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STUDY OF HYDROGEOCHEMICAL EVOLUTION AND
WATER - ROCK INTERACTION IN RENQIU OILFIELD

( Abstract)

Renqiu Qilfield is located southern part of Jizhong Depression and its block hill consist of Prot-
erozoic — Paleozoic carbonate rock and lie buried under the Cenozoic plain at a depth of 3000m,
which has been developed for 23 years. Temperature of vil reservoir is about 90 ~120°C. Original
TDS( Total Dissolved Solid ) was up to 3000 ~ 5000mg /L. Oilfield water has a high content of
Cl~ and lower content of SO~ Na* ‘Mgs ¥ JHCO; ,which determined the quality of oilfield water.
From 1976 to 1994 about 7.68 x 10'm’ fresh water and 1.05 x 10°m” deoiled sewage water were
injected into the oil pool, which lead to a great change of hydrochemical field. So processes of
water — rock interaction under water flood recovery can he divided into two stages. stage of fresh
water injection and stage of deoiled water injection. In the past more researches on water — rock
interaction under natural conditions were made. In this book water — rock interaction under water
flooding was studied by using experimental and numeral simulations.

Renqiu Oilfield has been developed with water — injection since 1976, hefore 1987 mainly in-
jected fresh water with TDS less than 1000 mg/l., which lead to desalination of cilfield water and
Cl™, Na' decreased greatly . After 1987 TDS, Cl™, Na” increased gradually because deoiled
water was injected into the reservoir .

In first stage dilution of injection water caused further corrosion of dolomite ,ankerite , barite,
and precipitation of quartz,ankerite in stagnant area of oil pool. In second stage pyrite crystal was
corroded by sewage which contained dissolved oxygen and sulphate reducing bacteria, in turn,
S0~ content in oilfield water increased obviously, SO; and Ca’* combined to form needle gyp-
sum in reservoir pore. Evidences of dissolution and precipitation of minerals such as dolomite ,an-
kerite , barite, quartz , pyrite, gypsum were shown in photomicrographes . Exchange actions of
trace elemenls hetween rock and oilfield water also occurred during water flooding . In intensive
zone of water — rock interaction reservoir dolomite has a lower content of trace elements such as
Sr,Ba,and so on,but oilfield water at the same depth has a higher content of that. Test date of
scaling demonstrated that trace elements (Sr,Ba) were much higher than that in oilfield water and
rock because of inspissation reaction.

Experimenlal and numeral simulations were very helpful to understand the mechanisms of water
- rock interaction. Simulation conditions of closed system were T =90°C P, =2MPa. Fresh wa-
ter injected into oil pool increased its corrosion ability greatly with increasing of P, and tempera-

ture. When ratio of fresh water to mixed water up to 70% the mixed water reaches the strongest
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corrosion ability . Organic acid, organic CO,, can strengthen dissolution to carhonate rock.

Scaling in Rengiu oilfield is popular and a great influence on development and lose of economy
has been caused . Well No. 54 and 436 are the most serious. Based on composition analysis, X -
rays, SEM, inclusion and geochemical simulation, authors study microstructures, chemistry and
origin of scaling deposits outside and inside the Pump. The result of chemical composition analysis
has shown that scale is mainly composed of Ca0Q, Mg0Q , and 5i0,, which is determined by com-
position of oilfield water. Scale has concentrated highly trace elements such as Ba, Sr, and Zn
from oilfield water. Those contents in scale are higher several hundreds times than that in rock
and oilfield water, which indicates that scaling process is a concentrating process of trace ele-
ment.

X - ray diffraction spectrum reveals that distance of crystallographic plane of main diffracting
peak is 3. 011, it is between caleite(3.03 ~3.04) and dolomite(2.98) and indicates that scal-
ing process is a fast forming process. According 1o a lot of photomicrographs of scale in oil well
No.436, scale has a {fluffy and fast stacking texture, and there are many bubble pits in crystal
siirface and helica and circular trace of gas bleeding, it tell us that there is a process from a plas-
tic state to solidfication state when it recorded the gas bleeding process.

A chemical model —PHREEQM program for a carbonate groundwater system was used to ad-
dress the changes during the pumping procedures. Scaling in Rengiu Oilfield is mainly determined
by CO, partial pressure (P, ) and temperature. In Renqgiu Oilfield the composition of CO, is
20% 10 28% of gas in reservoir, the Py, is about 2 to 3 MPa. But in production well the Pco, de-
crease quickly. So SI of CaCO, increased and scale occurred as follows .

Ca(HCO,), =CaCO,(scale) + H,0 + CO,(gas)
The increasing of temperature can lead to scale also. The simulation results with PHREEQM are

expressed as Table 1,and Table 2.

Table |  Logarithmic value of SI({logSl) of different mineral under different partial pressure of CQ,

Prg,/MPa 0.005 0.0075 0.015 0.025 0.05 0.075 0.1 1 2

Calcite 1.2539 1.1293 1.0328 0. 6989 0.413 0.2454 0.1246 -0.8637 | -1.162

Aragonite 1.1577 1.0331 0.9367 | 0.6027 0.3169 0. 1495 0.0284 =0.9579 | -1.2581
Dolomite 1.9716 | 1.7116 1.5123 0.8311 0.254 -0.0827 | -0.3258 | -2.3249 | -2.9016
Quartz -0.3042 l -0.298 | -0.2945 | -0.2878 | -0.2852 | ~0.2843 | -0.2838 | -0.2814 | -0.2809

Celesite 0.2294 0.0872 -0.0186 | -0.375 | -0.6695 -0.8398 | -0.9624 | -1.9549 | -2.2535

Barite -0.0348 | -0.0407 | =-0.0441 | -0.0512 | -0.0541 | -0.055 | -0.0555 | -0.0575 | -0.0583

Simulation results indicate that SI of calcite ( CaCQ),) , aragonite (CaCQ, ), dolomite { CaCO,
« MgCO;), and celicite (Sr50,) is affected by, When Peo,less than 0. 1MPa CaCO, scale oc-
curred, when P, less than 0.075 MPa CaCO, - MgCO;scale occurred, and when P, less than
0.015 MPa SrS0,scale occurred. SI of quartz and barite is not affected by P, .
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Table 2 Logarithmic value of SI{ logSI) of different mineral under different temperature

Temperatures T 30 60 90 110 130 140 '[ 150 155
. Ea-lr'.itv -2.0903 -1.5191 -0.9446 —0564_‘5 S001831 | 0.0032 0. 1844 0.2834
Aragonite -2.2308 - 1.6403 - 1.0499 0. 6606 -0.27 - (. 0808 0. 104 0_2(;43
Dolomite -4.3258 —3075_3_ -2, 1583 -1, 7062 - ];()?;9 - |,24él -1.1478 —-1.0891
Quartz 0.6211 0.2312 -0.0938 —(). 2828 —_[J. 452 -0.5308 -0.603 ~0,6132
.(.-:{-.‘L'.-'-il(-' -2.7664 —-2.3235 | -1.8966 1.6552 -1.4532 - 1.3618 -1.2912 . -1.244
Barite | 0.6146 .- (0. 2499 0.0378 __“—0. 057 -0.1306 |- 0.1674 ~0.1978 -0.2139

During working time temperature around elect — submerged pump can increase because of fric-

tion which also affect SI of minerals, Sl of quartz and barite decrease when temperature increase

and SI of caleite (CaCO, ), aragonite (CaC0O,), dolomite ( CaCO, - MgCO,), and celicite { Sr-

S0, ) increase.

Nearby the water injection well scaling of quartz occurred usually with decreasing of tempera-

ture. Nearby the developing oil well scaling such as calcite, celesite and barite, occurred serious-

ly with decreasing of P, greally and increasing of temperature. Testing data of inclusion demon-

strate that scaling oceurred in temperature 102 ~ 120°C , which agree with the result of numeral

modeling with PHREEQM. The results above can be used in location selection of injection well,

prediction of scaling and quality control of injected water.
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100 atm FR44 T 7% 25 W 8h AL AR BUVE W B 60 0 R 1 ML SEIR BT AT (1551 %, 1995 ) ,1992 R iy
IR T PIERBALEN T ERY IR, RO EoMRAOK—aERTmRIE
THEEKFHORSE. EILER, K—& RN ERABIFRE R R, KRR T KBRS
R4 %1986 42, EEILFM BT (IR R F) s 1990 F, R EHRAF S
IR T R ERE— IR AL ; FI4E, EET PEMS ER 7% 85— KR mitsak
{2 ;1992 4 E R T (K—3& B WRI -7} 308, HE — R 29 WG R mit
B, ERPIRARSIES . AR FEERYE LR REMAS ST 7 YR E Rk E

TEfL% LAY 3 S, Whitet FI Peterson 3§ 87 497 2 T B Y0 2 BE J2 /K 0 VL 42 f
L2



{37 (98" 4 R TR A pR A ( Rustad | 1994 ) | TR B A3 40 55 4 100 FH K 23 15 46 18 2 o 25 6 O T i
R RN R A E — LG, 0 MR R IS A A R . L A
REFRY Y SR\ T 0% K 50% ~90% ( Made,1993) .

W& K — A RS2SR LR T I B T KR K AL 2% 40T 800 Ak £ 22 3R | AT
PEUE T IR AUVBUEBURI T . IBIFIE ik R 8 1B MUBE I af 49 o 11 SRR R 2 i
AT PR . IF 8 ER Al 2 45 o 60 4 B £ MR R R 58 ( Pitzer B8 )
A A Helgson B HAAE# (1968 ,1969,1970) R I /-4 PATHI LUK 242 3 [ — 410 IF ik
AR, EQ3/6 FEIF 551 ( Wolery, 19791983 ,1986,1990 ) #i PHREEQM £ [F 8 HiER k24
R P B , AR A SUFRUA £ 879 a — K2 A s st 7. BT E bR
b8 A LR Y 47 WATEQ & %1 REDEQL - MINEQL £ 4] SOLVEQ £ %1 CHILL-
ER #31 SUPCRT92 “§ 5 F—4 A44SR RIIFR Y, JLdh CHILLER 7% ( Mark 19841988 ,
1989) HLA I HhIE V2K A S R K SHOKIR O LR & S e & A Rk
B ARBUA L 3F 7 LA S8 — K R s 36 B A AT R A I B
ig fl CHILLER $A-BLLA T T BTN IR IR (35 ~ 95 SC) #Rhk [ igl 1 72 b iy Ak — 2 F
" ¥ 1 I SOLVEQ Hi CHILLER B0l T 7K & Langaland95 °C #1513 b i) M R4k 2244
.

BB B i # ILAY A7 BALANCE 1 NETPATH 4 i S0, HZE I FRAK A
KIZOK—H R , SIS 5 B BAR LS &, 6T LU A7 o8 B K — 4 S5 i B o
EHHT L8 A C1997) R Plummer 1 1324 (¥ NETPATH 2. 0 854008044 43 07 T Wb b
FIK BRI WA KRG ERL 1R A

P BRI T K B A LA AL P @ R 2 R A e IR, 17 2
1 I BAR PR R 8 % 1N Z B9 BR A ( Nordstorm , 1979) | A, i |- & HLEE S R AT
Lot i, ENYE B SR R, 2 RRKALE S k3 5k k—
FAE BRI, Gl B35 TR B LA Akl 13 TR0 TR FT v i T
KRG K — M P ST T — S X i 8 JTi— /K SC IR — K S BR AL 2% 25 & e 4k
SO ARTR LRI A F G A R K — A VR B A H AT  R (HE
1986 ;18 "R, 1994 PR IR 1994 ) 45 1E 7 H 55 HURTILAIF 5 b 40 170 850, P48 3 [ o4 A 4 160 B
MIREFEENE L.

A EABEROAT LU 5 2R B, 3 R b s 5 A T A0 B R o e T TR
LRV IR 250 R AR AU, &5 PRI K — S VE AT B i 22 5, 17 AS o 5 S B il
P85 /K 97 I 55ty B A K LT AR R T A T 0400, L4530 O R A L.

I VR A

FEFC i 2540 20 BARMIF &, BTC A G M B kT & Ik (b2l ok
SAGGERAT ERMIEA . AEK— 515 62 1 4 AL A 5 4 B K — 25 FAE T () Sl
KAL) BB SR — 1R RO 2 0 3O K — R4S S, TR, A 35 e BT 3 i
WV P) BRI FLBRES 4 B T B AT KA 1 305 SR UG AR 20 4R A A KR Rk R Wl 9
B B KT B e ik oz B8 AL MUK A6 Sy 1 4 S AL A 5 R U , 36 PR 38 TE 28 D)

- 3.



T K& T HK—aEfF 2,2 PHREEQM Ry EA7 K —& 1R BUEB, A
B EK (K GEGK GERYEA) RETFTHK—AFERVE £ R TR E, &R
BRI YR (UURE ) HLIR KR8 2 I e ZE A, il B Ja T R SR (K. B
EREREmEL -1,

y 3T L
3 i IRT
GRS A ‘ K TR L2
[ 1 | .
W fom % B A ¥R i
B 5 & B *x " 01T 1 ALES R
| - [ | ]
Y
K HBLE
CRB RO, B RD
| | [ |
A — ' M K W YLEE b O
| | . | |
] |
S 2K R A K T B e A
I ; \
H— B BfEiE K Fah
ety 15 JT) BF 52
Ei1-1 R BEER

BN RS LR

— Bk () T RFAR

K—E1E R FOoK #UE AWM Y, B A 4 8 e X 55 K (L 4L Bk MR R A M) TR
ML FUBREAAEAAT THFE R EWE SR8 & BK—EE R BRI ZAT, RS
BAHREE WA KR 0 R S kRSB T AR AT RES K, A AR
FAK—E VLI E 2R

T EEmMAEARETREFHERRRL

AR 100 421003 20 RAFH WM BERE, BF 5T T AR FF & B BoK B AL R AE , B S 0 K
TR Ja 82 o 0K —E1E AT B AR AL 2F R PLELHT T T PR .

4.



