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Subject: Evaluation of Baroid’s mud testing for exploration well-1  

General.

Baroid (Halliburton) has been requested to formulate suitable water based drilling fluid for exploration well-1. A large number of scouting mud heating tests were carried out with varying water based mud formulations at two temperatures: 182 and 205 oC. 

De testing method was primarily based on the hot rolling test procedure. After cooling standard measurements of mud properties (PV, YP, Gel 0/10’) were conducted at 120oF except for the HPHT fluid loss (30 min), which was measured either at 182 or 205 oC. 

In addition to the above standard test the degree of settling of weighting material was also measured. For mud performance evaluation only the percentage settling in the top layer was taken into account.

Findings.

The first series of test results were reported earlier on. The main purpose of these tests was to screen potential mud formulations that could be used under the well conditions anticipated in exploration well-1: SBHT of 182 oC. 

One of the most critical parameters in using a WBM system at temperatures exceeding 150 oC is the degradation of the polymers that may lead to a complete loss of fluid loss and viscosity control. For evaluation purposes mainly the behavior of the YP, Gel strength, HPHT Fluid loss and Fluid separation were considered. Based on these results a tentative formulation was found using the following ingredients:

· Hymod prima clay
: simulating the presence of drilled solids

· Therma-vis

: viscosifier for HT

· Driscal-D

: viscosifier/fluid loss control

· GEM-GP

: polyglycol for shale control

· Therma-thin

: deflocculant

· Therma-chek

: fluid loss control

· NaOH


: pH control

· KCl


: salinity control/shale inhibition/weight control

· Baracarb-5

: weight control

· Baracarb-50

: weight control

· Baryte


: weight control

· Water


: fluidity

Is must be stated that only formulations were tested that either contained Baracarb or Baryte, never both of them.

Based on these results a further fine-tuning testing was performed and the results were reported at a later stage.

Detailed evaluation of these data in principle confirms the conclusions as formulated by Baroid with the following additions:

· the presence of drilled solids (Hymod clay) in the mud formulation is essential as its presence controls the fluid loss, YP, Gels, Gelation and Sag and overall stabilizes the mud system.

· We are not convinced that Therma-vis should not be used for drilling purposes. Detailed evaluation shows the beneficial effects from this compound on fluid loss control provided sufficient amounts are present in the mud system at all times. In Fig’s. 1- 4 are shown the impact of the concentration of Therma-vis on the various mud properties.

Fig’s 1-4
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The following may be concluded from the above Fig’s 1-4:

· increased amounts of Therma-vis will increase the overall viscosity 

· at too high concentrations gelation of the mud has been observed which for the planned 8.5” hole size may be acceptable. For smaller hole sizes this may become a problem when logging

· a concentration between 1-3 ppb may be an optimal one provided the mud properties are further tweaked by adequate amounts of Drispac-D around 8ppb.

· No further need is foreseen for Therma-check. Additional rheology  control may be possible with small additions of Therma-thin.

In Fig’s 5-7 below are shown some results for mud formulations without Hymod clay heated at 205 oC.
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From the Fig’s 5-7 and in comparison with Fig’s 1-4 it became obvious that the mud properties can only be controlled by seeking a careful balance between Drispac-D and Therma-vis. The presence of drilled solids (represented by Hymod Clay) is essential in order to arrive at stable mud properties. Therefore it is strongly recommended to break over the used mud from the previous section (12,25”) as this will already contain sufficient quantities of drilled solids. The start of the 8,5” section with a freshly prepared mud is NOT recommended. 

Seawater & Baryte

Some testing was done with seawater based formulations and/or using Baryte as weighting material. Results indicated that seawater formulations did not lead to stable fluids.

The use of Baryte was rejected as it is denser then Baracarb, hence it would aggravate sag.

Performance Monitoring

From the lad test data it became obvious that if insufficient amounts of Therma-vis and/or Drispac-D the YP and Gel properties of the drilling fluid will deteriorate quickly upon prolonged heating. Monitoring of these properties in conjunction with monitoring the level of chemical consumption of both compounds will be adequate to monitor the overall mud performance. The percentage sag in the top mud layer will also provide good indications. 

To design a special monitoring method at this stage will be difficult

Overall Conclusions.

From the mud test data as presented by Baroid (Halliburton) it may be concluded that:

· for logging purposes at 205 oC  one barrel of mud should comprise the following compounds. It should be realized that indicated quantities are approximate as actual treatment in the field will ultimately determine the required amounts.

· drilled solids 
: 20 ppb

· Therma-vis 
:1-3 ppb (as 8 ppb pre-hydrated)

· Drispac-D
: 8 ppb

· KCl

: 9 ppb

· GEM GP
: 0.04 bbl

· Baracarb 5
: 100 ppb

· Baracarb 50
: 35 ppb

· Barascav D
:  1 ppb

· Therma-thin
:  0.7ppb

· Water

: about 0.6 bbl

· for drilling purposes at maximum 205 oC one barrel of mud should contain the following compounds. Again the indicated quantities are only approximate.

· Drilled solids
: 20 ppb

· Therma-vis
: around 1 ppb, but further as required (as 8 ppb pre-hydrated)

· Drispac-D
: 8 ppb

· KCl

: 9 ppb

· Baracarb 5
: 120 ppb

· Baracarb 50
:  40 ppb

· Water

: about 0.62 bbl

· the mud from the 12.25” section should be used as basis for the mud to be used in the 8.5” section as drilled solids are required to create a stable mud system.

· Therma-vis should be considered for use in the 8.5” section, as it in addition to the drilled solids will enhance the mud properties. Actual treatment levels to be decided by the mud engineer on site.

· Although seawater formulations did not seem to lead to stable mud systems, the number of tests carried out were rather limited and if time permitted better formulations could have been identified.

· Drilling and/or logging at lower temperatures (182 oC ) will enhance the stability of the mud systems. This may also reduce the amounts of treatment chemicals required and the need for Therma-vis. Actual treatment levels to be decided in the field.

Future Work

Although the presently designed mud formulation seems to be adequate for its purpose, the actual proof of the pudding is in the eating; hence a full evaluation of the mud performance is necessary. This may help in optimizing the proposed formulation, but may also indicate that better formulations (more expensive in terms of barrel costs) are necessary. Therefore pending on the success of exploration well-1 alternative formulations may have to be considered, e.g. sodium formate based fluids. These fluids are able to provide the required mud density without the need for additional weighting solids. Formate type fluids provide excellent polymer stability under these conditions that will keep the mud cost per meter drilled on the low side.

Manfred Eigner

For ME Consultancy Services
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		Logging Fluid														composition

		Thermavis		0.25		0.75		1.5		4.2						hymod clay				20 ppb

		PV before		57		57		57		57						thermavis

		PV		51		49		50		73						Driscal D				9 ppb

		YP after		73		88		99		127						Gem GP				0,04 bbl

		YP before		105		117		121		129						KCl				10,5 ppb

		Gel 0 before		15				22		29						Baracarb 5				101,65 ppb

		Gel 0 after		20				28		41						Baracarb 50				35 ppb

		Gel 10 before		11		10		13		20						Barascav D				1 ppb

		Gel 10 after		20		13		25		34						Thermathin				0,7 ppb

		Fluid Sep,%		5.5		1.8		0.9		0.9

		HPHT		18.8		16.8		16
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		Drilling Fluid														Comosition

																hymod clay		nil

		Thermavis		0		0.75		0.75		0.75		1.5				thermavis

		Heating time, hrs		3		1		1		5		3				Driscal D		7 ppb

		PV before		39				41		41		35				KCl		2 ppb

		PV after		34		39		37		34		48				Baracarb 5		122,1 ppb

		YP before		83				98		98		114				Baracarb 50		40,6 ppb

		YP after		46		62		50		13		78				Barascav D		1 ppb

		Gel 0 before		14				15		15		20

		Gel 0 after				4				0		7

		Gel 10 before		20				19		19		22

		Gel 10 after				5				1		10

		Fluid sep, %		54.5				18		48		0

		HPHT		NA		32		29.6		NA		20
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		Logging Fluid														composition

		Thermavis		0.25		0.75		1.5		4.2						hymod clay				20 ppb

		PV before		57		57		57		57						thermavis

		PV		51		49		50		73						Driscal D				9 ppb

		YP after		73		88		99		127						Gem GP				0,04 bbl

		YP before		105		117		121		129						KCl				10,5 ppb

		Gel 0 before		15				22		29						Baracarb 5				101,65 ppb

		Gel 0 after		20				28		41						Baracarb 50				35 ppb

		Gel 10 before		11		10		13		20						Barascav D				1 ppb

		Gel 10 after		20		13		25		34						Thermathin				0,7 ppb

		Fluid Sep,%		5.5		1.8		0.9		0.9

		HPHT		18.8		16.8		16
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		Drilling Fluid														Comosition

																hymod clay		nil

		Thermavis		0		0.75		0.75		0.75		1.5				thermavis

		Heating time, hrs		3		1		1		5		3				Driscal D		7 ppb

		PV before		39				41		41		35				KCl		2 ppb

		PV after		34		39		37		34		48				Baracarb 5		122,1 ppb

		YP before		83				98		98		114				Baracarb 50		40,6 ppb

		YP after		46		62		50		13		78				Barascav D		1 ppb

		Gel 0 before		14				15		15		20

		Gel 0 after				4				0		7

		Gel 10 before		20				19		19		22

		Gel 10 after				5				1		10

		Fluid sep, %		54.5				18		48		0

		HPHT		NA		32		29.6		NA		20
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