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Abstract : Production of oil and gas in production wells or reservoirs gradually decreases over time due to the
accumulation of production interfering substances. This problem can be solved relatively simply and economically by
injecting acid to remove these substances. However, proper acid treatment design and field operation are crucial due to
the possibility of the formation incurring damage and for more effective stimulation of the reservoir. In this study, the
overall process of matrix acidizing for oil wells in southern Alberta, Canada is summarized, together with descriptions

of demonstration cases in preliminary research, acid treatment design, and field application process.
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Z AHIE sk} gk o] & $f8l A AP RAY, AF Canada Sedimentary Basin, WCSB)&} @ A =7} BE 5}
A2 A, @7 A8 7 FEsh WA A A2 AAE = G eSOl A] ¢F 67% A4 THKo and Lee, 2009). 7H
130 A1 LA, AT A, AALAA, workover o], Q1 uptk AER SR A= o)} I E UuE 3 o)
F(adjacent well) A& 451911, AF A 2] 42302 $ 3] A% F(Alberta Geological Survey, 2017)9} X| A7 S
AR e, =4 2o, 24 oY, ke, i A AlgskaL k. A+t oAk X1 T2 Wl(Mannville) 3
Asklct. npAeto 2 @A 21t 3ThA o] AFago g o] M B AE(Sunburst) AFZ0 & AR & F2o] 431tk
THto] AR A 2] &GS skl A5 oA 9] M AE Zﬁ%’;‘ £ 952~965 mKB (m
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Table 1. Main characteristics of Sunburst reservoir core
Porosity (%) Permeability (mD) L
Depth (m) (average) (average) BHT Major lithology
. SS VF F PYR
952.1~968.6 16 56.8~209.5 ~35°C SS VF SHY PYR
Table 2. Analysis data of produced water sample
Anions mg/L meq/L Cation mg/L meq/L
Chloride (CI) 3720 104.8 Sodium (Na") 5536 241.7
Sulfate (SO4) 33 0.7 Potassium (K*) 99 2.5
Magnesium (Mg") 12 1
Alkalinity by titration mg/L megq/L Calcium (Ca") 27 1.4
Bicarbonate (HCO5") 7052 115.6 Barium (Ba") 2.8 0.0

E B8 0]=952.1 m~968.6 mE & 16.5 mZ A
I=+E(porosity, %), S} (permeability, millie darcy),
4 = (grain density, g/L) 2 ¥ (lithology)-& LFEFHTE A
A 70]0] T=E-L Table 13} ZHo] A ¥ 16% S LIER
o, 10% o]Fe] F5E2 HA| o] Ao|(16.5 m)Fo]
11.3 mE AA|slH ek Fake o] 749 Ak 952.5 mKBE}
963.6 mKBOJ|A] 22} 1044.0 mD 2} 2180 mD 2} o] v]%
Ao o BIleS wylow, A4 Rojo] B £}
= 2|4 56.894] ] 209.5 mD o]t} 514 2= (bottom
35°Co|x, 8 ae Ay A
Zof g4 (pyrite, 0~11% wt.%)
Ao = gho]

ol

d

hole temperature)+=
(very fine sandstone) #]HF-%
T} A Y(shale, ©F20 cm 77 : 932 0] £+ A
= At

MAL 23| BM
A& (produced water) ol T gt A 412 4=3)35}7]
A3l At} @A) sls}7|<AllE] (chemical technology centre)
of| B.41-2- 0] 2|5}t AlE-9] & TDS(total dissolved solids)
16,483 mg/L, WE1.009 g/em’ &2 UElEa, MZo
0]-& A EL.O Table 22} o] 20]-&(anion), %o]2(cation)
9 Z A (titration) E-A o] o3t dZE|J o7 FESH 4= Q)
2| 2=t ThoFst AHSo] L35 o] Qltirt H2Aks}
) oZ_P—r’:_E]E SRR 5o) 27 Y(scale) FE =
Z = thPark and Lim, 2007). o] AAE &9 &
48 53 9 7P 2712 b olZo] 27,
b2 © 2 Ho| Y(casing) | L} 5 (packer) ] - 43
Q1 H(iron)2 g (salt)o] e Fp(salt water) o] F-4]
7] 4t} doe S0l& 5 H8lkE(chloride) o] EA) 2F 1t
E&(sodium) o] &A1& Ju|st, o|& F3f Alo|AolLt

Hr mlm _V;

o) A(packer) 9} -2 HE o] 14) of -2 Tele 5 9)
(Smith, 1999). T3} ¢ T (salinity) = A F20]| A AJAlE]
=9 vAF} S Bdste] S 4S5S4 St
(Helander, 1983). 2}AF3(sulfate)-2 24 EZ<5(calcium sulfate),
SRAhaTE(barium sulfate), ZALAE E{ trontium sulfate)
Y 2A1Y A 7S ohetd o= QlaL, 55 Bt v R
£9] Atel] w2 o= FAhEE] JA ok = o &st=t
ARG,

QFol2-9] ul1|£(magnesium)-= 2-2-4(dolomite)
A 2A kAR Tkl 4= 9l 31, ERAlo] -3} Bl-S-5)od EF
/\Pu}lﬂl{g} (magnesium carbonate)-2 A A} 3F 4= QI x| 7t
ERAE3(calcium carbonate) 2.0} 2F 508 ©] Eof 2 &7]
o] & A7 H A 9 Ao = et Zrg o]
& ZebAtY(bicarbonate) 1}, EHAMA, SRAMS w1} ‘E’_%’SPOq
ehabzh<s 9 3hAbzZR(calcium sulfate) 27| A4 2] |

rr

1 Al
=

A B A—]o" olst Az gL Ak
4t o] 5o MgkE Evje skl
wel= 2717} k.

AMAAIM EAL

Alderson 42 &4 2= HZ(sucker rod pump) = AY
Al 2201 4=22] A A (vertical production well) 0.2 AF <]
Al Abat 23 &= Alo] 4] 9 AR (tubing)2 T
© 2 3-89 9 B4 ThgAdof] tigk AP ARS8t
Atk surface A|0]A 2] -9 2]7 0] 219.0 mm©o] 1L, pro-
duction oAl L 217 139.7 mm 2] 3} (burst
pressure)©] 2F20 MPa<Ql J-55 2 ARE-E]| Q] oW, L5 class
G=E Aldg o] girk A4k T2 73 mm 2|7 2] AE =]

A5 A4z
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Table 3. Adjacent well acid treatments data

2 - 27

Aot H5E

Classification Formation Reservoir Treated fluid Interval (mKB) Elev (m)
adjacent Sunburst oil 15% HCI 1140.5 ~ 1146.0 - 219.8
adjacent Sunburst oil 15% HCI 1000.0 ~ 1009.5 - 2154
adjacent Ellerslie oil 15% HCI 14252 ~ 14283 468.3
adjacent Ellerslie oil 15% HCI 1419.0 ~ 1426.0 516.7
adjacent Ellerslie oil 15% HCI 1500.0 ~ 1502.0 630.1

target Sunburst oil 15% HCI 952.0 ~ 965.0 - 2557
] 2 7= (steel) o, 2|l 2 ¢2l(maximum allowable Sk Q1 4 o] AF A 2]+=Table 31} Zo] 15% FARS F<]
operation pressure)©] 19 MPao|ch. o] S Eal Aol Wk 54, AfFo] uet H7HRS we) A8k o 3
wo] 24 welgtel e mejslolny HAL S Ao S, ohEgry.

AEAE W R ARGl ol wet 27 gepck
(Aksoy and Serpen, 2010). A= G574 2] 5} 2% =35°C
224 L, A A A 2] g o A O] AR = 5-20% H

o™, 15% HAko] ARba]olt}. =3t vl w4} Aqfit
ofl whe Ak = AZHIARE W 2ol Zh A e 2 ol
o], A 32Q] A Abof| K] Bl]A|(corrosion inhibitor) &

Hrhste] 5412 Hastatedc

Workover 0|2 2! QIFXE Ald| =A}

A 64 o] kA workover Al AL A HE E
W3} 7R A1) A A 2 2| 0] A} 71sA] S Thots)y
3l == ek e Y YA 27 7] S0t E
3L, olu] 10 £2] 20/40 | Al(mesh) 2] X7} Ze]
o dH(polyemulsion)o]] 3£3}E] o] 12 MPaQ] fH o= 3
A= et =3 plunger 2} rod string©] A =Gt ©]
FoF10de] A oA Al HEZ7F A = 9L, 2 wA|
Tl A ehabze 2A U 2] Fo) ShelEgick 714 2]
2] workover AFEl = 2|4 ol Al fA19) 8 F 370 kg2
n|YRpE gt iui A5 W A fE = RS
o= FHHAA w2 & S H2A 7= 7otk
1L} o] WP L 19 U] Bo] v &(water cut)©] - 9F
oA AA o xRk, AHA A7 W HEFE E= A
42}-9] o]-5(fine migration) o] WY 7 -9- 0] 53t YAk
FA7H 5 BH B uElo] kgl Pae 4 olrk
AT A= AS W AFSU AHAELL FUtH
ARFA A A He] 43 AelE dEs] o) 5]
oArk. 012 913 it Aulet 0] A% B o] B
ARE Ak RIS o] §5to] IFFY At AP
A8 AR 2tk ol AZHT MRS AH
E AFZ=2 2 dujct 27| o| Ellerslied} Zro| A& tf2
A 2@ = A5 Fsfiof ek T2 IS Sl ot

—'031
do lo

=
AR
Rl

e
A

¢

o

A8

oA & X2 EA

A Y U dA

A A= 2A 3EAAA-A=- 8 A) 2 27 s Stk
A2 A (pre-flush) ol A= & AAH o] 74-9- ofm] A4
Ui-oll wkeh 2k (paraffin wax) oF 27| A & 2Qls)
7] dzell 7FEst &2 Sl AA Thed Ao wd
shQlck old 7t E &2 7 E(57 ) 7F HAYSHA] o=
2501 70-90°C 2 SA|F= Ao] ZasTh ALLE Bo
“}“*ég 2| 2x3}5}7] 9)8f S Ftoll A AitE =L ol
BohlaL, 22 olf2 FYE= =9 pH =3 F4(6~8)
o= Trxl*]?““ik 3] XA (over-flush) o A &= A2} 7+
o] 7‘12/\2 ol-&sF Ak

AEZ= U ARSI ERLL A 7 517] 8t X]-J DP7:]](main-
flush) ol A= 1h& -71\—°u shojof Rt s A5k - At
PAT5] - AAtell 23l 20% o) leHEE Zt= A
59 Afel= ?"S/?_PL 2 g-3HA4L o] & AlQ]skale A
o] A7 AF&-HEHMcLeod, 1984). 1 A5 #1752 "4l
H(calcite)gHaFo] 11 BHAEG AU o] ERIE|Qltt. o]
£ 53l Akt fA 1HE5ko] 20% o] 2] S EE =
Aoz vpote| i, e ARl wAI9 I E AllE F
dH oz Jefste] EANHF)S H7IsHA] AL 15% HAL
TS FYshs Aoz dAEIh AAE 15% HARS
Table 49} o] Wa A ok Bl Al 24 Fel et

2 Ao} 15932 A AP Al 52 Fete] A5t

‘:} (S A FErE E oW XA Aol £
ogt Azt 4= QAT Fig. 29} o] Ak wk-g-Ad 4= Q1
3l HAke] FI=7F oF25% o] Q1 - AF Al E] Bk B
HojZthLake, 2007). WA Oo R A Al Aoll=
10~15% HAko] ARG==tll, HAle] 5= 5 15%7F <A
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Table 4. Conventional sandstone acid-use guidelines (modified from Kalfayan, 2008)

Formation characteristics Recommecded acid for main acid atage
Solubility in HCl > 15%-20% Avoid use of HF, if possible
calcite or dolomite 15% HCI only
high iron carbonate 15% HCI + Iron control

Table 5. Recommended fluid volume for basic treatment (modified from Kalfayan, 2008)

Recommended fluid volumes for permeability range (m*/m*)

Step

1-10 mD 10-25 mD 20-100 mD >100 mD
Pre-flush 0.1242-0.3104 0.3104-0.6209 0.4346-0.9314 0.6209-1.8627
HCI-HF 0.1242-0.6209 0.3104-0.6209 0.9314-1.2418 0.9313-1.8627
Over-flush
oil well > HCI-HF volume
gas well < HCI-HF volume

* fluid volume are expressed in m’ per meters of perforations

AjoF 22 7= AA a7 ERE 5= Y= Hd s = 2o, o W dhy
o]7] wjiol 15% @Ato] = ARG-H ) sFARE A 52 % ArkH o7 2RI = AAH o7 &S 25T
9 ARG o wlet F=rF gEbd 4= Qlck Alol] Al F T8 Q] A5 &4 A S glojof gtk
(Kwon et al., 2014). o|& vlgo = FA2] 5¢] 3=
, Table 39} 0] 45391 f.3hszal 23019 oJet A
X E3) AASIE sid RS o) BA AT} 56.8~
10 LA 2095 mD Eites 7pch °l<>ﬂ ThE 9] Fu) s A A
1 & ¥ N 2 20](11 m)2} Table 59 A4 F7HE >100 mde] 7k
’ /T ST 7 136 2£S #5101 A5}, pre-flushi= £ Y38 %
s A 7 )silis . 23] A5 915 AR B 20 m' 2 2k,
F / SN main-flushi= 12} 274 1 A 15 m’ 2 24 sheick
g 7 e over-flushi= 1444 ©] 49 o] F¢jerrh e of
. / 4/ &l & FQlsfofop sl 13, 23} 3:)0] A F60m' = 2

- [ ST 7 F 2T Aateck
= s g 2 el mE Ay ule] 2o 29 e, Alol4e]
= / “- ’ 3-8 =, 2|5 g4 Y= (formation fracture pressure)5
= TP F o1 2 Tefslsich WA 4¥19] 79 150 MPac| A1l A1 S
S 3 d S35, Alo1 4 S 79 whdgkeo] oF 20 MPa ¢ 11
- i 2t5iTh 2|5 24l 91 9] 739 whaftuli(fracture gradient)
= 7417.0 kPa/mO| BL&, 714 708 M2 41201 975 ma A4
SHH 16.6 MPao] Stk oFA| Al A 2] 719 E444 2|59
' 5 10 15 20 25 30 35 wFFo] HAYEER] oFaL Q7| 9] gAto] 71A] g st
7] 18l 2AHE ge] 9 2|59 3-89t Hadgs Tt
FERCENIHE| A 7|87 0] 3]gols o2 MAE)

Fig. 2. Effect of concentration on reaction rate and spending Zzoluhio 37 |7 A|A8(packer system), & AT
rate (Lake, 2007). (ball sealers) @ CT(coiled tubing) B o] Ql=t], 23H]

A5 A4z
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Table 6. Main-flush additive data

AL e - 2

Aol AE

Additive
Name Comments Density Total
Nowferr-12 Iron control (3.50 ¢/m?) 525 ¢
Nowferr-1 Iron control (6.00 kg/m®) 90.0 kg
FP-12L Anti-foam 0.10 ¢/m?*) 1.5 ¢
Nowferr-14P Iron control (1.25 kg/m®) 18.8 kg
AS-330 Anti-sludge (20.00 ¢/m®) 300.0 ¢
Nowferr 3G Corrosion inhibitor (5.00 ¢/m?) 75.0 ¢

0 2% Algo] 7F58lcKKalfayan, 2008). thA 942 A
ol s A7} AR =] ol E]|A(annulus) @} E2]H -
2 Q18] A ARV &85ttt o] A=
R fAE SR AANFOE 58k Y U FAE
Qe 7 FATARE B £ULUE Sl

AN r2 BN ok

2=

Pre-flush ThA| of| x| 27| Y3t ek A 0] 12 k25171 ]
3l Z+2F20 ¢ 2] AA Y WX A|(scale inhibitor)2}200 ¢ 2]
afeh 22 oA Al(dewax-paraffin) S 7153} Main-
flush®] 7 Table 63} Zro] -85} 52| A|(Iron control),
A& WA A|(anti-form), <2 A] HA] A|(Anti-sludge) 2 5
Al R A& H7lslgich H-88 f-AAl= A A
Foll A5 Holl E Edo] A E)letal7] wi&el
L= QI Al o)) B3 FEA 9] IS A5}
Ado = wjEsr] el A-8-E Ak AF WA A= 3o
B4 A A7 W Aldo] ERlElo] swelling H 13-
AA|517] sl A-gstuct A HAA = e it
B34 A7 B A 7s g SRR R 18] AAkEFol
28k AS JAIsE] 8l H7ska, F4 A A=
of] &Jaf| AAHY = & A A FE 5] = Tho] o] F4
= WA517] 218l 7= sick

~

c
oo e o

energy regulator) B A AT 0] el 512 2

202 5jui, o] S WA Sastgich o F WA BY =
Y02 AR FO AS A A 2] 2elo] THsa &
A0 ghEo] i A9)S Stk WA o 54
HIAFL FRAZIT, AH|2 21 28 2 FAPE A

k22388 4

2 E 918l Fig. 31} Zro] ¢ RE HE 5| E(head) S &

Stk o] - Ato] O3] - U5 A T o] FA == A
= WA $I8) Fig. 49} Zro] Au]|2 2] d(rig)E 55H
monkey boarde|A] ZH9IA7F 34 the] TE w5 4|
(POOH, pull out of hole)d}tt. oju] 2= rod stringT}
BHA(bottom hole assembly)®= §H4| 3451, 3%
BHAL 4] 9 w52 ola) 48] @ A2 Salelsich
F9] o] kA Fig. 59} o] BOP(blow out preventor)
£ AR/ehL R, F ko] ol7] ulel o e
delo] o &u= A 4 WES WAFT} FA £
Al ol(well control)2 $]3F 9 H (master valve)E A X|5}
ATt o] IHgof| A AER ] FF A Aol what Y ARk
OH 1057} Q12 SIS, A5 gleiol ohat A

Fig. 3. Removal of sucker rod head using workover service
rig.
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Y53 FAlO FA] Y7 A1SRA 78/ kick)

Pre-flush
w4 AP o) A4 A S 9190 Fig. 67} 4 B
o] FYE ek HIEAEFS ALHgo] oz Il I &
2]7|(seperator) & 52l w23t B3 A{E 1344 S
Aotz A4l vl 2 (battery) of| A E& Sa =T 3
gko. 5.0 HuAekE $l Aol Al 7HE et sAlo
AEFUT L FH AL FUF T Y s 2
£ AA7ko s wUE ekt 1442 pre-flush
R EEE REE DERGEEER S FV S
& o] Ao 9] P H-E 435k 1L, ©]+= pre-flush
A =l oaf AP ZARE Alo] 4] T 7Fs S Al
517] gigtolct AHAE 01320 m’ 9] E-& 71 g 5to] ¢
shoieh A2 FHl-olEe A 3l oeghy
(reverse circulation) &2 0.5 m* 2 32¢]5}5 ). o]uj

Fig. 5. Installation of BOP (blow out preventor).

ZA s 29 rElo® £ Wi A 1S tepee.
2 )28} 4= 9k o]tz §74 h 2712l o] wheh R
R 7 2h 8 AR 7] Sl w2 fato]cHSchlum-
berger, 2017). £ A= 54 5 HeEo] i)
o £ A% 27] kel et 272 2o] whE B ol

o] Yol 7 worsheirt.

Main-flush

0.25 m’/m& 12} =¢34k Fig. 83} o] 12} 3:¢1¢] 749
oF 12 7 4.4 MPa 92 e FA|5k 345131 aL, 2
2} 2L % 12.0m® FARZ0.25 m/mE k55 Kol H A ok
8.3 MPa?] &S frAlsh F=Qlstqict 12 = Het 24}
main-flush ¢ ¢gfo] & o|-f+= 12} main-flush ¢
215 2= 5 1 2} over-flush 2 Q3] A &2 214 9] ¢helo] =
ObA] 12}E T} B 73t o eo] 2]-g-fojof fgel =¢) At

£ 913 5 Q7] oI,

Fig. 7. Pump injection line.
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A - 24

o He®

20

15 -

Primary main-flush
Primary over-flush

Pump pressure{MPa)
s

Secondary main-flush Secondary over-flush

Time({min)

Fig. 8. Pump pressure graph of main & over flush.

Over-flush

Over-flush= main-flush THA|o A FYUE A2 AF=
of| Yol Y= FA|of 4k 3|4 5to] uj&st7] $13) sl &
Tof|l A AakE B AR AL, = H B2 XA Tol 2
£ &9 Hig & F5=E] 9t 13} over-flush FA] 12+
main-flush Z7gof| 4] b Q)2 Qo] 2k 0.5 MPa
S| =] $l=H, o= over-flush 2H¢] ol 2F10~15
7t H A (shut-in) 2 18 X502 F-UH FA41Y =0l
(column) 7} ZH4~%] 91 31, over-flush 4|7} o] F-7HS -
i @Ak & wotE|qinh 22} 292 °F9 MPa
2 oF564E Bt M= St

2 B

2 Aol A= ZHuet Alderson F=Roll A =aEt
Ak A2 o] RS A Sl AT A E] 71 o] AekA Rl
A7 Yl TS ATfehaAR o gatol ik AP =
AR AIREe 2 AT A2 71 A W E 28-S A AR o
o] 342 7%k

L AP A S| A dA R 24, Ak 24, A4

“d, workover o]9, QI Al A4S kAT
AAARE F3l AR Aol FEAT} A de] =

THe e ghotsielal, AR5 /S Tefsiiint
AAHE BA2 Al 210 3%
UL, FAbE T ek, A
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