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The paper presents a scheme of the formation and growth of paraffin deposits on internal walls of the hoisting 

column of a well with allowance for diffusive transport of the particles of a solid phase to the wall of the 

hoisting column, for temperature and concentration conditions for these particles (that ensure the formation 

of a solid phase), and for thermal effects of the paraffin formation. 

The production from oil and gas-oil wells of West Siberian fields is frequently complicated by solid deposits 

on internal walls of the hoisting column that are generally of two types. The first of them is gas hydrates. A 

prerequisite for hydrate formation is the presence of water (or its vapor) and light hydrocarbon components which, 

while dissolving in water at certain temperatures and pressures, form a solid phase [1, 2]. The second type of 

deposits usually observed in exploiting oil and gas-oil wells represents high-molecular hydrocarbon systems 

hereafter called paraffin deposits. 

At least two factors are needed for their formation in a well: 
1) the gas-liquid mixture should contain heavy (high-molecular) components which are immediate 

predecessors of the paraffin deposits forming on the internal wails of the hoisting column; 

2) the temperature mode in a well (especially near its wails) should admit of the existence of a solid phase, 

specifically, the presence, near  the well walls, of such zones where the temperature becomes lower than or equal 

to the crystallization temperature of a heavy component. 

Study [3 ] revealed that  the most probable mechanism of paraffin formation is a crystallization mechanism, 

i.e., under conditions when the gas-liquid flow is capable of transporting heavy components, the formation and 

subsequent accretion of paraffin deposits occur due to crystal growth directly on the surface of the underground 

equipment. The buildup of a solid phase on the well walls involves diffusive and thermodiffusive transfer of heavy 

hydrocarbon components to the solid surface. The rate of formation of paraffin deposits depends also on the flow 
velocity or the well output. Therefore, for calculating a running position of the "gas-oil flow-paraffin" interface it 

is necessary to write the following relation: 

o 05s 
Ps 0t - -  i s -  js'(w)" 

An expression for the rate of entrainment of paraffin deposits by the gas-liquid flow fs(W) is taken in the 

form 

is' (w)  = yw  I w I , 

where 7 is the proportionality factor whose prediction requires experimental or practical data. However, there are 

no such data in literary or other sources known to the authors. In this connection, we assume that the formation 

of a solid phase is determined mainly by the first term q's(W) = 0). 

For the rate of formation of paraffin deposits we write 
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p~ Sh 
Js = 2R (kliq(s) - kliq(s)e) , (1) 

where Sh -- x/2RVliq/D is the Sherwood number .  

The  dimensionless  mass t ransfer  coefficient Sh in the adopted  form suggests that mass t ransfer  proceeds 

only in a thin diffusive boundary  layer  of the thickness 6 (0) (6 (0) << R) near  the "sol id- l iquid" interface. A char- 

acteristic value of 6(D) can be est imated from the relation 

6(D) = %/ Dtliq, w , 

where tliq, w is a cer ta in  characteristic time of contact of a liquid particle with the channel wall, tliq, w ~ 2R/Vli q. 
On the  basis of the Schr/Ader equation [4 ] for kliq(s) e as a function of To it is possible to use the  expression 

kliq(s) e = kliq(s) e exp ( -  Ts/To).  

Express ion  (1) has been derived assuming that the rate of paraffin formation is totally limited by the 

diffusion mechan i sm of t ransfer  of heavy hydrocarbon  components  in a liquid. However, generally speaking, this 

quantity is also dependen t  on the rate of particle at tachment to the solid surface [5 ]. In view of this circumstance, 

expression (1) can be generalized in the form 

Js = Pliq 1 1 
2R (kliq(s) - kliq(s)e) + D ' 

where the coefficient  D Sh* defines the rate of particle a t tachment  to the surface. In the case where the condition 

Sh >> Sh* is fulfil led (which is characteristic of oil paraffins [3 ]), the rate of formation of a solid phase is limited 

by the diffusion mechanism of t ransfer  of its predecessor to the interface and the thickness of paraffin deposits can 

be predicted f rom equation (1). 

However ,  determining the thickness of paraffin deposits from relation (1) appears to be difficult, since the 

mean mass concent ra t ion  of a heavy component  kliq(s) should be known. In practice it is more convenient  to obtain 

the rate of fo rmat ion  of a solid phase knowing the temperatures of flow, of the walls of the well tubes,  etc., since 

more or less t r ied  methods are available for thei r  prediction. 

In connect ion  with the foregoing, we rearrange expression (1). First we assume that the formation of a 

solid phase is de te rmined  mainly by a loss of the liquid flowability near  the walls because the liquid congeals with 

a decrease in the  temperature .  This assumption implies tha t  the liquid contains plenty of heavy components  

generating a solid phase,  and the rate of paraff in deposition is determined from the condition of heat  balance on 

the surface of solid deposits 

L J s = _ q w _ ; t s  (OTs) 06s Js 
, - 0 "  ( 2 )  IT)  o, 

Besides, we assume  that the inner  surface of a solid phase is isothermal and its temperature  is equal to the crys- 

tallization t empera tu re  of a heavy component  T e in a liquid phase of the hydrocarbon mixture  flowing in a well. 

Accordingly, we can write Ta = Te. 
The  ra te  of heat t ransfer  between the surface of a solid phase and the flow is taken in the form 

qw = flw (T -- To). (3) 

The  hea t  t ransfer  coefficient flw depends  on the structure of the gas-oil flow in a well and on specific features 

of the flow in the  surface layer  near  a solid phase or channel walls. 
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Fig. 1. Profiles of paraffin deposits on internal walls of the hoisting column of 

a well at different instants of time: 1) t -- 4 days, 2) 8, 3) 10, 4) 11. z, kin; 6s, 

m m .  

Since the characteristic time of complete closing of the flow area of the hoisting column of a well is much 

longer than the characteristic time of transition of the temperature profile inside a solid phase t s -- 62/Zs to a steady 

state, we can assume that the temperature distribution in a solid layer Ts at each instant of time satisfies the 
equation 

-1 0 ( Ors) 
r ~r [ •sr --~--r ) = 0 (R < r < n0) .  (4) 

It should be noted that adopting the equation of heat conduction in the form (4) implies also that heat 

transfer along a well by a solid phase is disregarded. Based on equation (4) we obtain the following relation for 

the temperature distribution in a solid layer: 

T o - T o 
Ts = TO + In ( R / R o )  In ( r / R o ) .  (5) 

With account for expressions (3) and (5), equation (2) can be brought to the form 

~ 0C~s (/3 2s ) 
Ps L - ~  = fls (TO - To) - flw (T - To) s -  R In ( R / R o )  " (6) 

The presented scheme (6) for describing the paraffin deposition suggests that its rate is completely determined 

from the condition of heat balance. Besides, the surface of a solid phase is assumed to be isothermal. We now 

extend scheme (6) to the case when the deposition rate is a function of mass transfer of a heavy component to the 

surface of a solid phase. 

Suppose that there is no depletion of a heavy component (kliq(s) = const) and the surface temperature of 

the solid phase in the deposition region varies slightly. Then, the To dependence of kliq(s) can be taken in a linear 

approximation. Expression (1) for the rate of formation of a solid phase is rewritten ~is 

o 06s ( 0 
Ps - - ~  K ( T  e - To) K Pliq D Sh ( ~ ]  = [ = 2R ( ) (7) 

re 

Eliminating To from relations (6) and (7) results in 

Obs = fls (To - Te) - flw (T  - Te) 
0 

Ot Ps [L + (]3 w - f l s ) / K ]  
(8) 

in this case, the surface temperature of the solid phase is obtained from the expression 
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flw T + K LT e - flsTo 
T~ + 

Using scheme (8) we calculated the evolution of paraffin deposits in time (see the figure). The following 
values were employed in calculations: R0 = 0.0365 m, p0 = 900 kg/m a, 2s = 0.27 W/(m "K), L = 2- 105 m2/sec 2, and 

D = 10 -9 m2/sec. It was also supposed that the crystallization temperature of paraffin is 30~ there is a liquid 

(oil) in the intertubular space of the well, and the temperature on the outer boundary of the well is equal to 

geothermal. In calculations paraffin was assumed to deposit in those sections of the well where the temperature of 

the internal wall of the hoisting column becomes lower than or equal to the temperature of the onset of paraffin 

depostiion. In order to exclude uncertainty in the expression for fls,  6s at the initial instant of time was taken to 

be equal to 0.1 ram. 

The obtained profiles for the form and rate of growth are in agreement with practical data. 

Thus, the proposed mathematical model allows a determination of the thickness of oil paraffin deposits on 
internal walls of the hoisting column at different instants of time from the start of the well operation. 

The study was carried out with partial financial support from the Russian government (Grant No. 96-15- 

96001). 

N O T A T I O N  

T, temperature of a gas-oil flow; TO, To, and Te, temperature of the internal wall of a hoisting column, on 

the surface of a solid phase, and of the onset of crystallization of a heavy component, respectively; t, time; r, radius; 

qw and flw, rate and coefficient of heat transfer between a gas-oil flow and a solid phase or the wall of a hoisting 

column, respectively; R o, inside radius of a hoisting column; 5 s, thickness of paraffin deposits (R --- R 0 - 6s); 2 s 

and Xs, thermal conductivity and thermal diffusivity of paraffin; is, rate of formation of paraffin deposits related to 

heat and mass transfer of heavy components to a solid surface; fs(W), rate of paraffin entrainment by a gas-oil flow; 

w, mean flow rate of a gas-oil mixture; po and p0q, density of solid and liquid phases; D, diffusion coefficient; 

kliq(s) and kliq(s)e, mean mass concentration of a heavy component in the liquid and its equilibrium concentration 
at a temperature equal to the surface temperature of a solid phase T o, respectively; v~i q, linear velocity of a liquid 

phase; kl~q(s) e and T~s, empirical approximation parameters; L, specific heat of paraffin formation. Subscripts: s and 

liq, parameters of the solid and liquid phases, respectively; (s), parameters of the solid component; w, parameters 

on the channel wall; e, equilibrium parameters; (D), quantities related to diffusion; 0, parameters of the initial 

state. 
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