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10.8 FORMATION INTEGRITY TESTS

The hesitation method shall be used for the conduct of all Formation Integrity Tests. This
involves pumping a small amount, waiting for the pressure to stabilise before repeating the
process untii the maximum test pressure is achieved. The test pressure shall be limited to a
maximum pressure that does not exceed the lowest of the following:

+ Actual leak-off pressure.

» The pressure specified in the Drilling Programme (typically the pressure required to give
required kick telerance or 80% of casing burst pressure).

¢ The wellhead test pressure.

» The BOP test pressure.

« A maximum pressure of 0.8 psi/ft at the casing shoe.

10.9.1 Responsibilities

All responsibilities for Formation Integrity Testing are given in Section 10.2

10.9.2 Testing Preparation

The following equipment is recommended for execution of a Formation Integrity Test, for
accuracy and control:

+ Pumping unit with tanks calibrated in % barrel increments.
+ Calibrated gauges covering anticipated pressure ranges mounted on a manifold.
¢« Chart recorder.

10.9.3 Test Procedure

The following procedure shall be adhered to when performing a Formation Integrity Test:

Drill out cement plus 3 m of new formation.
Circulate clean to a balanced mud weight {use old mud from previous section).
Pull the bit back in casing shoe.

Make sure the hole is filled up and close the annular BOP (Hydril) around the drill pipe.

ISP S A

Rig up the pump to the drill pipe. Use a pressure gauge of appropriate range
(0 ~ 1,500 psi.}, mounted at the pump unit manifold.

6. Slowly pump mud untif pressures begin to increase. Volume pumped will start from this
point.

7. Pump 0.125 - 0.25 bbl and wait for 2 minutes or the time required for the pressure to
stabilise in the case this takes longer.

Record the volume pumped, and the bleed back stabilised pressure.
Repeatitems 6 & 7 and plot pressures versus cumulative mud volume

10. Continue procedure untit either the final stabilised pressure, after the waiting time,
deviates from the expected pressure fram the plot or the required maximum pressure is
reached.

11. Keep well closed in to verify that a constant pressure has indeed been obtained.

12. Release pressure and record volume recovered in tank.
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10.9.4 Calculations
Formation intake Gradient (FIG)

FIG

LOP  + {CSD x MG) psifft
(CSD — RKBE)

Effective Mud Gradient (EMG)

EMG

LOP + (CSD x MG) psifft
CsD

Maximum Allowable Annular Surface Pressure (MAASP)

MAASP = LOP — (CSD x MG) psi

Formation Breakdown Pressure (FBP)

FBP = LOP + (C3D x MG)
Where: LOP = Leak-Off Pressure (psi),
surface pressure recorded during the test
cshb = Shoe Depth of last casing set (TVD ft RKB)
MG = Mud Gradient (psi/ft)
RKBE = Rotary Kelly bushing elevation above ground level (ft)
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APPENDIX 1: GENERAL WELL CONTROL FORMULAE

1. The Formation Pressure {P,)
Po = Formation Pressure (psi)
By =F, +(D,x p) psi Pdp = Shut in drill pipe pressure (psi)
Dh = Depth of hole (ft}

1 = Formation pressure gradient {psi/ft
2. The new mud gradient to balance Py (p,)

/=5 +D, psi/ft

3. The height of the influx (i)
hoe =Vie + CAP, ft Vinf = Volume of influx (bbl)

CAPann — Annular capacity (bbl/ft)
4. The gradient of the influx {a.)

Pop =0 — (an - Pdp) - hmf psi /1t Pann = Shut in casing pressure (psi}

5. Type of influx
2 (0.2 psi/ftis gas

Py (0.35 - 0.39 psi/ft is crude oil
Por £ 0.433 psi/ftis water
Par € 0.433 - 0.465 psi/ftis salt water

6. Volumes Vstr = Volume of string (bbl)
Contents of string CAPdp = Capacity of dp (bbi/ft)
Vo = CAPy, < (D, — L, )+ CAF, x L, bbls Ldc = Length drill collars (ft)
CAPdc = Capacity of dc (bbl/ft)
Contents of annulus open hole section Ldc-oh = Length dc in oh (ft}
Vi =CAP,_ =L, bbls Vdc-ch = volume between oh and dc (bbl)
CAPdc-oh = Capacity between de and oh (bbl/ft)
Vipeor = CAE,, % L, ,, bbls Vdp-oh = volume between oh and dp (bbl)
CAPdp-oh = Capacity between dp and oh (bbl/ft)
ntents of annul sing section Ldp-oh = Length dp in oh (ft)
Vesgdp = CAL,, 4, x D, bbls Vesg-dp= volume between csg and dp (bbl)

CAPcsg-oh = Capacity between csg and oh {(bbl/ft)
Desg = Depth of casing (ft)

7. Pre kick calculations
I MAASP =(pg - p)x D,y psi
2. CAPy = 97138 x @y, x 107 bbls/ft
Note: 1} @ig e in inches. 2) CAPy = CAPy, + CAPy + efc.

3. CAPuwy = 97138 x (Do — D pipe) x 107 bbls/fe

Note: 1) @ ininches 2) CAPyun = CAPyoon + CAPgp.0n + CAPyp.csq T+ efc.
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Appendix ll: Well Control Schematic Procedures

This Chapter contains the following schematic representations of the key well control
procedures described in this Manual:

Schematic

Rev I Feb 2008

Page

Kick Drill Condition 1 (on Bottom Drilling)

Kick Drill Condition 2 (Tripping)

Kick Drill Condition 3 (While Qut Of Hole)

Kick Drill Condition 4 (While Drill Collars Are Adjacent To Preventers)
Shut In Procedure (Drilling Or Connection)

Shut In Procedure (Tripping With Drill Pipe)

Shut In Procedure (While Drill Collars Are Adjacent To Preventers)
Well Kill Procedure (Wait & Weight)

Well Kill Procedure (Drillers Method)

Well Kill Procedure (Volumetric Control Method, Casing Pressure)
Well Kill Frocedure (Volumetric Control Method, Drill Pipe Pressure)

Well Kill Procedure (Buliheading)

Well Kill Procedure (Combined Stripping & Volumetric Method, Annular Only)
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ON

KICK DRILL CONDITION 1

BOTTOM DRILLING

KICK ALARM

STOP ROTARY

RAISE KELLY AND

STOP PUMP WHEN TOOLJOINT ABOVE
ROTARY TABLE

SLOW DOWN PUMP.

CLOSE A

NNULAR

OPEN CHOKE LI

NE (HCR VALVE)

RECORD DRILLPIPE AND
CASING PRESSURES

RECORD TIME TO
PERFORM DRILL

Fgure 12. Kick Drill Condition 1 (On Bottom Drilling)

Drilling Operations Manual

Page 179 of 257



GSLM Ltd
Drilling Operations Manual

Chapter 10 Page 35 of 51
Well Control Rev 1 Feb 2008

KICK DRILL CONDITION 2

WHILE TRIPPING

KICK ALARM

POSITION UPPER
TOOLJOINT ABOVE
ROTARY

INSTALL INSIDE BOP TO STRING:
CLOSE VALVE

CLOSE ANNULAR

OPEN CHOKE LINE (HCR VALVE)

INSTALL KELLY AND OPEN
VALVE ON INSIDE BOP

RECORD DRILLPIPE AND
CASING PRESSURES

RECORD TIME TO
PERFORM DRILL

Figure 13. Kick Drill Condition 2 (Tripping)
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KICK DRILL CONDITION 3

WHILE OUT OF HOLE

KICK ALARM

CLOSE
BLIND RAMS

OPEN CHOKE LINE
(HCR VALVE)

RECORD CASING
PRESSURE

RECORD TIME TO
PERFORM DRILL

Figure 14. Kick Kill Condition 3 (Out of Hole)
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KICK DRILL CONDITION 4

WHILE DRILL COLLARS ARE
ADJACENT TO PREVENTERS

KICK ALARM

POSITION UPPER DRILL COLLAR BOX
ABOVE ROTARY TABLE AND SET SLIPS

CLOSE ANNULAR

INSTALL INSIDE BOP TO STRING

SECURE STRING AT FLOOR

CLOSE INSIDE BOP VALVE

OPEN CHOKE LINE (HCR VALVE)

RECORD TIME TO
PERFORM DRILL

Figure 15. Kick Drill Condition 4 (Drill Collars Adjacent to Preventors)
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SHUT IN PROCEDURE

DRILLING OR CONNECTION

FIRST SIGN OF FLOW

STOP ROTARY

RAISE KELLY AND SLOW DOWN PUMP.

STOP PUMP WHEN TOOL JOINT ABOVE ROTARY
TABLE

CLOSE ANNULAR

OPEN CHOKE LINE (HCR VALVE)

CLOSE PIPE RAMS

READ OFF - SIDPP - SICP
PIT VOLUME INCREASE

Figure 16. Well Shut-in Procedure (Drilling or Connection)
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SHUT IN PROCEDURE

TRIPPING WITH DRILLPIPE

FIRST SIGN OF FLOW

POSITION UPPER TOOLJOINT ABOVE ROTARY TABLE AND SET SLIPS

INSTALL INSIDE BOP TO STRING:
CLOSE VALVE

CLOSE ANNULAR

OPEN CHOKE LINE (HCR VALVE)

SICP
LESS
THAN 1000 psi
OR BELOW
MAASP

No

CONSIDER
BULLHEADING
FORMATION FLUIDS

Yes

STRIP IN STRING TO MAX. ALLOWABLE SICP

INSTALL KELLY, ESTABLISH SIDPP

READ OFF - SIDPP -SICP
PIT VOLUME INCREASE

Figure 17. Well Shut-in Procedure (Tripping with Drill Pipe)
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SHUT IN PROCEDURE

WHILE DRILL COLLARS ARE
ADJACENT TO PREVENTERS

FIRST SIGN OF FLOW

POSITION UPPER DRILL COLLAR BOX ABOVE
ROTARY TABLE AND SET SLIPS

CLOSE ANNULAR

INSTALL INSIDE BOP TO STRING

SECURE STRING AT FLOOR

CLOSE INSIDE BOP VALVE

OPEN CHOKE LINE (HCR VALVE)

READ OFF - SIDPP -SICP
PIT VOLUME INCREASE

Figure 18.

Well Shut-in Procedure (Drill Collars Adjacent to Preventors)
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WELL KILL PROCEDURE
WAIT & WEIGHT

PREPARE KILL GRAPH
PREPARE KILL MUD

ZERO STROKE COUNTER
START PUMP SLOWLY &
OPEN ADJUSTABLE CHOKE

MAINTAIN KILL PRESSURE CONSTANT WITH CHOKE

INCREASE PUMP TO PLANNED KILL RATE

RECORDP ic AT KILL RATE
COMPARE ACTUAL vs. PLANNEDP ic
ADJUST KILL SCHEDULE TO ACTUALP ic

MAINTAIN CONSTANT (ADJUSTED) KILL PRESSURE SCHEDULE
MAINTAIN CONSTANT PUMP RATE THROUGHOUT

MAINTAIN CONSTANT P fc, ADJUST WITH CHOKE

KILL MUD AT BIT-RECORDP fc

KILL MUD AT SURFACE
STOP PUMP, CLOSE CHOKE
RECORD SIDPP & SICP

o >

| Yes

FLOW CHECK VIA
YES

No
|

RESUME CIRCULATION TO
ENSURE KILL MUD IS
UNIFORM IN SYSTEM

CIRCULATE NORMALLY
ENSURE SUFFICIENT OVERBALANCE

Figure 19.

Well Kill Procedure - Wait and Weight Method
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WELL KILL PROCEDURE
DRILLERS METHOD

ZERO STROKE COUNTER
START PUMP SLOWLY &
OPEN ADJUSTABLE CHOKE

INCREASE PUMP TO PLANNED KILL RATE
MAINTAIN KILL PRESSURE CONSTANT WITH CHOKE

RECORD P ic AT KILL RATE
COMPARE ACTUAL vs. PLANNEDP ic
MAINTAIN CONSTANT PUMP RATE THROUGHOUT

RECALCULATE SCR PRESSURE FOR NEXT
CIRCULATION IF LARGE DIFFERENCE

CIRCULATE OUT INFLUX

STOP PUMP, CLOSE CHOKE
IF INFLUX REMOVED, SICP = SIDPP

IF SICP # SIDPP, PREPARE KILL GRAPH
Pic = PREVIOUS P WHILE CIRCULATING
CALCULATEP fc

FOLLOW WAIT AND WEIGHT KILL
PROCEDURES TO KILL WELL

Figure 20.  Well Kill Procedure - Drillers Method
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WELL KILL PROCEDURE

VOLUMETRIC CONTROL METHOD
(DRILLPIPE PRESSURE)

STEP 1

STEP 2

STEP 3

STEP 4

STEP 5

STEP 6

REQUIRED: DRILLPIPE ON BOTTOM.
NO DRILL STRING FLOAT INSTALLED.

PREPARE KILL MUD.
DETERMINE MIGRATION RATE OF INFLUX.

ALLOW DRILLPIPE PRESSURE TO INCREASE BY

PLANNED OPERATING & SAFETY MARGINS

BLEED OFF MUD FROM CHOKE UNTIL DRILLPIPE

PRESSURE REDUCED BY OPERATING MARGIN
(NEW SIDPP = OLD SIDPP + SAFETY MARGIN)

VERY SLOW PROCESS.
SLOW CHOKE BLEED-OFF TO MATCH INFLUX
MIGRATION RATE.
DELAYED DRILLPIPE PRESSURE RESPONSE
DURING SLOW CHOKE BLEED-OFF.

ESSENTIAL THAT BOTTOMHOLE PRESSURE
REMAINS ABOVE FORMATION PRESSURE

REPEAT STEPS 2, 3,4 & 5 UNTIL INFLUX IS AT SURFACE.

DO NOT VENT OFF GAS.
LUBRICATE IN KILL MUD IF REQUIRED
(SEE CASING PRESSURE METHOD).

Drilling Operations Manual

Well Control Procedure - Volumetric Control Method (Drill pipe pressure)

Page 188 of 257



GSLM Ltd Chapter 10 Page 44 of 51

Drilling Operations Manual Well Control Rev 1 Feb 2008
ot WELL KILL PROCEDURE
ELLICOS VOLUMETRIC CONTROL METHOD
(CASING PRESSURE)

PREPARE VOLUMETRIC WORKSHEET.
PREPARE KILL MUD.

STER 1 DETERMINE MIGRATION RATE OF INELUX.
CALCULATE HYDROSTATIC OF 1BBL MUD IN ANNULUS
ST 3 ALLOW CASING PRESSURE TO INCREASE BY

PLANNED OPERATING & SAFETY MARGINS.

BLEED OFF EQUIV. VOLUME MUD TO OPERATING MARGIN,
MAINTAIN CASING PRESSURE CONSTANT

sl (SLOW PROCESS, MATCHES MIGRATION RATE).
MAINTAIN SAFETY MARGIN.

STEP 4 REPEAT STEPS 2 & 3 UNTIL INFLUX IS AT SURFACE.
DO NOT VENT OFF GAS

STEP 5 PUMP KILL MUD TO PLANNED PRESSURE VIA KILL LINE.

ALLOW TIME FOR KILL MUD TO FALL THROUGH INFLUX.

BLEED OFF GAS, REDUCE CASING PRESSURE
STEP 6 BY EQUIVALENT KILL MUD HYDROSTATIC.
SHUT IN IF MUD RETURNS ARE OBSERVED.

STEP 7 REPEAT STEPS 5 & 6 UNTIL ALL GAS IS VENTED.

Figure 21. Well Kill Procedure — Volumetric Control Method (Casing Pressure)

STUART
PETROLEUM
N.L

AL 19 2t
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WELL KILL PROCEDURE
BULLHEADING

DETERMINE MIGRATION RATE OF INFLUX.
PREPARE SUFFICIENT MUD TO DISPLACE
1.5 x HOLE VOL. FROM TOP INFLUX TO TD
(IF TIME, RAISE WEIGHT BY 0.3 - 0.5 ppg).

PREPARE MAASP FOR MUD IN HOLE.
LINE UP 1 PUMP ON ANNULUS.

PUMP SLOWLY DOWN ANNULUS, ESTABLISH INJECTION RATE.
PUMP RATE MUST BE GREATER THAN MIGRATION RATE.
MAINTAIN CONSTANT PUMP RATE,
PLOT INJECTION PRESSURE vs. VOLUME.

DO NOT EXCEED MAASP.
PRESSURE INCREASING - SHUT DOWN & OBSERVE.
PRESSURE DECREASING - BULLHEAD SUCCESSFUL.

I

IF PRESSURE DECREASES WHEN SHUT DOWN,
CONTINUE BULLHEAD AT MAXIMUM RATE.

CONTINUE PUMPING TO OVERDISPLACE
TOP INFLUX TO TD BY 50%.

SHUT DOWN AND OBSERVE WELL.
SICP SHOULD APPROX. EQUAL SIDPP

PREPARE KILL MUD IF NECESSARY.
CIRCULATE USING WAIT & WEIGHT PROCEDURE.

Figure 23. Well Kill Procedure - Bullheading
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WELL KILL PROCEDURE

COMBINED STRIPPING & VOLUMETRIC METHOD
(ANNULAR ONLY)

PREPARE STRIPPING WORKSHEET.
PREPARE KILL MUD.
DETERMINE MIGRATION RATE OF INFLUX.
CALCULATE HYDROSTATIC OF 1BBL MUD IN ANNULUS

INSTALL INSIDE BOP; OPEN VALVE.
REDUCE ANNULAR CLOSING PRESSURE.
SLOWLY LOWER PIPE THROUGH ANNULAR;
ALLOW SLIGHT LEAKAGE.

REDUCE SPEED FOR TOOLJOINTS.

BLEED REQUIRED VOLUME MUD PER CONNECTION.
MAINTAIN CONSTANT BOTTOMHOLE PRESSURE
(CLOSED PIPE VOLUME, INFLUX MIGRATION,
ENTRY OF BHA INTO INFLUX ALL AFFECT BH PRESSURE).

CONTINUE STRIPPING DRILLPIPE TO REQUIRED DEPTH
TO KILL WELL.
UPDATE STRIPPING WORKSHEET EVERY STAND AND
BLEED-OFF OF MUD.
MAINTAIN OVERBALANCE AT ALL TIMES.
FILL DRILLPIPE WITH ORIGINAL MUD EVERY 5 STANDS.

Figure 24, Well Kill Procedure — Combined Stripping & Volumetric Method (Annular only)
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