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RBIچيست؟



 وطمرب هايريسك بندياولويت و تشخيص جهت مديريتي ابزاري )RBI( ريسك مبناي بر بازرسي
  .دباشمي شده محاسبه هايريسك اساس بر بازرسي برنامه ارائه و فشار تحت هايسيستم به

RBI چيست؟



ايي هزينه سالانه خوردگي براي صنعت نفت و گاز در ايالات متحده به تنه•
) NACE International( ميليارد دلار برآورد شده است مطابق  27

انجام  2016در سال   NACEيك مطالعه در كويت كه به طور خاص توسط •
درصد از  1.2شد، نشان داد كه هزينه خوردگي براي بخش صنعتي اين كشور 

.ميليارد دلار است 34.2توليد ناخالص داخلي است كه برابر 
از بر طبق آمارهاي وال استريت جورنال هزينه خوردگي در صنعت نفت و گ•

.بيليون دلار است 2حدود 

هزينه هاي خوردگي
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برنامه بازرسي



Inspection Plan

نتايج ارزيابيRBI خريب،  مبنايي براي نگارش برنامه بازرسي ميباشد و پس از تخمين مكانيسم هاي ت
.تكنيك يا تكنيك هاي خاص مورد نياز براي شناسايي اين مكانيسم ها بايد شناسايي شوند

 تيمRBI  بايد رتبه ريسك، محرك هاي ريسك، تاريخچه تجهيز، تعداد و نتايج بازرسي، نوع و
در   اثربخشي بازرسي ها، تجهيزات در سرويس مشابه و عمر باقي مانده را در نگارش برنامه بازرسي

.نظر بگيرند
يك برنامه بازرسي بايد شامل پاسخ سوالات زير باشد:
  1 ( بازرسي در چه زماني انجام خواهد شد؟When to inspect
2( هدف از انجام بازرسي يافتن چه عيوبي است؟What to inspect
3(  چه بخش هايي از تجهيز بايد مورد بازرسي قرار گيرد؟Where to inspect
4 ( از چه روشي براي بازرسي بايد استفاده شود؟How to inspect



در پتروشيمي جم RBIمتدولوژي  



RBIمتدهاي انجام پروژه 



Likelihood of Failure (LOF)

Remaining Life Factor (RLF)

Process Factor (PF)

Inspection Factor (IF)

Condition Factor (CCF)

Damage Factor (DF)

Mechanical Design Factor (MDF)

Experimental Factor (EXF)



پيش نيازهاي شناسايي مكانيزم هاي تخريب
محاسبه نرخ خوردگی، محاسبه عمر (سوابق ضخامت سنجی •

) باقيمانده و تشخيص خوردگی 
 اطلاعات طراحی و ساخت تجهيزات •
 اطلاعات فرايندی •
 سوابق بازرسی و تخريب تجهيزات•
•PFD های مارک شده توسط واحد فرايند 
 API581و  API571استفاده از استاندارهای •
 استفاده از آناليزهای آزمايشگاه مرکزی •
استفاده از نفرات با پيش زمينه قوی در زمينه مکانيزم های •

 خوردگی 



Remaining Life Factor (RLF) 

  1 .Remaining Life Factor (RLF) :
  در صورتي كه  . اين پارامتر با استفاده از داده هاي ضخامت سنجي قابل محاسبه است

جهيز و اطلاعات ضخامت سنجي وجود نداشته باشد، عمر باقيمانده بايد با توجه به شرايط ت
.مكانيزيم هاي تخريب فعال تخمين زده شود

CR=(to-ta)/T    RL= (ta-tmin)/CR
to= original thickness(mm)
ta =last actual thickness(mm)
T= time between last thickness measurement and original thickness measurement (year)
tmin= minimum wall thickness(mm) or  tmin= (tn-CA)

tn = nominal thickness , CA= Corrosion Allowance



The following basic data are necessary to identify most damage mechan

• Design and construction data: 
• a. Equipment type (heat, mass, or momentum transfer) and 
• function (shell and tube exchanger, trayed distillation column, 
• centrifugal pump, etc.). 
• b. Material of construction. 
• c. Heat treatment. 
• d. Thickness. 
• Process data, including changes: 
• a. Temperam. 
• b. Pressure. 
• c. Chemical service, including trace components (such as 
• chlorides, CNs, ammonium salts, etc.). 
• d. Flow rate. 
• Equipment history: 
• a. Previous inspection data 
• b. Failure analysis. 
• c. Maintenance activity. 
• d. Replacement infomation. 
• e. Modifications. 



توسط واحد فرايندPFDمارک آپ  نقشه ھای 

)در صد وزني(و مشخص نمودن مقدار آن    KOHيا   NAOHمشخص نمودن سيستم هاي حاوي •

 PHو نيز  (PPMبر حسب (در آب  H2Sو در صورت وجود آب ، مشخص نمودن مقدار   H2Sمشخص نمودن سيستم هاي حاوي •
مربوط به آب

ا مشخص نمودن سيستم هاي حاوي آب چه همراه سيال اصلي و چه به صورت مجزا و مشخص نمودن سيستم هايي آه آب در آن ساآن ي•
LOW FLOW  مي باشد.

بر حسب CO2و آب به همراه سيال اصلي مشخص نمودن مقدار  CO2و در صورت وجود   CO2مشخص نمودن سيستم هاي حاوي •
PPM

COمشخص نمودن سيستم هاي حاوي •

Sulfidesمشخص نمودن سيستم هاي حاوي •

Dissolvedمشخص نمودن سيستم هاي حاوي اآسيژن به صورت •

Fresh Amine, Lean Amine , Rich Amineو مشخص نمودن ترآيبات آمين  AMINEمشخص نمودن سيستم هاي حاوي  •



توسط واحد فرايندPFDمارک آپ  نقشه ھای 

)به صورت بخار( مشخص نمودن سيستم هاي حاوي رطوبت •

PPM)بر حسب (مشخص نمودن سيستم هاي حاوي آلر و مشخص نمودن مقدار آن •

.مشخص نمودن سيالاتي آه احتمال رسوب گذاري در تجهيزات و خطوط پايپينگ در آنها وجود دارد•

مشخص نمودن سيستم هاي حاوي هيدروژن و در صورت وجود هيدروژن به همراه سيال اصلي مشخص نمودن فشار جزيي آن  و   •
در صورت وجود هيدروژن به صورت اتمي مشخص نمودن آن

مشخص نمودن سيستم هاي حاوي ذرات ساينده•

مشخص نمودن سيستم هاي حاوي پودر•

.گاز مي باشند-تعيين سيستم هايي آه به صورت دوفازي مايع •

.Dissolved salts, Organic compounds or Microbiological activityمشخص نمودن  سيستم هاي حاوي •

اسيد فسفريك مخصوصا در يونيت هاي پليمري به  ,  NH4HS , HCLبه عنوان مثال ( مشخص نمودن  سيستم هاي حاوي اسيدها •
مربوطه PHو تعيين ...) و  HFاسيد سولفوريك و , عنوان آاتاليست و در حضور آب 

 
Sour Waterمشخص نمودن  سيستم هاي حاوي •



Damage Factor (DF) 

  2 .Damage Factor (DF) 
  لويت اندازه گيري خطر مرتبط با مكانيسم هاي تخريب فعال يا بالقوه شناخته شده و او

بندي بر اساس پتانسيل آنها براي ايجاد يك شكست يا خطر جدي 
Logics:

1- If There are known, active damage mechanisms that can cause corrosion cracking 
in carbon or alloy steels
• SuscepƟbility of material to SCC damage is Low → DF1=2 
• SuscepƟbility of material to SCC damage is Medium → DF1=4 
• SuscepƟbility of material to SCC damage is High → DF1=5 
• SuscepƟbility of material to SCC damage is Unknown → DF1=5



Damage Factor (DF) 

2- If There is a potential for catastrophic brittle failure, including carbon steel materials due to 
low temperature operation or upset conditions, temper embrittlement, or material not 
adequately qualified by impact tesƟng → DF2=4

3- If There are placed in the equipment/piping system where mechanically thermally-induces 
fatigue mechanism is active, determine DF3 using Table 1



Damage Factor (DF) 

4-If There is known high temperature hydrogen attack occurring → DF4=3

5-If There is known corrosion cracking of austenitic stainless steels occurring as a result of 
process, 
and
• SuscepƟbility of material to SCC damage is Low → DF1=1
• SuscepƟbility of material to SCC damage is Medium → DF1=2
• SuscepƟbility of material to SCC damage is High → DF1=3
• SuscepƟbility of material to SCC damage is Unknown → DF1=3

6-If Localized corrosion is occurring → DF6=4

7-If General Corrosion is occurring → DF7=2 



Damage Factor (DF) 

8-If Creep Damage is known to be occurring in high temperature process, including furnaces 
and heaters → DF8=1 

9-If Material degradation is known to be occurring, with such mechanism as sigma phase 
formation, carburization, spheroidization, etc → DF9=1 

10-If the equipment/piping has insulation, and
• Material of Construction is Carbon or Low Alloy Steel, Determine DF10 from Table 2
• Material of Construction is 300 series stainless steel, Determine DF10 from Table 3
• Material of Construction is duplex or super duplex stainless steel, Determine DF10 from 
Table 4



Damage Factor (DF) 

  



Damage Factor (DF) 

11-If Other active damage mechanism has been idenƟfied → DF11=1 

12-If Potential damage mechanism in the equipment/piping system have not been evaluated 
and are not being periodically reviewed by a qualified material engineer → DF12= 10

The overall DF will be sum of the lines 1 through 12, up to maximum of 30



API 571 : Damage Mechanisms
• Uniform or Localized Loss of Thickness (Thinning)
• Galvanic Corrosion 
• Atmospheric Corrosion
• Corrosion Under Insulation (CUI) 
• Cooling Water Corrosion
• Boiler Water Condensate Corrosion
• CO2 Corrosion
• Flue Gas Dew Point Corrosion 
• Microbiologically Induced Corrosion (MIC)
• Soil Corrosion
• Caustic Corrosion 
• Dealloying 
• Graphitic Corrosion
• Amine Corrosion
• Ammonium Bisulfide Corrosion (Alkaline Sour Water)
• Ammonium Chloride Corrosion 
• Hydrochloric Acid (HCl) Corrosion 
• High Temp H2/H2S Corrosion
• Hydrofluoric (HF) Acid Corrosion 
• Naphthenic Acid Corrosion (NAC)
• Phenol (Carbonic Acid) Corrosion
• Phosphoric Acid Corrosion
• Sour Water Corrosion (Acidic)
• Sulfuric Acid Corrosion



• Mechanical and Metallurgical Failure Mechanisms
• Graphitization
• Softening (Spheroidization)
• Temper Embrittlement
• Strain Aging
• 885oF Embrittlement
• Sigma Phase Embrittlement
• Brittle Fracture
• Creep / Stress Rupture 
• Thermal Fatigue
• Short Term Overheating – Stress Rupture 
• Steam Blanketing 
• Dissimilar Metal Weld (DMW) Cracking 
• Thermal Shock
• Erosion / Erosion-Corrosion 
• Cavitation
• Mechanical Fatigue 
• Vibration-Induced Fatigue
• Refractory Degradation 
• Reheat Cracking



• Environment – Assisted Cracking
• Chloride Stress Corrosion Cracking (CI–SCC)
• Corrosion Fatigue 
• Caustic Stress Corrosion Cracking (Caustic Embrittlement)
• Ammonia Stress Corrosion Cracking
• Liquid Metal Embrittlement (LME) 
• Hydrogen Embrittlement (HE) 
• Polythionic Acid Stress Corrosion Cracking (PASCC)
• Amine Stress Corrosion Cracking
• Wet H2S Damage (Blistering / HIC / SOHIC / SCC)
• Hydrogen Stress Cracking – HF
• Carbonate Stress Corrosion Cracking
• Ethanol/methanol Stress Corrosion Cracking



• High Temperature Corrosion [400oF (204oC)] 
• Oxidation
• Sulfidation
• Carburization 
• Decarburization
• Metal Dusting
• Fuel Ash Corrosion 
• Nitriding

• Other Mechanisms
• High Temperature Hydrogen Attack (HTHA)
• Titanium Hydriding



Damage types















 DFتقسيم بندی مکانيزم ھای تخريب جھت محاسبه 
API581براساس 

1. Thinning (General & local )— Dthin .

2. STRESS CORROSION CRACKING (SCC) DF— Dscc
• Amine Stress Corrosion Cracking SCC

• Caustic Stress Corrosion Cracking SCC 

• Sulfide Stress Cracking (SSC)

• Hydrogen-induced Cracking and Stress-oriented Hydrogen-induced (HIC/SOHIC-H2S)

• Alkaline Carbonate Stress Corrosion Cracking (ACSCC)

• Polythionic Acid Stress Corrosion Cracking (PASCC)

• Chloride Stress Corrosion Cracking (ClSCC) 

• Hydrogen Stress Cracking in Hydrofluoric Acid (HSC-HF)

• Hydrogen-induced Cracking and Stress-oriented Hydrogen-induced Cracking in Hydrofluoric Acid Services (HIC/SOHIC-HF)
3.    External damage — Dextd

• External Corrosion DF—Ferritic Component

• Corrosion Under Insulation (CUI) DF—Ferritic Component

• External Chloride Stress Corrosion Cracking (ExtClSCC) DF—Austenitic Component

• External CUI ClSCC DF—Austenitic Component
4.    Brittle fracture— Dbrit

• Brittle Fracture 

• Sigma Phase Embrittlement DF 

• Low Alloy Steel Embrittlement Damage Factor

• 885 °F Embrittlement DF
5. High Temperature Hydrogen Attack HTHA— Dhtha .
6. . Mechanical fatigue (piping only)— Dmfat .



DF Calculations



Thininng











Sour Environment

• Definition (Free H2O with H2S ) 

1. Sour Water Corrosion (Acidic and Alkaline)

2. Wet H2S Damage (SSC&Belister,HIC/SOHIC)
All of these damage mechanisms related to the absorption and permeation of hydrogen in steels



Sour water Corrosion (API 581)





Cooling Water Corrosion 
• Types of Corrosion
• Corrosion of carbon steel in cooling water systems is dominated by pitting. 

The following are other more common types of corrosion that can be seen.
• a) Under-deposit Corrosion—A form of pitting corrosion that occurs beneath 

deposits.
• b) Crevice Corrosion—Pitting and preferential attack at a crevice such as at 

the tube to tubesheet crevice,
• etc.
• c) Galvanic Corrosion—The enhanced corrosion of one metal in electrical 

contact with another kind of metal in an electrolyte. 
• d) Dealloying—Corrosion process that appears to selectively dissolve one 

of the constituents of an alloy. When admiralty brass experiences 
dealloying, zinc is removed leaving copper (referred to as

• dezincification).
• e) MIC—MIC..
• f) SCC—SCC associated with SCC of these alloys are aqueous chloride 

environments for 300-series stainless steels and ammonia for specific 
copper alloys.



• Assumptions
• Cooling water systems can be very complex, and this risk-based inspection 

model does not attempt to address every issue that must be considered. 
For the purposes of this model, the following assumptions have been made.

• a) Low alloy steels are rarely used in cooling water systems and will not be 
addressed in the remainder of this paragraph. However, most of the content 
for carbon steel applies to low alloy steels.

• b) This model does not consider degradation of alloys other than carbon 
steel. Beyond some general comments, SCC and pitting of stainless steels 
and dealloying of copper alloys are not considered.

• c) If coupon measurement results are available, these should be used 
instead of this model. As a rule of thumb for carbon steel, the pitting rate is a 
factor of 5 to 10 times the coupon general corrosion rate, (calculated by 
weight loss).

• d) If corrosion inhibitors are being used, it is assumed that the program is 
designed and operated to adequately control corrosion of carbon steel and 
alloy materials.



• Assumption 

• e) An effective microbiological control program is in place, and corrosion 
driven by MIC is negligible, i.e. can be set to < 0.13 mm/y (5 mpy), pitting.

• f) Water pH is kept within the range 6.5 to 9.5. Outside this pH range, the 
corrosion is assumed caused by other means than what is covered in this 
paragraph.

• g) In the event the RSI value is < 6, it is assumed that corrosion is retarded 
by scale formation, but can still be estimated on the basis of the chloride 
content, temperature and flow velocity.

• h) There is no deposition and no local low flow areas.







Tank Bottom Corrosion 



خوردگي كف مخازن

  1 . خوردگي كف مخازن و تستMFL:



SCC Damage Mechanism



DFSCC Flow Chart



Sour Environment

• Definition (Free H2O with H2S ) 

1. Sour Water Corrosion (Acidic and basic)

2. Wet H2S Damage (SSC, Blister/ HIC/SOHIC)
All of these damage mechanisms related to the absorption and permeation of hydrogen in steels



Sulfide Stress Cracked (SSC)
• Description of Damage
• SSC is a form of HSC resulting from absorption of atomic hydrogen that is produced 

by sulfide corrosion on metal surface.   H2S+ Fe              FeS + H2
• hydrogen permeation flux in the steel related to PH and H2S of water
• Susceptibility to SSC is related to two parameters, hardness and stress level
• High-strength steels (generally those with hardness greater than 22 HRC) and for 

Carbon steel,  weld deposits and HAZs may contain zones of high hardness and high 
residual stresses  from welding 

• Control of hardness and reduction and residual stresses or applying PWHT to reduce 
the hardness of the welds are recognized methods for preventing SSC as outlined in 
NACE RP0472



Sulfide Stress Cracked (SSC)

• Screening Criteria( معيار غربالگری( 
If the component’s material of construction is carbon or low alloy steel and 
the process environment contains water and H2S in any concentration

• Required Data



Determination of Susceptibility







SCC DF—Hydrogen-induced Cracking and Stress-oriented Hydrogen-induced
Cracking in Hydrogen Sulfide Services (HIC/SOHIC-H2S)

• Description of Damage
• HIC is defined as stepwise internal cracks that connect adjacent hydrogen blisters on different 

planes in the metal or to the metal surface. An externally applied stress is not required for 
the formation of HIC. The driving force for the cracking is high stresses at the circumference 
of the hydrogen blisters caused by buildup of internal pressure in the blisters. Interactions 
between these high stress fields tend to cause cracks to develop that link blisters on different 
planes in the steel 

• Blistering and HIC are strongly affected by the presence of inclusions and laminations,which
provides ites for diffusing hydrogen to accumulate



• SOHIC results from an array of HIC (separations or cracks) stacked on top of each 
other. When acted upon by a high stress level (residual or applied), the stacked HIC 
will connect and create a thru-thickness crack that is perpendicular to the surface. 
SOHIC most often occurs in the base metal adjacent to weld HAZs, the residual 
stress from welding being the most common driver of SOHIC. SOHIC can initiate 
from the stacked HIC alone, from sulfide stress cracks, or from other crack-like 
defects or stress concentrations. SOHIC is a potentially more damaging form of 
cracking than HIC because of its relatively higher rate of developing a thru-wall 
crack. In addition, an absence of visual blistering may leave a false sense of 
security that H2S damage is not active, yet subsurface SOHIC may be present.



Susceptibly to (HIC/SOHIC-H2S) 







Low Alloy Steel Embrittlement 
(Temper Embrittlement) 

• Description of Damage
• Temper embrittlement is the reduction in fracture toughness due to a 

metallurgical change that can occur in some low-alloy steels as a result of long-
term exposure in the temperature range of about 650 °F to 1070 °F (345 °C to 
575 °C). This change causes an upward shift in the ductile-to-brittle transition 
temperature as measured by Charpy impact testing. 

• The embrittlement is caused by segregation of tramp elements and alloying 
elements along grain boundaries in the steel. Susceptibility to temper 
embrittlement is largely determined by the presence of the alloying elements

• manganese and silicon and the tramp elements phosphorus, tin, antimony, and 
arsenic

• Screening Criteria
If all of the following are true, then the component should be evaluated for 
susceptibility to low alloy steel embrittlement.
a) The material is 1Cr-0.5Mo, 1.25Cr-0.5Mo, 2.25Cr-1Mo, or 3Cr-1 Mo low alloy 
steel.
b) The operating temperature is between 343 °C and 577 °C (650 °F and 1070 °F).



885 °F Embrittlement

• 885 °F (474 °C ) embrittlement is a reduction in toughness of ferritic 
stainless steels with a chromium content of greater than 13 %, after 
exposure to temperatures between 371 °C and 538 °C (700 °F and 1000 
°F). The reduction in toughness is due to precipitation of a chromium-
phosphorous intermetallic phase at elevated temperatures. the effect on 
toughness is most pronounced not at the operating temperature, but at 
lower temperatures experienced during plant shutdowns or upsets. 
Martensitic stainless steels such as Type 410 are normally considered to be 
immune to this problem. 

• Screening Criteria
If both of the following are true, then the component should be evaluated for           

susceptibility to 885 °F embrittlement.
a) The material is a high chromium (>12 % Cr) ferritic steel.
b) The operating temperature is between 371 °C and 566 °C



Sigma Phase Embrittlement
• Description of Damage
Sigma phase is a hard, brittle intermetallic compound of iron and chromium. It 
occurs in ferritic (Fe-Cr), martensitic (Fe-Cr), and austenitic (Fe-Cr-Ni) stainless 
steels when exposed to temperatures in the range of 593 °C to 927 °C. Ferrite 
stabilizers (Cr, Si, Mo, Al, W, V, Ti, Nb) tend to promote sigma formation, while 
austenite stabilizers (C, Ni, N, Mn) tend to retard sigma formation. Sigma is 
unstable at temperatures above 899 °C

• Screening Criteria
If both of the following are true, then the component should be evaluated for 
susceptibility to sigma phase
embrittlement.
a) The material an austenitic stainless steel.
b) The operating temperature between 593 °C and 927 °C





High Temperature Hydrogen Attack (HTHA)

• Description of Damage
• High temperature hydrogen attack results from exposure to hydrogen at 

elevated temperatures and pressures. The hydrogen reacts with carbides in 
steel to form methane (CH4) which cannot diffuse through the steel. The 
loss of carbide causes an overall loss in strength.

• Methane pressure builds up, forming bubbles or cavities, microfissures and 
fissures that may combine to form cracks.

• Damage due to the HTHA can possess two forms:
• 1) internal decarburization and fissuring from the accumulation of methane 

gas at the carbide matrix interface;
• 2) surface decarburization from the reaction of the atomic hydrogen with 

carbides at or near the surface where the methane gas can escape without 
causing fissures.

• 300 Series SS, as well as 5Cr, 9Cr and 12 Cr alloys, are not susceptible to 
HTHA at conditions normally seen in refinery units.



• Screening Criteria

• If all of the following are true, then the component should be evaluated for 
susceptibility to HTHA.

• a) The material is carbon steel, C-½ Mo, or a Cr-Mo low alloy steel (such as 
½ Cr-½ Mo, 1 Cr-½ Mo, 1¼ Cr-½ Mo, 2¼ Cr-1 Mo, 3 Cr-1 Mo, 5 Cr-½ Mo, 7 
Cr-1 Mo, and 9 Cr-1 Mo).

• b) The operating temperature is greater than 177 °C (350 °F).

• c) The operating hydrogen partial pressure is greater than 0.345 MPa (50 
psia).



• Susceptibility to HTHA 
• 1) For Carbon and C-½ Mo Alloy Steels.
• a) If the exposure temperature is >177 °C (350 °F) and the exposure 

hydrogen partial pressure is >0.345 MPa (50 psia), assign a high 
susceptibility to HTHA.

• b) If exposure temperature is ≤177 °C (350 °F) and the exposure hydrogen 
partial pressure is ≤0.345 MPa (50 psia), assign HTHA susceptibility to 
None.

• 2) For All Other Cr-Mo Low Alloy Steels.
• a) If the exposure temperature is >177 °C (>350 °F) and exposure hydrogen 

partial pressure is >0.345 MPa (>50 psia), calculate ∆T proximity to the API 
941 curve using T and PH2from

• Assign HTHA susceptibility using Figure 19.1.



Nelson Curve (API 941) 

• Operating Limits for Steels in Hydrogen Service to Avoid High Temperature 
Hydrogen Attack





Case Study

  1 .وضعيت خوردگي در تاور الفين:



Case Study

  1 .وضعيت خوردگي در مبدل الفين:



Case Study

  1 .وضعيت خوردگي در تاور الفين:




