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Characteristics of Water-Rock Reaction and Effect of Reynolds
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Abstract; Based on the first large-scale underground water-sealed oil storage facility in China,
viz Huangdao underground oil storage facility, the experiments of water-rock interaction in single
fractures of granite at different flow rates were performed. The characteristics of water-rock
reaction were observed and the effects of Reynolds number on the dissolution rate of soluble
minerals on the surface of granite were analyzed. The results show that the main mineral of the
chemical reactions of granite in acidic conditions is sphene. The dominant chemical reaction
between water and rock are CaTiSiO,; +4H* —TiO** + H,SiO, + Ca’*, H,0 + CO,«<>HCO; +
H* and TiO, +2H,0—H,TiO, | +2H". The chemical reaction rate is the highest in the first 10
days, then gradually decreases until equilibrium states are reached. Fluid flow can significantly
increase the dissolution rate of sphene, however, the reaction rate in the experiment with Reynolds
number of 500 is higher than that with Reynolds number of 2 500, due to higher flow rate reducing
the transport rate of solute, making the macro chemical reaction rate lower.
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Fig. 1 Preparation of granite samples
(a)—Re =500; (b)—Re =2 500.
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(a)—Re =500; (b) —Re =2 500.
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Table 1 Changes of rock mass before and after test
g
" Re =500 Re =2 500
RS — ——
FANA VIS RHT/ G i
59.16/59.14 -0.02 58.47/58.43 -0.04

58.57/58.55
56.31/56.32 0.01

1

2 -0.02
3

4 58.36/58.38 0.02
5

6

57.02/57.05 0.03
59.89/59.9  0.01
58.74/58.79  0.05
62.75/62.75 0 56.44/56.46  0.02

61.74/61.71 -0.03 58.89/58.86 -0.03

J=San -0.04 0.04
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Table 2 Proportion of reactions and mass changes at different time periods

IO /%
N Re =500 Re =2 500
0~ 10 ~ 30 ~ 0~ 10 ~ 30 ~
<10d <30d 40d <10d <30d 40d
CaTiSiO, +4H* —>TiO** +H,SiO, + Ca** 23,11 22.30 23.27 21.49  24.08 21.89
Ca’* +S0; —CaSO, | 3.93 2.35 2.53 3.93 3.37 4. 86
Fe,O, +8H*—2Fe’* + Fe’* +4H,0 0.47 1. 66 1.01 0.44 0.45 0. 81
2KAISi, O +2H" +2H,0—Al, (Si,0,) (OH), | +4Si0, +2K*  0.00 0.19 2.02 0.09 0.27 1.62
2NaAlSi,O, +2H* +2H,0—AlL (Si,0,) (OH), | +4Si0, +2Na* 1.54  0.53  3.04 319 0.18  5.68
KAIMg,Si,0,,(OH), +10H* —AP* +K* +2H,Si0, +3Mg’>*  0.07  0.05  0.67 0.13  0.28  0.54
KFe,AlSi,O,,(OH), + I0H* —AI'* +K* +2H,Si0, +3Fe** 0.0l  0.03  0.00 0.01  0.04  0.00
AP’* +3H,0>Al(OH), | +3H"* 0.08 0.08  0.67 0.14  0.33 0.54
Fe** +2H,0<>Fe(OH), | +2H"* 0.12  0.19  1.01 0.59 0.90  0.00
Fe’* +3H,0<Fe(OH), | +3H" 1. 18 3.32 2.02 0.89 0.90 1.62
H,0 + CO,«>HCO; +H" 46.33  46.97  40.47 47.45  44.93  40.54
H, SiO,—H,0 +H,Si0,«>H,0 +2H* + SiO; 0.05 0.03  0.00 0.15 0.18  0.00
TiO** +2H,0—H,TiO, | +2H"* 23,11 22,30 23.27 21.49  24.08 21.89
®3 ATEMERNREZNERL
Table 3 Mass changes at different time periods

R mmr e time flme  TEME

0~ <10 8. 16 48. 96 -2487.59 2717.38 229.78

500 10 ~ <30 3.19 19.16 -955. 63 999. 94 44. 31

30 ~40 0.10 0.59 -38.16 39.19 1.03

0~ <10 6.74 40. 46 -2124.24 2 308. 83 184.59

2500 10 ~ <30 2.23 13.35 -681.74 735.56 53.83

30 ~40 0.12 0.74 -49.15 52.13 2.99

A0 ( 1) AR FE Ca? " SRR AN, AN a0l

Al S S5 5L A BRI U0 ~ 20 d ol TrRess0

MRE X f(Re ) (EREAT 5. [l iy T AN [A] T2
I E8 S i JRE RS RN TR A 22 B BT B
Xof B 7 i AN S T AR R AT 1B IE, B IE ) R
A7 T RRUNE A1 1140 4 e 3k 5% it P (1] 722 1 pih 2 A T 5
Fi7R.

IR TF RIS, M A7 A0 i o A AR ey | B 1
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s
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Fig. 5 Modified dissolution rate curves of sphene
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