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Kurzfassung 

 

Diese Arbe i t  beschre ib t  e ine Fe ldstud ie über  das E l -Badr  Öl -Fe ld ,  we lches 

s ich in Tunes ien bef indet .  Das Verknüpfen der  Daten des  

Pet rophys ika l ischen-  und des Lagerstät tenverha l tens,  sowie  der  

H in tergrundgesch ich te des Ö l -Fe ldes ,  führ ten  zu e inem besseren 

Verständn is  und e iner  Verminderung der  techn ischen Unk larhe i ten  

 

Durch e ine Produkt ionsana lyse konnte  der  ind iv idue l le  E inzugsrad ius 

ermi t te l t  werden,  um in  Fo lge das  Ö l  vor  Or t ,  pro  Quel le ,  zu  ermi t te ln,  

sowie  um d ie  Lagers tät tene igensc haf ten wiederzugeben und d ie  Reserven 

unter  ak tue l len Bedingungen e inzuschätzen.   

 

Mi th i l f e  von d iagnost ischen W asser -Ö l-Verhä l tn is  D iag rammen wurde der  

W asserursprung  eva lu ier t .  In  Verb indung  mit  Lagerstä t ten tes ts  und der  

Sch ichte igenschaf ten wurden d ie v erb le ibenden Reserven und das 

Lagers tä t tenverha l ten  auf  Sch ichtbas is  berechnet .  Vorsch läge zu 

Lagers tä t tenmanagement  werden im Deta i l  d iskut ie r t .  

 

D ie  Ö lmengen wurden durch d ie  tota le  gemessene Produkt ion  zugewiesen.  

D iese Annäherungen s ind  druckbas ierend und verwenden versch iedene 

Zuweisungsmethoden um d ie  ind iv idue l len  Lagerstät tenmengen auf  

Tagesbas is  zu  best immen.  

Sch lussend l ich  geben wi r  Empfeh lungen für  zukünf t ige  Ak t iv i tä ten in 

Lagers tä t tenmanagement  und Entwick lung .  

 

 

 

 

 

 

 

 

 

 

 

 



 

Abstract 

 

Th is  thes is  descr ibes  a f ie ld s tudy per formed on E l -Badr  o i l  f ie ld located 

in  southern Tun is ia .  W e incorporated pet rophys ica l  and reservo ir  

per formance data  a long wi th  we l l  h is tory to  bet ter  unders tand and reduce 

techn ica l  uncer ta in ty .  

 

W e used product ion  ana lys is  to  est imate ind iv idua l  we l l  d ra inage rad ius,  

in  order  to est imate o i l  in  p lace per  we l l ,  rep l icate reservo i r  proper t ies and 

es t imate reserves  under  cur rent  cond i t ions .  

 

W e eva luated water  or ig in  us ing  water  o i l  rat io  d iagnost ic  p lots .  In  

con junct ion wi th we l l  tests  and layers proper t ies,  we eva luated the 

remain ing  reserves and reservo i r  per formance potent ia l  on  layer  bas is .  

Suggest ions fo r  reservo i r  management  are d iscussed in deta i l .  

 

W e rea l located o i l  ra tes wi th in  the we l ls  f rom tota l  measured product ion .  

Our  approach is  pressure based and uses d i f ferent  a l locat ion methods to 

determine ind iv idua l  we l l  ra tes on da i ly  bas is .  

 

F ina l ly ,  we g ive  recommendat ions  fo r  future  act iv i t ies  in  reservo ir  

management  and deve lopment .  
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1 Introduction 

Low o i l  pr ices have made ef fo r ts  to inves t  in  exp lorat ion cos t  proh ib i t ive.  

Cur rent ly ,  most  o i l  companies are tack l ing  cha l lenges to deve lop mature 

f ie lds.  Undoubted ly ,  these f ie lds  requ ire lower  inves tment  cos ts  as  most  of  

them are onshore.  L ikewise,  the d iscovery rate  of  new f ie lds  is  get t ing  

lower  and lower  f rom year  to year  wh ich  obvious ly  s teered the  endeavors 

to seek  more reserves  f rom exis t ing  f ie lds .  

 

Severa l  methods ex is t  to  deve lop a  mature f ie ld,  however  a  so l id  

inves t iga t ion  of  oppor tun i t ies  must  be determined.  The f i rs t  s tep cons is ts  

of  reduc ing techn ica l  uncer ta inty wi th  a  thorough charac ter iza t ion of  the 

s i tuat ion,  then ident i f y  the best  so lut ion  that  can increase rese rves  and 

acce lerate  product ion .  For  a  mature  f ie ld ,  the reservo i r  management  and 

redeve lopment  s t rateg ies are main ly  depend ing  on the f ie ld  reserves 

assessment  and wel l  per formance es t imat ion .  

 

Mater ia l  ba lance and s imula t ion can be d i f f i cu l t  to  app ly  to a layered 

reservo i r  because the dep le t ion rate may be d i f ferent  in  each layer .  

Fur thermore,  we l l  shut  in  pressure may not  equa l ize  to  reservo i r  pressure 

in  shor t  t ime which makes th is  methods more cha l leng ing.  Large pressure 

grad ient  are  l ike ly  to take p lace in mul t i layered reservo i rs .  Th is  renders 

the  pred ic t ion  of  in f low per formance d i f f icu l t  i f  there  is  cross  f low  between 

layers  in  the we l lbore  [1] .  

 

Reservo i r  management  pract ices to deve lop mature o i l  f ie lds  may inc lude 

data acqu is i t ion and ana lys is  campaigns to eva luate the remain ing 

reserves ,  reeva luat ing  we l l s  complet ion and c lustered ana lys is  of  the we l ls  

based on the i r  per formances  [2 ] .  Therefore,  we l ls  product ion ra tes 

const i tu te  the most  ava i lab le data  throughout  the reservo i r  l i f e .  

Add i t iona l ly ,  the increase in  e lec t ron ic  measurements  has  made the f lowi ng 

pressure as read i ly  ava i lab le as f low ra tes .  Coup led wi th advances in the 

sc ience of  product ion  data ana lys is  in  recent  years ,  Product ion ra tes and 

bot tom ho le  f lowing pressures  enab led more advanced ana lys is  

accompanied wi th more r e l iab le and deta i led resu l ts  [3] .  

   

In  th is  thes is ,  d iagnost ic  procedures are  presented where  product ion  data 

are e i ther  p lot ted on s imple product ion char ts  or  advanced type curves to 

obta in resu l ts  such f lu id in  p lace,  Expected Ul t imate Recovery (EUR),  

d ra inage area and reservo i r  p roper t ies  s im i lar  to those infer red f rom 

pressure  t rans ient  ana lys is  l ike  pe rmeabi l i t y  and sk in.  We extended the 

product ion  data ana lys is  to  back  a l locate product ion rates .  Rate  back  
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a l locat ion refers to us as determin ing ind iv idua l  f low rates f rom each wel l  

o r  layer  f rom comming led product ion sys tem.  Two a l locat ion a lgor i thms 

a long  wi th  the  pressure based ra te  est imat ion  of  rates  are  used in  order  to 

determine a  more su i tab le a l locat ion procedure f or  the f ie ld .   
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2 El Badr Field Overview 

El  Badr  f ie ld is  an onshore f ie ld  located in southern Tun is ia wi th in Cherouq 

concess ion  as  shown in  F igure  1 .  The st ruc ture was d iscovered by the 

dr i l l ing  of  EBR-1 in 2007 and appra ised through  the dr i l l ing  of  EBR-2 in 

2008.  The f ie ld  was deve loped and in i t ia l ly  operated by P ioneer  natura l  

resources Tun is ia .  In  2011,  the f ie ld was acqu ired by OMV and hence the 

operatorsh ip.   

EL Badr  s t ruc ture is  the  larges t  s t ructure  in  Cherouq  A concess ion wi th  o i l  

in  p lace of  about  59 MMSTB as  P50 vo lumet r ic  ca lcu lat ions .   

A l though,  the f ie ld was produc ing fo r  long  t ime  wi th  respect  to o th er  f ie lds 

in ,  i t  s t i l l  has the most  remain ing reserves  in the concess ion  amongst  the 

o thers .  Therefore a  proper  reservo i r  management  of  the  we l ls  in  th is  

s t ructure may keep the l i f e  of  the  concess ion f or  longer  t ime .   

 

F igure 1:  EL Badr  Fie ld  Locat ion  

  

2.1 PETROLEUM SYSTEM GLIMPSE  

El  Badr  f ie ld  is  located in  Ghadames bas in  (F igure  2) .  Th is  sys tem is  

character ized by S-N progradat iona l  geometry.  The mar ine sha les of  the 

S i lu r ian Tannezuf t  a re r ich in  organ ic  mat ter .  Par t icu lar ly ,  the “Hot  Sha le”  

un i t  a t  the base of  the  S i lu r ian cons t i tu tes one of  the  main  source rock  for  

the bas in and i t  i s  found to  have sourced the S i lu r ian Tannezuf t /  Acacus  

reservo i r  under  s tudy  [4] .  
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F igure 2:  Ghadames bas in  Locat ion  

The prograd ing cond i t ion  dur ing  S i lu r ian  resu l ted  in  a  gradua l  inc rease to 

the  bas in  and deposi t ion  interca lat ion  of  th in  sand layers  at  the  Tannezuf t .  

The T-sands ( i .e .  Tannezuf t  sands)  have been found to be hydrocarbon 

bear ings  wi th in  the most  dr i l led  we l ls .  These layers precede the Acacus 

mar ine step pos i t iona l  sys tem.  W here product ive ,  the lower  Acacus 

sandstones are typ ica l ly  low res is t iv i t y  pay sands .  

2.2 PETROPHYSICAL PROPERTIES  

Rock  proper t ies  depend  on rock mater ia ls  bas ical ly .  Usua l ly  i n  

convent iona l  reservo i rs ,  these mater ia l  can be  e i ther  sandstones 

(conso l ida ted or  unconso l idated)  or  l imestones (somet imes f rac tured) .   

In  E l  Badr  f ie ld ,  Acacus and T annezuf t  sandstones cons t i tu tes the reservo i r  

rock  in terbedded wi th sha le layers.  The la t ter  is  cons ide red comple te ly 

t ight ,  hence,  there  is  no c rossf low between product ive  layers  in  reservo i r .  

The F igure  3  be low represents  a  c ross sect ion Acacus sand reservo i r  and 

the i r  f lu id d is t r ibut ion  accord ing ly .   
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F igure 3:  Acacus/  Tannezuf t  Reservo i rs  [4 ]  

Rock  proper t ies  are est imated based on logs of  each wel l  and checked wi th 

core data taken f rom EBR-2 (dry we l l ) .  Due to the presence of  ch lor i te  

coat ing  around the quar tz  g ra ins,  pet rophys ica l  ana lys is  are  deemed to  be 

ef fected by these sandstone minera log ica l  const i tuents  respons ib le for  

abnormal low res is t iv i t y  read ings in the pay zones.  

Yet ,  logs remain the  main source f or  es t imat ing  rock  proper t ies such layer  

poros i t y ,  permeabi l i t y  and in i t ia l  water  sa turat ion.  

F igure 4  shows the ca lcu la ted o i l  in  p lace per  layer  in  each wel l  based on 

the fo l lowing  vo lumetr ic  formula:  

 

 
𝑁

𝐴
=

7758∗ℎ∗Φ∗(1−𝑆𝑤)

𝐵𝑜
  [STB/Acres]  (1 ) 

 

In  equat ion  (22) :   N=Stock  tank  o i l  in  p lace A= area in  acres;  h=average 

net  th ickness in feet ;  Φ=poros i t y ,  f rac t ion ;  Sw=water  sa tura t ion,  f ract ion;  

and  

Bo= format ion vo lume factor  (FVF)  in  RB/STB.   

The resu l ts  shown in F igure 4 represent  the o i l  in  p lace d is t r ibut ion 

between the we l ls .  EBR-1,  EBR-3 and EBR-5 i l lust rates more connected 

hydrocarbons than EBR-4 and EBR-6.   
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F igure 4.  O i l  in  P lace per  layer  in  each wel l  

 

2.3 FLUID PROPERTIES  

Flu id  samples are taken f rom the T2 zone at  separator  level  in  EBR -1.  And 

subsequent  laboratory ana lys is  was carr ied out  on these samples.  I t  shou ld 

be noted that  there is  l im i ted amount  of  PVT data in  mul t i layered reservo i r .  

W e be l ieve that  no compos i t iona l  or  compar tmenta l iza t ion  ex is t  because 

on the one hand,  most  of  the we l ls  showed smal l  pay zone interva ls  and 

on the other  hand f lu id  proper t ies determined f rom product ion  test  do  not  

show s ign i f icant  var iance in te rms of  o i l  g rav i t y ,  temperature  and gas 

grav i t y .   

 

S im i la r ly  to rock  and comple t ion data ,  fundamenta l  f lu id proper t ies must  

be entered in to the program 1 f or  est imat ion  of  f lu id  in  p lace,  d ra inage area,  

permeabi l i t y and sk in factor .  Therefore ,  the PVT repor t  wi l l  be used as 

bas is  to deve lop cor re lat ions  of  o i l  p roper t ies .   

P lo ts  of  the so lu t ion  gas o i l  ra t io ,  o i l  fo rmat ion vo lume fac tor ,  o i l  dens i ty,  

o i l  v iscos i t y and s ing le phase o i l  compress ib i l i t y  are shown in F igure 5 to 

                                                

1 T opaze :  A  Kapp a  En g ineer ing  So f tware  
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F igure 9.  These proper t ies were  tuned us ing  G l aso-vo la t i le  o i l  cor re la t ion 

wh i le  v iscos i ty  was tuned us ing  Beggs and Br i l l  cor re lat ion.  

 

F igure 5:   So lut ion Gas-Oi l  Rat io  

 

 

Figure 6.  O i l  Format ion Vo lume Factor  
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Figure 7:  O i l  Dens i ty  

 

 

Figure 8.  O i l  v iscosi ty  
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Figure 9.  S ing le  Phase O i l  Compress ib i l i t y  

The fo l lowing  tab le  presents the  laboratory measured data  used for  

regress ion.  

Tab le  1.  Measured F lu id  Proper t ies  

Reservo i r  Pressure  5322 ps ia  

Reservo i r  Temperature  212°F 

Reservo i r  Bubb le Pressure 1983.7  ps ia  

Format ion Vo lume Factor  at  Bubb le poin t  1 .427 RB/STB 

Oi l  V iscos i ty  at  Reservo i r  P ressure 0 .497 cp 

O i l  V iscos i ty  at  Bubb le  Po int  0 .388 cp 

O i l  Dens i ty  a t  Bubb le  Po int  0 .678 g /cc  

O i l  compress ib i l i t y  a t  Reservo i r  Pressure  1 .279E-5 

2.4 RESERVOIR PERFORM ANCE   

Fi rs t  product ion  f rom El  Badr  f ie ld was recorded f rom a s ing le we l l  EBR-1 

in  January 2008 wi th  an o i l  rate  of  2500 STB/ D.  In Ju ly  2010,  EBR-3 was 

added as a deve lopment  we l l  and la te ly  EBR-4 and EBR-5 star ted 

cont r ibut ing  in February and March 2011.  The las t  deve lopment  we l l  d r i l led 

in  the  s t ructure was EBR-6 in Ju ly  2013.  The da i ly  prod uct ion reached a 

peak in  2011 about  4700 STB/D.  

 

The da i ly  product ion  f rom a l l  E l  Badr  we l ls  is  gathered near  the  we l ls  and 

t ranspor ted through common p ipe l ine  a long 7 km to W aha Centra l  

Process ing Fac i l i t y  (CPF)  where i t  i s  eventua l ly  hand led  as  i l lust rated in 

F igure 10.  Th is  cur rent  schemat ic  of  f ie ld  product ion fac i l i t ies makes the 

count ing  of  hydrocarbon product ion f rom each wel l  o f  the f ie ld a 

cha l leng ing exerc ise  because what  is  measured at  W aha CPF is  the f ie ld 
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to ta l  product ion .  From here comes the need for  app ly ing  a proper  

product ion  a l locat ion  method in order  to get  an accurate  aggregat ion of  the 

f ie ld  product ion ref lec t ing  the rea l  per formance of  each in the f ie ld.  

 

F igure 10:  Sur face Fac i l i t y  f rom EL Badr  f ie ld to  W AHA CPF  

 

Under  cur rent  dep le t ion  cond i t ion,  the cumula t ive  o i l  product ion  repor ted 

to be 5.38 MMSTB or  less 10% of  the o i l  in  p lace .  W ater  break through was 

observed f i r s t  in  EBR-1 af ter  more than a  year  of  p roduct ion ,  however ,  the 

o ther  we l ls  produced water  s ince the f i r s t  day of  product ion .  The actual  

cumulat ive produced wate r  is  in  the order  of  1.6 MMSTB which is  30%  of  

tota l  product ion .  

EBR-5 and EBR-3 found to  be watered out  in  December  2013 and Apr i l  

2014 respect ive ly .  Due to  th is  premature  h igh water  product ion  these wel ls  

are current ly  shut  in .  Cumula t ive o i l  product ion  reached 1.32 MMSTB f rom 

EBR-5 and 0.63 MMSTB f rom EBR-3.   

F igure 11 i l lust rates  o i l  product ion throughout  the f ie ld l i f e ,  respect ive 

cumulat ive  product ion  of  each wel l  wh ich  are represented as  bubb le  map  

and F igure 12 shows re lat ive  locat ion  of  the we l ls  in  the s t ructure 

respect ive ly .  
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F igure 11:  Lef t :  E l  Badr  f ie ld Product ion  Right :  E l  Badr  we l ls  O i l  
cumulat ive  Product ion  bubb le  map  

 

 

Figure 12:  EL Badr  W el ls  Locat ion wi th in  the st ruc ture  

 

To invest igate  the per formance and t he ef f ic iency of  each wel l  in  E l  Badr  

f ie ld ,  we p lo t ted the product ion h is tory of  each wel l  wi th  the  separator  we l l  

test  resu l ts  and PLTs  (Product ion  Logg ing Too ls ) .  W e ana lyzed on ly  the o i l  

and water  phases  in  deta i ls  but  not  the  gas one .  GOR was f requent ly  m is -
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repor ted due to incons is tent  meter ing  and/or  to var iance in  so lu t ion gas 

rat io  used in PLTs to  es t imate ga s rates .  Most  of  the PLT  repor ts  c la imed 

that  accurate PVT data wou ld  be bet te r  to match sur face cond i t ions.   

2.5 EL  BADR-1  WELL PRODUCTION PERFORM ANCE  

EBR-1 is  completed in  7  se ts of  per fora t io ns and produc ing th rough SSD 

(A to F) .  Acacus and Tannezuf t  S i lur ian  sandstones ref lec ts  the net  pay 

zones  and have been per fora ted respect ive ly  as  shown in  Tab le  2.  

The wel l  features 3 ½ “ tub ing  complet ion  s t r ing  wi th wi re l ine  ent ry  gu ide 

a t  3568m.  The tub ing is  set  in  7”  l iner  wi th  a l iner  show at  3650m. The 

open ho le  sect ion extends to 4162m  (Append ix  A) .  

The wel l  exh ib i ted  var ious f low per iods where  i t  s ta r ted produc ing  through 

a  choke before be ing rep laced by 3”  e lbow in  May 2009.  Th is  reduc t ion in 

sur face back  pressure  engendered increase in product ion as seen in  F igure 

13.  U l t imate ly  the  we l l  s topped to  f low natura l ly ,  thus ,  at tempts to restore 

product ion  th rough sca le  removing were  per formed  before ins ta l l ing  gas 

l i f t  sys tem through a  punch in tub ing a t  2350m.  The water  break through 

occur red in august  2010.  Product ion data show that  the water  product ion 

is  cons is tent  and increases wi th  t ime.  The gas  product ion f rom EBR -1 is  

main ly  so lut ion  gas that  comes  out  of  the  produced o i l .  Gas product ion is  

no t  a prob lem as long as  the reservo i r  p ressure  remains  above the bubb le 

po in t .  

Many product ion tes ts  were  carr ied  out  for  th is  we l l .  F igure 13 shows 

product ion  h is tory and wel l  test  data.  W e observe tha t  p roduct ion  test  

shows d iscrepancy as we l l  as sudden change between the repor ted rates 

and the tests  wh ich  underscore the  inef f ic iency of  rate a l locat ion procedure 

in  the  f ie ld.  

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy1PL2z43PAhXHwBQKHYzDB_MQjRwIBw&url=https://de.wikipedia.org/wiki/Montanuniversit%C3%A4t_Leoben&psig=AFQjCNGKub1Im2Lfg6NF9nICgCaQ8gJUAw&ust=1473900107237571


El  Badr  F ie ld Overv iew                                                

H ichem Fakhfakh   13  
   

 

F igure 13.  Product ion  Rates versus W el l  P roduct ion  Tests of  EBR-1 

EBR-1 has  good reservo i r  character is t ics .  Average layers  proper t ies  are 

summar ized in Table  2.  The pressure is  averaged on pressure g rad ient  

es t imated f rom MDT.  The poros i t y ,  permeabi l i t y  and water  saturat ion  are 

averaged based on the va lues est imated f rom the open ho le  logs.  F lu id 

proper t ies are  es t imated f rom the PVT repor t  conjunc t ly  wi th  t he  product ion 

tests .  Tab le 3 presents  the averaged proper t ies for  EBR -1 obta ined f rom 

MDT and open ho le  logs in terpretat ions  and F igure 14 i l lus t rates the 

pressure  grad ient  es t imated f rom MDT.  
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Tab le  2.  Layers  Rock  Proper t ies of  EBR-1 

  
H(m)  Pr (Ps i )  Ph i ( - )  K(md)  Sw( - )  

SSD A Bo 5  4779 0 .11 12 0 .35 

SSD B 
A1b 5  5048 0 .09 0 .7 0 .35 

A1c 3 .5 5028 0 .16 13 0 .22 

SSD C 
A2d 1  5104 0 .11 7 .48 1  

A2e 6  5124 0 .14 14 0 .37 

SSD D 
A5-1 5 .5 5183 0 .14 8 .3 0 .35 

A5-3 8  5236 0 .17 62 0 .35 

SSD E 
A8a 1  5310 0 .05 1 .2 0 .5 

A9a 5  5317 0 .12 1  0 .35 

SSD F T2 5  5322 0 .2 74 0 .15 

Tab le  3.  Average Proper t ies of  EBR-1 

In i t ia l  pressure  
5165 ps i  

Reservo i r  temperature  212 °F 

Net  pay  45 m 

Poros i t y  0 .14 -  

Permeabi l i t y  16 .6 md 

W ater  Saturat ion  0 .32 -  

O i l  g rav i t y  40.5 °API  

Gas grav i t y  0 .98   

W ater  sa l in i t y  255000 ppm 

 

 

Figure 14.  Pressure Grad ient  of  EBR-1 
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F igure  15 and F igure  16 show the evolu t ion  of  wat er  cut  and o i l  cu t  for  

each SSD obta ined f rom PLTs.  The water  is  main ly  coming f rom SSD D 

which  is  about  90% of  the to ta l  p roduced water .  S im i la r ly ,  SSD D 

cont r ibutes rough ly  to 60% of  the o i l  p roduct ion.  Therefore  the water  

product ion  is  cons idered as a good water  in  EBR -1,  in  other  words,  the 

water  produced is  be lo w the economic l im i t  and cannot  be avo ided wi thout  

los ing reserves.    

 

F igure 15.  W ater  Cut  Evo lu t ion fo r  EBR-1 

 

 

F igure 16.  O i l  Cut  Evo lu t ion  for  EBR-1 
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2.6 EL  BADR-3  WELL PRODUCTION PERF ORM ANCE  

EBR-3 was dr i l led in  2010 and located approx imate ly  1 .1  km to the east  of  

EBR-1.  The wel l  f ea tures  a  s ing le tub ing st r ing  wi th  2  7/8”  d iameter  down 

to 3744m. The wel l  i s  produc ing f rom Acacus /Tannezuf t  per fora ted 

in terva ls  t hrough three SSD (A,  B and C) .  T he tub ing  is  f ixed to  the l in er  

wi th  a  l iner  shoe at  3763m. T he open ho le  sect ion extends to  41 62m in  the 

Ordovic ian  format ion  (Append ix A)  

S imi la r ly  to  the prev ious  we l l ,  EBR -3 produced f rom 3”  e lbow s tar t ing  f rom 

August  2010.  In May 2011,  the we l l  s ta r te d product ion  wi th  gas l i f t  

mandre ls .  W ater  product ion  was seen s ince the ear ly  l i f e  of  the we l l  (F igure 

17) .  Pressure  grad ient  was found non l inear  due to  par t ia l  dep le t ion in  some 

produc ing  layers .  These layers  are  main ly  A2e,  A5 -1 ,  A5-3  and T2 wi th 

pressure d i f fe rence f rom EBR-1 of  160,  750,  1300,  170 and 431 ps ia 

respect ive ly  as  shown in  F igure  18.    

In  Tab le 4 .  Layers Rock  Proper t ies of  EBR-3 layers proper t ies are  the 

averaged wel l  p roper t ies are  s ummar ized.  
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F igure 17.  Product ion  Rates versus W el l  Product ion  Tests of  EBR -3 
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Tab le  4.  Layers  Rock  Proper t ies of  EBR-3 

  H(m)  Pr (Ps i )  Ph i ( - )  K(md)  Sw( - )  

SSD A 
A2d 2  5155 0 .18 9  0 .44 

A2e 7 .5 5024 0 .17 5  0 .35 

SSD B 

A5-1A 2 .5 4431 0 .13 8  0 .35 

A5-1B 2  4993 0 .08 0 .2  0 .35 

A5-3 5  3900 0 .14 4  0 .35 

A7 4  5040 0 .14 5  0 .35 

SSD C 
A9a 8  5298 0 .09 0 .6  0 .35 

T2 5  4906 0 .24 18 0 .15 

 

Tab le  5.  Average Proper t ies  of  EBR-3 

In i t ia l  pressure  
4855 ps i  

Reservo i r  temperature  212 °F 

Net  pay  36 m 

Poros i t y  0 .14 -  

Permeabi l i t y  2 .66 md 

W ater  Saturat ion  0 .36 -  

O i l  g rav i t y  41  °API  

Gas grav i t y  0 .98   

W ater  sa l in i t y  255000 ppm 

 

 

F igure 18.  Pressure Grad ient  of  EBR-3 
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PLT tests  in  F igure 19 and F igure 20 ind ica te  tha t  SSD B and SSD C are 

the  most  product ive  in terva ls  wh i le  SSD A is  found to  be the  cause of  we l l  

load ing  up due to excess ive  increas ing in  water  cut .  

 

F igure 19.  W ater  Cut  Evo lu t ion fo r  EBR-3 

 

 

Figure 20.  O i l  cut  Evo lu t ion  for  EBR-3 

 

2.7 EL  BADR-4  WELL PRODUCTION PERF ORM ANCE  

EBR-4 was dr i l led in  2010 wi th a pr imary object ive  to extend the 

deve lopment  of  E l  Badr  f ie ld  by product ion  of  the S i lu r ian Acacus reservo i r .  

The c losest  we l l  to  EBR-4 is  EBR-3.  
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EBR-4 produces f rom a s ing le s t r ing  wi th  3 ½ tub ing down to 3665m, 

per fora ted in f i ve  in terva ls  and set  to product ion through three SSD s.  

EBR-4 was produced f i r s t  in  February 2011 and qu ick ly  conver ted to gas  

l i f t  in  May 2011.  Poor  reservo i r  qua l i t y  ( i .e .  low poros i t y  and permeabi l i t y  

and smal le r  ne t  pay 22 m whi le  f or  ins tance EBR -1 has 45m. )  has led to 

smal l  p roduct ion cont r ibut ion  to the tota l  f ie ld.  W ater  product ion  was 

observed s ince the f i r s t  day of  product ion .  Cumula t ive  o i l  repor ted is  in  the 

order  of  0 .7 MMSTB.  However  th is  we l l  i s  good cand idate  f or  p roduct ion 

rate  a l locat ion  due to  the er ra t ic  per iod  of  product ion  that  extend main ly 

f rom June 2011 to  February 2012.  F igure  21 shows the product ion  h is tory 

and the test  po ints .  

In  F igure  22 dep le t ion in  p ressure  was  a lso  observed wi th  an in i t ia l  

p ressure of  4833 ps ia  (wh i le  EBR-1 was 5165 ps ia) .  Layers A5 -1a,  A5-3 

and T2 are  found the most  dep le ted wh i le  T3a is  found to be abnormal ly 

pressured wi th  respect  to  o ther  layers  due to the  fac t  that  i t  i s  encountered 

for  the f i r s t  t ime.  

 

 

F igure 21.  Product ion  Rates versus W el l  Product ion  Tests  of  EBR-4 

The fo l lowing  tab les l is t  the  layers  proper t ies  and averaged wel l  es t imated 

va lues .  

 

Tab le  6.  Layer ' s  proper t ies of  EBR-4 
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  H(m)  Pr (Ps i )  Ph i ( - )  K(md)  Sw( - )  

SSD A 
A5-1A 2 .5 3985 0 .13 6  0 .35 

A5-3 4  4058 0 .08 8  0 .35 

SSD B 
T2 6  4840 0 .14 20 0 .22 

T3a 3  5273 0 .15 20 0 .22 

SSD C T deep 6 .5 5450 0 .09 3  0 .35 

 

Table  7.  Average Wel l  p roper t ies of  EBR -4 

In i t ia l  Pressure  4833 ps i  

Reservo i r  

Temperature  
212 °F 

Net  Pay 22 m 

Poros i t y  0 .12 -  

Permeabi l i t y  11 .2 md  

W ater  Saturat ion  0 .29 -   

O i l  Grav i t y  41  °API  

Gas Gravi ty  0 .98   

W ater  Sa l in i t y  255000 ppm 

 

 

 

Figure 22.  Pressure Grad ient  of  EBR-4 

EBR-4 has  on ly  one PLT measurement  per formed in October  2011,  the 

resu l ts  in  F igure 23 and F igure 24 show that  SSD B is  the main producer  

for  bo th o i l  and  water .  
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F igure 23.  PLT 's  Water  Cut  of  EBR -4 

 

 

Figure 24.  O i l  Cut  Evo lu t ion  for  EBR-4 

 

2.8 EL  BADR-5  WELL PRODUCTION PERFORM ANC E  

EBR-5 dr i l led  in  2011,  jus t  740m to  the  nor th -west  of  EBR-4.  Desp i te  the 

shor t  d is tance to EBR-4,  EBR-5 encountered good reservo i r  character is t ics  

of  Acacus sandstones (poros i t y  exceeded 20% in  some layers) .  

EBR-5 was  comple ted wi th  a  s ing le  3 ½ “d iameter  tub ing  s t r ing  tha t  extends 

to  3458m. the  tub ing  is  set  in  7”  l iner  and the we l l  was produced f rom 3 

zones by the  way o f  e igh t  per forated in terva ls  in  7”  l iner  between the end 

of  tub ing and the p lugged back  to ta l  depth of  the l iner  at  3734m  (Append ix 

A) .   
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One month af ter  f i rs t  p roduct ion in  EBR -4 product ion  was car r ied  out  in  

EBR-5 and conver ted  into gas l i f t  in  Ju ly  2011.  The wel l  has  produced 0.63 

MMSTB of  o i l  and jus t  33.2  MSTB of  W ater  wh ich  is  about  5% in shor t  t ime 

as  i l lust ra ted in F igure 25.  

Tab le  8 and 

 

 

Tab le  9 summar ize  layers  and wel l  averaged proper t ies found in th is  we l l .  

 

F igure 25.  Product ion  Rates  of  EBR-5 

 

 

 

 

 

 

 

 

 

Tab le  8.  Layer ' s  proper t ies  of  EBR-5 

  H(m)  Pr (Ps i )  Ph i ( - )  K(md)  Sw( - )  

A2e 4  4767 0 .17 7 .5 0 .15 

A5-1A 2 .5 3839 0 .11 5 .6 0 .35 

A5-3 4  3821 0 .08 6 .7 0 .35 
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A7 6  3676 0 .17 9 .5 0 .22 

A9a 7  3586 0 .17 9 .5 0 .22 

T2 6  4060 0 .22 24 0 .15 

T3a 3 .5 4365       

T  deep 6 .5 5374       

 
 
 

Tab le  9.  Average Wel l  Proper t ies for  EBR -5 

In i t ia l  Pressure  
3793 ps i  

Reservo i r  

Temperature  

212 °F 

Net  Pay 39.5 m 

Poros i t y  0 .15 -  

Permeabi l i t y  8 .56 md 

W ater  Saturat ion  0 .2 -  

O i l  Grav i t y  41  °API  

Gas Gravi ty  0 .98   

W ater  Sa l in i t y  255000 ppm 

 

 

Pressure dep let ion was pronounced in the  upper  layers A5 -1 ,  A5-3,  A7 and 

A9a as  shown in  F igure 26.  

 

F igure 26.  Pressure  Grad ient  for  EBR-5 

F igure  27 and F igure  28 show the evolu t ion  of  o i l  cut  and water  cut  for  

EBR-5.  The h igh in i t ia l  water  saturat ion  caused the water  product ion  to 

increase inev i tab ly .  EBR-5 was shut  in  af ter  on ly  two years  of  p roduct i on 

due to sudden increase in water  cu t  where  was repor ted to be 100% in 
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August  2013.  EBR-5 has  on ly  one PLT meas urement  per formed in  March 

2011 where  i t  shows that  the  water  comes bas ica l ly  f rom layer  T3a.  

 

F igure 27.  O i l  cut  Evo lu t ion  for  EBR-5 

 

 

F igure 28.  W ater  Cut  Evo lu t ion fo r  EBR-5 

 

2.9 EL  BADR-6  WELL PRODUCTION PERF ORM ANCE  

EBR-6 is  a  deve lopment  we l l  d r i l led  in  May 2013 and located a lmost  0.6 

km to  the east  of  EBR-1 and 0.7  km to the west  of  EBR-3.  

The wel l  completed wi th  a s ing le 3  ½ “ to  3234m and is  produc ing through 

a  ta i l  p ipe  and per forated pup jo int  3222m.  S ix  per fora t ion  in terva ls  in  7”  

l iner  estab l ished in  phase I  per forat ion  program before  adding  per forat ion  

in  the par t ia l ly  dep le ted layers  as  per  phase I I  as  shown in  F igure  30 and 

0

0.2

0.4

0.6

0.8

1

1.2

A2e A5-1A A5-3 A7 A9a T2 T3a T deep TOTAL

0

0.005

0.01

0.015

0.02

0.025

A2e A5-1A A5-3 A7 A9a T2 T3a T deep TOTAL

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy1PL2z43PAhXHwBQKHYzDB_MQjRwIBw&url=https://de.wikipedia.org/wiki/Montanuniversit%C3%A4t_Leoben&psig=AFQjCNGKub1Im2Lfg6NF9nICgCaQ8gJUAw&ust=1473900107237571


El  Badr  F ie ld Overv iew                                                

H ichem Fakhfakh   26  
   

F igure 31.   Because EBR-6 is  too  c lose to EBR-1 which  is  the main 

producer  in  the  f ie ld ,  the  cont rast  in  the  pressure g rad ient  was not ab le.  

However ,  good reservo i r  charac ter is t ics  a l lowed EBR-6 to ga in a 

s ign i f icant  p lace in tota l  f ie ld  per formance wi th cumulat ive  o i l  product ion 

of  0.91 MMSTB (F igure 29) .  W ater  product ion  was noted s ince the 

beg inn ing in  th is  we l l  and i t  i s  p rog ress ive ly  increas ing af te r  per forming 

phase I I  per fora t ions .  The main water  produc ing  interva ls  are A5 -3  and T2 

as  shown in  F igure 32.  F igure 33 shows that  layers  A1C,  A5-3,  A8a and T2 

are the  main o i l  p roducers.  

 

F igure 29.  Product ion  Rates versus W el l  Product ion  Tests of  EBR-6 

The f lowing tab les l is t  respect ive ly  layers  proper t ies and the averaged wel l  

p roper t ies.  

 

 

 

Tab le  10.  Layers  Rock  Proper t ies  of  EBR-6 

  H(m)  Pr (Ps i )  Ph i ( - )  K(md)  Sw( - )  
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A5-1B 2 .2 4888  0.18  4  0.45 

A5-3 5 .9 2941  0.15  30  0.45 

A8A 1 .5 5248  0.12  33  0.2  

A9A 3 .3 5038  0.15  3.5  0.54 

T2 3 .8 2941  0.25  97.3  0.5  

 

 

 

Table  11.  Average Proper t ies of  EBR-6 

In i t ia l  Pressure  
 4800*  ps i  

Reservo i r  

Temperature  

 212 °F 

Net  Pay 10.5*   

25 .5**  

m 

Poros i t y   0.14 -  

Permeabi l i t y   -  md 

W ater  Saturat ion   -  -  

O i l  Grav i t y  41  °API  

Gas Gravi ty  0 .98   

W ater  Sa l in i t y  255000 ppm 

*  Phase I         * *  Phase I I  

 

The pressure dep le t ion in th is  we l l  is  s ign i f icant ,  espec ia l ly  in  layers 

per fora ted in phase I I .  In  F igure 31 orange po ints  represent  the layers 

pressure versus depth for  Phase I I  and b lack  po ints  the pres sure fo r  Phase 

I .  
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Figure 30.  Pressure Grad ient  of  EBR -6 Phase I I  

 

 

Figure 31.  Pressure grad ient  of  EBR-5 Phase I  (B lack)  and I I  (Orange)  
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Figure 32.  W ater  Cut  Evo lu t ion of  EBR-6 

 

 

Figure 33.O i l  Cut  Evo lu t ion  for  EBR-6 
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3 El Badr Field Production Analysis  

In  th is  chapter  we present  the product ion ana lys is  fo r  each  wel l .  W e 

es t imate the  we l l  po tent ia ls  and the o i l  in  p lace.  Moreover ,  we show 

cons is tency of  the es t imated wel l  log  proper t ies wi th  the resu l ts  found by 

the product ion  ana lys is .  And f ina l ly  we genera te new rates cons is tent  wi th 

the  re lat ive  pressure  drawdown.  A sys temat ic  theoret ica l  descr ip t ion of  

these p lots  is  g i ven in  the next  sect ion:  

3.1 PRODUCTION DATA AN ALYSIS AND D IAGNOSTIC OVERVIEW  

This sect ion prov ides  an overv iew of  the  ex is t ing  product ion  data  ana lys is  

and d iagnost ics  methods.  These too ls  are impor tant  because they 

const i tu te a bas is  to assess reservo i r  cond i t ion,  and est imate 

we l l / reservo i r  parameters.  The product ion ana lys is  methods can be 

subd iv ided into three groups  [5] .  

   Empi r ica l  ana lys is  of  p roduct ion data.  

   Dec l ine t ype curve ana lys is .  

   D iagnost ic  methods for  product ion  data  ana lys is  

 

3.1.1 Empirical  Analysis of  Production Data  

The use of  rate- t ime data  to est imate reserves was among the f i rs t  indust ry 

pract ices  to est imate reserves .  Arp ’s  formula t ion (1945)  was the  f i r s t  

sys temat ic  a t tempts  to re late ra te - t ime data in  the pet ro leum l i te rature 

when he presented h is  exponent ia l ,  hyperbo l ic  and harmonic  dec l ine 

re la t ions.  The objec t ive  of  these re lat ion  is  bas ica l ly  the est imat ion of  

reservo i r  per formance and reserves  under  cons tant  operat ion  cond i t ion 

and for  boundary dominated f low.  The tab le be low presents  b  exponent  

ranges and the i r  s ign i f icance on reservo i r  per formance es t imat ion .  

 

Tab le  12 .  Dr ive  mechan ism versus b exponent  va lue  

b  Va lue 
Dr ive  Mechan ism 

0  S ing le phase l iqu id  

0 .1-0.4 So lu t ion gas dr ive  o i l  reservo i rs  

0 .4-0.5 S ing le phase gas  

0 .5  Ef fect ive  water  edge dr ive   

0 .5-1 Comming led layered reservo i rs  

 

These dec l ine  curves  wh ich  are  based on an empir ica l  rate - t ime and 

assoc iated cumula t ive - t ime equat ions,  can be descr ibed in the general  

form as :  
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 𝑞(𝑡) =
𝑞𝑖

[1+𝑏𝐷𝑖𝑡]
1
𝑏

                               (2 ) 

 

 

 𝑄(𝑡) =
𝑞𝑖

𝑏

𝐷𝑖(1 − 𝑏)
(𝑞𝑖

1−𝑏 − 𝑞(𝑡)1−𝑏) (3 ) 

 

W here:  𝑞𝑖  i s  the  in i t ia l  rate,  𝐷𝑖 i s  the  dec l ine  factor ,  and  𝑏 a parameter  

vary ing  between 0  and 1  def in ing  the  dec l ine  type.  Spec ia l  f orms of  Arps 

dec l ine  curve when b=0 and b=1 are  g iven as :  

 

Exponent ia l  decl ine,  b=0 

 𝑞(𝑡) = 𝑞𝑖𝑒−𝐷𝑖𝑡 (4 ) 

 

 𝑄(𝑡) =
𝑞𝑖 − 𝑞(𝑡)

𝐷𝑖
 (5 ) 

 

                                               

Harmonic decl ine,  b=1 

 𝑞(𝑡) =
𝑞𝑖

[1 + 𝐷𝑖𝑡]
 (6 ) 

 

 𝑄(𝑡) =
𝑞𝑖

𝐷𝑖
ln (

𝑞𝑖

𝑞(𝑡)
) (7 ) 

 

 

3.1.2 Decline Type Curves for  Production Analysis  

Fetkovich  (1987)  was the f i r s t  reference for  p roduct ion  dec l ine curve 

ana lys is  us ing  type curves.  In  h is  work ,  Fetkovich  assumed a  constant  

f lowing  pressure  wh ich  is  the  not  the case in vo lumet r ic  reservo i rs  fo r  

ins tance.  In 1993,  B las ingame and Pa lac io  in t roduced a  fundamenta l  

funct ion p lot  account ing  fo r  var iab le - ra te /var iab le  pressure  drop in 

product ion data.  The i r  approach cons is ts  of  p lot t ing  the normal ized ra te by 

pressure  drawdown aga inst  mater ia l  ba lance t ime and they used Bourdet  

approach to ca lcu late the der iva t ive .  Al though,  the ir  work  was l im i ted to 

gas  we l ls ,  these types  curve p lo ts  were  extended to o i l  we l ls ,  hor izonta l  

we l ls ,  hydrau l ica l ly  f ractured we l ls  and mul t i -we l l  reservo i r  sys tems  [6 ] .   
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3.1.3 Diagnostic Methods for  Production Data Analysis  

Few d iagnost ic  p lots  ex is t  in  the l i tera ture fo r  p roduct ion  data ana lys is  

when compared to t rans ient  pressure  ana lys is  due to the  fact  that  

p roduct ion data are cons idered as low f requency and low reso lut ion data  

[6] .Yet ,  Mat tar  and Ander son have prov ided a  systemat ic  approach wi th 

examples  for  product ion  data  d iagnost ics  [3 ]  [7 ] .  The approach can be 

summar ized as :  

1 -  Assess  the qua l i t y  and comple tene ss  of  da ta us ing product ion  h is tory 

p lo ts  

2-  Ca lcu la te the bot tom ho le f lowing pressures  ( i f  necessary)  

3 -  Es t imate  reservo i r  parameters ( f lu id and rock  proper t ies)  

4 -  Ident i f y  expected reservo i r  t ype (vo lumetr ic ,  W ater  dr ive ,  Gas cap)  

5-  Range f i l te r  the data  

 

In  2006,  Kab i r  [8 ]  p resented d iagnost ic  too l  in  te rms of  a  Car tes ian 

pressure- rate p lot  data wi th  a  h ighl ight  on  ident i f y ing  the reservo i r  

p roduct ion  mechan ism in  a  s imple way to per form a  d iagnos is .   

 

 To sum up,  Anderson et  a l  [6 ]  p roposed in the i r  work  a  set  of  d iagnost ic  

p lo ts  to cons ider  in  te rms of  product ion  data corre lat ion  and reservo ir  

d iagnost ics and the most  cha l lenges and p i t fa l ls  encountered as we l l  as 

the i r  in f luence/sever i t y  in  p roduct ion data in terpretat ion (Tab le  13) .  

Tab le  13.  Cha l lenges and P i t fa l ls  encountered in Product ion  Data  

Type 
Issue Inf luence/sever i t y  

W el l  Complet ion  

Zone changes:  

new/o ld  per fora t ions  

Very High 

 

Changes in the  

we l lbore  tubu lars  

 

H igh 

Changes in sur face 

equ ipment  

Modera te to  High  

 

St imulat ion:  hydrau l ic  

f ractur ing 

High 

 

St imulat ion:  ac id iz ing ,  

e tc .  

Modera te  

 

Genera l  

Reservo i r  proper t ies  
Modera te  

 

Gas proper t ies  
Modera te  

 

O i l  Proper t ies  Modera te  
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Poor  t ime-pressure-

rate  synchron iza t ion  

Modera te to  h igh  

 

Poor  t ime-pressure-

rate  cor re lat ion  

 

Very h igh 

Pressure 

No pressure 

measurement  
High 

Incorrect  in i t ia l  

p ressure  est imate  
High 

Poor  we l lhead to  

bot tom ho le  pressure  

convers ion (models  

Modera te  

Incorrect  locat ion of  

p ressure  measurement  

 

Very h igh 

Rate 

Rate a l locat ions 

(potent ia l  for  e r rors)  

 

Modera te  

L iqu id Load ing  Moderate  

  

 

3.1.4 Common Plots in Production Data Analysis  

 

Product ion History Plot :  Th is  is  a p lo t  of  ra te versus  t ime a t tached wi th 

a  p lot  of  bot tom ho le  f lowing  pressure versus  t ime.  Th is  p lot  a ids to p ic ture 

changes in t ime and uncorre lated behaviors .  Such uncor re la ted behavior  

is  when the rate changes not  acco rd ing ly  to  pressures.  In o ther  words ,  the 

rate  may decrease but  the pressure does not  change or  inc reases.  

The d iagnost ic  impor tance of  th is  p lo t  is  the  s imul taneous v isua l iza t ion  of  

t ime ser ies  changes in  rate and pressure  

 

Pressure-Rate Plot :  Th is  is  s imple  p lot  to  eva luate the  d i rect  cor re la t ion 

of  the  rate  and pressure data.  Bas ica l ly  three t rend can ident i f ied  f rom th is  

p lo t  (F igure  34)  and the we l l  p roduct ion l i f e  can be d iv ided in to  an inf in i te  

ac t ing  rad ia l  f low exh ib i t ing  a negat ive  s lope and a  pos i t ive  s lope s ign i f y ing  

the pseudo steady s tate f low per iods .   
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F igure 34.  Typ ica l  Pressure Rate P lot  [9]  

 

Blasingame Plot :  Th is  is  a re-p lot  of  the t rad i t iona l  Fetkovich  p lo t  wi th 

cons iderat ion  of  the  var iab le  rate and pressure.  Th is  p lot  is  created by 

p lo t t ing  the logar i thm of  the pressure drop normal ized ra te func t ions versus 

the logar i thm of  appropr iate mater ia l  ba lance t ime func t ion  and i ts  

der iva t ive  and recent ly  th is  p lot  incorporated the concept  rate in teg ra ls  to 

smooth the data.  In th is  p lot  the  mater ia l  ba lance t ime and the normal ized 

rate  is  def ined by:  

 𝑡𝑚𝑏 =
𝑄(𝑡)

𝑞(𝑡)
 (8 ) 

 

 

 
𝑞0

∆𝑝
=

𝑞(𝑡)

𝑝𝑖 − 𝑝𝑤(𝑡)
 (9 ) 

 

 

W hen the normal ized rate is  p lot ted versus the mater ia l  ba lance t ime on 

log- log  sca le,  the boundary dominated f low wi l l  exh ib i t  a  negat ive  un i t  

s lope l ine.  The pseudo s teady state rate  equat ion is  def ined as:   

 

 

 
𝑞0

∆𝑝
=

1

𝑏𝑜,𝑝𝑠𝑠 + 𝑚𝑜,𝑝𝑠𝑠𝑡𝑚𝑏̅̅ ̅̅ ̅̅
 (10) 

 

W ith:  

 𝑚𝑜,𝑝𝑠𝑠 =
1

𝑁𝑐𝑡

𝐵𝑜

𝐵𝑜𝑖
 (11) 
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 𝑏0,𝑝𝑠𝑠 = 141.2
𝜇𝑜𝐵𝑜

𝑘ℎ
[
1

2
ln [

4

𝑒𝛾

1

𝐶𝐴

𝐴

𝑟𝑤
2

] + 𝑠] (12) 

 

                                                                

Log-Log Plot:  Th is  is  a p lo t  of  the logar i thm of  rate normal ized pressure 

drop funct ion and i ts  der iva t ive  versus the  logar i thm of  appropr iate mater ia l  

ba lance t ime funct ion .  Th is  p lot  is  used to d iagnose spec i f ic  f low reg imes 

( in f in i te -act ing  radia l  f low,  pseudo s teady s ta te ,  etc . )  wh ich  of fers 

a l ignment  to  wh ich por t ion of  the data set  shou ld  be used to est imate a 

spec i f ic  reservo i r  proper ty .  For  example ,  the inf in i te  ac t ing  f low reg ime 

leads  to  a  constant  der iva t ive  f rom which sk in  and permeabi l i t y  can b e 

es t imated.  Shor t ly ,  th is  p lot  is  an inverse vers ion of  B las ingame p lot .  

 

Normal ized rate  cumulat ive plot :  Agarwal  and Gardner  proposes the use 

of  rate-cumulat ive  type  curves fo r  est imat ing  f lu id in  p lace.  In  th is  p lot  

D imens ion less rate  is  p lot ted  aga ins t  d imens ion less cumulat ive  product ion 

wh ich  is  def ined as  fo l low for  an o i l  case:  

 𝑞𝐷 =
141.2𝑞𝐵𝜇

𝑘ℎ(𝑝𝑖 − 𝑝𝑤)
 (13) 

               

 

  𝑄𝐷𝐴 =
0.8936𝑄𝐵

∅ℎ𝐴𝑐𝑖(𝑝𝑖−𝑝𝑤)
      (14) 

 

The resu l t ing  type curves  are  s t ra igh t  l ines  wi th  negat ive  s lopes  on a 

Car tes ian graph that  converge to  the same va lue on the x -axis  and 

provides est imate of  f lu id- in-p lace in boundary dominated f low as shown in 

the F igure 35 be low:   

 

F igure 35.  Typ ica l  Normal ized ra te Cumulat ive  P lo t  [9 ]  

Fetkovich Plot :  th is  P lo t  is  on ly  va l id  fo r  the case of  co ns tant  bot tomhole 

pressure .  The logar i thm of  f lowrate is  p lo t ted versus the logar i thm of  t ime 
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and the logar i thm of  cumulat ive  product ion is  p lo t ted versus  logar i thm of  

t ime.  Th is  p lo t  creates a  fa i r ly  cons is tent  d iagnost ic  for  assess ing  the 

qua l i t y  of  the  rate data  whe n the pressure  is  cons tant .  But ,  the main 

app l ica t ion  of  the Fetkovich  p lot  is  es t imat ing  reserves and ident i f y ing  

dr ive  mechan ism owing  to the i r  empi r ica l  nature inher i ted f rom the 

incorporat ion of  Arps  dec l ine  theory.  

In  the  fo l lowing  f igure  the lef t  reg ion of  the  curves  (green to b lue)  

cor respond to the t rans ient  par t  of  the response.  O n the r ight  hand s ide,  

a re the  Arps  dec l ine  curves ( red to  ye l low )  [9] .   

 

F igure 36.  Fetkovich  Type Curve P lot  

 

 

 

And the var iab les are def ined as:  

 

Time 

Dec l ine  curve d imens ion less t ime   

 𝑡𝐷𝑑 = 𝐷𝑖 𝑡 (15) 

 

D imens ion less t ime  

 𝑡𝐷 = 0.0002637
𝑘

∅𝜇𝑐𝑖𝑟𝑤
2

∆𝑡 (16) 

 

Re la ted by:  
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𝑡𝐷𝑑 =

𝑡𝐷

1
2

[(
𝑟𝑒

𝑟𝑤
)2 − 1] [ln (

𝑟𝑒

𝑟𝑤
) −

1
2

]
 

(17) 

 

Rate 

Dec l ine  curve d imens ion less rate :  

 𝑞𝐷𝑑 =
𝑞(𝑡)

𝑞𝑡
 (18) 

 

D imens ion less f low rate ,  o i l :  

 𝑞𝐷 𝑜𝑖𝑙 =
141.2𝑞(𝑡)𝜇𝐵

𝑘ℎ(𝑝𝑖 − 𝑝𝑤)
 (19) 

 

𝑞𝐷𝑑 And 𝑞𝐷 a re re lated by:                           

 𝑞𝐷𝑑 = [ln (
𝑟𝑒

𝑟𝑤
) −

1

2
] (20) 

 

Cumulat ive product ion  

 

Dec l ine  curve d imens ion less cumulat ive :      

 𝑄𝐷𝑑 =
𝑄(𝑡)

𝑁𝑝𝑖
 (21) 

 

W here 𝑁𝑝𝑖  def ines the u l t imate  recovery.  

3.2 PRODUCTION AN ALYSIS OF EBR-1 

In  th is  we l l ,  we cons ider  the  case of  homogeneous c i rcu lar  reservo i r  

p roduc ing  f rom a ver t ica l  we l l .  The main  object ive  of  th is  ana lys is  is  to 

come up wi th a model  capab le of  reproduc ing the  product ion/Pressure 

h is tory.  EBR-1 serves  as good cand idate for  product ion ana lys is  as i t  

exh ib i t s  a  good corre la t ion between rates and pressures  wh ich  leads to 

re l iab le  ana lys is  expecta t ions .  

As  comple te  demonst rat ion of  our  ana lys is  procedure ,  we used the 

fo l lowing  spec i f ic  s tep wise sequence descr ibed by I lk  et  a l  [5 ] .  

F i rs t ,  we rev iewed the data  us ing “Product ion History P lot ”  in  F igure 37.  In 

th is  case,  i t  is  observed that  the cor re la t ion is  acceptable  for  regu lar ly  

bas is  taken data.  Bes ides,  a  shut  in  por t ion  of  th is  data is  ava i lab le.  W e 

note that  per forming a pressure t rans ient  ana lys is  can conf i rm the resu l ts  

obta ined f rom product ion  ana lys is .  However ,  as ment ioned ear l ier ,  

regu lar ly  taken data  ( i .e .  da i ly  and averaged)  is  insuf f ic ien t ly  accurate to 

g ive  the t rans ient  response of  the reservo i r .  
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The second rev iew of  the data  is  per formed us ing a pressure ra te  p lot  

(F igure 38) .  W e note  that  3 dra inage vo lumes can be eas i ly  ident i f ied f rom 

the s lopes 0 .28,  0.33 and 0 .35 ps i /STB/d.  W el l  d ra i n ing  f rom d i f ferent  

compar tments of  d i f ferent  pore vo lumes wi l l  exh ib i t  d i f ferent  s lopes .  In 

o ther  words ,  product ion  per formance of  a  we l l  in  a la rge dra inage vo lume 

wi l l  exh ib i t  a  sha l lower  s lope than those in  smal l  dra inage vo lumes  [8] .   

Another  advantage of  th is  p lo t  is  that  e r roneous /  spur ious  data are easy 

to  ident i f y.  In  th is  case,  we found that  the data  are most ly  f ree of  such 

issue.  Add i t iona l ly ,  we note that  the t rans ient  reg ime is  near ly  m iss ing due 

to the  dominated s ignature of  Pseudo Steady s tate f low reg ime.   

To es t imate reservo i r  proper t ies,  f lu id in  p lace and reserves  f rom EBR -1,  

we use log - log  p lot ,  B las ingame type curve p lot ,  and normal ized rate -

Cumulat ive  p lot .  

We used B las ingame “Dec l ine  type curves”  in  F igure  40 to compare/match 

the data wi th reservo i r  model .  For  th is  we l l  we have ident i f ied a pressure 

suppor t  by the skewed of f - t rend a t  la te  t imes.  S im i lar ly ,  us ing  log - log  p lot  

(F igure  39) ,  we found that  the data exh ib i t  d i f fe rent  f low reg imes.  At  ear ly 

t imes,  wi th mul t i layer  system we be l ieve tha t  th is  s ignature cou ld be 

caused by the dominance of  such abnormal ly  pressured layer  over  the 

o thers.  Hence,  th is  response cannot  be cons idered representat ive  f or  the 

who le  sys tem.  At  m id t imes,  we found another  response cont ro l led by 

t rans ient  and pseudo steady state  f low reg ime.  The th i rd  per iod ,  wh ich 

ref lects  the  late t ime per iod,  is  cons idered to be more opt im is t ic  in  

determin ing the f lu id  in  p lace.  W e note that  th is  per iod showed an of f - t rend 

s ignature in  B las ingame type curve.  Therefore,  re ly ing  on th is  per iod to 

es t imate the  f lu id in  p la ce wi l l  y ie ld  inev i tab ly  to an overest imat ion.  

F igure 41 shows the normal ized ra te curve,  the t rend of  normal ized rate is  

extended to es t imate the o i l  in  p lace wh ich  is  around 54.2 MMSTB. The 

ana lys is  shows s imi la r  resu l ts  as  found in  in  F igure  40 where the  o i l  in  

p lace is  about  51.4  MMSTB.  

F igure  42 presents  the  product iv i t y  index versus  t ime p lot .  W e can ident i f y 

the increas ing t rend of  the  product iv i t y  index at  la te  t ime rather  than 

converg ing  to  constant  va lue in  pseudo steady state  f low reg ime.  Th is  

cou ld  be s imply due to  downhole  gauge dr i f t ing  and/or  the  pressure suppor t  

ident i f ied ear l ie r .  And yet ,  we h igh ly  recommend runn ing a g rad ient  survey 

and product ion  logging test  for  EBR -1.  

Having  ident i f ied the  bes t  su i tab le  reservo i r  parameters ,  the  last  s tep is  to 

genera te pressures and rates model  response.  Th is  f ina l  h is tory match 

ind ica tes whether  our  model  does agree wi th the  measured data or  not .  

F igure 37 shows that  the t rend of  the  model  ( i .e .  dashed green l ine)  is  in  

agreement  wi th  measured data,  more impor tant ly ,  i t  honors  bet te r  the  test  

da ta po in ts  wh ich conf ident ly  va l idate  our  model .  W e s tate that  t ime 

dependent  sk in  is  used as tun ing  factor  fo r  the  h is tory  match.  The reason 
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i s  that  test  po in t  da ta are bet te r  honored wi th  the s imulat ion model  and 

wou ld  bet ter  account  fo r  product iv i t y  inde x and/or  permeabi l i t y  reduct ion 

( i .e .  due to compact ion)  near  the we l lbore  [7] .  

 

F igure 37.  Product ion  History P lo t  for  EBR -1 

 
F igure 38.  Pressure-Rate  Corre lat ion  P lo t  f or  EBR-1 
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Figure 39.  Log-Log P lo t  for  EBR-1 

 

Figure 40.  B las ingame Type Curve P lot  fo r  EBR -1 
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Figure 41.  Normal ized Rate -Cumulat ive  P lo t  for  EBR-1 

 

 

Figure 42.  Product iv i t y  Index P lot  for  EBR -1 

To invest igate the current  per formance of  the we l l ,  we used the Arps 
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Tab le  14.  Dec l ine Curve Ana lys is  resu l ts  of  EBR -1 

Method 
Per iod Reserves (MMSTB)  

Log(qo)  vs  Qo Late t ime 4 .65 

Log( fw)  vs Qo Late t ime ( fw=95%) 4 .97 

1 /qo vs  Qo Average product ion  3 .33 

1 / fw vs Qo Average product ionws  3 .33 

 

 

Figure 43.  Log (qo)  and Cumulat ive  Vo lume versus t ime P lo t  f or  EBR -1 

 

 

 

Figure 44.  Log ( fw)  versus Qo Plot  fo r  EBR -1 

 

0 20000 40000 60000

Time [hr]

10

100

1000

L
iq

u
id

 r
a

te
 [
S

T
B

/D
]

1000

10000

1E+5

1E+6

L
iq

u
id

 v
o

lu
m

e
 [
S

T
B

]

1: log(qo) [STB/D], Liquid volume [STB] vs t [hr]

1: log(qo) [STB/D], Liquid volume [STB] vs t [hr]

0 1E+6 2E+6 3E+6 4E+6

Liquid volume [STB]

1E-6

1E-5

1E-4

1E-3

0.01

0.1

R
a

ti
o

 [
F

r
a

c
ti
o

n
]

2: log(fw) [Fraction] vs Qo [STB]

2: log(fw) [Fraction] vs Qo [STB]

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy1PL2z43PAhXHwBQKHYzDB_MQjRwIBw&url=https://de.wikipedia.org/wiki/Montanuniversit%C3%A4t_Leoben&psig=AFQjCNGKub1Im2Lfg6NF9nICgCaQ8gJUAw&ust=1473900107237571


El  Badr  F ie ld Product ion Ana lys is                                                 

H ichem Fakhfakh   43  
   

 
F igure 45.  1 /qo versus Mater ia l  Ba lance T ime for  EBR-1 

 

 

Figure 46.  1 / fw versus  Qo Plot  for  EBR -1  

 

To inspect  the or ig in  of  p roduced water ,  we p lot ted the  W OR and the W OR 

der iva t ive  versus  t ime on log - log  sca le ,  F igure  47.  The resul ts  shows no isy 

data po ints  incapab le  of  ident i f y ing  t rends .  Therefore,  in  F igure 48 we 

p lo t ted  W OR integra l  and W OR in tegra l  der iva t ive  on log - log  sca le.  A 

dominant  zero  s lope and negat ive  s lope t rends  are c lear ly  ident i f ied.  Thus 

the water  comes bas ica l ly  f rom water  o i l  contact  r is ing  and con ing in th is  

we l l  [10 ] .  

0 1E+6 2E+6

Time [hr]

0

0.02

D
o

w
n

h
o

le
 r

a
te

 -
1

 [
[B

/D
]-

1
]

3: 1/qo [[B/D]-1] vs Qo/qo [hr]

3: 1/qo [[B/D]-1] vs Qo/qo [hr]

0 1E+6 2E+6 3E+6 4E+6

Liquid volume [STB]

0

50000

1E+5

R
a

ti
o

 [
F

ra
c
ti
o

n
]

4: 1/fw [Fraction] vs Qo [STB]

4: 1/fw [Fraction] vs Qo [STB]

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy1PL2z43PAhXHwBQKHYzDB_MQjRwIBw&url=https://de.wikipedia.org/wiki/Montanuniversit%C3%A4t_Leoben&psig=AFQjCNGKub1Im2Lfg6NF9nICgCaQ8gJUAw&ust=1473900107237571


El  Badr  F ie ld Product ion Ana lys is                                                 

H ichem Fakhfakh   44  
   

 

Figure 47.  W OR and W OR'  d iagnost ic  p lo ts  
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Figure 48.  W ORi and W ORid Diagnost ic  P lo t  
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the  incons is tent  t rends  obta ined f rom other  methods.  However ,  a  weak 

t rans ient  s ignature can be ext rac ted out  of  the p lot  wi th a s lope of  -0 .039 

Ps i /STB/D.  B las ingame p lo t  and Normal ized rate -Cumula t ive  p lots  in  

F igure 52 F igure  53 g ive  an est imat ion  of  o i l  p lace around 22.5 MMSTB 

and 21.3 MMSTB respect ive ly .  W e conc lude that  these es t imates  are far  

f rom rea l i t y  due to  the  suspected accuracy in  bot tom ho le  pressures 

ca lcu la t ions.  

 

Figure 49.  Product ion  History  P lo t  for  EBR-3 us ing Bot tomhole P ressure.  

 
F igure 50.  Product ion  History  P lo t  for  EBR-3 us ing W el lhead Pressures 
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Figure 51.  Pressure-  Rate P lot  for  EBR-3 us ing Bot tom Hole  Pressure 

 

 

Figure 52.  B las ingame Type Curve P lot  fo r  EBR-3 
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F igure 53.  Normal ized Rate -Cumulat ive  P lo t  for  EBR-3 

 

Fur thermore,  in  F igure 49,  we present  the s imula ted model  as  a  f ina l  s tep 

to  assess  the  va l id i t y  be tween pressure / ra te  h is tor ies.  W e found that  the 

raw data are bet te r  s imulated us ing inf in i te  reservo i r  model .  These r esu l ts  

len t  c redence to our  judgment  about  the  o i l  in  p lace wh ich  cannot  be 

re l iab ly  est imated f rom such model  as  boundar ies are  not  reached.  

 

F igure 54 to F igure 57 represent  the “o ld  s tuf f ”  ( i .e .  Arp ’s  p lo ts )  dec l ine 

curve ana lys is .  In  Figure 54,  we p lo t ted o i l  versus cumula t ive  o i l  produced 

and the reserves  were  est imated as 0.95 MMSTB. The dec l ine  curve 

ana lys is  is  based on the average dec l ine  observed on product ion data for  

an  abandonment  rate of  100 STB/D.  In F igure 55 we used the inverse of  

o i l  rate  aga inst  the mater ia l  ba lance t ime and we est imated the  reserves 

f rom 99% water  cu t .  The ana lys is  shows that  to ta l  recoverab le reserves 

f rom EBR-3 are  around 1.33 MMSTB. F igure 56 presents  the  water  cut  

versus  the cumulat ive  o i l  rate  on a  semi - log  p lot  and F igure  57 i l lust rates 

the  inverse of  water  cut  versus the  cumulat ive  o i l  rate.  The ext rapo lat ion 

of  the  l ine on average product ion y ie lds  to est imated reserves of  1 .35 

MMSTB in F igure 56whi le  the extens ion based on la te t ime in F igure 57 

y ie lds  to recoverab le  reserves  of  1.08 MMSTB.  

Tab le  be low summar izes  the reserves found f rom d i f ferent  methods and 

correspond ing ext rac t ion per iod accord ing ly .  
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Tab le  15.  Dec l ine curve ana lys is  resu l ts  

Method 
Per iod Reserves (MMSTB)  

Log(qo)  vs  Qo Average product ion  0 .95 

1 /qo vs  Qo Late t ime ( fw=99%)  1 .33 

Log( fw)  vs Qo Average product ion  1 .35 

1 / fw vs Qo Late t ime 1 .08 

 

 

Figure 54.  O i l  ra te versus cumulat ive  o i l  p lo t  

 

 

Figure 55.  1 /qo versus mater ia l  ba lance t ime p lot  
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Figure 56.  Log ( fw)  versus Cumula t ive  o i l  p lo t  

 

 

Figure 57.1/ fw versus  cumula t ive  o i l  rate  p lo t  
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channe l ing  f rom layers  [10] .  As d iscussed ear l ie r  in  the  we l l  per formance 

sect ion ,  the water  was main ly  produc ing through SSD A.  th is  par t  of  the 

complet ion obviously  has re lat ive ly  h igh in i t ia l  water  sa turat ion and 

permeabi l i t y  wi th  respect  to o ther  SSD’s .  Therefore,  we recommend the 

shut - in  of  SSD A to cur ta i l  the water  product ion .  Add i t iona l ly ,  SSD B shows 

dep le ted pressure wi th  respect  to  SSD A,  we be l ieve that  c rossf low 

occur red wi th in the we l l  and s lowed down o i l  product ion .  I f  successfu l ,  th is  

s imple operat ion can a l low the we l l  to  recover  approx imately  1  MMSTB as 

demonst rated f rom Dec i le  curve ana lys is .  

 

 

Figure 58.  W OR and W OR'  d iagnost ic  p lo t  of  EBR.3  
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Figure 59.  W ORi and W ORid d iagnost ic  p lot  of  EBR-3 

3.4 PRODUCTION AN ALYSIS OF EBR-4 

EBR-4 has been produced qu i te er ra t ica l ly .  F igure 60 shows the 

product ion /pressure h is tory of  the we l l .  W e mark  that  the  downhole  gaug e 

has g iven wrong response in the la te t ime.  However ,  we note that  par t  of  

th is  increase in pressure  is  due main ly  to water  product ion  wh ich  leads to 

increase in m ixture dens i ty  and decrease in  Gas -L iqu id rat io .  W e observed 

a lso tha t  between June,  2011 and  February,  2012 the product ion rates  were 

over  a l located.  Th is  unrea l is t ic  behavior  was conf i rmed by the product ion 

test  per formed in November ,  2011.  

Fur ther  d iagnost ic  is  prov ided by pressure - rate p lot  in  F igure  61.  W e found 

that  the  ear ly  t ime ( i .e .  before  the  er rat ic  behavior )  has  exh ib i ted  a pseudo 

s teady state f low reg ime whereas the late t ime ind ica ted a weak cor re la t ion 

between pressure and rates ,  though,  a negat ive s lope ind ica t ing  t rans ient  

f low reg ime was ident i f ied  as  we l l .  
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Figure 60.  Product ion  History and S imula ted model  response of  EBR -4 

 

Figure 61.  Pressure-  Rate P lot  for  EBR-4 

B las ingame p lot  and rate  cumula t ive  p lo ts  are  shown in  Figure  62 F igure 

63.  The ext rapo la t ion  of  the  ident i f ied  pseudo s teady state  per iod in  f igure 

60 ind ica ted tha t  the  o i l  in  p lace are  around 11.3 MMSTB. The t rend 

match ing in B las ingame type curves es t imated the o i l  in  p lace as 11.4 

MMSTB.  On the other  hand,  Fetkovich  type curv e in  F igure  64 F igure 

60shows a dec l ine  exponent  of  0.7  wh ich  is  t yp ical  fo r  mul t i layer  

reservo i rs .  
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Figure 62.  B las ingame Type Curve P lot  fo r  EBR-4 

 

Figure 63.  Normal ized Rate -Cumulat ive  p lot  for  EBR-4 
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Figure 64.  Fetkovich  Type Curve P lot  fo r  EBR-4 

The f ina l  va l ida t ion of  product ion ana lys is  is  shown in F igure 60 where the 

s imulated ra tes dep ic t  c lear ly  the  er ra t ic  product ion between June 2011 

and February 2012.  Product ion a l locat ion  of  the we l ls  wi l l  be  d iscussed in 

deta i ls  in  the  next  chapter .  

The ana lys is  of  dec l ine  curves us ing d i f fe rent  methods are shown in  F igure 

65 to F igure 68.  In Figure 65,  the l inear  ext rapo lat ion of  the la te t ime per iod 

y ie lds  to 0.632 MMSTB as recoverab le o i l  for  a n  abandonment  rate of  20  

STB/D.  F igure 66 shows the dec l ine  ana lys is  of  logar i thm of  water  cut  

aga inst  cumulat ive  o i l .  The est imated reserves are around 0.865 MMSTB 

f rom average product ion.  The ana lys is  of  the inverse of  water  cut  vs the 

cumulat ive  o i l  fo r  la te  t ime per iod  shows that  the  reserves  are  about  0.74 

MMSTB in  F igure 67.  F igure 68 shows the inverse of  rate  versus  the 

mater ia l  ba lance t ime.  The l inear  extens ion of  the  l ine fo r  la te t ime per iod 

shows that  the we l l  reserves are  around 0.677MMSTB.  These  low est imates 

f rom dec l ine  curve ana lyses  ref lects  the  poor  reservo i r  rock  char acter is t ics 

of  the  we l l .   
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Tab le  16.  Dec l ine Curve Ana lys is  resu l ts  of  EBR -4 

Method 
Per iod Reserves (MMSTB)  

Log(qo)  vs  t  La te t ime 0 .632 

1 /qo vs  Qo Late t ime ( fw=99%)  1 .33 

Log( fw)  vs Qo Average product ion  1 .35 

1 / fw vs Qo Late t ime 1 .08 

 

 

 

Figure 65.  Log (qo)  versus t ime p lot  

 

Figure 66.  Log ( fw)  versus Cumula t ive  o i l  p lo t  of  EBR -4 
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Figure 67.  1 / fw versus  Cumulat ive  o i l  p lo t  of  EBR-4 

 

Figure 68.  1 /qo versus mater ia l  ba lance t ime of  EBR -4 

F igure  69 and F igure  70 show the W OR d iagnost ic  p lo ts  for  EBR -4.  W e 

observe a  s l ight ly  pos i t ive  s lope and a  negat ive  s lope on W OR integra l  

der iva t ive  curve  in F igure  70.  Th is  is  p robab ly  due to water  channe l in g  

fo l lowed by water  con ing in more than one layer .  A l though,  EBR -4 has 

produced low amount  of  water ,  th is  phenomena shou ld  be reso lved as  ear ly 

as  poss ib le to  avo id  water  prob lems l i ke  those seen in  EBR-3 and EBR-5.   
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Figure 69.  W OR and W OR'  d iagnost ic  p lo t  of  EBR-4 
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Figure 70.  W ORi and W ORid d iagnost ic  p lot  of  EBR -4 

3.5 PRODUCTION AN ALYSIS OF EBR-5 

EBR-5 was loaded up in Ju ly  2013 due to the excess ive  water  product ion.  

In  F igure 72 the pressure -  rate p lot  shows two pos i t ive  s lopes ind icat ing  

the  pseudo steady f low reg ime.  In F igure  73 and F igure 74,  the  B las ingame 

type curve p lot  and Normal ized rate -Cumulat ive  p lo t  ind icate  a  good match.  

The o i l  in  p lace is  around 10.3 and 9.26 MMSTB respect ive ly .  Fetkovich 

p lo t  prove that  wel l  i s  dep let ing  f rom mult i layer  syste m wi th  dec l ine 

exponent  of  0 .9  (F igure 75) .  

0.001

0.01

0.1

1

10

1 10 100 1000 10000

W
O

R
 A

N
D

 W
O

R
'

TIME [DAYS]

WORi WORid

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy1PL2z43PAhXHwBQKHYzDB_MQjRwIBw&url=https://de.wikipedia.org/wiki/Montanuniversit%C3%A4t_Leoben&psig=AFQjCNGKub1Im2Lfg6NF9nICgCaQ8gJUAw&ust=1473900107237571


El  Badr  F ie ld Product ion Ana lys is                                                 

H ichem Fakhfakh   60  
   

 

Figure 71.  Product ion  History and S imula ted Model  Response for  EBR-5 

 

 

Figure 72.  Pressure-Rate  P lot  fo r  EBR-5 .  
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Figure 73.  B las ingame Type Curve P lot  fo r  EBR -5 

 

Figure 74.  Normal ized Rate -Cumulat ive  P lo t  for  EBR-5 

1E-4 1E-3 0.01 0.1 1 10 100
Not a unit

0.01

0.1

1

10

N
o

t 
a

 u
n

it

Re/ rwa=80

Re/ rwa=5339.66

Re/ rwa=160

qDd

qDdi

qDdid

STOIIP 9.91 MMSTB

STOIP 9.28 MMSTB

Re 1890 ft

rwa 0.311 ft

k.h 395 md.ft

k 5.48 md

Skin 0.13  

0 5 10 15 20 25 30 35

Large liquid volume [MMSTB]

0

0.4

0.8

1.2

L
iq

u
id

 r
a

te
/P

re
s
s
u

re
 [
[S

T
B

/D
]/
p

s
ia

]

Tmin 27768 hr

Tmax 70944 hr

Pi 4888 psia

PV 20.8 MMB

STOIIP 10.3 MMSTB

STOIP 9.7 MMSTB

P Ab. (p_ab) 14.7 psia

Q(p_ab) 0.797 MMSTB

Normalized Rate-Cumulative: q/(Pi-Pwf) [[STB/D]/psia] vs Q/Ct/(Pi-Pwf) [MMSTB]

https://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy1PL2z43PAhXHwBQKHYzDB_MQjRwIBw&url=https://de.wikipedia.org/wiki/Montanuniversit%C3%A4t_Leoben&psig=AFQjCNGKub1Im2Lfg6NF9nICgCaQ8gJUAw&ust=1473900107237571


El  Badr  F ie ld Product ion Ana lys is                                                 

H ichem Fakhfakh   62  
   

 

Figure 75.Fetkovich Type Curve for  EBR-5 

The dec l ine  curve ana lys is  in  F igure  76 and F igure  77 of  o i l  rate  versus 

cumulat ive o i l  rate and the logar i thm of  water  cut  aga inst  cumula t ive o i l  

rate  show that  the  cur rent  es t imated reserves  are about  0.132 MMSTB and 

1 .31 MMSTB for  99% water  cut  respect ive ly ,  wh i le  l inear  ext rapo lat ion of  

the inverse of  water  cut  versus cumulat ive  o i l  rate and the o i l  rate ve rsus 

mater ia l  ba lance t ime sho w respect ive ly  reserves  of  0.901 MMSTB and 

0 .629 MMSTB in  F igure 78 and F igure 79.  

The tab le be low represent  the  reserves  est imated f rom d i f ferent  methods 

and the correspond ing ext rapo lat ion per iod  accord ing ly .  

 

Tab le  17 .  Summary of  Dec l ine Curve Ana lys is  f or  EBR -5 

Method 
Per iod Reserves (MMSTB)  

qo vs  Qo Average product ion  0 .132 

Log( fw)  vs Qo Average product ion  1 .31 

1 / fw vs Qo Late t ime 0 .901 

Qo vs  Tmb Late t ime 0 .629 
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F igure 76.  qo versus  Qo p lot  for  EBR -5 

 

 

F igure 77.  Log ( fw)  versus Qo p lo t  fo r  EBR -5 

 

F igure 78.  1 / fw versus  Qo Plot  for  EBR -5  
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F igure 79.  1 /qo versus mater ia l  Ba lance t ime p lot  f or  EBR -5 

 

The water  o i l  rat io  d iagnost ic  p lots  in  F igure 80 and F igure 81 show that  

the main  water  or ig in  is  the ra ise of  the water  o i l  contact  in  more than one 

layer .  However  the  late  t ime per iod in  F igure  81 ind ica te that  layer  

channe l ing  is  probab ly  the cause for  the load ing up of  the  we l l .  EBR -5 

showed h igh per formance du r ing  h is  produc ing  l i fe ,  thus  the  shut  in  of  the 

water  produc ing layer  can lead to add i t iona l  recovery f rom th is  we l l  (at  

leas t  0 .629 MMSTB in  a  conservat ive  way as  shown by dec l ine  curve 

ana lys is ) .  

 

Figure 80.W OR and W OR'  d iagnos t ic  p lo t  of  EBR-5 
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Figure 81.  W ORi and W ORid d iagnost ic  p lot  of  EBR -5 

3.6 PRODUCTION AN ALYSIS OF EBR -6 

3.6.1 Phase I  

EBR-6 represents  a cha l lenge in  model ing  and proper t ies es t imat ion.  The 

wi l l  has  been produced  in  d i f fe rent  phases.  Phase I  cons is ts  of  10.5m 

in terva l  per forated in i t ia l ly  in  the undeple ted layers wh i le  the  tota l  in terva l  

af te r  February,  2014 corresponds to 25.5m.  Therefore we t reated the we l l  

as  two wel ls  wi th  d i f ferent  per formance.  The f i r s t  phase in wh ich  the  rate 

pressure p lo t  is  i l lus t rated in F igure 83 ind ica tes a poor  cor re lat ion 

between pressure and rates.  However  we modeled the rate  response model  

in  order  to  es t imate  the  rate  of  f i r s t  wh ich  wi l l  be  used la ter  in  rate 

a l locat ion.  Dur ing  th is  phase B las ingame p lot  and normal ized rate 

cumulat ive  p lot  showed an es t imat ion of  o i l  in  p lace 9.6 and 9.06 MMSTB 

respect ive ly  in  F igure 84 and F igure 85   
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Figure 82.  Product ion  History and Phase I  s imula ted model  response of  
EBR-6 

 

Figure 83.  Pressure- rate p lot  of  Phase I  EBR-6 
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Figure 84.  B las ingame Type Curve p lot  of  Phase I  EBR -6 

 

 

 

Figure 85.  Normal ized -Rate Cumulat ive  p lot  of  Phase I  EBR -6 
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Figure 86.  Log-Log P lo t  of  Phase I  EBR-6 

3.6.2 Phase I I  

Phase I I  per formance is  subd iv ided a lso to the water  cut  evo lut ion 

accord ing ly .  Th is  subd iv is ion  h ided t rend ident i f icat ion in  B las ingame p lot  

and Normal ized rate  Cumula t ive  p lot  wh ich  is  asser ted by the poor  

cor re lat ion  between  the pressures and the ra tes  in  F igure 87.   

The dec l ine curve ana lys is  based on the  late t ime per formance show an 

u l t imate recovery of  0.994 MMSTB and 1 .09 MMSTB on o i l  rate  versus 

cumulat ive  o i l  on a  semi- log  p lot  and the inverse of  o i l  rate versus  mater ia l  

ba lance t ime accord ing ly  ( F igure 88-F igure 89) .W e note tha t  other  method 

for  dec l ine ana lys is  are not  represented due to the incons is tent  resu l ts  

es t imated.  S im i la r ly ,  B las ingame p lot  and Normal ized cumulat ive  ra te 

showed poor  match for  th is  we l l .  This  is  due main ly  to  the chang ing 
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Figure 87.  Pressure Rate  p lo t  of  EBR -6 

 

 

Figure 88. log  (qo)  versus  t ime p lo t  of  EBR -6 

 

Figure 89.  1 /qo versus mater ia l  ba lance t ime p lot  of  EBR -6 
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F igure 90Figure 91show the water  o i l  rat io  d iagnost ic  p lots .  W e observe 

that  the water  evo lu t ion in  th is  we l l  i s  due to  the ra ise  of  the water  o i l  

contact  in  more than one layer  wh ich  can be so lved by water  shut -of f  

in tervent ion.  

 

 

Figure 90.W OR and W OR'  Diagnost ic  P lo t  of  EBR-6 
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Figure 91.  W ORi and W ORid Diagnost ic  P lo t  of  EBR-6 
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4 Production Allocation of El Badr Field 

4.1  THEORY BACKGROUND  

Ind iv idua l  we l l  rate  measurement  can be ach ieved us ing d i f ferent  

approach.  Most  d i rec t  one is  to use mul t iphase meter  fo r  each.  Th is  

a l locat ion sys tem cons is ts  of  set  of  p roduc ing  we l ls  where  each wel l  i s  

equ ipped wi th  a mul t iphase meter  as  shown by F igure  92 .  The f low f rom 

these wel ls  is  comming led and sent  to  a  process ing fac i l i t y  where  o i l ,  water  

and gas rates  out  of  the process fac i l i ty  a re measured wi th  f isca l  meters .  

 

F igure 92.  I l lust rat ion  of  measured rates  wi th mul t iphase meters  

 

The mul t iphase meters measure the in -s i tu gas and o i l  ra tes a t  the l ine 

cond i t ions,  on a cont inuous bas is .  These measured rates  need to be 

conver ted to sur face cond i t ions in  a cons is tent  way and then compared to 

f isca l  meters rates .  I f  t he f lu id  model  used to  conver t  the ra tes f rom l ine 

cond i t ion to sur face cond i t ion and the meters are accurate ,  the rates 

obta ined f rom mult iphase meters shou ld  be equa l  to  those measured f rom 

f isca l  meters.  Otherwise,  there wi l l  be  an imbalance which  can b e def ined 

as :  

 𝐼 = 𝑄 𝑒𝑥𝑝𝑜𝑟𝑡 − ∑ 𝑄 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚

𝑛

𝑖=1

 (22) 

 

W here  I  is  the  system imbalance,  Q  expor t  is  the  rate  measure out  of  

fac i l i t y ,  and Q  ups t ream represents the  measured rates f rom the ind iv idua l  

sources (af ter  be ing conver ted to sur face cond i t ions) .   

 

Most  f ie lds  do not  have mul t iphase meters insta l led on every we l l  because 

of  cos t  const ra in ts .  Another  a l locat ion system usua l ly  used is  shown in 
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F igure 93,  where  the  produc ing we l ls  are  moni tored wi th  downhole  gauges.  

The f ie ld a lso has a  test  separator  which  is  shared amongst  a l l  the we l ls ,  

and can be used to get  per iod ic  tests  for  the ind iv id ua l  we l ls .  

 

The accuracy of  a test  separa tor  wi l l  usua l ly  be h igher  than that  for  

mul t iphase meters .  Th is  is  because the tes t  separator  wi l l  phys ica l l y  

separa te  the  we l l  s t ream into  an o i l ,  water  and gas  phases and measure s 

these rates separate ly .  However ,  because a  tes t  separator  on ly  a l lows for  

per iod ic  tests ,  i t  wi l l  have prob lems captur ing  the dynamic behavior  of  the 

we l l .  The rate of  a we l l  may change cons iderab ly  f rom tes t  to test ,  for  

example due to change in back -pressure at  f lowl ine ,  change in chok e 

pos i t ion,  or  unexpected shut -downs.   

 

F igure 93. I l lus t rat ion  of  measured ra tes wi th  a test  separator  

 

The number  of  tests  and the f requency of  the  measurements wi l l  depend 

on the  number  of  we l ls  and the ava i lab i l i t y  of  mobi le te s t  separator .  

Insta l la t ion  of  permanent  pressure gauges is  inc reas ing ly  common in the 

indus t ry ,  and they can be used to get  h igh f requency pressure 

measurements .  These measurements  can be used together  wi th  theoret ica l  

models to ca lcu la te  the f low-ra tes.   Theore t ica l  models may use nodal  

ana lys is  ( IPR versus  VLP match)  or  may use the ana ly t ica l  so lut ion  of  the 

d i f fus iv i t y  equat ion to get  the rates out  the pressures when there is  no 

reservo i r  pressure measurements  ava i lab le  wh ich the case for  E l  Badr  f ie ld 

is .  Never the less,  these models  need to  be updated and cor rec ted on a 

regu lar  bas is .   Th is  cor rect ion  is  t yp ica l ly  done based on the  per iod ic  

measurements  f rom the tes t  separa tor .   
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The measured ra te a t  test  separator  or  those obta ined f rom mult iphase f low 

meters usua l ly  d i f fer  f rom the rates measured by f isca l  meters ( Imbalance) .  

There are d i f ferent  methods that  can be used to d is t r ibu te the sys tem 

imbalance between the ind iv idua l  we l l  ra tes.  The most  common method is  

to use propor t iona l -based a l locat ion fac tors,  and th is  is  the  method that  is  

cur rent ly  used for  the  E l  Badr  f ie ld .  Another  method is  ca l led  uncer ta inty -

based a l locat ion fac tors,  wh ich  can be app l ied i f  the uncer ta in t ies of  the 

d i f fe rent  measurement  equ ipm ent  are known.  An Example of  uncer ta in ty  

based a l locat ion fac tor  is  g iven in  Append ix B .  

4.2 L ITERATURE REVIEW  

Rate a l locat ion  has been descr ibed in the l i terature  as  a prob lemat ic  task  

as inf requent  test  a re conducted and/or  as i t  needs to be extended to 

ind iv idua l  zones  [13] .  Us ing  even sp l i t  fac tors or  sp l i t  factor  that  are  based 

on the rat io  of  the  permeabi l i t y - th ickness  products usua l ly  returned 

er roneous resu l ts .  Many a t tempts have been presented in  the l i terature.  

These methods inc lude sat is f y ing  the mass ba lance and honor ing  the 

Permanent  Downhole  Gauges measurements.  

Economides et  a l .  u t i l i zed the measured data wi thout  input  we l l  test  

coup led wi th  a  gener ic  IPR that  does  not  requ i re  in format ion  such 

permeabi l i t y and sk in.  T hen opt im izat ion us ing p ipe f low s imulator  to 

determine the  sp l i t  factor  for  each wel l  [13] .  

McCracken and Chorneyko used the PDG to  tune the reservo i r  model  that  

honor  the to ta l  comming led product ion  data  [14] .  PTA was employed to 

es t imate  reservo i r  p roper t ies  and f low ra tes  were adjus ted unt i l  the 

s imulated bot tom ho le  f lowing pressures  match the recorded ones.  For  the 

sake of  accuracy,  in  each i te ra t ion,  the  es t imated rates  need to  be fed back  

to  the PTA to  re- interpret  the  test .  The ir  approach appears comprehens ive  

a l l  reservo i r  parameters.  However ,  they s tated that  the ir  model  may be no 

longer  va l id  a t  some po int  dur ing  the  fo recast  phase as  some Product iv i t y  

parameters  may change l ike  permeabi l i t y  and sk in.  

Hamad et  a l .  estab l ished an empir ica l  formula  that  assoc ia tes  the recorded 

wel lhead pressures to the  o i l  product ion  [15] .  

Prabowo and Rinadi  conducted a  s tudy of  a  layered gas  reservo i r  where 

the t ransmiss ib i l i t y of  each layer  was changed to der ive  the layer  

cont r ibut ion  to the  comming led product ion  and bas ic  assumpt ion  that  no 

c rossf low ex is ts  between layers  [16] .  

Ibrah im const ruc ted empi r ica l  IPR curves  fo r  t he  gas  and condensate we l ls  

of  the i r  case us ing the  we l l  tes t  data and the downhole  data  [17] .  

4.3 METHOD APPLIED  

In  th is  thes is ,  p ressure  based ra te  a l locat ion  is  deve loped.  The bot tom h o le 

f lowing pressures are used  to generate t he o i l  rates in  a  s ing le phase 
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ana ly t ica l  s imulator .  In  h is  work ,  McCracken and Chorneyko est imated 

reservo i r  parameters us ing pressure t rans ient  ana lys is .  Converse ly ,  we 

used product ion  ana lys is  to est imate these proper t ies  us ing  rest r ic ted 

ranges obta ined f rom pet rophys ica l  ana lys is .  The response was tuned 

based on the  most  uncer ta in  va lues ( i .e .  d ra inage rad ius ,  sk in and 

permeabi l i t y ) .   

A  s tepwise work f low for  ra te  can be def ined as:  

The cumulat ive  product ion  is  obta ined by in tegrat ing  the measured 

comming led rate qT over  a spec i f ied t ime per iod.  

 Q𝐸𝑥𝑝𝑜𝑟𝑡 = ∫ qT

t0+∆t.i

t0+∆t.(i−1)

(t) dt (23) 

 

Simi la r ly ,  f rom the s imula ted rates,  the  cumulat ive  product ion  fo r  each wel l  

i s  ca lcu la ted by in tegrat ing  the  we l l  rate over  the  spec i f ied  t ime per iod.  

  Qupstram   =  ∫ qj

t0+∆t.i

t0+∆t.(i−1)

(t) dt (24) 

 

The d i f ference between the measured and the ca lcu lated cumulat ive  

product ion  is  ca lcu la ted fo r  each spec i f ied  per iod  as:  

 I = Q export − ∑ 𝑄 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚

𝑛

𝑖=1

 (25) 

 

Then,  the f ract ion of  each wel l  that  wi l l  account  fo r  the excess or  shor tage 

in  cumulat ive  product ion is  g iven by:  

 

 𝛼𝑖 =  
𝑄𝑖 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚

∑ 𝑄 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚𝑛
𝑖

 (26) 

 

I f  the meters show uncer ta inty in  measurement  then the uncer ta in ty 

a l locat ion wi l l  be  (Append ix  B) :  

 αi =  
σi

2

σz
2 + ∑ σi

2n
i

+ 
Q export

∑ Q upstreamn
i

∗  
σz

2

σz
2 + ∑ σi

2n
i

 

 

(27) 

The ad justed cumula t ive  product ion is  ca lcu la ted us ing:  
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 Qi allocated = Qi Upstream + αi I (28) 

 

4.4 RESULTS  

El  Badr  f ie ld product ion is  a l located based on per iod ic  we l l  tests  and 

constant  sp l i t  factor  fo r  each wel l .  The modi f ied approach used in th is  

thes is  showed good resu l ts  whenever  there is  downhole gauge ins ta l led  in 

the we l l .  In  other  words,  the we l ls  where  on ly  we l lhead pressure  is  

measured showed incons is tent  resu l ts  because of  the poor  qua l i t y  of  

conver t ing  t he we l lhead pressure to  bot tom ho le f lowing  pressure .  

Moreover ,  W el l  rates  can vary unpred ic tab ly  between wel l  tes ts  due to  

fo l lowing  reasons:  

 

  Natura l  dec l ine,  espec ia l ly  dur ing  later  s tages  of  the l i f e  cyc le .  

  W el l  s t ream compos i t ion can sudden ly change,  for  example f rom 

increas ing  water  cut  o r  increas ing  GOR.  

  Product ion ra tes  of  a r t i f i c ia l ly  l i f ted  we l ls  can vary between wel l  tests  

due to the ef fec ts  of  var iab les such as  backpressure  (gas  l i f t )  and 

pump speed and ef f ic iency (e lect r ic  submers ib le pumps,  pr ogress ing 

cavi t y  pumps,  beam pumps,  and hydraul ic  l i f t ) .  

  Produced sca le  or  sand that  fou l  product ion l ines ,  wh ich need to be 

c leaned of ten .  

A l l  these factors wi l l  a f fect  the  proposed methods in terms of  long per iods.  

Th is  means that  the model  wi l l  no t  be v a l id  af ter  a cer ta in t ime and needs 

to be rev iewed and updated.  

 

EBR-1 has the longest  product ion l i f e  amongst  the others.  F igure 94 shows 

good resu l ts  of  the  pred ic ted rates  because th is  we l l  has  a  downhole  gauge 

and re la t ive ly  h igher  product ion  than o thers.  Therefore,  the ef fec ts  of  

p roduct ion  l ine back  pressure  are l im i ted.  W e have g iven  th is  we l l  7% 

uncer ta inty  in  measurement .  The tab le  be low represents the uncer ta inty  

g iven for  each wel l  and t he  tota l  product ion  uncer ta in ty  used for  a l locat ion 

based on uncer ta inty  f actors.  
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Tab le  18.  Uncer ta inty  in  measurement  fo r  meters  

F low Locat ion  
Uncer ta inty  Fac tor  

Tota l  Product ion  (Stock  tank)  5  % 

EBR-1 7  % 

ÊBR-3 10 % 

EBR-4 10 % 

EBR-5 10% 

EBR-6 7  % 

 

 

EBR-3 has  on ly  recorded wel lhead pressures.  W e conver ted these 

pressures to  f lowing bot tom ho le  pressures us ing genera ted VLP f rom 

PROSPER 2 accord ing to  the we l l  h is tory and matched to the  ava i lab le  

product ion  tests .  The resu l ted rates  shown in  F igure  95represent  bet ter  

resu l ts  for  match ing  we l l  tes ts  however  the  dec l ine  was not  accurate ly 

represented because of  the  t ime dependent  we l l  in take used.  

EBR-4 has been cor rec ted f rom the er ra t ic  behavior  dur ing  2011,  a sp ike 

was noted even in the s imulated ra tes due to gas l i f t  e f fec t  but  rap id ly 

dec l ined.  The late t ime per iod for  th is  we l l  looks cha l leng ing to s imulate 

us ing  the  ana ly t ica l  so lu t ion of  the  d i f fus iv i t y  equat ion  as  i t  e f fect s  the 

f lowing  bot tom ho le pressure.  As water  cut  inc reases the mixture  dens i ty 

inc reases lead ing  to  h igher  f lowing  bot tom ho le  pressure.  The mul t iphase 

d i f fus iv i t y  equat ion formulat ion assumes constant  mobi l i t y  of  phases wi th 

respect  to  t ime.  Hence,  i t  does not  cons ider  the  evo lu t ion  of  water  over  

t ime for  ins tance.  

EBR-5 has  the  shor test  l i f e  and l owest  product ion  tests .  The pred ic ted 

rates are lower  than the repor ted rates dur ing  the in i t ia l  l i f e  of  the we l l  and 

h igher  dur ing  the  late  t ime.  W e note  that  the  pred ic ted ra tes  are  cons is tent  

wi th  downhole  pressure measurements wh ich  wou ld  lead to cons ider  t he 

new rates conf ident ia l ly .  

 EBR-6 has  been produced f rom undep le ted zones,  then when pressure 

equa l ized a second phase of  per forat ion  was per formed.  Therefore ,  the 

pred ic ted rates as exp la ined ear l ie r  in  chapter  3 were d iv ided accord ing ly 

to the changed th ickness and permeabi l i t y .  The pred ic ted ra tes show bet ter  

compromise wi th  sp ike created by the  per forat ion of  the  second set  of  

layers  and the overa l l  tes ts .   

F igure 99 F igure 100  compare the a l located rates and the pred ic ted rates 

to the tota l  measured rates.  The a l locat ion shows good resu l ts  for  both 

                                                

2 A  PET EX sof tware  
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rates  however  the a l located  ra tes  based on uncer ta in ty  in  measurements 

shows more cons is tent  t rend.  

 

F igure 94.  S imulated Rates of  EBR -1 us ing Topaze  

 

F igure 95.  S imulated Rates of  EBR -3 us ing Topaze  
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F igure 96.  S imulated Rates of  EBR -4 us ing Topaze  

 

 

Figure 97.  S imulated Rates of  EBR -5 us ing Topaze  
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Figure 98.  S imulated Rates of  EBR -6 us ing Topaze  

 

 

Figure 99.  Re la t ive  Devia t ion  of  P red ic ted Rates and Uncer ta inty  Factor  
Based A l locat ion  
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Figure 100.Relat ive  Devia t ion of  A l located Rates versus  the  Measured 
Rates 
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5 Conclusions and Recommendations 

5.1 CONCLUSIONS  

W e propose the fo l lowing  l is t  of  conc lus ions based on the s tudy:  

1 -  Re-  eva luat ion  of  reserves  us ing  product ion  ana lys is  revea led that  

o i l  in  p lace in the f ie ld  is  h igher  than that  es t imated by volumet r ics.  

EBR-1 has  h ighest  connected pore  vo lume wi th  dra inage radu is  

around 3000 f t  and o i l  in  p lace of  more than 50 MMSTB.  EBR-4 

showed o i l  in  p lace around 11 MMSTB and EBR -5 about  10 MMSTB, 

whereas  EBR-3 and EBR-6 ind ica ted incons is tent  va lues  due to  the 

poor  cor re lat ion  between pressures and ra tes .  

2 -  Under  cur rent  c i rcomsta nces, the to ta l  expected u l t imate recovery 

f rom the f ie ld is  between 6  and 9 .6 MMSTB. Never the less ,  a t  least  1 

MMSTB can not  be  recovered because of  the  watered wel ls  ( i .e .  EBR -

3 and EBR-5) .  

3 -  The water  or ig in was eva luated us ing water  o i l  ra t io  d iagnost ic  p l ots .  

I t  i s  found that  most  of  the  water  is  coming f rom mul t i layer  

channe l ing .Th is  channe l ing  is  supposed to be as resu l t  o f  an edge 

water  aqu i fer  coming f rom the nor th as EBR -3 and EBR-5 are f i r s t ly 

watered out .  

4 -  The water  produced in  EBR -1 and EBR-4 is  cons idered as  good water  

and there is  now way to avo id  th is  water  wi thout  loos ing reserves.  

5 -  A c los ing of  the water  produc ing SSD A in EBR -3 wou ld e l im inate the 

c ross  f low phenomena and wi l l  a l low the we l l  to  resume product ion 

f rom f rom SSD B and C.Hence,  U l t i mate  recovery of  about  1  MMSTB 

of  o i l .  

6 -  There is  an immedia te need to run a PLT in EBR -5 to eva luate layer  

pressures and the ir  resepect ive  cont r ibu t ions  and a cased ho le log  

to  est imate the  water  sa turat ion in  the  layers .  Th is  we l l  can be tu rned 

to water  in jec tor  to  mainta in pressure  as  i t  i s  the neares t  to the 

aqu i f er .   

7 -  The reservo i r  pressure is  found near  3000 ps i .  the in i t ia l  reservo i r  

was above 5100 ps i .  th is  huge dec l ine in pressure in conjunct ion wi th 

low recovery is  t yp ica l  so lu t ion gas dr ive  mechan is m.  As the  current  

reservo i r  pressure is  approach ing the bubb le  po in t  pressure  wh ich  is  

1986 ps i ,  pressure maintance pro jec ts  must  cons idered as soon as 

poss ib le to  enhance recovery.  

8 -  In  th is  work ,  p ressure  based rate  a l locat ion  method was deve lopped 

and imp lemented to  a l l  the we l l  inc lud ing those wi thout  downhole  

pressure  moni tor ing .  The method cons is ts  of  bu i ld ing  s imple 

reservo i r  model  based rate  t rans ient  ana lys is  and product ion 

d iagnost ic  p lots .  Then us ing ra te  t rans ient  ana lys is  to  pred ic t  rates 
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based on the model  created and bot tom ho le f lowing pressures .  The 

f ie ld  inc luded wel l s  produc ing  f rom s tacked reservo i rs  and have 

comming led product ion in  the wee lbore .  The approach used in rate 

a l locat ion:   

  Af fo rds  more  cons is tent  rates wi th  the downhole  pressu res  and 

on da i ly  bas is  ( i .e .  h igher  f requency than per iod ic  product ion  we l l  

test ) .  

  Cons ider  re lat ive  pressure drawdown ef fects  

  Can reduce the number  of  requ i red sur face we l l  tests  for  

a l locat ion purposes and prov ide a method for  a l locat ing  ra tes in  

we l ls  p roduc ing f rom stacked reservo i rs  i f  ind iv idua l  downhole 

gauges are insta l led  in each sect ion.  

5.2 RECOMMENDATIONS  

The redeve lopment  of  E l  Badr  f ie ld  can be extended to many o ther  research 

area.  W e present  a br ief  descr ipt ion of  other  poss ib le area wh ich can be  

assoc iated to th is  s tudy:  

 

1 -  Reservo i r  S imula t ion :  th is  s tudy wi l l  p rov ide more informat ion  h igh ly 

requ ired.  Reservo i r  s imulat ion can be carr ied out  based on the 

a l located rates to deve lop a fu ture management  p lan such pressure 

maintenance and/or  in f i l l  d r i l l ing .  

2 -  Noda l  Ana lys is  Re-eva luat ion:  th is  s tudy can benef i t  f rom the 

product ion data ana lys is  brought  va lues such as reservo ir  pressure 

and sk in to opt im ize the fu ture product ion .  

3 -  Ar t i f i c ia l  l i f t :  These methods can be d iscussed in deta i ls  and 

opt im ized for  the we l ls .  

4 -  Inte l l igent  Complet ions :  Preceded by dynamic eva luat ion  of  the 

layers ,  these ICD/ ICVs can improve the complet ion per formance and 

extend the l i fe  of  the  we l ls .  A  deta i led  s tudy inc lud ing economica l  

app l icab i l i t y  can be car r ied  out  to the  f ie ld .   
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6 APPENDICES 

Appendix A: Wellbore Schematics 

 

Figure 101.  EBR-1 W el lbore  Schemat ic  

Wing Valve 2-9/16" 5M R27, Csg Valve 1-13/16" 10M  

First Oil:  25 January 2008                                            Cherouq Concession

KB-THF: 7.65m

 20''  94# J-55 BTC @ 105m (cmt to the surf).

Production Tubing 3 1/2" 9.2# L-80 Mod EUE 

13 3/8'' 68#  J-55 BTC @ 1,406m.(cmt to the surf)

Wdf 7" x 9 5/8" Hyd Set Liner Hanger w/ Integra l  Packer w/ 15' PBR set @ ± 1,650m

9 5/8'' 47# N-80 BTC Est @ 1,975m (cmt to 1,200m)

Hal l iburton Symphony BHP Gauge @2,963.12m

1/4'' tubewire extends  to surface w Cannon dmps  across  8rd EUE 

wdf On/Off tool  BX profi le ID 2.81  @ 3,140.19m  (passed w/ 2.867" GC ON December 2013) 

Wfd Retrievable Packer  7" @3,151m.

A Wfd  SSD A  ID 2.81"  @3,162.12m OPEN

B0                 3,178-3,183m

Wfd Retrievable Packer  7" @3,250m.

B Wfd SSD B ID 2.81"  @3,318.92m OPEN

A1b            3,342-3,352.5m

A1c            3,355.5-3,359m

Wfd Retrievable Packer  7" @3,378m.

C Wfd  SSD C ID 2.81"   @3,393m OPEN

A2d              3,404-3,405m

A2e              3,416-3,422m

Wfd Retrievable Packer  7" @ 3,442.34m.
A5-1             3460-3469m

D Wfd SSD D ID 2.81"  @3,453.75m OPEN A5-3          3,477-3,486.5m

Wfd Retrievable Packer  7" @3,495m.
A8a         3508.5-3509.5m

E Wfd SSD E ID 2.81" @3,500m. OPEN A9a               3,518-3,523m

Wfd Retrievable Packer  7" @ 3,540m.

F Wfd SSD F ID 2.81"  @3,545.12m PUNCHED
T2                 3,548-3,553m

Wfd Retrievable Packer  7" @3,556m.

X Nipple  @3,567.78m.

Tai l  Pipe Assembly @ 3568m.

Pump-Out Bal l  Seat Assembly & Hal f mule shoe WLEG W 2 7/8" EUE Box 6.4 # L80 @3,568.1m.

7" Liner Shoe 29# L/N-80  BT&C @3,650m EOT 3,568.8m.

Cmt to TOL @ 1,650m w/ 15.8 ppg slurry, 

Ordovician 3,965 -- 4,162m (Open Hole)

OMV (Tunesien) Exploration & Production 

Vetco Crown 3 1/8" 5M R35

 El Badr-1 Wellbore Schematic

Vertical Well (Max dev. 0.6º) ) - all depths are in meters - MD/TVD BRT 

All Depths in mKB unless otherwise explicitly mentioned 

Oct 11, 2011: Tubing punched @2,350m THF.

PDG

There is no TRSV on EBR-1
Min ID : 2.64" @3,567.78 mkb
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Figure 102.  EBR-3 W el lbore  Schemat ic  

Well Name: El Badr - 3 X-mas Tree  

Well Location: UTM  X: 575035.68Y: 3477446.36 5.250-4 LH Acme - 2G w / 3" Type BPV GL: 317.20 m

Lat. 31° 25’ 54.024"Long. 9° 47’ 22.327" Streamflo 3-1/8" 5M KB: 324.85 m

Status: Current Completion
KB-GL: 7.65 m

 

 

 

 

  

   

  

 

 

 

 
 

 

  

 

 

 

 

  

"A" Punched A2_d      3391-3393
A2_e      3414.5-3422

 A5_1a    3458.5-3461
"B" OPEN A5_1b    3465-3467

 A5_3     3476-3481
 A7         3486-3490
 

 

 "C" Punched A9_a     3512-3520
 T2         3545-3550
 ANOTHER PUNCH AT 3516 P M ECHANICAL PERFORATOR

PERFORM ED ON 2014.05.05

 

 

OMV SOUTH TUNISIA LTD. PRELIMINARY COMPLETION DESIGN

Wing Valve 2-9/16" 5M Csg 

Valve 2-1/16" 5M

Surf ace Conductor @ 52m
20" 94# J-55 BTC Cmt'd to surf ace

Intermediate Casing @ 1477m
13-3/8" 68# J-55 BTC Cmt'd to surf ace

~ 3,362m Weatherf ord On/Of f  Tool  
( 9.2m abov e upper most packer)

Max O.D. = 5.500" Min. I.D. = 2.313" X prof ile

13k# down

Intermediate/Production Csg @ 1967m
9-5/8" 47# N-80 BTC Est TOC 1200m.

Canada Technology  BHP Gauge & gauge 
carrier  at 3,360 m      Max. O.D.  4.50" 
1/4" Tubewire extends to surf ace w/ Cannon 
clamps across 8rd Mod EUE cplgs  

Vertical Well - all depths are in meters - MD/TVD BRT 2014.05.06

Plastic Shale/Salt Interv al

3,377 - 3,450 - 3,506 m x 2-7/8" Weatherf ord  WH6 Hy d 
set Retriev able Packers 40k# release (2 screws remov ed)

3,381 - 3,453 - 3,510 m x 2-7/8" Weatherf ord Nemisis 

swell Packers (oil activ e)

3,396 - 3,462 - 3,538 m x 2-7/8"  Weatherf ord WXON 

Sliding Sleev es w/X prof iles (2.313" )

Tail Pipe Assembly :
3,741 m WXN (2.21" ID) w/ wireline entry  guide
3,744 m

JUNK BASKET AND PLUG STILL IN 

PROFILE (LEAKING?)

Production Liner Shoe @ 3,763 m
7" 29# L-80 & P110 BTC 

WFT ACP @ 3,709 m & DV @ 3,702 m

Cmt to TOL @ 1,550m w/ 15.8 ppg slurry  

Inh. NaCl/KCl Brine Completion/Packer Fluid 9.9 ppg
Production Tubing
2-7/8" 6.5# L-80 Mod EUE

WFT SIFO-1 Gas Lift Mandrels:
#     Depth                     Port       PTRO                       Description

1.    1043m                                                                      Dummy                          

2.    1796m            1/8''         1663 Psig               R-1 

3 .   2491m                        1/8''        1770Psig                R-1 
4.    3130m                   1/4''           2056                          R-1   

5.    3354m                  5/16''                                           R-01 

GLM 1               Dummy
GLM 2             S N :       

GLM3              SN:          

GLM4              SN :         SS0103-003

GLM5             SN :          SS 0107-109

3,624 m WFT 7"x4" UltraPak Permanent Production 
Packer; Index Shoe/Seals/5k # Snap Latch Locator

TD = 4,162 m Ordovician Open Hole

3-1/2 " Pin x 2-7/8" Pin  3.93" OD/ 2.44" ID / 0.24 m
w/ 1.26 m x 3 1/2 " pup 

WFT TRSCSSV 
45 m  2-7/8" WPE5  2.313" QN Seal Bore 5000 psi

3,640m 2-7/8"  Weatherf ord WXON Sliding Sleev es 
w/X prof iles (2.313" ) SSD D Closed

TOP PACKER AT 3,378m
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Figure 103.  EBR-4 W el lbore  Schemat ic  

GL: 321.65M

KB: 329.3M

KB-GL: 7.65M

Level Perforations

A

A5-1a 3459.5-3462M

3985 ps i

A5-3 3477-3481M

4058 ps i

T2 3546-3552M B
4840 ps i

T3a 3568-3571M
5373 ps i

C

T Deep 3635.5-3642M

5450 ps i

xn

blast joints opposite A5-3 perforations 3474-3481M

Weatherford WH-6 hydraulic retrievable packer at 3583M
Weatherford Nemisis Swell packer at 3587M

Weatherford Ultrapak packer at 3656M 

Weatherford WXAN SSD Open with 2.75" profile at 3532M (up to open)

blast joints opposite T2 perforations 3545-3553M

Weatherford WXAN SSD Open with 2.75" profile at 3612M (up to open)

Baker GLM #4 at 3396M (R-02 Port size 3/16''   SN 990206-011)

all depths in meters

depths in reference to                  

AIT-APS-TDL-CAL-GR log

Weatherford on-off tool with 2.81" 'X' profile at 3425M

Weatherford Nemisis Swell packer at 3505M

Weatherford Nemisis Swell packer at 3444M

Weatherford WH-6 hydraulic retrievable packer at 3440M

Weatherford WH-6 hydraulic retrievable packer at 3502M

Weatherford WXAN SSD  Open with 2.75" profile at 3451 M (up to open)

Lat.     31° 25’ 46.692” N
Long.     9° 47’ 42.712” E

20", 94#, J-55 BTC at 69M cemented to surface

9.3 ppg NaCl/KCl packer fluid with corrosion inhibitor

13-3/8", 68#, L-80 BTC at 1493M cemented to surface

PDG gauge/gauge carrier at 3412M with tubewire to surface

Baker GLM #3 at 2978 M (dummy installed)
dated December 2, 2010

Verticle Well

PBTD 3678M

TD 3709M

7", 29#, N-80 liner at 3707.9M cemented to TOL at 1543M 

with 15.8 ppg slurry

EOT at 3665M

'XN' nipple 2.64" ID at 3662M

with millout extension, pup joint and mule shoe

OMV SOUTH TUNISIA LTD.

El Badr 4 Final Completion - May 06, 2011

Baker GLM #2 at 2200M (R-2 Port size 1/4''  PTRO 1944 psia SN 90006174)

Baker GLM #1 at 1195M (R-2 Port size 3/16''  PTRO 1852 psia SN 90006173)

Weatherford WPE-5 SCSSV at 50M, 5k, 13 chrome, 2.81" ID

APD-100

9-5/8", 47#, N-80 BTC at 1964M cemented to ±1013M

tubing hanger:

top of 7" Smith liner hanger at ±1543M

3-1/2", 9.3#, L-80, Mod EUE production tubing

xmas tree:  Streamflo 3-1/8" 5m

5.250-4 LH Acme - 2G with 3" Type BPV

       Y = 3,477,224.50M

UTM  X = 575,575.50M  

Streamflo 13" X 3-1/2"

Location

Wing Valve 2-9/16" 5m / Csg Valve 2-1/16" 5m

with crossovers Vam to EUE and 1/4" control l ine to surface
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Figure 104.  EBR-5 W el lbore  Schemat ic  

 

 

 

1200m R-2 PS 1/8'' PTRO 1815psia

2000m R-2 PS 1/8'' PTRO 1865psia

2550m R-2 PS 1/8'' PTRO 1885psia

3100m R-2 PS 1/4'' PTRO 2020psia

3410m R-02 PS 1/4'' 

PDG

OMV SOUTH Tunisia,Ltd                                                     

BADR #5                              

2.81''SSV@50m
20" 94#, J-55, BT&C
70m MD/TVD

13-3/8" 68#, J-55, BT&C

9-5/8" 47#, L-80, BT&C

1,478 m MD/TVD

1,965m MD/TVD

KB - THF -- ? m
KB - GL  -- 10.5 m

3,760/3,722.34m MD/TVD
7" 29#, N-L80, BT&C 7.656'' Cplg OD

(6.059'' Drift ID)

GL Elevation -- 321.41 m
KB Elevation -- 331.91 m 

3,734 m MD PBTD(LC) 

TD   3,760/3,722.34 m MD/TVD

7" TOL - 1650m

PDG at 3430m

7''x4'' Ultrapak Packer@3,440m
w /4''x2.99'' Snap latch seal assy&Index Muleshoe

Production Tubing 3-1/2'' 9.3#, N80,EUE AB Mod
4.5''Coupling OD,2,867''Drift ID

2,64 '' XN Nipple@3,456m
WLREG@3,458m

A2e/A5-1A/A5-3
3,460-464m/3,503.5-506m/

3,521-525.5m

A7/A9a
3,528-534m/3,556-563m

T2/T3a/Tdeep
3590-596m/3613-615.5/

3683-689.5

SSV

SPM

SPM

SPM

SPM

Current Completion as of 2014.01.08

Side Pocket Gas Mandrels (3 to 5 SPM)

tbg cut at 3440mTHF
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Figure 105.EBR-6 W el lbore  Schemat ic  

 

 

 

 

 

El Badr-6, wellbore schematic, as completed, June 2013

SAP # U. length (m)Depth (m)

7.43

3100 1.64

3320 38.66

21

3102 3.00 51

   SA #6 bdr6, 5.49m

3099 1.16

3320 1027.62

20" 106.5# K55 conductor @ 90m

3101 2.38

40178 0.88 1084

40179 0.88

3100 1.78

3320 782.39

TOC @ xm

13 3/8" 68# L80 csg @ 1535m

3100 1.78 7" TOL @ 1874m

40178 0.88 1875

40179 0.86 2256m, Tagi secondary reservoir

3100 1.79

3320 550.66

3100 1.78

40178 0.89 2434

40179 0.88

3100 1.79

3320 347.35

3100 1.78

40178 0.88 2789

40179 0.87

3100 1.78

3320 212.00

3101 2.39

40178 0.87 3010

40179 0.85

3100 1.79

3320 192.08

40178 0.88

2.45

1.22
   SA #4 bdr6, 6.36m

1.81

4b 1.84

3047 0.38 3216

2695 0.33

4b 1.83

4b 1.82

3047 0.35 3222

TBO 0.64

2714 2.90

3313 5.98 3232

   SA #1 bdr6, 8.76m

2695 0.31

4b 1.83

54536 0.26 3235

3268.9m

3317m

Acacus A & Top Tennezuft reservoirs

3526m (Primary target)

7" 32# L80 liner shoe @ 3698m 

58132 0.32
   SA #2 bdr6, 6.04m

58133 0.36

   SA #3 bdr6, 6.14m

2882 1.77

SA #8k june-13, 8.70m

SA #2 

Pioneer

2954 2.81

SA #8m june-13, 8.13m

2954 2.80
SA #8l june-13, 8.12m

2954 2.80

SA #8k, Jan 2013, 8.74m

2954 2.80 SA # 

8n jan 

13

9 5/8" 47# P110 csg @ 1983m

2098m

42571 0.21

2954 2.80

   SA #7 Chd BU, 2.160m

41628 1.34
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Appendix B: Example using uncertainty-based allocation 

A sys tem cons is t  of  a  reference f isca l  meter  (𝑄𝑍) tha t  measures  the o i l - rate 

s torage tank  cond i t ion ,  and three  ind iv idua l  we l ls  measured by mul t iphase 

meters  a t  the  we l lhead leve l .  The wel l  rates  are conver ted a lso to  s tock  

tank  cond i t ion .  

𝑄𝑍 = 6000 𝑆𝑇𝐵/𝐷 ± 5% 

𝑄1 = 1800 𝑆𝑇𝐵/𝐷 ± 10% 

𝑄2 = 2950 𝑆𝑇𝐵/𝐷 ± 5% 

𝑄3 = 900 𝑆𝑇𝐵/𝐷 ± 8% 

 

The sys tem imbalance can be found as:   

𝐼 =  𝑄𝑍 − ∑ 𝑄𝑖

𝑁=4

𝑖=1

 

𝐼 = 6000 − ( 1800 + 2950 + 900) = 350  𝑆𝑇𝐵/𝐷  

 

The var iance of  the d i f ferent  meters is :   

 

𝜎𝑍
2 =  (𝑄𝑍 ∗ 5 %)2 = (6000 ∗ 5 %)2 = 90000 (𝑆𝑇𝐵/𝐷)2 

𝜎1
2 =  (𝑄1 ∗ 10 %)2 = (1800 ∗ 10 %)2 = 32400 (𝑆𝑇𝐵/𝐷)2 

𝜎2
2 =  (𝑄2 ∗ 5 %)2 = (2950 ∗ 5%)2 = 21756.25 (𝑆𝑇𝐵/𝐷)2 

𝜎3
2 =  (𝑄3 ∗ 8 %)2 = (900 ∗ 8%)2 = 5184 (𝑆𝑇𝐵/𝐷)2 

 

The tota l  uncer ta inty  in  th roughput  var iance:  

∑ 𝜎𝑗
2

𝑁=4

𝑗=1

= 32400 + 21756.25 + 5184 = 59340.25 (𝑆𝑇𝐵/𝐷)2 

 

The a l locat ions factors can then be found by us ing the fo l lowing  equat ion:  

𝛼𝑖 =
𝜎𝑖

2

𝜎𝑍
2 + ∑ 𝜎𝑗

2𝑁
𝑗=1

+
𝑄𝑖

∑ 𝑄𝑗
𝑁
𝑗=1

∗
𝜎𝑍

2

𝜎𝑍
2 + ∑ 𝜎𝑗

2𝑁
𝑗=1

 

 

𝛼1 =
32400

90000 + 59340.25
+

1800

6000
∗

90000

90000 + 59340.25
= 0.3969 

 

𝛼2 =
21756.25

90000 + 59340.25
+

2950

6000
∗

90000

90000 + 59340.25
= 0.4406 

𝛼3 =
5184

90000 + 59340.25
+

900

6000
∗

90000

90000 + 59340.25
= 0.1247 

 

The ad justed rates  for  each wel l  can then be ca lcu lated:  

 

𝑄1
𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 = 𝑄1 + 𝐼 ∗ 𝛼1 = 1800 + 350 ∗ 0.3969 = 1938.915 𝑆𝑇𝐵/𝐷  
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𝑄2
𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 = 𝑄1 + 𝐼 ∗ 𝛼2 = 2950 + 350 ∗ 0.4406 = 3104.21 𝑆𝑇𝐵/𝐷 

𝑄3
𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 = 𝑄3 + 𝐼 ∗ 𝛼3 = 900 + 350 ∗ 0.1247 = 943.645 𝑆𝑇𝐵/𝐷 

 

And the sum of  these a l located rates:  

 

∑ 𝑄𝑖
𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑

𝑁=4

𝑖=1

= 2177.055 + 3368.57 + 1018.477 = 5986.77 𝑆𝑇𝐵/𝐷 ≅ 𝑄𝑍 
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