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* Operator A
e Country1 —
¢ During the connecticnmD __J b=sN
procedure, after
drilling a stand 12:15
without any warning
signs (neither
connection gas nor
drilling breaks), the pit | Shutin
volume start to 12:45 i izl 3
increase
* Thedrilling team got || 1 ‘ i
confused and tooka o 0 s 30 e 0 e 0 w1 8 70 5
long time before Block pos. Flow-rate PP WHP Volume
shutin the well (m min) b o ™
% — Measured values
~—— Modeled values

—— Maximum values

Kick start

40 min!
12:30 | T
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Introduction

Over-torques  Pack-off situation
e Operator B

e Country 2
 During a pack-off o " /515 ™
situation verpulls,
Set-down <J ‘
weights
6:30
7:00 J
0 10 20 30 80 120 20 8 20 40 0 2000 0 200 32 34
Block pos. Hook-load  TD Speed TD Torque Flow-rate SPP Volume
(ton) (rpm) (m.kN) (1/min) (bar) (m?)
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—— Modeled values

—— Maximum values
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¢ Operator B

* Country 2

¢ During a pack-off 6:15
situation

¢ The mud pump rate is 630
reduced

* Atthe same time the
pit volume start to

Reduced 630

flow-rate
increase
7:00 -
Start of 80 120 20 80 20 40 0 2000 0 200 2 3
influx Blockpos. Hook-load TDSpeed TDTorque  Flow-rate  SPP Volume
(m) (ton) (rpm)  (m.kN) (fmin)  (bar) (m)

—— Measured values
—— Modeled values

—— Maximum values
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¢ Operator B
* Country 2 [
¢ During a pack-off 6:15
situation
¢ The mud pump rate is 630
reduced
* Atthe same time the 630
pit volume start to
increase 00
* In the confusion, the Lot JE= . o [ [
drilng eam strt the SRR T
shutin procedure 2 % 500 Bl o0L L (om) (k) (i) (b))
later \\
9:00 r 2
% — wesredvaes Shutin F 3
—— Modeled values 010 20 30 80 12020 8 20 4 0 2000 0 200 34 36
—— Maximum values Block pos. Hookload TDSpeed TDTorque  Flow-rate  SPP Volume
(m) (ton) (rpm) (m.knN) (/min) __ (bar) ()

Introduction

¢ In stressed situations, important information may be overlooked therefore impeding a
timely decision taking under critical conditions

¢ Thus it could be desirable to automate the detection of abnormal gains or losses

* However, false positive or negative can reduce the trust in such automatic detection
methods

¢ We will therefore review different physical phenomena that naturally influence the
indicators utilized in gain and loss detection
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Where are you located?
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¢ Gain/loss indicators
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Gain/loss indicators

When the annulus pressure is
lower than the pore pressure
somewhere along the open hole
section

Formation fluid can enter the
annulus

This creates an addition flow
that can be detected with a
flow-meter on the flow out of
the well and an increase of pit
volume
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Gain/loss indicators

Similarly, if the annulus pressure
gets larger than the fracturing
pressure limit along the open
hole section

The formation rocks start to
fracture and the fractures
continue to propagate inside the
formation as long as the over-
pressure is maintained

This results in a loss of fluids
that can be detected with a
flow-meter on the flow out of
the well and a decrease of pit
volume
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« Similarly, if the annulus pressure
gets larger than the fracturing
pressure limit along the open
hole section

The formation rocks start to
fracture and the fractures 2 \
continue to propagate inside the \
formation as long as the over- 17.24
pressure is maintained

This results in a loss of fluids

that can be detected with a
flow-meter on the flow out of

the well and a decrease of pit A Y/ N (A
VOIUme 4 6 700 1400 70 10 7 9 11

Blockpos.  Flow-rate  SPP Flow paddle
—— Measured values (m) (/min) (bar) (%)

17:20

‘ Constant return
_ flow-out before
} formation
fracturing
{

{ Losses to the
formation

17:26

17:28

—— Modeled values

—— Maximum values
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Gain/loss indicators =

Detection of formation fluid influxes or mud losses to the formation is done by
checking:
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Gain/loss indicators =

Detection of formation fluid influxes or mud losses to the formation is done by
checking:

» Abnormal variations of active volume
Q Easy when in steady state conditions
Q During transient period, use finger printing with earlier similar conditions
QO Changes may occur due to pit management or mud treatment
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Detection of formation fluid influxes or mud losses to the formation is done by
checking:

» Abnormal variations of active volume

» Delta-flow: @i, = Qi

Q Only works in steady state conditions
O Require a reliable measurement of the flow-rate out

Q Is the flow-paddlereliable enough?
O Is the flow-rate in precise enough when based on pump-rate?
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Gain/loss indicators

Detection of formation fluid influxes or mud losses to the formation is done by
checking:

» Abnormal variations of active volume

» Delta-flow: @, = Quyr

» Variations of stand-pipe pressure and annular discharge pressure in steady state
conditions

Q Only works in steady state conditions
0O Require a pressure drop on the outlet of the well

&P

Gain/loss indicators

Detection of formation fluid influxes or mud losses to the formation is done by

checking:

» Abnormal variations of active volume

» Delta-flow: @i, = Qi

» Variations of stand-pipe pressure and annular discharge pressure in steady state
conditions

» Processed flow-rate out
QO Require a measurement of the flow-rate out

0 Require precise description of the borehole

&
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Detection of formation fluid influxes or mud losses to the formation is done by
checking:

» Abnormal variations of active volume
» Delta-flow: @i, = Qi

» Variations of stand-pipe pressure and annular discharge pressure in steady state
conditions

» Processed flow-rate out

Detecting gain/loss during transient periods is a challenge
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Poll Question

In your drilling operations, when do you mostly get kicks?

Outline

¢ Return Flow From the Annulus
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The most common measurement of
flow-rate out of a well is the flow
paddle.

Return Flow From the Annulus

Flow-rate out measured with a
paddle when flow-rate in is constant:
» For this example, flow paddle does

not detect flow-rate below 500l/min
» Poor correlation with flow-rate in

80 For the same flow-

e Tatein thereisa
range of flow-
paddle positions

Paddle (%)

0

° 500 1000 1500
Flow-rate in (I/min)

Return Flow From the Annulus

Flow-rate out measured with a SD
paddle when flow-rate in is constant:
» For this example, flow paddle does

Paddle (%)

not detect flow-rate below 5001/min 1:'
» Poor correlation with flow-rate in 00 oo a0
> Drilling fluid compressibility causes Flow-rate in (I/min)
delays before reaching stable flow- h
rate out Flow-rate in
is stable i}
Start of flow \é
detected by ¢ )

paddle

2008} L

——  Measured values

—  Modeled values L
e Bt Howrae vadde
tolerances it dept low-rate addle

(m) (1/min) (%) (bar)
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Return Flow From the Annulus
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Flow-rate out measured with a BT T T T Yettheresa
paddle when flow-rate in is constant: £ « e Jouble response
> For this example, flow paddle does & ® e - forthesame
not detect flow-rate below 500l/min 2: rate out
» Poor correlation with flow-rate in s00 000 1500
> Drilling fluid compressibility cause Estimated Flow-rate out (I/min)
delay in stable flow-rate out
» Better correlation with estimated flow-
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Return Flow From the Annulus

Delays
depend not
only on
compressib
ility but
also
rheological
properties
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Typicaliscosy i gel 1205

Low iscosity i no gl

Typicaliscosiy i no gel




Return Flow From the Annulus

Flow-rate out measured with a
paddle when flow-rate in is constant:

For this example, flow paddle does
not detect flow-rate below 500l/min
Poor correlation with flow-rate in
Drilling fluid compressibility cause
delay in stable flow-rate out

Better correlation with estimated flow-

Paddie (%)

Padle vs. estimted
* flowrate outwith

|
|
L " 1»5""" theology ¥1
|
|

Padale vs. estimated
® flowrate outwith
theclogy 52

0 |
o |
(A

Estimated Flow-rate out (I/min)

rate out

Correlation changes with drilling fluid
rheology properties as level in flow-
line depends on viscous properties of
fluid
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Flow-rate out measured with a
paddle when flow-rate in is constant:

For this example, flow paddle does
not detect flow-rate below 500l/min
Poor correlation with flow-rate in
Drilling fluid compressibility cause
delay in stable flow-rate out

Better correlation with estimated flow-
rate out

Correlation changes with drilling fluid
viscosity

Timing is important, but flow-rate
based on stroke counter can be
misleading at low flow-rate
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Return Flow From the Annulus
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Outline

Return Flow in Pressurized MPD
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Return Flow in Pressurized MPD =

» With pressurized MPD,
usually a Coriolis flow-
meter is placed after
the MPD choke

Mm@*

Mud Punp

Drill-string
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Float-sub ——

Under-Reamer
HoleOpener

POM
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RCD
Lift pump.
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ow-meter

on

MPD Back
pressrepump

MPD Choke,

o Annulus

+— Openholebelow bit
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Return Flow in Pressurized MPD

» With pressurized MPD,
usually a Coriolis flow-
meter is placed after
the MPD choke

» Any changes of choke
opening cause
transient variations of
flow-rate
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Flow-rate

Difference between

increase of annulus

opening reduces.

*flow-in and out is due to

pressure while choke

Return Flow in Pressurized MPD

» With pressurized MPD,
usually a Coriolis flow-
meter is placed after
the MPD choke

» Any changes of choke
opening cause
transient variations of
flow-rate

» Coriolis flow-meter
before back-pressure
pump differs slightly
from the one behind
the MPD choke

&

Floverate (Vmin)

Flow-rate

Flow-rate

=20l/min

® .
noem 220758 20928 22051
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Coriolis flowmeter in
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conventional drilling

In conventional drilling, the annulus is not sealed

Therefore a Coriolis flowmeter should create as little pressure drop as
possible to avoid an overflow at the top of the annulus

Therefore Coriolis flowmeters have to be of large dimensions and require a
substantial footprint to be installed

Coriolis flowmeters should always be filled with liquid, thus their highest point
should be below the bell nipple or diverter level

If they are mounted flat, then cuttings tend to accumulate on the low side
therefore necessitating regular flushing to regain the full precision of the
apparatus

However, if there is enough room to install properly a Coriolis flowmeter at
the rig site then it is a precise instrument to measure the flow-rate out of the
well

&

Outline

» Normal Active Volume Variations

Normal Active Volume

Variations

Active volume variatiopsdue to cuttings transport
When drilling, the
hole depth is
increased
The pit volume
__slightly increases
(because more
,\ steel in the
No cuttings &orehole)
the shaker
Drill-bit
% S_The hole length
CUIU"QS are Increases
produced
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Normal Active Volume

Variations

Active volume variation,due to cuttings transport

When drilling, the
hole depth is
increased

ggE=3F

The pit volume The pit volume

But it is only when — ] ?L‘g“"‘/ e el decreases
; ) ecause more stee
the cuttings arrive \ in the borehole)
at surface that the No cuttings at Cuttings exit
the shaker the borehole

pit volume
decreases to fill
the longer hole
that has been
created

*—

Drill-bit Drill-bit

v

S=_The hole length
Cuttings are produced  increases
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Normal Active Volume

Variations

Active volume variation due to cuttings transport

» Therefore, pit volume
variations are expected that
correspond to cuttings I
transported to surface ,sai

» Some mud is lost together with
the cuttings

» With proper transient cuttings |
transport modelling, it is ot —
possible to estimate possible ¥ i
variations of the active volume
related to hole cleaning

&P

B o mu film sround cuttings

Mut fim is same volume a5 cuttings

Time

== Measured relative pit volume.

——— Expected cuttings flowrate

w
Volume (13) rate (/i)

Normal Active Volume

Variations

Active volume variation due to change of flow-rate

» Active volume depends on
flow-rate

——  Modeledvalues

Modeledvalue
tolerances

——  Maxvalues

01677357 1066 3000 100 300640 650 660
Block  Flowrate SPP(bar)  Active
position (m)  (l/min) Volume (i)
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Normal Active Volume

Variations

Active volume variation due to change of flow-rate

om

» Active volume depends on
flow-rate

» Because some volume is
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accumulated in the return flow- . s 4905
line, shale shakers and other
mud treatment pits
» When flow-rate increases,
more mud is accumulated

[ |
=
Variations :

Active volume variation due to change of flow-rate

Normal Active Volume

» Active volume depends on
flow-rate By — :

» Because some volume is T W
accumulated in the return flow-
line, shale shakers and other t (s 1908
mud treatment pits

» When flow-rate increases,
more mud is accumulated

» When flow-rate decreases, 975pm aspm ospm
less mud is accumulated — y - —

%’ !

t t+45s 14905

ospm - -

Flow-rate=630//min Flow-rate=780l/min
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Normal Active Volume

Variations

Active volume variation due to change of flow-rate

v

Active volume depends on o

flow-rate PR

> Because some volume is 1N ) ( |
accumulated in the return flow- b }I P / \
line, shale shakers and other 4 \‘
mud treatment pits \

» When flow-rate increases,
more mud is accumulated

» When flow-rate decreases,
less mud is accumulated

» The effect of mud retention in
the return flow-lines is
superposed to the effect
associated with mud

]
i
-
—

compressibility inside the
borehole
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Normal Active Volume

Variations

Active volume variation due to change of flow-rate

Pit volume during a connection (17 1/2-in) Pit volume variation during a connection (6-in)

» The relative
importance of
mud retention
and mud
compressibility
depends the
flow-rate, mud
volume
contained in the
wellbore and
pressure losses
along the
hydraulic circuit

Flow-rates du
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Normal Active Volume
Variations

Active volume variation due to change of flow-rate

Change in active volume with finger printing

200 2s00| Y\ 00 3500 a0 sto

» Finger printing § et
consists in i
comparing the
current flow-back
pattern with a
previous one to
determine whether
there is an abnormal 500

r

Flow-rate

evolution
> This works fine with
reasonably
consistent
connection "o | |
¢ s P R
L L J L /

[P [P ) R S — 0
cedures but can S Tmes ||
i T Y T T
ging Connection #21  Connection #22 Connection 423 Comnection 24 Connection 825

Normal Active Volume

Variations

Active volume variation due to change of flow-rate

» But using models of
both the effect of
mud compressibility
inside the borehole
and retention in the
return flow-lines can g '
provide a more

versatile solution = uw .
lf /] ”J qei[14[<ﬁv

Connection®21 Connection#22 Connection #23 Comection®2t Comacton 25
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Normal Active Volume
Variations P

Active volume variation due to change of flow-rate

17 1/2-in 12 1/4-in

Here are all the pit
volume variations
while drilling the four
sections of a typical
well in the North
Sea

81/2-in 6-in

400

Change in Active Volume (m)

Time (s) Time (s)
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Normal Active Volume

Variations

Active volume variation due to change of flow-rate
#I51A15H153 11544155 #156 4150

Active pit volume variation at
pump stop _

> The mud retentionin _
the return flow-lines
is also affected by
the presence of
cuttings

» When drilling fast,
cuttings accumulates
in the flow-line

> While with slow
drilling, accumulated
cuttings can be
eroded from the
return flow-line

Hole cleaning

Poll Question

What do you based your kick detection on when circulating?
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« Example 1: Kick Detection During Connection
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Example 1: Kick Detection

During Connection

» Drilling 9% x 10 % “
» No connection gas
prior to event

Example 1: Kick Detection

During Connection

» Dirilling 9 %2x 10 % “
» No connection gas T

prior to event
» At mud pump stop, r

take a kick while pit 10

N

Block pos. Flow-rate SPP.

due to mud
accumulated in return
flow lines

» Easily visible when
comparing measured
active volume with
estimated one using
transient model

volume is changing 0 10 20 300 100020003000 0 100 200 300 60 65 70 7 &0

Volume

Kick
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Example 1: Kick Detection

During Connection

» Drilling 9 %2x 10 % “
» No connection gas T M T T T T T )

prior to event —J Kick
» At mud pump stop,

take a kick while pit el 1 ! I ]
VOlUme iS Changing 0 0 20 300 100020003000 0 100 200 300 6y 65 70 Vs &0
d etom d Block pos. Flow-rate SPP. Volur

u u
accumulated in return )
flow lines i

— Maximum limits
[ | — Modeled values
Modeled value

» Easily visible when 12:00 |
comparing measured
active volume with
estimated one using 1204 |
transient model

12:02

T strtor v
12:06 i

predictions and
measurements

o 3040 800 1000 20 0 30000 300 60 66

Blockpos.  Hookload RPM  Torque Flow-rate PP Volume
(m) &) () (/min)  (oar)  (m?)
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Example 1: Kick Detection =

During Connection :

Gain 0.5m®
» There was an observable gain that T L
started about half way through the |
drilling of the last stand s
But because the mud was oil based, [ | ‘;
gas that entered the annulus gets i
absorbed in the oil phase of the
drilling fluid and the gain receded
It would be difficult to spot that gain
without some reference to expected IR s ORC
cuttings return at the surface i il o v gl S

(1fmin)

v

v
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Poll Question o

By wells drilled, how often do your experience kicks?
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» Example 2: Draw-Down Tests During an MPD Operation
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Example 2: Draw-Down Tests

During an MPD Operation

» Narrow geo-pressure
window =

VD

Equivalent Mud Weight (sg)
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Example 2: Draw-Down Tests

During an MPD Operation

» Narrow geo-pressure

window E )
» Drilling with pressurized o™
MPD 5
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Example 2: Draw-Down Tests

During an MPD Operation

» Narrow geo-pressure

window
» Drilling with pressurized _ | Casing shoe depth
MPD é Dov\'/rvho\e ECD closest to FP
> Draw-down test to check e
max pore pressure while
drilling narrow geo-pressure
window B ,
Downhole ECD closest to PP
om ;
1 Bit depth
. |

e 5]
ECDIsg;
Measured downhole ECD

&
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During an MPD Operation

» Narrow geo-pressure
Back-pressure

window ducti
» Drilling with pressurized reducgion
MPD if

» Draw-down test to check
max pore pressure while
drilling narrow geo-pressure
window

» Reduce downhole pressure
by 1 bar for 10min. and
observe if flow-rate out
increases or gain in pit

» Repeat procedure until max

Eore Eressure is observed

= ]
g

"3
ECD sy,

Example 2: Draw-Down Tests

During an MPD Operation

> First draw-down test: e eesradiioes
0 Difficult to see increase in —  Modeledvalues
flow-rate out sl

Q Gain in active pit is visible if
one compare to estimated 100 .| J ‘
|
|

Dravedovin test#
]

active volume including 1815 T A =

thermal effects 1830 L’

1

1845

&

0 w0200 30017 178 35
MudPumps  SPP(bar]  PWD(sg) WHPlbar]  Choke Sad
/min) Opening %) pur

5 58 60 62 0 1000 200015002000 2 0 2
e
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Example 2: Draw-Down Tests

During an MPD Operation

First draw-down test: e essradiioes
Difficult to see increase in —  Wodeledvalues
flow-rate out =
Gain in active pit is visible if

one compare to estimated 100 .| J ‘ r}

ov

Draw-down test#1

]

thermal effects 1830
Second draw-down test” i
Increase in flow-rate out i w00 ||
more visible was| [
Q Gainin active pit is visible o TR R
compared to estimated pi M ST e /o
volume but barely visible Draw.down test #2
otherwise

active volume including 1815 ‘

ov
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Example 2: Draw-Down Tests

During an MPD Operation

1st
draw-down
o i
> First draw-down test £33
. 8 300 1st
resultgd in small i F— graw-down 1
quantity of gas

£ 000 1y
2 oo | /
3 000
£ ! /
£ w000
H
2 o
2 000
oo s sz 2 P o

Example 2: Draw-Down Tests

During an MPD Operation

1st 2nd
draw-dowi draw-down
le—s|
7
» First draw-down test ond
i 1st !
resultgd in small draw-down _ draw-down -
quantity of gas a0 ——
» Second draw-down 0 =1 <>
test caused more gas  tow
< P
to be observed atthe  §%% f i
surface ;m: S ~ e
[
£
gl |/
€ om0
2 oo
2 000
oo e e e
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» Conclusion
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Conclusion

»Transient periods are important for gain and loss detection

»Mud compressibility plays an important role in return flow

»Thermal exchange changes the mud density and influences pit volume
»Cuttings transport and separation cause variations in pit volume
»Transient hydraulic helps to estimate flow-rate out of well

»Modeling of flow in return flow-line, shale shaker and other mud treatment
pits gives good estimates of transitional variations of pit volume

»The modeling of all these effects combined together gives a precise
determination of gain and loss conditions
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Thank you for your attention
Any Questions?
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