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Outline of presentation

e The importance of basic chemistry know
how for the understanding of carbonate
scale problems in the oil and gas industry

» What is pH stabilisation and where is it
used?

= What is the influence on CaCO; scale
formation of thermodynamic hydrate
inhibitors?

 The Kollsnes gas export plant and the
NaHCO; scale problem

Types of inorganic scale

 Sulphates
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Salting out

« Start: « Add alcohol to
— Aqueous NaCl(sat) NaCl(sat) solution:
solution — NaCl(s) formed in
MeOH
— No "Salting Out” in
MEG
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« Severe “salting out” expected in
solutions of water+MeOH and
water+EtOH

Corrosion protection - “pH Stabilization”
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Solubility of NaHCO; at 25°C From
MultiMEGScale

P 1 bar f_' Solubility of NaHCO, in a
cor 73wt% MEG - 27wt% water

solution. The total
75 pressure is similarly 1 and
0.4 bar, respectively.

pH

260 mmole/kg solvent

Pi;=0.4 bar

6 The NaHCOj, solubility
increases with T and is at
55 73 wt% MEG

375 mmole/kg solvent at
5 25°C and

697 mmole/kg solvent at
80°C.
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Why is alkalinity important?

» pH and carbonate scale potential is
controlled mainly by

— Alkalinity - most important
— Organic acids - very important
— CO, (and H,S) pressure - very important

—lon concentrations in water - very important

Alkalinity

« Alkalinity should be defined such that it can be
easily analyzed (titration) and used in
calculations

« System: H,0-NaCl-CaSO,-CO,-H,S-HAc

¢ Electro neutrality:

‘mNa, +2mCaz‘ FMy =My Mg +2mso§’ + chog +2mco§ My +m
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¢ Rearrange to get pH independent on one side
m.. +2mCaz‘ -m, —2m5042 =chq +2mcos2 M +m,+m, —m
pH independent pH dependent

L

‘AT =Myco; *2Mgoz + Mg +My —+Mgy - —m

HC H*




Changing alkalinity

Addition of:

NaCl, CaSO,: No effect

* HAC: No effect

CO,- pressure: No effect [co,+H,0 > H + HCO;

CO, + H,0 -> 2H* + CO>

NaHCO,, NaAc, NaOH:  Increase A; factor 1

* CaCoOy: Increase A factor 2
* HCI: Decrease A factor 1
‘mNa. Mo S Mo S 2Mgp =Moo 2M e H MM, MMy

The Troll production system

Corrosion 99. A paper by S. Olsen, O Lunde Statoil and A. Dugstad IFE
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pH and NaHCO; in slug catcher at Troll

8 80

75 o

A f‘ ¥ 80
ool f‘T%ﬁf‘ i
o< “3
& Irjacton of ; mmlnrwm = g
55 Nv:li-u: . Desctirbed 23 20'3

& Injecson ratn of NaCH 10

+ -0

4
271007 261167 26267 250100 240204 280398 250458
Time / days

Prediction of Scale Potential in Ethylene Glycol (MEG)
containing Solutions.

MEGscale developed for the Snghvit and Ormen Lange gas fields
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Practical use of MultiMEGScale

MEG
Injecti nm —— ———— « Wantto calculate Scale
90wWt% , 4200mg/Kg Nal . . . .. .
L00m/day, 55 po_tentlal in MEG injection
point
— How much formation water
— Scale?? can be accepted?
Gas Well Formation
water
9mill | Sm3/day

Reservoir @ 260 bar, 93°C




Practical use of MultiMEGScale

90wWt% MEG, 4200mg/Kg NaHCO,

M F‘G 100m3/day, 5°C
Injection
Chpanic acid (] me |
Scale?? Total alkalmity 410 mgl
- o Prevans 1 i
Y Temperatwe 15 e
i NA

Gas Well Formation
9mill Sm¥/day water

Reservoir @ 260 bar, 93°c

Want to calculate Scale potential in MEG injection point

— How much formation water can be accepted?
— High MEG, High alkalinity, T and P variations, Ca and Mg in formation water

MEG . 90wt% MEG, 100m3/day, 5°C 4
3MgCO, Mg(OH),*3H.
Injectlon 4200mg or 50mmol 35 ¢ ? 2\

NaHCO; /KgSolvent

. - 27
Sele?? "] caco,

b 15

Gas Well Formation .
9mill Sm¥/day water 0 02 04 06 08 1
Formation water [m°/day]

Reservoir @ 260 bar, 93°C

Conclusion: Very little formation water can be accepted < 0.3m3/d

Kollsnes




Pipeline chemistry

= Gas is not dried -> water condensation as temperature decreases
« Hydrate inhibition

— Continuous injection of Mono Ethylene Glycol (MEG)

— Minimum concentration of about 60 wt%

= Corrosion
— MEG is pH stabilised — NaHCO, is added to increase pH Composition of Rich MEG

— + > Compt )t C trati g/l

CO, +H,0=H"+HCO; R momes A

b 44
HCO; = H +COF gt

ca* 5
Fé** + COF = FeCO, (s) o

Fe2* 16

o 1000

— A thin layer of FeCO, is formed on Br
S0.>

pipeline wall. Alkalinity (mmol) 101
Prevents further corrosion Alkalinity (mg/l as HCOy) 11600
MEG 66

— Concentration of NaHCO; 190 mmol/I
Corresponds to an alkalinity of 11 600 mg/I as HCO,"

Kollsnes process

7 bar

Valve replacement

« What caused the restriction?
— Failure of valve
— Organic? Scale?

¢ Shutdown of Kollsnes (iniuding Troll,
Kvitebjgrn and Visund) S T—
— Valve replaced

¢ SCALE NaHCO,
— From the pH stabiliser




Questions to atask force,
Baard Kaasa* and colleges at Statoil,
was asked to find the reason to the problem

* Responsible for the MultiMEGScale development at NTNU

* Why scale in a condensate system?
* Why now after several years of operation?
*  Why NaHCO, - a salt with high soluble in water-MEG solutions?
« How to remove it without shutting down the production?
— A wash/replace will require 8-12 hours -> loss of 50-70 MSm?® gas

* Which chemicals can we use that will not contaminate the

condensate?

And please hurry!
The valve is about to get plugged once more!

Process analysis

« Only one condensate MEG Y
separator r
- MEG in condensate: 600 ppm ~ —|

« Start of second cond-MEG
separator
— MEG in condensate: 30-40 ppm

« Improved separation, why
problem?
— Less MEG should give less
salt and less precipitation?

Water evaporation and salt precipitation

« Water and MEG are soluble in gas and oil
— Solubility increased with higher Temp and lower Pres

« Amount of water in gas/oil is normally low compared to amount in water
phase

— Changes in water content in gas has small effect on water phase

« BUT, when water fraction is small, evaporation can change water
composition significantly

Gas Gas

Increase T
decrease P




MEG evaporation in stripper column

MEG is depressurised to 7 bar and heated to 35°C
— Solubility of MEG and water in gas increases

What happens when MEG/water in condensate is
reduced from 600 to 30-40 ppm?

25bar_, 7bar
«° 25¢ > 35°C
80 2-300 ppm:
S No more liquid water/MEG
= Complete evaporation

S

Zgo

Py

g 4[30-40 ppm|

w 3o 600 ppm:

= » 50% of water/MEG still as liqujd
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Scale removal options

Open/replace valve
— Require shutdown, loss of 50-70 MSm?3 gas

Carbonate salt -> Use an acid

— Require shutdown as acid would contaminate condensate
Water — NaHCO; is highly soluble

— Possible, but will increase water content in condensate

— May cause hydrate formation in condensate transfer line
What about using MEG?

Use of MEG to dissolve scale

NaHCO; is soluble in MEG

Advantages with MEG
- Already present and will not contaminate the condensate
- Will not cause a hydrate problem

—  Clean MEG available on site o0

- No use of other chemicals

- Spent MEG can be treated in MEG
regeneration

—  No waste product or outlet

40 I/hr MEG was injected in
Condensate stripper for 24 hrs

H

NaHCO3 solubility (mmol/kg
2 8 8

What happened? -
Rich MEG

w
MEG concentration (wt%)




Result

= Immediate increase in condensate rate

= Valve could be closed back to normal opening

= Analysis of spent MEG showed high concentrations of NaHCO,
— + some of all other ions
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Summary NaHCO4

= Valve in condensate stripper at Kollsnes plugged with NaHCO,

— MEG content 600 —> 30-40 ppm after startup of second
condensate MEG separator

— Complete evaporation of MEG phase in stripper — salt
precipitation
= Treatment:
— Inject MEG in condensate upstream stripper
— Immediate removal of salt
— Frequency: 1-2 times every month, in periods every week
= Method is very effective, simple, no-cost and no production loss
— No contamination of condensate
— No spill to environment — spent MEG is regenerated

A success story thanks to:

= Understanding of the fundamental chemistry of MEG systems

= Close cooperation between research centre and Kollsnes engineers
= Access to simulation tools and solubility data

Summary CaCOg4

¢ Production of gas/condensate from a high P, T
reservoir is almost impossible when formation water
(FW) is produced
— All salts will precipitate in the near well bore region due to

full water evaporation at low FW rates.

— Only very small FW rates can be tolerated before CaCO; will
precipitate due to the basic water - MEG solution due to pH
stabilisation.

— This is the case for the two large new Norwegian
gas/condensate fields
Snghvite and Ormen Lange
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