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Recurrence of HC Leak into SCW Loop via E224
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Introduction
Hydrocarbon (HC) leak into sea cooling water (SCW) loop via exchanger E-224 was reported on 12th June 2019. PU1 (Unit 100 to 400) was shut down for 5 days for investigation and repair work. This is a second occurrence, 11 months after the first leak reported on 5th July 2018.  The leak was again caused by crevice corrosion at the gasket seat surface of the floating head.
During causal learning in 2018, various driving factors that could lead to crevice corrosion at the floating head cover causing Loss of Primary Containment (LOPC) were evaluated. Insights of each observation were discussed and documented1. Unfortunately, another LOPC caused by the similar corrosion mechanism at the gasket seat of the floating head was reported 11 months after operation resumed. Another causal learning session was then initiated to understand the root cause of this LOPC, this report documents the findings.
Incident Background 
In U-200, 11 wt% EBHP is concentrated to 30 wt% EBHP through a 2-stage vacuum flashing in V-201 and V-204. The concentrated EBHP is then routed to E-224, which cools down the flashed EBHP product from 84oC to 60oC, before entering U-200 wash train. During normal operation, the shell side (EBHP) of E-224 is operated at a higher pressure (6.5 barg versus 3.5 barg) than the tube side (SCW) (Appendix A). 

E-224 was commissioned in 1997. In 1998, the tube bundle material was upgraded from SMO 254 to Titanium. The shell material remained as SS 316 while the floating and channel head cover materials remained as SMO 254. Two resistor-controlled Cathodic Protections (RCPs) were also installed at the channel head cover to prevent crevice corrosion of SMO 254 in the SCW system. Since then, E-224 was operated with mixed metallurgy. No major corrosion issue was observed until the failure in 2018. Only minor crevice corrosion at the channel head gasket seat was reported during the turnaround (TA) 2011 but not observed in TA2016.

In July 2018, 23 months in operation after TA2016, the first on-the-run leak was reported at E-224.  The leak was caused by crevice corrosion at 5 locations of the gasket seat surface of the floating head. This led to a shutdown of the unit and a production loss of 5 days.  The SMO 254 gasket seat surface was then repaired with weld build-up at the damaged location with Inconel 625, which has a higher resistance to crevice corrosion2 in seawater system, at the crevices and reinstated for production.

Incident Description (“Timeline”)
On the 5th of June 2019, the online Total Organic Carbon (TOC) analyser (16QR010) at the SCW green return header 2, measured higher readings and remained as a standing alarm (Appendix B). A sample of SCW was then collected for visual check and no abnormalities were found. On the 11th of June 2019, re-sampling of SCW was done and again no abnormalities were found. On the 12th of June 2019, QMI was activated to validate 16QR010. After confirming the higher measured TOC readings from 16QR010, various SCW return samples were collected from the suspected heat exchangers (i.e. E-112, E-219, E-224) for laboratory analysis. On the 12th of June 2019 afternoon, the leak was confirmed at E-224. PU1 then proceeded to shut down and released for inspection and repair.

Before the shutdown of E-224, the electrical potential of the two RCPs at the channel head were measured. The measured potentials were within the expected range. On 13th Jun 2019, a hydrostatic test was conducted at the tube side of E-224.  The leak was then identified at the floating head cover. After removal of the floating head cover, crevice corrosion was observed at 3 locations of the SMO 254 (A240 UNI S31254) gasket seat surface (Figure 1). Maximum depth measured was 5 mm (Figure 2). The short-term solution was to machine and weld overlay both the gasket seating surface and the floating head cylindrical internal surface with Inconel 625.
A hydrostatic test was also conducted at the shell side of E-224. No leak was observed. The two RCPs were visually inspected.  Anode consumption was estimated to be ~20%. 
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	Figure 1: Crevice corrosion at the gasket seat surface of the floating head cover. 
	Figure 2: Crevice with a maximum depth of 5 mm




Problem Statement
	Expected:
	E-224 shall run between 2 TAs (5 years duration) with EB contained in the process side and SCW contained in the cooling medium side.

	Actual:
	EB leaked into SCW loop via the floating head gasket seat of E224. 
· The first leak occurred in July 2018 (23 months after TA2016)
· The second leak occurred in Jun 2019 (11 months after the first leak)

	Impact:
	5 days UPDT (shutdown of PO1)
LOPC of about 48 kg/h of hydrocarbon into SCW
Production loss estimated as USD 11.3 mil 
Actual unplanned repair cost of about USD 200 K



Event Timeline
Refer to Timeline Diagram in Appendix
	Year
	Events

	1997
	E-224 was commissioned 
Tube bundle and floating head cover material was SMO 254

	1998
	Tube bundle material was upgraded to Titanium, floating head cover remained in 254SMO
Two new RCPs was installed at the channel head

	2006
	Gasket seat of the floating head was inspected during TA with no finding
Some salts pieces found at shell side

	2011
	Slight crevice corrosion found at gasket seat of tubesheet at channel side during TA
RCPs reassessment was performed and found to be adequate
RCPs were replaced with a new set 

	2016
	Gasket seat of the floating head was inspected during TA and no finding
V-204 was operated at lower pressure and temperature after SSF1 commissioned.  
Inlet temperature at shell side dropped from 94°C to 84°C
Gasket vendor changed from Tat Lee to James Walker
Camprofile mica gasket was installed, then replaced with Camprofile Novapress Universal 
~50% of RCPs was consumed since 2011
RCPs were replaced with a new set during TA
Some salt pieces found at shell cover during TA
Tubesheet, split and backing rings were installed, removed and re-installed during TA
Split rings were installed in a reverse manner

	2017
	E-202 leak reported in March
EB fluid of E-224 was kept at standstill for 9 days during the shutdown 

	2018
	E-224 leak from floating head gasket seat causing EB leak into SCW loop reported in July
5 locations of crevice corrosion at floating head cover with the deepest depth of 5 mm
Repair of E224 with partial weld build-up of Inconel 625 at crevices 
~10% of RCPs consumed
RCPs were re-used during commissioning
Hypochlorite shock dosing duration was extended from 1 hour to 1.5 hour
E224 split rings were installed in reverse manner (noticed via photo)
The backing ring was installed in correct facing in July 2018

	2019
	Hydrocarbon was detected in TOC analyser 16QR010 on 5th June 
3 locations of crevice corrosion at floating head cover with the deepest depth of 5 mm
Repair of E224 via an overlay of the entire gasket seat surface and the floating head cylindrical internal surface with Inconel 625
Deformation of split rings and the backing ring was noticed
Split rings and backing ring were replaced
~20% of RCPs was consumed. RCPs were re-used during commissioning



Why it happened (“Cause and Effect Diagram”)
Refer to the attached Cause and Effect Diagram in appendix
A combination of factors could have led to this incident: 
1. SMO 254 material of the floating head gasket seat is susceptible to crevice corrosion under the current operating condition in the SCW system. However, the rate of corrosion is expected to be slow and not to cause leak for at least 5 years, similar to the experiences of this floating head gasket before 2016 and other similar services. 
2. Several factors that contributed to the acceleration of crevice corrosion are:
1) Incorrect installation of split rings at the floating head could have created a small opening at the gasket seat surface that accelerated the crevice corrosion
2) Deformation of split rings and the backing ring could have created a small opening at the gasket seat surface that accelerated the crevice corrosion
3) Plastic deformation of Class 1 bolt due to over-torqueing thereafter relaxation of the bolts after hydrotesting could have created a small gap at the gasket seat surface that accelerated the crevice corrosion
4) Potential ingress of light acids from the process side further accelerated the crevice corrosion

Crevice corrosion
Crevice corrosion refers to corrosion occurring in confined spaces (stagnant zone) where the access of the working fluid from the environment is limited3. The corrosion mechanism involves two stages: the initiation and propagation. Crevice initiation on SMO 254 surface could occur due to the damage of the passive layer especially in the presence of chloride. For the propagation to take place, the crevice must be wide enough to allow the corroding electrolyte to enter and then provide 'stagnant' conditions. Unintentional creation of an opening (crevice) at the surface/joint could potentially accelerate the initiation stage and kick start the propagation stage of the crevice corrosion. The presence of corroding components such as acids, chloride, oxygen and others further accelerated the corrosion process. 

Susceptibility of SMO 254 to crevice corrosion
The material of the floating head gasket seat is SMO 254.  Cooling medium used at the tube side is SCW with the inlet temperature of ~35-36°C. There is a regular hypochlorite dosing in the SCW system to prevent fouling issue.  Based on Ref.2, SMO 254 floating head gasket seat surface is susceptible to crevice corrosion under the current operating environment as the crevice critical temperature for SMO 254 is 30°C. As such, two RCPs are installed at the channel head cover to prevent crevice corrosion for the different materials in this exchanger.  According to the vendor, Free Residual Chlorine (FRC) level must be maintained below 0.5 ppm to ensure the effectiveness of the RCPs. 56Q004 trend below (Figure 3) showed that the residual free chlorine level was mostly maintained below 0.5 ppm.  
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	Figure 3: Trend of residual free chlorine level (56Q004)



Incorrect installation of split rings 
After removal of the shell cover, the bottom section of the floating head was found slightly tilted (the floating head was not at 90° to the shell) (Figure 4). The split rings were then found installed in a reverse manner as compared to the GA drawing. The raised face was facing the floating head instead of the shell (Figure 5).  
Further review of past inspection reports confirmed that the reverse installation was recorded during TA2016. During repair in 2018, the installation crew followed the 2016 installation sequence by following the yellow paint marks (Figure 3), which is not specific to the ring facing.  According to the installation crew, it is the practice to reinstate back the installation the same way it was found and believed that it is the right way. Besides, the authorized engineer (AE) accepted the installation because the final visual inspection and installation checklist was completed with no issue reported. 
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	Figure 4: Slightly tilted floating head
	Figure 5: Incorrect installation of split rings 


Theoretical analyses showed that the reverse installation of split rings could cause insufficient compression between the floating head and the gasket after tightening, thus creating a long and narrow opening (Figure 6).  SCW could then be accumulated and remained stagnant in this opening, limiting the diffusion of ions and accelerating the initiation and propagation stage of the crevice corrosion. 
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	Figure 6: Small opening created due to incorrect installation



Deformation of split rings and backing ring
After dismantling of the split rings and backing ring, all rings were found deformed (Figure 7).  The rising face of the backing ring was also found dented. Bolt marks were noticed at both sides of the backing ring (Figure 8). Based on the inspection history, only the split rings were installed in a reverse manner while the backing ring was installed correctly during TA2016 and repair in 2018.  This implied that the backing ring has been installed in a reverse manner before TA2016.  
Theoretical analyses showed the impact of deformed split rings and the backing ring could be the same as the impact due to reverse installation of split rings mentioned above.
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	Figure 7: Deformed split ring and backing ring
	Figure 8: Dented rising face and bolt marks on the backing ring



Plastic deformation of Class 1 bolts
During repair in June 2019, the torque value (TFA) used in the previous installation (2018) was noticed to be higher than the actual value (233 N-m versus 90 N-m) for Class 1 bolts. The detailed evaluation concluded that the high TFA value obtained was due to incorrect bolt class and flange thickness used in the calculation. Class 2 bolts were used instead of Class 1 bolts while Class 1 bolts were specified in the general assembly (GA) drawing. Flange thickness plus split rings and backing ring thicknesses were used for the TFA calculation instead of only flange thickness. These led to over-tightening of the floating head to the tubesheet in TA2016 and 2018.
Besides, a mixture of Class 1 (B8) and Class 2 (B8M) bolts were used in TA2016 and 2018. Among 28 bolts used, 21 bolts belong to Class 1 and 7 bolts belong to Class 2.  Generally, Class 2 bolts have higher yield strength than Class 1 bolts. When higher TFA value was used, Class 1 bolts would experience partial plastic deformation. During the hydrotest, Class 1 bolts would be further plastically deformed as the hydrotest pressure is 1.5 times higher than the design pressure. After hydrotest, the plastically deformed bolts could not return to its original length, leading to the creation of a small gap at the gasket seat surface.  Similarly, the presence of stagnant SCW zone could occur and accelerate the crevice corrosion. 
The length measurement was performed on the 28 dismantled bolts. Among the 21 Class 1 bolts, 19 bolts experienced elongation of ~5-6 mm while 2 bolts experienced elongation of ~10mm. No elongation was found for the 7 Class 2 bolts (Figure 7). This further confirmed that Class 1 bolts were partially plastically deformed and there was uneven compression between the floating head and the gasket based on the different length of Class 1 bolts observed.
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	Figure 7: Length of the 28 dismantled bolts



Presence of light acids
In normal operation, the shell side pressure (6.5 barg) is higher than the tube side pressure (3.5 barg). It is known that the process fluid (EB) contains a small amount of light acids. In the presence of open path at the gasket seat of the floating head, light acids could diffuse into the crevice, increases the acidity of the stagnant SCW water and accelerates the crevice corrosion.
Learning (“OIC”)
· Reverse installation of split rings and backing rings could lead to deformation and cause insufficient compression between floating head and gasket, accelerating the crevice corrosion
· The current site practice for the re-installation of static equipment (floating head heat exchangers in this case) is to re-install it the same way it was dismantled by the usage of paint marking. The site believes that if the equipment is re-installed back the same way, it’s the right way.
· Current installation practice with paint marking on the component before dismantled could lead to incorrect installation if the previous installation was incorrect. Each contractor has their way of marking the equipment. 
· Marking to identify the position/orientation should be robust to prevent incorrect reassembly. GA drawing or technical document should be referred to verify the installation method.
· A mixture of Class 1 and Class 2 bolts with higher TFA value could lead to small gap creation that accelerated the crevice corrosion
· Bolt class for non-standard flange, calculated TFA value and GA drawing are inconsistent
· In the TFA calculations, it was explicitly stated in the calculation sheet that Class 2 bolts were assumed for the calculations, but the equipment drawing indicated Class 1 bolts
Note: 
One of the long-term proposals to prevent the recurrence of E224 leak in future is to upgrade the SMO 254 floating head cover to Titanium. Among the steel materials (e.g. carbon steel, stainless steel, SMO254, Hastelloy and titanium), Titanium has the highest resistance to crevice corrosion in the SCW system operated at 30-36°C.  The above learnings indicate that the leak of E224 is primarily caused by the incorrect installation and deformation of split rings and the backing ring, and the presence of mixed bolt Classes and TFA value, leading to the acceleration of the crevice corrosion at the gasket seat of the floating head. Upgrading of floating head cover to Titanium would not be required.   
Recommendations (“Corrective Action”)
	
	Description of action
	Action By
	Due Date
	Tracking (FIM/MTO)

	1.
	Implement an end-to-end QA/QC checklist for all type of heat exchangers to ensure that every AE and contractor who will work on heat exchangers to be able to:
· Confirm the correct materials, installation sequence and orientation of the parts being assembled (based on the technical documents e.g.  Installation manual / GA drawings)
· Confirm the correct type of bolts are used - rating, materials, types, torque values (based on the technical documents e.g.  GA drawings)
	Roslan 

	31st Dec 2019
	

	2.
	Emphasize the requirement in the Method Statement to always refer to technical documents e.g. installation manual or GA drawing to ensure correct installation sequence and orientation for floating head heat exchangers 
	Roslan
	31st Dec 2019
	

	3.
	Review the TFA calculation for stainless steel floating head for the possible use of difference bolt materials (class 1 and class 2), make the torque calculation document a controlled document and change the torque values for E224 floating head from 233 Nm to 90 Nm.
	Harikrishna
	31st Dec 2019
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Appendixes
A. Schematic diagram of U200


B. UTL shift report


C. Timeline



D. Cause and Effect Diagram
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SB3_PANEL-SB3_CONSOLE-20190604-NIGHTS Published: 5/6/2019 6:48:42 AM

SMPO SB 3 Panel: SB3 Console
Shift Date: 4/6/2019

Shift: NIGHTS
Operator: Pugalumperumalpillai Mudivaithan, Sridhar

Panel Personnel on Duty

Outgoing Shift Incoming Shift

Duty_Panel_Name MP

Comments to Add-On During Shift Handover

Health, Safety, Process Safety and Environmental

Environmental Exceedances and Releases / LOPC

118LCO01A (V11804) - condensate gland leaking (1 drop/sec). To monitor.

F1301 Combustion Air duct to Sectl leaking near E1302. Barricaded and GSap.

F11301 Sect 3D refractory fell off at Burner 3D manhole area. Surface temp ~ 160°C.

F1301 Bottom near 1D Burner having Concrete falling debris. Barricade & FIM raised.

18STAO010 u/s line leaking under insulation (main pipe rack opp to U3000). Barricaded. Clamp, LOPC &
GSap updated.

LP steam header in U11300 (above 113UZ608) leaking under insulation. Barricaded. Clamp, LOPC &
GSap updated

7. P1301A NDE Mech seal leak at 5 drops/min. Leaking intermittently, to monitor closely.

8. Condensate from 13STA004 to NCC header leaking out from insulation. Scaffolds erected and insulation
removed. LOPC updated, Gsap and clamp form raised.

ubhwWN =

o

Control Valve Bypassed / RV on Maintenance or Bypassed / Fire & Gas Equipment on Maintenance or
Bypassed

1. 13PCO08A by-pass 80% v/v open. (V1302) Re: Vessel high pressure

Threats & Mitigations Action Plan (TMAP)

1. Threat of overpressure of C953 due to reboiler of E951A/B.
2. Overpressure of line from P-958 to E-962
3. Inadequate RV sizing for gross backflow from V951 to c952 due to failure of P953

Immediate reliability (equipments, instruments and others) threats

1. 113KS200 on MAN due to P11302B Disch Unable to Operate.

Vents and Drains Register

SB3 Field Report: SB3_FIELD-SB3_FIELD-20190604-NIGHTS - Author: Gee Kuan, Png

DOW/IOW Exceedance

DOW Exceedance

SB3 Console: DESIGN EVENT LOG REPORT FROM 4/6/2019 8:00:00 PM TO 5/6/2019 8:00:00 AM

No Design Event Log matching the report criteria for: SMPO-SB3

IOW Exceedance

SB3 Console: IOW EVENT LOG REPORT FROM 4/6/2019 8:00:00 PMTO 5/6/2019 8:00:00 AM

No IOW Event Log matching the report criteria for: SMPO-SB3

Instrument Protective Function (IPF) and Alarms

IPF Activities (Overrides - MOS / O0S)

1. 113X661/669 and 113T121 on AOF. IOP Alarm for P11301A vibration & bearing temp. Form raised on
22/10. GSap.

2. 16Q007 AOF due to P1605 under maintenance

3. 13T012(secl radiant cell) on AOF due to instrument IOP. Gsap.

Alarm Bad Actors Top 5 List

CRITICAL MOST T&Ih':g ALARM TYPE ALARM DESC COUNT °PEJ':)’;T°R
FREQUTIE]N'ghAftLARMS 16Q010* HH Cooling H20 from P-1603 1 SB3 Console
s Shi 113FC004 HH HMH by-pass 1 SB3 Console
STANDARD MOST POINT OPERATOR
ALARM TYPE ALARM DESC COUNT

FREQUENT ALARMS NAME JoB

This Shift 10LS924 LL V-1092 4 SB3 Console
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10PDS901 LL P-1091 3 SB3 Console
10QS721 HH Pure water cond E-1070B 1 SB3 Console
10PDS906 LL P-1096 1 SB3 Console
10LS984 LL V-1098 LL 25=NR/75=ALM 1 SB3 Console

Date Range: 4/6/2019 8:00:00 PM Thru 5/6/2019 6:48:42 AM
SIF Metrics Validation
NO SIF TRIPS DATA FOUND FOR OPERATOR JOB SB3 CONSOLE FOR DATE RANGE: 4/6/2019 8:00:00 PM THRU 5/6/2019 8:00:00 AM
Critical Limit Exceedances with Operator Comments
CRITICAL ALARMS BETWEEN 4/6/2019 7:59:50 PM AND 5/6/2019 8:00:00 AM
TAGS MARKED WITH * ARE STANDING ALARMS

Points Marked With * Include Standing Alarm

OPERATOR ALARM ALARM REASON FOR ALARM AND
JoB POINT DESCRIPTION TYPE COUNT ACTION TAKEN
SB3 Console 113FC004 HMH by-pass HH 1 Spike, now normal
SB3 Console 16Q010* Coolirllag_ll-é%g from HH 1 field heck found no abnormalities
Temporary Plant Change Request (PCR)
Expiry Date PCR Number/Title Location Status In Use?
1 30-Mar-19 19385 Block off cooling P11302A in field YES
lines to the seal chamber
2 31-Dec -19 #17225:Remove YES
113TCV078 (K11302)
31-Dec-21 MOC19020 - Stage 3 U1000-Stage 3 YES
3 T-joint
replaced witho

Tags on AOF / Normalized back AON (To raise MOC Form)

AOF/AON ALARMS
NO AOF/AON ALARM DATA FOUND FOR DATE RANGE: 4/6/2019 8:00:00 PM THRU 5/6/2019 8:00:00 AM

Business Target Summary

SB3 CONSOLE

1 HR 12 HR
. . - . Target Target | Current 1HR |12 HR |24 HR Avg. Avg.
Point Point Title [ Units Low Target Hi Value TIME Ave Ave Ave % On % On
Target | Target
13QC003 02% fluegas| V/V * * 5/6/2019 o o
SI1:13QC003.PV |sect. 1 % 2.5 2.8 3.307 6:43:52 aM | 3-347 | 3-399 | 3.396 0% 0%
13QC002 02% fluegas| V/V % % 5/6/2019 o o
SI1:13QC002.PV |sect. 2 % 2.5 2.8 3.332 6.43:50 aM | 3:396 | 3.4 3.402 0% 0%
113QC003 Flue gas fm | V/V 5/6/2019
SI1:113QC003.PV|section 1 % 2.5 * 2,9 * 3.955 6:4a:22 aM | 3-995 | 3.999 | 3.998 0% 0%
113QC002 Flue gas fm _ * * 5/6/2019 o o
SI1:113QC002.PV]section 2 2.5 2.9 3.935 6:44:22 aM | 4-009 | 4.002 ( 4.001 0% 0%
113QC007 Flue gas fm | V/V * * 5/6/2019 o o
SI1:113QC007.PV|section 3 % 2.5 2.9 3.793 6:4a:22 aM | 3-798 | 3.791 | 3.798 0% 0%
10X507 5/6/2019
SI1:10X507.PV M-1050 Amp| A * 72 % 77 71.67 6:43:47 M | 71-24 | 70.09 | 69.57 0% 0%
6 Off Target Tag Records (27 Records Scanned)
CEMIS OFF TARGET REPORT SMPO2
SMPO2 - MARGIN DRIVERS
12 HR
- Target Target Current 12 HR | 24Hrs Margin Driver Avg.
Tag Tag Title Low High Value Ave USD/Day % On
Target
C10401 Feed Temp
SI1:104TCO10.PV C10401 Feed Temp * 120 * 121.33 121.22 ($193.49) N/A
C10404 Reflux % %
SII:104FC029. PV C10404 Reflux Rate 33 33.85 34.03 $59.89 N/A
BC10602 Recycle to
E10420 BC10002 Recycle to * 0 * 38.03 | 35.96 - N/A
SJI:106HC012.MV
E10671 MPS Consumption |[E10671 MPS
SJI:106FC011.PV Consumption 5> 13.94 13.37 $2,494.46 N/A
C10703 Reflux % %
SII:107ECS009.PV C10703 Reflux Rate 49 54.56 52.75 $367.02 N/A
F11301 Stack 02
SI1:CEMIS:SMPO2._ D45 ACT F11301 Stack 02 * 2.8 * 3.89 3.93 $0.00 N/A
U10100 Pace Uptime * 100 * 97.06 97.06 - N/A
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U10100 PACE

SJI:U10100.KPI

Uiodon PACE Overal JIETPACE Ovral | 4100 wis oens |
10700 PACE GVERALL 10700 PACE OVERAL | 400 oz |eas |
cLo701 Side o A [C10708 el | 100+ o | o -

10 Off Target Points - 32 Total Points Scanned

Explanation for Off Target Results

LAB Data

There Are No Off Target Lab Tag Records For Operator Job: SB3_CONSOLE - 4 Records Scanned

Explanation for Off Target Results

Facility Status or System Issue of Concerns

Operating Issues and Constraints

Control Loop Issues

External Facility, Unit or System Issue of Concerns

Other Comments to Add

Shift Instructions & Shift Plan

PU1 Shift Instructions

4~6/06/19

Selamat Hari Raya!

PRODUCTION TARGETS:

PO1: 16.4 t/h
EB1: 14.0 t/h
PO2: 27.8 t/h
U10800: **27.0 t/h

01. PO1 02 @16.4 t/h with TC406 EB to V175 @ RO capacity

02. R601x:

[1] default run-length = 110hrs during burn free period

[2] Regen sequence ABCABC

[3] adjust regen speed based on the time left of the oldest reactor; slow wash is preferred if able to catch up
03. C605 Os:

[1] Control water coming out from V613 at 3 t/h when on 2-R mode, the balance sent to WT
[2] Old V628 de-polymer exercise once a week on Fri. night, reflected in PIL:

————— top up EB from P633 to V1705 to 40-50%

————— close EB to P628, s/o to old V628 floating out to V1705 for 6 hrs with RO in place (~360kg)
————— switch EB back to P628 suction; empty out V1705 before handover

[3] Adjust CCW supply to E635 in spokes targeting 06T094 to 28~32 deg C for T1407 painting
04. U800: 24/7 CSE; gas testing @ 6am/12pm/6pm/12am; ePTW handover: 6am/6pm

05. Tankfarm:

[1] T1406/36/8505: run P1436 with E(10)420 r/d to T1436

[2] T1413/1443: transfer T1413 to T1443 for T1413 skimming

[3]1 T1408/1409: **Dosing from T1409 to T1408

[4] Transferring T1432 to T1402 to manage T1402 inventory

[5] Use T1421 as clean MPK storage [either gravitating T1410 or r/d from TC10607]

06. U900/U1000/F(1)1301/Utilities:

[1] Control stage#2 temperature -4.8 ~ -5.5 deg C; stage#5 temperature -2.7 ~ -3.5 deg C
[2] If a kettle boiler's conductivity is high, perform 2x extended b/d a shift until it's < 50ms/cm
[3] **4/6/19 night shift to run C1070B and totally SD C1070D (to be flushed later)
[4] **Continue minimizing steam venting using available operational handles

SMPO2/EB2:

07. 27.8 t/h 02; TC10406 to C10103 @ RO capacity.
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08. C10603 feed target 131t/h until hitting constraints

09. R10601x

[1] run-length 100hrs

[2] **R10601A: target to complete EB dump ~ 4am on 6/6/19 >> prepare to turn SB at KBS329

SHIFT INFO/TBM:

PU1 Shift Plan
4/06/19 -Team C

HSSE:

Safety sharing moment:
To be aware of poor visibility in U800 while depressurizing N2 iso-don.

New / Outstanding items:

1. E-10804 CWR valve bonnet leak. Installing enclosure clamp (4/6/2019)

2. P-10204 A Suction strainer U/S line leaking. Mitigation done and Inspection completed, Material arrived,
spade list provided, will follow up for the fabrication up on receiving the materials.

3. LP steam line leaking near P-10409 B. Mitigation done and inspection completed, materials ordered, will
follow up for the fabrication and Hot work at site, Target date to complete by week-26.

4. E-10902 Blow down line leak. Mitigation completed and inspection completed, materials ordered, will follow
up for the fabrication piping replacement flange to flange, Target date to complete by week-26.

5. 106FC057 downstream elbow weep hole leaking. To replace the spool like to like, target date to complete
by second week of May. WO-planned and material purchased, fabrication InProgress, Hot work at site will be
in week-26.

6. LP steam to Utility station near E404B leak under insulation. Target date to start line replacement week 24
next week

Fabrication InProgress , Hot work at site will be in next week.

7. ECW return from U100 RX to Green drain line to COC existing wrap leaking 1dps (opp 02UZ113). To
Change the piping like to like, Target date to complete by 3rd week of May. Piping fabrication Inprogress, line
replacement will commence in week-25.

8. Service water to utility station at E671 platform having pin hole leak. To follow up for the inspection, target
to complete by end of May. Material ordered, will follow up for the fabrication and site Hot work, will Plan
together with the C602 Lp Steam leak. Will advise on the date

9. 18STA010 u/s line leaking under insulation (at main pipe rack opp to U3000). After the temporary
mitigation will follow up for the way forward. Target to complete by 3rd week of May. WO-planned scaffold
erected, but required to extend the scaffold for further inspection, will follow up. Target date to complete
Week-27.

10. U11300 LPS leaking under insulation. Inspection in progress. Seek advice from inspector

Material ordered, will follow up for the fabrication and site Hot work, target date for the completion will be in
Week-25.

11. Condensate from 13STA004 to NCC header leaking out from insulation. (infront of S1301A). LOPC
updated, Gsap and clamp form raised. Scaffold erected and insulation removed. leaking from weld joint at
pipe support. Material order . will start fabrication upon material arrival.

WO-planned and inspection completed, as per Ops spade list required to erect scaffold for isolation, will follow
up for the fabrication and site hot work. Target date to complete Week-27.

12. C-602 LP steam leak at mid of column. Required to erect scaffold to remove insulation and followed by
insulation removal, will follow up for the preliminary inspection and the way forward. will Plan together with
the E671 Will advise on the date.

13. E717 condensate return to header old clamp leaking again. Clamp form raised & Gsap done (26/5 D)
Reinjected earlier and find leaking. Have informed vendor and a wait for their advise.

IOW / DOW Exceedance: (3/06 N):
IOW:

S1:

1. 06T023 Lo - C602 overhead temperature fluctuation.
S2:

1. 113T056 Lo - Section 1 vent gas temperature low.
DOW:

S1: Nil

S2: Nil

FIM:
Nil
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Critical Activities:

S1:

. External Hot work to pre-lay new piping and pipe supports of EB Injection. (No tie-in)

. U500 Hot work Pre lay New Hard Piping and Support, (PO RD Filter).(NO TIE-IN)

. Blasting And TSA works @ U-600 And U-700 (CUI on-stream Mitigation).

. Power Brush @ U800 08VBLWO004 support

. U-700/800 install supports,bracket,cable tray,cable laying,installation activity(U800 Reduction Pro)
. Power Brush @ U1000 Niro structure

. NEAR P-10204 A/B, CSE to excavation pit >1.2M for drain diversion purposes.(CSE)

. U-10200, Inront -P-10204 A/B,to do cutting,hacking of drain,asphalt and paving for drain diversion - SSF2
. U-10200,V-11703- PIT,CSE INTO PIT TO DO THE LAMINATION WORK (CSE)

. U10200 Near V10227 COC Pipe CSE Into PIT To do the Lamination WORK (CSE)

. Near P10204 A/B To Do Micro Piling Works For Construct Concrete Foundation - SSF2

. Blasting And TSA works (CUI on-stream Mitigation) at U10100 at R10104 and connecting lines.

. Hot work - Blasting and TSA works @ U10600 (CUI on-stream Mitigation)

NOURrRWNHRONOOTUDNWNKE

Bad actors: UTL - updated on (3/06 N):

1. 08FZ025 IOP 67 counts - N2 flow to R802. Instrument activated and rectified. To monitor. ePTW
suspended.

2. 06FQ091 LL 24 counts - Caustic to M602 flow fluctuations during rain. Now normal.

3. 06T023 LL 22 counts - C602 overhead temperature fluctuation.

MOS/0O0S (Other IPF):
SMPO1:

No MOS engaged for SMPO1 plant during hand over.

SMPO2:
No MOS engaged for SMPO2 plant during hand over.

Toxic / Flammable Gas Alarm:
1. U10900 toxic gas alarm during flange breaking activities for V10905B preparation (3/6 D)

Maintenance:

SMPO1:

1. EM1033 mech. seal leaking, RE to assess.
2. 01QO006 to validate.

3.

SMPO2:
1. SVV11804A Netherlock key stuck at inlet, to attend.

Ops/Technology/Other issues:

SMPO1:

1. To start dosing from T1409 t0 T1408

2. Switch P1406 to P1436.

3. Reduce C953 reflux to minimise LP steam venting

SMPO2:
1. R10305 ROT to target 124 deg C
2. U10800 feed increase to 27t/h, to target 108TC005 75deg C after 108TCO0O05 installed back.

PU1/PU2 interfaces:

1. Boiler out for maintenance
2. K5801 out for maintenance.

Unit Activities and Observations
U900/1000/1500 Panel Log

U900

- C2 feed at 14.0t/hr, Benzene circulation @ 232t/h.

* T1422 reprocessing to C951 in progress. MV ~ 1%.

- C951 reflux on AUT, 249t/h. MV ~ 6% to help reduce MPD steam venting. To monitor

FOR INFO and MONITORING
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U900/1000/1500 Panel Log

- 09FC033 (C951 reflux) D/S v/v open 20% for flow control.

- E952B sample point valve leaking while opening.

- P953B with fine mesh, P953A fine mesh removed. P953A s/o to B.
- P901B (09XA019) leaking at the diaphragm indicator. Gsap done.

u1000:

* C1070D switched over to C1070B and de-water 5.6t/h.

* C1070D ice melted. Now on stand still.

* V1097/98 topped up with C3 once.

- EM1033 stopped and isolated due to mech seal leak. Not Yet Gsap. To test again with engineer.
- C1070B isolated & Empty status

- C1070A rotating equipment all stop, RCU latch off, feed line isolated.

- P1052 suction drain and P1053 discharge drain valves passing. Gsapped.

- SVP1045 suspect passing. External steaming by steam lance placed. To monitor.

- S1070B s/o to A. To plan for filter elements replacement.

SSHE Status :

1. E1021 spaded. CSE for inspection to continue. Inner lining damage. Waiting for spare from vendor.

2. E1051 spaded for mech seal repair, out for maintenance.

3. EM1054 stop due to Trip 2 X, after a short while loading.

4. E1063 spaded for rotor, gearbox and mech seal maintenance, P1063 removed.

5. E1012 stopped due to mech seal leaking badly. Cover removed but rotor unable to remove- to be
continue. Found 10US592 TSO vlv locally OPEN(SUPPLY), unable to close when IA depressurized. US592
forced CLOSED, GSAP (31/5 D)

TD Adjustment :

- Stage 1 @ 14.8°C / Stage 2 @ 16.5°C.
- Stage 3 @ 15.6°C / Stage 4 @ 11°C.

- Stage 5 @ 10.5°C / Stage 6 @ 11.0°C,
- Stage 6 @ 10PC936 on Auto: 2.9bar

FOR INFO and MONITORING

- EM1021 C3 side spading completed. Both US611 & US612 v/v clamped. It is not reflected in ICC, Do not
operate.

- Wash Column C cone strainer @ P1080 area.

- 10XC991, 1st stage anti-surge transmitter found IA leaking. Tape wrap for temporary solution.

- V1065 on bypass. MM1065 and SM1066 stopped.

ui500:
- BZ from PCS at 13.1 t/hr.

U900/1000/1500 Field
SB3 Field Report: SB3_FIELD-SB3_FIELD-20190604-NIGHTS - Author: Gee Kuan, Png

u900:

- K901B LO filter switch from D to B due to high PD, Gsap done.

- P957A lube oil leaking oil from holder. To monitor.

- P957B suction v/v passing badly. (GSAP done last year).

- E952B sample point valve leaking while opening, tightened by fitters on 1/6/19, valve change required.
- SVC953S and A put online as per TMAP.

u1000:

* C1070D switchover to C1070B, C1070D R.E all stopped.

* EM1041 gearbox cabling to continue.

* EM1033 stopped and isolated due to mech seal leak.

- Switched over S1070B to A (14/5 N). RE: cannot get flow. To follow up.

- C1070B outlet spool reinstalled, pending insulation.

- P1052 suction drain and P1053 discharge drain valve passing. G-sapped.

- 10US592 found stuck open even IA already de-pressurize, Now already manually closed. GSAP done.
* E1070A spool piece reinstallation completed, LOTO removed. Insulation to follow up.

uisoo

- Bz from ECC to T1501 transfer completed. Isolated.

- BZ from PCS transfer increased from 10t/h to ~15.5t/h, both valves at T1501 bundwall and battery limit
throttled.

U1300/11300 Panel Log

u1300:
* Soot blowing done
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U1300/11300 Panel Log

- Fuel Gas nomination reduced to 2200 mmbtud from 3200. Section 1 & 2 Fuel Gas flow @ 1.250t/hr.

SOOTBLOWER ON BYPASS: Updated 02/06 (N):-

1) X1303N - Maintenance complete but fail during soot blowing. TBC

2) X1301C - 30% struck during soot blowing, put on bypass and Gsapped.

3) X1301D - on B/pass after maintenance , 'FRONT defect alarm'. To follow up. Rework.(31/05 D)

FOR INFO and MONITORING:

- Burner 1B purging steam v/v free wheeling, waiting for material.

- S1303A still isolated empty.

- P1301A Lube oil leaking NDE 2dpm/DE 6dpm. GSap.

- NG jump-over line from S2 to S1 (V5731) v/v at U100 area crack open

- V5731 to flare purging header valve open by 3 thread only. Stem extension twisted.

u11300

* Soot blowing done.

* Burner gun 1B/2B/3B replaced

- P11302B unable to put on Hot-stand by - Discharge MOV actuator removed and Hand wheel
reinstalled but valve is too tight to operate. To continue on Thursday

SOOTBLOWER ON BYPASS:
1) X11301E on by-pass as FAIL signal came back again. (Lance reverse only signal fail) (02/06 & GSAP
DONE)

FOR INFO and MONITORING:

- 52 Staging air throttle for all section 1/2/3.

- 511301 & S11303B strainer cleaned, standby empty.

- 113SVLPOO2A inlet b/v nether lock assembly damaged. Vendor disabled interlock system. Now as normal
valve. (existing gsap)

- P1301B disc ROV (13ROV008) actuator removed. Replaced with man handle in OPEN position. RCU on
neutral and 13KS100 on AUTO

- F11301 1D Air Dampener disconnected - Arm bolt replacement (Hot Work) completed but louver still stuck.
(TA job).

U1300/11300 Field

SB3 Field Report: SB3_FIELD-SB3_FIELD-20190604-NIGHTS - Author: Gee Kuan, Png

u1300

- X1301N,C & D on bypass.

- Burner 1B non stop firing since 19/02/2019 due to MP steam valve free wheeling. GSAP done on
19/02/2019.

- 13ROV008 removed, manual valve installed. P1301B on standby.

- S1303A standby empty. S/B drained to DS in open position.

- 57PC035A/B lined up ( NG from Bukom )

Uui11300

* Burner cleaning done for 3B, 1B & 2B steam out due to no available tips and plugs.

- F11301 1D Air Dampener disconnected - Arm bolt replacement (Hot Work) completed but louver still stuck.
- 1 burner gun with pinhole leak marked.

- 113PG004 manifold and PG replaced but root valve choked, Still isolated and ICC closed. Gsap done.

* 113MOV122 (P11302B) Handwheel installed, . S171 - SF91. KBS on 'MAN'. Discharge MOV
stucked. To be follow up by mechanical.

Burner Inventory S1 F1301:

S1 Plugs S1 LN 10 Plugs S1 Tips S1 Clean Barrels S1 Dirty Barrels SlBIZ?:;;ge
Remarks 4 2 3 4 2
Burner Inventory S2 F11301:

S2 LN 12,5 ([S2 LN 7.5 Plugs . S2 Clean . S2 Damage
S2 Plugs Plugs (Sect. 1 Only) S2 Tip For 12.5 Barrels S2 Dirty Barrels Barrels
Remarks 13 3 2 7 6 2
U1600/U1800/U11600/U11800 Others Panel Log
Uuis800/U11800/U1600:
U1600/U1800/U11600/U11800 and Others Field
SB3 Field Report: SB3_FIELD-SB3_FIELD-20190604-NIGHTS - Author: Gee Kuan, Png

sU1600
- 16Q009 and 16Q010 removed & replacing new TOC 16QRA-009,16QRA-010 job completed, valve still
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isolated waiting for PSSR.
- P1607 Seal packing leaking continuously. To monitor.
- P1605 remove spool for replacement.

U11800

- SVJ11801A prepared for pop test. SVJ11801B and C online. (5151, SF55) removed to workshop.

* SVV11804A netherlock key attended, isolated for maintenance. ICC now live. Plan to take out on
thursday

Maintenance and Equipment Issues
Rotating Equipment out of service and returned to service.

1. EM1063 cable in complete. Reinstate Rotor, Gearbox, Motor and mechanical seal.

2. EM1041 De-spading work not done.

3. EM1012 spaded for Rotor and gearbox removal to continue. S166 / SF96

4. P1034 prepared for pump swap. De-energized & E1034 RCU off. Awaiting for spare pump.
5. P1051 removed for swapping with P1063

Static Equipment out of service and returned to service.

SVE1082B removed for pop test.

E1070A Remove spool and reinstate at Effluent side completed. LOTO removed. Awaiting insulation
SVP1063 out for pop-test. S109 / SF40

A1503 removed and end blinded.

SVJ11801A for pop test. SVJ11801B and C online. (5151, SF55)- REMOVED

SVV11804A prepared for pop test. Plan to removed on thursday

Instrument and Electrical Maintenance.

1. 113M0V122 (P11302B) install manual handle but valve too tight to operate. To try again on Thurs with
mech help

2. 13ROV008 (P1301B) removed, manual valve installed. P1301B on standby.

3. EM1041 Cable in Motor. -- to continue

G-Sap Information

onhwne

IntelaTrac
Rounds Report and Exceptions
INTELATRAC INCOMPLETE ROUNDS 4/6/2019 8:00:00 PM - 5/6/2019 8:00:00 AM
THERE WERE NO INCOMPLETE ROUNDS FOR BASE SCSB3 ON 4/6/2019 SHIFT: NIGHT SHIFT
Handheld Status
SB3 Field Report: SB3_FIELD-SB3_FIELD-20190604-NIGHTS - Author: Gee Kuan, Png
Good Handheld

Handheld Comments
SB3 Field Report: SB3_FIELD-SB3_FIELD-20190604-NIGHTS - Author: Gee Kuan, Png

Contributing Authors:
Pugalumperumalpillai Mudivaithan, Sridhar - (Creator) Current PV Data Time: 5/6/2019 6:48:42 AM
Zhuang, Cao (6.74)
Natarajan, Arumugham

Shift Range: 4/6/2019 8:00:00 PM <--> 5/6/2019 7:59:59 AM

RESTRICTED
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		2008
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		2010
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		· Equipment was commissioned

· Tube Bundle material was SMO 254

· Tubesheet material was SMO 254

· Floating head cover material was SMO 254

· Channel head cover material was SMO 254

· Shell material was SS316L

		· Tube bundle material was changed to Titanium

· Tubesheet material was changed to Titanium cladded

· Two new RCPs was installed at channel head

· Channel head material remained as SMO 254

· Floating head material remained as SMO 254

· Shell material remained as SS316L

		

		

		· Gasket seat of floating head was inspected in TA2001 and no findings

		

		

		

		

		· Gasket seat of floating head was inspected and no findings in TA 2006

· Some salts pieces found at shell side

		

		

		

		

		· Slight crevice corrosion found at gasket seat of tubesheet at Channel side during TA 2011. Weld build-up/machining done.

· RCPs reassessment was performed and found to be adequate

· RCPs were replaced with a new set 

		

		

		

		

		· Gasket seat of floating head was inspected and no findings in TA 2016

· V-204 was operated at lower pressure and temperature after SSF1 commissioned.  Inlet temperature dropped from 94°C to 84°C

· Gasket vendor changed from Tat Lee to James Walker

· Camprofile mica gasket was installed and later was replaced with Camprofile Novapress Universal during TA 2016

· ~ 50-55% of RCPs was consumed since 2011. RCPs were replaced with a new set during TA 2016

· Some salt pieces found at shell cover during TA 2016

· Tubesheet, split rings and backing ring were installed, removed and re-installed during TA 2016

· Split rings were installed in reverse manner

· Mechanical compression for TA 2016 is Mun Siong

		· E202 leak reported in March

· EB fluid of E224 was kept at stand still for 9 days during the shutdown

		· E224 leak from floating head gasket seat causing EB leak into SCW loop reported in July

· 5 locations of crevice corrosion found at floating head cover with the deepest depth of 5mm

· Repair of E224 via weld build-up of Inconel 625 at crevices 

· ~10% of RCPs consumed

· RCPs were re-used during commissioning

· Hypochlorite shock dosing duration was extended from 1 hour to 1.5 hour

· E224 split rings were installed in reverse manner (noticed via photo during causal learning 2019)

· Backing ring was installed in correct facing in July 2018



		· Hydrocarbon was detected in TOC analyser 16QR010 on 5th June. 

· E224 leak confirmed on 12th June. 3 locations of crevice corrosion found at floating head cover gasket seat with the deepest depth of 5mm

· Repair of E224 via overlay of entire gasket seat surface of floating head cover with Inconel 625

· Deformation of split rings and backing ring was noticed. Both rings were replaced during commissioning

· ~20% of RCPs was consumed

· RCPs were re-used during commissioning
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		WITH EVIDENCE



		

		DEDUCTION





Sampling checks was completed with no issue 

OR[image: ]

Two RCPs were installed at the channel head cover

There was hypochlorite dosing to prevent fouling issue

There was oxygen present in SCW 

There was Chloride in SCW 

The temperature of SCW was 35-36°C, higher than the crevice critical temperature of 30°C

There was limited diffusion of ions at the crevice

There was a decrease in pH value at the crevice

OR[image: ]

There was limited diffusion of ions at the crevice

Light acids from EB diffused into the crevice(s), increasing its acidity

The shell side pressure (hydrocarbon) is higher than the tube side pressure (SCW)

`

AND

The split rings were installed in reverse manner in 2018

The split rings and the backing ring were deformed

The split rings were installed in reverse manner in TA 2016 and 2018 (repair)

The backing ring was installed in reverse manner before-TA 2016, correct manner in TA 2016 and 2018

AND

Class 1 bolts were plastically deformed causing bolts loosened after hydrotest of 1.5 times design pressure

AND

A mixture of Class 1 (21 pieces) & Class 2 bolts (7 pieces) were used 

Class 2 bolts were mixed up into Class 1 bolts

The contractor thought that two Classes were the same type

AND

It was the practice to reinstate back the installation the same way it was found

The crew supervisor believed that by installing the same way as its dismantled, it’s the right way

OR[image: ]

The AE accepted the installation

The AE believed that by installing the same way as its dismantled, it’s the right way

The crew followed the 2016 installation sequence by following the paint marks

The paint marking was non-specific for the facing of rings

AND

The split rings were installed in reverse manner in TA 2016 

The crew followed the 2016 installation sequence by following the paint marks

It was the practice to reinstate back the installation the same way it was found

The crew supervisor believed that by installing the same way as its dismantled, it’s the right way

The AE accepted the installation

Final visual and installation checklist was completed with no issue identified

The paint marking was non-specific for the facing of rings

The installation checklist was fully filled with no issue identified

There was insufficient compression between floating head and gasket, creating longer and narrower opening

The floating head was over-tightened to the tube sheet in TA 2016 and 2018

The TFA torque value used (233 N-m) was higher than the actual value (90 N-m)

The TFA was calculated by Chiyoda based on flange thickness plus split rings and backing ring thickness, instead of only flange thickness 

The TFA was calculated by Chiyoda based on Class 2 bolts 

The calculations were accepted by Shell 

AND

OR[image: ]

There was a small opening between floating head and gasket

There was stagnant SCW at the crevice

The gasket seat material was SMO 254

AND

AND

There was a thermodynamic driving force for crevice to initiate

There were kinetic driving forces for crevice to initiate and propagate

The crevice(s) propagated into critical size in <11 months

AND

Three crevices on the gasket seat surface at equivalent bolt no. of 4-5, 9-10 and 18-19 perforated, allowing hydrocarbon to diffuse into SCW



There was pressure driving force for hydrocarbon to flow into SCW system

The shell side pressure (hydrocarbon) (OP 6.5 barg) is higher than the tube side pressure (SCW) (OP 3.5 barg)

Hydrocarbon leaked into SCW via floating head gasket seat of E224 on 5th June 2019, 11 months after the repair in July 2018

AND

There was an open path at the gasket seat of floating head cover developed in 11 months

Normal / expected 

Shell side: hydrocarbon

Tube side: SCW

Crevice corrosion: 5+ years

There was crevice(s) initiated at the gasket seat of the floating head cover

Causal Learning Chart
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