Extensive Data Evaluation and Processing Before Pressure Transient Analysis
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Abstract
Pressure Transient Testing for measuring pressure variations in the reservoir with respect to time is problem due to recent gauges and recorders being highly sensitive and record ‘extra’ signals from the wellbore. The case study anomalous pressure signature was detected by critical graphical inspection: The data was plotted on strip charts (Cartesian plot of pressure versus time and semi-log plus type curve plot). It was not possible to draw a definitive conclusion between the two case effects (wellbore and reservoir effects), but the Pressure derivative plot was able to highlight the difference between the Phase redistribution effect in the test plot and a dual porosity case
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Introduction
Pressure Transient Testing (PTT) is measuring pressure variations in the reservoir with respect to time. Recent gauges and recorders are highly sensitive and they can record ‘extra’ signals from the wellbore. These signals mask some of the reservoir response, hence it is important to critically evaluate and scrutinize the data, before analyzing them in order to differentiate wellbore transients from reservoir transients. Analysis Methods, Wellbore Conditions, Effect of Reservoir Heterogeneities on Well Responses, Effect of Reservoir Boundaries on Well Responses, Multiple Well Testing, Application to Gas Reservoirs, Application to Multiphase Reservoirs (Dominique Bourdet 2002). Information obtained from flow and pressure transient tests in situ reservoir conditions are important to determining the productive capacity of a reservoir (Tayfun Tuna; Luigi A. Saputelli (2019). To this effect the reservoir engineer must have sufficient information about the condition and characteristics of reservoir/well to adequately analyze reservoir performance and to forecast future production under various modes of operation. The production engineer must know the condition of production and injection wells to persuade the best possible performance from the reservoir. Pressures are the most valuable and useful data in reservoir engineering. Directly or indirectly, they enter into all phases of reservoir engineering calculations. Generally accurate determination of reservoir parameters is very important. In general, oil well test analysis is conducted to meet the following objectives (Abdus Satter, Ghulam M. Iqbal, (2016):
• To evaluate well condition and reservoir characterization; 
• To obtain reservoir parameters for reservoir description; 
• To determine whether all the drilled length of oil well is also a producing zone; 
• To estimate skin factor or drilling- and completion-related damage to an oil well, based upon the magnitude of the da8 

Well test analysis provides information on the reservoir and on the well(9). Geological, geophysical and petrophysical information is used where possible in conjunction with the well test information to build a reservoir model for prediction of the field behavior and fluid recovery on different operating scenarios. HuiNong Zhuang (2013 showed that the quality of the communication between the well and the reservoir indicates the possibility to improve the well productivity. Usually, the test objectives can be summarized as follows:
1. Exploration well: On initial wells, well testing is used to confirm the exploration hypothesis and to establish a first production forecast: nature and rate of produced fluids, initial pressure and well and reservoir properties. Tests may be limited to drill stem testing only.(13)
2. Appraisal well: The previous well and reservoir description can be refined by testing appraisal wells to confirm well productivity, reservoir heterogeneities and boundaries, drive mechanisms etc. Bottom hole fluid samples are taken for PVT laboratory analysis. Longer duration testing (production testing) is usually carried out.
3. Development well: On producing wells, periodic tests are made to adjust the reservoir description and to evaluate the need for well treatment, such as work-over, perforation strategy or completion design, to maximize the well's production life. Communication between wells (interference testing), monitoring of the average reservoir pressure are some usual objectives of development well testing.(10)&
Theory
Pressure Recorders or Gauges are used in pressure testing, but sensitivity of a recorder or gauge is the smallest pressure which can be reliably measured by the gauges. Highly sensitive gauges, may exaggerate signal and insensitive ones may overlook pressure transients. Most of the gauges being used in the Oil Industry are the electronic gauges, because of its high sensitivity. Conventional method employed is VISUAL ANALYSIS, which involves the graphical inspection of temperature and pressure readings:(12)
i. Use of quick zooms at areas of interest
ii. Super-imposed curve display or multi-curve display
iii. Use of easy-to use software
iv. Level of experience in this area counts for Detection of Anomalies


Wellbore Phenomena 
The phenomena that occur at or near the wellbore has been termed wellbore phenomena or wellbore dynamics. Pressure Transient Testing (PTT) assumes the reservoir pressure is measured directly with the pressure recorders, but practically the pressure recorders are linked to the reservoir by means of the wellbore (since they are placed in the wellbore).(14) Therefore, the resulting reservoir response measured is a combination of wellbore and reservoir effects. It is possible to misinterpret these wellbore phenomena as reservoir characteristics such as depletion, boundaries conditions or dual porosity. Liquid interface movement occurs mostly during buildup, when the oil and water separate in the wellbore. The oil-water interface could rise above or below the gauges, making the pressure change during buildup erroneous. Leaks could be as a result of communication between long string, short string and casing or incompletely shutting the well in can be detected graphically when the rate of pressure increase is lower than the rate of leaks. More so by use of surface chart pressure to detect communication. In gas lift activities when gas lift operations occur simultaneously with BHP or any form of well testing, the effect of opening and closing gas lift valves is usually unpredictable and it is worse when flow is continuous. Other cases include gauge anomalies such as:
i. Gauge movements
ii. Oscillations
iii. Recorder Plugging
iv. Sensitivity problems

Methodology
Step 1: The data was plotted on strip charts (Cartesian plot of pressure versus time). Figure 1a/b shows a cartesian plot of test data and dual porosity case. Figure 2a/b shows Step 2: A semi-log plus type curve plot and Figure 3a/b shows   Step 3: Pressure derivative plots for the both cases  
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(a) The test data
	[image: ]
(b)  Dual Porosity


Fig 1: cartesian plot of test data and dual porosity
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(a) The test data
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(b) Dual Porosity


Fig 2: A semi-log plus type curve plot
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Fig 3: Pressure derivative plots of the both cases

Discussion
The case study anomalous pressure signature was detected by critical graphical inspection: The data was plotted on strip charts (Cartesian plot of pressure versus time). The pressure signals from the test data could be misinterpreted for a dual porosity reservoir case when as shown in steps 1 and 2.  The analyst may not be able to draw a definitive conclusion between the two case effects (wellbore and reservoir effects).  The Pressure derivative plot in step 3 was able to highlight the difference between the Phase redistribution effect in the test plot and a dual porosity case


Conclusion
Data pre-processing is a very significant component in Pressure Transient Analysis. Without critical inspection and evaluation of data, it may be almost impossible to conclude interpretations correctly. The Pressure derivative (PD) is an effective diagnostic plot for detecting wellbore dynamics; semi-log and log-log plot are also relevant. There is no hard-and-fast rule in data pre-processing, the basic rule is: “if it happens abruptly and without a clue, then it is not a reservoir effect”.

Recommendation
Smoothing of data should be done with a lot of caution and care, Choice of smoothing algorithms used should be generic to the reservoir being analyzed and the inherent properties featuring in the reservoir
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