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Abstract 
 

While operating the wells with ESP it’s impossible to make the direct measurement of the formation pressure with the use of bottom-hole 

pressure gauge. That is why they presently use various indirect methods to evaluate formation pressure that are based upon the re-

calculation of static fluid level in well annulus for the fluid column pressure. The authors consider the procedure to evaluate formation 

pressure that was designed for the wells equipped with ESP. This procedure is a simple one and enables to perform real-time formation 

pressure metering. The obtained results have been compared with hydro-dynamic studies and have demonstrated their high convergence. 
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1. Introduction 

The evaluation of the verified formation pressure figures (pi) is a 

difficult process while operating the wells with artificial lift (wells 

with ESP). The problem with the evaluation of formation pressure 

in wells was considered by many authors [1-15]. All the proce-

dures proposed in the above-mentioned papers have found their 

practical application and provide verified results within some spe-

cific accuracy. But in any case they have several drawbacks, and 

namely: 

1. By use of various measurement procedures it is quite possible 

to evaluate the formation pressure only in natural flowing and gas-

lift wells and these wells are quite difficult in operation within the 

whole number of wells with artificial lift.  

2. All the methods provides for the prematurely production well 

shut-down during the periods of well maintenance and the perfor-

mance of well survey jobs take some long time.  

3. The methods to evaluate formation pressure during the opera-

tion of wells with artificial lift have significant inaccuracy result-

ing from the use of fluids with varying densities inside the bore-

hole, that is also calculated using various methods [16-24]. 

4. Some specific procedures are operable until they reach the spe-

cific level of water-cut in produced well product.  

5. Some procedures were designed for the specific field and pro-

ductive reservoir conditions. 

The present paper considers the procedure to evaluate formation 

pressure through the use of curves at the stage of bringing a well 

to a stable production level and this procedure is peculiar for its 

simplicity and authenticity. The procedure is based up on the pro-

cessing of data on dynamic level changes that were obtained dur-

ing the stable of well bringing to a production level. It is applica-

ble only for the wells that were previously killed for routine ser-

vicing or well work-over operations and only for those wells that 

are equipped with electric submersible centrifugal pumps (ESP). 

The procedure was field-tested at some oil fields of Samara Re-

gion. 

2. Methodology 

The process of bringing a well to a stable production level in-

cludes several stages. At stage 1 there is the linear decrease of 

fluid dynamic level in the annulus (no fluid inflow observed). At 

stage 2 there is the inflow of reservoir fluid and there is the break 

of the curve showing the process of bringing a well to production 

level, i.e. tangent slope ratio (velocity of dynamic fluid level 

change)of the curve starts changing. 

 
Fig. 1: Curve Showing the Change in Dynamic Level and Well Fluid 
Density At the Stage of Brining a Well to Stable Production Level 

 

At stage 3 the dynamic level in a well is increasing due to re-

placement of well-kill fluid in annulus by reservoir oil. Paper [25] 

illustrates that the fluid density in a well is constant and is equal to 
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well-kill fluid density, and this starts decreasing from stage 3 (Fig. 

1). 

Therefore it’s possible to make the conclusion that the pressure 

constituted by the hydrostatic well pressure in the annulus (prior to 

start of stage 3 during the process of bringing a well to production 

level the annulus pressure was equal to 0, as there is no gas in the 

fluid mixture pumped-out from a well), and at point 0it’s com-

pared with formation pressure (reservoir fluid inflow is possible in 

conditions of draw-down, i.e. at Рw<Рi). Hence, formation pressure 

is defined using equation 1: 

 

p𝑖 = ρk.f ∙ g ∙ (Hr − Hd
∗)                                                                (1) 

 

Moreover, it’s very difficult to register the exact time of transition 

from dynamic level linear metering to non-linear metering. So, in 

order to increase the accuracy in locating point 0 it is proposed to 

act as follows: to plot the straight line 1 using two points to a 

place with line break (points 1 and 2) and straight line 2 after it 

(points 3 and 4), and their intersection will give us point 0 (see Fig. 

2). 

 

 
Fig. 2: Method to Locate Break Point Using the Curve at the Stage Of 

Brining a Well to Production Level 

 

In this case the value of inflow time t* is defined analytically. 

Point 1 has the following coordinates (t1; H1), point 2 - (t2; H2), 

point 3 - (t3; H3), point 4 - (t4; H4). 

The equations for the straight lines are presented as: 
𝐻1(𝑡)−𝐻1

𝐻2−𝐻1
=

𝑡−𝑡1

𝑡2−𝑡1
,                                                              (2) 

𝐻2(𝑡)−𝐻3

𝐻4−𝐻3
=

𝑡−𝑡3

𝑡4−𝑡3
.                                                                            (3) 

 

By making some mathematical transformations we get the system 

of equations: 

 

{
𝐻1(𝑡) =

𝑡−𝑡1

𝑡2−𝑡1
∙ (𝐻2 − 𝐻1) + 𝐻1

𝐻2(𝑡) =
𝑡−𝑡3

𝑡4−𝑡3
∙ (𝐻4 − 𝐻3) + 𝐻3

.                                                (4) 

 

In order to find the common point for the given equations it is 

required to equate them and find the time. The time of inflow 

t*start is equal to: 

 

t∗ =

t1∙(H2−H1)

t2−t1
−H1−

t3∙(H4−H3)

t4−t3
+H3

H2−H1
t2−t1

−
H4−H3
t4−t3

                                                        (5) 

 

The resulted value of t* as per formula (5) is used in any equation 

of the system (4) and we get the dynamic level at which the reser-

voir fluid Hd* inflow starts to appear. After finding Hd
* we make 

the calculation of formation pressure pi as per formula (1). 

3. Results and discussions 

The field tests of the designed procedure were conducted through 

comparison of formation pressure measured by any direct method 

(e.g. by bottom-hole pressure gauge) and the calculated formation 

pressure. This comparison was performed for the wells of the 

fields located in Samara Region. Moreover, we have done the 

selection of candidate wells using the following criteria: 

1. The well was shifted from natural flowing operation to ESP 

operation. Prior to such shift they have performed formation pres-

sure measurement using BH pressure gauge, as the formation 

pressure value was determined by direct measurement.  

2. The well prior its brining to production level was mandatory 

killed by process well-kill fluid. This condition is necessary to 

follow so as to exclude the errors related to evaluation of fluid 

density along the well-bore.  

3. The well was brought to its production level while monitoring 

the dynamic fluid level decrease in annulus. 

4. The evaluation of formation pressure was done using the calcu-

lations based upon the plot showing the process of well brining to 

production level. 

The Results of Comparison are presented in Table 1. 

Table 1: Calculation Results for Formation Pressure 

Well Field Name Pay Reservoir Type 

Formation pressure, 
MPa Difference in pressures 

Pmeasured – Рcaclulated, MPa 

Relative  

tolerance, % 
Calculated Measured 

6 Barinovsko-Lebiazhinskoye Б2 Terrigenous 26.77 26.8 0.03 0.11 

8 Barinovsko-Lebiazhinskoye Б2 Terrigenous 26.62 26.80 0.18 0.67 

11 Rakovskoye В1 Carbonate 15.90 16.40 0.50 3.05 

15 Gorkovskoye В1 Carbonate 15.37 15.95 0.58 3.64 

16 Zapadno-Shyrochenskoye Д1 Terrigenous 33.90 33.30 -0.60 -1.80 

20 Zapadno-Shyrochenskoye Д1 Terrigenous 34.04 33.50 -0.54 -1.61 

20 Subbotinskoye А4 Carbonate 20.86 21.01 0.15 0.71 

32 Zimarnoye Д3 Terrigenous 28.53 28.88 0.35 1.21 

35 Sharlykskoye В1 Carbonate 22.28 23.02 0.74 3.21 

54 Grekovskoye Б2 Terrigenous 26.70 27.20 0.50 1.84 

63 Verkhne-Vetlyanskoye Б2 Terrigenous 28.13 28.80 0.67 2.33 

64 Alexeevskoye В2 Carbonate 27.10 28.00 0.90 3.21 

64 Evgenievskoye А3 Terrigenous 14.41 14.50 0.09 0.62 

102 Peschano-Dolskoye Б2 Terrigenous 27.23 26.10 -1.13 -4.33 

105 Zapando-Kommunarskoye Д2 Terrigenous 28.98 30.10 1.12 3.72 

170 Sudatovskoye Двч Carbonate 21.06 21.90 0.84 3.84 

301 Kuleshovskoye А3 Terrigenous 16.42 17.01 0.59 3.47 

483 Mikhailovsko-Kokhanskoye А0 Carbonate 14.34 14.08 -0.26 -1.85 

701 Kuleshovskoye А0 Carbonate 17.89 17.20 -0.69 -4.01 

978 Kuleshovskoye Д3 Terrigenous 28.26 28.90 0.64 2.21 

1119 Kuleshovskoye А3 Terrigenous 17.55 18.06 0.51 2.82 
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Results showing the comparison of measured and calculated for-

mation pressure by the wells of the oil fields of Samara Region 

have illustrated their high convergence. The relative error in eval-

uating the formation pressure through the use of proposed proce-

dure is within from – 4.33 % to 3.84%. The mean relative error 

makes -/+ 2.39% and follows the allowable limits (-/+ 5%). Figure 

3 presents graphical convergence of these results. 

 

 
Fig. 3: Measured Formation Pressure vs. Calculated Formation Pressure 

 

As is seen in Fig. 3 the dependence of measured formation pres-

sure versus calculated formation pressure is very close to equation 

y=x, that is another example of high convergence in results ob-

tained. 

The analysis of obtained results specific for each type of reservoir 

(Carbonate and Terrigenous) have not revealed the conformity in 

deviations between the calculated and measured results (Figs. 4 

and 5). This is the good evidence for applicability in evaluating 

the formation pressure using presented procedure, both for Terri-

genous and Carbonate reservoirs. 

 

 
Fig. 4: Measured formation pressure versus calculated formation pressure 
for the wells in Carbonate reservoir 

 
Fig. 5: Measured formation pressure versus calculated formation pressure 
for the wells in Terrigenous reservoir 

4. Conclusion  

1) The paper presents the designed procedure to evaluate for-

mation pressure using well data at the stage of brining a well to its 

production level. 

2) The procedure proposes to measure formation pressure only in 

wells equipped with ESP. 

3) The procedure may be used only in cases when the well was 

killed prior its brining to production level. 

4)The procedure was field tested at oil wells in Samara Region. 

The results related to the comparison of calculated and measured 

(by bottom-hole pressure gauge) values of formation pressure 

have shown that the relative error in evaluation of this formation 

pressure make -/+ 2.39 % (in average) and are within the allowa-

ble limits (-/+ 5%). 

Nomenclature 

pw - bottom-hole pressure, Pa 

pi – formation pressure, Pa; 

ρ(k.f) - kill fluid density, kg/m3; 

Hr - reservoir depth, m; 

Hd* - the dynamic level at which the reservoir fluid inflow starts to 

appear, m; 

t* - the time of inflow start, sec.; 

Рcaclulated - calculated formation pressure, Pa; 

Pmeasured - measured formation pressure, Pa; 

t1; H1 - coordinates of point 1, sec, m, respectively; 

t2; H2 - coordinates of point 2, sec, m, respectively; 

t3; H3 - coordinates of point 3, sec, m, respectively; 

t4; H4 - coordinates of point 4, sec, m, respectively. 

 

was field tested at oil wells in Samara Region. The results related 

to the comparison of calculated and measured (by bottom-hole 

pressure gauge) values of formation pressure have shown that the 

relative error in evaluation of this formation pressure make -/+ 

2.39 % (in average) and are within the allowable limits (-/+ 5%). 

Subscript 

ESP - electric submersible centrifugal pumps 

BH - bottom-hole 
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