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Definition of Scale

® Scale is a hard crystalline deposit resulting from the precipitation of
mineral compounds present in water.

® Qilfield scales typically consist of one or more types of inorganic
deposit along with other debris (organic precipitation, sand,
corrosion products, etc.)




Problems Caused

®Scale deposits:
®* Formation damage near wellbore
* Blockage in perforations or gravel pack
® Restrict / block flow lines
*® Safety valve & choke failure
® Pump wear
® Corrosion underneath deposits

® Naturally Occurring Radioactive Materials (NORM)
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« Common oilfield scales.

Chenmcal Pnmary

Name formmla vanables

Calemum carbonate  CaCO, Partial pressure of CO,, temperature,
total dissolved salts, pH

Calcium sulfate

Grypsum CaS0, 2H,0  Temperature, total disselved salts,

Hemuhydrate Ca30,. 12H.0  pressure

Anhydnte CaS0,

Barmum sulfate BaS0, Temperature, pressure

Strontium sulfate 5150, Temperature, pressure, total
dissolved salts

Iron compounds

Ferrous carbonate  FelO, Comosion, dissolved zases, pH

Ferrous sulfide Fe5

Ferrous hydroxade  Fe{OH):

Ferrons yvdroxide

Fe(OH)




* Location of scale deposition.

Total Production System




Scale samples




NORM Detection
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NORM Exposure Scenarios

Iiradiation Contamination
External Hazard External & Internal

® Contamination

Inhalation
Ingestion

Absorption

Irradiation

External Exposure




= Sulfate scales form due to mixing of incompatible waters:
* Injected (S0,) & formation (Ba, Sr and/or Ca)

Ba(aq) + 504(aq) — BaS0, 1 (Barite)

St (aq) + 504(aq) — 5150, | (Felicitate)



Practical Part:

1. Laboratory Procedure.

» Sampling.

» Reconstructing of water formed scale deposits.
» Static test.

» Dynamic test.

» Measurements of scale inhibitor residue in oil production system.

12




Produced water




Chemical Scale Inhibitor Molecular Structure
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Static test for Scale Inhibitors
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Analysis results of water Gosp 3 (production water)

bropertis  TResut lproperis  — ———— reut

Reaction PH 5.72
Specific Gravity @ 20°C 1.2195
Conductivity Micro mhos/cm @ 25 °C 291577

Resistivity ohms/m @ 25 °C 0.0343
Dissolved Solids evap. @ 180 ° C mg/L 249640

Dissolved Solids Calculated mg/L 243060

Total Hardness as CaCO3  mg/L 76000
Calcium Hardness as CaCO3 mg/L 65600
Magnesium Hardness as CaCO3 mg/L 10400
Phenol .Ph Alk. as CaCO3 mg/L 0

Methyl Orange alk. as CaCO3 mg/L

0
Salinity Calculated as NaCl mg/L 243651

Sodium (Na*) mg/L
Potassium (K*) mg/L
Calcium (Ca**) mg/L

62000

2527

Magnesium (Mg **) mg/L
Total iron (Fe) mg/L

Barium  (Ba**) mg/L

Strontium ( Sr**) mg/L 568.7
Chlorid  (ClI-) mg/L 149675

Sulphate (SO4 ) mg/L 1248
Bicarbonate (HCO3 ") mg/L
104

Carbonate (CO3~) mg/L

o -
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Analysis results of water Gosp 8

Properties

Reaction PH

Specific Gravity @ 20°C

Conductivity Micro mhos/cm @ 25 °C
Resistivity ohms/m @ 25 °C
Dissolved Solids evap. @ 180 ° C mg/L
Dissolved Solids Calculated mg/L
Total Hardness as CaCO3  mg/L
Calcium Hardness as CaCO3 mg/L
Magnesium Hardness as CaCO3 mg/L
Phenol .Ph Alk. as CaCO3 mg/L
Methyl Orange alk. as CaCO3 mg/L

Salinity Calculated as NaCl mg/L

N

2.62 Sodium (Na*) mg/L 62000
1.2195 Potassium (K*) mg/L 1190
290577 Calcium (Ca **) mg/L 26080
0.0344 Magnesium (Mg *) mg/L

249541 Total iron (Fe) mg/L

242721 Barium (Ba**) mg/L

76000 Strontium ( Sr*) mg/L

65200 Chlorid  (Cl-) mg/L 149339
10800 Sulphate (SO4 ) mg/L 1488
0 Bicarbonate (HCO3-) mg/L

o

Carbonate (CO37) mg/L

243297 Acidity mg/L
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Scale Formation

Mag= 389 KX Signal A=SE1  WD= 17mm EHT=1600kV  Decmsman  _Ba
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SEM.EDX Examples
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amount of scale(mg/L) Table 1( gosp 8) at 218F

amount of scale Gosp 3 at 218F,3914.7 psi

3000 700

600
2500
500
2000 .
-l
B
EE' 400
Amount of scale 8
precipitated(mg/L) 1500 o oSrS04
Damount of scale(mg/L) ‘ E 300 EBaSO4
3
E
1000 ®
200
500
100
0 0
0 20 40 50 60 80 100 0 20 40 50 60 80 100

injection % Injection %
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Dynamic Scale loop Rig




Dynamic Scale loop Rig
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Differential Pressure (psid)

10

Scale inhibitor dynamic test results
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Core flooding rig schematic diagram
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Injection of chemicals
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Back to production




How the equilibnum adsorption isotherm is reached...
Inihally, ¢ = ¢4 (mg/L); Mass of Sl (conserved) =V.c; (mg)

Volume =V

THIS is the point

\which satisfies both

the isotherm I'(c)
AND material balance

eq CO
THIS is the equilibrium adsorption level Sl eonc., ¢ >
-it is found numencally by solving the following equation for ¢

Mass m system =Ve, =ml', (¢, )+V.c,
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Adsorption

e Adsorption mechanisms include (such as cation bridging).

* The inhibitor/substrate interaction is influenced by the solution pH, brine
composition (ionic strength, M?*), rock mineralogy, temperature and chemical
characteristic of scale inhibitor.

» Effect of clay minerals content: the clay minerals are characterized by high surface
area and negative charge.

* Inhibitor adsorption onto clay minerals strongly influenced by pH: through
hydrogen bonding at low pH (~4) and by Ca2+ binding at higher pH (~6)



Precipitation/Dissolution of Sls

* Precipitation squeeze performed by placing Sl into formation with
divalent cations (i.e. Ca?* and Mg?*) (may vary T and pH also)

* Ca?* from various sources e.g. added to Sl pill, in the FW, in brine
overflush, as result of mineral dissolution etc..

* The release of inhibitor from precipitation squeeze depends on a
number of factors:

- dissolution rate of the S| - precipitate in the reservaoir.
- amont of precipitate and possibe precipitate migration.

- any pore plugging that may occur during the elution process.
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Adsorption and precipitation of scale inhibitors

Static Adsorption
Volume =V
\ Initial conc. (att=0) =c,
\ \

~—1 Final conc. (as t > ») = ¢,

Mass = m

UNITS:

¢ —-mg/L

V —Lit
m-=g

I' - mgl/g

re (L)

(Coq = the equilibrium conc.)

Static Adsorption + Precipitation

Volume =V

Initial [SI] conc. (att = 0) = c,,
Initial [Ca] conc. (att = 0) = c,,

\

Adsorption level, I" (mg Sl/g rock)

F — V(CO B Ceq)
m

— Final conc. Sl and Ca (as t 2> «)
= C;; and Cy

Mass precipitate = m,

Mass mineral=m

Apparent Adsorption, I' (mg Sl/g rock)
_ V(Clo _le)

App.

I

m 31




Adsorption and S| Concentration

Volume =V

\

\

B g
R R R

Mass = m

Adsorption level, T’
(mg Sl/g rock)

:V(CO _Ceq)
m

)

C, |
[SI]
o3 T —
Time, t 2>
Equilibri
R e —— Equiibrium
’ level
I'(Cy)
Time, t 2
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Mathematical Model; Inhibitor Material Balance

L) =alc,) Si]=c,

:Ca] = Cy

SI + nCa®) SI_Ca, K, =[sI].[Ca]

1/n
m 1 K
F(c,)=c, + I(c,)+|=1|c,—| —> —C, =
(Ci¢)=Cy (V.MSlloOO] (1f) (nj( 20 (le] ] 10 0



ADSORPTION (MG SI/G ROCK)
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STATIC ADSORPTION AT T=70C, PH 6 , CALCITE
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ADSORPTION (MG/G)
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ADSORPTION ISOTHERM ON CALCITE @ PH 8
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ADS. (MG/G)

Previous work, Coupled Adsorption / Precipitation of scale inhibitors, 2008

CLAY MINERALS ADSORPTION (PH 4 AND 6), 950C

445 10gpH4 -—W—-20gpH4 —A—10gpH6
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% Ads, PPt, Soln.

% of Sl Adsorbed, Precipitated and in Solution
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ADSORPTION ISOTHERM (MG/G)
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ADSORPTION ISOTHERM FRUNDLECH MODEL (ALPHA=0.21,
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Core Flooding Rig
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S| return Conc.

|nhibitor Feturn Concentration in ppm {(log scale)
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Conclusion 1

* Pure Adsorption of DETPMP is clearly identified.

* Precipitation and adsorption (coupled phenomena) is the
dominant for Sl and carbonate retention.

* pH has a significant effect in controlling DETPMP retention.
* Calcium ion plays an important role in DETPMP.

* Both calcite and sand showed an incresing trend in the
adsorption of DETPMP.

* Calcite showed more adsorption than sand.

* Calcium levels remained in the solution for calcite is higher
than in sand.



Conclusion 2

Analysis of produced (A) and injection waters (Gosp3 & Gosp8) show that there
waters contain high amounts of calcium and quite high levels of Ba%* and Sr?*
cations.

The source waters contain high amount of sulfate anion, therefore the
possibility of sulfate salts precipitation can be considered.

Scale prediction indicated the high tendency of formation of BaSO4 and SrSO4.
Compatibility study showed the formation of these salts. This was confirmed by
the SEM analysis of the scale formed.

The water analysis also showed the presence of iron in high levels. This may
affect the efficiency of the scale inhibitor.

Dynamic scale rig showed an effective inhibition in evaluation of scale inhibitor.



Recommendations

(a) Developing a clearly formulated theory and model for pure adsorption or coupled
adsorption/precipitation e.g. on “apparent G” vs. [Sl] as a function of (m/V).

(b) Study the effect of fluid flow in porous media on the adsorption and retention of scale inhibitor
on rock.

(c) The effect of pH on the adsorption/precipitation as the surface area increased in flow packing
system.

(d) Pressure and Temperature stability test for scale inhibitors.

(e) Microscopic investigation of roughness of tubes.



Recommendations

* Pressure and Temperature stability test for scale inhibitors.
* Roughness of tubes.
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