UNG DUNG CAC PHUONG PHAP NDT NHAM KIEM TRA AN MON
DUOI LOP CACH NHIET

Nguyén Thé Man, Vii Pirc Vinh va nhom thuce hién dé tai
Trung tam Danh gia khong pha huy, Vién Nang luong nguyén tw Viét Nam
Pia chi: 140 Nguyén Tudn, Thanh Xudn, Ha Nji
Email: vinhdv.ncp@gmail.com

Tém tit: An mon dudi 16p cach nhiét (Corrosion Under Insulation — CUI) 1a mét trong
nhiing loai an mon rat kho dugc phat hién. Trong khuon kho dé tai cap bo 2019-2020,
nhom thuc hién ctia Trung tdm NDE da va dang nghién ctru, thir nghi€ém va tng dung 4
phuong phap kiém tra khong pha hity nhim phat hién CUI trén cic dudng Ong trong
nganh dau khi. Cac phuong phap nay bao gdbm: kiém tra nhiét hong ngoai va kiém tra tan
Xa nguogc neutron nham phat hién co ché gay ra CUI (diéu kién moi truong am), 2
phwong phép kiém tra dong dién xody xung va chup anh k¥ thut s nham phat hién mat

mét chiéu day do dn mon.
Tw khéa: CUI, CUF, NDT, PEC, DIR, IR
L MO PAU

An mon dudi 16p cach nhiét 1a mot trong nhitng van dé nghiém trong can dugc giai quyét
khong chi trong cac nganh cong nghiép ma con trong xay dung dan dung, doi sdng,... Bé duy
tri nhiét 6 hoat cho céc ciu kién thiét bi (vd: duong éng dan luu cht nong/lanh, nhi¢t do cho
toa nha/van phong,...) nguoi ta can str dung céac vat li¢u boc cach nhiét. Theo thoi gian hoat
dong, cac 10p cach nhiét nay thuong bi xudng cép va giy ro ri nude dian dén an mon. Néu

khong duoc phat hién va sira chita kip thoi CUI c6 thé gay ra cac su cd, mt an toan.

Trong linh vuc cong nghiép dau — khi — hoa dau (goi tat 1a dau khi), cac loai duong dng
duoc st dung rat phd bién tir khdu tham do, khai thac, van chuyén, loc hoa... Do cac chu
trinh cong nghé phtc tap ma mot luong 16n cac dng boc cach nhiét duge sir dung. Trén
nhitng duong éng nay van d& CUI thuong xay ra rat nghiém trong va phd bién giy ra nhimng
thiét hai to 16n ca vé kinh té va méi truong. Trong thuc té, bat ké mot hé théng duong 6ng
nao cling phai dbi mat v6i viéc bi an mon khi st dung dudi tac dung cia cac tac nhan hoa, 1y.
Nhung d&n mon dudi 16p cach nhi¢t dugc quan tdm nghién ctru hon béi sy kho khan trong
viéc phat hién som ra chiing so véi cac dudng 6ng khong boc bao 6n vi 16p bao 6n bén ngoai
da che khuit 6ng phia trong. Thuong thi cac vi tri &n mon dudi 16p bao on chi phat hién duoc
khi dimg hé théng dé kiém tra va bao dudng, hodc khi chung di gy ra hdu qua. Do vdy nhu

cau kiém tra som dé phong ngira hu hai 1a mot yéu cau cap thiét duoc dit ra trong thuc té.

Trén thé gidi, trong nhitng nim gan dy da phat trién mot sd cac ky thuat kiém tra
khong pha hily ma hiéu qua ctia né mang lai trong viéc phat hién CUI di duoc kiém ching va
dua vao céc tiéu chuin khuyén céo thuc hién. Trong d6 4 k¥ thuat dugc sir dung phd bién hon

d6 1a: kiém tra nhiét hong ngoai (thermal/infrared imaging examination), kiém tra tan xa



nguoc neutron (neutron backscatter examination), kiém tra dong dién xoay xung (pulsed eddy
current), chup anh k¥ thuat sb (digital industrial radiography). Tuy nhién dé ap dung hiéu qua
vao cac doi tuong cu thé, cac k¥ thuat nay can duoc nghién ctru va thtr nghiém trude khi thiét
1ap mot quy trinh chi tiét ¢& dam bao do chinh x4c, tin ciy cua viéc kiém tra. Pay ciing chinh

13 n6i dung chu yéu cuia dé tai do trung tim NDE dang thuc hién.

IL. N(;)I DUNG

1. D(’?i twong va Phwong phap

1.1.  DBai tugng nghién cuu

V& mit co ché cua CUI, 16p cach nhiét thong thuong dugc bao v¢ khoi moi truong

bén ngoai thong qua mot 16p kim loai boc kin, nhdm ngin ngira sy xam thyuc cua nudc. Tuy
nhién, 16p v6 boc kim loai bén ngoai ndy qua thoi gian co thé hu hong. Pay chinh 14 nguyén
nhan lam nudc xam nhap vao vat li¢u cach nhiét va bét dau qué trinh an mon bé mat éng. Do
vy dé phat hién an nguoi ta thuong dua vao 2 biéu hién 1a su c6 mat cia hoi am (nude) va

su mat mat chiéu day thanh dng.

Két qua khao sat tai 3 co so dau khi: Nha may Loc héa dau Nghi Son, tram phan phdi
khi Nam Cén Son — Dinh C6 va nha may Pam Ca Mau cho thay: CUI c6 thé xay ra trén tat
ca cac duong dng voi kich thudce, chiéu day va luu chit khac nhau. Nguy co CUI cao nhét
thudng xay ra trén nhitng dbi twong dng c6 diéu kién hoat dong tir 60°C dén 200°C. Vi vay,
dé phat hién tt CUI trén cac d6i tugng duong 6ng noi trén, can tdi uu hoa cac thong sé kiém
tra thong qua viéc thir nghiém. Trong khuén khd dé tai, nhém di tién hanh thir nghiém trén
nhitng dudng dng dién hinh c6 duong kinh twrong ddi 16n ~200mm véi dai chiéu day tir 6-

31mm.

Dé phat hién hoi am, cach don gian nhat 1a boc 16p cach nhiét va kiém tra bang am ké.
Tuy nhién phuong phap nay khong mang lai hiéu qua kinh té do chi phi béc tén kém va mat
nhiéu thoi gian. Dua trén nhitng biéu hién do hoi am tao ra, 2 phuong phéap gian tiép duoc
khuyén cdo 1a: kiém tra nhiét hong ngoai (thermal/infrared imaging examination), kiém tra

tan xa nguoc neutron (neutron backscatter examination).

K§ thuat kiém tra nhiét/hong ngoai: Khi dudng dng chiu su tic dong ctia ngudn nhiét
(tir lwu chat hodc ngudn nhiét ngoai), do nhiét dung riéng cua 16p cach nhiét kho va 16p cach
nhiét 4m 1a khac nhau. Do d6 c6 su xuét hién chénh 1éch vé nhiét do gitta hai vung nay. Bﬁng
viéc xur dung cac thiét bi thu nhan burc xa hé)ng ngoai phat ra va dua ra cac mau hinh nhiét do

(4nh nhiét) ctua ddi twong s& gitip phat hién nhitng ving c6 ton tai hoi am.



Hinh 1a,1b,1c. Ky thudt kiém tra nhiét hong ngoai

Ky¥ thuat kiém tra tan xa nguoc neutron hoat dong dua trén sy tuong tac gitra neutron
va cac nguyén tr hydro. Ky thuat sit dung mot ngudn phéng xa Americium-241 phét ra
neutron nhanh, ning lugng cao xuyén qua l6p boc cach nhi¢t. Khi cdc neutron nhanh nay
twong tac v6i nguyén tir hydro, ching giai phong ning luong va bién doi thanh neutron nhiét
hay neutron cham. Neutron nhiét bi tan xa vé moi huong va c6 duong truyén ngén. Mot sb
neutron nhi¢t nay tan xa nguoc trd lai dau quét va dugc thu nhan boi céac dau do. Cang nhiéu
nguyén tir hydro xuat hién trong vat lidu thi cang nhiéu neutron nhiét sinh ra va dugc thu
nhan théng qua dau do. Pay 1a phuong phap quét nhanh va d& dang phat hién sy xuat hién

cua nuoc hay hydrocarbon dudi 16p cach nhiét.

Hinh 2. Hé théng kiém tra tén xa nguoc neutron
Su c6 mit cua hoi nude méi chi 1a dau hiéu cho biét nhirng vi tri ¢ ncguy co an mon.
Véi hai phuong phap kiém tra so bo néu trén, cac diém nghi ngd c6 kha ning CUI da duoc
khoanh ving. Dé kiém tra chi tiét va dinh luong mirc d6 dn mon ngudi ta phai dung dén cac
k¥ thuat phirc tap hon, dién hinh 13: Kiém tra dong dién xoay xung (pulsed eddy current) va
chup anh k¥ thuat sb (digital industrial radiography)

K¥ thuat kiém tra dong dién xoay xung (PEC): dugc tng dung trong vai nim gan diy
dé phat hién an mon thanh dng xuyén qua cich nhiét duoc boc bén ngoai bang 16p vo nhom
hoic thép khong ri. Pay 1a k¥ thuat khong tiép xtc, co dai nhiét do hoat dong rong tir -150°C
dén 500°C, str dung nguyén 1y dién tir dé phat hién sy dn mon thanh dng trung binh cua vat
liéu thép carbon va thép hop kim thap. Trong k¥ thuat ndy dong dién trong dau do sinh ra tir
trudng xuyén qua 16p vo boc bén ngoai va tir hoa thanh éng. Sy bién thién cua tir truong do
sinh ra dong dién xoay trong thanh 6ng. Dong dién xoay nay khuéch tan vao trong vt lidu va

giam cuong dd. Vi¢c suy gidm cuong do dong dién xody duogc giam sat bdi dau do, chiéu day



thanh lién quan dén d6 dai thoi gian mang dong dién xody biéu hién su thay dbi vé téc do suy
giam khi dong dién xoay khi dat dén bé mit trong ctia thanh 6ng. Chiéu day thanh cang 16n

thi thoi gian mang dong dién xody cang dai dé dat dugc toi bé mit trong ciia thanh dng.

A-scan showing magnetic field decay : Wall thickness
Red curve in A-scan shows nominal decay rate 59.0%

Hinh 3. Kiém tra dong dién xody xung
C6 hai k¥ thuét chup anh phong xa phd bién dugc st dung dé kiém tra in mon bao
gdém chyup mat cét (profile), chup hai thanh hai anh DWDL. Tét ca cac ky thut nay déu st
dung tia X hodc tia gamma va c6 thé két hop v6i cong nghé k¥ thuat sé dé tao anh. Tur anh
chup phong xa, chiéu day con lai cua thanh éng hodc céac vi tri an mon ¢6 thé duge phat hién
va do dac.

Hinh 4. Po chiéu day thanh ong trén dnh chup phéng xa
1.2.  Phuong phéap nghién ctru

Trong cong nghiép noéi chung va NDT ndi riéng, cic hoat dong déu mang tinh
riéng/ddc thu (specific) khi ap dung trén mot doi tuong cu thé. Vi vay, vé mit nguyén Iy CUI
c¢6 thé ap dung cac phuwong phap phat hién diéu kién moi truong 4m (kiém tra nhiét hong
ngoai va kiém tra tan xa nguoc neutron) két hop véi cac phuong phap phat hién mat mat
chiéu day do an mon (kiém tra dong dién xody xung va chup anh k¥ thuat sb). Tuy nhién dé

két qua co do tin cdy, tinh chinh xac, cac phuong phap can phai dugc thuc hién theo mot quy



trinh cu thé. Vi cac phuong phap di duoc tiéu chuan hoa, quy trinh s& 1a su cu thé hoa céc
yéu cau ctia mot quy pham, tiéu chuan da dugc thira nhan. Tuy nhién véi cac phuong phap
kiém tra CUI, hién chua c6 hodc chwa chi dinh cho dbi twong dudng dng dau khi. Vi vay, dé
thiét lap, xay dung cac quy trinh cho viéc kiém tra CUI phai bat dau tir thir nghiém.

Do ban chat 1a cac phuong phép gian tiép, cac két qua kiém tra NDT chiu anh huéng
clia rat nhiéu yéu td, dién hinh nhu: ddi tuong (vat liéu, qua trinh ché tao, cau hinh), diéu kién
kiém tra (nhiét dg, anh sang, do ém,...), vat tu/thiét bi va nang lyc nhan vién kiém tra. Dé
thiét 1ap nén cac quy trinh kiém tra, phuong phap nghién cru tong hop duoc lua chon. Qua

trinh nghién ctru bao gom cac budc:

- Khao sat diéu kién thuc té dé thu thap cac tong tin vé thuc trang CUI tai cac co s&
dau khi tai Viét nam; dic diém céc vi tri ¢ nguy co an mon; nhiing yéu td thuan lgi va kho
khan khi tién hanh kiém tra. Qua trinh khao sat tai duoc tién hanh tai 3 co s& dau khi: Nha
méy Loc hoa dau Nghi Son, tram phan phdi khi Nam C6n Son — Dinh C6 va nha may Dam
Ca Mau

- Ché tao hé thir nghiém va 18 mau thir nghiém tuong déng voi vat liéu tai hién
truong, cac yéu td twong ddng tir vat liéu, kich thudc, cau hinh va diéu kién kiém tra. 3 mau

c6 chtra cac bét lién tuc md phong CUI véi kich thude khac nhau dé khao sat do nhay cua cac

phuong phap:
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Hinh 5a, 5b, 5c. Thiét ké hé thir nghiém va cac mau 5ng



Hinh 6a, 6b. Ché tao, ldp ddt hé thir nghiém va cdc mdu ong

- Thir nghiém, bao gdm: danh gia thiét bi, chuan thiét bi (xy dung mirc ddi ching),

thay doi va lua chon cac thong so ki€ém tra to1 wu trén cac mau da che tao
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Hinh 7a, 7b. Thir nghiém dé xdy dwng doi chirmg va lia chon théng s6
- Tong hop cac thong sb tdi wu dé xay dung cac quy trinh kiém tra va

- Ap dung cac quy trinh d3 x4y dung trén ddi twong thuc té.

2. Két qua

2.1. Xay dung thanh cong 4 quy trinh kiém tra in mon dudi 16p cach nhiét cho cac duong

dng dau khi bao gdm:
v' Quy trinh chup anh nhiét / hong ngoai s6: NDE-CUI2020/IR-01

v" Quy trinh do d6 4m trong 16p boc cach nhiét ctia dudng éng bang tan xa nguoc
neutron s6: NDE-CUI2020/NB-01

v Quy trinh kiém tra dong dién xo4y xung (PEC) s6: NDE-CUI2020/PEC-01

v" Quy trinh kiém tra chup anh phong xa k¥ thuat s6 (DR) dé danh gia dn mon va
do chiéu day thanh dng s6: NDE-CUI2020/DR-01

2.2.  Ap dung cac quy trinh kiém tra tai tram phan phi khi Tién Hai thudc chi nhanh Khi



Hai Phong, tong cong ty Khi Viét Nam

He¢ thong thu gom khi Ham Rong — Thai Binh dugc xay dung va van hanh tir 2015.
Véi téng chiéu dai duong dng theo thiét ké 1a trén 24 km, duogc st dung dé van chuyén khi tir
mo6 Ham Rong (16 106), mo Thai Binh (16 102) va cic mé khac t6i cac khu cong nghiép tai
tinh Thai Binh va céc tinh 1an can phia Bic. Tai tram GDC Tién Hai, san phém tho s€ duoc

tach ba pha dé loai bo nudc, chat rin dé 1dy xing nhe (condensates) va khi thwrong mai.

4 phuong phéap kiém tra dwoc ap dung trén cac duong 6ng tai khu vyc gia nhiét
(heater) va phén tach (seperator) condensate/nudc. V4i 2 phuong phap chup anh nhiét hong
ngoai va tdn xa ngugc neutron, 6 vi tri tdn tai hoi am da duoc phat hién trén cac hang muc:
heater HO1, bon V01, va cac duong dng: CD-50-C1B-5515, CD-50-C1B-5576, PL-50-C1B-
2521, PL-50-C1B-2545.

Hinh 8. Vi tri ¢6 hoi dm dwoc phdt hién di dwoc béc 16p boc dé xdc nhin

Sau khi khao sat cu thé 6 vi tri nay bang phuong phap PEC va DR, 2 vi tri mat mat

chiéu day da duoc do dac va xac nhan

Hinh 8a, 8b,8c. Vi tri an mon PL-50-C1B-2521 dwoc do dac bc%ng DR, boc cach nhiét xac

nhan va sau khi xu ly
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Hinh 9a, 9b,9C. Vi tri an mon PL-50-C1B-2545 dwoc kiém tra bc%ng PEC, truwoc va
sau khi xur ly

3. Ban luan

Két qua thir nghiém va ap dung cho thiy cac phuong phap kiém tra khong pha hiy
hoan toan c6 thé ap dung dé phat hién sém dn mon dudi 16p cach nhiét. Tuy nhién viéc ap
dung trén cac dudng éng voi cdu hinh khac nhau doi hoi phai cu ti wu hoa cac thong sb kiém
tra dé dat duoc két qua on dinh va tin cay

IMI. KET LUAN

Két qua nghién ctru du kién cua dé tai khong chi giup cac can bd NDT trong nudc tiép
can va lam chu duoc cac thiét bi, cong nghé tién tién, ma con huéng dén giai quyét bai toan
chu dong kiém tra, kiém soat n mon dudi 16p cach nhiét ciia nganh dau khi noi riéng, cac
nganh cong nghiép trong nudc noi chung. Qua dé, viéc thuc hién kiém tra, bao dudng cac
duong dng co boc cach nhiét trong cac nganh cong nghiép cia Viét Nam s& dan giam 18
thudc vao cac don vi ky thuat ciia nude ngoai, gop phan ting hiéu qua kinh té, giam chi phi
ngoai t8. Va dic biét 1a két qua dé tai s& gdp phan phat trién doi ngii can bo k¥ thuat trinh do
cao cho dit nudc dé ludn sin sang chuén bi nguén nhan lyc phuc vu viéc xay dung va van
hanh cac cong trinh trong diém qudc gia néi chung, nha may dién hat nhan trong tuwong lai

(néu c6) noi riéng.
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NDT APPLICATION FOR DETECTION OF CORROSION UNDER
INSULATION

Nguyén Thé Man, Vii Pirc Vinh and CUI project team
Center for Non-Destructive Evaluation, 140 Nguyen Tuan Street - Thanh Xuan District - Hanoi

Email: vinhdv.ncp@gmail.com

Abstract: In Industry, CUI (Corrosion Under Insulation) is one of prevalent and severe corrosion
forms which is difficult to be detected. Through research projects, Center for Non-Destructive
Evaluation (NDE) is devoloping 4 NDT procedures for CUI examination on piping using in
petroleum field. Thermal/infrared imaging examination and Neutron backscatter examination methods
are used to detecting the presence of water or hydrocarbon under insulation jacketing. Pulssed eddy
current and Digital profile radiography method are used to measuring pipe wall thickness loss due to
corrosion.

Keywords: CUI, NDT, PEC, DIR, IR.



