Permanent Down Hole Gauge

fpPen e ol b oy (SiadeisS

S 0Ll 5 Ll eS8 - )i Loyle aen s

9 3= 4yl ol JmnoST (5Ll § Ol it (Sig yiSI) pmae dy (iBISS o5
b S 65edanSS (69— (510 W lo i B! Jow Ve 50 0Tl ool 1T cu—zen
= 90 el a8l gy ol 138 (1] dzmwgi g Geuiixs g PDGLy 2 59y0 (—eslo
§ Gl 00y Jo i b cdled 5 jlosilicuw! it 4 PDG (g 38y 15 ay i (gl i 5
LT > b Gilwdow o o oT 3l eolaiwl (gl (6 35 o Gl = 90 (5 2
A ] (i 1§ 9 St (659 95T Sy 45| L i m2Blg & 59y Sy PDG i
S50 Gl ym oy =0 9 S Crumwdigeo Jlod 3590 GLop 0010 4yl 3o 93410 SWil o CiS
ool olis 9 (o (gilaw Jumo Judexi adlyl adlin | Bud Tl 0 3lus] a3 LS
T oo o 33 (g i g 0590 30 A il (51 039 38l (3! § PDG ppitimannn g K]

dodo

o Wi fine 15l 0l )b 5 La (o) dxcgs slgale 1o Los g ,Lid oy o3l 438,
Godio Lo 0gd S S cat e Goes o |y jLid 5 Lo cuily e wire ling 00,8 o
b oigl53 )Lid ¢ as bl L3 oS o5l aiile _iglice GBlacal Ly Lt (g ,F ojlsly]
iy 8l by (oo S0 Lo 5, sl 5 L el s L Jlw ol JUs o
Sl jlizd 5 Lod polas (6,5 o5l any 5l e adgr wllos 5 (5tte Sy e o ) Shas (i 4
Lo 0315 PDG 3l oolaiwl Ly aiaiign slgal> ans o iolidl |, wire line g gy 4oy Lo aS
DS o o8 wire liney g slick line Js—oxo slo—iig, Ly acuslin jo 1) (g iy Lo ©ledbl g
S50 gl b (sl anugi slgaly 5o jLsd g Las (6,5 ojlasl )0 (s3lay sleid iy 059 !
Dy (ad gmie ol JaS5 0 gole 1 (6l ;K00 (65l 8 (sl a8 550 PDG
5 bl clilB ol oat il p anng g 3o ;0 45 (Slell 5 (S50 dPST iy Sl
sl 03,3 YU s |y 5l ] gl

Glolie 8 Sl LaS ols 055 L) ganazr glo dtje sanaz coain ot 5 by
PDG sla amuje ol anzrgs JoB (550 yas 090 50 (Lol lo aujo (] 9L PDG
S5y Ly el igliio Lo 0l (6510, 8 pimns 55 50,215 95 Sdonivn g5 4 azyi Ly

20 392 55 3 315 you Y o 3ledn a N



1740 399 0b 9 315 50m YYo ladm pomis JLo

(o]
—

Bi> 95 48,0 0ol Cwd dny 9> 480 o 5 gy el 0L L PDG s golo (sl o cin s
Seirg L ollacdasasg Liloanie o e adio.couwllos g ,lid goley sl wire line Sldos
AplS Jemily aiz 0l (o ool 0Ly 3oy (b po Slidos jo sz b po (i Ll cl gl
adizd g ST ledbl aslgie PDG (55 ola s )llas 1o .l Yhjls lizen Lr aon o Lo aiysn
4 y0 e mlie e g 51 5 Sk A g 0 sael sy ISt sy gy STy 45 0 5l ol
e o8 Sl (Hy o=t (mod S DL i 9l Lds (il wzeasST e ol ) (S (e
WSS e B S e goue

@l 559 Slelos sy Jlo s5ldas

Slidg Les s (gl m wire line  —iolony Sldos B> PDG il Gy oy yitages 9 33 YU j0 a5 aisSilen
|

Slhles sl anje sl PDG S5 i ilo s CiF 5l 050 dlre glm ol (Slles oo ;0 y0
S=d S s s8)0 a5 assSl ) L lilo)lal aa sy Ly 4l ase (Dl (mlmle 4y je « wire fine
0,5 Al Cl 0als

$ ... =5

+ ($ + $Too! Re ntal )deay Equatlon 1

wireline mob crew

Dgmd azd ¥ Ll ool aS cend b ane aen ol aswireline Sldes 4 e dwlxe O jgo 20
50 dsl s wire line Slodes o) jo coid o e cdi sl cul adei aBg5 uiejls wire line Sldos o
sl 3o wire line Sldoe cddsn pae Jloizl a e uiz ad 0ed 000 Sldes (ol lo a e 4 wlxe
Sglite ol ansl g olz Gae aazsi Ly Lo aim (ol 05 00y diwlne 5,50 4 5l isw (lsie 4y
Sl 08y Cms Sl Sy jhateen g adgs Bl (Lo Doe a3 VO s agly sl sl sl o

el YL oldae s o
sl csl g ol s ole a2 ol o ol 8 cewsl g 5 (Y sb adg a8y ol aS ol Jlazs
= 009331 Lo aiyse 4y 5 ol (99,0 515l (651 5L sl aty o ol po wire line 15 (8 ) Css 51 500
oaylo L Lo B 15 ad ) s 5l (gud g e Sl Gabige [BTlany oS iine gy slaols 3 51 5000 09l
sylaieen 5 9gi Loy i) 3,5 03 dey 2 Jolld Sl - See a2 (S Ol 55 ) e
B3 Y ojlet Jgod p3 Sldes auie aalne (SisSa Bl 0l patie (e (8) S Sl dey >

! 00l

i=Frequency

$T,W = Z (Qde_)‘érment,i X$oi! st $wirefiue.i + $penalry.i) Equatlon 2
i=1

0953 Slaos sl aza 5l Lbadgs Lads L aS oS (o SeoS a8 adgh dan sieign ol i S
ool ol gyl Wl (51555 (550 S e b At b j9iS 5l gl yd S Gl s el
AVl b ol yg,0 Gledbl 5l s acine 0018 ol 5L 0 500 Sledbl 5l g isu ol (9,0 sla
ooliil Lot alox ol 5l el Ladg ol Ol i 5 5500 jLtd aiile (63 )l50 g Cdg (55910, 5

igs (53 Jine Tsama 5 5, s 3 a6l (s i 5 3 S pie 5Lb 25b Lo el o

PDG il (515 o 53w Joro

L ool Cd e 4y 30 ol Oloas slo an e Jold as coul Lol maic oz 6l )OPDG ccai a4y i
aiyp adiiie sla auie g (oalr e Olakd e Vgl g JoU5 4 ja « Splicer PDG 4o ¢y (59,
OLSHE speiws wldes 15 Yol e cligad o lal Jold ols loas

il oals oole HLaS Y Jg0,8,0 PDG L ol JoSS (sl iy 5o

i=No.of Well
$(’omp!t'!iun = Sjﬁ'rvi('e it $SAU Ea Z(Nj ! $j )+ Z(Nﬁ ) $k )+ ($('abfe . ZMDIJ + Z(Nm ’ $m )+ Z$WH.1’

J=gauge k=splicer I=well in=clamp i=1
...b')L) )L.: 1) Lg:jLa.uo é‘l.g‘.f);j L ole.a o= ‘g_;jLa...c Lg?l..La.c é‘lm ,]a.au
-4-35‘5" db ‘) Sy Cod Q‘)f u‘)"'ﬁ”" S dbg;jﬁ'.j Lgl)b NEYEN



tSSb Jowo Sl

($5in dpm S JSPDG oy B ae o Lagie o3 ostie Sl cilisie (sl
090 Sliles sl aism ool ) hae (ladge b (olod )0 Djg0y2)0 WS (o Jly B0 |y by a bl e
A58 B eolaiwl 850w gy atal Ao (gl ailyy e 45 aii PDG 4 jol anlde o ol
B 5y e ool ] 5,5 o3l Jsana sLb s, 51 Ladl 13 45 olaly Ly amalin 13 PDG (sl slgaly
93 Sskos Ly iy B (o Loy 4 o5 (o 15 oy ooy G Up Ly eyl Lt s (62 ol
Crpmdigen (15 alg o sl A lyB b oy g el lhe 8, S (6, ejlal o] e iy 2l
a—iojls Lo ool pad dy oLiwd PDG (9o (slgalz jo aS ool 8 5t g S0 glym 1) (Sledbl o Jgs
Sy gl Bae 4 Sl Bl Jam gl St Sldee ol Sosleng olar agi o (SYsb iy
wire line ldos o le 4y oz o Ol fyols cws 51 Sy, PDG gl slyppl> pgmas )0 0uS o —Vob |,
pa—s = Sl YU s Cgr slaply pgmas 4 Lpalz o 4 sl Ol (Slsk ez ool (it
g ol ol Cwd 3l an i (S A cl S bz yo casile wladad b 5L S

&l o Al 0 0550 STy JBlaz 058 0 (5,5 o3l (e lagio diloe Ly Vg ono PDG olaiel o lis
Lol @895 3,9+ PDG

g o 88l bl oliws JoB cdggw an T L oliiT 0,90 g PDG ol5 a1 4 bog 1o oDl
ol 03 035 JLte aigal 6855 5,50 yae Jsb oaias olts Sy

Table 1: Financial Model Construction Field Data

No. of Operation 0 5 10 20 30 39 40 Unit
Wireling Equipment Mob Cost 5307 5717 6635 7700 8804 8936 usb
Well Service Charge 1061 1143 1327 1540 1761 1787 (USD /[ day
No. of working days 5 3 3 3 3 3 Days
No. of wells 6 6 [ 6 [] 6
Total Qil deferment 1000 800 800 800 800 800 stbiwell
Qil Price Difference 5 6 7 8 9 9 UsD
Total Wireline Cost 4.25E+04 | 3.66E+04 | 4.25E+04 | 4.93E+04 | 5.63E+04 | 5.72E+04 usD
Ci lative Total Wireline Cost 2.63E+05| 4 45E+05 | B.62E+05| 1.32E+06 | 1.80E+06| 1.86E+06 UsD
|PDG completion cost per well | 3.00E+05 | [ | | | | UsD
[Total PDG cost | 1.80E+06 | [ | | | [ USD
Comparison of Total Wireline Cost vs Total PDG Cost
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Figure 1: Financial Model Analysis for Wireline Intervention vs PDG Installation.
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PDG Data Application & Analysis
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Figure 2: PDG Data Application & Analysis during Shut-in Period
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PDG Data Application & Analysis on Different Length of Shutn Period
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Figure 3: PDG Data Application & Analysis during Different Multiple Shut-in Periods
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PDG Data Application & Analysis

Prassurs, pei
EELLLEEEEE

538 5% % %32 %% %3858 898 9%%35¥Fs488e683 83
Piglidgriigiigiisidgashiraaciy

Figure 4. PDG Data Application & Analysis with WHP
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Figure 5: Problem Root Cause Analysis using PDG (i) Pressure Plot, (i) Well Schematic Diagram
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PDG Data Application & Analysis
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Figure 6: PDG data Assurance Despite of Drop of WHP
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Figure 7: Well Behavior Monitoring during Well Unloading
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Figure 8: Production Profile and Flowing Bottom Hole Pressure for Qil Producer at Different Choke Size.
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Figure 9: Building Virtual Flow Meter
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Real Time Flow Rate Modeling

Time 1 Time ¥ Time 3 Time 4 Time § Time & Time 7 Time & Time 9

Fiaure 10 Virtual Flow Meter Surveillance Monitor

Nomenclature:

Syvaims = Wireline operation cost, USD,

Srmae = Wireline crew & equipmenl mobilization cosl, USD,
Srnanasts = Wireline crew daily charges, USD,

S roawenta = Wireline eguipment & tool rental cost, USD.

Ny = Operation duration, day.

Qaer = Ol defarmeant, sthid.

S = Crude Oil Price, USD / stb.

$penaty = Penalty cost (due to oil deferment), USD.

$r.w = Total wireline operation incurred cost, USD.

Foompenzn = PDG Completion cost (due to oil deferment), USD.

$5a: = PDG Surface Acquisition Unit & accessories cost, USD.
Napicer = Number of splicers, unit.

$.pieer = Splicer cost, USD.

MD = Measured depth of the PDG, ft.

iz = Cable cost, USD /11

Nesme = Number of clamps, unit.

$ciemp = Clamp cost, USD ( unit.

s = Wellhead outlet & accessories cost, USD { assembly.
PDG = Permanent Downhole Gauge.

WHP = Wellhead Pressure.

FBHP = Flowing Bottom Hole Pressure.

Pr = Reservoir pressure.

EQT = End of Tubing.
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