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" Purpose

« Sharing Saudi Aramco Maintenance Practices

* Open Channel for Benchmarking to identify
Improvement opportunities

« Address areas to concerned organizations
(Researchers/Designers) of mutual interests to
conduct/deploy new studies/technology at Plants
& Services Providers Facilities
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Mechanical Services Shops Department (MSSD)
operates six workshops providing repair and overhaul
services to Saudi Aramco in a centralized manner

MSSD Workshops Overview

Juaymah Workshop

@) Dhahran Workshop

@
Yanbu Workshop D)

Shedgum Workshop
Jeddah Workshop

Riyadh Workshop
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MSSD Workflow Process

Field
Services Technical

Assistance

* Innovative Solutions
» Technical Knowledge
» Experience

MSSD

“

In-house

llContractors

Support Depts.
(Inspection, R&DC,
CSD)

Ship repaired TQ:TGI'W

parts/equipment
back to MSSD

+ Safety and Reliability

» Cost Effectiveness



Capabilities

MSSD In-House

Steam Turbines
Specialty

Gas Compressors
Gearboxes
Pumps

Motors
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Stationary Equipment Top Challenges

Tuhe rumresd bobey, *0KT Lot vl Sewwrs

) hede TabeiConaer

(1) Foulingand Corrosion of Tubes Fouling/comosionof tubes internal & External
1] Tube-to-Tube sheet jointleak

Heat Exchangers

[2) Leaks 2] Header plug leakatACHE

3] GasketleakatShT
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Repair Model

Repair Process

Receiving HE Dismantling § Cleaning Inspection) Recommended Repair ) Assembly/Testing Shipping
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Repair Process

Receiving HE Dismantling

Cleaning

Inspection) Recommended Repair ) Assembly/Testing Shipping
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Repair Process

Receiving HE Dismantling } Cleaning Inspection) Recommended Repair ) Assembly/Testing Shipping

* Marking

* Dismantling the components
* Removing the bundle
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Repair Process >

Receiving HE lDismantIingl Cleaning -) Inspectioanecommended Repair } Assembly/Testing L Shipping )

Cleaning Criteria

1. Inspection

2. Clean whenever the actual heat transfer coefficient ( Uactual)
drops to 60 % of the Udesign at heat exchanger design operating
conditions

3. Clean when the total fouling related expenditure (TFRE) is at the
minimum

4. Clean whenever the drop in heat duty is unacceptable to Plant
Operations

5. Clean during unplanned shutdown to take advantage of down
time

6. Using scale monitoring or based on recorded rate of scale or
corrosion products build up
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Costs

Graph1: TOTAL FOULING RELATED EXPENSE

( Graph shows least expensive option is around 4.5 months between cleanings)

100000
90000

— - =-— Qloss xMeg.xn
(Ed+Ei(offstream))12/n
mem === Fj(onstream) x n
[ FRE (total of above)

Months since cleaning (n)
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Repair Process >

Receiving HE lDismantIingl Cleaning -) Inspectioanecommended Repair } Assembly/Testing L Shipping )

Cleaning Criteria

1.
2.

Inspection

Clean whenever the actual heat transfer coefficient ( Uactual)
drops to 60 % of the Udesign at heat exchanger design operating
conditions

. Clean when the total fouling related expenditure (TFRE) is at the

minimum

. Clean whenever the drop in heat duty is unacceptable to Plant

Operations

. Clean during unplanned shutdown to take advantage of down

time

. Using scale monitoring or based on recorded rate of scale or

corrosion products build up
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Typical Fouling
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Tube Sheet Corroded Beneath Marine Growth
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Typical Fouling

Coke fouling accumulation

Clogged Tubesheet by Sever fouling

Saudi Aramco: Company General Use

16



Typical Fouling

Sludge from Heat Exchanger
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Repair Process >

Receiving HE LDismantIingl Cleaning -) InspectionLRecommended Repair)AssemnyrI'esting L Shipping }

Cleaning Techniques

 Mechanical Cleaning

e High Pressure Water Jetting (HPJ)
* Hot alkaline treatment

* Acid Cleaning and Neutralization
* Passivation

18
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Repair Process >

Receiving HE LDismantIingl Cleaning -) InspectionLRecommended Repair)AssemnyrI'esting L Shipping }

Grit blasting the
components

Hydro jetting the bundle

If required additional
Cleaning:

— Chemical cleaning
— Jet drilling

19
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Receiving HE Dismantling} Cleaning Shipping
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Case-3

Receiving HE LDismantIingl Cleaning J Inspectioanecommended Repair) Assembly/Testing L Shipping
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Hydrogen with tube material of SA213-T11
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Case-4

Receiving HE Dismantling} Cleaning Inspection | Recommended Repair } Assembly/Testing Shipping

. Max. Corr.
M;ﬁ'g:;m_ Rate (7) at
Max. Temp.
HCl, 300 mpy
6 % viv at 82°C
H>S0,, 200 mpy
8% wviv at 82°C
Citric, 200 mpy
5% wv at 93°C
Sulfamic 200 mpy
10% wiv at 65°C
Na-EDTA 50 mpy
10% wiw at 95°C
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Repair Process

| Receiving HE ! Dismantling! Cleaning L Inspection) Recommended Repair) Assembly/Testing L Shipping }

Develop Inspection Report

Some Techniq SHELL,."'I'LIEIEHEATE?{-

IMSPECTION REPORT AYORK SHE

— Visual Insp -
- Dye Penetr SHELL SIDE SERVICE = - -~«
Crude —— :

— Advanced
SJJ.H.I.I

DT ( TG (brrosion and pitting were noted just
T [—p—_—
K it |
i s ﬂ orrosion and lzke type pitting were ni
SRS pasket surface,

N
y L| REPAIRS

- e~

2.  Re-machine the gasket surfaq
3. Gl inspection after completig

AUTURE RECOMMBEMD ATIONS

23

Saudi Aramco: Company General Use



Repair Process

Receiving HE Dismantling) Cleaning ) Inspection ) Recommended Repair ) Assembly/Testing Shipping
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Repair Process >

Receiving HE LDismantIing) Cleaning L Inspection) Recommended Repair) Assembly/Testing L Shipping }

Partial Re-Tubing

e Marked damaged tubes
are pulled out and
replaced.

* Rolling /Seal Welding
application

25
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Repair Process >

Receiving HE LDismantIingl Cleaning L Inspectionl Recommended Repair)AssemnylTesting L Shipping }

Complete Re-Tube

 Bundle is cut by the
band saw

* Remove Tubes
Remaining (Destubing)

e Pulling the tubes from
the skeleton

26
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Repair Process >

Receiving HE LDismantIing) Cleaning L Inspection) Recommended Repair) Assembly/Testing L Shipping }

Complete Re-tubing

* Mounting Fixed Tube
Sheet

* New tubes inserted
* Tubes Expansion

27
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Repair Process >

Receiving HE LDismantIingl Cleaning L Inspectionl Recommended Repair) Assembly/Testing L Shipping }

Component Repair
(Welding and Machining)
— Tubesheets
— Water Box /Channel
— Floating head

28
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Repair Process >
| Receiving HE !Dismantling! Cleaning L Inspectionl Recommended Repair) Assembly/Testing L Shipping }

Components Fabrication
* Baffles Plates

* Tube Sheets
 Complete Bundle

29
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Repair Process >

Receiving HE LDismantIingl Cleaning L Inspectionl Recommended Repairl Assembly/Testing J Shipping }

* Assembly Steps:
— Install Bundle in Shell
— Install Channel
— Install Test Ring

* Types of hydro tests
— Ring Test
— Tube Test
— Shell Test

30
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Repair Process

Receiving HE LDismantIingl Cleaning L Inspectionl Recommended Repairl Assembly/Testing J Shipping }




Repair Process

>

Receiving HE Dismantling} Cleaning

e Shipping Shell
& Tube Bundle.

e Shipping
Bundle with
Carrier

* Shipping Air
Cooled Fin Fan

Inspection
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Recommendations

PR
t= — (1)
SE+06F
Use industrial recommended practices o,
(Ex AP1 510, API 579, API 580...) P=—"2 5 (2)

Select applicable cleaning methods

(Effectiveness, Cost, Downtime)

Apply best practices during design stage

(Storage Spare Bundle, parallel heat exchanger, proper HEX selection )

Maintain important documents

(Ex. maintenance manual including material of construction, corrosion rate,
tolerances, thermal design specifications ,fabrication drawings &test Ring)

Conduct studies or technology deployment to
enhance maintenance methods

33
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Storage Spare Bundle

N2 Storage Procedure
Canister fabrication

Y ? i
I L 1
[ il
o ! i T il BILL OF MATERIALS (ForR ONE UNIT ONLY)
o ! . ¥ . DESCRIFTION MATERIAL |EI'T'|‘. SIZE LENGTH [wEKGHI{Kg.)
- SHELL SA 285 Gr.C |1 5718 CR. ASHE
= = e J . : —
- L | B BN K [usm x 25 THK S|
ﬁ FLANGE SA 36 1 [1834 10 x 1965 0.0 x 38 THK
b FLANGE COVER|SA 36 1965 0.0 x 50 THK | |
COUPLING SA 105 3 JI"HPT. 0004, FULL COUPLING
WEAR PLATE  [SA 285 Gr.C | 2 J304 W x 10 THK 2028
BASE FLATE [SA 36 2 254 W x 12 THK 1650
WER PLATE  [SA 36 2 [296 W x 12 THK 1600 |
GUSSET PLATE |4 36 4 111 W x 12 THK 786
DOWEL PN SA 193 Gr.BA 2 10 x 7Blg. (45 Lg. THREADED AT OME END)
=z JACK BOLT  JsA 193 GrB7] 2 [(AS SHOWN)
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