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Wi T — S B GEAYE, fHE T AR ZFLBR R & & HL
PG 2 R ARSI

RS 2R T s R 2 B v U B2 ) RS>
R A5 AN b S K AT, TP IR T 0™ WV -1 U
FERB SR, T8 2 B4 U2 K SEA b T A
SERD, SHEZT WKL T — e s AR,
AT LISA A 2 K S 6820 M2 A B Tk A%
LB AR S o T S S A ST TR L
JE S R 2K AL AR SR P> [ E R,
LI At 2 vk A FLIB % 35 BB AN G ) i 2 T A
&/

1 SR
1.1 FESA SR AR

SR UERE S 20, SCIHE FH A ) B A T S50
B, 0300 R A | RH A RO A B, PR
KA EEHR 93% MR A . BT CaCl, K ALE
A Y B 2 e H LG 7 AR, DR AR 1 S 56 A 4
BRI A< 3 U R R R 8 JFUD DU B A 1l )= K
Bt R BO ) SISV R . BRI O R R AE 1L 2
EFKHPIA 19.2918g ) NaCl,, 0.2390g ) MgCl,,
19.4121g (1) CaCl,, 0.1914g ) NaHCO,. Bt /5 1
BRI WAL 24 45 4F . NaCl, 75 5 3.7522mol/L,
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Table 1 Temperatures and pressures in simulation experiments.

H5 B (m) =0 WA (C) FES1 (MPa)
FIK 1 43298 Es4 119 37.97
FI®3 4768.8 Es4 171 5276
Fix4 4530.0 Es4 165 4598

F 8 4080.6 Es4 138 39.64
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Fig. 1 Schematic diagram of high temperature and high pressure geochemical simulation system.
2 LRBIGR
Table 2 Results of simulation experiments.
K p— SLSETR B s 77 SR SEIR i I faduilks AR iﬁfﬁ:ﬁﬁ
(m) (6) (MPa) (g) (g (g) (9) (107, g/lL)
CaCl, Vap 4329.8 119 37.97 22517 2.2498 0.0019 0.1220 15.5738
CaCl, Vap 4080.6 138 39.64 22508 22472 0.0036 0.1230 29.2683
CaCl, Vap 4530.0 165 45.98 44514 4.4348 0.0166 0.2070 80.1932
CaCl, Vap 4768.8 171 52.76 4.4523 4.4313 0.0210 0.2060 101.9417
CaCl, FHCA 4329.8 119 37.97 2.2534 22526 0.0008 0.1230 6.50410
CaCl, FHCA 4080.6 138 39.64 22527 22511 0.0016 0.1210 13.2231
CaCl, FHCA 4530.0 165 45.98 44517 4.4358 0.0159 0.2070 76.8116
CaCl, FHCA 4768.8 171 52.76 4.4520 4.4341 0.0179 0.2100 85.2381
K p— LSV B L JET) FHI A S Mkt IR ‘iﬁiﬁﬁ
(m) (©) (MPa) (g () (g) L) (107, g/lL)
CaCl, Jr i 4329.8 119 37.97 22524 22615 0.0091 0.1250 72.8000
CaCl, Jr i 4080.6 138 39.64 22539 2.2635 0.0096 0.1260 76.1905
CaCl, Jr i 4530.0 165 45.98 4.4564 4.4688 0.0124 0.2060 60.1942
CaCl, Jr i1 4768.8 171 52.76 4.4564 4.4720 0.0156 0.2110 73.9336
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Fig. 2 (a) The solubility of quartz and plagioclase; (b) The growth rate of calcite under different temperatures.
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Fig. 3 Microscopic measurement of solution pores (a) and areal

porosity (b) in reservoir of simulated well.
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Table 3 Calculation results of secondary porosity and cementation rate in Feng 8 well.

re op

HE+E S8 u k m Vi t S I c X p V; v, 0,
T (MPas) (x107°um?) (MPa/m) (m/s) (s) m) (%) (x10°,gL) (%) (gem)) (@) (@) (%)
AYE 03959 0.0083 0.0107 22432x107"° 3.1536x10” 1 13.93 155738 18  2.65 0.0058 1  0.1042
AP 03389 0.0083 0.0107  2.6204x107"° 3.1536x10” 1 13.93 202683 18 265 00127 1  0.2288
AT 02818 0.0083 0.0107  3.1510x107'° 3.1536x10" 1 13.93 80.1932 18 265 0.0419 1  0.7540
£ 0.2720 0.0083 0.0107 3.2653x107'° 3.1536x10" 1 1393 101.9417 18 265 0.0552 1  0.9932
BT 03959 0.0083 0.0107 22432x107'° 3.1536x10° 1 13.93 6.5041 37 262 00024 1  0.0905
BT 03389 0.0083 0.0107 2.6204x107'° 3.1536x10" 1  13.93 132231 37 262 00058 1 02150
BT 02818 0.0083 0.0107  3.1510x107'° 3.1536x10"° 1 1393 768116 37 262 00406 1 15015
BTG 02720 0.0083 0.0107 3.2653x10°'° 3.1536x10"° 1 13.93 852381 37 262 00467 1  1.7267

R}

hBES k i ’ : s v S S I R )
T (MPa's) (x10°um’) (MPa/m) (m/s) (s) m) (%) (x10%,gL) (%) (gem)) (M) (M) (%)
TG 03959 0.0083 0.0107 2.2432x107° 3.1536x10"° 1 1393  72.8000 5 2.7 0.0266 1  0.1328
F#A 03389 0.0083 0.0107  2.6204x107'° 3.1536x10"° 1 1393  76.1905 5 2.7 00325 1 01624
JifEfi 0.2818 0.0083 0.0107 3.1510x107" 3.1536x10" 1 13.93 60.1942 5 27 0.0309 1  0.1543
A 0.2720 0.0083 0.0107 3.2653x107'° 3.1536x10" 1  13.93 73.9336 5 27 00393 1 0.1964
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Fig. 4 The dissolution of minerals in reservoir.
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Table 4 The contribution value of CaCl,-water type minerals to

reservoir physical property in Feng 8 well (%).

TREE | FOALBRAY  RHCAILBRAY  JifafLBRAY | =FhE e
(C) | TImkE FIRRE FIRRE TR Z AN
119 0.1042 0.0905 —0.1328 0.0619
138 0.2288 0.2150 —0.1624 0.2814
165 0.7540 1.5015 —0.1543 2.1012
171 0.9932 1.7267 —0.1964 2.5235
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Fig. 5 Physical characteristics of reservoir in Minfeng area: (a) Porosity; (b) Penetration rate.
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Quantitative Calculation Model for the Secondary Porosity of Sandstone

Based on Mineral Dissolution Experiment and Its Application

ZHANG Pengfei', WANG Chengjun®, QIU Yibo', NI Rui*, ZHAO Huizhen*, CHEN Yong®
(1. Research Institute of Exploration and Development Shengli Oilfield Company, SINOPEC, Dongying 257015,

China;

2. State Key Laboratory of Deep Oil and Gas, China University of Petroleum (East China), Qingdao 266580,

China)

HIGHLIGHTS

(1) The experimental simulation of mineral dissolution was carried out under the conditions of actual reservoir
temperature, pressure and formation water chemical composition.

(2) A quantitative mathematical model of sandstone dissolution porosity based on mineral solubility, seepage rate
and burial time was established.

(3) The prediction results of the quantitative calculation model of sandstone secondary porosity had good correlation

with the actual phenomena.

ABSTRACT: The formation mechanism and quantitative evaluation of secondary pore is the key problem for deep
reservoirs. The experiments on dissolution-precipitation behavior of formation water and minerals in reservoirs were
carried out by using a high temperature and pressure geochemical experimental simulation system based on the
present temperature and pressure conditions of Minfeng sub-sag in the Dongying depression and the corresponding
— 286 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24 TRIE K, 25 RETH Py g S AR A U FLBE RS K N ] %44 5

formation water characteristics. The experimental results show that under the current formation water and
temperature pressure conditions, quartz and plagioclase could undergo dissolution, and the solubility increased with
the increase of temperature, while calcite underwent cementation, and its growth rate changed little with the increase
of temperature, generally concentrated at around 70x10°g/L. Based on the experimental simulation results and
taking into account factors such as the permeability flow rate, precipitation velocity, burial time, and porosity of the
formation, a mathematical model of secondary porosity in sandstone reservoirs due to dissolution was established.
According to the mathematical model calculation, the CaCl, water type at 171°C in Feng 8 well had the maximum
contribution value of 2.5235% to the physical properties of the reservoir, which was the most favorable water type
and temperature for the development of a secondary porosity zone within the simulation depth range of this well.
The model calculation shows that the seepage rate was the main factor affecting the development of secondary
dissolution pores. Combined with the diagenetic phenomenon of actual reservoirs in Feng 8 well, it had good
correlation and obvious dissolution of quartz and feldspar, development of carbonate minerals in the form of
cementation and metasomatism, which was consistent with the experimental simulation results. Based on mineral
solubility, mineral content, reservoir temperature and pressure conditions and formation water chemistry, the
quantitative calculation model established here can be used to predict the deep secondary pore development zone.

KEY WORDS: sandstone; solubility of mineral; precipitation velocity; water-rock interaction; dissolution pore
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