the normal temperature tank has been installed within the range of
0.4mm or less/year. It is assumed that it is 0.4mm or less/year even if the back corrosion
speed changes when the object tank of the extension of the inspection cycle examined
this time is made a normal temperature tank whose upper bound value at the back
corrosion speed measured by the continuous board thickness metrology is 0.2mm/year.

Even if the situation with low possibility that the back corrosion of 0.4mm/year



continues for 15 years that are the upper bounds for the extension period is developed,
the back corrosion depth of 15 years is 6mm. Even if the situation with lower
possibility that such a situation occurs in the minimum board thickness part in the tank
where there is board thickness near the minimum value 9mm of the management by
objectives board thickness in the bottom plate and the back corrosion speed till then is
low is assumed, the remaining board thickness of 3mm or more can be secured. The
situation is assumed according to the trial calculation ..low.. result of the probabilistic
assessment of cycle fatigue fracture of the local corrosion part (Table 3.4.1) very the
possibility low to begin with though safety in this board thickness when progressing
corrosion is to ditch it cannot be confirmed. And, you may think that it can secure
safety within the reasonable range because it remarkably assumes the tough going, that

the large-scale earthquake occurs in the end at the cycle of open.
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(attention)It is not the one to show the entire tendency because the one that the board
was substituted neither the one nor the corrosion depth's with small corrosion depth

being measured is not included.
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4.3.4 Inside corrosion speed.

As for the one large the inside corrosion depth having been reported, Figure 4.3.2 is
seeing of the inside corrosion speed at the time of each opening of an individual tank
(Figure 2.4.5 and Figure 2.4.6 re-[**]) among the new law tanks. It is not included that

the coating was constructed when opening is inspected about the clear one because
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there is no compared meanings. The change of each times of open of the inside corrosion
speed is intense from this figure, and the tank that can be applied when the corrosion
rating when opening it last time will open it next time is limited. It is at the following
either that is thought that the inside corrosion speed until the next opening can
presume in accuracy good [ku] the idea that inside corrosion hardly progresses.

[A]l. When the inside corrosion prevention function of the coating is maintained

[I]. It is a tank where the coating that stores contents with a very low causticity is not
constructed, and when the factor that influences the inside corrosion environment by
the o1l temperature and the moisture management, etc. is changeless

It is clarified that the coating constructed by the coating indicator doesn't flake off
easily though big inside corrosion of the corrosion rating might be caused in the tank
where the coating was constructed when the coating flakes off. [A]l. It is suitable to
drink and to confirm the coating is maintained excellently when it is assumed that it
was constructed by the coating indicator, and the performance more than the equal to it
is possessed, and opens the tank. [I]. Assuming that it is a tank without the coating, and
the inside corrosion speed will be 0.1mm or less in 2 in Kon opening or more/year soon

drinking is suitable.
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(attention)It is not the one to show the entire tendency because the one that the board
was substituted neither the one nor the corrosion depth's with small corrosion depth
being measured is not included. Inside thinning that doesn't depend on corrosion like

9 4.3.2 1A B PR O N TS AU L 2 [ B RSO N BB () RO2
151 B A0 P TS Rl & 3 [ BB 0 I T ke ()



[1]. It considered it drinking as follows. The corrosion rating is even if it is managed in
the tank such as petrochemicals so that the causticity of contents is low, and the
corrosion element should not mix, and there is no coating and there is the extremely
small one as results. Table 4.3.2 is a summary of the inside corrosion speed when
opening it in contents, the capacity of the tank where the coating has never been done in
the past, and the past. The inside corrosion speed was requested from the maximum,
inside corrosion depth when the inside corrosion depth of less than meat vigor standard
when opening it last time and opening it this time, and thinning caused by the strike
wound is included in the inside corrosion depth. A bigger corrosion rating of the
[anyura] board or the bottom plates was described.

Something thought that the causticity such as crude oil is high is seen in Table 4.3.2,
and the inside corrosion speed is seen with the petrochemical etc. while it is and the
extremely low one is seen continuously. For instance, a yellow net showed the one that
the corrosion rating of 0.1mm or less/year continued two times by disregarding. It can
be expected that it is extremely low about such a tank the change in the change in
contents, changes in the storing temperature, and the moisture management conditions
etc. as the corrosion rating until the next opening continues. Whats shown in orange
soon will be the corrosion ratings of 0.1mm or less/year the corrosion rating of 2 times in
Kon, and be increases of the corrosion ratings to the 3rd times more than 0.1mm/year. It
1s a tank of the floatage roof type on, and the moisture management condition is bad of
three cases. The second is a warming tank, and the erosive environment is severe. The
inspection cycle extension excludes the floatage roof type tank and the warming tank
and these two can be excluded. The third case can secure safety because it has fallen
below the upper bound value 0.2mm of the speed of the corrosion of results of the tank
where and 0.15mm/decision method of this cycle are assumed to be applicable/year

though deteriorated the corrosion rating.
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4.3.5 Upper bound year of inspection cycle

It is necessary to inspect health in the weld every certain period and to provide for the
upper bound of the cycle to a large-scale accident when changing greatly by the
corrosion rating though it is comparatively low for two purposes when the security
inspection cycle is extended it is possible to extend. the possibility ..doing a necessary
repair.. make it not arrive

In 3.5, the crack of nine welds is found in the tank of 102 new laws of 10,000 kiloliters or
more in capacity, and it is understood that a weld inspection is necessary every certain
period. Moreover, the outflow accident that originates in the crack in the new law tank

doesn't happen in the tank from 1,000 kiloliters in capacity to less than 10,000 kiloliters



though the crack is found by two in 14 though the population parameter is few.

Old law tank this crack find past..weld..break..accident..generate..new
law..tank..use..weld in a butt joint..old law..tank..use..fillet
welding..weld..reliability..high..general..say..old law..tank..board thickness..thick..new
law..tank..weld..thickness..old law..tank..thick..become..capacity..tank..tank..height.
Capacity..tank..height..hardly..change..hydraulic pressure..stress
fluctuation..big..differ..provide..capacity..small..tank..one..change..frequency..high..assu
me..based on..new
law..tank..corrosion..progress..slow..one..weld..inspection..interval..capacity..new
law..tank..as well as..upper bound..safety..large..ruin..think.

Moreover, the back corrosion progresses abnormally by some causes like deterioration
in the back anti-corrosion measures and deterioration in the rain water going into it
preventive measure, etc. It is as describing by 4.3.3 to be able to secure safety by
assuming 15 years to be an upper bound even if the situation with very low possibility
that the corrosion rating abnormally grows than the past back corrosion speed used to
calculate at the cycle is generated by any chance within the reasonable range. It is

suitable to set the upper bound year of 15 years from the above-mentioned.

4.3.6 Corrosion environment

The size and the change degree of the corrosion rating grow like being clarified when
the back corrosion speed and the inside corrosion speed are examined in the warming
tank. The trouble of the coating thought to originate in this is reported (for instance,
5.5.2(3)). Moreover, the temperature in the management temperature and the vicinity
of the heater of contents : though sets up in the tank of the heater coil when it hits the
warming of the tank though was clarified of there is danger of showing a big corrosion
rating in the warming tank like this ..the idea of differing, and becoming a high
temperature partially around the heater.. ..(.. The one that calefactory is stored is
assumed to be exclusion from the object of the extension of the cycle based on the
forecast of the corrosion rating in this examination because neither the finding nor data
that the corrosion rating can be suppressed small have been accumulated if lecturing on
some measures.

Moreover, it might influence the corrosion rating when there are a change in the storing
temperature and a change in the back anti-corrosion measures etc. , and when being
open it next time, it is corrosion depth that neither the storage condition nor the
structure that influences the occurrence of corrosion from will not greatly change Kon's

corrosion rating soon important change about accuracy [yokul [o] fixed [surutamenil.



4.3.4 [il. It corresponds about the one that [ni] corresponds in the storage condition from
important the causticity of contents changeless from which the change in the change
(Change in the amount of the corrosion element in crude oil) in contents and the

moisture management conditions also changes the corrosion rating.

4.3.7 Operation and maintenance in the entire tank

In the measures for security necessary to extend a present security inspection cycle,
measures to the accident factors other than corrosion is assumed to be a requirement
(Refer to Table 2.1.1). To secure the safety of the tank, it should be assumed the
condition also for the requirement that lies structural healthy to extend the cycle to say
nothing of health in the weld in addition to the matter concerning corrosion though the
matter concerning corrosion was mainly arranged in the ideal way at the inspection
cycle examined in 4.2.3. In a word, it should be assumed to the one of the measures in
the present system for security that hangs next the requirement in the decision method
of the cycle proposes this time.

?It causes a past accident case, and the residual stress by coming to the surface and the
welding of the transformation of the tank bottom by a local subsidence of the tank
foundation and the bottom board from the base etc. want to suppress the fear of the
accident to low, and should provide for the requirement for repairing methods of the
tank etc. for these. Is a regulated content a reference?This content is 3 that is the
summary because of making such as the tank manufacturers a general standard of
repairing methods of the outdoor storage tank as shown in six. )

?The uneven settlement of the base provides for this requirement because it comes to
become a factor that an excessive stress is generated in the corner corner part of the
tank and to increase the fear of the accident of influencing harmfully to the structure of
the tank.

?Tank..use..ground..bearing
capacity..shortage..pass..age..tank..subside..tank..structure..adverse
effect..reach..accident..fear..increase..have..become..this..requirement..provide.

?The outflow accident from the tank also has the case generated by the aged
deterioration of attached equipment of the shroud and the drain piping, etc.It is not
provided to mortgage health by a public inspection as described by 2.6.5 about a shroud,
a roof, and attached equipment, and the operation and maintenance has been entrusted
to them by the owner etc. of the tank. It provides for this requirement to suppress the
fear of the outflow accident of the tank to low because the approach situation of

independent security by the office etc. is also indispensable.



4.3.8 Proposed object tank of cycle

In the examination of the calculation method of the cycle described above, it paid
attention to the exquisite clarification of the situation of the back corrosion by the
continuous board thickness metrology compared with a past inspection method, and the
matter concerning board thickness was examined. It is possible to extend to the
preceding clause at the cycle if board thickness can be managed by the description
method because the adequate security is secured about factors other than corrosion in
the generation factor of the accident arranged by 2.6.3 if it is the first stage standard
tank of the new law tank and the old law with safety maintained. On the other hand, if
a present cycle is extended, an enough finding has not been accumulated about factors
other than corrosion in the generation factor of the accident arranged by 2.6.3 now
though the examination is necessary though an old law new standard tank is assumed
to be a present basic cycle seven years (The one that the measures for security is taken
is 8?10). A new law tank and the first standard tank of the old law are made a preceding
clause from the above-mentioned with the application object of the described cycle

extension at this study committee.

4.3.9 Summary

This chapter examined the ideal way at the security inspection cycle based on the
evaluation of the continuous board thickness metrology. As a result, it proposes the
decision method of the cycle as shown in the following table in consideration of the
ensuring safety to the secular distortion etc. of the corrosion rating on the period of the
inspection of the weld that cannot be inspected by the continuous board thickness

metrology, the inside of the tank bottom, and the back.
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4.3.10 Promotion of main security

It 1s extremely important not to increase a dangerous occurrence of the outflow accident
even if the security inspection cycle is extended as described by 4.2.1. Therefore, when
the security inspection cycle is extended, it is necessary to note the following matter
especially.

?Settling on the check standard to prevent the accident that originates in the aged
deterioration of attached equipment of the shroud and the drain piping, etc. as shown in
above-mentioned (4.3.7?) and executing it appropriately are important.

?The realities of the corrosion of the bottom board of the tank cannot necessarily be
understood enough. It is important to do the realities analysis and the cause
investigation of corrosion, and to share a result concerned about the board that
corrosion is intense as 2.4.1 and as many as 2.5.2 were described to secure the safety of
the tank when repairing.

It is extremely important to continue the examination of the requirement for the
extension of the ideal way of the security inspection and the cycle by accumulating data

promoting the approach of such independent security.
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Chapter 5 The life of inside protection coating

An inside coating is one of the requirements as the measures for security for 13 years
the longest cycle of the security inspection of the outdoor tank reservoir where
dangerous articles of the liquid of 10,000 kiloliters or more in capacity are stored now.
About the life of this inside coating paint film, data like results etc. was accumulated,
and it came to examine whether the life of the coating paint film was able to be
extended without decreasing safety though it was used exceeding this years in recent
years assumed to be 20 years ("Coating indicator": fire fighting [abunal No.74 on
September 1, 1994) and was healthy. Therefore, the repair history data of the
temperature inclination soaking examination, the site investigation, and the coating
paint film was collected, analyzed, and the life was reviewed.

The examination followed the glass flakes coating (Hereafter, it is said, "GF coating"). It
1s because the GF coating is most as the coating given as the realities in the new law
tank though the GF coating or the fiberglass-reinforced plastic lining is a requirement
(2 of two of the ministerial ordinance of Article 62 concerning the restriction of
dangerous articles) in the new law tank of the examination object in this for the cycle
extension. When a past GF coating is examined, "Bisphenol system vinyl ester resin" is
generally used from the use of "Bisphenol system vinyl ester resin" instead of this term
in this report now though the term "[Epibisu] system vinyl ester resin" is used.

5.1. 2,001 fiscal year?Examination 1 done in 14 fiscal year) 2) 3)

The examination of the life of the coating paint film was done by the investigation of the
deterioration situation of the inside coating paint film, the collecting data in a real tank,
and the experiment. It is 2 to be arranged to the infiltration of moisture, the swelling by
the solvent element, and the swelling by the acid element and the resolution
deterioration, and the swelling the degradation phenomenon that has been actually
actualized, and to influence a lot as this cause as the deterioration factor of the paint
film thought to be a moisture element. )Six kinds of examinations (steam permeability
measurement, temperature inclination soaking examination, solvent soaking
examination, acid liquid soaking examination, and solvent + acid liquid soaking
examination (thin acetic acid/BTX solvent) and solvent + acid liquid soaking
examination (acetic acid/benzene)) are done about the evaluation of the durability of the
inside coating paint film. 3 to obtain conclusion "It is also possible to verify the
performance between long terms or more by accumulating the results data of the
durability of the coating with a real tank by examining the temperature inclination

soaking to presume the durability limit of paints (40°C/20°C), applying to the working



curve that makes days until generating the swelling an expression, and calculating the
service life when it is possible to correspond and it is the future".)

The durability test on paints made by paints and the latest technology of a tank inside
coating that has results for about 20 years is executed, and the test methodology is
verified and lie durability the applicability of the working curve is confirmed in 2002
fiscal year. The outline of the temperature inclination soaking examination of the
durability tests is shown below.

(1)Test methodology?Three kinds of the vinyl ester resin glass flakes paints adjustment
goods for sample [a] examination

*The one that bisphenol system vinyl ester resin (Hereafter, it is said, "BV resin") was
used.

The one that novolac system vinyl ester resin (Hereafter, it is said, "NV resin") was
used.

+One kind of the results already-known vinyl ester resin glass flakes paints, that is, one
(Hereafter, it marks, and the compounding ratio rate is marked with % behind each
resin , saying that "BV resin/NV resin") [i] past to have used the BV resin together with
the NV resin?It was examined by four kinds of the examination method paints (three
kinds of the adjustment goods and past one kind of a results already-known material for
the examination) and two levels (400,700pm) in the film thickness and two kinds (40°C
/120°C,70°C/30°C) of the liquid temperature of soaking degree condition.

?Measurement and record item

Testing condition (70°C/30°C) continued the soaking examination to testing condition
(40°C/20°C) for 30 days for the period until the swelling was generated in all the paint
film test pieces. The paint film interfacestute after the measurement of the electrical
resistance value and the electrostatic capacity of adhesiveness and the paint film and
the examinations end is observed.

(2)Test outcome?Examination result [a] film thickness 400 u m test piece in testing
condition (40°C/20°C)

([a)Days until generating swelling

The swelling of four test pieces (BV resin GF coating paints and BV resin/NV resin GF
coating paints, NV resin GF coating paints, and already-known paints of results) was
both generated during the 97th day. It was analogized that the swelling had been
generated between the 93rd day and the 97th day because the observation day before
the day 97 was a day 92.

([i)Presumption at swelling generation years that uses working curve *

In the investigation examination in 2001 fiscal year, it was admitted that it was roughly



corresponding at the generation years of the swelling that applied the generation time
of the swelling in the generation years of the swelling of the paint film in a real tank
and the temperature inclination soaking examination to the working curve and
requested it.

([aDIt was thought that durability was possessed for about 20 years because it became
18?25 year when days until generating the swelling to [de] presumption were assumed
the shortest the 93rd, it applied to the example of the working curve made an

expression, and years until generating the swelling were presumed.

*

About the working curve
The working curve shows the correlation until time by the temperature
inclination soaking examination until generating the swelling and generating the
swelling in a real environment about the test piece made at identical terms, and

the working curve used by this investigation examination is the one made based
on the test data done in the past.

The working curve used by this investigation examination exposed the paint film
of the sluice to seawater, and was made based on days until generating the

swelling of obtaining by years and the temperature inclination soaking
examination where the swelling of the paint film was generated.

[I] film thickness 700pum test piece

([a])Days until generating swelling

NV resin GF coating paints and a results already-known paints were analogized to have
generated the swelling between the 98th day and the 110th day. BV resin GF coating
paints were analogized to have generated the swelling in the 130th day from the 111st
day. The swelling was not generated though 151 days passed about BV resin/NV resin
GF coating paints.

([iDPresumption at swelling generation years that uses working curve

- It was thought that durability that exceeded 20 years was possessed because it became
19727 year when days until generating the swelling of the presumption it was ahead
([a]) as for NV resin GF coating paints and a results already-known paints were
assumed the shortest the 98th, it applied to the example of the working curve made an
expression, and years until generating the swelling were presumed.

-1t was thought that durability that exceeded 25 years was possessed about BV resin
GF coating paints because it became 23?31 year when days until generating the

swelling of the presumption ahead ([a]) were assumed to be the shortest 111 days, it



applied to the example of the working curve made an expression, and years until
generating the swelling were presumed.

-It was presumed to have durability that exceeded 30 years because it became 33?746
year when it was assumed that the swelling had been generated from no generation of
the swelling about BV resin/NV resin GF coating paints on the 152nd though 151 days

passed, and presumed years until generating the swelling.

5.1. 2,011 fiscal year 4)
It examines it by investigating the deterioration of BV resin GF coating paint film that
executes the temperature inclination soaking examination with the test piece that
changes the resin composition and the film thickness to confirm the kind of the resin
composition and the relation between the film thickness and the life and used it for 25
years or more in a real tank, and using the results of these for the weigh-in of [senl]
making.
(1)Temperature inclination soaking examination
Kind of..paints..film..thickness..level..total..test piece..make..thermal
gradient..soak..examination.Chiefly of the examination item, ..the external observation
of the paint film (It is observed to crack ..the swelling..).., after before the maceration, it
bends and it examines it the adhesion measurement, the hardness determination, the
1impact test, and the impedance measurement. It observes for 75 days after it begins to
soak it every ten days, and it has executed it for 179 days. The outline of the soaking
examination is shown below.
?Test methodology
[A] sample and test methodology
([aDKind and film thickness of examination paints
Each of one test piece with the resin composition and the film thickness different was
made by using BV resin GF coating paints and BV resin/NV resin GF coating paints.
The kind of the made test piece : as shown in Table 5.1.1.

#5.1.1 BT OFEE
PEE(pm) | OBVHEE | @B VEE70% | @B VLG 30% | @B Vs 20%
/' NVH#E 30% | /NVIHE 70% | /N VI 80%

400 Al B1 C1 D1
700 A2 B2 C2 D2
1000 A3 B3 C3 D3

1500 A4 B4 C4 D4




(note 1)A1?D4 shows the sign of the test piece.

(note 2)The glass flakes content was drunk and assumed 20 %(Wt%) in the resin paints.

([iD Test methodology
-Soak solution: Water
- Temperature 40°C/20°C

[I] measurement and record item

The paint film externals visual inspection is done every ten days on the 75th soaking
examination day of 179 days the soaking period, and abnormalities of the swelling and
the crack, etc. are confirmed with the unassisted eye. The physical properties
examination (adhesion power examination, hardness determination, impact test, and
impedance measurement) is executed before and after another and the soaking
examination of the externals visual inspection. Moreover, the bend examination is
executed after soaking is examined, and the moisture regime under the paint film and

the confirmation of the corrosion situation are executed.

?Examination result [a] external observation

The swelling had been generated in Al, A2, C1, and the D1 test piece by the initial
observation of the 75th day. The swelling was generated in the test piece of B1 on the
98th day. Table 5.1.2 shows days from which the generation of the swelling is confirmed.
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(2)Paint film deterioration investigation of real tank
To examine the relation to the deterioration of the film thickness and the paint film, the
deterioration of BV resin GF coating paint film of the real tank (3) used by about 26

years is investigated.

?Search procedure
After the visual inspection and the film thickness measurement were executed
centering on the paint film from construction, it rusted, it peeled off, it cracked, and the
generation part such as the swellings was extracted, the bottom board was classified
into division into four according to the swelling situation of the occurrence. Range
(0.5mx0.5m) of the observation from the division into 4 to each division 2 places was
selected, and the state observation of the selected range under the film thickness
measurement, the adhesion power examination, the impedance measurement, the
hardness determination, and the paint film was executed.
The situation of the occurrence of the swelling assumes the following to be division into
four according to the area ratio of the swelling.

A:(0%).B:(0?0.1%). C:(0.1?0.3%).D:(0.3%?)

?Result of the survey

The film thickness used to be uniform in the [a] investigation tank, and a plain relation
was not seen in the film thickness and the situation of the occurrence of the swelling.
(The tendency was seen a little in one. )Neither C nor D that the number of [i] swelling
generation is a lot of have arrived at the corrosion of a remarkable steel material though
were observed a part of black rust under the paint film.

It was confirmed that the swelling phenomenon was maintained the healthy condition
by about 26 years by 87% or more of the paint film when [u] was constructed, and did
not exist moreover in the state that tended to concentrate on a certain direction of the
tank bottom board partially, to be generated, and to lie scattered in the whole.

The repair is properly performed at the time of each opening, and it has been
understood that the problem of the swelling that originates on the paints side if it is
average film thickness 800pm level and is generated is few from the above-mentioned in
the real tank paint film used about 26 years. The generation factor of a constant level of
the swelling partially generated was thought for the possibility to be able to narrow to
exist depending on extracting the problem on the environment when constructing it and

the environment when using it.



(3)Result of review concerning making working curve

The result of review to make the working curve of the GF coating paints was as follows.
?It is necessary to fix accurate swelling generation days about the temperature
inclination soaking examination about the test piece of 400pm and 700pm (BV resin GF
coating paint film). It was proposed that the one of real tanks used at the normal
temperature execute the examination paying attention to this resin composition
because there were a lot of one of the BV resin composition.

?In investigation of actual conditions, the thickness distribution is almost 700pm? in
the investigated tank. It was a range of 1,000pm, and to make the working curve by
using this data, it was proposed to investigate the tank constructed by average film

thickness 400pm in BV resin GF coating paints.

5.1.3 Review method in this fiscal year

It was assumed that 40°C/20°C temperature inclination soaking examination was
executed to receive the result of review of 5.1.1 and 5.1.2, and to obtain the test data
assumed to be a problem at current year. Moreover, collecting the paint film
deterioration situation of the bottom coating of real film thickness 400pm level was
investigated to evaluate the life of the paint film in a real tank, and the repair results

data of the GF coating of a real tank was analyzed.
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report book on evaluation of coating of outdoor storage tank at the life and March, 2010



5.2Temperature inclination soaking examination of test piece that gives the glass flakes
coating
To contribute to the examination of BV resin GF coating paint film at the life, the
temperature inclination soaking examination that changes the film thickness and the
resin composition of the paint film is done. The externals observation frequency was
executed to understand accurate swelling generation days every five days, and the
number of test pieces was assumed to be three when examining it.
5.2.1 Temperature inclination soaking examination method
(1)Examination period
Two in June, 2010?September 10, 2010 (100 days)
(2)Examination sample?Kind of examination paints

A:BV resin GF coating paints

B:GF coating paints by mixing BV resin 70%/NV resin 30%
?Kind and sign of test piece
Table 5.2.1 shows the kind and the sign of the test piece.

#*5.2.1 HETOMIHL LS

B V#thg 70% .,
PR (1 m) B V#iiE 100%
- nE N Vg 30%
400 Al-1~3 B1-1~3
700 A2-1~3 _

(note 1)The sign such as A1-1 in the table is a name of the test piece.
(note 2)The glass flakes content was assumed to be 20wt% within the range of content
(15?727%) of the glass flakes that existed in "Indicator concerning the coating" referring

to contents of manufacturers.

(3)Making of test piece

The test piece was made for 2009 fiscal year in a similar way, and the surface-roughness
was measured at current year.

?Material: SS400 Sand blast processing (Processing grade; ISO 8501-1 Sa3 and abrasive
material; 46 alumina meshes and surface-roughnesses RZ:207221m) ? size: 150x70x3.
2 the kind and two kinds of the mm ? test piece of the number of sheets [a] paints: A and
two levels in B [i] film thickness: A:400pm, 700pm, and B:400um [u] test piece or more
n: 3(nine pieces in total) The examination paints (painting on first coating +) were
painted on the surface of [a] of the method of making ? test piece so that the dry film
might become a prescribed film thickness. To become 300?350pm by the epoxy resin

paint, the back was painted. The board surrounding was painted to come in succession



in the paint film in the inside and outside by about 5mm, it wrapped, and the leaving
dryness was done at the normal temperature for seven days.
The first coating diluted 2% and painted the brush, and 1% was diluted and the GF
coating was painted in [earesusupure-] (60:1 compared with 163-531 and 1st chip
pressure 3.5kg/cm2 and the pump). It was assumed one day layer, and painted with
23°C in temperature and humidity 60%RH or less.
[I] film thickness and painting frequency
-400 1 m:3 time paint
-700 1 m:4 time paint
After it had painted, the film thickness was measured by 100 points of each test piece.
?Test piece making record and film thickness measurement result
Tables 5.2.2 and 5.2.3 show the record concerning the test piece making.

#5.2.2 BILE TGS

HER AR FHE AL R (pm) T8 @A B TS B =/EH

Al B V5 400 517 5/10 5/11
A2 100% 700 517 5/10 5/11 5/12

B V#iliE 70%
B1 /' NV #iig 400 5/7 5/10 5/11

30%
i EZ (C) 22 22 23 23
2 (%) 50 50 60 55

(note)The back: 5/17 and edge painting 5/18 of ..painting.. ..5/13.. further the second
5/14 layers in case of epoxy resin paint (total 350pm)

#5.2.3 RBABEATEERE U LH7=0 ORIES 100 HFT)

R AR HE I RELEK: BEE (pm) [ (um) | B/b (pm) | K (pm) | EHERFEZE (vm)
Al-1 538 425 680 67.3
Al1-2 400 535 411 687 69.0
A1-3 B V #ths 535 421 680 59.6
A2-1 100% 837 703 954 65.9
A2-2 700 832 711 950 58.4
A2-3 829 710 946 49.2
B1-1 538 412 728 69.7

B V#iHE 70%,
B1-2 400 538 422 723 68.6
N V#ihiE 30%
B1-3 534 408 684 66.9




(4)Temperature inclination soaking examination machine?Figure 5.2.1 shows the
installation position of the outline temperature inclination soaking examination
machine and the test piece of the temperature inclination soaking examination machine.
The maceration water used tap water.
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?Temperature management under examination

Temperature conditions were assumed to be 40°C on the surface side and 20°C on the
back side. The temperature measurement record of 100 days was *=1.0°C, and the
change of the temperature was a range of the target. Moreover, it is judged that the
difference and bias of the temperature by the installation position are hardly seen, and

this examination was done under an excellent management situation.



(5)Observation and evaluation. It observed, it evaluated every observation frequency
five days, and the observation by the WG committee was executed properly.
?Evaluation and taking a picture of swelling

It observed, it evaluated with the unassisted eye, and it took a picture of the swelling of
the paint film (size of presence and the swelling) and the cracks, etc. immediately after
the temperature inclination examination machine was drained.

Definition of [a] swelling

The phenomenon of partially of the paint film coming between the parent material
surface or the paint film layers to the surface is said the swelling.

(1] criterion

It evaluates it as shown in Table 5.2.4 based on ASTM D714-02 "Standard testing

method to evaluate extent to be able to do the blister of paints".

#5.24 O

iy
F M MD D
K&
8 O O X X
6 O X X X
4 X X X X
2 X X X X

O 1 NS WIEN D T2 DfifgRE T & 72 Vi
X 1 N ORERRA T X L HiH

(6)Physical properties examination

The external observation of the temperature inclination soaking examination and the
physical properties examination after the temperature inclination soaking examination
had ended were done according to the following procedure.

?External observation of paint film

The swelling of the paint film (size and density of presence and the swelling) and
abnormalities of the crack etc. were observed in the naked eye according to the following
procedure.

The tank in the [a] temperature inclination examination machine is drained, and the
installation frame is taken out.

The test piece is detached at once, and [i] is soaked in 40°C warm water before it dries.

One [u] test piece is taken out, it observes in a first of all wet state, paper Wess wipes



moisture off next, the light is applied from side, and the swelling etc. are observed.
When the swelling is confirmed while observing [e], outer of the swelling is marked with
the pencil.

Because it becomes impossible to dent, and to confirm the swelling while observing [o],
the work of [ul and [e] is continuously done.

ASTM D714-02 standard photograph is used, evaluated, and the size and the density of
the [kama-kuled swelling are recorded.

?Adhesion measurement ([puruoful method)

After externals had been observed, adhesiveness only by a vertical [hi] tension ..cocking..
was evaluated with [hal examination machine (model 106-2) to measure the adhesion
power of the paint film after the soaking examination had ended.

?Hardness determination (bar col sclerometer)After externals had been observed after
the soaking examination had ended, the hardness of the paint film was evaluated with
the bar col sclerometer (934-1 types) to measure the hardness of the paint film.

?Impact test (Dupon type impact test)

Peeling off and the crack after the harpoon (500g in 6.35mm in the radius X300mm in
height x mass) was dropped to the paint film under a constant condition after the
soaking examination ended to evaluate the shock strength-proof of the paint film and it
transformed it were confirmed.

?Impedance measurement

After the soaking examination had ended, the impedance measurement (It measured
the exchange resistance and the capacitance value and was a change into the frequency
or a change with the lapse of time of resistance) was done to evaluate the degradation
level of the paint film quantitatively.

?Bend examination

The test piece was bent to confirm the influence of the moisture that infiltrated into the
paint film and moisture that reached the flux line after the soaking examination had
ended, the paint film was peeled off compulsorily, and the state under the paint film was
observed with the unassisted eye.

The test piece did one remainder by making 4 pieces, and using 3 pieces for the soaking
examination, and it drank and [tame] effect was done without doing the soaking
examination for an initial paint film physical properties value measurement. The test
outcome of this test piece is expressed as follows as an initial value of each physical

properties value.



5.2.2 Temperature inclination soaking examination result

Is the temperature inclination soaking test data a reference?Eight references
(1)Outline of externals observation result

Table 5.2.5 shows the externals observation result list.

?0ne swelling was confirmed to Al-1, A1-3 (BV resin and film thickness 400um), and
A2-3 (BV resin and film thickness 700pm) respectively by the observation of 55 days
after the start of the examination. The swelling was confirmed to A1-2 and A2-2 during
the 58th day, and the swelling by 1 piece was confirmed to B1-3 (BV resin 70%/NV resin
30% and film thickness 400pm) during the 65th day. A2-1 was confirmed on the 70th
day afterwards, the swelling was confirmed to B1-2, the swelling was confirmed as for
B1-1 on the 85th day, and the swelling was admitted in all test pieces (The test piece
observation situation photograph is published in the reference).

?The number of swelling generation of the 100th days was A1:9?17 piece and A2:8 (12
on the average)(8 on the average) piece and B1:5?7 (6 on the average) pieces, and there
were a lot of A1, and A2 and B1 showed few tendencies. Refer to Figure 5.2.2 for the
relations between the swelling generation number and the number of maceration Japan
of each test piece.

?The swelling area of the 100th day showed few tendencies in order of % and
A1:3.976.5 % and A2:3.674.6 (4.8 on the average)(4.2 on the average) B1:2.0?73.3 (2.8 on
the average)%.

?The relations between the swelling area and the number of maceration Japan of each
test piece were summarized in Figure 5.2.3. A1-1 is in three test pieces of A1(400pm)
and it is in the swelling situation of the occurrence as for paints and the film thickness
as which the swelling generation number and the area are a lot, and are the most same
a plain difference. There is B1(400um) by B1-1 in three test pieces, and the swelling
generation is most and it is late in the swelling situation of the occurrence in the same
paints and the film thickness the difference. The difference is hardly admitted by three
pieces in A2(700um).
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(2)Consideration of externals observation result?The swelling had already been
generated in film thickness 400pm of BV resin GF coating paints and the paint film of
700pm in the experiment on the film thickness in 2009 influence fiscal year on the 75th
day of the observation first time day. This time, it was confirmed that days until
generating of the paint film of film thickness 400pm of BV resin GF coating paints and
700pm the swelling were days 55?70 (the average the 61st) respectively on 55?58 day
(the average the 56th) as a result of observing every five days. There is little difference
in the swelling situation of the occurrence in the paint film of the same paints of 700pm
in the film thickness, and moreover, the controlling effect of the moisture penetration of
the paint film of 700pm in the film thickness is higher than the paint film of 400pm in
the film thickness and with stability though a big difference is in the swelling situation
of the occurrence in the same paints and the film thickness in the paint film of 400pm in

the film thickness.

?Influence with resin

Days until generating of the paint film of 400pm in the film thickness of the GF coating
paints of BV resin 70%/NV resin 30% the swelling are 65?85 (the average the 73rd), BV
resin/NV resin swells compared with the paint film of 400pum in the film thickness of BV
resin GF coating paints, days until generating are long, and the swelling generation
number is also little. In addition, BV resin/NV resin swells in spite of the difference of
the film thickness when the paint film of 400pm in the film thickness of BV resin
70%/NV resin 30% paints is compared with the paint film of 700pm in the film
thickness of BV resin GF coating paints and days until generating are long. It was
confirmed that there was a significant difference in durability from the

above-mentioned by the resin composition.

(3)Physical properties examination result

The result of the adhesion measurement, the hardness determination, the impact test,
the impedance measurement, and the bend examination was summarized in Table
5.2.6.

?0utline of physical properties examination result

The adhesion power after the [a] soaking was examined was 4MPa or more and the
breaking part was cohesive failure (100%) of the first coating. The strength retention is
65% compared with an initial value and it is not abnormal.

The [iba-koru] hardness is 40 or more all test pieces, a value that changes an initial



value and hardly, and the softening tendency to the paint film is not seen.

Flaking off and the crack there were not and were not abnormal though were able to
dent in the impact part in all ..[u] impact test.. test pieces.

When the [e] paint film was compulsorily peeled off, and the state of the flux line in the
swelling part by the moisture penetration was confirmed, moisture and moisture [**]
were admitted in the swelling part. Rust was not admitted.

As for the electrical property by the [o] impedance measurement, it was more than all
107Q and the deterioration tendency was hardly seen though the thin film showed some
low resistance compared with an initial value.

It can be said that the chemical deterioration of the paint film like the swelling and the

resolution, etc. will hardly progress from the above-mentioned.

#5.2.6 WA EREE R
WPERBRRE R (B, (FEE, BT, fEER)

MBI (m) i+ HoOME 44 i B B 5

EN . 1) i BN 1) fi BN I i B

) 1 B/l RR | B () —— —— - - - -

ik (MPa) ik bt £ 0 (MPa) B M B2 T (N =2) (" =aw) (7 at va) | (7 ak V)
Al—1 538 425 680 67.32 4.3 TSR 100% R4 ik 8 40 R L
Al—2 535 411 687 68. 98 5.0 ¥ ¥ 100%15E 45 fil 13 4.7 ¥ 52 100%EE 42 il 2 42 40 Rl Rl L
Al—3 535 421 680 59. 55 4.5 T 43 100% 5% 5 A 40 R L
A2—1 837 703 954 65. 88 4.5 T HR 100% 358 5 il 40 L
A2—-2 832 711 950 58. 37 7.0 R 100% R4 fif 33 4.5 TR 100% R 4E il 2 42 41 B R L B L
A2—3 829 710 946 49.19 4.7 R 100% Rk B 40 REL
Bl1—1 538 412 728 69. 66 5.2 ¥ 42 100% 5 H il 52 44 R
B1—2 538 422 723 68. 60 5.0 TSR 100% R4 ik 2 5.0 SR 100% R4 ik 2 48 45 BERL R L
B1—3 534 408 684 66. 88 5.0 ¥ %2 100%15E 4 fil 342 44 L




WA R (v —& v A HIE)

4 v ¥ — ¥ v 2 |
L (x10°Q) A (X107 uF) tan

AR 200Hz 500Hz 1000Hz 200Hz 500Hz 1000Hz 200Hz 500Hz 1000Hz

PIMME | R | OIME | RBRE | WIHTE | BB | WU | BB | pIME | BBk | PIME | RABRGR | o0HIE | RBRER | OO | Bk | WIIME | B
Al—1 133 44 27 0.073 0.071 0.068 0.096 0.095 0.094
Al—2 667 200 250 77 133 42 0.045 | 0.068 | 0.044 [ 0.068 | 0.043 | 0.068 [ 0.014 | 0.062 | 0.012 | 0.060 | 0.031 | 0.062
A1-3 200 75 40 0. 065 0.065 0.063 0.064 0.066 0. 069
A2—1 267 153 80 0. 040 0. 042 0. 041 0.051 0.048 0. 050
A2—2 667 400 267 200 143 86 0.039 | 0.040 | 0.039 [ 0.041 | 0.038 | 0.040 [ 0.012 | 0.050 | 0.010 | 0.047 | 0.006 | 0.050
A2-3 400 133 67 0. 050 0. 050 0.048 0. 052 0.051 0. 050
B1-1 400 100 57 0.070 0.070 0. 068 0. 052 0.049 0. 050
B1-—2 667 400 250 133 133 57 0.049 | 0.065 | 0.049 [ 0.064 | 0.048 | 0.062 [ 0.013 | 0.052 | 0.012 | 0.049 | 0.007 | 0.050
B1-3 400 100 50 0.068 0.067 0. 065 0.052 0.050 0.051

5.2.3 Summary

(1)The swelling generation days of the paint film by the temperature inclination
soaking examination were admitted the paint film of 400pm in the film thickness of BV
resin GF coating, 55?58 (56 on the average) day, 700pum, 55?70 (61 on the average) day,
and to have the difference in durability depending on the film thickness.

(2)A big difference was in the swelling situation of the occurrence in the same paints
and the film thickness in the paint film of 400pm in the film thickness. On the other
hand, there is little difference in the swelling situation of the occurrence in the paint
film of 700pm in the film thickness, and an effect of controlling the penetration of
moisture compared with the paint film of 400pm in the film thickness high, steady
durability is possessed.

(3)The paint film of 400pm in the film thickness of the GF coating of BV resin 70%/NV
resin 30% showed durability that was more excellent than the paint film of 400pm in

the film thickness of BV resin GF coating.




5.3Investigation of paint film deterioration situation in real tank

The deterioration situation of the coating paint film of average film thickness 400 u m
level in a real tank was local investigated aiming to obtain the data to examine the life
of the paint film in a real tank.

In the examination done in 2002 fiscal year, it is said that it is also possible to verify the
performance between long terms or more by accumulating the results data of the life of
the coating with a real tank. Moreover, it was said that an actual data collection of the
swelling generation years in a real tank was necessary, and the data of the film
thickness of the swelling generation years other than the one of 700 » m in the average
film thickness were necessary in the examination in fiscal year 2009 for the weigh-in of
[sen] making. The paint film deterioration situation of BV resin GF coating of about
400 1 m in the average film thickness used by about 20 years in the tank of the schedule
of open considering the realities of the thickness of the paint film used domestically this
year was investigated now.

5.3.1 Selection of tank where local investigation is executed

This year..open..schedule..tank..use..average..film..thickness..resin..coating..paint
film..site investigation..possible..tank..how..investigation..execute.The condition of the
object tank was as follows.

- Specific outdoor tank reservoir

-The one to construct GF coating to tank bottom and for 20 years or more to pass

*The one that paints with NV resin are not mixed with material of coating

- The real film thickness of the coating is the one before and behind 400 z m.

*The one to preserve data of repair of coating (Understand the rate (ratio to the entire
area) at which the coating was repaired when opening it (The weld is excluded)).

-The one that is not warming tank

The tank volume, contents, and the investigation schedule were considered, and the
following three was selected as an object tank though 20 candidate tanks went up from

the above-mentioned condition.
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5.3.2 Local investigation item
When do the investigation of actual conditions of the paint film deterioration situation
in a real tank, the search procedure in fiscal year 2009 was followed, and assorted traits

were made as follows.

(1)Watching investigation
It rusted, it peeled off, it cracked, it swelled, externals of the deterioration of other paint
film were observed, and the site of incidence was recorded in tank board crack figure.
About the generation part of the swelling, it observed, it recorded in detail, and the
generation area of the swelling was classified into division into four. When classifying it,
all sides 0.5m are extracted. The..range..swell..situation  of the
occurrence..rust..judgment..standard..chart..referring to..following.It classified it into
the division of D into four. After watching was investigated in the locale, the extracted
part was conferred and selected.

()The numerical value in the inside is A(0%), B(0?0.1%), C(0.1?0.3%), and ratio D of

the swelling generation area to the area of the evaluation object (0.3% or more).

(2)Film thickness measurement

To examine the relation between the state of deterioration and the film thickness of the
paint film, the film thickness ten points a bottom board was measured with an
electromagnetic film thickness meter. Moreover, the film thickness was measured by
100 points by the part (Each division two places are extracted) with all sides of 0.5m
extracted by (1) divided into four.

(3)State observation under paint film
(2)The paint film of the part to which [de] was extracted for the evaluation in the
surrounding was stripped off within the range of 10cmx10cm, and the state (black

[sabi**] etc.) under the paint film was confirmed.

(4)Film thickness measurement in paint film section

(3)The film thickness of the each level was measured from the section of the paint film
that was [dehagi] [to], and it took a picture of the photomicrograph in the paint film
splinter section.

(5)Physical properties examination

The adhesion measurement, the impedance measurement, and hardness of the part for

the evaluation and the extracted part was examined.



?Adhesion measurement

To confirm the adhesiveness of the paint film, the adhesion power and the breaking part
were measured by the adhesion examination. The adhesive was used, the treatment
device made of aluminum was installed in the paint film, a surrounding paint film was
pulled by ..cocking.. using [ha] examination machine after it had cut it, and strength
when destroying it was measured.

?Impedance measurement

To confirm the paint film deterioration tendency, resistance and the capacity value were
measured. The film thickness of the measurement part was measured by ten points a
place with the electromagnetic film thickness meter, and the average film thickness, the
maximum film thickness, and the minimum film thickness were requested. The
electrode board of the aluminum foil of 10cmX10cm was put on the surface of the paint
film with the adhesive of electroconductive, and the exchange impedance of the paint
film (resistance and capacity value) was measured one hour later.

?Hardness determination

To confirm the hardness of the paint film, it measured it by three points with the bar col

sclerometer.

5.3.3 Result of the survey of paint film deterioration situation in real tank

Is details of the result of the survey of the paint film deterioration situation in a real
tank references?Refer to 97173.

(1A tank

?Investigation day: 11th and 12th in August of 2010

?Tank parameter .Roof model: Floatage roof type
- Capacity: 67,147 kiloliters and inside diameters: 67m
-Oil kind: Crude oil
-Tank completion year: 1966

- There is no heating coil.

?The painting history and the specification are shown below.



Standard

History Process Paint Name Thickness(jim) Remarks
a0 Surfacg Unknown Unknown
g Preparation
g First Layer Unknown Unknown
2. _
g 197110 | Second Layer | Unknown Unknown
é Third Layer | Unknown Unknown
Resin ; Unknown Unknown
. . Standard
History Process Paint Name Thickness(jim) Remarks
Surface Blast(ISO Sa2.5) Unknown
o0 Preparation
g : (Unsaturated Polyester Resin
s First Layer Under Coat) Unknown Bottom Plate;
£ : 1/5 Replacement
S| 1980/06 (Unsaturated Polyester Resin p :
g Second Layer | ™) G1ass Flake Paint with Mica) Unknown Annular Plate;
§ Third Laver (Unsaturated Polyester Resin Unknown Whole Replacement
@ Y / Glass Flake Paint with Mica)
Resin ; Unsaturated Polyester Unknown
: . Standard
History Process Paint Name Thickness(im) Remarks
Surface Blast(ISO Sa2.5) Unknown
o Preparation
£ First Layer (Unsaturated Polyester Resin Unknown Bottom Plate;
g gjnder Coat)d ™ R Overlaying, Patched
o' | 1988/06 nsaturated Polyester Resin Plate Repair
. Second Layer / Glass Flake Paint with Mica) Unknown Annular Plate;
b= . (Unsaturated Polyester Resin Overlaying Repair
3 Third Layer | ) Glass Flake Paint with Mica) Unknown
Resin ; Unsaturated Polyester Unknown
History Process Paint Name Thiscijllllgsz]zﬁm) Remarks
o p Surface Blast(ISO Sa2.5) Unknown
o reparation )
'g First Layer | (BV Resin Under Coat) Unknown \]?;}‘ftcl)mRPlalte, .
&' 1096/02 | Second Layer | (BV Resin GF Paint) Unknown Ao Plago o8
< Third Layer | (BV Resin GF Paint) Unknown Overlaying Repair
5 -
3 . . . Average:466 (Paint Reinforcement)
= BV Resin ; Bisphenol System Vinyl Ester Minimum:370
Maximum:680
History Process Paint Name ThiSctfrllfs&;]Eflm) Remarks
o Pri;izct?on Blast(ISO Sa2.5) Unknown
g= Bottom Plate,
g 9003/06 First Layer | (BV Resin Under Coat) Unknown Annular Plate;
2 Second Layer | (BV Resin GF Paint) Unknown Swelling(5-25mme)
?‘E Third Layer | (BV Resin GF Paint) Unknown LScailstIe)reii o
BV Resin ; Bisphenol System Vinyl Ester 250 Over ocal De-lamination




?Investigation position

The photograph in the part extracted to the evaluation is shown below.

A (0%) B (~0.1%) C (~0.3%) D (0.3%~)

?Result of the survey

[A] externals watching

All aspects are changed for the bottom plate when the 4th is opened, and BV resin GF
coating is given. When the 4th is opened from the paint film constructed when the
overall changing is done when the 2nd is opened, the reinforcement painting is given
with the same paints as the bottom plate as for the [anyura] board. The swelling was
hardly and maintained an excellent state of the paint film though passed from
construction in the bottom plate in this investigation 14 years. However, the swelling is
generated in the whole on the [anyura] board, and the form of the swelling is a swelling
from foundation. A? of extraction partsl and B?One is a bottom plate, and, besides,
[anyura] board.

(I] film thickness measurement

When all aspects of the tank were seen, the film thickness of the unrepair part of the
paint films that had been constructed when 183 pieces in the bottom plate and 219 the
4th of 36 [anyural] boards in total were opened was mean value 574m, maximum value
1162pm, and minimum value 393um. When the bottom plate and the [anyura] board
were divided, mean value 517pm, maximum value 661um, minimum value 393pm, and
the [anyura] board were mean values 866pm, maximum values 1162pm, and minimum
values 626pm in the bottom plate. As for the film thickness of swelling generation
division (A?D) into four, the mean value was 828um in 390um and the [anyura] board in
the bottom plate as a result of measuring 100 points per each of 0.25 ?.

[U] adhesion measurement

Division A? with different swelling generation extentlt is health part A? in the bottom
plate as a result of measuring the adhesion power of D. One was 4.0MPa, the situation
of the fracture cross section was destruction from the adhesive, and high adhesiveness
was confirmed. Moreover, B?. The bottom plate of one was 5.2MPa, the situation of the

fracture cross section was a cohesive failure of final coating, and high adhesiveness was




admitted in the bottom plate paint film that had been constructed when the 4th was
opened. On the other hand, it was destruction from a part near the cohesive failure and
the iron foundation of the construction paint film when the 2nd was opened, and
1.0?4.2MPa and a low part were admitted in the [anyural board where the paint film
that had been constructed when the 2nd was opened under the reinforcement paint film
remained as for the adhesion power.

[E] impedance measurement

Division A was a healthy value in both resistance and the capacity values. The part
where a healthy value was indicated and the part where the deterioration tendency was
shown were seen about division B and C. Both resistance and the capacity values
showed the deterioration tendency in division D.

[O] hardness examination

Three point mean value of the bar col hardness is A? in the bottom plate. 1 and B?One
was 30?40 in the [anyura] board, and tended though indicated a value high with 58 and
57 .low...

Observation under paint film

A?1 and A?As for the health part paint film of two under, it was a situation in which
there were little moisture penetration etc. and abnormality was not found. Moreover, B?.
It is a swelling between layers where moisture doesn't infiltrate about the swelling part
of two under the paint film, and it doesn't reach foundation. It is a swelling that hardly
infiltrates under the paint film moisture of C and D, and doesn't reach foundation.

[Ki] paint film section measurement

The health parts of division A are 442 pm in the film thickness, and A?. As for one, black
rust was slightly confirmed to the steel board side. Division B is 415 pm in the film
thickness, and B?. Black rust was confirmed to the steel board side of one. The
reinforcement painting was done as for division C, and the film thickness was 788um,
819um, and black rust was confirmed as for the steel board side. The reinforcement
painting was done as for division D, and the film thickness was 748um, 623pum, and

black rust was confirmed as for the steel board side.

?Summary

The paint film passes about 14 years at the time of the investigation this time because
all aspects are changed in 1996(open the 4th), and BV resin GF coating was done about
the bottom plate though A tank passes from construction about 44 years. [Anyura] is
guessed that the reinforcement painting was performed in 1996(open the 4th) because

paints used are formed a new paint film on the paint film so that paints that contain the



mica flakes from the paints name are used as a result of the paint film section
measurement and are used the same paints as the bottom plate though all aspects are
changed in 1980(open the 2nd) and the GF coating is constructed when getting used.

In this investigation, BV resin GF coating was constructed, and only the paint film in
the bottom plate was evaluated as a result because it had aimed for the film thickness
to investigate the paint film about the one of about 400pm, and to evaluate the
durability. The result is as follows.

It was a state to deterioration division B level (?0.1%) even if the swelling was hardly
seen by the paint film in the bottom plate where about 14 years had passed since [a] was
constructed, and the swelling existed, and a part deteriorated because of it was not
admitted.

It was confirmed 517 pm on the average the film thickness of the [i] bottom plate, and to
maintain the state in which abnormality was not found for 14 years. It was not a plain
moisture infiltration mark shown under the swelling of the paint film in general though
a little moisture infiltration mark of @0.5mm or less was seen as for the state under the
paint film.

Bottom plate..healthy..adhesion measurement..impedance
measurement..hardness..examination..item..deterioration..tendency..see..state.

It can be judged that BV resin GF coating paint film of this investigation tank bottom
board has durability from the result more than [e] for about 14 years or more at average

film thickness 500pm level.

(2)B tank
?Investigation day: 27th and 28th in September of 2010
?Investigation day: 27th and 28th in September of 2010

?Tank parameter

- Roof model: Floatage roof type

- Capacity: 22,927 kiloliters and inside diameters: 38.74m

- Oil kind: Crude oil

-Tank completion year: 1980

There is a heating coil (It is not used now though the use period is

uncertain).



The painting history and the specification are shown below.

History Process Paint Name Thisctlillllljszl;ﬁm) Remarks
) poutace | Blasi(ISO Sa2.5) -
5 reparation
b= . (Unsaturated Polyester Resin
=
% First Layer Under Coat) 50
% | 1980/11 (Unsaturated Polyester Resin —
c
= Second Layer / Glass Flake) 150
3 . (Unsaturated Polyester Resin
)
g Third Layer / Glass Flake) 100
Resin ; Unsaturated Polyester Min300
History Process Paint Name ThiSctijr?eiasIEﬁm) Remarks
Surface | 1o 1150 Sa2.5) -
o Preparation
'% First Layer | (Vinyl Ester Resin Under Coat) Unknown
2.
g 1988/05 | Second Layer | (Vinyl Ester Resin / Glass Flake) Unknown -
w0
g Third Layer | (Vinyl Ester Resin / Glass Flake) Unknown
BV Resin ; Bisphenol System Vinyl Ester Unknown
History Process Paint Name ThiSctijr?eiasIEﬁm) Remarks
Surface Blast(ISO Sa2.5) Unknown
o0 Preparation
c
g= First Layer | (Vinyl Ester Resin Under Coat) Unknown
[«]
2 (Novolac System Vinyl Ester
o
= 1995/08 Second Layer / Glass Flake) Unknown
5] . (Novolac System Vinyl Ester
cb% Third Layer / Glass Flake) Unknown
NV Resin ; Novolac System Vinyl Ester Unknown
History Process Paint Name Thisctlillllljszl;ﬁm) Remarks
Surface Blast(ISO Sa2.5) Unknown
Preparation
% First Layer | (Vinyl Ester Resin Under Coat) Unknown
§= (Novolac System )
. . Bottom Plate;
C% 2003/03 Second Layer Vinyl Ester Resm Unknown P; tc(l)lréld P?a‘?e
/ Glass Flake Paint) .
i Repairment
-2 (Novolac System
& Third Layer Vinyl Ester Resin Unknown
/ Glass Flake Paint)
NV Resin ; Novolac System Vinyl Ester Min250




?Investigation position

The photograph in the part extracted to the evaluation is shown below.

A (0%) B (~0.1%) C (~0.3%) D (0.83%~)

?Result of the survey

[A] externals watching

In the visual inspection, the swelling of the bottom plate has been widely generated.
The generation of the swelling is a paint film with a thin seeming as the reinforcement
painting and painting (about 100pm). Most swelling generation parts have been
generated for an old paint film and final coating (green color). A healthy old paint film
appeared when the reinforcement paint film was removed, and the swelling confirmed it
did not reach the groundwork.

When constructing it, an existing paint film is a paint film, and when the 2nd is opened
the 1st, the repair painting in the weld is done, and when the 3rd is opened, the
reinforcement painting is done. The GF coating paint film constructed when
constructing it will have passed with there no reinforcement painting in 'about 23.
However, paints used were the use of an unsaturated polyester system resin.

(1] film thickness measurement

The film thickness of the unrepair part that was constructed when constructing it with
65 pieces in the bottom plate and 33 98 [anyural boards in total and reinforced when the
3rd was opened was mean value 909um, maximum value 1111pm, and minimum value
656 1 m of all aspects of the tank. It was mean value 890pm, maximum value 1073um,
and was minimum value 681um of the bottom plate, and moreover, it was mean value
946pm, maximum value 1111pm, and minimum value 656pm of the [anyural board.
Mean value 766um, 871um of A, mean value 986um, 705um of B, and mean value
930pm and 700pm of C, and it was mean value 834um, and 996um of D as a result of
measuring the film thickness of swelling generation division (A?D) into four by 100
points per each of 0.25 ?.

[U] adhesion measurement

Division A? with different swelling generation extentHealth part A in the bottom plate

was destruction from an old paint film and the reinforcement paint film with 2.5MPa




and 4.0MPa as a result of measuring the adhesion power of D. Moreover, B?. The bottom
plate of one is 6.2MPa, 40% is a cohesive failure of an old paint film, and the
adhesiveness of an old paint film indicates a high value. As for division C and D, it was
breaking between a reinforcement paint film and old paint film.

[E] impedance measurement

Division A?It was all of D and resistance and the capacity value were healthy values.
[O] hardness examination

Division A?There is little difference between the health part and the swelling part
though it is all of D and 30?38 and some bar col hardness is low values.

Observation under paint film

B?The moisture penetration etc. are a situations under the paint film that are hardly
and are not abnormal excluding two. The swelling was generated by the reinforcement
paint film, and the penetration of the moisture to foundation was not seen. B?The
infiltration of moisture was admitted under the paint film as for the swelling part of two,
and black rust of about ¢20? was admitted.

[Ki] paint film section measurement

There was a reinforcement paint film also in each division, and in the thickness of the
reinforcement paint film, it was 67?173pm and an old paint film was 504?1152pm.
Moreover, minute black rust divides into the steel board side of division A ..seeing.. B?.

Black rust was seen in D.

?Summary

As for the paint film of this [a] tank, about 30 years pass by the one constructed when
constructing it. Judging from the paint film section, when the 2nd is opened the 1st, it
seems that only flaking off and the restoration of the weld are done, and the
reinforcement painting was done at the time of the 3rd opening (2003). The paint film in
the bottom plate had been used for about 23 years before reinforcement was painted. It
turned out that the use paints were paints of the unsaturated polyester resin.

There 1s about about 100?200pm ..the thickness of the reinforcement paint film.., and
the film thickness of an old paint film is 700?800pm though the film thickness of the [il
bottom plate is an average and about 900pm.

Even if the health part of the [u] bottom plate is put on the impedance measurement,

adhesiveness, and the hardness determination, the deterioration tendency is not seen.



(3)C tank
?Investigation day: 14th and 15th in September of 2010

?Tank parameter .Roof model: Fixed roof type

- Capacity: 13,771 kiloliters and inside diameters: 34.85m

-Oil kind: Light oil

-Tank completion year: 1970

-There is no heating coil (After the coating is constructed, eight years are

used as a warming tank).

?The painting history and the specification are shown below.
There is no coating at the construction this time. The coating is not constructed at the

time of the 1st opening (1979).
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?Investigation position

The photograph in the part extracted to the evaluation is shown below.

A (0%) B (~0.1%) C (~0.3%) D (0.83%~)

?Result of the survey

[A] externals watching

An existing paint film is a paint film constructed in 1986 judging from the history of this
tank, and 24 years pass. As for the state of the paint film, the swelling of about 5mm
has been generated on the bottom plate and the [anyural board a lot. There was a part
where the swelling had already destroyed and rust was generated, too and there was a
pitting corrosion in the steel board under the paint film and rust was generated from
the hole food in such a part.

[1] film thickness measurement

The film thickness of the part that was constructed in 127 pieces in the bottom plate, 12
139 [anyural boards in total, and 1986, and not repaired afterwards was mean value
531pm, maximum value 1312pm, and minimum value 336pum of all aspects of the tank.
[U] adhesion measurement

Division A? of swelling generation extentlt is health part A? in the bottom plate as a
result of measuring the adhesion power of D. One was destruction from the steel
foundation with 7.0MPa and high adhesiveness was confirmed. Other parts were
2.5MPa or less, and division C and D that the generation of the swelling is a lot of were
2MPa or less. Moreover, the breaking part was broken because of the part where
division B, C, and D were near foundation, and black rust like the swelling was
confirmed to division D.

[E] impedance measurement

Division A is a healthy value in both resistance and the capacity values. Resistance and
the capacity value showed the deterioration tendency in both division B, C, and D.
Especially, division D was abnormal measurements.

[O] hardness examination

Three point mean value of the bar col hardness shows 40 or more in hardness in all the

location of measurements, and the decrease tendency is hardly seen about hardness.




Observation under paint film

As for division A, the same black degree of rust as the swelling is scattered in abnormal
bur and division B. The swelling part of division C and D was thought that the
penetration of moisture was remarkable, and a lot of black rust was confirmed.

[Kil] paint film section measurement

The health part of division A was film thickness 500pum level, and black rust was
slightly confirmed to the steel board side. Division B was 400 pm in the film thickness,
and black rust was confirmed to the steel board side. Division C and D were 300 pym in

the film thickness, and black rust was confirmed to the steel board side.

?Summary

As for this [a] tank, there was no coating for 17 years from construction, and BV resin
GF coating was given in year 17. Afterwards, it is thought that the paint film was not
repaired excluding the weld line. It is opened in 2008 recently, and the weld flakes off
and is restored. There is no check result of the paint film when this opening it the paint
film deterioration situation is thought to generate the paint film swelling before that
when guessing from the level of the swelling and the rust seen in this investigation
though is uncertain.

As for division C and D(300pm), when the [i] film thickness is compared, the swellings
are more remarkable than division A(500um) and B(400um) like the part where the film
thickness which 1s small, and thin.

As for the film thickness, to expect the long-term durability for 30 years or more, 500um
or more is guessed to be necessary from the state of the paint film of this tank though
conditions of performance etc. of the coating of this [u] tank are uncertain.

Both impedance and adhesiveness [e] B, C, and D are hardly low, black rust is admitted

in the broken flux line, and the corrosion prevention function of the paint film functions.

Address of thanks
When it undertook the main enumeration, I got special cooperation from Petroleum
Association of Japan and the Petroleum Association of Japan joining enterprise. We

wish to express our gratitude for recording.



5.4Coating passage years in real tank and analysis of repair history

The data of the repair history at the time of each opening that lay a bottom coating etc.
of the deterioration situation of the paint film in a real tank was collected, and the
relation between the aged deterioration and the film thickness of the paint film was
analyzed.

5.4.1 Collection of data

The repair history data at the time of each opening the coating of the tank of the
following conditions was collected, the repair ratio of the coating to the tank bottom
area at the time of each opening was requested from these data, and the relation
between the number of years elapsed and the repair area ratio of the coating was
investigated.

- Specific outdoor tank reservoir (10,000 kiloliters or more)

-The one to construct BV resin GF coating to tank bottom

-The one that is not warming tank

-The one that 20 years or more passed after constructing coating

The tank cardinal number where the repair ratios at the time of each opening were able
to be collected was 39. Moreover, the one that the repair ratio when Kon would open it
soon was able to be understood was seven. The relation to the repair ratio of the coating
when the number of years elapsed for the coating and opening it is shown and the one
that Figure 5.3.2 and the repair ratio of the coating at the time of each opening

accumulated is shown in Figure 5.3.3.
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A lot of things with a high repair rate come to be shown in Figure 5.3.2 when 20 years
are exceeded though a red plot of Figure 5.3.2 and Figure 5.3.3 is BV resin GF coatings
(Actual film thickness data is uncertain) constructed by the specification of minimum

film thickness 250pm, and conditions of performance are also uncertain.

Address of thanks
When it undertook the main enumeration, I got special cooperation from Petroleum
Association of Japan and the Petroleum Association of Japan joining enterprise. We

wish to express our gratitude for recording.

5.5Inside corrosion of tank where coating was constructedThis chapter analyzed the
factor that inside corrosion of the case where inside corrosion progresses and the case
that arrived at the accident progresses though was constructed the coating because it
was thought that the corrosion rating's having greatly gone out though the coating was
constructed to the tank bottom among inside corrosion of the tank bottom described by
2.4 related to the quality and the durability of the coating, and examined the method for

the prevention of it.

30.0



5.5.1 Data analysis on inside corrosion of tank

About the tank where the GF coating is constructed, Figure 5.5.1 is an arrangement of
the change in minimum board thickness due to inside corrosion in year of passage from
the installation of the tank. These graphs are 2.4.1 It is what made by the idea

described in "Investigation of actual conditions of the inside corrosion speed".
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It 1s understood to provide a big as follows difference as an inside corrosion prevention
function of the tank where the GF coating is constructed from Figure 5.5.1.

*Inside corrosion hardly progresses to the third times in the tank on the left.

-Inside corrosion progressed to the tank under the left since it opened the second
though the inside corrosion prevention function was provided until the first opening it.
-An upper right tank constructs the GF coating when the first opening it, and inside
corrosion doesn't progress after that.

-Inside corrosion progressed to a lower right tank since it opened the third though the
inside corrosion prevention function was provided until the second opening it.

The presumption upper bound value is an inside corrosion speed (It is segment a
inclination in the tank on the right Figure 5.5.1) that is assumed that the maximum,
inside corrosion part of opening in the part that was the design board thickness after it
repairs of opening last time this time was caused and requested though expresses from

the next paragraph, that is, "Presumption upper bound value" and "Presumption lower



bound value" at the inside corrosion speed. The presumption lower bound value is an
inside corrosion speed (It is segment b inclination in the tank on the right Figure 5.5.1)
that is assumed that the maximum, inside corrosion part of opening in the part of the
presumption minimum remainder board thickness after it repairs of opening last time
this time was caused and requested.

The analysis of the inside corrosion prevention function due to the aged deterioration of
the coating was executed from past inside corrosion history data. Figure 5.5.2(The
presumption lower bound value at the inside corrosion speed; Figure 2.4.6 re-[**]) and
Figure 5.5.3(The presumption upper bound value at the inside corrosion speed; Figure
2.4.7 re-[**]) are showing of the frequency distribution at the maximum, inside
corrosion speed of each tank requested when the tank where the GF coating is
constructed is opened each. A mean value and the maximum value were brought
together in Table 5.5.1 and Table 5.5.2(Table 2.4.5 and Table 2.4.6 re-[**])).

In the tank where the GF coating is constructed, there are the one constructed at first of
construction and construction, no first construction of the coating, and the one
constructed when opening is inspected. The GF coating is constructed at first of
construction to do the aged deterioration of the coating in accuracy [yokul [bunsekil as
for the analyzed tank, and the one that there are results of three in the past open and
repainting is not done has been extracted. It increases in the passing age, and a
remarkable peak is not seen, and inside corrosion has been found in a lot of tanks the
third times (passage of 22.8 years on the average from the coating construction) though
the inside corrosion speed is seen from these figures in the mean value though there are
a lot of one even of the second times (passage of 14.7 years on the average from the
coating construction) whose inside corrosion is 0. The inside corrosion part discovered in
the tank where the coating is constructed is caused in the part that causes abnormality
such as the swellings in [ru] welding line neighborhood and the coating and flakes off
for the repair, that coat inspecting it flakes off (Be restored afterwards). A determinate
discussion 1is difficult because the location of occurrence of inside corrosion is not
recorded, and the possibility that a lot of inside corrosion has been found because the
part where the coating flaked off by some factors increased to the third times is thought.
The one constructed by the coating indicator and the one not constructed are included in

these tanks.
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5.5.2 Collection and analysis of trouble case with tank where coating is constructed

It reports on the coating and the tank where inside corrosion is caused though it is is
reported though the corrosion rating between the lives of the coating is expected to
become 0 as for the tank where the coating is constructed. 1 that collects investigation
reports etc. and analyzes case where trouble like the one etc. with inside corrosion
though coating was constructed to examine factor that inside corrosion prevention
function is not demonstrated is caused) ?4)A lot of things that the survey analysis etc. of
the cause are untried even if such trouble is found exist. The part where each case

[nakashitasen] is pulled is referred in (5).

(1)Accident case?Accident case 90

- Contents: Crude oil-[Anyura] board: Tar
epoxy resin (Paint it the piling before nine years accidents) epoxy resin (Before 15 years
accidents) and coating and bottom plate: The tar epoxy resin (Nine years the accident
ago) coating. *Design film thickness: 200pm and real film thickness: 120pm?1500pm
-Shape in opening (photograph on the right)

Open mouth place: Three places (2 and southwest 1 for the south). Bottom plate of 10m
from shroud roughly (9mm). ‘A doughnut subsidence was large, and it was at a low
position the surrounding of the corrosion part. :The coating flaking off was seen in the
part where foundation had been adjusted with two-kind [keren] (accident tank and
adjacent tank). It is possible that the hydrogen sulfide promoted deterioration and
flaking off of the coating. -The sulfide existed. -The factor that became a high
corrosion rating is thought to be existence of anaerobic sulfate reduction bacteria. ‘It is
not easy to think the factor that only having increased the corrosion rating by having
caused flaking off of a part of the coating promoted the pitting corrosion. -Table 5.5.3

shows the drain water of the accident tank and the analysis result of the sludge.

#5.5.3 FigH IR NLRLUKRORRT v Do R

No.4TTANK No.43TANK
pil NP N (I.L%) (M. SULFURZR)
PH 3. 2 6. 9
NACL 4476 PPM 31942 PPM — No.47 is a tank where
CL 2716 PPM 19381 PPM
S04 413 PPM 10 PPM accident tank and No. 43 are
co3 I R I 7 R
H2S Nil Nilil similar to the accident
RSH 3 PPM 3 PPM
AT AT
RARARS v
R, PH 4. 2 7. 9
NACL 70 PPM 3086 PPM
CL 43 PPM 1872 PPM




?Accident case 106
- Contents: Crude oil - The tar epoxy resin coating (Construct it before 12 years
accidents).

- Design film thickness 200 ¢ m and real film
thickness 120 1 m?1500 1 m,

- A lot of pinholes and impurities are found. -Shape
in opening (right photograph):-Open mouth place:
[Anyural board right under [doreinnozurul

(12mm) - It was likely not to have been able to

inspect it the workability and afterwards because it T LS
was [doreinnozuru] right under. - There is a possibility to be exposed directly to oil that
exceeds 60°C. -There are flow velocity at the acceptance and a possibility of wear-out by
the sludge rolling. -It is presumed the mixture effect of corrosion with corrosion with
the oxygen concentration cell with the sludge piling up situation, corrosion with the
macro cell in the coating flaking off part, and the acid as a generation factor of a high
corrosion ratio. -Table 5.5.4 shows the analysis of the ion chromatography of the
sample of the tank bottom board, the sludge, and the drain water result, the titration

analysis result, and the PH result of a measurement.

725.5.4 JEROV TN AT vY R KO GHTHRER

22 ) F cl NO, | NO,; NH, so, PO, Na Ca | *Si0, | =CO, | ==HCO, | ==pH
@ Kaym 1 3 N <1 <1 4 1,700 <1 1] 890 180 - (3 - (&) 7.4
it RWE)
@ xyE 2 | <1 5,500 <1 <1 41 2,900 <1 21 | 2,700 240 3 — () 5.3
: 0
: Q xgum 3 | 13 6,600 <1 <1 2 2,400 <1 40 | 2,400 230 -6 -uB 5.1
i ()
,L ] [ 4 1.600 <i 15 4 720 <l 4 | 130 100 -m | - 68
A =27 b-b
® iR <1 3,800 <1 <1 4 630 <1 540 1,200 3 Ll 3] - 5.5
WA
22 b | R~ Fog 1 830 7 51 n 430 <1 480 | 300 4 <10 140 6.6
P
pr
1A x@Y 10 2 20 il 54 7 430 <i 260 | 200 36 <10 160 6.9
ES Yy
5|1 DY 10 3 150 14 60 15 740 <1 e | 2w 46 <10 140 6.9
L
24 xQy 20 4 280 7 6 13 1,400 <1 310 | 660 6 <10 30 7.1
# b | Y
3A pa| k@Y3D 2 250 9 49 8 430 <1 290 230 4“4 <10 200 6.9
| Wy
ER AT <1 | 880 8 a1 10 440 <1 560 | 1,300 2 <10 <10 44
FLy FL <1 | 4.600 <1 <1 20 2 <1 2.200 | 460 12 40 9 7.9
*; 1 CPREIRLH®E
R

e T ARREEIC T 1 MR ME
() : WM X oMETAE <XEh (D) THEbRMET,

?Accident case 117

- Contents: Crude oil-It repairs by the flakes coating the FRP lining construction and 18



years ago before 24 years accidents. -Real film thickness: 100 » m?1000 . m,

-Alot of pinholes. Partially, it misses and it exists about the primer. The possibility that
salinity exists under the paint film in part is high. - Shape in opening (right
photograph) - Open mouth place: [Anyural board right under [doreinnozuru] (12mm)-It
was likely not to have been able to inspect it the workability and afterwards because it
was [doreinnozuru] right under. :There is a possibility to be exposed directly to oil that
exceeds 60°C. -There are flow velocity at the acceptance and a possibility of wear-out by
the sludge rolling. -The part constructed without the primer flakes off, and corrosion
occurs under the paint film because of use afterwards, the factor in which the
deterioration flaking off of the paint film like the [suroppul oil keep insertion etc. is
promoted comes in succession, and the paint film flakes off partially. -The existence of
the chlorine ion and the sulphuric acid ion is thought as a generation factor of a high
corrosion rating. -Table 5.5.5 shows the analysis of the ion chromatography of the
sample of the tank bottom board, the sludge, and the drain water result, the titration

analysis result, and the PH result of a measurement.
#5.5.5 EROY TN XTvP RLUKDOGHTHRER
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?Accident case 133

-Contents: Heavy naphtha:Vinyl ester resin coating (construction before nine years

accidents). -Design film thickness: 500 u m



- ..coating flaking off part.. one (pit initiation) B Ao DRRATES

besides opening. - Shape in opening (right | R (5.0
photograph) - Open mouth place: Bottom plate .
under anode for electrolytic protection (6mm). -
There were the lower side of the anode and only
30mm space in the bottom plate, and the

groundwork processing was not able to be done

HERS BERESBUTC
(MR S

enough. It is clear that there was defective
construction. -The chloride ion, the sulfide ion, and the organic acid were in a high
density detected in the drain water. -The coating flaked off in the construction defect
part of the coating. -In the drain water on the surface of the steel board of the coating
flaking off part, the dissolved oxygen and the local cell with the organic acid etc. were
formed, and electrochemical corrosion was caused. -The progress of corrosion was
promoted with the chloride and the sulfide, etc. in the drain water. -Table 5.5.6 shows

the physical properties analysis data of the drain water.

Nidekinakattal. It is clear that there was defective construction. :The chloride ion, the
sulfide ion, and the organic acid were in a high density detected in the drain water. -
The coating flaked off in the construction defect part of the coating. -In the drain water
on the surface of the steel board of the coating flaking off part, the dissolved oxygen and
the local cell with the organic acid etc. were formed, and electrochemical corrosion was
caused. *The progress of corrosion was promoted with the chloride and the sulfide, etc.

in the drain water. -Table 5.5.6 shows the physical properties analysis data of the drain

water.
#5.5.6 KL U I/KOHTHER
1010 15:00 1016 9:16 1021 9:16
PH 6. 81 6. 685 6. 53
RAENE 22. 6 22. 6 23. 6
|3 0. 6 0. 6 0.8
Bddd 1 2. 8 1
il R 11 14 9
WA 8 2 1
i 29 23 18
BiE CES ] 16%H 1 6kH
WA A 1%#E 2 1HB
8 168 176 229 186
*E 1HRE 10%H 10%MH
oA RE 1 10%H 1 0%H
BFER 17 14 19
ME A 5&H SHH RS
MIPA 140 140 160
DMEA 1 0% 10%H 1 0%
FUEST 0.9 1. 4 0.8




(2)Inside corrosion generation case with tank where GF coating was constructed?Inside
corrosion generation case 1

-Tank volume: 14,505-kiloliter floatage roof type-Tank completion year: 1979-Contents:
Crude oil-There is no heating equipment (Remove it in 2001). -History of open: 2010
2001 1993 1986- Coating history: Trying construction in 1986 and all aspects of 1993
paint-Design film thickness: 350 ux m

-When opening it in 2010, flaking off and inside corrosion of the coating were found. A
lot of flaking off parts of the coating exist though Figure 5.5.4 is a coating visual
inspection record when the tank is opened. The photograph is showing of the flaking off
situation. -Figure 5.5.5 is an inside corrosion check of bottom board record. It occurs on
the [anyural board and inside corrosion of 6.9mm or less occurs in 3.5mm and the
bottom plates. When opening it in 2001, inside corrosion of 1.8mm or more is
repaired. -The meat vigor repair is executed at the time of each opening, and this tank
is thought that the corrosion prevention function of the coating was low. -Paints with
low heat resistance performance were used. - The erosive environment is severe

because of the influence of contents (high aroma and temperature).
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?Inside corrosion generation case 2

-Tank volume: 38,858-kiloliter floatage roof type:Tank completion year: 1991 - Contents:
Naphtha : There is no heating equipment. - History of open: (2007 1998) - Coating
history: 1991(Set it up)(use for 16 years). -Design film thickness: 350 1 m

-Inside corrosion did not occur though it swelled, and flaking off was seen in a part of
the [anyural board when 1998 year was opened (The coating was used for seven
years). ‘It was a partial swelling in the [anyura] board and the bottom plate at time of
open of 2007, and flaking off and [kizul were confirmed, and it was 4.8mm in the
[anyural board, and inside corrosion of 6.3mm was found in the bottom plate. :The part
of 190 » m was confirmed to design film thickness 350 u m by the actual measurement
value. *In the quality identification of the coating in front of the oil Inn, the pinhole test
is untried. (It was not confirmed that there was no [kizul in the coating. )

?Inside corrosion generation case 3

- Tank volume: 65,700-kiloliter floatage roof type:Tank completion year: 1979-Contents:
Crude oil - There is heating equipment. *History of open (2008 1999 1991 1985)-Coating
history: Construction in 1985 (use for 23 years)-Design film thickness: 350 u m

-Inside corrosion of 5.3mm occurred in the bottom plate at time of open of 2008. -Inside
corrosion occurred when the 1st was opened because it had not constructed the coating
when constructing it, and the one of less than 3.5mm did not execute the meat vigor
repair in that case and the coating was constructed. It is thought that it enters the state
to accumulate moisture easily from the execution of the meat vigor repair and the

existence of the dent after groundwork processing shortage and the coating are



constructed of the becoming it part and the swelling was generated. -Paints with low

resistance to solvent attack are used.

(3)Steel board corrosion situation under swelling of GF coating?Investigation case 1
-Tank volume: 59,600-kiloliter floatage roof type-Tank completion year: 2003 - Contents:
Crude oil-Management temperature: 70°C

-History of open: (2009)- Coating history: 2003(Complete it)(use for six years). :Design
film thickness: 560 u m

*The [anyural board and the swelling was both generated in the bottom plate over all
aspects and flaking off was found partially at time of open of 2009. The size of the
swelling is divided into the one of ¢ 10?100mm and the one of less than ¢ 10mm, and
the latter is generated in the former in the layer of intermediate coat between
foundation and the primer. (Refer to the situation of the occurrence of the swelling to
the photograph under the left. ):- The film thickness was more than a regulated value.
Salinity is detected from the swollen paint film under, and the swelling between
foundation/primer is thought the influence of the salinity that remains on the steel
board side. The electrical property was also deteriorated, and the swelling in the
intermediate coat layer was the one that dissolved with the swelling and the
penetrating solvent (aroma) the polystyrene in the paint film and became a swelling
and this was accelerated by the temperature. -Flaking off is presumed to be the one by
a rapid cooling the paint film when opening it. -It had not arrived at plain thinning
though black rust was seen in the steel board under the swelling part of the paint film
(Refer to the situation of the steel board under the swelling to the photograph under the
right).
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?Investigation case 2

- Tank volume: 35,000-kiloliter floatage roof type -
Tank completion year: 1979 - Contents: Crude
petroleum and crude oil-Management temperature:
55°C(A heatproof coating is constructed).

-History of open: (2009)- Coating history: 1998 (use

for ten years)

-Design film thickness: 700 x m
-The swelling had been generated in about 2/3 in the bottom plate at time of open of
2008(Refer to the situation of the swelling to a right photograph). The size of the
swelling had been generated by ®10?25mm in [chuunusoul]. Figure 5.5.6 is showing of
the range of the swelling generation (The range that colored to the black is a part
of ..swelling.. generation). -Corrosion was not caused on
the steel board. -The film thickness was more than a
regulated value. Abnormality was not found in the
adhesion power. *The cause of generation of the swelling
was presumed assuming that it depended on moisture's
in surroundings of ventilation shortage and the heating
coil when intermediate coat was painted being warmed,
and having generated the pool ball of the high

temperature.

5.5.6 o —F A T OIS EHE

(4)Repair history of tank where GF coating was constructed (reference ?10)

Figure 5.5.7 is 5 that is the one that the repair rate to the bottom area at the time of
each opening the GF coating in the savings tank in the national savings base
accumulated at the time of each opening. )Because the repair targets the part where the
swelling was caused, it can be thought the ratio to the bottom area of the area where the
swelling is generated. Green data (The coating specification: average film thickness
650pm and minimum film thickness 430pum) is a tank in the base constructed before
about ten years showing the coating indicator, and the data of the orange (The coating
specification: average film thickness 560pm and minimum film thickness 400um) is a
tank in the base constructed before about two years showing the coating indicator. It
is constructed by GF paints and the film thickness that the tank in each base is

provided for by the coating indicator.
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There is something where the swelling has been generated at a big area rate since
considerably early time (18) Figure 5.5.7 is seeing all tanks. It is done according to
removal shortage and defective construction (dewfall) of the inorganic zinc shop primer
when studying into the cause about these. It is thought that removal shortage was
caused because the influence that the inorganic zinc shop primer has on the coating
quality was not clear when these coatings are constructed though the former is
by 14.

Afterwards..influence..clarified..coating..indicator..division..foundation..adjustment..co

confirmed

nfirmation..such..defective..cause.The confirmation is not done in the construction
record (record at each [nurushime]) though defective construction (dewfall) is doubted
by four by the one analogized from the weather on that day of construction etc.

It is a repair rate though Figure 5.5.8 excluded a defective tank for construction due to
inorganic zinc shop primer removal shortage from Figure 5.5.7. It is a tank where
defective construction (dewfall) is doubted though the data of - is not confirmed. If

defective construction is excluded, it is understood the swelling is hardly generated in a

lot of tanks. Especially, the
repair history of the data of the
base that is the content of
construction equal with the
coating indicator (orange) is
small.

Most corrosion is not caused in
the parent metal under the
paint film in the coating where

the swelling has been hardly
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generated. As for the GF coating that follows the coating indicator from the
above-mentioned, it is understood that the inside corrosion prevention function is high.
(reference)Figure 5.5.9 is 6 that is the result that a similar investigation was done in
1996. )There is the one that the swelling has been hardly generated, too and it is
understood that the difference is large in an old coating at the construction age the
anticorrosive effect of the paint film though there are a lot of one that the swelling was
generated. A private object tank is the main, and paints are contained excluding the GF

coating.

S 6
ﬁ% 102 . T 4T ¥ v :
b2 . i ~ BG™ S ]
= | |
2 g =
s ls & .
£ : 12
= -
sas, W deg
L
i 16; ; T é@} o : ....... L
H z LI O P PP ol teme 4 i sam e H : - G
1 2 3 4 5 6 7 8 9 18 11 12 13 14 15 18 17 18 19 2@ 21

e (F)

(1) « @ PRI, O : WA . A : BEGRORHIERIE
(FE2) WERIR OEHNS | 1BV BB T OIRRI OEEEY
Bl4—1 BEnFORERLBEOREEY L OMFE

X 5.5.9 ¥ 70X IEBFELE a—T 0 T OENIEER

(5)Summary of trouble case with coating

(1)2(4)The following can be said by drinking and bringing result [wo] together.

?When the coating flakes off in the tank where the coating was constructed, the
corrosion rating might become large.

?The factor that the coating flakes off includes the following one.

- Use of paints with low resistance to solvent attack-Dewfall on surface of painting and
adhesion power shortage because of return rust - Coating degradation by high
temperature - Adhesion power shortage and corrosion progress by the groundwork
defective processing (remaining and surface-roughness shortage of salinity and
garbage)

- Film thickness shortage and stiffening shortage because of defective construction
?The factor that the steel board receives the severe corrosion after it flakes off is as

follows. *Formation of macro cell- Formation of oxygen concentration cell-Action of



sulfate reduction bacteria and corrosion with acid etc.?Thinning [shitamono] is not
plainly found though corrosion such as black rust is found as the swelling under is a
little. It is understood that intense inside corrosion doesn't occur as long as the coating
doesn't flake off from this.

It is received to have caused the problem such as flaking off of the paint film in the
coating constructed in the 1975's, is done the examination of the material quality and
conditions of performance of the coating in the 1985's, and a conclusion almost similar
to the above-mentioned analysis is obtained. The requirement for the coating that did
not flake off easily was brought together as a result of the examination, and "Coating
indicator (fire fighting [abunal No.74 in 1994)" was made. It is thought that trouble by a
factor already-known of these is not caused if constructed in accordance with the
coating indicator. The underlined part in the accident case with (1) is a factor that can

be excluded if constructed in accordance with the coating indicator.

References cited

1)Hazardous Materials Safety Techniques Association: November, investigation society
report and 1997 concerning bottom corrosion of coating tank

2)Hazardous Materials Safety Techniques Association: November, investigation
advisory committee report and 2001 concerning cause of crude oil leakage accident from
outdoor tank reservoir

3)0 oil factory of S Ltd. accident measures special committee: O oil factory June 17,
tank separation of 003 # crude oil water leakage accident report and 2003

4)K oil factory of T Ltd.: September, No.19 tank oil leakage accident cause investigation
report book and 2006

5)Japanese high-pressure power technological society: Durability study (investigation of
results of coating) January, report and 2010 of tank bottom coating of land tank in 2009
fiscal year

6)Hazardous Materials Safety Techniques Association: March, investigation

examination report and 1997 concerning coating in outdoor storage tank



5.6Thermal gradient..soak..examination..tank..paint film..investigation..bring
together..temperature..inclination..soak..examination..tank..coating
degradation..correlation..report..thermal gradient..soak..examination..test piece..paint
film..defect..generate..days..the..test piece..equal..paint
film..tank..defect..generate..years..correlation..show..assuming that..working
curve..with..durability..limit..examine. As a result, it was thought that it was an
effective means to forecast a long-term durability limit even if it was a paint film
without the use results in a real tank from the temperature inclination soaking
examination result. The paint film of 40/20°C temperature inclination soaking
examination and a real tank was investigated aiming to make the working curve in the
normal temperature use for the GF coating paint film by using a past result of review
etc. and supplementing data with the experiment etc. at current year.

The relation between the influence and the film thickness that the moisture element
exerted on the swelling of the paint film was chiefly done and it examined it because the
swelling appeared a lot as an aged deterioration of the paint film of the tank, and the
one that influenced a lot as a cause of the swelling was thought to be a moisture element
as the realities though it swelled as a kind of the defect that judged the durability limit
of the paint film, and there were a swelling and a resolution.

It is clearer that it is not the one that the corrosion wastage progresses to the tank
bottom board at once than a site investigation at current year and a past result of
review even if the swelling is generated in the paint film, and when the swelling tears in
one side, the corrosion rating might become large depending on the environmental
condition like the deterioration situation etc. of the paint film in the surrounding. The
swelling tore in a present finding at the time of which extent after having generated the
swelling, and it paid attention to the generation of the swelling because it was not clear

and 1t examined whether to flake off.

5.6.2 Swelling generated in paint film of tank

It is thought that the situation of the occurrence of the swelling generated in the paint
film of the tank can be modeled in the breakdown generation curve like Figure 5.6.1. It
1s thought that it begins to swell by the incipient defect by the selection mistake etc. of
defective construction and the paints material at early time after the coating is
constructed (Figure 5.6.1). It is thought that the trouble case investigated by 5.5
corresponds as such an example. Next, Figure 5.6.1 though it is a swelling due to the
defect of happening by accident (Defect according to a reasonable execution

management by a difficult factor to exclude) to appear, and was performed a constant



execution management. It is generated at the period when [ni] corresponds. It is
thought that the swelling has generated in three tanks where the locale was surveyed
in 2009 fiscal year corresponds to this example. There were a lot of small one of the
repair rate as for the repair rate of the paint film at the time of each opening when the
4th was opened small (passage years about 26 years)(Table 5.6.1) though the swelling
had been generated in these tanks at the time of each opening. Finally, the swelling by
passing the durability limit of the paint film is generated (Figure 5.6.1). As such an
example, both the impedance measurements and the adhesion power measurements
local investigation C tanks of current year are generated by about 11% when the defect
such as the swellings opens it this time, and lower, and a paint film concerned cannot
say that the inside corrosion prevention function will be maintained, and is thought to
have generated the swelling by the durability limit of the paint film from the occurrence

of the corrosion of the bottom such as flaking off of the paint film.
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#5.6.1 FHPEE 700 pm FRED X 7 OFGEA L fEROBEG

227 No. A4 A-8 A-9 A-10 A-13 A-14 A-15 A-16 A-17
s WIHEIE (Min) pm 440 450 470 480 500 500 450 450 450
VIHBIE (Ave) um 825 789 781 731 821 756 853 785 791
WIS 82/11/18|  83/05/20|  82/12/09]  83/05/19]  83/10/17]  83/10/17]  83/10/20]  83/10/20]  83/10/29
LR A A A 83/09/22|  83/09/23|  83/10/17|  83/10/17|  83/11/01f  83/11/10]  83/11/09]  83/11/08|  84/02/02
EA F1E H B A _ 86/08/29|  86/09/23|  85/08/06|  85/07/09|  86/05/18|  86/11/24|  88/07/18|  87/07/18|  88/05/06
m o B HEEER () 0 0.25 50 0 1 0.5 1.5 1.2 5
Vit E R () 5 0. 25 50 0 1 0.5 1.5 1.2 5
WHEE (%) 0. 11 0.01 1. 06 0. 00 0.02 0.01 0.03 0.03 0.11
s20m HBRf EA 91/09/16 91/10/03|  91/08/29| 90/05/10 90/09/22] 92/09/21 93/06/30 | 92/11/04 | 93/07/13
2[mH [ 28] H BHAIR O i 4 8.0 8.0 7.9 6.6 6.9 8.9 9.6 9.0 9.4
B Iehms 0.7 12 242 4 1 0 6 0 13
R () 0.7 12 294 4 1 0 6 0 13
HEE (%) 0.01 0. 26 6. 26 0. 09 0.02 0. 00 0.13 0. 00 0.28
#53al B B AR 4EA 1998/5/19] 98/07/31 1998/6/23] 96/07/06 | 97/06/27 | 99/08/18 | 00/07/28 | 1999/10/25| 00/09/26
3[EIH [ 3181 H BHAIRE O R F 5 15 15 15 13 14 16 17 16 17
BB |Bghomifg () 2.2 26 196 82 0.04 0 77 1.3 54
SR (nd) 2.2 26 196 98 0.04 0 77 1.3 54
MEE ) 0. 05 0.55 4.17 2.09 0. 00 0. 00 1.64 0.03 1.15
41 B BAA A 2006/9/1 2007/7/5 | 2006/10/1 | 2004/12/1 | 2005/4/1 2008/4/1 2009/5/1 2008/6/1 2009/5/1
4 H 4B H B AR O R4 23.0 23.8 23.0 21. 1 21.4 24.4 25.5 24.6 25.3
B hEst (o) 74 6 10 4.7 0.5 0.5 277.96 2.85 21.3
Mgk () 74 6 10 4.7 0.5 0.5 277. 96 2.85 21.3
WHEE (%) 1.57 0.13 0.21 0.10 0.01 0.01 5.91 0.06 0. 45
REHIEE %) 1.74 0.94 11.70 2.27 0.05 0.02 7.71 0.11 1.99
%7 No. A-20 A-21 A-26 A-27 A-39 A-47 A-56 A-57 A-58
P PIHAIE (Min) um 520 550 450 450 560 480 480 450 500
WHEE (Ave) pum 781 803 715 717 770 789 850 738 779
WA e | 83/10/17|  83/10/17)  83/10/17|  83/10/19]  84/08/11|  84/09/10|  83/07/22|  83/07/18]  83/06/08
W1EIAA A~ EH 83/11/26|  83/11/09]  83/11/30|  83/12/08|  85/07/06]  85/03/27|  83/09/01|  83/09/01|  83/09/01
L Fi1lml H B ik 42 A 86/06/06 87/08/01 87/05/11 88/09/01 88/09/19 88/06/24 86/07/31 87/06/27 87/05/18
o - REEmR (m®) 0 0 3 15 0 140 0 0 0
WiswER () 0 0 27 15 0 150 0 0 0
HIEE (%) 0. 00 0. 00 0.57 0.32 0. 00 3.19 0. 00 0. 00 0. 00
H2lel H B Ak 4EH 90/10/13 92/08/07 92/07/16 93/09/30 93/09/09 93/05/06 91/05/20 93/06/04 92/06/24
olalE 2[5 H BH R R85 6.9 8.8 8.6 9.8 8.2 8.1 7.7 9.8 8.8
B [lghsifE o) 0 2.5 90 235 2 10 0 0 0
WiEERE (0 0 2.5 90 235 2 10 0 0 0
HifEE %) 0.00 0.05 1.91 5. 00 0.04 0.21 0. 00 0. 00 0. 00
S530E1 H B AR 4EA 97/06/30 | 2000/11/22] 99/07/20 2001/6/20] 2001/5/23] 00/05/18 1999/6/14]  2001/8/1 2000/8/1
SEIE 3 H B R R E L 14 17 16 18 16 15 16 18 17
B B gimfE (nd) 0. 09 295 119 5.0 5.5 42 0 0.2 0.4
|\ e R (nd) 0.09 295 142 5.3 15.7 42 0 0.5 0.4
MitEE ) 0. 00 6.28 3.02 0.11 0.33 0. 89 0. 00 0.01 0.01
#4la] H B ik 45 H 2005/10/1 | 2009/9/1 | 2007/12/1 | 2009/10/1 | 2009/11/1 | 2008/8/1 | 2007/7/1 | 2009/8/1 | 2008/10/1
4a1H |41 H B R O BB AR AL 21.9 25.8 24.0 25.8 24.3 23.4 23.8 25.9 25.1
B M ghmEst (m) 72 278.8 190 23.1 1. 06 0.33 1 3.86 0.2
i R (nf) 72 280 190 24 1.1 0.33 1 3.86 1.0
HlifEE () 1.53 5.96 4. 04 0.51 0. 02 0.01 0.02 0.08 0.02
REHIEE %) 1.53 12.29 9.56 5.94 0. 40 4.30 0.02 0.09 0.03

5.6.3 Making of weigh-in line

(1)40/20°C temperature inclination soaking examination result of the execution in the

days this fiscal year and the past of the swelling generation by the durability limit that

paid attention to the permeability of moisture to the paint film was summarized in
Table 5.6.2.




#5.6.2 4020 EEAREERABRER % (B VEIIEG F &k

BVHISRE | BVEIREE | BVHISRE (&%) P
400 1 m 700 u m 1000 1 m BV EiliE NV g
fE¥ KB 400w m
Fpk 1348 | 93 ALARE (DAKE | 93 H LA (BIRE — 93 HLIE (LB | 7HHD
B 20 -2 | OBIEKRFE) DBIEARFENE) BRI E) THZE
=IEHIM 100 H FHREEL A AR
YRR 14 75 H~97T HD | 111~130 O — 75 H~97 H D 7THENS
HERF 2 -2 i 2t AN FHIEEL A AR THZE
RIEHIM 151 8 | 2 -2l s/E 2t At
YRk 214 | 75 HEHOWEIEL | 75 H HOR)E# | 141~147 H 91~97 H D 75 HEMD
RERA 1 -2 | BEIIEEICS | EHIZIEBEEIZS D BV #thg 70%,/NV | 10 HZ &
RIEWIM 179 B <hTuniz, <hTuniz, g 30%
LRk 22 51~55 H D] 66~170 H DFH — 80~85 H D fH 5HEMND
B3 -2 | 56~58 H D] 56~58 H D 66~70 H D 5HZ&
IR IE I 51~55 H D 51~55 H DR 59~65 H D
W¥) 52~56 H | ) 58~61 H ) 68~73 H
EARIIELEFRLT

The following can be considered from the result of 40/20°C temperature inclination
soaking examination.

?Uneven to the soaking examination result every fiscal year is understood. Even if there
is a possibility that the condition of the examination (mix of the temperature
management, the surface-roughness, and paints at the maceration in detail) is not the
same when 2002, 15 fiscal year, and 2009 and 22 fiscal year are compared, and the film
thickness and the resin composition are the same, the generation days of the swelling
cannot be simply compared. Moreover, there is a possibility that reproducibility is not
obtained from the difference of the surface-roughness of the test piece at intervals of
days of the external observation when 2009 fiscal year is compared with 22 fiscal year.
?The area of the swelling increases monotonously after generating the swelling though
the test piece was produced in having arranged the construction environment (Figure
5.2.3) though the swelling has been generated by days different in each test piece.
Figure 5.6.1 of this state. It is understood that it is thought that it arrived at the state
that [ni] corresponds, and a constant durability limit exists in the GF coating.

?It 1s long like the one with thick film thickness and when the film thickness is thick,
the performance of durability is steady to the durability limit of the paint film from the
test outcome at current year because the swelling generation days are different
according to the difference of the film thickness of the test piece.

?It 1s not confirmed in the paint film of 400pm in the film thickness though the

difference of durability by the difference of the resin is confirmed in the paint film of




700pm in the film thickness in the result in 2009 fiscal year of 2002 fiscal year though
the paint film of 400pm in the film thickness of BV resin/NV resin GF coating paints
showed durability that is higher than the one of the same film thickness of BV resin GF
coating paints in the result at current year. It is thought that the difference of durability
by the difference of the resin doesn't necessarily appear stably from this in the paint
film of 400pm in the film thickness.

The swelling generation days of each film thickness of 40/20°C temperature inclination
soaking examination (a lot of BV plastic paint used in a real tank) that makes the
working curve are summarized from the test outcome at current year in Table

5.6.3(mean value of three test pieces).

Table 5.6.3 Swelling generation days of each film thickness of 40/20°C temperature

inclination soaking examination (BV resin GF paints)

7 5.6.3 40,/ 20 CIREARIRIERBROBEE = L 05 NEAE B (B VEIEG F &
400 1 m 700 u m
AL B 52 H~56 H 58 H~61 H

Swelling generation days the 52nd. 58 of the 56th?The 61st

(2)Number of years elapsed for paint film that swelling is widely generated in real tank
?It is not thought that it has arrived from the admission of neither tear of the swelling
nor damage, etc. and no generation of the corrosion thinning of the bottom board either
at the state to exceed the durability limit completely as the entire paint film though the
swelling has been somewhat generated if the average film thickness of about 700pm is
secured from the paint film locale survey result of last year's real tank. It can be
confirmed that there is durability for 26 years (above) when BV resin GF coating paints
(average film thickness 700pm) are used at the normal temperature as results.
?However, ..generated swelling.. Figure 5.6.1 in opening during year 26. This figure
though it is the one due to the defect of the [niokeru] happening by accident. Whether it
is what caused with [ni] cannot be judged.

?In view of the situation of the site investigation, the durability limit of the paint film is
exceeded though it has been used for 24 years by average film thickness 528um in C
tank by the site investigation at current year.

?In A tank by the site investigation at current year, the durability limit has not been

exceeded though it uses for 14 years by average film thickness 517um.



??And, do?Whether construction that it drinks and the paint film of the tank suits the
coating indicator is done, as the construction age, A tank is time with a constant finding
for the construction technique of the coating in 1986 1996(1996)(1986)C tank though it
is not clear.

?A lot of things with a high repair rate come to be shown from the result of the survey of
the repair history in BV resin GF coating of 250pum in the specification lowest film
thickness when 20 years are exceeded.

27?7?71t 1s thought that the value of 20 years as the life to film thickness 400pm of the

coating indicator as of twining is reasonable values in a present finding.
The swelling generation year of each film thickness from the result of the survey of the
paint film with a real tank where the working curve is made is summarized from the

result in 2009 and 22 fiscal year in Table 5.6.4.

3#5.6.4 FEHZUIIZBITHBEONEERTEL (BVBIEGF a—7 1 7)
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(3)Making of working curve
(1 N (2)Drink..result..for..provide..resin..coating..paint film..working

curve..make..Figure..become.
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‘The swelling occurrence time from the temperature inclination soaking examination
result of 700pm when you adopt the mean value of three examinations (58?761) in 2010
fiscal year

B:The swelling occurrence time from the temperature inclination soaking examination
result of 400pm when you adopt the mean value of three examinations (52?56) in 2010
fiscal yearC:The GF coating of about 700pm considers the swelling of three local
investigation results of 700um (852 pm in the average film thickness of average 485pm
of the lowest film thickness and the bottom plate, 912 pm in the average of the [anyural
board film thickness, and the specification film thickness: lowest and 430pm and
average 650um) to be a swelling due to the defect of happening by accident in 2009
fiscal year, and : when thinking that the life is expected for 26 years or more.

D:The GF coating of about 400um : from the result of local investigation tank A of 2010
fiscal year (393 pm in the lowest film thickness and average film thickness 517pm)
when thinking that the life can be expected for 14 years or more (However, it is
uncertain whether construction that a paint film concerned followed the coating
indicator was done).

E:The GF coating of about 400pm : from the result of local investigation tank C of 2010
fiscal year (336 pm in the lowest film thickness and average film thickness 536pm and
24 passage years years) when thinking that there is no life for 24 years (However, it is
uncertain whether construction that a paint film concerned followed the coating
indicator was done). F:The life of GF constructed by specification minimum film
thickness 250pm (There is no film thickness record) from the repair history analysis
result of the paint film of a private tank of 2010 fiscal year when thinking for 20 years
from 15 years (However, it is uncertain whether construction that a paint film
concerned followed the coating indicator was done)
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5.6.4 Consideration

?The working curve (Figure 5.6.2) that tried making at current year had width, and was
not able to make a determinate working curve. It is one factor not to have obtained
enough data for conditions of performance and the durability limit of the paint film of a
real tank though this should obtain the data of the durability limit of the paint film of a
real tank where the material and conditions of performance of the paint film of the
accelerating test are almost the same to make the working curve with high accuracy.
?An equal execution management to the coating indicator was executed, and the

average film thickness was able to confirm BV resin GF coating paint film of 700pm was



healthy about 26 years. Moreover, the average film thickness is appreciable of the paint
film of 700pum in the film thickness from the clarification of having an effect of
controlling the penetration of moisture compared with the paint film of 400pm in the
film thickness high, steady durability as a result of the soaking examination and when
it stably has the life for about 26 years, the paint film of 700pm is appreciable.
?Whether the swelling had generated when 26 years passed was the one due to the
defect of happening by accident or it was what had begun to be generated because the
durability limit was received was not able to be judged. That is, information whether
from it to years how many is not obtained though it is thought that the life is 26 years or
more.

?When the swelling tore, it was clarified that the corrosion rating might become large
depending on the environmental condition like the deterioration situation etc. of the
paint film in the surrounding.

?The paint film was thought to be further progress of deterioration when the durability
limit was exceeded from a monotonous increase of the area of the swelling after the
swelling had been generated when soaking was examined.

72?7?71t 1s thought that it is appropriate to twine and to judge the life of BV resin GF
coating paint film of the average of , film thickness 700pm level to be 26 clear years
from results to present.

?The difference of durability by the difference of the resin doesn't necessarily appear
stably in the paint film of 400pm in the film thickness though the difference of
durability by the difference of the resin is confirmed about the difference of durability
by the difference of the resin in the paint film of 700pum in the film thickness.

References cited
1)Japanese high-pressure power technological society: Durability study (investigation of
results of coating) January, report and 2010 of tank bottom coating of land tank in 2009

fiscal year

5.7Examination concerning the life of inside coating of outdoor storage tank

It is possible the swelling the degradation phenomenon that has been actually
actualized, and to influence a lot as this cause though the infiltration of moisture, the
swelling by the solvent element, and the swelling by the acid element etc. and
resolutions are thought as the deterioration factor of an inside coating. a moisture

elementlt paid attention from the clarification of the corrosion rating's being likely



being likely to become large depending on the environmental condition when the
swelling tore to the generation of the swelling and it examined it. The result is brought

together as follows.

5.7.1 The life of paint film seen from results

When judging from statistics concerning a corrosion rating inside in the tank where BV
resin GF coating was done, the third inspecting it it was clarified that inside corrosion
had been found in a lot of tanks though it was not a coating that followed the coating
indicator. Moreover, it is evaluated that the paint film has been used for 24 years by
average film thickness 528um as a result of the investigation of the tank where BV
resin GF coating was done (construction in 1986) exceeds the durability limit in view of
the deterioration situation though it is uncertain whether construction that suited the
coating indicator was done. It was evaluated that the paint film had been used for 14
years by average film thickness 517pm (construction in 1996) was seen from the
deterioration situation and the durability limit had not been exceeded. It doesn't change
from the above-mentioned at the present life (20 years) to the paint film of the standard
"Minimum film thickness 400pm". The coating indicator is the one put out on
September 1, 1994, only 16 years pass, and there is no data about the deterioration
situation when the coating that suits an indicator concerned is used for 20 years or

more.

5.7.2 Paint film that has durability that exceeds 20 years

If it was a paint film of average film thickness 700pm level, it was clarified that there
was life for about 26 years from the examination to the foregoing paragraph. It was
thought that the life of the paint film was influenced from a comprehensive viewpoint
by the average film thickness if no homogeneity of the environment in tanks of the
distribution of the sludge and moisture and the temperatures, etc. was considered, and
was clarified also of receiving of the deterioration situation the influence of the film
thickness from the result of the survey of the tank where durability had been exceeded.
It is necessary to take account to the distribution of the film thickness to provide for the
life long-term that exceeds 20 years from this. Figure 5.7.1 shows the example of the
thickness distribution of the paint film with the life for about 26 years. These are the
one constructed by the specification "Minimum film thickness 430pm or more and
average film thickness 650pm or more". On the other hand, the average film thickness
1s not provided for, and the example of the film thickness of the paint film constructed

by the specification "Minimum film thickness 400pm or more" is shown in Figure 5.7.2.
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It is possible that the life of the paint film is influenced by a big film thickness (That is,
it is thinner than the average more partial) to be distributed with the film thickness
biased like the example in the right of Figure 5.7.2. Figure 5.7.3 shows the image of the
distribution of the film thickness. The paint film (Figure 5.7.1) that was able to confirm
the life for about 26 years has the thickness distribution like the left side of figure, and
there is the one with the biased distribution from the consideration only of minimum
film thickness shown as a specification in the tank in Figure 5.7.2 construction, too.
Even if an extreme case is assumed and the average film thickness is the same as a left
one of figure for the thickness distribution like the right side of Figure 5.7.3, the life
must be different from the paint film with a left thickness distribution because a lot of

parts where the film thickness is thin exist.
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.7.5 Problem after this

In this examination, whether the swelling had generated in BV resin GF coating paint
film that passed from construction 26 years was what generated by the defect of
happening by accident or it was what had begun to be generated because the durability
limit was received was not able to be judged. Moreover, because the working curve with
high accuracy had not been obtained because it was uneven to the swelling generation
in soaking examination day and the repair rate in a real tank, etc. , the life was
examined based on results. The finding of the deterioration of the paint film in the tank
is necessary to be difficult to say for an enough finding to have been accumulated, and to
use the paint film for a long term about the durability limit of the coating that exceeds
20 years. It is possible to accumulate the result of the survey of the deterioration
situation of the paint film in a real tank, and to advance the examination of a new
management method like the evaluation of [yojumyoul] of the coating that uses a new
finding and the technology etc. for that.

This time, it was difficult to collect the data of the reasonable amount and accuracy
though data that investigated the deterioration situation of the coating had been
collected. Because it was clarified that the corrosion rating might become large
according to the condition of a peripheral deterioration situation etc. if the flaking off
part is caused in the paint film by any chance, it is necessary to manage the coating
from the viewpoint of basic prevention of accidents appropriately besides the cycle
extension. The coating that conditions of performance are not clear as described by 5.6.4
there, too and investigating the deterioration situation when it is opened to preserve it
of the construction record (Only when opening it once every several years, it can know
the deterioration situation of the coating) and recording are important. It is thought
that it becomes possible to advance the examination of the prolongment of the coating at
the life by assuming the accumulation of such data to be a radical. It is possible to
construct a common data base like the search procedure and the description method of
the paint film etc. as a concrete approach. Moreover, it is important to do in front of the
oil Inn an appropriate check and repair from the idea of the healthy decrease factor of
the damage of the paint film by the work when opening it besides a pure coating

degradation etc. about the deterioration of the paint film.



Chapter 6 Summary

The security inspection that lies outdoor tank reservoir * of 10,000 kiloliters or more in
capacity set up after 1977 is executed for the board thickness of the tank bottom and the
matter concerning the weld at intervals of eight years (The one on which the measures
for security lectures is 10 years or 13 years). The examination done at this investigation

study committee for the cycle of this inspection is brought together in the following.

It scratched for information about situations of the shut down inspection in the
influence and foreign countries when the situation of the occurrence of the execution
condition of the repair when inspecting it as an analysis of the current state and the
accident and the dangerous article outflow accidents occurred in Chapter 2(Figure 621).
Moreover, a constant finding was obtained about the corrosion of the board of the
bottom of the tank though data concerning the corrosion of the board of the tank bottom
was collecting analyzed, and the uncertainty remained of the restriction of the

measurement density and the frequency of data (Figure 6?2).

- The main primary cause of outflow accident from tank
bottom (deterioration factor of passing year)

*Thinning due to inside corrosion

*Thinning due to the back corrosion

+Weld deterioration

- Accident situation of the occurrence

+1974722 outflow accidents will occur from the outdoor
tank bottom of 10,000 kiloliters or more in capacity in

2010.

- Five outflow accidents occur from the tank bottom of
10,000 kiloliters or more in capacity because of the
Miyagi-ken-oki Earthquake generated in 1978.

- Feature of outflow accident from bottom in large-scale
tank

-The one that was a small-scale outflow might rapidly
develop into the large-scale outflow accident first (France
in Belgium in Sendai City in 1974 Toshioka Kurashiki
City, Yamagata and 1978 and 2005 and 2007).
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- A left the above chart is showing of the board thickness of the tank bottom. A blue part is a part
where corrosion doesn't progress, and a yellow part in a yellow frame is a part where the board
has thinned due to the back corrosion.

A right the above picture is showing of the result of a measurement of the thickness of the
bottom plate in a left tank (The measurement point is almost proportional to the area) by the
measurement point of each board thickness. The majority of board thickness are in the range
from 11.3 to 12.3 millimeters, and the part that has decreased within the range from 7.0 to 9.0
millimeters in board thickness exists, too.

- Corrosion often advances locally on the back of the tank bottom like this example.
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In Chapter 3, the influence given to safety when the fundamental period of the security
inspection was extended for eight years was evaluated. The number of cases where the
penetration hole was caused by the number of cases and the back corrosion where the
penetration hole was caused by inside corrosion was forecast when assuming that the
inspection cycle was extended by using the data when inspecting it in the past (Table
6?1). As a result, it was said that a present fundamental period was an expectation of
reasonable safety, and it was not suitable to extend the fundamental period with a
present inspection method maintained because a dangerous outflow rose greatly.
Because the technology that did the fixed quantity evaluation had not established it,
these were not evaluated though the accident from the tank bottom included the
accident due to deterioration in the weld and the accident at the earthquake due to the
earthquake resistance decrease besides the formation of the penetration hole due to

corrosion.
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8 UL F 1 3 1 3
~9 5 6 1 10
~10 5 7 1 11
~11 11 9 2 18
~12 15 10 2 23
~13 21 12 3 30
~14 23 14 3 34
~15 29 15 3 41
~16 33 17 4 46

Chapter 4 examined whether the inspection cycle was able to be extended without
ruining safety when the continuous board thickness metrology to the tank bottom was
used. The back corrosion speed when the corrosion situation of the board of the tank
bottom is measured by the continuous board thickness metrology as a result of
evaluating the uncertainty of the inclusion in the corrosion rating etc. is below
constancy. In the tank where it met requirements such as the construction of the
coating that fulfilled certain conditions or very the inside corrosion speeds small in
contents without the causticity, the inspection cycle was able to be extended until

constant years (15 years at most)(Table 6?2).

In Chapter 5, the collection analysis of the repair history data of the indoor examination,
the site investigation, and the coating is done for the life of the coating that prevents
corrosion in the tank. The one to meet a constant film thickness requirement was
evaluated about the life when the glass flakes coating that used the material from
which it was lectured by constant conditions of performance and the quality was
confirmed maintained the inside corrosion prevention function referring to results in a

real tank (Table 6?3) as 26 years.
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As for deterioration in the tank bottom, it is a problem to obtain data only at time of

open of every several, and for changing the board might performed without

investigating when corrosion is remarkable, and not to obtain data enough. It is

important to examine the requirement for the extension of the ideal way of the security

inspection and the cycle again when it tries to accumulate data investigating

deterioration in corrosion of the board of the tank bottom, weld deterioration, and the

coating etc. when opening it, and an enough finding is obtained about the deterioration



factor of these bottoms in the future in a related office.

About other parts (shroud and attached equipment, etc.), securing safety is necessary,
and promotion of independent security is expected though the board thickness of the
bottom that inspected security and the examination of the matter concerning the weld

were done at this investigation study committee.
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