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Abstract. The application of light fluid system for hole cleaning in the past has been restricted to drilling and completion operations.  This work describes a one year investigation of wellbore sand cleaning at Binagadi field in Azerbaijan.  Aerated water was used in sand cleanout with emphasis on improved sand is to suspension and transport.  A total of 56 sand plugs were cleaned with aerated fluid and 74 non-aerated in 56 wells.  The objective of this work is to study the effect of aeration on sand cleanout operation in sand producing wells for a pressure depleted field. The effect of aeration on sand related workovers has also been studied.  Well production data were reported on a daily basis through an automatic data-transfer system.  As a result of this field, it was concluded that aeration helps to reduce lost circulation and greatly improve the success of sand cleaning.  Aeration coefficient increases with the decline in reservoir pressure.  Reservoir pressure decline is expressed as current reservoir pressure expressed as percentage of the hydrostatic pressure. Aeration coefficient from 18 to 40 m3/m3 corresponding to reservoir pressure decline of 20 to 5:1 are considered in this paper.  Aerated sandwash can be applied in field produced by artificial lift methods when sprouting does not occur and in wells that have small standing fluid columns. 
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Introduction

Examples of aerated washover field application results and candidate-well evaluations are presented.  The potential consequence of sand production depends on the area, from reservoir to surface installations, and export system.  Productivity and reserves are lost, equipment fail because of erosion and sand accumulation cause control equipment malfunction as well as unscheduled shut-downs.  Sand production philosophy is based on operation, safety, environment, economics and technical considerations [1,2].  Sand flow rate depends upon three factors: (1) how much the well pressure is reduced below the critical sand production pressure, (2) fluid flow rate and viscosity, and (3) cementation [3].  Many studies have been concentrated on developing terminal velocity equations for proper hole cleaning [4,5,6,7], but studies on air and foam applications, as 

the circulation fluid, are insufficient.  An earlier laboratory investigation [8] of aerated cleanout of wellbore sand scaled to field and well conditions, showed that production tubing can be cleaned below the perforated interval.  The period between workover would therefore be increased by the light fluid, and aeration improved the carrying capacity.  In the present study, field applications were conducted on a sandstone formation in an Azerbaijan pressure-depleted field.  The test was used to compare and further strengthen simulated results obtained under laboratory conditions.  Aerated cleaning is a simple, economic, and efficient way to wash sand from wellbore  and restore or increase oil production.

Production History and Data


The Binagadi field was developed, drainage points provided on the A and B sands, waterflooded from January 1960 to August 1968.  The effective formation thickness is 26.1m, with an initial porosity of 0.25, permeability of 76 mD, saturation of 0.75, initial reservoir pressure 61 atm, formation temperature of 280C, formation volume factor of 1.059, and an areal extent  of 89 hectres.  The crude oil properties were density at the surface of 0.908 and 0.870 g/cm3 at reservoir condition, viscosity at surface condition of 41.91 cP and reservoir condition of 11.5.  The non-Newtonian crude oil contained 23.5% of resin and the GOR was 24.1x10-3/m3.  The petroleum gas contained largely methane (81.19%), 15.19% carbon dioxide with other gases as trace and the relative density of the gas was 0.733.  For the formation water: the density was 1.0137g/cm3, acidic (30.37cm3 of HCI), hardness of 63.27, the anions were chlorides and cation was sodium.  In 1972, the oil in place was 449 6x106 and recoverable reserve was 1768x106 m3  and the recovery factor was 0.40.  In 1993, yearly oil productions was 10x106 m3, recovery factor of 0.7, water production of 3.2 x 106 m3,   gas-oil ratio (GOR) of 213.3 x 103 m3 per year, average reservoir pressure from the external boundary of 7.6 atm, number of wells is 55, water injection was 17.6%  of produced water.  The number of wells in the layer A was 8, porosity was 17 to 30%, with an average of 23%, permeability was 11 to 335 mD with an average of 76 mD, oil saturation of 75%. Binagadi south multi layered (A and B) field, and particularly reservoir A4, A2 and A1 are studied to improve their production capacity.  Sand consolidation using a 3:1 ratio of sand/cement slurry increased daily oil production by 600m3. The average daily production was 400m3.

Description

Correct field procedures are a must in optimizing operations.  Two different fluids, water and aerated water of different degrees of aeration, were applied. Fluids penetration into the formation influences production start-up after cleaning. Usually, circulation fluid is selected based on formation of pressure to avoid blow out, rock properties to improve adhesion and produced fluids characteristics to enhance slurry transport capacity.  Coiled tubing (CT) and high pressure low volume pump units (350 Horse Power) were hooked up on the Christmas tree top string in a “Y” connection, to stabilize it and avoid sudden pressure increase or blowout.  Further connections for air tight wellhead were made from the bean box to accelerate the circulation process, to a crude oil tank.  Lines, stripper, pipe, blind rams and CT unit were pressure tested to 5000 psig for 15 mins. and recorded on chart.  The annulus was topped up with causticized inhibited water and CT run to resistant depth.  The 1-in (24.5mm) wash pipes have been attached to them, at the lower ends, 12-37mm diameter bit-type and pen muleshoes to cut thick sand plugs and improve fluid fracturing or flow velocity.  To avoid tool sticking and pressure increase at pump-discharge, the pipe nozzle was maintained at a depth of about 10-15m above the sand.  A mobile compressor supplied air to the aerator used to pre-form aerated fluid at the surface, instead of in-situ aeration, to control the fluid parameters such as density and viscosity.  The air mixing rate was 25 to 500 scf/min.  For compatibility, produced water from the field was circulated and dirty water received at the waste pit via adjustable choke.  When flow performance was satisfactory, the CT was pulled out of hole slowly.  The rate of aerated fluid lifting was reduced to 100 to 150 scf/min and eventually to zero when sand was completely lifted out of hole.  The A3 sand was produced clean on bean 20/64-in.  Injectivity test was carried out with rates and pressures recorded.  The cleanout job was usually completed in one or two days.

Water and aerated fluid were circulated mainly by direct (circulation fluid pumped into the wash-pipe and the slurry recovered from the annulus between this pipe and the tubing) and a few by reverse or conventional methods.  Direct method is very slow and may not lift large diameter sand particles or may require large volumes of fluid [6].  For the pressure depleted reservoir (at late production life), as it is expected, reverse circulation is almost not in use.  Water was circulated by direct method at 8 barrels per minute (BPM) and 77 bbls pumped.  The hole was cleaned out as fast as possible at a maximum surface pressure of 2500 psi on a 24/64-in bean.  Cleanout of a sand column of 20ft (60.96cm) was completed in two days.  The well was put on test and produced till the following morning. 

Cleanout Evaluation

The highest number of sand wash by water-circulation of 182 was carried out on the sand A3 and then 39 on B, 22 on A5  and 16 on A6.  Cleaned sand-column thickness ranged from 32.6 to 113.9 m, and the percentage of the perforation covered with sand from the lowest opening of the perforated interval is 35 to 226.  Sand production of the 43 wells was caused by high water-cut of 85% (water drive) for 8 wells (No. 1059, 1309, 522, 11617, 1496, 302, 1781 and 1597), the age of the reservoir (toward abandonment) for 17 wells (No. 1300, 1484, 1153, 1072, 2313, 2213, 579, 1169, 2265, 2145, 1497, 585, 490, 874, 1311, 2163 and 1993), the technical conditions of downhole tools which constitute 40% (Wells No. 585, 490, 874, 1311, 2163 and 1993), downhole and plunger twist, pump problems for 13 (Wells No. 406, 532, 1517, 1156, 1560, 413, 737, 2032, 1560, 1311, 2266, 386 and 3242).  A3 is evaluated, since more wells in this reservoir were sand-cleaned.  Fluid communication was discovered during routine mechanical integrity tests.  Sanding wells were mostly found just below and between the faults which divided the field into four blocks.  The average reservoir depth is 686m, perforation interval is 6m, and the average well depth is 535m. On the 23 sand producing wells, 387 workovers were carried out: 182 sandwash which  constitute 47% of the workover jobs.  Only 11 wells had downhole installation of any kind, such as gas anchors, special filters (gravel pack, etc.) and liners.  Wells producing water were classified as follows:  Egde-water from adjacent beds (No. 875, 2265 and 1169), water from the same oilsand (No. 1496, 2212, 1498, 1781, 1560 and 2266), top and bottom tectonic waters (No. 413, 1059, 1072, 1311, 2233, 2240 1309, 737, 579 and 302), bottom-water (No. 874 and 1993).

A 45m sand plug was cleaned 26 times, a 65m plug for 22 times, 15m for 23, 75m for 8, and 125m for 6 cleanouts.  Wells that had 50% of their perforated zones covered with sand were 48, 75m were sand washed clean 16 times, while 225m of sand washed for 9.  In 1997 for the B reservoir, the average completed-zone covered was 78 percent.  In general, most of the wells did not produce sand in their first ten years of production, with initial oil production of 800m3/day and current rate –tonnes 600m3/day, but fieldwide oil rate reduced.  Internal gravel pack (IGP) was installed across the sand after sand wash and consolidated with Eposand – 112.  Wireline run indicated that the tubing was sanded up above the XN nipple.  Sand was cleaned out to free tubing of sand and bring back the interval on stream.  Acidizing among other stimulation treatments was carried out to clean the perforation of any debris.  Choice of method usually depends on economics, completion details and reservoir geology.  Cement had earlier been squeezed to shut off water.  As with any general designing, “best judgement” modifications and adaptations must be made to fit individual field conditions.  Aeration is regulated by corresponding valves and where pressure is depleted, cleanout experience on this field shows that for a formation pressure relative to the hydrostatic pressure (%) of 50, 33, 20, the following corresponding air/water aeration coefficients (m3/m3) of 18, 25 and 40 are recommended. These values are very good for depletion drive reservoirs.  

In 1997 at the company “Kirovneft” there were 56 wellbore sandwash operations, the project economics was evaluated by [9]:

E
=
(C1 – C2) A




----   ----
       (1)

where, E is the annual economic effect ($)


C1 is the initial production cost of oil and gas ($)


C2 is the oil and gas production cost after aerated sandwash ($)


A is the total annual aerations or well-operations (unitless)

The economics (from Eq. 1) is made up of three components:

a) Downtime cost implications because of production loss and rig-time, as in Eq 1:

[(18.3x82.5) – (15.2x114.6)]x56 = (1510 – 1742)x56 = -$13002

where (From Table 2), 

18.3 is duration of one workover without aeration (hours)

15.2 is duration of one workover with aeration (hours)

82.5 is cost of one rig-hour in 1997 for wellbore sand wash with water ($)

114.6 is cost of one rig-hour in 1997 for wellbore with aerated fluid ($)

56- No. of well-operations (A) 

b) Increase in workover life, as in Eq 1:


365  -  365    x 15.2x12x114.6
= +$32459

58        77      

where, 58 is workover life of wells with water only (day)


77 - 

“
“
“
aerated fluid (day)


12 is relative number of wells sand cleaned per year i.e [56/(365/77)]

c) Cost benefit associated with production increase as a result of reduced rig-time and extended workover life, as in Eq 1:

(36/58x18.3 – 365/77x15.2)x12  x 1.1x116.7 = 528/24x116.7 = $2881   
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Where, 1100m3 is the average daily production rate, as shown in Table 2.

116.7 – relatively constant costs to product 1000m3 of crude oil

Total change in the cost of one well becomes

32459 + 2881 – 13002
=
$399

56




Annual economic effect is 32459 + 2881 – 13002 = $22,338.

The payout time in years, for the programme is given as

Investment – Benefit

     

  Benefit

  
Payout time =  - 13002 – 22,338
= 0.42years (about 5months)




    22,338


Results and Data Interpretation

The oil, water and cumulative production rates from an automatic data-transfer system are given in Table 1, for different wells.  55 wells with sand plugs were washed clean with and without aerated fluid, where some had multiple washing for the year.  The number of well workovers related to sanding, fieldwide, using aerated fluid was 56 and with just water was 74; duration of each workover (rig-time) for aerated fluid of 854.5 hrs. and for water was 495.0 hrs; total time wells produced when aeration was used to sandwash was 4310 hrs and with water was 4271 hrs. and average daily production rate was 53.2x103m3 of oil for all the wells.  Hence the average time spent on sand cleanout with aerated fluid was 854.5/56 = 15.2 hrs and with water was 495/27 = 18.3 hrs.  The worker life with aerated sand wash was 77 days and without aerated fluid was 58 days; and the average production was 1.1 tonnes per day.  The 24 wells out of 56 cleaned, presented in Table 2 were randomly sampled and not chosen according to any pattern or considerations.  The well production time was calculated as the period between aerated sandwash and the next workover, related to wellbore sandwash (sometimes called the “workover life”).

Production start up time for water-free oil production, after workover, was an average of 1 to 2 days for aerated and 3 to 4 days for non-aerated (i.e., just water alone).  Success of the program is based on (1)  increased oil rate, (2) workover life, (3) downhole pump efficiency; and (4) reduced water and gas-cut.  Optimum oil production is a balance of desired parameters and negative effects.

Conclusions

An aerated washover project in the pressure-depleted Baku sandstone Binagadi-south field is documented, to confirm earlier laboratory design and analytical investigations, for production performance and project economics.  The following can be concluded:

· Aeration fluid circulation to clean wellbore sand increases oil production (from 0.8 to 1.1 x 103m3/day per well for this field).

· 50 – 60% optimum aeration of produced water increases the carrying capacity of the fluid and corresponds to a decrease in downtime of about 0.2.  The sandwash average rig time for the field is 15 hours for aerated and 18 hours without aeration, respectively. Aeration coefficients of (air to water volumes) of 0.18, 0.25, 0.3 are recommended for formation pressures of 50, 33, 20% relative to the hydrostatic pressure.

· Direct fluid injection into a wash-pipe to recover slurry from the annulus should be employed for all reservoirs close to abandonment.  This is particularly so when pumping system is used to produce the crude oil.

· Aeration improves the workover life of a well as tubing length below the perforation interval is properly cleaned.  At the Kirovneft field for 55 sand-plug cleanout, with aerated sandwash the workover life was 77 days and non-aerated  was 58 days.  
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الخبرة في تنظيف الابار من الرمل بواسطة مزيج هوائي في حقل بنغاده

دلا اباه

قسم هندسة البترول والغاز- جامعة بورت هاركرت – هاركرت- نيجريا

( استلم في 30/07/2001م،وقبل للنشر في 08/02/2004م )
ملخص البحث. اقتصرت تطبيقات نظم الموائع الخفيفة لتنظيف الابار في الماضي على عملية الحفر وتهيئة الابار. يتضمن هذا العمل على وصف تنظيف الابار من الرمل من حقل بنغاده في أذربيجان. أستخدم الماء الممزوج بالهواء لتنظيف الابار من الرمل مع التركيز على تحسين عملية تعليق ونقل الرمل. وقد نظفت 56 سدادة رمل بالموائع الممزوجة بالهواء و 74 بموائع غير ممزوجة بالهواء في 56 بئراً. ويهدف هذا العمل على دراسة اثر مزج الهواء على عملية تنظيف الرمل من ابار منتجه رمل مصاحب  بحقول متناقصة الضغط. كما تم دراسة اثر مزج الهواء على إزالة الرمل في عملية إصلاح الابار. وقد كانت تُسجل نتائج إنتاج الابار يومياً من خلال نظام أتوماتيكي مباشر.  وقد استنتج من هذه الدراسة إن مزج الهواء ساعد على تقليل فقدان الدوران وساهم كثيراً بنجاح عملية تنظيف الرمل وقد زاد معامل مزج الهواء مع نقصان ضغط المكمن وقد عبر عن نقص ضغط المكمن بالضغط الحالي للمكمن كنسبه من الضغط الهيدروستاتيكي. وقد اعتبر في هذا العمل معامل مزج الهواء من 18 إلى 40 م3/م3 الناتج عن نقص ضغط المكمن من 20 إلى 5,1 . يمكن استخدام مزج الهواء في الحقول المنتجة بالمضخات  بالإضافة إلى الابار التي تكون فيها أعمدة السوائل قصيرة . 
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