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Short Description

The goal of this paper is to illustrate how the multiphase flow software can be advantageously used for optimizing wet ...
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ABSTRACT On underground aquifer gas storages, wet gas and liquid water are both carried away by gathering lines from wellheads to gas treatment stations. Internal corrosion of these lines, due to liquid water, is the main time related damaging process. In order to develop corrosion integrity management plans, it is essential to identify the most likely locations of internal corrosion. Water accumulation is one of the most influential factors in assessing the corrosion threat along a pipeline. TM1



In this context, flow models implemented in OLGA software were tested with two field measurements performed on Gaz de France facilities and gave relevant answers on the understanding of the hydrodynamic in a wet gas gathering line. Moreover, a correspondence between the water accumulation zones predicted by the software and the corrosion zones measured by a detection pig was also clearly highlighted for one pipeline. The goal of this paper is to illustrate how the multiphase flow software can be advantageously used for optimizing wet gas pipeline design and increase water management on these gathering lines. Different works were made as the studies of pipelines diameter to minimize the presence of water in respect of pressure losses and gas velocities constraints. Another studies were consisted in compare results from simulations and experimental data concerning corrosion to improve inspections management plans. In parallel the round of manual purges, in respect of normal operation conditions, can be improved by analysing multiphase flow simulations prediction. Then, by strengthening data field comparisons, OLGA software results will help to reduce CAPEX and OPEX for the wet gas system sizing and operation strategies.
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INTRODUCTION In France, natural gas supply comes from various production companies through specific contracts called “take or pay” which impose customers to take a fixed and constant gas volume. That forces GDF SUEZ Group to strictly manage the amount of gas all over the year even during low periods (i.e. consumption is five times greater in January than in August). Thus, storages constitute a solution for natural gas surplus received during the summer which is stored in order to anticipate the gas supply during high consumption in winter. In order to manage this natural gas surplus GDF SUEZ operates several underground aquifer storages (Figure 1)



Figure 1: Schema of an aquifer storage



Under normal operating conditions, during summertime, natural dry gas is injected by compressor stations through wells drilled into the ground. During winter, the flow direction is reversed through gathering lines inserted between the storage (wells) and the gas de-hydration 1 treatment plants and/or gas compressor stations. In this case, gas phase is saturated with water caused by contact with the lower aquifer. In addition, liquid water is carried out by the flow from the 2 liner through collecting network, to liquid/gas separator (also called drips) (Figure 2). Moreover, depending on the temperature and pressure gradient in the pipe, some water may condense. This condensation increases the amount of liquid water arriving at the separators. These wet gas gathering lines are characterized by large seasonal variations of the gasto-liquid volume ratio with possible concomitant variations of the water composition (through variations of the condensing water/formation water ratio). These variations also come with seasonal reversal of the flow direction (injection versus retrieval regime), as well as some shutdowns periods between the injection and the retrieval periods. Contrary to gas transmission pipelines where liquid water contamination is episodic (dry gas), water gas ratio called WGR (Water Gas Ratio) is a key parameter which could not be neglected by operators on storage plants.
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Figure 2: Simplified description of the surface utilities, from the reservoir to the central processing facilities



Internal corrosion of these lines walls, enhanced by liquid water and wet gas, is the primary time related damaging process which may endanger pipe integrity. Besides, locating internally corroded pipe is all the more difficult as it requires internal detection methods. Thus, to optimize wet gas pipeline water management (and subsequent corrosion issues) and decrease water accumulation at low spots, multi-phase flow calculations (water and wet gas) are performed using 3 OLGA software . This tool was chosen because the implemented closure laws were validated 4,5 through large-scale laboratory results . Moreover, the models were continually improved through (2) 6,7,8,9 the OVIP project sponsored by eleven oil and gas companies.



FLOW MODELING AVAILABLE FOR WET GAS GATHERING LINES: COMPARISON BETWEEN SIMULATIONS AND MEASUREMENT DATA Two tests were made to evaluate the software efficiency by simulating correctly the multiphase flows in gathering pipelines. Simulations results were compared with field measurements performed on GDFSUEZ storage (named storage A). The first test was a progressive increase of the gas flow rate and the second one was an abrupt increase of the gas flow rate. The results are summarized on the following figures. Because the water volume on drips cannot be easily known (between 40 l and 70l during the draining), this water volume is counted on sites by considering these two limits (Fig. 3 and 4).
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Figure 3: TEST 1 - Simulations results compared with experimental data. This graphic represents the gas flow rate and the water volume at the drips versus time



Test 2 - 14/03/2006 - Storage A Gas F lo w ra t e Wa t er arriv al at t he se pa rat o r ( hyp : s urge vo lum e = 7 0 l)
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Figure 4: TEST 2 - Simulations results compared with experimental data. This graphic represents the gas flow rate and the water volume at the drips versus time



The test 1 (Fig. 3) confirms that simulations results are in a fairly good accordance with the water arrivals measured in these conditions: •



No water was collected at the separator during the 9 first hours of the scenario



•



Starting at 9 hours, the amount of water lies between the two limits given by the hypothesis on the purge volume (40l and 70l)



The test 2 (Fig. 4) shows that: •



For a chosen WGR (Water Gas ratio) of 2.2 g/(n)m (n means standard conditions at 0°c and 1 bar) the timing of the water arrivals in the separator corresponds to these predicted on the gathering line as a consequence of the abrupt increase in the gas flow rate. However, the amount of total water arrivals predicted by simulations at the separator for this case was 200 L, which is less than the water arrivals measurements based on a minimum purge volume of 40 L (280 L).



•



For a WGR equal to 3 g/(n)m , the arrivals of water predicted with the separator are closer to reality. In fact, simulation results have predicted a total of 300 L of water upset. This is in between the two estimated water volumes: 280 L and 480 L.
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Therefore, the simulation results and the measurements on site are coherent. The 3 dynamics of physics are well retranscribed. The actual ratio ranges between 2,2 and 3 g/(n)m , which is consistent with the geologist’s estimations (Exploration & Production department of GDF SUEZ). Conclusions: The two scenarios tested in the field confirmed the accuracy of OLGA software concerning the hydrodynamic in a wet gas gathering line. These two experimental studies made GDF SUEZ confident in the use of OLGA software to optimize wet gas pipeline water 10,11
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FLOW MODELING TO IMPROVE PIPELINES INSPECTION PLANS: COMPARISON BETWEEN SIMULATIONS RESULTS AND CORROSION MEASUREMENTS In order to develop corrosion integrity management plans, it is essential to identify the most likely locations of internal corrosion. Water accumulation is one of the most influential factors in assessing the corrosion threat along a pipeline. Thus, if comparisons between multiphase flow simulations (to predict water accumulation) and corrosion default measurements give accurate results, simulations will allow to decrease inspection costs focusing only on critical points (or corroded parts of pipes). Corrosion measurements along a whole pipe were been made with detection pig on another aquifer storage named B. The figure 5 represents the corrosion defaults position on the pipeline circumference. These data were compared to simulations results (i.e. water accumulation along the pipeline) for different scenarios of gas production (Fig. 6). Several comparisons were made for different pipelines profiles.
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Figure 5: Pipe 1 - Position of corrosion defaults on the circumference. The colour represents the corrosion default depth



Corrosion measurement along pipe 1 versus OLGA results Psep = 80 bar, Q = 7000 (n)m3/h, WGR = 50 g/(n)m3
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Figure 6: Pipe 1 - Corrosion measurements along pipe versus water hold-up predictions (which indicates water and gas distribution across pipe section)



Profile elevation (m)



Water Hold-up, Corrosion Depth (%)



80 100



The Figure 6 shows that accumulated water zones predicted by the software correspond to zones where the corrosion defaults are important: •



3 main peaks of corrosion can be identified. These zones correspond of permanent accumulation of water predicted by simulations



•



3 peaks on 6 (50 % of peaks) are predicted



•



the area impacted by high level of corrosion corresponds perfectly where continuous water accumulation is foreseen by software



Conclusions: In case of technical limitations, it will be possible to decrease the costs of inspection by building arguments strengthened by an analysis of various feedbacks to avoid the administrative constraints.



GDF SUEZ METHOD TO IDENTIFY CORROSION RISK ON WET GAS PIPELINES A study was carried out using OLGA software to identify the risk of corrosion along several pipelines on storage B. This method allows operators to improve inspection management and reduce the costs due to corrosion detection methods. Three levels of risk have been defined in agreement with the storage operator: • • •



risk 0 : where there is no accumulation of water, risk 1 : where there is water transient accumulation due to gas flow rates, which sweeps the water along the pipeline (maximum gas flow) risk 2 : there is constant water accumulation for any operating gas flow rate
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Figure 7: Simulation results for one profile. The level of risk can be identified on the pipe. According to the time of wetness in pipes, the type of purges along the profile can be advised



An example of results is shown on the figure 7. This graphic represents a particular topographic profile due to the presence of a hill. Indeed, on these pipelines, water carried out by the wet gas tends to accumulate along the hill. Thus, the risk of corrosion is very high in this area (red part of the profile between the two vertical dotted line on the graph). The studies show that, at the bottom of the hill, an automatic purge (natural separator) must be installed whereas in top of the hill only manual surges equip the low spots are needed. The installation of an automatic purge at the bottom of the hill allows to reduce seriously water volume in the pipe on the higher part of the hill. Then, the risk of corrosion will decrease seriously. By considering an automatic purge located at the bottom of the hill with an efficiency of 95% (reduction of the WGR value in simulations), new simulations were realized to evaluate the number of days where water can be accumulated at low spots downstream the hill. An example of results is shown on figure 8.
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Figure 8: – Operating conditions (P,Q) for season 2004-2005, storage B and accumulation conditions



In parallel, the time of wetness in the gathering lines can be identified. If this time is short according normal operating conditions, new recommendations can be made to remove manual purges at these low points. Moreover, only one separator can be installed for two or three pipes before gas treatment station. Conclusions: the inspection strategy of gathering lines was optimized by evaluating a relative time of wetness in the gathering lines. This work allows to reduce operating costs by decreasing the number of inspections and the number of manual purges along profiles where no water accumulation is predicted. At least, concerning the new pipelines, the number of manual purges can be reduced (lower CAPEX & OPEX).



OPTIMIZING WET GAS PIPELINE DESIGN TO IMPROVE WATER MANAGEMENT Flow modeling was used to determine the optimum diameter of new pipes on storage B. The goal of this work is to determine the diameter for decreasing water accumulation in pipes according to the operating condition (mass flow rate, water gas ratio, …). Two internal diameters (Fig. 9) were considered in our simulations (DI = 150 mm and DI = 200 mm).



DI = 200 mm



DI = 150 mm Figure 9: Influence of the internal diameter value on water accumulation for a chosen scenario. The blue colour represents the water holdup along the profile



The figure 9 shows that the water volume is low when the diameter of the pipe is equal to 150mm. Parametric studies for three representative profiles have allowed the comparison of the various pressure losses obtained for either DI150 or DI200. The table 1 summarizes the results of multiphase flow simulations for one well and for the worse gas extraction conditions measured on sites



Synthesis



DN150



DN200



Max pressure loss (bar)



5.4 8.1 9670



5.6 5.3 22600



Max gas velocity (m/s) Max water volume (L)



Table 1: Synthesis of the analysis for well 1, Storage B



A DI150 pipeline creates an acceptable pressure loss for all considered scenarios and an acceptable fluid velocity due to acoustic constraints. Moreover, for all the considered cases, in steady state mode, the quantity of water is considerably reduced in the pipeline. This study validates the sizing of the new pipelines in DI150, minimizing the presence of water in the gathering lines. Conclusions: The reduction of the pipe diameter allows to reduce:



• • • •



The risk of corrosion related to the presence of water The risk of hydrates formation, because hydrates formation is partly due to the presence of water in the network Slug low risk which can damage surface utilities The installation of surge points because water is continuously carried away through the pipe



CONCLUSIONS Two experimental studies on storage A made GDF SUEZ confident in the use of OLGA software to model water gas flow and validated its use to optimize wet gas pipeline water management. Comparison of corrosion measurement data along profile versus OLGA water accumulation prediction results for one pipe of storage B gave good results. Then, studies were made to evaluate the risk of corrosion on several pipelines. Moreover, the evaluation of the time of wetness allow to determine the type of purges which must be installed on new gathering lines. At least, the optimum diameter on new pipes can be determined to reduce drastically the amount of water in respect of pressure losses and gas velocities constraints. Thus, having a good understanding of hydrodynamic flows on collecting network based on OLGA results will help to reduce CAPEX and OPEX for the wet gas system sizing and operation strategies, which is completely new for the operator.
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ANNEX 1: MODELING TOOL DESCRIPTION OLGA software is a simulator for the engineering of water, oil and gas flow of oil, in wells, pipelines, and receiving facilities. The OLGA model was first described by Bendiksen et al and is a two-fluid model which solves separate continuity equations for gas, liquid bulk and liquid droplets, two momentum equations for gas, together with possible liquid droplets, and a separate one for liquid film at the wall, and at last one energy-conservation equation for the mixture of gas and liquid. 12 This tool has been chosen because the implemented closure laws were validated through largescale laboratory results and field data. Moreover, the models have been continually improved (3) through the OVIP project sponsored by eleven oil and gas companies. TM4



A fluid characterisation is necessary to fluid flow simulations. The PVTsim package from Calsep is used within the OLGA Software Suite and provides capabilities for fluid flow with the Peng-Robinson (PR) equation.
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