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ABSTRACT 
 

This paper outlines a study to determine the extent of hydrogen Induced Cracking (HIC) and more 

importantly Step Wise Cracking (SWC) in Atmospheric Degassing and NGL facilities since much of the 

piping and vessels were pre-1984 constructed, before the requirement for use of HIC resistant materials 

came into effect. The NDT methods used during this study included ultrasonic (UT) P-scan for 

identification of defect locations, and advanced UT mapping for confirmation of HIC and SWC presence 

and extent of damage.  The synergistic use of these two methods are described, as well as, environmental 

search criteria to select the most likely locations where HIC/SWC could be found. These environmental 

search criteria included categorizing the severity of the sour service environment into domains as per ISO 

15156. Although piping and vessels in the most severe corrosive conditions found in domain 3, were 

expected to exhibit the highest frequency of HIC/SWC occurrence, this was not found to be the case for 

the following reasons: Vessels in domain 3 environments were already internally coated as a precaution to 

prevent corrosion and subsequent HIC/SWC, and also the use of domains was intended for categorizing 

vulnerability to sulfide stress cracking mechanism (SSC) and not hydrogen induced cracking mechanism. 

Based on the results of this study, the methodology to find HIC/SWC was simplified and focused on the 

expanded use of the UT p-scan and advanced UT mapping NDT techniques as well as internal visual 

inspections of all sour service vessels during scheduled T&Is. 

Keywords: Non-destructive testing, ultrasonic, P-scan, Ultrasonic mapping, hydrogen induced 

cracking, step wise cracking, sour service. 
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1. INTRODUCTION 

 
This paper outlines the result of a study conducted to survey the extent of Hydrogen Induced Cracking and more 

importantly Step Wise Cracking (SWC) in Atmospheric Degassing and NGL facilities. The Study focused on 

pre-1984 constructed piping, before the requirement for use of HIC resistant materials came into effect.  The 

study was conducted as part of a corporate wide initiative to improve safety and integrity of Saudi Aramco’s sour 

service facilities.
1
   

  

This paper outlines the result of the survey to determine the extent of HIC and SWC damage discovered and 

lessons learned at a Saudi Aramco Atmospheric Degassing and NGL facility. The study included both piping and 

vessels; however, it focused on the most severe hydrogen charging areas to more efficiently find the damaged 

areas. 

 

During the study, the information for every piping circuit collected included: piping circuit, pipe type, design 

pressure, design temperature, operating pressure, operating temperature, H2S concentration, CO2 concentration, 

installation date, steel grade, flange class, partial pressures of acid gasses, pH and flow rate.   

 

Although piping and vessels — in the most severe corrosive conditions in domain 3 — were expected to exhibit 

the highest frequency of HIC/SWC occurrence, this was not found to be the case for the following reasons: 

Vessels in domain 3 environments were already internally coated as a precaution to prevent corrosion and 

subsequent HIC/SWC. Also the use of domains was intended for categorizing vulnerability to sulfide stress 

cracking mechanism (SSC) and not the hydrogen induced cracking mechanism.  

 

Based on the results of this study, the methodology to find HIC/SWC was changed and focused on the expanded 

use of the ultrasonic (UT) P-scan NDT and advanced UT mapping NDT techniques, as well as internal visual 

inspections of all sour service vessels during scheduled T&Is. 

 

The NDT methods used during this study included UT P-scan NDT for identification of defect locations, and 

advanced UT mapping for confirmation of HIC and SWC presence and extent of damage.  The synergistic use of 

these two methods are described, as well as, environmental search criteria to select the most likely locations 

where HIC/SWC could be found. These environmental search criteria included categorizing the severity of the 

sour service environment into domains as per ISO 15156-2
2
. 

 

 

 

2. USE OF DOMAINS 
 

A computer model was used to determine the pH at operating temperature and pressure, and SSC domain 

according to ISO-15156-2. The severity of the environment is given in Figure 1 by domains or regions 0, 1, 2 and 

3 for SSC, with domain 3 being the most severe.   

 

According to ISO 15156-1
3
, hydrogen-induced cracking (HIC) is defined as planar cracking that occurs in carbon 

and low alloy steels when atomic hydrogen diffuses into the steel and then combines to form molecular hydrogen 

at trap sites (inclusions or voids). It is often assumed that HIC is just a subcategory of sulfide stress cracking 

(SSC), which occurs due to a similar mechanism; however, the mechanisms are in fact different as SSC is defined 

as cracking of metal, involving corrosion and tensile stress (residual and/or applied) in the presence of water and 

H2S. Cracking caused by HIC does not require any applied tensile stress at all. In the case of HIC, the stress is 

due to the build-up of molecular hydrogen molecules in voids or inclusions, due to sulfur presence or voids. 

 

 
 



 
 
 

 
 

FIGURE 1 Sour Domains per ISO 15156. 

 

It should not be surprising therefore that the severity of the observed HIC did not correlate well to the severity of 

sour service, since the domains indicated are based on a different mechanism related to SSC, not HIC/ SWC. In 

addition, closer examination of ISO 15156-2 section 8 suggests carbon steel may be susceptible to HIC/SWC, 

even at trace H2S concentrations.   Field experience has found more of a correlation of HIC/SWC with the 

amount of inclusions in the susceptible carbon steel metal, rather than to H2S partial pressure. 

 

 

 

 

 

RESULTS 

 
During the Piping survey, a total of 382 locations in NGL Plants and 98 in Atmospheric Degassing Plants were 

selected and examined for corrosion and cracking flaws, making a total of 480 piping locations that were 

examined by ultrasonic (UT) P-scan for identification of defect locations.  The manual UT P-scan was used to 

identify laminations as a preliminary cost effective NDT technique prior to confirmation of HIC or SWC by UT-

mapping.  Below table 1 shows the number of possible HIC indications found by manual UT scanning. 

 

 



 
 
 

HIC Survey 

Plant Total Inspected Locations HIC Indications 

NGL Plants – Domain 3&2 

A 12 0 

B 10 1 

C 18 2 

D 271 19 

E 71 0 

NGL Total 382 22 

Atmospheric Degassing – Domain 1 

F 56 3 

G 22 0 

H 20 0 

Atm. Degas Total 98 3 

Grand Total 480 25 

    

TABLE 1. Total inspected locations and HIC indications/laminations found. 

 

Of the 480 locations inspected by manual UT, only 25 locations were found to have lamination flaws that were 

suspected to be HIC. Six of these locations were already confirmed to be laminations and 19 locations were 

selected for further examination by advanced UT mapping of NDT.  The following Table 2 shows the results of 

the advanced UT mapping survey, conducted on the remaining 19 piping locations at an Atmospheric Degassing 

and NGL facility.  

 

The piping was uncoated internally and HIC was found in two locations: condenser vapor propane line and inter-

stage cooler outlet, plus a blister at an after-cooler outlet. The inter-stage and after-stage coolers where the 

HIC/blister was detected were domain 3 regions, but the HIC found at the condenser vapor propane line was only 

domain 0. It was discovered that the propane condenser had suffered in the past from sour gas ingress due to 

internal leaks occurring further upstream of the condenser, at the chiller, causing HIC/SWC to be observed in a 

domain zero propane line.  

 

 



 
 
 

 
TABLE 2. Showing the SSC Domain of the Piping and Flaw type. 

 
 
 

Although some correlation was observed between HIC/SWC and the corrosive severity of the environment, this 

correlation faded once the vessel inspection results were obtained. Table 3 shows the vessel inspection results. 

As can be seen in table 3, the location where HIC was found was not mostly in the domain 3 regions, but instead 

in domain 0 and 1 regions.  It does not appear that categorizing the potential HIC locations according to the 

domains 0, 1, 2 and 3 provides a benefit to finding HIC/SWC locations more easily. As a result the HIC program 

was simplified. 

 

 

 

 

Description 
Install 

date 

The steel 

grade  

Operating 

Temperature 

(F) 

Operating 

Pressure 

(PSIG) 

H2S  

conc. 

(%) 

CO2 

conc. 

(%) 

pH2S 

(psia) 

pCO2 

(psia) 
pH Domain 

Flaw Types 

Found 

Gas from Interstage 

Cooler 
1974 API-5L Gr B 109 149 4.5 3.7 7.4 6.1 4.4 3 Corrosion 

Product from Drum   1974 API-5L Gr B 110 145 4.5 3.7 7.2 5.9 4.4 3 Lamination 

Product to East of 

Drum 
1974 API-5L Gr B 110 145 6.2 5.7 9.9 9.1 4.3 3 COR/LAM 

Product to East of 

Drum Location 2 
1974 API-5L Gr B 110 145 6.2 5.7 9.9 9.1 4.3 3 COR/LAM 

Condenser Vapor 

Propane  
1975 

API-5L Gr X-

60 
59 130 0 0 

   
N/A COR/LAM/HIC 

Recycle to Drum 1996 API-5L Gr B 124 414 7.6 6.4 32.6 27.4 4.0 3 Corrosion 

Plant Inlet feed 
Header 

1975 API-5L Gr B 100 2 4.5 3.7 0.8 0.6 5.1 2 Erosion/Lam 

Inlet Feed Gas Line  1975 API-5L Gr B 100 2 4.5 3.7 0.8 0.6 5.1 2 Lamination 

Suction to 

Northeast of Drum 
1975 API-5L Gr B 100 15.8 4.5 3.7 1.4 1.1 4.9 2 Lamination 

Suction to 
Northeast of Drum 

1975 API-5L Gr B 100 15.8 4.5 3.7 1.4 1.1 4.9 2 Lamination 

Suction (at Platform 

Area) 
1975 API-5L Gr B 100 15.8 4.5 3.7 1.4 1.1 4.9 2 Lamination 

Compressed Gas to 
NGL  Cooler 

1975 API-5L Gr B 322 177 4.5 3.7 8.6 7.1 4.3 3 Lamination 

Interstage Cooler 

Outlet  
1975 API-5L Gr B 109 150 4.5 3.7 7.4 6.1 4.4 3 Lam & HIC 

L.P. Gas From 
Interstage Cooler 

1975 API-5L Gr B 110 414 4.5 3.7 19.3 15.9 4.2 3 Corrosion 

Product At NE of 

Drum Location 1 
1974 API-5L Gr B 110 148 6.2 5.7 10.1 9.3 4.3 3 Lamination 

Product at NE of 
Drum Location 2 

1974 API-5L Gr B 110 148 6.2 5.7 10.1 9.3 4.3 3 Lamination 

After Cooler Outlet  1974 API-5L Gr B 110 414 6.2 5.7 26.6 24.4 4.1 3 LAM/blister 

Cooler to Drum  1974 API-5L Gr B 134 411 4.5 3.7 19.2 15.8 4.1 3 Lamination 

To Condenser 1996 
API-5L Gr X-

60 
124 384 7.6 6.4 30.3 25.5 4.0 3 none 



 
 
 

 

 

VESSEL INSPECTION SUMMARY 

Vessel  # Year Built Domain Vessel Name 
HIC Blisters 

Found? 
T&I Interval 

1 1968 3 Interstage Separator Drum No 5 yr. 

2 1989 3 Feed Drum No 5 yr. 

3 1972 2 Interstage Separator Drum No 5 yr. 

4 1972 3 De-ethanizer Feed Drum No 5 yr. 

5 1973 2 Interstage Separator K.O. Drum No 5 yr. 

6 1973 3 Condensate Stripper Feed Drum No 5 yr. 

7 1974 3 Interstage Separator Drum No 
5 yr. 

8 1974 3 Interstage Separator Drum No 
5 yr. 

9 1974 3 Interstage Separator Drum No 
5 yr. 

10 1974 3 Feed Gas Drum No 5 yr. 

11 1996 3 De-ethanizer Surge Drum No 5 yr. 

12 1996 3 Off Gas Overhead K.O. Drum No 5 yr. 

13 1996 3 Reflux Drum No 5 yr. 

14 1997 3 NGL Stripper Feed Accumulator Drum No 
5 yr. 

15 1974 3 De-ethanizer Column Yes 5 yr 

16 1971 1 Inlet Blow Down Drum Yes 5 yr 

17 1975 0 Propane Drum Yes 5 yr 

18 
1975 

0 Propane Drum Yes 
5 yr 

19 
1975 

0 Propane Drum Yes 
5 yr 

20 1974 1 Oil Stabilizer Column (5) Yes 5 Yr. 
 

TABLE 3. This table shows the inspection history of NGL & Atmospheric Degassing Vessels. 

 

 

 

 

 



 
 
 

3. CHANGES IN THE HIC/SWC SURVEY PROGRAM PROCEDURES 

 In parallel with the company wide HIC survey program, which focused on selecting locations based on severity 

of service (domains areas) as a onetime survey, the program was simplified and modified to find HIC/SWC on a 

continuously ongoing basis. This program includes examination of all sour service even trace H2S locations, and 

improves the economics and efficiency of finding HIC by using rapid manual UT P-scan NDT as a preliminary 

step to find laminations. Our modified HIC Survey program includes the following steps:  

1)   Look for high corrosion rate locations (high hydrogen charging) for all piping or vessels under sour 

service by use of OSI corrosion data. 

2)   Select locations in coated vessels to be scanned by manual UT based on any observed damage at T&Is. 

3)   Conduct manual UT scans at and around the high corrosion rate locations on piping or vessels, and 

determine if laminations are present and whether it could potentially be HIC/SWC. 

5)   Conduct Advanced UT where there is potential for HIC at lamination indications, confirm/deny HIC, and 

identify whether stepwise cracking is present. 

This above procedure was generally used to narrow down the locations to inspect for HIC by advanced UT 

mapping to make the survey more cost effective. 

As it was not possible to narrow down the HIC location by corrosion rate measurements for coated vessels (as 

corrosion rate is zero for coated locations), we reviewed the T&I internal inspection history for these vessels to 

find the likely locations where corrosion damage & HIC may possibly be found.  This internal inspection 

generally involved looking for cracks by using MPI techniques and for corrosion or hydrogen blisters. Where 

cracks, blisters or severe corrosion was found, external UT scanning was done to look for laminations. HIC/SWC 

was then confirmed by advanced UT mapping.  

 

 

DISCUSSION OF RESULTS 

 
As indicated in table 3, three propane vessels were found to contain laminations. Two of these had severe 

HIC/SWC.  These vessels underwent FFS and were re-pressure rated and kept in service until scheduled 

replacement. In addition, the progress of crack growth on these vessels was monitored by advanced UT mapping 

semi-annually until replacement this year. These vessels were internally coated as soon as corrosion was 

observed. The coating is believed responsible for preventing further crack growth from being observed during 

advanced UT mapping inspections during the last two years. 

 In the case of another vessel, the NGL  inlet blow down drum, review of the inspection history (to 1991) 

revealed a reason to examine this vessel further as the vessel was previously found to have many inclusions. As a 

result of this finding, the last coating was thoroughly inspected during the T&I, however the coating appeared to 

be in good shape. Even after coating removal, MPI testing of the internal surfaces during this recent T&I (2012) 

did not reveal any cracks. HIC/SWC was found only after performing advanced UT conducted near the man-way 

and at the bottom of the vessel. An example of a typical advanced UT mapping scan conducted on the latter blow 

down drum is shown in Figure 2 below. 



 
 
 

 

FIGURE 2. Advanced UT mapping scan of NGL blow down drum. 

The advanced UT mapping scan in Figure 2 was conducted on the east side of the vessel near a man way. The UT 

scan was limited to 250 mm width by 1000 mm length. The data showed 4 stepwise cracks and multilayers of 

irregular depth of HIC and inclusions. The maximum height of the cracking was 5.3 mm and an average range of 

HIC/blisters measured from the outer surface was from 8.7 to 27.7 mm. The total thickness was 30.2 mm. 

The cracks found did not likely occur recently and were believed to have occurred prior to the last coating 

application. The vessel was re-coated internally and placed back in service at 5 psig maximum operating 

pressure, even though the MAOP calculations proved to be acceptable. This vessel was scheduled to be replaced 

within 2 years as a precaution, although the vessel was re-rated to 75 psig MAOP based on a fitness for service 

(FFS) evaluation. Figure 3 shows the work flow for remedial actions taken to address any flaws found during the 

wet sour service survey.  

In total, three vessels are being replaced as a precaution, and two lines are now being monitored annually for 

HIC/SWC. With regard to blisters found in columns, these were shallow surface blisters and have already been 

previously repaired. In addition, monel strips have been installed several years ago at the column heads to prevent 

corrosion and future occurrence of HIC blisters. 



 
 
 

 

FIGURE 3. Work flow showing remedial action steps.  

 

4. CONCLUSIONS 

 
Proactive steps are being taken to minimize risk associated with HIC and Stepwise cracking. These include: 

1) The use of coatings, alloy strip lining, and corrosion inhibitor. 

2) The search for HIC by OSI, manual UT, internal vessel inspections, and advanced UT mapping. 

3) Controlling HIC/SWC progression by internal coating and frequent monitoring by advanced UT. 

4) Setting limits, adjusting the damaged vessels pressure rating and relief valve settings after conducting 

FFS. 

5) Simplification of the processes and procedures to search for HIC/SWC. 

The synergistic use of manual UT P-scan NDT to find laminations, followed by advance UT mapping has 

provided an economical procedure for finding HIC/SWC. Continued search for HIC/SWC and other cracking 

related damage mechanisms will ensure the smooth and safe operation of atmospheric degassing and NGL 

facilities. Of the lessons learned during the course of this study, it is important to keep the inspection program as 

simple as possible. The actions taken where flaws have been discovered have also been on the very conservative 

side. 
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