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SUMMARY

ANALYSIS OF MAJOR IONS AND STABLE ISOTOPES (8D, '%0)
FOR THE DETERMINATION OF NATURE CHARACTERISTICS AND SOURCE
OF PRODUCED OILFIELD WATER

Produced water from oil fields comprises different sources including forming water, injection water,
and residual drilling mud filtrate fluids. Assessment of the nature and origin of the produced water
plays an important role in the management of the water-flooding process and the reservoir
development lifecycle. Two techniques for this assessment are analyses of ions and stable isotopes.
Each analytical result provides different information of produced water and further data interpretation
would help calculate the proportions of the waters and fluids in the mixture. Our analytical results for
the produced water collected show a large fraction of formation water which is salty, full of minerals,
metamorphical and chloride- calcium characteristic.
Keywords: lon composition, stable isotope, produced water, formation water, injected water.

1. MO PAU

Trong cdng nghé khai thac dau duoc chia
lam ba giai doan chinh: giai doan khai thac
so cap sir dung ap suét tu nhién cua mo, giai
doan khai thac thir cdp va giai doan khai thac
ting cuong. Trong d6 bom ép nudc 1a mot
trong nhitng phwong phéap thu hoéi dau thi
cap phd bién boi hiéu qua kinh té. Nudc
duoc bom vao via tir giéng bom nham duy
tri 4p luc via va day dau vé phia giéng khai
thac. Nhu vay, ngoai dau va khi con ¢6 nuéc
trong san pham khai thac. Nugc khai thac 1én
tir via c6 thé c6 nhiéu ngudn gdc khac nhau
nhu nuéc via nam trong 16 chira dau, nuéc
bom ép (nu6c bién hoic ngam), nudc thdm
tir cac dung dich ky thuét va nudc thdm nhép
vao via tir cac bé chaa nuéc trAm tich doc
lap voi via dau [1,2,4].
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Nhiéu nghién ctu trude ddy vé nudc ngam va
nuéc mo dau, cac tac gia nhu Sulin, Piper
A.M, Collins A. G, Giggenbach W.F... da chi
ra thanh phan cac ion chinh (CI', Br,, SO.?,
HCOz, I, Na*, K*, Mg?*, Ca?*...) va ti sb
déng vi bén 8D, 5180 trong nudc dugC Xem
nhu chat chi thi ty nhién cung cip thong tin
vé loai nudc, tinh chat nudc, ciing nhu sy lién
quan cua chung véi méi truong bién, tir d6
cung cip thong tin vé cic ngudn gbc nudc
xam nhép vao via [2,5,7,9]. Vi viéc xac dinh
ty s6 dong vi bén 2H/'H, 80/%0 va so sanh
v6i cac duong bién dbi dic trung cia nude
cac tac gia da chi ra dugc chang thudc loai
nude khi tugng da/chua trai qua qua trinh bay
hoi, hoa tron véi nude mudi hay tuong tac voi
dat da via (hoa tan khoang, trao ddi cation,
oxi hoa — khr) [6,8].



Bai bao dua ra mot s6 nhan dinh vé tinh chét,
ngudn goc nudc khai thac tir mo dau va ti 1¢
nudc bom ép véi nude via trong qué trinh khai
thac dya vao thanh phan héa hoc va ddng vi
bén (Deuterium, Oxygen-18) gilp cac Ky su
mo tinh toan cAn bang ning luong va can bang
vat chét trong cic giai doan khai thac, tir d6
cho phép du bao ciing nhu kiém soat tot qué
trinh ngap nuwéc cua mo, gop phan nang cao
hi¢u qua khai théc dau khi.

2. THUC NGHIEM

2.1. Miu nghién ciu

Cac mau khai thac dau sir dung trong nghién
ctru duoc lay tir céc giéng cua bé tram tich Ciru
Long, mau duoc liy dinh ky trong khoang thoi
gian tir nm 2018 dén nam 2020 dé phan tich

xac dinh thanh phan cac ion va ti s6 déng vi
bén. Ngoai ra miu nudc bom ép (IW) ciing
dugc lay dé phan tich tham khao, dbi chiéu.
Mau dugc dung trong binh polyetylen 1000
mL chuyén dung, liy miu diy binh dé tranh
bay hoi. Cac mau nghién cau dugc phan tich
trong khoang mot tuan sau khi lay.

2.2. Phuong phap nghién ciu

Ham lugng céc ion chinh va tong chit rin hoa
tan (TDS) ctia mau cac mau nghién cau dugc
phan tich tai phong Thi nghiém Héa ly cua
Trung tdm Ung dung k¥ thuat hat nhan trong
cbng nghiép. Cac Phuong phap phéan tich cac
ion di dugc Van phong cong nhan chét lugng
(BoA) cdng nhian dat tiéu chuan 1SO
17025:2017 (VILAS-609) cu thé nhu & bang 1.

Bang 1. Tém tat phuwong phdp phén tich cdc ion

- Ky thudt o .
Chi tiéu o Thiét bi Hoa chat chinh
phén tich
ICS-1000 cot CS12A 4x250 mm, detector do
Séc ky ion | dan. i .
a o . , A . Céc dung dich chuan
Na*, K*, bieu kién chay sac ky: Toc do dong 1000 me/L ciia Merck
Ca?*, Mg?* ImL/phit, nhiét do cua detector 35°C, thoi | . e~ U VI
i x LK, a2 axit Metansunfonic
gian do mau 20 phit/mau, ap suat hé thong <
1250 psi, d6 dan duong nén 1-2 uS
ICS-1000 cot anionit CS12A 4x250 mm, . ,
x Céc dung dich chuan
detector d¢ dan. 1000 ma/L ciia Merck
\ . . m
Cl, Br, So ko i biéu kién chay sac ky: Toc do dong N HCOg Ncugo e?r;
x a , Na in
SO AV IO L/phit, nhiét do detector do din 35 °C, b 3 3
thor gian do 20 phat/méu, Ap suit hé théng < |
1300 psi, do dan duong nén 14-15 uS.
, Chuan I- 1000 mg/L
Trac quang | UV-VIS Thermo EVOLUTION- 300 i
I . . i ,KI, H2SO4, dung dinh
SO mau Cuvet thuy tinh, buéc song 581 nm
nude Brom 3%
. ) . . Chuan HCI 0,1 N,
HCO3 Chuan do Buret ban ty dong thé tich buret 10 mL Lo
chi thi mau
. Chuan TDS 1500
TDS Trong lugng | Tu say Nabertherm GmbH mg/L

Céac phuong phap phan tich dwoc tham dinh
theo quy dinh cua hé théng 1SO 17025:2017.
Gia tri gi¢i han phét hién (LOD), gi6i han dinh
lwong (LOQ), khoang tuyén tinh

(KTT), hé sd twong quan ciia dwong chuan
(R?), do lap lai (RSD), hiéu suit thu hdi (H)
ctia phuong phéap dwoc tém tit nhu & bang 2.



Bang 2. Cac thdng sé kiém soat cia phuwong phdp

LOD LOQ KTT Do 1ap lai trung
lon mg/L mg/L mg/L R RDS, % gian/H, %
Na* 0,01 0,02 0,02-80 0,997-1 2 2
K* 0,02 0,03 0,03-40 0,998-1 3 3
Mg?* 0,01 0,02 0,02-25 0,999-1 4 3
Ca?* 0,01 0,02 0,02-20 0,999-1 2 3
CI 0,01 0,05 0,05-140 0,996-1 1 1
Br 0,05 0,15 0,15-125 0,997-1 3 5

SO4* 0,05 0,20 0,20-100 0,999-1 3 3
I 0,05 0,20 0,10-3,0 0,995-1 5 90-110
HCOs 2 6 - - 5 95-110

Thanh phan ddng vi bén Deuterium va Oxygen-
18 trong c4c mau nudc dugce do tai phong Thi
nghiém héa ly cua Trung tim Ung dung ky
thuat hat nhan trong cong nghiép sir dung thiét
bi IWA-35EP va dung dich chuin cua Los
Gatos Research — LGR. B¢ lap lai ciia phuong
phap do 1a 0,9% cho 8D va 0,8% cho 5'20.

3. KET QUA VA THAO LUAN

3.1. Thanh phan céc ion va TDS

Két qua thanh phan ion va tong chét rin hoa
tan cua cAc mau nudc nghién ciru dugc tom tat
trong bang 3

Bang 3. Thang ké tom tar cdc ham heong CAC ion ciia CAC Mdu nuedc

. TDS | Na* K* Mg?* Ca** Cl- Br | SO I HCOz
Giéng
g/L mg/L mg/L
29,8- | 6516- | 385- | 6,13- 3878- 17573- 50,4- | 178- | 0,65- | 22,3-
SNS-1P 32,9 | 7110 | 450 18,15 4292 18617 61,1 238 0,79 58,3
32,7- | 7023- | 439- | 7,63- 4291- 18776- 52,8- | 168- | 0,65- | 38,8-
SNS-2P 34,8 | 7356 | 536 50,08 4613 19455 71,3 199 0,81 51,2
35,7- | 6740- | 375- | 4,39- 5160- 20497- 61,5- | 160- | 0,67- | 39,2-
SNS-4P 37,4 | 7071 | 454 11,94 6095 21501 74,6 189 0,91 96,4
SNS-6P 32,9- | 6478- | 387- | 8,65- 4652- 18903- 52,6- | 163- | 0,58- | 24,2-
359 | 7196 | 481 50,35 5265 20934 62,8 226 0,81 52,0
w 33,8 | 9805 | 310 1258 460 18003 64,0 | 2567 | <0,20 137

3.2. Mt sb tinh chit cia nwéc nghién ciu

Tir bang thng ké s6 ligu cho thay két qua phéan
tich kha tuong dong mac du thoi gian va vj tri
giéng ldy mau khac nhau. Diéu d6 cho thiy cac
giéng khai thac thuoc tang méng cia mo ¢o su
lién thong kha tét. Gid tri tong chat rin hoa tan
cua c&c mau nudc nam trong khoang (30-37 g/L),
trong d6 ham lugng ion (Na*, CI") chiém t¢i 77 -
90 %. Sy phan b thanh phan ion chinh trong
mau nude khai thac: Na* > Ca?* > K*> Mg va
Cl > SO, > Br > HCOs > I". Nuéc bom ép ¢6
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su phan bd cac ion chinh: Na* > Mg?* > Ca?* >
K* va Cl>S0s >HCO3y >Br>1.

Dya vao phan loai d6 man cua nuwdc ngam,
nuée co gia tri TDS trong khoang 10 dén 35
g/L duoc phan loai nuéc rit man, nudc co gia
tri TDS I6n hon 35 g/L dugc phén loai nugc
mudi. Cac mau nuéc nghién cau phan lon co
gia tri TDS nam trong khoang (30-35 g/L) cho
thiy nudc thuoc phan loai nuéc rit man va cé
d6 khoang hoa cao, dac biét nudce khai thac cua




giéng 4P thudc phan loai nudc mudi vai gia tri
TDS nam trong khoang 36-37 g/L .

Ti 1& phan traim duong lugng (rCl-
rNa*)/rMg?* phan 4nh d6 bién chit cia nuoc .
Ti Ié nay cang cao mirc do bién chét cua nude
cang manh. Tir hinh 1 cho thay cac mau nghién
cau c6 ti 1& (rCl- rNa*)/rMg?* trong khoang
(50-800) cao hon nhiéu so véi nude bom ép
(IW), day 1a bang ching tin cay vé sy bién chét
cia nudc. Ti 1¢ phin trim duong luong
rCa?*/rMg?* cua nuéc bom ép rat thip trong
khi nudc khai thac c6 ti 16 rCa2*/rMg?* rat cao
(55-750) > >2, day la chi s6 hitu ich giup xac
dinh nu6c magié clorua (nuwdc bién) thanh
nude canxi clorua (nudc bién chat).

Iot cling la chi tiéu dac trung cho nudc via, dac
biét cho biét mdi quan hé cia nudc véi sy hinh
thanh dau. Két qua & Bang 3 cho thiy ndng do I
trong nude khai thac tir khoang 0,5-1,0 mg/L, cao
hon s0 Vi nuc bom ép khoang 6-9 lan.

(rClr-rNa*)/rMg>*
koo
koo
boo | ‘
oo |

I &
. I

H|nh 1.T: |g2 CAc cac ion
D6 thi TDS (mg/L) va Na*/(Na*+Ca?*) duoc dé
xudt boi Gibbs (1970) cung cip thong tin vé
céc qua trinh chi phdi thanh phan hoa hoc nude

rCa*/tMg?*

SNS-1P  SNS-2P SNS-GP SNS-6P

trong khu vuc nghién ctru. Tir hinh 2 ¢ thé
nhan thdy thanh phan cdc miu nudc roi vio
ving trén cua biéu dd. Co thé du doan nudc
khai thac & day la két qua ciia qua trinh hoa tan
khoang halite (NaCl), lam cho ndng d6 cac ion
nay ting cao trong khi ham lwong Mg?* van
gilt & mirc thip. Sau d6 c¢6 qua trinh trao dbi
ngugc, Na* trao doi v6i Ca?* s& cho ty 1é ndng
d6 mol Na*/CI* <1 va tang ty 1& ndng do mol
Ca?*/(HCO3+S04%) 16n hon 1, 1a chi thi cho
su hién dién cuia canxi clorua.

100000 1 1 am giau do bay hoi hay
hoéa tan mudi ling dong g
10000 | o e o o o e
WSNS-2P
:“_n 1000
E Neudn tir phong hoa dat da Shs-ap
o
B 100 4 % SNS-6P
# SNS-1P
10 e —————————
Nguon tir nwde mura
14 '
0,000 0,200 0,400 0,600 0,800 1,000
Nat/(Na'+Ca®)

Hinh 2. TDS (mg/L) va Na*/(Na*+Ca?*)
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Phuong phap tuong quan gitp so sanh diém
gidng/ khac trong thanh phan giita cic miu
nuée dugce biét dén nhiéu nhat 14 thong qua
gian do Stiff (1951). Gian d6 Stiff gdm tryc
hoanh 1a néng d6 duong lugng anion va cation,
truc tung la cdc anion va cation tuong ung.
Théng qua gian d0 c6 thé nhan biét sy
gidng/khac vé thanh phan ion chinh cua cac
mau nudc nghién ctu. Do két qua phan tich
céc dot 1dy mau khac nhau cta mdi giéng kha
trong ddng nén trong béo cdo nay, gian dd
Stiff duge vé dai dién mot dot 14y mau théng
qua Stiff Software nhu hinh 3.

Hinh Error! No text of specified style in
document.. Gian do Stiff ciia cac mau nuwoc
Tir hinh 3 ¢6 thé nhan thay su twong dong vé
hinh dang va d6 16n ndng d6 ion cua cac giéng,
nuéc khai thac giéng SNS-4P c6 ion Ca?* I6n
hon khong dang ké. Cac mau nudc khai thac
c6 hinh dang khac hoan toan véi mau nudc
bom ép (IW) dac biét co sy khac biét Ion vé do

I6n ndng do cac ion Ca®*, Mg?*, SO/

3.2.1. Phan logi va nguén géc nwéc nghién
curu

Dé phan loai nudc, trong nghién ciu nay dya
theo phuong phap phéan loai nuéc caa Sulin va
phan loai nude qua gian dd Piper.

Phan loai nudc theo Sulin dya vao ndng do
phan traim duong lugng rNa*/rCl va (rCl-
rNa*)/rMg?*. Két qua tir hinh 1 va hinh 4 cho
thdy tit ca cic miu nudc khai thac co ty 1&
phan traim duong luong rNa*/rCl- <1 va (rCI-
rNa*)/rMg?* >1 nén dugc phan loai nu6c canxi
clorua (Ca-Cl). Nudc bom ép (IW) cb ty 1é
rNa*/rCl <1 va (rCl- rNa*)/rMg?* <1 duoc
phan loai nudc magié clorua (Mg-Cl). Tét ca
cac mau nuéce khai thac ¢ ti 18 rNa/rCl < 0,75
la nudc thuoc nhom A duge xac dinh 1a phu
hgp cho su duy tri cac tich tu hydrocachon.
Nudc bom ép ¢o ti 1€ rNa*/rCl >0,75 1a nuéce



thuoc nhéom B mang dic diém cta nudc ving Hinh 6. Phan logi mau nuéc theo gian do Piper

hoat dong thuy dong. Tir hai phuong phap phan loai nudc, ta ¢ thé
o N wsns 20 s sws o o nhan dinh loai nuéc dang nghién ciru 13 loai
N T S nude Canxi clorua chiém wu thé, nude bién
070 chat manh phan anh nguén goc tram tinh hodc
NI I T SR LI SN . bién chit tir nudc bién ¢ diéu kién chon vui
% § ¥ 3 @ & @ § 38 khép kin trong thoi gian dai lam cho Mg? * bi

i 0§ ;£ 5 2 8 3 83 hap phu vao da va Cl du két hop véi Ca?*-

3.2.2. Kha nding hoa trgn ciia nwéc bom ép.

Nong do Mg?* 1a thanh phan dic trung cua
nuéc bién, trong nuéc via c6 nong do Mg?*
thdp hon rat nhiéu so véi nuéc bién va nguoc

Hinh 4. T7 16 rNa*/rCl- ciia cAc mdu nuwéc
Phan loai cia cic mau nudc ciing duge thé hién
qua gian dd Piper (1944) nhu hinh 5, trong d6

thanh phan cation va anion chinh dugc biéu dién . A .
lai nuéc bién c6 nong do Ca®* thap nhung cao

va la thanh phan dién hinh cua nudc via. Két
qua tir bang 3 ta thay sy khac biét vé ham
lugng Mg?* va Ca®* trong miu nudc khai thac

dudi dang phan tram duong lugng.

va mau nudc bom ép (nude bién). Tat ca cac
giéng khai thac déu c6 ndng d6 Ca?* dao dong
tir 3800 dén 6100 mg /L, cao hon nhiéu so véi
nuée bom ép (hinh 7). C6 thé nhan thiy kha
ning hoa tron cia nudc bom ép rat thip, hay
noi cach khac cac mau nudc khai théac it bi chiu
anh huong béi nude bom ép. Dac biét 1a mau
nuéc khai thac SNS-4P. C6 thé nhan dinh nudc
khai théc cua céc giéng nghién ctru 1a nudc via
trong moé dau.

Cations

Hinh 5. Gidn do Piper

Ttr hinh 6 cho thiy cac cac miu nude nghién
ciru phan bd kha tap trung, & hinh tam gidc
phin cation cac diém miu roi vao ving ion
Na* va Ca?* chiém uu thé. O hinh tam gi4c
anion cho thdy cac diém mau roi vao ving ion »
CI" chiém wu thé. O hinh thoi ctia gian d0 Piper
chi ra nudc khai thac thudc loai nude hon hop
Ca-Na-Cl chiém uu thé.

Mg

@SHG-1P WSNS.2P A SKS.4P  SNS.69 @ WX

Ca¥
w0 SSIS1P WIS 29 ASKSAP SIS 6P 01N

& Hinh 7. Ham lrong Mg?* va CaZ* ciia cac mau
' nuoc

3.3. Thanh phan dong vi bén

Két qua ti s6 dong vi bén 8D va &80 cuia cac
mau nudc nude nghién ciu dugc tém tit nhu
trong trong bang 4.

Bang 4. Thong ké tom tat két qua dong vi bén cua Cac mdu nuréc

Giéng SNS-1P SNS-2P SNS-4P SNS-6P
3D, % | (-44,13)-(-42,04) (-41,21)-(-38,78) (-43,79)-(-41,28) (-45,86)-(-43,53)
3180, % | (-4,55)-(-3,59) (-4,68)-(-3,89) (-4,68)-(-4,12) (-4,24)-(-3,11)
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D6 thi twong quan 8D — 880 ciia cac mau
dugc thé hién trong Hinh 8 cung véi Puong
nude khi twong todn cau - GMWL. D) thi la
cong cu hitu ich cho phép hiéu rd cac qua trinh
thity van lién quan trong Iuu vuc nhu héa hoi,
ngung ty, twong tac nudc - d4 va sy hoa tron
cta cac ngudn nude khac nhau. Phuong trinh
GMWL biéu dién twong quan dong vi bén cua
nudc mua trung binh trén toan cau va duoc dua
ra boi Craig (1961): 8D = 8510 + 10 (%o).
Thong thuong gia tri 8D c6 thé it bi thay doi
trong diéu kién via. Néu c6 su tron véi nudc
bom ép, 8D duoc ting 1én do dwoc bd sung tir
IW, 5180 c6 thé thay ddi theo hudng dugc lam
giau do tron véi IW hodc tuong tac ctia nudc
Vvai da ¢ nhiét do cao.

0,00

© SNS-1P

W SNS-2P

Trao d8i vixi da (T cao)

& SNS-aF
X SNS-6P

- w

-10,00 -8,00 -6,00 -2,00 -2,00 0,00
5180 (%o)

Hinh 8. Twong quan 6D — 080 cia cac mau
nwoc nghién citu

Két qua tir d6 thi hinh 8 cho thdy cac mau nudc
khai thac léch khoi duong thing GMWL phan
bé bén dudi duong bay hoi va nim doc theo
dudng trao d6i v6i da & nhiét 6 cao. Nudc ban
dau trong via c6 ngudn géc tir nude khi tuong
va trong khi di chuyén qua da da xay ra qua
trinh tuong tac gitra nudce - da lam cho ham
lwong 180 dwoc 1am gidu nho chat xdc téc nhiét
trong khi thanh phan dong vi hydro it thay doi
dan t6i c6 sy xuét hién khéng can bang trong
lwong. Két qua ddng vi bén mot 1an nira khing
dinh cac mau nuéc khai théac khdng hoac rat it
pha tron véi nude bom ép.
4. KET LUAN
Thanh phan céc ion cung véi dong vi bén
Deuterium va Oxygen-18 dwoc tng dung dé
xac dinh céc tinh chit dic trung, ngudn géc
cta nudc nghién ciu. Két qua thanh phan céac
ion cho thiy nudc khai thac thu duoc la nudc
via ¢6 nguon gbc trim tinh hodc bién chat tir
nuée bién ¢ didu kién chon vui khép kin trong
thoi gian dai. Loai nudc canxi clorua chiém wu
thé voi cac dac tinh nudc rat man, do khoang
hoéa cao, nuéc bi bién chat manh, phu hop cho
su duy tri tich tu hydrocacbon. Két qua phan
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tich ti s6 dong vi bén cho thiy nudc khai thac
ciia cac giéng cd cung mot tang chira nudc,
nudc thu dugc da cod sy twong tac voi da &
nhiét do cao. Két hop véi két qua tir cac
phuong phap minh giai s liéu qua d6 thi va
nong d6 Ca?*, Mg?* c6 thé nhan dinh khong
hozc rat it kha niang nudc bom ép hoa tron vao
nudce khai théc.
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