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Abstract: 

MEG Recovery Unit for Scarab/Saffron development project is the first 

application in gas production. The Mono Ethylene Glycol Recovery Unit 

(MEG) recovers MEG from Water/MEG stream and removes salts and other 

contaminants. MEG Recovery Unit Equipment Design Criteria were 

designed for two parallel trains A & B, each train is capable to treat 500 bbl 

MEG, 1500 bbl water and 9 ton salt. The MEG unit is a combination of two 

unit operations; MEG Recovery unit is normally applicable in the oil and gas 

industries that is applying distillation technique, while the new technology is 

salt treatment and handling. The MEG Unit material selection is made to be 

suitable for the entire design life which is 25 years, the materials for MEG 

Recovery' Unit have been selected among the available corrosion resistance 

alloys, where requested by the service and ambient conditions. Therefore all 

the parts of the MEG unit that are in saline service are in either (2205 

duplex, AISI 316L) and in Inconel alloy 625 related to operating 

temperature. This case study focused at Inconel alloy 625, which is selected 

for salt service and their operation problem occurred during the construction 

and operating conditions. 
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Introduction: 

Glycol treatment process is commonly used for hydrate inhibition and 

dehydration process for gas exported by transmission pipeline. This 

treatment is very essential to avoid hydrate formation and consequently 

achieving the water and hydrocarbon dew points. 

Conventional dehydration type using glycol is usually by injecting 

glycol downstream the production separator, to be mixed with the gas 

flowing to onshore facilities. In Scarab/Saffron, since there is no offshore 

platform production facilities and is only a subsea equipments. 

Glycol is injected, as working as hydrate inhibitor, downstream choke 

valves to be mixed with well fluid and flow to onshore facility for 

processing. Glycol is regenerated and stored for reinjection. 

The wells production fluids mixture (gas, condensate, glycol and 

formation water) flows through offshore pipeline to the onshore facilities, 

where the fluid is separated in the slug catcher. The separated liquid 

(MEG/water, condensate and salty water) is fed to Low Pressure Inlet 

Separator. Separated condensate is fed to stabilization section then to storage 

tanks. MEG/water and other contaminants stream flow to a Liquid Surge 

Tank then pumped to MEG Recovery Package. The reclaimed and 

concentrated glycol stored in glycol storage tank then re-injected to offshore 

facihaes via pipel:?reby MEG injection pumps. 
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MEG Recover)' Unit for Scarab/Saffron development project is the 

second application m the petroleum business industries arid the first in gas 

production. The fust application in MENS A offshore platform owned by 

SHEL located in the Gulf of Mexico to reclaim the contaminated glycol in 

MENS A facilities using vacuum reclaiming system and all contaminants are 

discharged to the sea. 

Scarab/Saffron project (onshore facilities) will apply new process 

technique (partial vacuum) to recover MEG solution added to this technique 

salt handling system (18ton/day salt); MEG package is license by SICES 

(Italian company). 

Two major contaminants; first one is a water totally soluble with MEG 

as an isentropic mixture, this mixtures are always separated by distillation 

technique. Second one is a salt also soluble in water as a saline solution, to 

separate this salt using crystallization technique. 

MEG Recovery Unit Equipment Design Criteria: 

Two trains were designed; each train contains four sections: 

• Separation section to separate the liquid MEG/water & crystallize the 

salt contains vaporizer and flash drum with recycle systems. 

• Centrifuge section (single section) to separate salt and recycle the 

separated liquid to the process. 

• Vacuum system to increase unit reliability. 

• Water treatment system to produce water under environmental 

conditions. 

TESCE,Vol.30,No.2 Q*D December 2004 



The package is designed to recover 1500 bbl (500 bbl MEG and 1000 bbl 

water) of liquids per each train and 9 tons of salt. 

Material selection criteria for MEG Recovery Unit: 

The unit is designed to remove water and salt (sodium chloride) from 

MEG solution coming from the offshore subsea production facilities. 

The material selection for the MEG Recovery Unit is based on the 

following design assumptions: 

• The MEG solution coming from the field is oxygen free, this solution 

stored in liquid surge tank blanketed with fuel gas. 

• The blanket gas in the surge tank is C0 2 free, so the amount of C 0 2 

entering the MEG Recovery Unit is limited (liquid/gas equilibrium at the 

tank operating pressure, which is just above the atmospheric one), but 

unknown. 

• NoH2S. 

• Materials selected for the incoming and outgoing streams is A1SI 316L 

stainless steel; 

• The design life is 25 years. 

The MEG Unit design and material selection is made to be suitable for 

the entire design life, the materials for the MEG Recovery Unit have been 

selected among the available corrosion resistance alloys, where requested by 

the service and ambient conditions. 

Therefore all the parts of the MEG unit that are in saline service which 

are in either (2205 duplex, A1SI 316L) or in Inconel alloy 625. 
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The following principles were adopted: 

• Stainless steels are suitable provided that the streams are completely 

oxygen free, since the presence of chlorides and oxygen will create 

pitting problems to almost stainless steel in the process conditions. This 

condition in absolutely necessary to have stainless steel adopted. 

• Stainless steels of 300 series (304, 304L, 316, 316L) are not suggested 

for service in vessel/pipeline operated at temperature 60° C, in view of 

the risk of external stress corrosion cracking in the vessel/lines are 

thermally insulated. 

• UNS 31803 (2205 duplex stainless steel) is considered suitable for 

service and resistant to external stress corrosion cracking at the expected 

operating temperatures, although painting on duplex stainless steel 

operated at temperatures above 110° C is recommended when thermally 

insulated. 

• No corrosion allowance and no corrosion protection countermeasures are 

foreseen for stainless steels. 

For carbon steel equipment and piping the pH of the solutions must be in 

the neutral, slightly alkaline range (7-9), a 3 mm corrosion allowance and 

the insertion of suitable corrosion probes (electrical resistance type) are 

suggested. 
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Resistance to Aqueous Corrosion: 

The high alloy content of INCONEL alloy 625 enables it to withstand a 

wide variety of severe corrosive environments. In mild environments such as 

the atmosphere, fresh and seawater, neutral salts, and alkaline media there is 

almost no attack. 

In more severe corrosive environments the combination of nickel and 

chromium provides resistance to oxidizing chemicals, whereas the high 

nickel and molybdenum contents supply resistance to no oxidizing 

environments. 

The high molybdenum content also makes this alloy very resistant to 

pitting and crevice corrosion, and niobium acts to stabilize the alloy against 

sensitization during welding, thereby preventing subsequent inters granular 

cracking. Also, the high nickel content provides freedom from chloride ion 

stress-corrosion cracking. 

This combination of characteristics makes INCONEL alloy 625 useful 

over a broad spectrum of corrosive conditions. For instance, it has been 

recommended as a material of construction for a storage tank to handle 

chemical wastes, including hydrochloric and nitric acids chemicals that 

represent directly opposite types of corrosion problems. Materials, which 

resist either one of these acids, are normally severely attacked by the other. 
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Resistance to Localized Corrosion: 

The Pitting Resistance Equivalency Number (PREN) is a means of 

comparing the relative resistance of alloys to localized corrosion. 

PREN = %Cr + 1.5(%Mo + %W + %Nb) ( 1) 

Substantial alloying additions of nickel, chromium, molybdenum and 

other elements are needed for many applications where a high level of 

corrosion resistance is required. Chromium provides resistance to oxidizing 

environments while molybdenum improves resistance to reducing 

environments. A combination of both chromium and molybdenum increases 

resistance to localized corrosion (pitting and crevice corrosion). 

General Pitting and Crevice Corrosion Resistance: 

Traditionally, corrosion-resistant alloys are screened first by their pitting 

resistance equivalent number (PREN), and then by the equivalent cracking 

data generated in sour brine environments. 

Equation 1 shows a typical formula used to compare the pitting 

resistance of stainless steels and nickel-base alloys. Resistance of Alloy 625 

in oxygenated water containing high amounts of chlorides is limited to 60°C 

(crevice) or 80°C (pitting). The highly alloyed material cannot withstand 

high temperature environments containing oxygen and chlorides. 

TESCE, Vol. 30, No.2 <s> December 2004 



Table 1 - Incone! 625 chemical composition 

Alloy 

625 

Fe 

3 

Ni 

62 

Cr 

22 

Mo 

9 

W o r 

Nb 

3.9 

Cu Al 
| 

PREN | 

1 
i 

The PREN values reported in Table 1 were calculated using the typical 

composition values in the table and an equation developed to be applicable 

to the range of corrosion-resistant alloys reported in the table. The relative 

resistance of alloys to localized corrosion can also be compared by their 

Critical Crevice Temperature (CCT) and Critical Pitting Temperature 

(CPT), determined in the ASTM G48 test using methods C and D, 

respectively. Test samples are exposed to an acidified solution of 6% ferric 

chloride for 72 hours. CCT tests utilize a crevice device while pitting tests 

do not. The CCT and CPT is defined as the lowest temperatures at which 

measurable corrosion occurs. The test is limited to a maximum test 

temperature of 85°C, as the test solution becomes unstable at higher 

temperatures. Therefore, the CCT and CPT values for alloys that do not 

corrode at 85°C are reported as ">85°C". 

Table 2. CCT and CPT for Alloy 625 Tested per ASTM G48. 

Alloy 

INCONEL alloy 

625 

CCT 

3 0 - 3 5 

CPT 

>85 

PREN 

41 
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Seawater and Marine Environments INCONEL alloy 625: 

• Corrosion rates for these Ni-Cr-Mo and Fe-Ni-Cr-Mo alloys in marine 

environments are very low. 

• In seawater, under both flowing and stagnant conditions, their weight 

losses are extremely low. 

• INCONEL alloy 625 is very resistant to stress-corrosion cracking in 

waters containing chlorides. 

• INCONEL alloy 625 excellent corrosion fatigue strength in seawater. 

Table 3 shows crevice corrosion test results for INCONEL alloys 625 

using more severe crevice geometry. Alloy 625 samples crevice corroded 

during the test to a maximum depth of 0.66 mm. 

Table 3. Crevice Corrosion Resistance of INCONEL alloys 625 

Alloy 

625 

Observed 

Initiation days 

2 to 5 

Percent of sites 

attacked 

25 to 75 

Maximum Depth of 

attack (mm) 

0.02 to 0.66 

High-Temnerature Oxidation: 

INCONEL alloy 625 has good resistance to oxidation and scaling at high 

temperature. Its performance in an extremely sever test is shown in 

comparison with that of other INCONEL materials. 
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High temperature oxidation test periodic weight-loss determinations 

indicate the ability of the alloy to retain a protective oxide coating under 

drastic cyclic conditions. 1S00°F is a temperature at which scaling resistance 

becomes a significant factor in service. 

Table 4. Corrosion testing of INCONEL alloys 625 in salt-containing 
media 

Test conditions 

Five solutions, each singly, 
40% calcium chloride, pH 
2, 35% of time, 40% zinc 
sulfate, pH 1.8, 35% of 
time; 3-30% aluminum 
sulfate, pH 3, 15% of time; 
40% magnesium sulfate pH 
3, 10% of time; 40% zinc 
chloride, pH 1.8, 5% of 
time. Aeration, moderate. 
Agitation, lightning' mixer. 
Cuprous chloride, cuprous 
cyanide, p chlorophenol-N-
methyl pyrolidone, p 
cyanophenol. Aeration, 
none. Agitation, by boiling 
only. 
5-20% cyanuric chloride in 
carbon tetrachloride or 
toluene, 0.5% chlorine, 
0.3% cyanogen chloride, 
hydrogen chloride and 
phosgene. 

Temperature 
°F (°C) 

70-200 
(21-93) 

455 (235) 

Duration 
of test 

73 days 

43 h 

Corrosion 
rate mpy 
(mm/a) 

0.1 (0.003) 

0.5(0.013) 

0.5(0.013) 

Max. 
Pitting 
depth 

mil (mm) 

1 (0 03) 

1 (0 03) 
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Zinc chloride up to 71% 
(72° Be). Aeration, none, 
under 28 in. (71 cm) 
vacuum Agitation 

5 1 % magnesium chloride, 
1% sodium chloride, 1% 
potassium chloride, 2% 
lithium chloride as 
concentrated from natural 
Bonneville brines of 33% 
soluble. Aeration, little. 
Agitation, moderate. 

Liquid phase 

Vapor phase 

53% magnesium chloride, 
1% sodium chloride, 1% 
potassium chloride, 2% 
lithium chloride as 
concentrated from natural 
Bonneville brines of 3 3 % 
soluble. Aeration, little. 
Agitation, moderate to 
considerable 

Vapor phase above 53% 
magnesium chloride with 
8,000-10,000 ppm 
hydrochloric acid in 
condensate. Aeration, air-
free after start-up. 

225 (107) 

330-335 
{165-168) 

330-355 
(165-180) 

335-355 
(168-180) 

335-345 
(168-174) 

35 days 

100 h with 
brine 

only, 20 h 
with 0.2% 
fluosilicic 
acid and 
0.1% HF 

200 h 

200 h 

0.3 (0.008) 

2 (0.05) 

3 (0 08) 

0.5(0.013) 

4(0.10) 

3 (0.08) 
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Vapors over 50% 
magnesium chloride with 
500-4000 ppm hydrochloric 
acid in condensate and 1000 
ppm magnesium chloride 
Aeration, moderate after 
start-up. Agitation. 
50% magnesium chloride 
solution plus 1% sodium 
chloride, 1% potassium 
chloride, 2% lithium 
chloride, concentrating 
natural Bonneville brine 
from 3 3 % soluble to 50%. 
Aeration, little Agitation, 
moderate. 

310(154) 

310(154) 

45 h 

45 h 

2(0.05) 

0.8 (0.020) 

Scattered 
pits 

Scattered 
pits 

Welding of Jnconel 625: 

Conventional welding processes and procedures readily join INCONEL 

alloy 625. INCONEL Filler Metal 625 and INCONEL Welding Electrode 

112 are nickel-chromium-molybdenum products designed for welding 

INCONEL alloy 625 to it and to other materials. INCONEL Welding 

Electrode 112 Like alloy 625, deposited weld metals from both products are 

highly resistant to corrosion and oxidation and have high strength and 

toughness from the cryogenic range to 1800°F. They require no postweld 

heat treatments to maintain their high strength and ductility. When used to 

weld INCONEL alloy 625 to dissimilar metals, both products tolerates a 

high degree of dilution yet maintains characteristic properties. 
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Table 5. Chemical Composition for INCONEL 625 and Welding 

Electrode 112 

% Material composition 

Nickel 
Carbon 
Manganese 
Iron 
Sulfur 
Silicon 
Chromium 
Niobium (plus Tantalum) 
Molybdenum 
Aluminum 
Titanium 
Cobalt 
Phosphorous 
Cupper 
Other 

INCONEL Filler 
metal 625 

58.0 min 
0.10 max 
0.50 max 
5.0 max 
0.015 max 
0.50 max 
20.0-23.0 
3.15-4.15 
8.0-10.0 
0.40 max 
0.40 max 
-
0.02 max 
0.50 max 
0.50 max 

INCONEL Welding 
Electrode 112 

55.0 min 
0.10 max 
Max 
7.0 max 
0.02 max 
0.75 max 
20.0-23.0 
3.15-4.15 
8.0-10 
-
-
0.12 
0.03 
0.5.0 max 
0.50 max 

Corrosion occurrence: 

During the operation of train B, there's 5 leaks was found in the recycle 

pipe of train B from recycle pumps of Vacuum Flash Drum 2 leaks on 

recycle pump skid and the others in the 2" pipe outlet off skid to Salt 

Handling System. The corrosion has a peak in the first part of the line (near 

the pumps), and appears to decrease with the distance from the pump. 

Corrosion is negligible after 50 m from the pump, and any elsewhere in the 

plant. 

This corrosion is typical of Inconel 625 when both oxygen and chlorides 

are present, above a given critical temperature. 
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Analysis of corrosion problem: 

Operating temperature of the corroded line is 140°C and the operating 

condition is oxygen free. The original design of the plant has two water 

headers, one for process water and one for service. 

There are significant reasons for corrosion occurred: 

• Process water, coming from the reflux pumps, could still have a 

significant amount of MEG, and water for washing could not be done 

using polluted water. 

• The corrosion was entirely due to the improper introduction of water 

different from the process one into the plant. 

• The contact of the highly oxygenated water with the tube wall, still hot 

due to the presence of the external insulation, and the dilution of the 

residual salt explains the pitting of the metal. 

• The injected water did contain dissolved oxygen and unknown quantity 

of chlorides. 

• This water dissolved salt deposits on the pipe surface and during the 

cooling period from 140°C to a temperature below the critical one might 

have promoted corrosion on susceptible materials. 

• Alloy 625 exhibit critical pitting temperatures higher than 80°C in very 

concentrated chloride solutions, while this critical temperature increases 

with reducing the chloride concentration, as did occur during flowing of 

cold water into the line. 

It was reported that industrial water is added to the MEG recycle tank 

mixer 230-AG-779L instead of process water. Industrial water is oxygen 
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saturated (6-8 ppm) and this oxygen may have entered in the line through the 

MEG recycle pumps 230-PA-7740A/7741 A. 

Welding procedure is another important reason and the weld metal was 

used: 

Chemical analysis did show that the weld metal composition in Table 6 

was far away from the target chemical composition of Alloy 625. 

Table 6. Chemical Composition for INCONEL 625 and Welding Metal 

Alloy 
625 
Weld 
metal 

Fe 

3 

44.6 

Ni 

62 

25.4 

Cr 

22 

23.2 

Mo 

9 

4.8 

Wor 
Nb 

3.9 

-

Cu 

-

-

Al 

-

-

PREN 

41 

30.4 

When two materials with different electrochemical potentials such as 

Alloy 625 and this weld metal are put in contact in a corrosive environment, 

accelerated corrosion will occur due to the electrochemical potential 

difference between the two, and corrosion is much accelerated. 

Welding material PREN is 30.4 and in the oxidizing condition PREN 

should be not less than 40 to resist the oxygen environment. 

The corrosion occurred in the girth welds was caused by the oxygen 

entrance and by the improper weld metal composition. 
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Calculations were made and proved that the amount of oxygen 

introduced with the water during line flushing was enough to cause the 

severe corrosion of these welds even in the short time (5 hrs) of washing 

duration. 

Conclusions: 

The corrosion is due to inlet of oxygen in the flushing process to the 

outlet line of recycle pump and the line is cold to less than critical pitting 

temperature for unknown time. 

The different in chemical composition of welding material and 

INCONEL 625 is lead to electrochemical cell and corrosion obstacle can 

occur. 

Recommendations: 

• Ensure the reduction of oxygen in the stream to the minimum 

allowable value as a first defence against corrosion. 

• Ensure the water used for line flushing is a fresh water and not a 

process water. 

• Ensure that the welding material should be according to the standard 

welding preocedure (INCONEL Welding Electrode 112 is required). 
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