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1- Introduction

When the flow efficiency in a heterogeneous carbonate reservoir decreases due to formation damage, production
engineers try to improve the well's productivity through proper remediation and stimulation. Acid injection into
the damaged formation should be performed below the formation fracture gradient known as matrix acidizing
(Huner and Pshtiwan, 2018). However, performing matrix acidizing in long slanted wells drilled in multilayer
carbonate reservoirs is difficult. Thus, to ascertain the uniform acid dispersion and skin removal in such
reservoirs, proper acid diversion will be critical in matrix-acidizing jobs. In this paper, the main objective is to
evaluate the performance of matrix acidizing for each reservoir layer in a gas-condensate carbonate reservoir by
using the results of two sets of diagnosing data, including production logging data, well test data, and surface
well-test data, which had been performed before and after stimulation job in the subject well.

Furthermore, to analyze the wells test data, only periods with constant rates are usually used in wells test analysis
because the measured pressure response corresponds to the fluctuated or variable rates. The deconvolution
technique offers a solution to overcome this issue through converting the whole test periods into a constant-rate
pressure drawdown (lIk et al., 2005; Gringarten, 2008; Liu et al. 2017), which has been used in this study as well
to use the data of the whole test (drawdown and buildup). The pressure deconvolution model is given by this
well-known convolution integral (Ecrin 4.30 tutorial):

p: —p(t) = [, qle — 1) —p' (O dt (1)

Where p(t) and q(t) are the observed pressure and rate respectively and, pi is the initial reservoir pressure. The
deconvolved curve py(t) corresponds to the constant-rate pressure response.

2- Methodology

This paper used Ecrin-Saphir and Emeraude to interpret well-testing and production logging data, respectively.
The data were taken from a slanted well in a giant gas-condensate carbonate reservoir in the Persian Gulf. Two
sets of diagnoses using PLT data, pressure transient data, and surface well testing have been performed in the
well, before and after matrix acidizing job.

Usually, surface well testing is performed as a common practice to evaluate the performance of acid treatment
job, which allows engineers to calculate the improvement of wellhead flowing pressure (WHFP) and total
productivity index (PI) using a wellbore performance relationship (WPR). However, the case would be
complicated when evaluating stimulation job efficiency in a multi-layered reservoir is the target. As a result, it is
necessary to conduct the single-layer well-testing job to achieve each reservoir layer properties, including skin
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factor (S), kh product, and initial reservoir pressure (Pi), which would be very time consuming costly. Hence, to
meet those requirements, the production logging (PL) combined with commingled pressure transient data has also
been carried out in the subject well before and after the acidizing job. Then, the PL interpretation outputs and
Selective Inflow Performance (SIP) analysis results (production/injection contribution and average reservoir
pressure of each layer, respectively) were used as the inputs for PTA, which enabled us to conduct a thorough
multi-layer analysis. In conjunction with other complementary data, the PTA-PLT interpretation results provided
the ability to investigate the effectiveness of matrix-acidizing treatment or the quality of acid placement for each
layer. Besides the pressure-derivative method, the variable-rate deconvolution approach was also applied for PTA
to achieve much more reliable results, better understand reservoir behavior, and identify possible boundary-
dominated effects in the subject.

3- Results and discussion

According to pre and post-acid diagnosis results, Pl and WHFP for each layer (three-reservoir layer) improved
very well. However, the bottommost layer with higher average reservoir pressure has been influenced
significantly. After acid treatment, the Productivity Index for Layer 3 had enormous improvement by fifteen
folds. However, it increased double in the other two reservoir layers, as plotted in Fig. 1. Considering
deconvolution analysis results, it increased the range of pressure data available for PTA, which helped to see the
effects of boundary dominated flow regime and two-radial-flow stabilization with different kh and skin effects
post-acidizing deconvolved derivative. However, it did not observe a Log-log pressure derivative.
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Fig. 1. Multi-layered Productivity Index (P1) results from Selective Inflow Performance analysis (Before and after
matrix-acidizing job).

3- Conclusions

1. The results indicated that after the acid treatment job, the WHFP was improved around 623 psi at a constant
rate and the total Pl increased by three folds. Furthermore, the PI of the bottom-most layer improved by a factor
of 15, and the other two layers by a factor of 2.8 approximately. Hence, it demonstrated that the treatment job has
successively improved well's performance.

2. Acid has done an excellent job overall with the well's production improvement; however, most acid-treated
Layer 3 has the highest pressure.

3. Conducting integrated acid treatment evaluation in a multi-layered carbonate reservoir using PL interpretation
outputs, SIP analysis and, PTA at the same time saved a large amount of cost and time to obtain each layer
parameters through performing single-layer wells test analysis.

4. Among other benefits of the deconvolution method, the deconvolved derivative provided us with time
extension /more data range for interpretation, around 31 and 62 hours for pre and post-acid PTA, respectively.
Meanwhile, the pre and post-acid build-up duration were only around 14 and 17 hours.
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5. Combining different data sources for interpretation helped to achieve more confidence in findings, and it
suggested that acid job needs to be improved from diverters and gels application point of view to allow other
shallow layers to contribute to flow that can be an outstanding lesson learned.
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Fig. 1. The workflow of evaluation acid treatment performance in a multi-layered reservoir using PLT-PTA-surface

testing data gathering and interpretation from well A, pre and post acidizing jobs.

Slles joligibse o Sloe Silo ol S50 5l am ol slo el )b
..\...:Ls‘sn RV oL> ) Q.S“‘J)JLA 6)UM|
Slhlas S50 olr iz oyl Olpnks b dse Oliee

5 Lid clail o ale oo b i AOF Jols o 5le s Sursud
ol 00 dju \ o)l.o...'f; de.? e Ao )5104. ‘JS R0 uaDL.u

1- Absolute open flow

S amol 31z g Jud Ml BT g lid gy 0 3 Sy
P o Slialel gl

Slislesl slaesls 51 Lol> (WPR) ol 0, Slas jloged 3JUT
SLad sl o 8ol Oldes slyzl 5l o as ol las al>w
5 a1
3 IS @00y pasle (Y JS8) c8b sl Gepdp) g, 50 caSe
abaxde ¥ Ss jo oSG jshilen 10,8 oy o138l ol a dgas 5 ol
Slpes ol ply 8l alS VY sgue 4 jlid colail e 09l o0

ol g0 50 L FY) 6L £YY og0 ol L >

A¥¥



N/

¥ ojlad V) 0ye0 VFe o i) i SO oS ey T Y,

WPR (Wellhead Performance Relationship)
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Fig. 2. The comparison of WPR (before and after matrix-acidizing) according to surface well-testing.
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Fig. 3. Well parameters including WHFP, drawdown, and total Pl calculations at the constant flow rate 100
MMSCEFD based on surface well-testing results (before and after stimulation job).
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Table 1. The improvement of well parameters at the constant rate 100 MMSCFD, after stimulation.

Well Status AOF (MMSCFD) WHFP (Psi) Drawdown (Psi) | Total PI (MMSCFD/psi)
Pre-acid 151 1973 870 0.12
Post-acid 228 2596 305 0.33
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Fig. 4. The pressure history plot for pre-acidizing PTA in well A.
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Fig. 8. Comparison of all shut-in and flowing surveys from PL, both pre- and post- acidizing jobs (fig a and fig b,
respectively). Red color (shut-in), blue color (minimum flow), green color (moderate flow), and pink color

(maximum flow).
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Fig. 9. Multi-layered downhole zonal contribution based on PLT maximum flow rate (before and after matrix-

acidizing job).
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Fig. 10. Downhole flow rate of each reservoir layer during shut-in and flowing conditions (before and after matrix-

acidizing job).
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Fig. 11. Down hole flow rate Contribution (%) for each reservoir layer during shut-in and flowing conditions
(before and after matrix-acidizing job).
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Table 2. The comparison results of downhole flowrate for each individual reservoir layer during shut-in and all

flowing conditions, before and after stimulation job.

Layer 1 Layer 2 Layer 3
PL Survey Flowrate (MSCFD) Flowrate (MSCFD) Flowrate (MSCFD)
Pre-acid Post-acid Pre-acid Post-acid Pre-acid Post-acid
Shut-in -7200 -18500 -7500 -12500 14700 31000
Flow 1 13000 -12500 6400 -16500 23500 54500
Flow 2 21000 -7000 14000 -9500 29600 69500
Flow 3 - -4000 - -5000 80500
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Fig. 12. Multi-layered Productivity Index (PI) from Selective Inflow Performance analysis (Before and after
matrix-acidizing).
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Fig. 13. The down hole pressure improvement based on Stationary measurement points from PLT in Flowing
conditions (Before and after matrix-acidizing job).
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Fig. 15. Pre-acidizing PTA in well A: (a) The pressure and pressure derivative log-log plot, and (b) The boundary

dominated effect on deconvolved derivative.
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Fig. 16. Post-acidizing PTA in well A: (a) The pressure and pressure derivative plot, and (b) Two redial composite

zone on deconvolved derivative.
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17. The kh product and skin factor effect results for different reservoir layers, before and after matrix-acidizing
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Fig. 18. Multi-layered IPR using Selective Inflow Performance analysis (before and after matrix-acidizing job).
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2- Isolated acidizing
3- Diverters and gels application
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1- Single layer Drill Stem Test (DST)
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