FOOULWHWK HA MUHHO-TEONOXKNA YHUBEPCWUTET “CB. UBAH PUNCKIW”, Tom 50, Cs. II, Jobus 1 npepaboTka Ha MuHepanHu cyposuHu, 2007
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 50, Part Il, Mining and Mineral processing, 2007

COMPUTER SIMULATION OF SALT CAVERN LEACHING PROCESS

Svetlana Shtilkind

Moscow State Mining University

ABSTRACT. Underground caverns in rock salt are being constructed by leaching of salt deposits through the tubing. This complex development is composed of
different physical, chemical and thermodynamical processes and may be described by a system of non-stationary multidimensional partial differential equations which
cannot be solved analytically (Kapatbirun et al , 1994). That is why to solve such equations and thus to get technological characteristics of leaching it is necessary to
use numerical methods. This paper presents the mathematical model of laminar isothermal flow of incompressible two-component liquid inside the cavern during
leaching process. The mathematical model and related computational algorithm are supported by a computer program which is able to calculate main features of
technological process and to demonstrate development of cavern in time.

KbMMOTHLPHO CUMYNUPAHE HA NPOLIECA U3NTYXXBAHE B COINNHN KABEPHU
CeemnaHa Lmunkurd
Mockoscku dbpxaseH MuHeH yHusepcumem

PE3IOME. Mof3eMH1Te kKaBepHM B CON-ChAbpKaLUMTE CKanu ca M3rpafeHi 3a UnyxBeaHe Ha CONHUTE 3anexy Ype3 TpbbonpoBoau. Tasu METOA BKMOYBA KOMMMEKC
OT (PU3NYHK, XMMUYHW 1 TEPMOAMHAMUYHM NpOLIECH U MOXe Aa Obfe OnucaH 4pe3 cUcTema OT MPOMEHNMBM, MHOTOMEPHN AutepeHLManHN ypaBHeHNs, KOUTO He
Morar fia 6bfaT pellenn aHanuTYHo. ToBa e Taka 3aLoTo 3a fia Ce peluar nofobHYM ypaBHEHMS, Taka Ye a Ce NonyyaT TeXHONOrNyHIN NapamMeTpy 3a U3NYXBaHETO
€ HeobXx0AMMO fja Ce M3non3BaT YnCNoBY MeToam. To3n [oKknas NpeacTaBs MaTeMaTYeckit MOEN Ha CNOecT M30TEPMUYEH MOTOK OT MOCTOSHHA [BYKOMMOHEHTHaA
TeYHa cpefia BbTPe B kaBepHaTa No BpeMe Ha U3nyxaalms npouec. MatemaTuieckusiT MOAEN 1 CBbP3aHNAT KOMMIOTbPEH anropuTbM e NoaabpXaH OT KOMMITbPHA
nporpama, kosiTo e CrocoBbHa fia M34MCAIN OCHOBHUTE NapamMeTpu Ha TEXHONOTMYHIUS NPOLIeC.

Mathematical modeling of leaching process

Basic assumptions

The laminar isothermal flow of incompressible two-component
liquid (water and salt) inside the cavern during leaching
process is considered taking into account such effects as free
convection and convective diffusion.

Basic assumptions of the model discussed are as follows:

o the shape of cavern at the initial moment is cylindrical;
dissolution of salt is occurring on the lateral surface only;
leaching process is isothermal;
flow of brine is laminar;
leaching process is treated as two-dimensional; _ _a) _ b) ,

L . . . . Lo Fig. 1. Two basic methods of water circulation: a) - reverse, b) - direct.

o brine is considered as ideal incompressible liquid.

Input data are divided into three groups: Output data are:
o geological and physical parameters (densities of rock salt, o field of flow velocities;

water and saturated brine); _ ) distribution of brine concentration within cavern;
e geometric parameters (height and radius of cavern, radii concentration of produced brine:

of hanging coaxial pipes), rate of brine withdrawal;

o Technological parameters (method of water injection — rate of rock salt dissolution.
direct or reverse, rate of water injection, configuration of
hanging pipes).

o

kA

T

alr

(ru), & _
ol
Navier-Stokes equations for each components of velocity:

Main equations (mathematical model) 0; (1)
Flow of brine inside the cavern while leaching process may be
described by following equations (in terms of dimensionless

variables) (KouwH et al, 1963):

- 1
continuity equation: —
r
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o diffusion-convection equation:

da 10(rua) ova) 1[1a( ac) o ac)l|.
— et ——=—| == |tu—|+—| u—||; (@)
ot r or oz Shiror\ " or) a\' oz

o equation of brine condition:

p=1+A-a; (5)
where U, V - components of velocity in cylindrical

coordinates (r,z); o - density of brine; P - pressure; a - salt

a

concentration in brine; C = — - specific concentration of
P

salt; ¢ - dynamic viscosity of brine; g - free fall acceleration;

D - diffusion coefficient, Gr u Sh - Grashof and Schmidt
numbers respectively.
The process is considered within the area shown in Fig. 2.
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Fig. 2. Geometry of computational area: 1, 3 - lateral surfaces of hanging
pipes; 6 - bottom of cavern; 8 - ceiling of cavern; 2, 4 — cross-sections of
water injection and brine production; 5 -symmetry axis; 7 - surface of
dissolution.

Initial conditions
It is assumed that at the initial moment (t = O) cavern is filled
by stationary saturated brine: U=V =0. Inital
concentration of salt, brine density and pressure are expressed
as follows:
a=A,p=1+A-A,,
P=Gr-(1+A-A)-(z-z,),

where Z;, - dimensionless height (z-coordinate) of water

injection level, A1 - salt concentration in saturated brine.

Boundary conditions
The boundary of computational area consists of eight parts
(Fig. 2) with different conditions on them:

o lateral surface of main hanging pipe (boundary 1)

r=r,;0<z<h,,

out
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¢ boundaries of hanging pipes cross-section at the water
injection level (boundary 2 or 4):

—*Re,a=0, P=PR,,
in
e boundaries of hanging pipes cross-section at the level of

u=v=0, =0;

u=0,v=y, =

brine production withdrawal (2 or 4): U =0 V=Vour

M - Reynolds number, S, = R,

where: Re =
JZED
ﬂ-'(rozut_riﬁ)’ O<r<r|niz_zin;
Sin = . -
- rln’ r|n£r<rout’ _Zout’

depending on reverse or direct circulation;

o |ateral surface of central hanging pipe (boundary 3)

r=r,; h,<z<h,: u=v=0,6—a:0.
or
e symmetry axis (boundary 5) r=0; h,<z<H:
o or or
e Dbottom of caven (boundary 6) O<r<R; z=H:
u=v=0, oa =0.
o
e surface of dissolution (boundary 7) r=R;
0<z<H:
a=A,,v=0,u=4-w,
’le_(Po"'An_Pn) 31
A, - Po
W= __PoPn 1oc

ps(pn _An)Sh ar '

e ceiling of cavern (boundary 8) I, <r<R; z=0:
oa
u=v=0, —=0.
0z

Numerical method

As it was told above the equations presented are to be solved
numerically (Amocos et al, 1994). For this sake a
computational three-dimensional mesh is needed (time and
two space coordinates). Equations are approximated by means
of explicit first order finite-difference scheme. The system
obtained is solving by iterative methods. At the beginning field
of pressure is calculated from continuity equation. This solution
can be found analytically. Field of pressure determines field of
velocities. Field of concentration may be found as a final stage.
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Fig.3. Template of finite-difference scheme: (nw-ne-se-sw) -

computational mesh for pressure and concentration; (s-n-nE-sE) - for r-
component of velocity; (w-Sw-Se-e) - for z-component of velocity.

Computer program

The enounced mathematical model and corresponding
numerical algorithm are realized as a computer program for
Windows. The prime objective of this program is to predict
main characteristics for next stage of leaching process. For this
purpose fields of velocities, pressure or concentration are
calculated (see Fig. 4 - 7). The program enables to determine
such parameters as concentration of produced brine, time of
leaching as well as volume and shape of cavemn. So, this
program may be used as a practical tool to simulate basic
technological process of salt cavern leaching and thus to
predict shape and volume of prospective cavern under
conditions and input parameters. Through  multiple
computations one can choose optimal decisions under different
criteria, say, to minimize energy consumption or time of
leaching.
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Fig. 4. Field of salt concentration, direct circulation, initial stage
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Fig. 5. Field of brine velocities, direct circulation, initial stage
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Fig. 6. Field of r-component of brine velocities, direct circulation, initial
stage
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Fig. 7 Field of z-component of brine velocities, direct circulation, initial
stage
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