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一、內容摘要：

本公司有鑑於台塑化公司去年重大工安事故中由於CUI腐蝕問題所衍生的資產損失以及社會形象的折損，積極尋求CUI腐蝕問題改善對策及技術。
所以此次出國研討，主要參加日本CUI技術委員會的CUI導引指導書的發表會，取得第一手日本對於CUI腐蝕問題對策的資料，並觀摩日本煉油廠如何對制CUI腐蝕問題及檢查技術。針對設備及管線保溫系統設計上的改善，就教於日本日揮工程公司，得到豐碩的結果。
本次能參與CUI研討會並於會場發表中油公司對於CUI的實際做法，除受日本ENAA協會及與會人員肯定外，並能在第一時間與相關人員討論CUI技術，取回日本CUI導引資料頗為值得。

二、關鍵詞：保溫層下腐蝕、非破壞檢測、CUI。
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1、 出國目的：
為避免設備、管線之保溫層底下腐蝕問題，而導致事故發生，增進可靠度，適值日本CUI委員會於101年2月3日假東京召開「CUI技術研討會」，故特別指派督導三廠副執行長及設備檢查技術中心主任前往與會，以取得最新技術及觀念，做為本公司後續CUI管理及改善的借境。

2、 出國行程：
1. 101年1月31日 高雄至東京起程
2. 101年2月1~2日 至JGC及JX日本石油公司參訪
3. 101年2月3日 參加ENAA”CUI技術發表會〞
4. 101年2月4日 東京至高雄返程
3、 工作內容摘要：
1、 與JGC及吉坤日礦日石能源公司研討CUI腐蝕問題：
(一)公司摘要

JGC(日揮)公司總公司位於日本橫濱，成立於1928年總公司位於橫濱世界運籌中心大樓，有二大事業部，一為工程部門主要從事石化、煉油、核能及化學工場之設計、採購、建造及性能測試；另一為觸媒，能源，高質化化學品及半導体事業，是一個相當有規模的公司。中油過去曾有多次與該公司合作的經驗，雙方關係良好，本次派出六位主管參與討論CUI腐蝕問題及提供設計改善方案建議殊難能可貴。
JX NIPPON OIL& ENGERY CORP.(吉坤日礦日石能源公司)總公司位於東京千代田區，主要從事石油煉製、石化品銷售、進口天然氣，電力能源開發及燃料電池研發，擁有8座煉油廠。本次與日本石油學會一同介紹有關煉油廠CUI腐蝕問題調查及對策。

行前為能充份獲得資訊，先給一問巻如附件一，並獲JGC公司各領域專家回答，所以本次拜訪獲益甚多。

 (二)拜訪心得：
1. CUI(corrosion under insulation)是一個存在已久的腐蝕問題，早年由於石油煉製製程溫度、壓力較低，工場較新，縱使發生CUI腐蝕問題，其後果嚴重性尚未真正威脅到工場的安全，所以在亞洲此問題就一直未受到重視。倒是歐美先進國家因煉製工場設置較早，在50年代CUI問題就已碰到諸多問題，所以歐洲腐蝕聯盟(UFC, Uuropean Federation of Corrosion)在2008年就已出版publication Number 55”Corrosion under insulation giideline” 美國NACE學會更早於1998年成立工作小組並於2004年出版了NACE RP0198，最近更名為NACE-SP0198-2010。這二本導引手冊書可做為CUI問題的濫觴。
2. CUI腐蝕問題導因於水份入侵保溫材料內導致金屬設備或管線的腐蝕，所以如何防止水份入侵保溫材為首要的基本要件。本次拜訪JGC公司就是要請教如何在設計面改善？JGC公司從四個面向來說明此一問題。
1) 從絕緣保溫材料外夾套層面改善

正確選用包覆夾套層材料並落實安裝以及防水膏塗覆，以避免水分滲入包覆材內部。材料可選用水密封性較佳的非金屬材料如(GRP/GRE, Rubber type)或依環境選用較耐蝕鋁或不鏽鋼材料。
2) 從絕緣材料面改善
選用吸水性較低以及含低氯之的包覆材料如closed cell 保溫材，依ASTM C534選用可撓彈性体泡綿;或採用STM C552A玻璃纖維(Foamglass)。詳細材料選用可依NACE-SP0198第5節辦理。
3) 從塗料面改善

落實塗覆表面前處理工作並強化塗覆施工品質和採用高耐蝕塗料，尤其在海洋性環境和特殊幾何結構包覆不易的區域，此為預防設備CUI 洩漏的第一屏障，亦為本質安全設計。材料可依使用溫度選用，參考NACE-SP0198第4節。JGC建議在條件比較嚴苛，後果比較嚴重之位置可選用價格較貴、抗蝕性較佳的TSA(Thermal Spray Aluminum)熱噴塗鋁材，此種方式在UFC-55特別提到其使用夀命可延長至25年並可耐高溫至480℃。
4) 從設備設計面改善

1. 對於保溫層系統的設計應儘量考慮避免積水或讓水有入侵的可能性，如於所有插入和分支的管線，包括管線懸吊和支撐處、閥體、管鞋以及追蹤蒸氣進出口，法蘭和其他構件包覆的終點，設備插管以及結構支撐附近殼版，可依NACE-SP0198第3章的方式改善。
2. 水份可能入侵位置如圖一，改善圖例如圖二~圖四。
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Figure 2: Typical Vessel Attachments Where Water May Bypass Insulation




圖一：水份可能入侵保溫材或積水位置
[image: image52.png]



圖二：防止水份進入保溫材所採取的密封方式
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Accumulation




圖三：塔槽支撑環位置要上下接合正確且不要有積水可能
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圖四：保溫端點加防水遮蓋並密封，以防雨水入侵
3. 吉坤日礦日石能源公司，針對CUI腐蝕問題，該公司也深為困擾，畢竟該公司煉油廠大部份皆已建廠運轉30年以上，近年來CUI腐蝕案件逐漸攀高，每年每廠近乎有10件，所幸未有重大工安事件發生，該公司也一直尋找有效的解決方法，配合ENAA( Engineering Advancement Association of Japan)協會訂定CUI導引手冊。在管理面上，教育所有操作與維修人員瞭解CUI的發生原因並借由操作人員於現場巡邏時發覺保溫夾層的損害位置，進而由設檢專業人員進行進一歩的檢查，檢查方法大部份採取拆除保溫材目視檢測，也使用RTP( Radiograph Testing Profile)檢測小管徑的腐蝕問題，近年來也嘗試使用先進檢測技術檢測腐蝕問題如濕度計、導波技術、紅外線等輔助檢查CUI問題，但同樣的槽受到判讀不易的困擾。村瀨徹經理指出老舊工場尤其超過30年以上的工場CUI腐蝕問題的確嚴重，維修檢查耗時耗錢，目前仍以風險管理方式訂定檢修優先順序逐一改善，爾後希望能找到一套較可行、可靠度較高的全面檢測技術。
2、 參加ENAA〞CUI技術研討會〞
(1） ENAA協會摘要

該協會成立於1978年代理日本政府從事有關工程事務，主要從事三大業務，包括各種技術法規訂定及維護，人員訓練工作；有關大地工程的研究與發展；煉油業的工安與環保技術導引手冊的建立與訓練。目前有12位理事2位監察人，理事長為千代田企業執行長Takasi Kubota先生。該協會與產、官、學界關係良好，本次參與研討的有產業保安研究官、東京Kogakuin大學教授、及各大煉油廠相關技術及管理人員約有50人。
該協會自2007年成立CUI檢查及控制委員會開始收集有關CUI的資料，2008年調查及評估新的NDT檢測技術，2009年調查日本對於CUI管理系統，2010年調查完成CUI腐蝕機理研究，2011完成CUI導引手冊初稿並於2012年正式對外公佈導引手冊。
本次能參與盛舉並在會場發表中油公司對於CUI的實際做法，除受日本ENAA協會及與會人員肯定外，並能在第一時間取得日本CUI導引資料頗為值得。
（二）、研討心得
1. 日本ENAA協會從2007年開始歷經5年的研究調查才完成CUI導引手冊，其中有些地方與NACE, EFC規範相同，有的為其自己的見解心得，最大的差異為適用範圍，ENAA將適用範圍限制在低合金及碳鋼管線，不適用於地下埋設管線，不鏽鋼管及其他設備。易遭CUI的溫度範圍從室溫到150℃較其他二規範為狹窄。下表為三者之差異比較。有關管理機制方面，ENAA為現場的事務及新技術的應用渉及安全及經濟考量應有現場經理統為負責，維修部門應依規範及檢查結果進行修護，檢查部門同時檢查員應向場經理報告有可能發生CUI位置，並依現場經理指示從事CUI檢查工作，操作部門應執行第一線例行檢查並將結果會知檢查部門進行進一歩檢查，人資部門應負責全員CUI知識技能的訓練，類似建議在UFC-55也有。
2.ENAA對於保溫材檢查及去除的做法，首先清查所有可能遭CUI的管線，再以風險分析的手法排列檢查優先順序，基本上ENAA訂出一套評估計算方式如導引第4節。訂出檢查順序後以全面掃描檢測方法篩出腐蝕位置，再予以拆保溫詳細檢查。此套方法經濟實惠，頗值得學習。

3.有關非破壞檢測的一些基本原則：

1) 長直管、塔頂出口管線可採用導波檢測

2) 小於4吋管徑，可疑範圍在1米長內可用脈波渦電流法

3) 小於4吋管徑且有諸多管件處，宜用數位射線(DR/CR)或dosimetric profiler(如LIXI)

4) 2吋管徑以下，由於其管厚相對較薄，要做腐蝕評估，不要輕易去除保溫，因去除時同時將鏽層剝除，反易造成腐蝕洩漏，必要時寧可換管，不一定要修補。
這些原則性的規範，很適合中油應用。
4.ENAA “CUI Management Duideline For Refinery and Petrochemical Industries”導引手冊如附件二。
	條件
	日本-ENAA
	NACE-SP0198
	EFC-55

	經濟考量 
	無 
	無 
	有 

	業主責任 
	無 
	無 
	有 

	RBI 
	有 
	有 
	有 

	適用範圍 
	C.S.及低合金管 
	C.S.&S.S.管及設備 
	C.S.&S.S.管及設備

	CUI溫度範圍 
	室溫~150℃ 
	c.s. -4~175℃ 
s.s.  50~175℃ 
	c.s. -4~175℃ 
s.s.  50~175℃

	檢查方法 
	目視/去除保溫/測厚/濕度計/GWUT/IR/RTP/PEC 
	目視/去除保溫/測厚/濕度計/GWUT/IR/RTP/PEC 
	目視/去除保溫/測厚/濕度計/GWUT/IR/RTP/PEC 

	檢查位置比例 
	依重要性RBI 自定 
	有規定 
	有一套評估方式 

	改善對策 
	無
 
	有 
	有 （附有8案例）

	保護塗裝
	無 
	有 
	有 （特別推薦TSA）


4、 心得與建議
1、 將依EFC, NACE, ENAA三個規範及融合過去CUI的經驗，制定CUI管理導引手冊。 
2、 依導引手冊，全面清查各工場可能發生CUI管線、設備，並依RBI方式決定檢查優先順序。 

3、 引進全面掃描檢測儀器、工具，尤其是導波及數位射線技術(CR or DR)，依設備及管線腐蝕特性執行檢查。 

4、 依環境、腐蝕狀況檢討保溫系統、保溫材料、外套層材料及塗料之設計規範,以延長使用夀命。 

5、 開班訓練操作、修護及檢查員工使能熟識CUI的基本知識及技能，以能全員對治CUI問題。 
6、 所有保溫材的設計、施工、維修必需建立規範並按照標準施工程序施作，從源頭杜絕CUI。
7、 擇期舉辦CUI研討會，互相交流經驗，以期降低CUI的危害。 

附件一
[image: image1.jpg]Q&A about CUI

1. Since we know the reason of CU! is the form of corrosion results from water
invasion into insulation. Have any preventing methods from the point of design
included selecting insulation materials, paints, jacket over the insulation,
equipment design?

<JGC Reply>

(1) Insulation materials

Closed cell type insulation materials, such as Flexible Elastomeric Foam (ASTM
C534), cellular glass (FOAMGLAS, ASTM C552), are preferred.

(2) Jacket materials
Water tight jacketing materials, such as non metallic jacketing (GRP/GRE,
Rubber type), are preferred.

(3) Painting

Suitable coating as per operating temperature of the relevant service is
required. Thermal Spray Aluminum is very expensive but good corrosion
resistance.

(4) Equipment Design
Insulation support ring or stiffener ring on vertical vessel shall be designed to
avoid accumulation of ingress water at these rings.

(5) Others
Non-contact insulation is specified for preventive measure for CUl in CINI
standard but we have not applied this system so far. (Ref; Attachment-1)

2. About stainless steels, problems will result of leachable chlorides contained in
some insulation, especial 300seriees stainless. Have any methods to reduce the
chance of chloride attack?

<JGC Reply>
(1) The above considerations are also effective preventive measures to ESCC
(external stress corrosion cracking) of austenitic stainless steel.

(2) To apply aluminum foil on the surface of stainless steel which gives barrier
to water ingress and also cathodic protection. (Ref; CINI 7.6.05 and NACE
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[image: image2.jpg]PR0O198, Section 4.2.3)

(3) ASTM C795 (Standard Specification for Thermal Insulation for Use in
Contact with Austenitic Stainless Steel) specifies acceptable concentration
of Cl and Na + SiO2 in the insulation material for the application on stainless
steel surface.

3. How do you think the steam tracing will increase the CUI problems? If the

answer is “yes”, have any method can change the situation and reduce the CUI
problems.

<JGC Reply>

We could not find any report or information that steam tracing would increase
the CUI problem nor have any CUI problem caused by steam tracing.

However, if it is the intermittent steam supply or run pipe with temperature
below around 120 degree C, CUI risk should be larger under such conditions.
Similar preventive measures which are applicable to “without steam tracing”
will be also effective.

4. Except removed insulation and do vision or NDT inspection, have any effective
advance inspection methods to do in the condition of in service inspection
without removed insulation?

<JGC Reply>
Infra Red survey may be one of methods to know parts where the insulation
system is damaged and not satisfying the thermal insulation performance.

5. Have any Japanese codes required removal of some percent of insulation to do
inspection? How often? What's the percentage need to be removed?

<JGC Reply>

The High Pressure Gas Safety Institute of Japan requests to conduct a visual
inspection on outside of piping/insulation once per year. Also pipe wall
thickness inspection once per year is requested.

6. In order to find the leak from the high temperature flanges early, we often
removed the insulation and had a snaffling steam ring over there, and then the
water will intrude during raining. Do you have any commends to improve this
system?
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[image: image3.jpg]<JGC Reply>

In common design practice thermal insulation is not applied for high
temperature flanges in order to prevent the stress relaxation of the bolts in
high temperature condition. Hot bolting procedure and startup/shutdown
sequences are the important parameters to prevent the leak. (Ref; Attachment
—3,4) Water ingress can be protected by the proper metal jacketing and also
high temperature piping and equipments are not susceptible for CULI.

7. Locations where insulation plugs have been removed to permit piping thickness
measurements on insulated piping. Those plugs should be sealed promptly after
the inspection, but forgot to replace often. What types of removable plugs did
you ever use?

<JGC Reply>

We specified NDT Inspection Plug by Great Northern Products, Inc for the
previous projects. This Inspection Plug consists of EPDM Sleeve and Aluminum
Plug Cap. (Ref; Attachment-2)

8. How do you think a list of high priority CUl inspection locations need to be
created? Do you have any guideline about that?

<JGC Reply>
The following points are extracted from one of Japanese guidance.
(1) Area where jacketing is deteriorated
(2) Piping shoe
(3) Bottom of elbow
(4) Branch (upward) bottom area
(5) Branch (downward) area contacting with Insulation Jacket
(6) Valves
(7) Insulation supporting ring/reinforcing ring

<General Comment by JGC>

Guideline for CUI prepared by Engineering Advancement Association of Japan,
NACE SP0198-2010 “Control of Corrosion under Thermal Insulation and
Fireproofing Materials” and European Federation of Corrosion (EFC)
publication Number 55 “Corrosion-under-insulation (CUI) guideline” provide
the useful information for Q1 to Q5 and Q8.
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附件二
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teline was prepared between Y 2007 and FY 2011 as a part of “Surveys and Research of
In-service Inspection Technologies for Pipes with Insulation,” a project on oil refinery safety
measures funded by the Ministry of Economy, Trade and Industry.

The Guideline is based on a stwdy of non-destructive inspection technologies (including
demonstrations conducted at piants in operation) in Japan and overseas, and an investigation of the
cureent state of the ol refinery and petrochemical industries in Japan, Europe, the U.S., and Asia

In addition, a survey of oil-related businesses and academic societies, such as the Japan Petroleum
Insitute (JP1) and the Society of Chemical Engineers, Japan, was conducted with the collzboration of
the Petroleum Association of Japan and the Japan Petrochemical Indusiry. The test. methods
described in the Guideline were verified through demansirations conducted i plants in operation,
and a final cvaluation was made by the FY 2011 Committee for the Study of Diagnostic
Technologies for Corrosion under Insulation. This Guideline reflecs the results of these cvaluations.
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classificaion by area
classification of subject pipes by area and process (system)

consequence assessment
assessment used to assign priorty rankings 1o subject pipes; the equivalent of the consequence
evaluation used in risk-bascd maintenance (RBM). Each business operator is 10 make a
classification based on the heath, safety, and environmental effect of the properties of the luid in
the pipe (e, volatil, toxic pressurized),social repercussions of potental pollution, and financial
effect of maintenance and operation shutdowns. Classifications in API S70 may be used a5
reference.

corrosion
harmul thickness reduetion (., corrosion) in th pipe’s metal surface caused by CUI
* Each business operator i o defermine the threshald value of *harmful thickness reduction”

corrosion measurement
measurcment of the largest and average corrosion depths and arca of a CUI area taken during
post-removal test. For some small-diameter pipes the measurcments are made by a non-destructive
test.

corrosion product
collective term used to refer to the constitents of the rust layer produced by corrosion reactions,
consisting of a variety of iron hydroxides and iron oxides (magnetite)

corrasion rate
rrosion rate (mmiy) is calculated by dividing the depth of corrosion (mm) by the time elapsed
since the previous testing (number of years: y). If there are no test records. it is expressed as the
average corrosion rate, ablained by dividing the depth of corrosion by the number of years in
service.

corrosion risk assessment
evaluation of the risk of lcakage from CUI that is used to assign priority rankings of subject pipes
and is the equivalent of failurc probability used for risk-based maintcnance (RBM). The risk of
coreosion is assessed using corrosion risk data (i.c., number of years in service, operating
temperature, operating conditions, atmospheric environment) and the results of visual inspections
(o determine a corrosion risk ranking. Adjusiments are then made by considering the remaining
margins derived from thicknss data (.., pipe diameter, schedule number. and thickness data
from the previous tes).

corrosion cisk ranking
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used i this Guideline, three rankings of high, medium, and low are used)

the case example

data
refers o corrosion risk data (1., number of years in service, operating temperature, operating
conditions, atmospheric environment); thickness data (e.g., pipe diameter, schedule number); date
obtained from the results o screening tests and post-removal tests; and/or corrosion data

detection accuracy
an indicator used to select a non-destrucive testing technology. It is affected by the size and
cross-sectional shape of the corrosion. A non-destructive testing technology that measures the
change in the cross scction of the pipe is most commonly used in a screening test. Detcction
accuracy is often stated as the minimum detectable reduction in cross-sectional thickness,
expressed asa percentage.

detection ratio
an indicator used to evaluate the effectiveness of a screening test. Expressed as a percentage
obiained by dividing the number of aras affected by corrosion (number of pipes), dentified by a
post-removal test, by the number of areas requiring insulation removal (number of pipes),
identificd by a scrcening test, then multiplied by 100.

determination
determination of areas where insulation material is 10 be removed among candidate areas
identifed by screening tests, based on the evaluation of est resulls, past experience, and data
Mare detailed visual inspections, partial insulation removal, and non-destructive tests are to be
performed in the sursaunding areas on an as-needed basis 1o help make the determination,

high priority pipe
pipe that has a very large consequence in case of leakage and a very high risk of CUIL and thus is
given a high priority for removal of insulation to inspect for CUI. As a rule, the insulation material
of high priority pipes is removed completely.

identification of insulation remaval arcas
refers 1o the selection of pipes where CUL is 10 be examined afler removing and dismantling
insulation materials and determination of the actual arcas where removal is o occur

jacketing plate
plate that covers the ouside of the insulation and s sometimes called a jacket or a cover.
Galvanized steel plates are most commonly used in Japan, aithough stainless and aluminum types
are also available.

line number
teference number for each unit of a pipe, with one unit defined as the section from one piece of
equipment to the next
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unit used for grouping and organizing subject pipes. There are three types: a unit by area. pipe
(ine number), and a combination of the two.

moisture measurement
‘measure of the amount of moisture in insulation materials, which creates a corrosive environment
that may fead to CUI. This measurement does rot detect CUI per sc

non-destructive test
‘ool used in screening tests to determine whether a particular area requires insulation removal
where a visual test alone is not able (o do so. There arc three types of non-destructive fests:
ultrasonic guided wave test, pulse eddy current test, and radiographic test.

operafing conditions
conditions relating to fluctuations of the operating temperature, such as continuous or intermittent
operation, and including frequent and long-term shutdowns. Some operating conditions may lead
1o condensation, and thus are an importans fector affecting corrosion risk assessment.

operating temperature
conirolled temperature that affects the temperature of the luid in the pipe and the temperature of
the pipe’s metal surfuce, and is an impartant factor affecting corcosion risk assessment

ather pipe
pipe having a small consequence in case of leskage and  small risk of CUI

priority pipe
pipe having a large consequence in case of leakage and a high risk of CUL A screening test
determines the locations in the high priorty pipes where insulation is to be removed,

post-removal test
inspection of the outer surface of subject pipes dircetly after the insulation is removed. [t includes
visual inspections as well as corrosion measuremens. aken after removing corrosion products

priority ranking asscssment
process of classifying the priority rankings of pipes for CUI testing, determined based on the
assessment of consequence and the sk of corrosion (in the case examples used in this Guideline,
pipes are classified into three groups: high priority pipes, priority pipes, and other pipes)

pulse eddy current test
one of the non-destructive test methods used in a screening test. A type of eddy cureent testing that
uses an electromagnetic field, this test method measures thickness reduction without the insulation
having o be removed, by applying  strong electromagnetic field to a pulsed current.

radiographic test



[image: image11.jpg]one of the non-destructive test methods used in a screening test. Bither Gamma rays or X-rays are
produced from radiographic isotopes or X-ray sources. The penetration power of the equipment
will determine the ranges of thickness and outer diameters that the equipment can test.

routine inspection
remote visual inspection performed during aperation from the ground or existing scaffolding by
checking a wide area for any anomaly o faultin the overall appearance of the jacketing plates of
insulated pipes. Often performed by an equipment aperator.

screening test
test used to identiy the areas in high priority pipes where insulation material are t0 be removed
Visual tests and non-destructive tests shall be performed where appropriate and a determination
shall be based on the resulis of these tests and the past experience of each operation center.
Establishment of the screening test i one of the major objectives of this Guideline.

spool drawing

isometric drawing used for pipe tests 1o show the layout of pipe structures in three-dimensional
form

wltrasonic guided wave test
‘ane of the non-destructive test methods used in a screening test. A transducer ring is used lo
generate ultrasonic waves that propagate along the lengih of the pipe, allowing a long section of
pipe to be inspected for reduced wall thickness in a single run.

visual inspection
one of the checks performed during a routine inspection. Visual inspections are performed to
identify any anomaly or fault in the jacketing appearance in those arcas where CUI is prone o
oceur (¢, areas with discontinuities in insulation materials, jacketing plates with corrosion or
other damage), and the results are reflected in a corrosion risk assessment

visual test
method of inspecting the pipe jacketing used i a sercening test. The purpose of the vsual st is o
dentify candidate areas for insulation removal. This is done by estimating the extent of water
infilration from the size and degree of defects on the jacketing surface of areas where CUI is
prone (0 occur (e, arcas with discontinuities in insulation materials, jacketing plates with
corrosion or other damage)

Abbreviations

AP
American Petroleum Institute

cur



[image: image12.jpg]Corrosion Under Insulation
Corrosion that occurs at the interface between the pipe’s metal surface (carbon steel or low-alloy
steel) and the insulation material covering the suface.

EFC
European Federation of Corrosion

HSE
Health and Safety Executive
A UK. govemmental body responsible for regulating the safety of ol refineries and petrocherical
plants, “HSE s sometimes used as an abbreviation of Health, Safety and Environment, but in this
Guideline it refers {0 the former.

ap
Japan Petroleum Institute:

NACE International
A USS. national association representing carrosion enginers

NDT
Non-destructive test

RBM
Risk-hased maintenance
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1.1 Background

Many of the faciliies used in oil refineries and petrochemical plants were constructed over 30 years
ago, and are now beginning {0 show their age. There has been a growing number of leakage incidents
atthese faciltes, caused by deterioration of aging pipes and equipment. Sttisics indicate that many
of these incidents are caused by corrosion under insulation (CUI) occurring on the pipe surface
undemneath the insulation. Conducting inspections of the pipe surface under the nsulation may be the
most desirable countermeasure, but removing insulation from and performing inspections of pipes
running s far as tens of ilometers in a single plant is a difficult goal to achieve, in both time and
cost. Facing this challenge, companies are making efforts to establish menagemen procedures on an
ividual basis 0 ensure safety and security.

Europe and the U.S. began 1o expericnce this problem a decade or two carlier than Japan. Their
major oil corporations have been working on the problem, but no effective countermeasure has yet
been found. Nevertheless, NACE Intemational of the U.S. has established the Standard Practice
(SP0198-2010), while the EFC, its European counterpart, has prepared the CUI Guideline, with both
associations engaging in regular information exchanges and discussions. In other Asian countrics,
100, the problem of CUI has been reported, giving rise 1o situations similar to those in lapan. We
need to address the CUI problem while collaborating with other nations.

12 Objectives

‘This Guideline aims to serve as a voluntary risk management guideline for the early detection,
prevention, and management of CUL in private oil refineries and petrochemical plants in Japan, in
order to prevent eakage incidents due to CUL

13 Application

‘While the general framework (basic procedures) outlined in this Guideline—from assigning rankings
of priority pipes to identification of removal areas by a sercening tesi—must be complicd with, each
business operator s to modify and adjust the details of testing and assessment methods in accordance
with the processcs, environment. and characteristics of each plant, and develop its own facility
‘management (techniczl) manuals and other neessary standard documents.



[image: image14.jpg]This Guideline shall

1)Be applicable t0 pipes made of carbon steel or low-alloy steel;

2)Not be applicable to buried pipes; and

3)Be applicable 10 operating temperatures roughly ranging from ambient temperature to 150°C.
Business operators shall set their own procedures for pipes with operating temperatures below
ambient temperature or above 150°C"

1. Note that this serves as a rough guide anly. and the actal ranges of operating temperatures.
are 10 be set by cach operation center or business operator based on their own policies,
expertise, and experience, as well as plant characterstics. For more information on
approaches to operating temperatures based on the mechanisms of CUI and ofher relevant
domestic and overscas standards and guidelines, sce Chapter 3, The Mechanism of CUI
and corrosion assessment, and Practical Guide 2

1.4 Structure and Content

This Guideline is organized as follows:

Chapter 1: Overview (Background and application of the Guidelinc)
Chapter 2: Management of CUI (Approaches o the Guideline)

Chapter 3: The Mechanisms of CUI and Corrosion Assessment (Understanding of how corrasion
occurs)

Chapter 4; Basics Procedures of CUI Testing (Procedures for identifying removal areas)

Chapter S: Utilization of Non-destructive Test Technologies (Guideline for application of
non-destructive test technologies)

Practical Guides: Supplementary materials serving as the basis for Chapters | to S of this Guideline
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10 s essenial for a business operator 10 plan and implement the management of il refineries and
petrochemical plants  through the collaboration of its management team, the administrative
department based on its head office, and the on-ste facility management depariment. The
‘management of CUL shall be carried out as an integral part of this process. The key components of
CUI management are described below and must be monitored on a continuous basis:

() Clearly definc the roles of relevant departments in all aspects of CUI management, from
on-sitc maintenance to business operation;

(i) Develop measures against the degradation and corrosion of aging plant facilites and
conduct a thorough analysis of the causes of accidents, including minor leakages, while
understanding hidden risks and making appropriate investment in preveniive measures;

(iif) Pursuc initiatives (o impart know-how and enhance knowledge, skills, and techniques in a
well-organized and detailed manner, and to facilitate technological development; and

() Prepare a facility management (echnical) manual outlining specific procedures. for
ideniifying arcas where insulation i to be removed for CUI testing, in order to improve the
detection ratio of CUL

2.0 Roles of the management team and departments/positions

Members of the management team! are expected (o have a good understanding of CUI and refatcd
issucs. They must also make the necessary financial, human, and technical invesiments to ensure that
ach posiion/department is able o ulfilis roles and functions, and develop a corporate culture that
promotes an effective management of CUI. Each department shall perform the roles described below
and manage faciltis through mutval collaboration. In particular,the Chief Facility Manager (who is
also tesponsible for technical management) is expected to play a leading role inthe process.

1) Chief Facility Manager (also responsible for technical management)*

(i) Is responsible for facility management technologies in general and the management and
operation of maintenance programms; and makes recommendations to the management team;

(i) Finalizes and approves  facility (technical) management manual (0 be used a5 & company
standard:

Conducts analysis of incidents and proposes investment in safety measures for preventive
purposes; and

-10-



[image: image16.jpg](i¥) Follows technical trends in Japan and overseas, and makes decisions on the new
technologies to be adopted and developed.

2) Maintenance Supervisor'

Executes duties in accordance with the standards and methods set forth in the facility management
(technical) manual and reports the results (0 the Chief Facilty Manager.

3)Inspection Enginecr

Under the insiruction of the Chief Facility Manager or Maintenance Supervisor, the Inspection
Engincer supervises engineer(s) from the contracted tesing services provider as they conduct testing
that is in accordarce with the testng standards and methods. An Inspection Engincer i also cxpeted
10 sty informed of trends in testng technology and report t the Chief Fecility Manger.

4)Operation Department Engincer
Conducts in-service routine inspections and reports the results to the Maintenance Supervisar.
5)liuman Resources Department

Based on discussions with the management team and related departmentsfpositions (e, Chicf
Facility Manager, Maintenance Supervison), the Human Resources Depariment develops and

exccutes iniiatives in technical trining, skills development, and on-site personnel issues relating o
maintenance.

Notes:
Generally speaking. the position/depariments described above refer 1o the following, but business
operators can efer o th specific tites used within thir especive organizations,

1. Directors in charge and top management
2. General manager of facility engincering. general manager of facility management
3 Manager of maintcnance

22, Technical training and skills development

In principle, companies shl develop and implement technical training and skills development
programs in accordance with their respective corporate strategics. The programs shall consist of the
Tollowing three componeits:
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i)

(i)

Development of a technical transferftraining framework based on past rack records and
experience;

Staying informed of advanced technologies in Japan and overseas, festing new
technologies through demonstrations, and improving evaluation capability; and

Conducting hands-on training in mainienance.

The Human Resources Department shall develop the framework and contents of  personnel and
skills development progeam outlining the goals, raining curriculum, and evaluation methods for each
positon, and ensure that they are implemented by the relevant departments.

Specifically, the training programs shall consist ofthe foilowing components and goals:

0]
[0}
)

(i)

Understanding the corrosion mechanisms specific to CUL
Understanding the basics and application of RBM;

Gaining full understanding of environments prone to CUI and practical experience in
onsite inspections; and

Gaining knowledge of the latest non-destructive testing methods and understanding of
diagnosic criteria.

In addition o geining theoretical knowledge, it is important to build experience and develop skills
through hands-on experience by conducting tests during plant aperation.

23 Development of procedures for identifying loeations for insulation removal
for CUI testing

Development of specific procedures for identifying insulation removal areas for CUI testing,
described in detai in Chapters 4 and 5, is critcally important for the management of CUI. As such,
business operators and operation centers should, when rccessary, incorporate such procedurcs into

their respective intemal

indards or facility management (tcchnical) manual and adapt them 10 the

individual plant operations and characteritics.

3
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The causes, mechanisms, and cvaluations of CUT are essential components of the management of
CUL It is important to thoroughly understand these companents and incorporate them ino the basie
policies for (i) corrosion sk asscssment for assigning priorly rankings; and (i) screening tests
consisting of visual inspections and tests. While details wil be described in Practical Guide 2, this
chapter will provide the basic facts about CUL and approaches 10 incorporating the causes of
corrosion into evaluation methods.

31 CUIandits causes

1) Corrosion reaction

CUL is considered a type of atmaspheric corrosion. A water filim forms on the pipe surface due to
raimsaler infiltation of water condensation within the insulation, and this water filim in torn causcs
a a electrolyte layer the formation of a natural cell called a corrosion cell, generating direct current
through an electrochemical reaction.

Reduction accurs at the cathode (., mostly the reduction of oxygen that has dissolved into water),

\while oxidization takes place at the anode (i.c., mainly the dissolution of iron). This electrochemical
reaction is characterized by the concurrent oceurrence of the cathode and anode reactions,

2) Causes of CUI

€U is caused by the lormation of a water film due 10 the presence of a water soutce, examples of
which include the following:

@) Infiltration of water from outside, such as rainwater or coolant draplets;
(i) Condensation due to temperature difference;

(i) Capillary condensation oceurring in microscopic gaps between the inslation and the metsl
surface; and

(). Moisture condensation duc to chemical condensation (dcliquescence) of fonc mpurities
teaching from sca-sat particles or the nsulation.



[image: image19.jpg]Ttems Gi) o (iv) above are processes in which a water film forms on the pipe surface due to
atmospheric moisture  condensation, the relative humidity in the atmosphere being the key
determining factor.

3) Properties of corrosion

“The four main propertics of CUL and the environment i which it occurs are as follows:

() Due to the mulitude of water sources, the locations of water infiltration and those of water
ilm formation do not necessarily match and are difficult o predict;

(i) Time of wettness is onger than intypical atmospheric corrosion oceurring outdoors;
(i) The corrosion rate i faste than that of typical atmospheric corrosion; and
(i) Corrosion tends t0 be localized rather than gencralized.

4) Localized corrosion and causes of variability in corrosion rate

There are five factors that cause the localization of corrosion and faster and more variable corrosion
rates in CUI compared to the general corrosion of carbon steel that occurs outdoars:

() The thickness of the water film forming on the pipe surface (duration of the layer or
thickness distribution);

(i) The presence of impurities dissolved in the water film (mainly chlorides);

(i) The presence of insulation matrials and jacketing plates;

(v) A wide range of the operating temperature, from ambient temperature 1o high temperatuce
(differentsurface temperatures cause changes in corrosion tates in  complex manner); and

() The acceleration of corrosion caused by black corrosion product (rust), mainly magnetite
(Fe,05), which is produced by corrosion (see Practical Guide 2).

5) Factors causing acceleration of corrosion
Four factors accelerating carrosion are:
() Impuritis in the water ilm (mainly sea-salt partcles and chiorides);
(i) Insulation materials and jacketing plates (mainly insulation materials);

(iil)  Operating temperate (pipe surface temperature); and

Sl
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32 The mechanisms of CUT

Figure 3.1 illustrates the process by which CUI occurs by summarizing the factors causing corrosion
and its localization, rate variability, and acceleration, as described above. This process can be
explained as a serics of chain reactions unique to CUI, as follows:

(1) Water infiltrates thiough a scam in the jacketing plate or damage to the sealing material;

(2) Water isretained and supplied by the insulation;

(3) The couting layer is degraded;

(4) A water film s formed and acts as an electrolyte layer and an oxygen source;

(3) Corrosion oceurs; and

(6) Corrosion is accelerated due to sea sal or operating temperatures (see Pracical Guide 2)
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Figure 3.1 The mechanisms of CUI
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1) Prediction methods based on the factors causing and accelerating corrosion

Table 3-1 lsts the factors causing and accelerating corrosion, and the corresponding actions to be
taken, Visual inspections are mainly used to predict water infltation from outside, one of the causes
of corrosion. I s also necessary 10 develop a management system to control other factors that cause,
accelerate, and localize corrosion,

actions to be taken

ble 31 Factors causing, accelerating, and localizing corrosion and the corresponding
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2) Methods of corrosion risk assessment

eomosion s

As shown in the preceding paragraph, the evaluation of the risk of corrosion shall be based on both:

16




[image: image22.jpg]() Evaluation by visual inspection; and
i) Evaluation by data on factors affecting corrosion.

1fthe pipe has a thin wall evaluation mustinclude an assessment of thickness data (margins) o take
into account the increased risk of leakage (see Chapter 4 for details).

3) Points to consider in corrosion risk assessment
(1) Shape of CUI
Tt s important to note that CUI is not generalized corrosion. Many CUIs are localized, and as rust

Iayers accumulate, they corrode the surface deeply in a semi-ellptical shape in cross section. They
tend 10 congregate at a number of nuclei and advance into the metal wall.

(2) Lack of relationship to number of years in service

‘The frequency of CUL tends to increase with the number of years in service, but it is important o
keep in mind that the likelihood of CUI occurring is nol necessarily a function of time. This is
altrbuted 1o the inactivity of corrosion during dry periods, the acccleration of corosion after a
dormant period, and the deterioration of the anti-carrosion coating (a more detailed examination of
this issue is eft for a future study).

When factoring in the number of years in service. one should take into account the following;

) The deterioration of the coating layer on the outer surface (spproximately 15 years after a new
epoxy coating and about 8 years afler recoating arc used in many cxamples);

(i) Corrosion and perforation in jacket plats (it s gencrally believed that perforation oceurs in about
20 years in most galvanized steel plates, although it varics by the environment); and

(i) The aceumulation of corrosion producs.

The actual number of years shall be set by business operators bascd on their experience. As a
reference,  well-known study by Fitzgerald, Lazar, Kay, and Winnik' has shown that the frequency
of feakage caused by CUI peaks twice, once between 16-20 years and again at 25 years o thereafler.

1.B. J. Fitzgerald, P. Lazar, R. M. Kay, and 5. Winnik (ExxonMobil Chemical): Corrosion 2003,
paper No. 03029

“Ap
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4.1 Background and basic procedures

1) Background

Conducting a highly reliable test on insulated pipes for CUT is not possible without removing the
insulation. Tnspeciing the metal surface aftr removing the insulation s the most reiable method of
inspecting for CUI for the purpose of preventing leakage incidens. However, it would be a daunting
task, time- and cost-wise, 0 remove all insulation from a targe and complex piping system. Thus it is
necessary to determine priority rankings for the large number of subject pipes, narrow down as much
as possible areas where the risk of CUL is high, and remove insulation to conduct testing at those
specified areas (hercaficr referred to as “removal areas”).

2) Basic procedures

‘The basic procedures of the CUI testing described in this chapter consist of the following three key
steps:

@) Priority ranking asessment;
) Sercening test; and

¢

While business operators arc to comply with these three basic procedures when using;this Guidelinc,
they can refer 1o their existing intemal standards that reflect the characteristics of cach plant and their
many years of experience and cxpertise, and make necessary changes to the procedures provided as a
reference in this chapter.

In addition the basic procedures examples of the assessment of priority and screening test are
shown in the practical guide 4.

Identification of removal areas.

“This chapter deseribes the details o the procedures to be performed in CUI testing, namely:

) Establishment of a management

(i) Method of consequence assessmen;
(i) Method of corrosion risk assessment;

(i) Details of priority ranking asscssment;

18-



[image: image24.jpg]() Details of sereening test;
(i) Details of removal area identification; and

(vii) Feedback of test data for future assessment.

4.2 Procedures (workflow) for identifying insulation removal areas for CUL
testing

Figure 4.2 llustrates the procedures for identifying insulation removal areas for CUI testing. The
procedures in bolded squarcs are the basic procedures. The details of cach procedure are described
n Section 4.3 and thercafier
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Figure 4.2 Procedures (workflaw) for identifying insulation removal areas for CUI testing
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[image: image25.jpg]Note that this diagram does not show the entire workflow of CUI management, but is only used as a
reference 1o the approaches to and the specific procedures of idenifying removal areas. It does not
cover post-removal inspections, determination, or scheduling and methods of the nex! inspection
These are to be determined by business operators based on their espective intemal standards. Data
abtained from screening testing and post-removal testing will be useful for improving the accuracy
ofthe next corrosion risk assessment, as indicated by the dotted lines in the diagram.

43 Establishment of a management unit

o achieve better maintenance and management, a management unit i established to categorize and
ideniify those pipes in which CUI has occurred. This unt is to be established by business operators
based on their respective policies,types of plants, and characteistcs of operation centers.

A pipe management table s prepared based on this unit and is used for the remaining procedures of
the CUI management. A management unit can be set up in thee different ways:

() Classification by area, in which subject areas are classified by area and process
(system);

(i) Classification by pipe; and

Gii) A combination of classifications by arca and pipe.

Classification by area includes a rough classification of subject pipes fnto on-sit (plant) and offsite
(fuel supply, storage, shippine); classification by the system used in processes; and classification by
environment, When classified by pipe, one unit s deemed to be the pipe scction from one pice of
equipment 10 the next, and a line number is assigaed. If needed, & spool drawing is used for some
arcas 0 record the detals and history of maintenance.

44 Consequence assessment

Consequence is assessed and clasificd based on the effets of leakage by cach business operator in
accordance with iis policies, plant characteristcs, and other relevant factors. Priority rankings of
subject pipes (for cach management uni) are given bascd on this consequence assessment, along
with corrosion risk assessment, which is described below in detail. Consequence is assessed and
ranked by the health, safety, and environment eflect of the propertes of the fluid containcd in the
pipe (g, volatle, toxic, reaciive, combustible, pressurized), as wellas the cost of maintenance and
operation shutdowns. An example of the four.lovel classification of priority assessment based on
APISTO s shown in Table 4.4 for eference.
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[image: image26.jpg]Table 4.4 Consequence assessment table (for reference only) (API complied)

Crasicston] Examples o lid properies

i iresnred s gy ISt e 1 Tl eploge s af CE CT A G

il volae - actions i pacticular when the boiling emperss 1 10C ot selow e cocurng sl
operang emperate) o smbicttperte or bl

[Foric An LPG pine con in f least % hydrogen sl (o aseont e SR s
Hsdrogen fuordk withthe potemtalofexposure o msture (above ofnext to 3 waserrk) |

[Rexctine Ammori whydous

" Avitydros yrogenchoide
(bl combusle _Frocees pes it the emeraar of o it e o o or s
JFigh prestrired A hgharessuiaed bydeogen g o ydrarbons o6 M+ o sers

Fipes with hgh i of casing polluions i 3 i rea s coe o EgE
Pipes Aaing. maor mpac n producivi ncuse ofkage.susing  omplt shtdown|

[P Bopact: of own and ather sysicms
Pt e e g gl i s
it v e B gl
P i s ot o e o gl i
b [ i et b ugen o e e
e T e e ——,
s T s o < T S T e e oo 1T
T e it o 15 s et o et O
: oo g e
oter Sy s e
e e s i s
Seamoe oy
poilinh
Navraen

B e sz

Labricant il s, el ol piges
Oer pipes o ised shone

45 Corrosion risk assessment

The objective of corrosion isk assessment isto dentify pipes with a highrisk ofleakage due (o CUI
Along it the consequence assessment,risk assessment is an important crteia wsed o assign
pririty rankings. The risk of leakage due 1o corrosion s then cvalusted by cansidering both the
results of corrosion risk asscssment and the margins of wallthickness

ILis important to determine the factors affecting corrosion based on the mechanisms of CUI and to
establish quantiative and objective methods of corrosion risk assessment. Essentialy, corrosion rish
assessment is based on (i) data on the factors affecting corrosion, and (i) the results of visosl
inspections. Actual assessment methods shall be determined by each busincss operator based on
plant characterstcs and exising internal standards built on many years of experise and experience:
thus the procedures described below are to be used as a refercnce only. Once established, the method
of comosion risk asscssment should be modificd and improved by incorporating into the asscesment
ata obtsined from test results as well as newly gained knowledge and experience




[image: image27.jpg]1) Management unit and pipe management table

Corrosion tisk assessment must_ be performed for cach management unit. To do 50, & pipe
management table, which lists all pipes subject (o corrosion isk assessment, must be prcpared first.
The table should include columns for management unit identification number,system name, year of
installaion, flid type, and type of pipe materia, as well as fuctors affecting cortosion and thickness
data, and the results of visual inspection described below, along with spaces {0 evaluatc cach of these
tems

2) Corrosion risk data

Data on the factors affecting corrosion used for corrosion risk assessment are as follows:
() Number of years in service;
(i) Operating temperature;

(iii) - Operating conditions (continuous or intermittent operatio

(i¥)  Anti-corrosion measures (e.g., outer surface coating, repair records); and

) Atmospheric environment (e.g., coastal areas. arcas exposed to water mist).

3) Procedures for corrosion risk assessment
The risk of corrosion is assessed by evaluating the factors affecting corrosion and performing a
visual inspection. Evaluation of the factors affecting corrosion s carried out in two steps: primary
evaluation using the corrosion tisk assessment matrix, as shown in Table 4.5-1, and secondary
evaluation using atmospheric envizonment data

Renkings of corrosion risk assessment are determined based on the factors affecing cormosion and
visual inspection results.

An example of corrosion risk assessment is provided below for reference.
(1) Primary evaluation (evaluation using a corrosion risk matrix)
Table 4.5-1 shows an example of the corrosion risk matrix used for the primary evaluation,
() Number of years in service (i four categories)
1f anti-corrosive coating is repaired and the repair level is considered 10 be sufficient, the number of
years is feset {0 zera and the number of years since the previous repair is used. As shown in the

“Remarks” scction, the sealing materials used in joints in jacketing plates and anti-corrosion coating
are presumed to degrade over time.
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[image: image28.jpg](i) Operating temperature

Operating temperatures are divided into three categories. The corrosion rate is deemed 1o be highest
inthe range of 6010 120°C.

(iii) Operating conditions

Operating conditions are divided into two categories: continuous operation and  intermittent
operation."

I “Intermittent operations” refers (o cases in which the operating temperature drops near ambicnt
temperature due 1o frequent or long-term shutdowns, excluding those cases where the surface
temperature is kept constantly high by steam tracing.

(iv) Ani-corrosion specifications

‘Whether or ot there are anti-corrosive coatings on the outer surface of the pipe.

Table 4.5-1 A matrix of corrosion risk assessment based on the number of years in service,
anti-corrosion specifications, operating conditions, and operating temperature
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(2) Secondary evaluation (evaluation of atmospheric environment)
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[image: image29.jpg]‘The total scores are calculated by adding the scores below to those from the primary evaluation.

Table 4.5-2 shows an example of the secondary evaluation based on atmospheric environment, one
of the corrosion factors listed above under (v). The scores used are provisional values only.

‘Table 4.5-2 Evaluation based on atmospheric environment (example)
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4) Visual inspections for corrsion risk assessment
‘Visual inspestions for corrosion rsk asscssment shall be performed as a pat of routine inspestions.

(1) Inspection methods

al inspections shall be conducted mainly as & part of in-service routine inspections, but they can
also be conducted as periodic inspections on scheduled dates. Inspections may be done visually from
the ground or from an existing scaffold, or remotely (using binoculars, cic., as needed) on a targeted
area, to check the overall appearance of subject pipes in as wide an arca as possible. See Table 4.8
for inspection pois.

Periodic visual inspections should be conducted once every year, ideally covering the entire subject
area, 50 a5 (0 be able to respond to any changes in the area over time.

(2) Determination standards

From the condition of defects in the jacket (scope and degree of defects), the results are classified
into one of three ranks: (i) Anomalies or faults found; (i) Unclear; (i) No issucs. Examples of
anomalies/faults found in a visual inspection are shown in Table 4.7.

(3) In case of anomalies or faults

I anomalies or faults are found, contact the relevant departments and provide them with records
(data and photos).

5) Calculation of corrosion risk rankings incorporating visual inspection results
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[image: image30.jpg]A comprehensive assessment of corrosion risk is made by cvaluating visual inspection results, in
addition 10 the data on the factors affecting corrosion described above. Below is an example of how
corrosion risk rankings are calculated.

(1) Corrosion risk rankings based on corrosion factors alone (example)

Atotal score of 60 points or higher is classified as high, 40 to below 60 as medium, and less than 40
as low. These scores are provisional values only and may be reviewed or revised based on actual test
results.

(2) How to reflect visual inspection results in corrosion risk rankings (example)

When a visual inspection is performed, the results are categorized into: (i) Anomalics/faults found;
i) Unclear; or (iii) No issues. The rankings based on the factors affecting corrosion are raised only
when anomalies/aults are found, as shown in Table 4.5-3 f the visual inspecton docs not find any
issues, the rankings remain 35 based on the evaluation of corroson facors. Similrly, f visual
inspections are not performed, o modifcations are made.

Table 4.5-3  Corrosion risk rankings reflecting visual inspection results (example)

O ——
coveion i
(Corploni Wit viigosions|crdnedor
ko b e gt st
b
[irsen Anomalies/faults No issues.
o High |V Olochnge)| _Fiah (o)
Medium Change to High [Medium (No change)  Medium (No change)
Low. | Change to Medium| Low (No change) Low (No change)

6) Consideration of margins based on thickness data (example)

Thickness data refers to (i) pipe diameter; (i) pipe schedule number; and (ii) post-removal fest data
(margins), if such data is available from previous tests. Thickness data is not used in asscssing
carrosion risk per se, but 10 evaluate the risk of leakage due to corrosian by examining the margins
left in the wall thickness. as wel as to reevaluate the corrosion risk rankings based on corrosion risk
assessment. An example is shown in Table 4.5-4
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[image: image31.jpg]Table 4.5-4 Review of corrosion risk rankings using thickness data (example)
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4.6 Priority ranking assessment

Priosity rankings are decermined by combining conscquence classification and the risk asscssment.
An example in which subject pipes are categorized into three groups of high prioriy pipes, priority
pipes, and other pipes is shown in Table &.6., “Priority ranking matrix and classifications.” The
matrix design and ranking divisions used here are examples only and the actual number of groups
and other deails shall be adjusted by each business operator based on its policics and plant or
operational features,

The definitions of high priority pipes,priority pipes, and other pipes are a follows:
(1) High priority pipes

Pipes that have a very large consequence in case of leakage and a very high risk of CUI and thus are
given a high priority for removal of insulation o inspeet for CUI. As 2 rule, the insulation material of
high priority pipes is removed completely

@) Priocity pipes

Pipes having a large consequence in case of leakage and a high risk of CUL A screening test
determines the locations in the high priority pipes where insulation is to be removed o inspect for
cul,

(3) Other pipes

having a small consequence in case of leakage and a smallrisk of CUI, and are thus ae given a
low priority for CUL festing. However,this does not mean that testing is not required for these pipes.
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[image: image32.jpg]Table 4.6 Priorlty ranking matrix and classifications (example)
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47 Sercening test

Afier the priority ranking asscssment is completed and priority pipes are identified, the priority pipes
are subject to a screening test. The priority pipes are susceptible to CUI and gencrally abundant in
each piping system. The screening is used 10 identify (specify) areas where insulation is to be
removed, 50 3 10 protect pipes from the risk of CUL. The accurate identification of removal areas is
the key to the prevention of leak incidents, and that is why the screcning test is positioned as the.
most important step within the CUI test procedures described in tis Guideline.

n methods by
respective

Business operators shall decide on the particulars of the tesling and determinat
making appropriste modifications 1o the procedures described below, based on th
intermal standards. The following are included s a reference.

1) mportant notes to the sereening test

“The objective of the screening test is 0 obiain information necessary for identifying arcas with a
Hhigh risk of CUI. Therefore it is important 0 keep the following in mind:

(@ Exclude those priority pipes for which a determination (of insulation removal) can be made
cd solely on the experience and expertise of the operation center without conducting a

Screening test;

-



[image: image33.jpg](i) Focus on the areas and envisonments that are suscepible or conducive to CUI, rather than
inspecting the entire lengths of priority pipes;

(i) Differentiate and utilize visual and non-desiructive test approaches as well as other test
methods as appropriate In other words, upply a non-desiructive method 10 the areas or
sections of pipes that tend to be overlooked by the visual test; and

(iv) Employ a non-destructive method in arcas where a visual test may require scaffolding, so
as o eliminate ts need.

2) Visual test

The visual test is a method of inspecting the pipe jacketing plate used in a sercening test. The
purpose of the visual test is to identify candidate arcas for insuletion removal. This is done by
estimating the extent of water infilration from the size and degree of defects on the jacketing plate
surface of areas where CUI is prone to occur (e.g, areas with discontinuities in insulation materials,
Jacketing plates with corosion or other damage),

(1) Method

() The test shall be conducted from cither a close or far distance on pipe arcas and
environments that are susceptible or conducive to CUL;

(i) Sec Table 48 for the areas and environments susceptible or conducive to CUL It is
desirable to use the table selectively or with supplementary information based o the actual
experience and/or expertise of the operation center as well s the characteristics of the plant
in question.

(2) Examples of application of determination erteria
() Typical examples of determination criteria

Determination shall be made in reference to Table 4.7, “Visual Test: Examples of
anomalics and faults.” Anomalous or faulty conditions shall be evaluated by deducing the
level of water ingress based on the extent and severity of faulty exteral appearances.

(i) Visual inspections in environments conducive to CUI

The probability of corrasion is extremely high in environments that are conducive to CUI
(including locations where water accumulates, where the insulation material tends to
absorb and accumulate moisture, or where water mist, waler vapor, or scawater splash
oceurs), where insulation is not continuous or corrosion/damage is found on the jacketing
platc. Therefore one of the following two approaches shall be taken to make a
determination:

o2



[image: image34.jpg]o Perform  thorough visual test, especialy in environments that are conducive to CUL,
and apply the determination criteria for anomalies more siringently 1o these
environments than to others.

 Where the exteral appearance shows no anomaly, the detcrmination shall be made by
evaluating safety based on past experience, cases, and expertise, with a special focus
‘on environments that are conducive to CUL

Tabled.7 _Visual test: Examples of anomalics and faults (reference only)
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(3) Actions based on the result

Based on the results as per the above, list candidat sites where insulation is 1o be removed,
and then finalize the list for actual removal. Record the observations made afir removl,take:
photographs and incorporate them into the next corrosion risk assessment, Communicate fo
relevant departments, make requests, and eep records.



[image: image35.jpg](4) Scaffolding

Scaffolding s o be provided on an as-needed basis for the purpose of testing. The visua! test
Goes not have 10 be a close-up view, since it is possible to make a deiermination from a
distance using an existing scaffold or, in some cases, from ground level. Due o the
potentially substantial costs involved, a transportable scaffolding, such as a test vehicle, or
limited installation of 3 scaffold only for a section of piping or for & certain area should be
employed based on the policies of the business operator or the characteristics of the operation
center,

3) Non-destructive method

Non-destructive test technologies for screcning include three types: ultrasonic guided wave
technology, pulse eddy current technology, and radiographic technology. A non-destructive test
is  lool 1o assist in the specification of candidate areas for insulation removal where making a
determination may be difficull using 2 visual test alone, It should be effectively utilized.

(1) Selection of target areas
‘Areas where non-destructive testing can be applicd include:

() Areas that are considered difficult o judge based solely on  visual test, for the following

« Even though an area containing anomalies or faults has been identified in a visual test,
the pipe is not located in an cnvironment that is conducive to CUIL Therefore the
visual test alone s not sufficient to make the determination to remove insulation

« Based on the assessment by a visual test alone, the cxtent of insulation removal
suggested seems excessive.

(i) Pipes with ahigh risk of oversight
Areas where the visual test has revealed no problems, but where the oceurrence of CUL is

suspected becsuse the area or environment is susceptible or conducive to CUI and the
corrosion sk ranking is high or medium.

(i) Inspection of pipes at high elevation without the use of scaffolding
Vertical piping of  twer or overhead piping above a ack.

(iv) Long pipes

-30-



[image: image36.jpg]Piping systems, such as those along a pie, tha stetch over a long distance and require a
large number of man-hours for visual testing

(v)  Corrosion assessment of small-diameter pipes over short target lengihs without conducting
a screening test for the sake of efficiency.

(2) Method

“The non-destructive test method to be employed in a screening test should be one that s best
suited for the purpose of obtaining the minimum level of evaluation information necessary
for the screening, based on the installation conditions of the subjeet pipe (layout and
configuration of piping, location, size, cc.).

For further information, sec Table 5.2, “Types, featurcs, and recommended target locations
(examples) of non-destructive technologies and special notes (1) Table 5.3, “Types,
features, and recommended farget locations (cxamples) of non-destructive technologies and
special notes (2)"; and Practical Guide 5, “Selection and use of non-destructive fest
technologies.

(3) Assessment

Each non-destructive technology has s own detection accuracy (i.e., detection limit and
‘missing ratc). This should be kept in mind when evaluating the results.

(&) Assessment examples

Non-destructive test resulis shall be categorized as;
(i) Nosignificant fault signals or images

(if) Minor corrosion such as rough surface (has not grown to a size' that poses an isue
for maintenance)

(i) A very high likelihood of corrosion of a large size’

1: The size of comrsion is only an estimate based on the characteristics and detcction
accuracy of the technology used (Practical Guide 5). The threshold value for the size of
carrosion to be deemed a maintenance issue shall be determined by the intcrnal standards
and the plant maintenance manual of the business operatar, among other things.

(b) Decision 1o remove insulation
If warranted by the classification of the result of a non-desiructive test and the

experience of the aperation center, the identification of areas where insulation will be
removed shall be conducted in accordance with Section 4.9, “Identification of areas for



[image: image37.jpg]Piping systems, such as those along a pie, tha stetch over a long distance and require a
large number of man-hours for visual testing

(v)  Corrosion assessment of small-diameter pipes over short target lengihs without conducting
a screening test for the sake of efficiency.

(2) Method

“The non-destructive test method to be employed in a screening test should be one that s best
suited for the purpose of obtaining the minimum level of evaluation information necessary
for the screening, based on the installation conditions of the subjeet pipe (layout and
configuration of piping, location, size, cc.).

For further information, sec Table 5.2, “Types, featurcs, and recommended target locations
(examples) of non-destructive technologies and special notes (1) Table 5.3, “Types,
features, and recommended farget locations (cxamples) of non-destructive technologies and
special notes (2)"; and Practical Guide 5, “Selection and use of non-destructive fest
technologies.

(3) Assessment

Each non-destructive technology has s own detection accuracy (i.e., detection limit and
‘missing ratc). This should be kept in mind when evaluating the results.

(&) Assessment examples

Non-destructive test resulis shall be categorized as;
(i) Nosignificant fault signals or images

(if) Minor corrosion such as rough surface (has not grown to a size' that poses an isue
for maintenance)

(i) A very high likelihood of corrosion of a large size’

1: The size of comrsion is only an estimate based on the characteristics and detcction
accuracy of the technology used (Practical Guide 5). The threshold value for the size of
carrosion to be deemed a maintenance issue shall be determined by the intcrnal standards
and the plant maintenance manual of the business operatar, among other things.

(b) Decision 1o remove insulation
If warranted by the classification of the result of a non-desiructive test and the

experience of the aperation center, the identification of areas where insulation will be
removed shall be conducted in accordance with Section 4.9, “Identification of areas for



[image: image38.jpg]Table 4.8 Locations and environments susceptible or conducive to CUI (for reference)

Practical Guide 3 offers an informative illustration of a typical example of each specific loc
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[image: image39.jpg]‘The examples are presented for reference, and actual cases encountered by the business operator
shall also be included.

1z Examples in this chapter should be revised and cxpanded when necessary, as new corrosion
events occur

49  Identification of areas for insulation removal

Pipes and pipe areas that a screening test has identificd as candidates for insulation removal shall be
assessed for: () the need for removal; (i) the appropriateness of removal; and (i) the
appropriateness of the extent of removal,

1) Determination of removal

In determining the extent of insulation removal, some overseas guidelines (such as that of the EFC)
set the ratio of removal arca to the total area in accordance with the priority ranking of the pipe in
question, while others recommend that the removal rao be based on the effectiveness of the test
method. Corrasion, however, grows by diverse mechanisms, and it s not appropriate to establish a
single ratio of insulation removal for all cascs. The following shall be the basis for any decision
concerning insulation removal

(i) High priority pipes have the highest risk of CUI events. As a rule, they are to be
stripped eatirely of insulation once it has been ensured tha removal over the entire
Tength and circumference is acceptable.

(i) Priority pipes are to be stripped of insulation only in the arcas and to the extent
specified.

(iif) The removal of insulation from priority pipes is specified based on the results of
screening (visual and/or non-desiructive test), but it s risky (o make a decision based
solely on such results, The extent of removal should be specified case by case bascd on
the risk of CUI at the location and the anomalous nature of the environment, including
an assessment of the need to enlarge the arca of removal. Such details shall be
determined in a comprehensive manner by combining the results with evaluations based
on the experience and expertse of the business operator and the operation center, as
well as the characteristics of the plant in question.

() In some cases, such as when it is diflicult to make a decision, additional input 10
support decision making shall be obtained by doing a partal removal, based on the
Tollowing reference criteia,or & minimal amount of addiional non-destruciive tesing

2) Partial removal for determination

34



[image: image40.jpg](1) Purpose

When it is difficult to make a determination on the extent of insulation removal from a
pipe or the anomalous area identified by a visual test and if it is not possible to conduct a
non-destructive test, partial removal shall be considered in order lo best assess and
determine the extent of removal.

(2) Method

() Partially remove the insulation surrounding the anomalous area to perform a visual
st

(ii) Depending on the presence or the extent of distribution of CUT in the stripped arca,
consider removing a larger arca of insulation

(i) If, however, there is a potential that a partial removal may actually require more
work, then opt for a full removal.

A wealth of expecience and sophisticated assessment abilitis is required to determine the
extent of removal and the detaled process for enlarging the removal area. Therefore, it
shall be performed by the department in charge of facility management at the operation
center bascd on their expertse and past expericnce.

() Determination

() A determination bascd solely on a partal removal leaves the risk of CUI remaining
undetected in uninspected areas.

(i) 1€ i is presumed that CUI exists in many arcas on the pipe in question, the cntire
length should be subject to removal.

Assessment requires @ wealth of experience and expertise and therefore shall be
performed by the department in charge of facility management at the operation center
based on its expertise and past experience.

3)Use of non-destructive test technology

A non-destructive test technology may be used as a supplementary tool for making a determination
on insulation removal, as follows:

(1) Application

(i) When it is difficult 10 decide on the extent of insulation removal, such as when a visual
test has indicated an excessively large area for removal, raising the risk of a substantial
increase in cost;

sa5e



[image: image41.jpg](i) When the partil removal has failed 1o provide cnough information to detemmine the
extent of removal, but a decision must be made;

(iff) Although high priority pipes are, as a rule, subject 1o insulation removal for the purpose
of inspecting for corrosion, when it is unclear if full removal s warranted or if the
insulation removal may lead to feakage.

(iv) When it is more efficient to conduct a non-destructive test combined with a pipe interior
test for small-diameter pipes of 2 inches or less (including nozzle branching), as the
alternative to the post-removal test.

(2) Method

Select 2 non-desirucive method that is appropriate for the instalation conditions and perceived
anomalies of the subject pipe (piping layout configuration, location, size, etc.), and use it as &
supplementary ool for the specification of the extent of removal. (See Table 5.2, “Types and
characteristics of non-destructive test methods and recommended application arcas (examples)
with special notes (No. 1)"; and Table 5.3, “Types and characteristics of non-destructive test
‘methods and recommended application areas (examples) with special notes (No. 2)”

410 TInsulation removal and feedback of data

A thermally insulated pipe for which removal arcas are specified by the above procedures shall
undergo the insulation removal and final CUI test (post-removal test), in order (o detect corrosion
that may lead to leakage and to mitigate the same. This Guideline does not include any maintenance
and management procedures t0 be taken aftr the post-removal test, and the business operator shall
establish and perform such procedures. Note that the reference provisions below describe corrasion
data management and data feedback that are essential for improving the accuracy of corrosion risk
asscssment

(1) CUI data management

In a postremoval test, a visual test of the pipe jacketing surface s conducied and measurement
devices are used to measure and record corrosion, n order (o evaluate corrosion and obiain corrosion
data,

) It is desiable that data on corrosion measurements include the maximum value of
cortosion depth in order to prevent leakage from the pipe, as well as the average depth und
‘amap showing locations of corrosion occurrence.

(i) 1t is desirable 1o obtain a maximum corrosion rate (mmiyear) by dividing the maximum
depth by the time elapsed since the last measurement. If no historical record of
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[image: image42.jpg]measurements is available, then record the average rate (maximum depth divided by the
number of years in service),

(i) The operating temperature is closer 10 the temperature of the luid carried in the main pipe
rather than to the outer surface temperature of the pipe in question. For branch pipes on the
distal end of a system, it is necessary 10 record temperature differences, because they arc
subject to temperature drops and cooling fins. Al the same time, record the presence or
absence of steam tracing as well s continuous operation or on/ofT operation, since these
also affect the surfuce temperature of the piping.

(@) Data feedback

The accuracy of corrosion risk asscssment, which determines the priority rankings of pipes, s the
key factor deciding the effectivencss of the procedures for identifying insulation removal Sites
described in this Guideline and thus for preventing unexpected leak incidents due to CUI. The
accuracy of corrosion risk assessment i tur depends on the data on corrosion factors. Therefore,
is desirable to improve the accuracy of corrosion risk assessment in the next round of testing by
doing the following:

(@ Incorporating ail corrosion data obtained thraugh screening tests and post-removal tests
into the data on corrosion assessment management; and

Reviewing and validating the corrosion risk assessment methods described in Section 4.5
o properly incorporate the fest results into corrosion assessmen.

For the management of screening tests. the following procedures will help improve the reliabil
of screening tests for the specification of insulation removal areas. It is therefore recommended that
such data be collected for the following purposes:

i)

() Comparison between the findings of anomalics in visual tests and the actval presence of
corrosion in the corresponding post-removal tests; and.

(i) Review of detection ratio and detection accuracy of non-destructive tests
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[image: image43.jpg]Chapter 5 Utilization of Non-destructive Test Technolo;

“This chapter presents examples of recommended usage of non-destructive inspection technalogies in
screening tests and water content measuring technologies, based on the technical featurs of each
technology. Practieal Guide  describes the basic principles of these non-destructive technologics
and other deail.

5.1 Purpose

(i) Non-destructive test technologies in this Guideline provide no direet CUL tesis; they are
employed as a tool for scr g with the objective of specifying arcas for insulation
removal.

(i) Non-destructive test technologies are not perfect and to be used on an as-nceded basis; they
are not necessarily a requirement.

(i) Non-destructive test technologies are recommended for the purpose of detecting hidden
CULs that e not manifestcd as anomalies on the jacketing plate or that, in other words, do
not show up in the screening by visual test. They should be used as an efficient tool to
supplement the visual test. Their utilization is expected to obtain valid information to
capture CUls that would be missed if using the visual test alone.

(iv)Some non-destructive technologies will make the use of scaffolding unnecessary. There are
technologies that can effectively inspect long pipes. If a non-destructive technology can
conduct the same test more efficiently than the visual test, then the former method should
beactively pursucd.

Moisture content measuring technology will be discussed separately from these  screening
technologies in this chaper.

52 Types of technologies

“The non-destructive test technology, once selected, shall be used with a good knowledge of its
principles and features. Non-destructive test technologies used in the maienance and management
of CUL are roughly grouped into three types: ullrasonic guided wave technology, pulse eddy current
testing technology, and radiographic testing technology. Moisture measurement technologies include.
40 types: neutron mojsture meter and infrared thermography.
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Table 5.1 shows the types of non-destructive fest technologies and moisture measurement
technologics.

Table 5.

1 Types of non-destructive test technologics and moisture measurement technologies

Purpose
B Non-desructive Moisture measurement
e Olsoni guded wave
Eleciromagnetic |-Pulie cddy corent
(eddy curem)
Realtime adiography Neviron morstre meter
(autonomous mobile)
o (compact lghtweight X r2)

(dosimeter-profler type)
- Digital adiography
- Analog radiography

Surface temperature “Tnfrared termography,

(2) Technology Overview

Typical non-destruciive inspection technologics are outlined below.

[0]

[0}

Ultrasonie guided wave method

A remotely operated technology in which a ring-shaped ultrasoni¢ transdueerheceiver is
mounted on a pipe by partialy removing the insulation. I generates ultrasonic waves that
travel along the length of the pipe and scans the entire arca of the pipe, allowing &
single-run long-range inspection of & pipe for any reduction in wallthickness (minimun
detection: approx. 10% reduction of wall thickness by cross section, with no ability to
differentiate inner and outer surfaces). Suitable for vertical pipes that arc diffcult fo
access and long pipes.

Pulse eddy current method

A type of eddy current magnetic test method that uses pulse currents Lo ereate strong
magnetic fields, allowing reductions in wall thickness to be measured without removing
the insulation. No. distinction is made between intemal and exiemal surfaces. The
measurement area covered by a single run i determined by the capacity of the sensor, and
measuring points are often arranged in @ grid patten. Accuracy depends on the insulation
thickness,the jacketing plate material,and the geometry of the corroded arca.
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“This method uses Gamma rays or X-rays produced from radiographic isotopes or X-ray
sources. The penetration power of the equipment will determine the ranges of thickness
and outer diameters that the equipmen can test.

Digital radiography (or computed radiography [CR]) uses an electronic medium called
an imaging plate to project images. The imaging plate is downloaded off line (typically by
a scanner on board the dedicated vehicle for this test), and the image is then measured for
wall thickness by specialized software and the results are recorded.

Real-time radiography captures, records, and monitors images on the spat using a flat
panel detector, semiconductor detector, camera, or dosimeter, Both compact portable and
autonomous mobile units are available.

() Neutron moisture meter

This instrument irradiates neutrons using isotopes and measures the mass of thermal
neutrons backscattered by the moisture (hydrogen) in the insulation material to estimate
the amount of moisture.

() Infrarcd thermography

Infrared light radiating from the surface of the jacketing plate on the insulation is scanned
with an infiared camera o video camera. Temperature differences in the plate appear on a
monitor as different colors or as quantified dats; these may indicate the prsence of
corrosion or moistare in the nsulatior, material,

53 Application to screening

1) Application of non-destructive tests to pipes for screcning

Non-destructive test methods shall be applied o pipe areas that are difficult o assess solely by visual
testing, those with a high risk of oversight, or those that are tested more efficiently by
non-destructive methods than by visual tesis, in accordance with the objectives of different
non-destructive methods described in Section 4.9.3. This chapter will present a guideline for
selecting an appropriate technology for the subject pipe based on the characteristics of different
technologies, along with recommended areas of application.

2) Selection approach for non-destructive test technologies

Non-destructive. test technologies have different advantages and disadvantages and shall be
selectively employed based on the characteristics of the subject pipe and the materials uscd.
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The non-destructive test technologies and target arcas shall be selected and determined by giving due
consideration to Tables 5.2 and 5.3, “Types, features, and recommended target locations (exemples)
of non-desiructive tests technologies and special notes.” Case examples are prescnted in Practical
Guide 5

(2) Examples of selcction by pipe layout or pipe size

Pipe layout (three-dimensional layout configuration) is a key factor in the selection; the following
principles will be helpful in the selection process:

(a) Straight line

() For piping systems of long, straight extensions (one elbow included), the
ultrasanic guided wave test method is suitable, due 1o its capability to sereen an
entire pipe face tens of meters in length in a single operation (off-site piping).

i) For overhead pipes, including tower vertical pipes and vertical pipes, an ultrasonic
guided wave test method i suitable because it requires no scaffolding.

(b) Specific targets in a complex piping system with many branches

(i) For pipes 4 inches or larger in diameter and if the target arca can be narrowed
down to approximately | m. a pulse eddy current test method that can asscss the
reduction in wall thickness can be employed (but must be a type designed for
galvanized steel covers).

(i) For pipes less than 4 inches in diameter, locations with complex branching, and
areas with fitings such as valves, flanges. and reducers, a radiography method is
sitable. The pulse eddy current test method is not suitable.

(¢) Small-diameter pipes

For the following small-diameter pipes, typically no insulation material is removed,
and corrosion assessment using a quantitative thickness reduction measurcment i often
conducted right away, using a radiographic method (basically a fim or digital
radiograph) for th following reasons:

() Small-diameter pipes (outer diameter of 2 inches or less) are typically replaced
ather than repaired;
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[image: image47.jpg]i) Small-diameter pipes have a higher rsk of leakage du to their relatively thin walls,
and they therefore require a quantitative corrosion assessment of both the outer
and inner surfaces; and

(i) Thin-walled small-diameter pipes have only smell thickness margins. The removal

of insulation tends 10 also remove the rust layer, creating a high possibility of &
leak evert.
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There are two options for moisture measurement: measurement of moisture in the insulation material
(neutron moisture meter) and measurement of surface temperature (thermography).

Note the following about these methods:
(i) They do not detect the locations of CUI directly

(i) They quantify the moisture in the insulation material only to a certain degree, and
the resultis affected by the weather and internal fluid, among other factors;

(i) The measucement results should not be dircetly applied for the determination of
insulation removal; and,

() The measurement work requires a qualified technician with expertise and
experience.
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