Senergy

Production Logging:
Conventional Tool vs Array Tool
Interpretation

Ross Brackenridge
Software Product Expert

LR-Senergy




Agenda

* Background

* Brief Overview of PL Array Tools

* Typical PL Workflow

* Comparison of Conventional Vs Array Tool Workflows
* Conclusions/Key Lessons



Background

* |IPis a complete well data
interpretation package with around
2000 licenses worldwide

* A wide range of interpretation
modules include a Production
Logging analysis (PL) module

* PL module recently upgraded to
accommodate Array Tools (initially
MAPS)

[Pgeophysics

[Pfe

Includes...
* Rock Physics
* Curve Prediction

* Acoustic Waveform

IPreservoir

Includes...

* Mineral Solver

* Monte Carlo Analysis

* Curve Prediction

* Rock Typing

Includes...
* Saturation Height
* Formation Testing

* Production Logging

[Pwells

Includes...
* Chrono Log
* Real Time Data

* Pore Pressure Prediction
* Cement Evaluation

* Geosteering

Includes...

* Image Analysis

* Rock Typing

Includes...
* SandPIT 3D Multi-depth

* Well Bore Stability

IPgeomechanics \

* Pore Pressure Prediction 3'



Deviated/Horizontal Production




Overview of Array Tools

Capaciiance c, Resistance Spinner The Spinner Aray Todl

An array of 12 micro
12 miniature \ &% resistance sensors determine 6 miniature turbines on
A"'Oy semor:nmnhd N AITOY i ikl bt e sl ray Eb o mc i di et
T ncglog;?:_bwﬂmss T well bore. Water is conductive, but T local fiuid velocities fo be measured
°O| provide fluid identfication ’Q OOI oil and gas are nonconductive. The OO' at 60 degree infervals around the well
around the whole well bore. S Resistance Array Tool sensors measure bore.
X the resistance of the fluid at their fips.
o . o * Array of 6 miniature spinners
* Array of 12 pacit 2. Armay of 12 mini i
* Oil, Gos & Water have different dieleciric constants * Can detect very small ond fast S v sk
:Q moving bubbles * Miniature spinners can give velocities of each
°. o individuol fluid layer

MAPS - Courtesy GE Oil & Gas

A

] SPARTEK SYSTEMS

GEOPHYSICAL INSTRUMENTATION

Multiphase Array Production Logging Tool

Multiphase Array Production Tool - Courtesy Spartek Systems



Typical PL Interpretation Workflow

1) Interpretation Setup

2) Data Import

3)Data QC/Edit

4)Holdup (Fluid Types) Determination
5) Fluid Velocity Calculation

6) PVT Calculations

7) Flow Rate Calculation

8) Reporting and Presenting



Set Up

* Tool Selection Updates

Workflow

PLT database set-up

RunTool I Units I Condiﬁnnsl Reservoir Zones

Run number 1

Run date 13 Apr 2016 E

[ tndude date in units as:  Apri5

Tool Type

Sondex: MAPS H

Schlumberger: PLT with GMS

Schiumberger: PLT with PTS

Baker-Atlas: SPL with FDEN

Sondex

Schiumberger: CPLT

Memaory Tool with FDEM

SaDrill with MFD

SciDrill MPLT
goondex:aps )
ClSdDrill with TFD
sESchlumberger: PSP

PL Tool List

\'Y Production Logging

Project
¥ Open
@ Help
4 Import OH
= Set-Up
Workflow
< Import PL
£ QC/Edit
8 Average
&0 Velocity
& PVT
B FlowCalc
2 Inflows
#  Export
Conventional
PL Workflow

\" Production Logging run 01 |

Project
# Open
e Help
4 Import OH
= Set-Up
Workflow
<« Import PL
£ QC/Edit
8 Average
A CAT/RAT Normalize
B CAT/RAT Image
o Velocity
:i*' Velocity Image
& PVT
B FlowCalc
B FlowArrayCalc
4 Inflows
*  Export
MAPS

Workflow



ra

Set Up

%) Armay Flow Calculations - MAPS31
| Inputs | Tool Parameters | Qutput Curves | Zones | Results | Suface Match | Slippage

* Tool Geometry Setup
Tool Parameters
Mumber of Segments L]
Casing 1D 6184
Toaol QD 16875
Baker-Atlas: SPL with FDEN Mini-Spinner OD 08
Tool diameter  1.6900  inches Mini-Spinner standoff 0.5
RAT Sensor OD
Spinner diameter RAT Sensor standoff 05
0.70 inches CAT Sensor OD 025
CAT Sensor standoff 05
Fipe inside diameter 6. 134 inches
Conventional PL Tool Lo Ll
Geometry

Array Tool Geometry Setup




Data Import

* Typical Conv PL pass =
@15 curves

* Typical Array PL Pass =
@ 80 curves

Easy Loading of multiple
LAS/ASCII files

* Switch on/off required
curves

* Rename Groups of
incoming curves

* Load multiple passes
simultaneously

* Settings only required
on first incoming file

s

& LAS import from Ci\Users\rbrackenridge\Documentsh\Data'\Raw Data\MAPS\Read Example\Flow Passes Cat Rat\P1D1_45_CATRATILAS | = | @ || =

Well details read from input file
well name:

MName Description PL Name Units Sensor Load = |
TEMP Downhole Temperature TEMP degC Temperature Yes
CWH Capadtance Water Holdup CWH_ Hz Capacitance Yes
RATMMO1  RAT Mean 01 RAO1 RAT 1to 12 fes
RATMMOZ  RAT Mean 02 RADZ RAT 1to 12 fes
RATMMNO3  RAT Mean 03 RAD3 RAT 1to 12 Yes Sensor
RATMMNO4  RAT Mean 04 RADS RAT 1to 12 Yes Spinners 1to 6
RATMMOS  RAT Mean 05 RADS RAT 1to 12 fes CAT 1to 12
RATMMOS  RAT Mean 06 RADS RAT 1to 12 Yes RAT 110 12
RATMMNO?  RAT Mean 07 RAODY RAT 1to 12 fes
RATMMOE  RAT Mean 03 RADB RAT 1to 12 Yes
RATMNOS  RAT Mean 09 RADS RAT 1to 12 Yes
M ATRAKIAN Fi AT Bdm—e A0 na4n PAT 4 4 47 W %
1 ™Wersion Information
2WERS. 2.0: CWLS Log ASCII Standard - VERSIOW 2.0
3 WRAP .

4 #Mon standard L
5"Well Informati

b 5TRT.FT
7 ETOP.FT
g STEP.FT
9 MULL.

10 COMP .

11 WELL.

12 FLD.

13 LoC.

14 CHTY .

15 SRV,

16 DATE.

17 UwI .

18 3TAT.

4 ram T o~

11497.25 to 16599.00 @ 4.00 sample(s) per ft

Reset the PL Names from the input file

/| Fill data gaps : Maximum gap length 3 ft

| Don't prompt to overwrite existing curves

Don't overwrite data with absent data from LAS file

Load Data... ‘ ‘ MNew Selection

Input File / pass definition

Build extensions from the input filename

Input file name
SCD1_30.LAS
SCD2_45.LAS
SCD3_60.LAS
SCU1_30.LAS
SCU2_45.LAS
SCU3_60.LAS

Condition Direction Pass

51
51
51
51
51
51

Extension
DOWMN 1 5101
DOWN 2 5102
DOWM 3 5103
up 1 5101
UF 2 512
up 3 5103

Load ] | Cancel |

Input name Map to

SPIM 5PI
NCAP CA
RATMM RA
Close | ‘ Help




Data QC/Edit

Autoplot all data from
all passes

Conv. PL QC can fit on
one screen

Array PL requires
multiple auto-plots

Easy Switch between
plots

. Production Logging run 01 (11467 - 16600 ft) = e
Project . 51  Calibration Passes ~ Data plots: QUMAPS Spinners Flot * _J Results plots:  Launch Log Plot
; 2 Scale 1: 377 v' 114760 - 11649.0313FT D] ———— = p )
el = , | , ,
a S SR SPI4 SPI5 5P SATD LS
+ Import OH ps ps 22 ps 24]0 ps ps 20]7e : 84 0 ps [:]
: 7 T LT 7
=| Set-Up ‘\ :E. 1 ;j} | ‘§ ﬁi 1 -
1 i .
i t A f
Workflow ! { % j % ! ¥
# Import PL : 2 Irz:' | L ( |
P Qo/Edit ':‘Eé II::E i = s% E‘::E MAPS Spinners Plot : !
= DS 7
B Average L3 § \ § i:‘; i £ 8 Autoplot £ wE
X CAT/RAT Normalize L 5% g 3 L ; 33 MAPS Spinners Plot ¢ % i
57 = H 1
B CAT/RATImage 134 %g i ] 1 ! SE|MAPS CAT Plot ) 9
: R § z f
s Velocity s f ¢ 7 32| MAPS RAT Plot (%
| Velocity Image £ 8 S 324 - 13} 3
_ g Qg\ K :&; E, ,;\{ MAPS Velocities Plot 133 3
a v - of ?g v 5 432 | MAPS CAT Plot normalized c5 3
B FlowCale 1 LY 7y & 5= i Xy i ’:i
5 i { S i % [ M4PS RAT Plot normalized v
B FlowArrayCalc {;E ? b g i‘ﬁ J}?’é }ﬁ
4t Inflows gi ;; ) 1 i i\ﬁ E,‘% S
= = o 3 = -
* | Export 145 & 9% ( ] T 2
3 3 4 ; A 3 %: £3 <€
£ i1l e 2 : S
Toolbox V3 'lg :';} < ;‘E ?i‘?z
_ Preferences ?g‘- i ‘g i {é 3 § :% = ﬁ
Y SIP 2 v - < % 3 3
= 2 £ i £ £ : 3
IF  Flow From Temp §§ 1?5:5 %; { S %E g 4 3
4 Stretch Shift _;,‘ﬁ“-: % gri ;}1 . :,% v: };‘ 2%
§ Sensor Shift $% ? g?a gé é% 3 £ 2_ 3 34-
) PresDiff 23 53 13 Fal %‘ i = 3 2% 5
B Curve Units b2 T il ) e = ?_,
¢ 83 3 $ 3 3 iz 3
Clean Data "?‘,‘_:; é‘ 5_} ; v A }lé-'!: § 5 g‘ff 3% %i
%) Restore Backups - - iz L ~ =
DEPTH: 11500,5FT  DEPTH: 11501, PERFS: -399

i1 D .




Data QC/Edit

Condition: 51  Calibration Passes + Dataplots:  MAPS Spinners Plot - Results plats:  Launch Log Plat
Scale1: 100~ |!!!| 11476.0 - 11518.6211FT | sp1351D3 -~ | - i

Depth

SPI3

Shifting, Editing, and T S 2
Filtering

11480 e R L T
Array tool data typically of <l -
lower quality than R T
conventional sensors S iaamzz

e —

St =1
. . . . - - N
May require more filtering 11490 e T
and edit than Conv PL data i S
. . -
New Normalization Tools _,—3
m— - - - .
created for CAT/RAT e i
. - . o
Interactive Filter e
{ e =
Input curve SPI351D3 Backup curve  |SPI35103bu T :_"_."-""
Create backup curve ,_.-_- -
-
Y ——— .
Startdepth  11467.0 Mumber of levels 11 - B TN el P
= — & -:_
Stop depth  16600.0 Level of 1 will show unfiltered curve 5'_"\.1'_:‘ __‘_:.-
Filter type S
@) Square () Bell (7 User defined i'l ‘f*.... I i
o - -‘_::}
H‘ —
AT
. hh - -
Press Apply to overwrite curve e ——
S e i

DEFTH: 11500.0 FT SPI351D3: 17.75, SPI351D2: 14,98, SPI351U2: 13.64, SPI351D1: 16,78, SPI351U3: 11.01,




Data QC/Edit

* New Normalization Tools created for CAT/RAT

Condition: P1 Flowing * Data plotl: MAPS CAT Plot b Results plots:  Launch Log Plot -
Sczlel: 1000 ve\ 15954.0 - 16380.2148FT D1 ————— = |, T « )
Depth | CAl CADZ CAD3 CADd CADS CADE CADT CADB CADG call call CAlZ CATD CATR
£ oz 1zloz 1z2loz 12foz 12|loz2 1zloz 1zfoz 1z2|loz 1zloz 1z2loz qz2foz 1z|loz 1z 0 =350
- f
16000 - I‘
- = ]
—k —1 . :’
[ 3 Un-Normalised CAT data ;
-~ | = )
Eﬁ, ‘:|
N 1
15100 '
_=I } [
il

MAPS CAT Plot normalized |

Laurnch Log Plot

P1 Flowing -
Scale 1: 1000 '[E‘ 15916.0 - 16342.2148 FT D1 : H—]— P
Depth | CCoA ccoz | ccos | ccos | ccos | ccos | ccov | ccos | coos ccio cci1 cciz | caTD | caTR
deci deci deci deci deci deci deci deci deci deci deci deci 0 =380
| 1 | | | | ==
=
I
= Normalised CAT data '
= E
18000 e a1
— 3 I
= 3 ;
== 1 1
— = 3 ¥
— [ ]
e i
1
= L
i
16100 'l_-.
- 1
]

B CAT/RAT Mormalize

Select sensor type
@ CAT JRAT W CADIP1D1
W CaniPiUl
Select sensor
caoL |
CAD2
CAD3
cAD4
CADS
CADSG
CAOD7
CADzs
CADg
CA10D
CAall
CAl2

results written to CCnnxxod curves.
Mormalization options
~ No normalization - copy input curves

) Apply shut-n normalization only
@ Apply flowing normalization only

Expected readings

Gas Cil 0,400

Mormalise raw input data

Interval Top depth Bottom depth

Sump 16300.0 16500.0

Filters
[ Exdude bad data outside

|:| Limit output curves between

-0, 100
0.000

i

Select input curves

All CAnmxoooe curves for all conditions will be normalized and the

) Apply shut-in and then flowing normalization

Water  1.000
Fluid
Water

and 1.100

and  1.000

Mext sensor I I

Run

|| Runan |

Exit I I Help

)




New Array
Holdup
Calculation Tool

Applied to CAT and
RAT data

Images corrected for
tool rotations

Enter Holdup End
Points

De-select any bad
sensors

Select Passes to be
used

Holdup Array for
each Pass

Averaged Hold Up
Array

Top/Mid/Bot Hold
ups

BH Volume
weighted Holdup

5] CAT/RAT Image

Select input curves
v/ CCO1P1ID1
V| CCO2P1D1
V| CCO3P1D1
VI CCo4P1D1
v/ CCOSP1D1
V! CC06P1D1
J CCo7rP1D1
v/ CCO8P1D1
v/ CCO9P1D1
VI CC10P1D1
V| CC11P1D1
VI CC12P1D1

Select sensor type
Q@ CAT

RAT

Select pass

Rotation curve

CATRP1D1
Add 0 - degrees

Depth range Select output averages

11467.0
16600.0

v Top

V| Middle
V| Bottom
v all

Top
Bottom

|V | New curves
Water hold-up end points

100% Gas/Oil 0.4 100% Water 1.0

Progress building arrays

[ Next Pass J [ Run J [ Run All

]

J|

[ Print report J { Exit Help

)

Holdup (Fluid Type) Determination

", Plot - MAPS97 (11650.0 - 16600.0 FT) [al@]|[=]
Scale 1: Ful > EBe v | EditFormat || Annotations | [V]Fit [TJlock  PlotRange
[[Default Range] ng
Depth Rotation Down pass 1 Up pass 1 Pass Average | Bot h{ Mid h| Top H Full Borshole holdug ‘
PERFS CATRP1D1 CATAP1D1 CATAP1U1 CATAP1AV cat | cat | cat CATAPIAL
6 —0. | -20. 3%0. |0 B W30 |0 W0 |o B M350 |os oo 1o ——1
DEPTH CATRP1U1 , f—

I'ig lqru,wni‘wwnmr!rw'n"' ﬂlf’ "Tl IR A

M!MIW

4l

e .mnmnu@mmmlhﬂ

;
jE

T

h

T lﬂwwxwff’?'}lw‘*i‘]“i“m'ﬂu

e

Depth: 11808.5, PL_R01_01:CATAP1U1:0.192

m

-~




Fluid Velocity Calculation

Spinner X-plots

Used to calculate Slope
and Threshold
(Sensitivity) of each
Individual spinner

Conv PL Workflow = 2 x-
plots, Array PL workflow =
* plots

Spinners must be
calibrated independently
fz__and cannot be averaged
irst

New version of module
will use holdup array to
discriminate for fluids

Additional tools will be
required to calibrate

MAPS spinners to each
fluid

Comments: MAPS Spinner 1

hﬂéps 1

Comments: MAPS Spinner 3

Comments: MAPS Spinner 5

Comments: 3th spinner

-100 80 €0 -4 -2 Q 20 u 60 ko) 100
Canle speed Vmin

Comments: MAPS Spinner 2

186 E 138 : 1

gEZ i : 162 : e :

e /:/ b E 39 E

114 : 4 E 32 :

2 2 E 5 |

Eu | 1 i 18 i

42 E 2 : L E
Maps[3 Maps 5 ) ullbore

18 i 18 ¥ a4 T r

o B 26 alalele el el a3 — B I

o= & 0= mo@D @ I m D D 0 D DD @ 11-)3 = = w8

Canle spesd tmin

Comments: MAPS Spinner 4

Cable spesd WM

Comments: MAPS Spinner &

Catle spesd Vmin

Comments: 7th spinner

40 60 a0 100

136 E 2 : 1 . s :
162 | - &l E 1 i ’ o ;
135 : i iE : 12 : : 73 :
114 1 /E/ 15 E 10 /‘:/ B4 E
B 12 s . i
X E e : & E - 18 E
Maps : aps , Maps 6 Inline
13 | H : o 1
s — LT 3 SN P PO RN SN U N SO R R R A AN N R IO S as |
:")J 20 -0 -4 -20 4] 20 40 &0 -] 100 -|')J -3 &0 -4 -2 Q 2 40 (4] ) 100 ':‘.)J -0 -0 -40 20 o 20 40 &0 20 100 ':")J 50 -60 -40 =20 1] m 40 L] 30 100

Canle speed Amin

Canle spesd tmin

Canle speed i

Canie 5pesd R




Fluid Velocity Calculation

e Conventional PL workflow can calculate continuous Spinner sensitivity at every depth during flowing, Two reasons

this cannot be done with Array data -

1) At each depth each
spinner could be in
different mix of fluid

Up
Passes

Well
Trajectory

|

Down
Passes

2) Logging programs often only
have 1Up/1Dn Passes over full
interval due to conveyance and
time limitations— Calibration
must be done on shorter
sections with at least 3Up/3Dn
passes




Fluid Velocity Calculation

* New Array Velocity Images Tool

&1 Velocity Image
Select pass

PilDownpass 1|

¥ Up pass 1

Depth range
11467.0
16600.0

Top
Bottom
Mew curves
Plot limits
Left -50

Progress building arrays

Right 250

e Depth Rotation Down pass 1 Up pass 1 Pass Average Botwel. | Mid vel. | Top wel. Full Borehale vel,
) FERFS PL_RO1_0L:SATRPIDA (%) PL_ROL_0L:WATAPIDA (fimn) | PL_RDI_OL:VATAPIUL (ffmn} | PL_RO1_OL:vaTaPiav (ffmn} | vaTapi | vaTapi | vaTapi | PL_RDI_0L:VATAPIAL {ffmn)
Select input curves &, i 320, |0 I G50 |0 I G50 |0 I G50 | -50.250, | -50.250, | -50,250, | 50, s———ccp,
DEPTH PL_RO1_OL:SATRPIUL ()

M vaD1PID1 (FT} W ————————— 320,
W vaozriDi
& vao3riD1
| vanap1Di1 I

VAOSPID1
& 12000
| vansPiD1

Rotation curve
SATRP1D1

Add 0 = degrees

Select output averages

| Top

| Middle
[/| Bottom
1 Al

[ Mext Pass ”

Run ] ’ Run All

l

[ Print repart ] ’

Exit ” Help

]

13000

14080

15080

16000 .




PVT

* No significant change to
PVT calculations

B | PVT properties for field: VASQUEZ BEGGS

& B
Taop depth 12000.0 13500.0
Temperature (deg F) 7584 77.10
Pressurs [ psiz ) 188350 192591
Gas FVF { cuftfscf ) 0. 05805 0011865
Gas density { gfec ) 0.1474 0.0722
Gas visoosity {cp) 0.0172 0.0130
Gil FVF {rhjsth ) 1,201 1.206
Dis. gas/oil { scfisth ) 4085 4180
Ol density (gl 0.7555 0.7573
Ol viscosity =) 3.2316 3.0136
Water FVF { row/sthw ) 0.996 0.996
Diis, gas/Water { scfisth ) 0.0 0.0
Water density { gfec ) 1.0418 10418

Water visoosity {(cp) 0.9815% 0.9:640

C
15500.0

F7.595
1852.11

-0.243175
0,000
00108

1.210
423.7
0.7560
2 S ed

0,556
0.0
1.0415
0.5541

Surface Conditions

Low Low

s Ao
I Rewy | \ !
LR I \ !
Nyl | ihay
B, : II 1/t | 100R;OOO ‘\ " Bo
% i 1 2 =
10105, ' 100300 | sopor V1 1122
L] | !
| | \
17 | \/
1/ |
' |
Water
Free Gas

Reservoir Conditions

High

Pressure Temp




Flowrate Calculation

e Conventional Analysis
uses Single holdup and
velocity values to
calculate flowrates

e Using Array Holdups and
Array Velocity requited a
brand new module

" Array Flow Calculations - MAPS37

[E=5(EEE =<1
Inputs |Too| Farameters I Output Curves I Zones | Results I Surface Match I Slippage|

Options

Tool type MAPS -

Model @ Oil / Water ) Gas / Water

Water Holdup ) Capacitance amay tool (CAT) @ Resistivity amray tool (RAT)
Flow Shading @ Gas Red / Cil Green () Gas Green / Qil Red
Input Curves

SAT Velocity Image PL_RO1_D1T:VATAP1AY

CAT Holdup Image PL_RO1_D1T.CATAP1AY

RAT Holdup Image PL_RO1_01:RATAP1AV

Deviation

Perforations PL_RO1_01:PERFS

Temperature PL_RO1_01:TEMPP1R1

Pressure PL_RO1_01:GP__P1R1

Water FVF PL_RO1_01:FVFWP1R1

Qil FVF PL_RO1_01:FVFOP1R1

Gas FVF PL_RO1_01:FVFGP1RA1

GOR PL_RO1_01:GOR_P1R1

GWR PL_RO1_01:GWR_P1R1

Gas Density PL_RO1_01:DENGP1R1

0il Density PL_RO1_01:DENOP1R1

Water Density PL_RO1_01:DENWP1R1

Qil Water Surface Tension PL_RO1_01:5TOWP1R1

[GM| Curve Set-Condtion ~ PLROTD1-P1  PotAl || Repot || GCose || Heb




Flowrate Calculation

Select number of vertical borehole segments, A balance is required..

% Array Flow Calculations - MAPS37
Inputs | Tool Parameters | Qutput Curves I Zones I Results I Surface Match | Slippagel

-

% Array Flow Calculations - MAPS37
| Inputs | Tool Parameters | Qutput Curves | Zones | Results I Surface Match | Slippage|

Tool Parameters [ sar AT Rrat |
MNumber of Segments ]

Lasing L

Tool QD 169

Mini-Spinner OD D4

Mini-Spinner standoff 06

RAT Sensor 0D 0.25

RAT Sensor standoff 0.5

CAT Sensor QD 0.25

CAT Sensor standoff 0.5

Dimensions in inches

Low number allows more ‘real’ data in each
segment average but can also increase
influence of slippage

Tool Parameters SAT
Mumber of Segments 11

Casing 1D

Tool QD 1.69

Mini-Spinner 0D D4

Mini-Spinner standoff 06

RAT Sensor OD 0.25

RAT Sensor standoff 0.5

CAT Sensor OD 0.25

CAT Sensor standoff 0.5

Dimensions in inches

High number creates smoother results
and reduces affects of slippage but can
result in heavily interpolated segments



Flowrate Calculation

Shppage

The option to apply slippage correction
has been retained in the Array workflow
but required modification

* Traditional slippage correction applies to
whole borehole, Array workflow
slippage only required in Mixed fluid
Segments

* Weighting of Dominant Fluid must be
considered

» Slippage Corrected fluid velocities of
each fluid must add up to measured
average

* New correction is generally small but
could be more significant if large
segments used in a gas/water well.

GAS

_

- |

i

q

| —

i WATER

= Horizontal Well
Vertical Well Low or Zero Slippage
High Slippage

GAS

—

WATER

Deviated Well
Slippage only in Mixed
Segments



Flowrate Calculation

* Results Plot

Depth Perfs Flow Calc Gamma Ray Velocity Holdup Water Flow Oil Flow Production Zonal Production Incremental Prod.
DEPTH | PERFS | < |aCakint|PL_R01_O01:GR_PiU1 | PL_ROI Oi:aVelsegPiRi | PL_RO1_01:aWHUSegPIR1 | PL RO1_01:aQWatSegPiRi | PL RO1_01:aQOil5egPiR1 PL_RO1_01:3QWatP1R1 (rb/d) PL_RO1_01:3QWatzP1R1 PL_RO1_01:3QWatiZP1R1
(FT) |0 —1 ; 0. —1]0. —— 1024, |-50 M 200 |1 EE = 0] -200 W 1000 | -100 | -1000. 10000, | -1000, —— 10000. | 0. ——— 3000.
| iE PL_RO1_01:aVelSagP1R1 PL_RO1_01:2Q0ilP1R1 {rb/d) PL_RO1_01:3Q0ilZP1R1 PL_RO1_01:3Q0il[ZP1R1
il [ P 1807 NN i D -1000. 10000. | -1000. —————— 10000. | 0. ———————— 3000.

=
=

Al

16000 :J

|
‘I“ |

m




Flowrate Calcu

* Comparing results to

surface

* Fine Tuning Options:

- -
AT Tk,
'\
—_— ————————— A, —
L %
# %
: 4
¥
]
T
I
A
T
1
B R
i
A ]
LY
% 2
5
L
‘\.

Increase or

Decrease Number
of Horizontal

Segments

ation

12000

13000

14000

15000

16000

Depth Perfs Flow Calc
DEPTH | PERFS o =CakInt
P\ lo—2| o Jo—z
(=]
Parfarat -
— =

.

Surface

5.T. Gas Rate (Mmsci/d)
5.T. Qil Rate (stb/d)

5.T. Water Rate (stbw./d)
Down Hole

Total Rate {b/d)

Gas Rate (b/d)

Oil Rate [b/d)

Water Rate {b/d)

| Use
Velocity multiplier

Holdup multiplier

Slippage multiplier

1.

1.

Zonal Production

Incrementzal Prod,

Measured Calculated
1.5 1.2
1000 803.0
1203.3 1536
2697.0 2736
0 0
1203.3 974
1493.8 1807.1

T

Apply Multipliers

AN

* Velocity Multiplier
* Holdup Adjustments
e Slippage Adjustment

Interactively
Move, Add or Split
Calculations

Instant Up
of Re

/

date
sults

- 1000,

PL_RO1_01:3QWatZP1R1
10000,

PL_RO1_D1:300ilZPIR1
- 1000,

10000.

PL_ROI_D1:3QWatIZPIR1
0, ——————— 3000
PL_RO1_01:=00ilIZPIR1
0. —————— 3000.




Reporting an

Auto-Reporting

Automated Log Plots

Borehole cross sections

3D Viewer

Collaborate with other

data types

d Presenting

e e

e Top Depth

e Bottom Depth %

widon .
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Conclusions/Key Lessons?

Key Lessons will creating the PL Array workflow

Logging program is key to a good dataset and successful interpretation

Large amount of data requires higher level of data management and
functionality — Usability must be maintained!

Array Workflow has more emphasis on real data rather than
models/charts

Understanding Sensor Position and Tool rotation throughout is key to
a successful interpretation

Use of averages whenever possible (between passes, across borehole
segments and over depth) improves data quality and result accuracy

Completely new method for holdup calculation — weighted holdup
dependant on sensor position

Tools need to improve on distributed gas holdup measurements to
allow accurate 3-phase analysis

Updated method required for Spinner Calibration/Velocity calculation
to account for spinner position/holdup

Completely new sub-module was required for calculating Flowrates
based on segments of the borehole rather than the centred data
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http://www.Ir-senergy.com/software
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Ross.Brackenridge@Ir-senergy.com
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