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گان ي تقد ، لذت و غرور دانستن، جسارت شاد بودن  لحظات ناب که يم به مهربان فرشت
ون حضور سبز ي م، مدي زندگ  يباي و ز  کتاي   يو تمام تجربه ها دن يستن،عظمت رس خوا 

 .آنهاست
 ؛ميزم به خانواده عزي تقد

 .تر  از اامميزعز ام، فرشته  يهست  ، سراسر  مادرم  به م ي تقد

 يشاد وجودش و  م ي  سار زندگ يهش ساي  مهربا  يهکه سا او.د بودممي، ام همسرمبه  م ي تقد

 .من است
 

 

 

 

 

 

 

 



 
 

 

 

 تقدير و تشكر
 

كه فرصت  به درگاه خداوند مهربان، يش و بندگيستا ن سپاس،يترفين و لطيترسرسبز

ر و يرا بر بنده عطا فرمود و تقد ييدم معرفت و روشنادهيدن به سپيزدودن جهالت و رس

 يهاييكه با راهنماكاكائي الودكتر محمد عطايي و دكتر رضا خ يجناب آقاتشکر از 

 .پژوهش حاضر را پر بار ساختند ارزنده خود،

 يديكه نکات كل زادهكاظم... دكتر عزت ا ز،ياستاد مشاور عز مانه ازين تشکر صميهمچن

آنها علم و ادب و اخلاق  كه در محضر يدياسات يآور شدند و تماماديرا در پژوهش حاضر 

 .آموختم

يل چاه و سيد عليرضا مرتضوي رئيس گروه پژوهش حفاري و تکممهندس  از زيو ن

كه  يها همکاري نمودند و از دوستان كه در انجام دادن آزمايش يياسر پورمظاهرمهندس 

 .شان استفاده كردم، كمال تشکر را دارميهاپروژه از اطلاعات و كمک يسازدر آماده
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ج و حق نشريت نتايمالک  

 نرم افزارها ياانهيرا يهامقالات مستخرج، كتاب، برنامه)ن اثر و محصولات آن يا يه حقوق معنويكل ،

د بهه نحهو   ين مطلب بايا. باشديشاهرود م يدانشگاه صنعتمتعلق به ( زات ساخته شده است يو تجه

 .مربوطه ذكر شود يدات علميدر تول يمقتض

 باشديبدون ذكر مرجع مجاز نم رسالهج موجود در ياستفاده از اطلاعات و نتا. 
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 مقدمه -1-1

 

(Ford et al, 1982)

                                                           
1
 Annulus 



 
 

 

 

 كاري چاه سيمان -1-2

                                                           
1
 Casing  

2
 Cementing  



 
 

 

 

Hackney, 1985)

                                                           
1
 Corrosive Water  

2
 Permeability  

3
 Zonal Isolation 



 
 

 

 

((Dan, 2003

  

  

  

  

  

  

 

 

                                                           
1
 Hydraulic Seal  

2
 Cement Hydration 

3
 Perforation 

4
 Reservoir Stimulation & Production 

5
 Formation Creep  



 
 

 

 

 ضرورت تحقيق  -1-3

                                                           
1
 Tubing  

2
 Tectonic Activities  

3
 Regional Salt Shifting 

4
 In Situ Stress 

5
 Isotropic  

6
 Overburden Stress 



 
 

 

 

(Morris and Ramsey, 1989)

Sheffield et al, 1983)

                                                           
1
 Failure  

2
 Conventional  

3
 Compressive Strength  

4
 Brittle  



 
 

 

 

 

 

 لهأتعريف مس -1-4



 
 

 

 

 

                                                           
1
 Sealant  



 
 

 

 

                                                           
1
 Chemical Attack  

2
 Internal Shrinkage  

3
 Mobility  

4
 Cement Matrix  

5
 Transition Time 



 
 

 

 

Le Roy-Delage et al, 2000)

  

  

  

(Ravi and Bosma, 2002)

  

  

                                                           
1
 Flexible Fiber 

2
 Interface  

3
 Conductivity  

4
 Formation Compaction 

5
 Principal Stress 

6
 Cracking  

7
 Shear Failure 



 
 

 

 

  
                                   

(Ravi and Bosma, 2002)

 



 
 

 

 

  
                                   

(Ravi and Bosma, 2002)

(Le Roy-Delage et al, 2000)
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 Cement Bond Log  



 
 

 

 

  

  

  

  

  

et al, 2004) Kris Ravi

  

  

  

 رسالهاهداف  -1-5

 ، طراحي و فرمولاسيون سيمان حفاري با مقاومت انعطافي بالا در 

ميادين نفتي هاي پر فشارسازند



 
 

 

 

 

  

  

  

  

  

  

  

  

  

  

 

 ندهي رسالهسازما -1-6 



 
 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 مورد مطالعه و دلايل ميدانمشخصات : فصل دوم

 آنجداري  هاي لولهشدگي  پهندو 
 

 

 

 

 

 

 

 



 
 

 

 

 مقدمه -2-1

 

.

 نهاي ميدان مارو بررسي ليتولوژي چاه - 2-2



 
 

 

 



 
 

 

 

 حفاري در ميدان مارون -2-3



                                                           
1
 kick off 



 
 

 

 

 

 



 
 

 

 

 تغييرات فشار سازندي در ميدان مارون  -2-4

 



 
 

 

 



 
 

 

 

 جداري  هاي لوله شدگي عوامل و دلايل دوپهن -2-5

(Khalaf and Cairo, 1985):

(Khalaf and Cairo, 1985):

(Khalaf and Cairo, 1985)
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  هاي جداري لوله نادرست طراحي -2-5-1

                                                           
1
 Milling 

 



 
 

 

 

(Khalaf and Cairo, 1985)

  1هاي نمكي حركت لايه -2-5-2

(Khalaf and Cairo, 1985)

 

                                                           
1
 Salt flow  

2
 Casing shoe 

3
 Work over  

4
 Creep  



 
 

 

 

 

(psi/ft )

(Map/m) (psi/ft) (Map/m) 

(psi/ft)  (psi/ft )

(psi/ft )

(Sheffield et al, 1983)

                                                           
1
 Harle  

2
 Mission Canyon  

3
 Rocky Mountain 



 
 

 

 

(Pattillo et al, 2003)

(Willson et al, 2002)

 كاري ضعيف  سيمان -2-5-3

RP5C3



 
 

 

 

et al, 2003) (Rodriguez

 



 
 

 

 

 

 

 

3

(Shore, 1995). 

                                                           
1
 Micro Annalus  



 
 

 

 

 

(Shore, 1995) 

 متراكم شدن سنگ مخزن  -2-5-4



 
 

 

 

(Da Silva et al, 1990)

(Da Silva et al, 1990)
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1
 Chalk  



 
 

 

 

(Da Silva et al, 1990)

 هاي زمين حركت لايه -2-5-5

(Da Silva et al, 1990)

  كاري نش در پي انجام عمليات مشبكمركز تت -2-5-6

(Morita et al, 1994)

                                                           
1
 Ekofish  

2
 Sheared Zone 



 
 

 

 

 هاي گاز طبيعي  هيدرات -2-5-7

(Sloan and Dendy, 1991)

 تكميل چاهرت و فشار سيال افزايش درجه حرا -2-5-8

                                                           
1
 Guest  

2
 Spacer 



 
 

 

 

APB(Loder et al, 2003)

 ها فرسودگي لوله -2-5-9

(Placido et al, 1997) 

 كاهش ضخامت ديواره آنها -2-5-11

(Placido et al, 1997)

 هاي جداري توسط سولفيد هيدروژن خوردگي لوله -2-5-11

(Placido et al, 1997)

                                                           
1
 Annular pressure buildup 

2
 Drilling string 



 
 

 

 

 هاي جداري هاي باقي مانده در لوله ايجاد تنش -2-5-12

(Placido et al, 1997) 

 ها كننده واسطه استفاده از تثبيت هاي جداري به خوردگي لوله -2-5-13

(Placido et al, 1997)



 
 

 

 

  1يابي جداري در حين مانده خوردگي مكانيكي لوله -2-5-14

(Placido et al, 1997)

 واسطه توليد ماسه ههاي جداري ب خوردگي داخل لوله -2-5-15

(Placido et al, 1997)

 بندي جمع -2-6
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 Fishing  



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

هاي  مطالعات انجام شده در خصوص سيمان: سومفصل 

 پذير انعطاف
 

 

 

 



 
 

 

 

 مقدمه -3-1

 مطالعات انجام شده توسط هاسكني -3-2

2

                                                           
1 Hackney 
2
 Latex 

3
 Silica fume 



 
 

 

 

1(Hackney, 1985)

 (Hackney ,1985)

 

 مطالعات انجام شده توسط گودوين و كروك -3-3

                                                           
1
 Goodwin  

2
 Crook 



 
 

 

 

(Goodwin and Crook, 1992)
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  (Goodwin and Crook, 1992)

                                                           
1
 Matrix 

2
 Siliceous  

3
 Gelling Agent 

4
 Pozzolan 



 
 

 

 

(Goodwin and Crook, 1992)
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 مطالعات انجام شده توسط ثركلين -3-4

(Thiercelin et al, 1998)

  

  

                                                           
1
 Theircelin  

2
 Homogeneous  



 
 

 

 

 

 

 

  

  

  

(Thiercelin et al, 1998)

 مطالعات انجام شده توسط مارتين بوسما -3-5

 

(Martin et al, 1999)
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 Traction  

2
 Mohr-Coulomb Criteria  

3
 Bosma 

4
 Finite Element Analysis 

5
 Elasto-Plastic  



 
 

 

 

 

 

 

 

 

 

 

 

 والتر موريس مطالعات انجام شده توسط -3-6
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 Cement Toughness  



 
 

 

 

 

 

 

 

 ري دلاگيليمطالعات انجام شده توسط  -3-7

 (Le Roy-Delage et al, 2003)
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(Le Roy-Delage et al, 2003)
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 مطالعات انجام شده توسط ردريگز -3-8

(Rodriguez et al, 2003)  

                                                           
1
 Rodriguez 



 
 

 

 

 مطالعات انجام شده توسط بوخليفه -3-9

(Boukhelifa et al, 2004) 

  

  

  

 ال سوويديمطالعات انجام شده توسط  -3-11

 

                                                           
1
 Boukhelifa  

2
 AL-Suwaidi 

3
 Khuff 



 
 

 

 

(AL-Suwaidi and Abu soliman, 2008)

 مطالعات انجام شده توسط سونال -3-11
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سازي  ادهها، آم طراحي و ساخت قالب: چهارمفصل 
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 هاي  و روش خصوصيات دوغاب سيمان: پنجمفصل 

 آن گيري و عوامل مؤثر بر اندازه
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 ها و تجزيه و تحليل آن انجام آزمايش: ششمفصل 
 



 
 

 

 

 مقدمه -6-1

  

   

 



 
 

 

 

 ها شيآزما يطراحروش  -6-2

MinitabDesign Expert

Minitab



 
 

 

 

 برنامه آزمايش روش -3 -6



 
 

 

 

 هدف آزمايش -4 -6

 

 

 



 
 

 

 

 خطاهاي آزمايش -6-5

 رازوي ديجيتالت -6-5-1

 مدرج هاي لوله -6-5-2

 دما و فشار -6-5-3



 
 

 

 

 سنسورهاي جابجايي -6-5-4

 هاي امواج فراصوت فرستنده و گيرنده -6-5-5

UCA

 

 ويسكومتر -6-5-6

 دوغاب  يطراح روش و مواد مورد نياز ،تجهيزات -6-6

E 

 

                                                           
1
 American Petroleum Industry  

 



 
 

 

 

 (API, 2005)

 

 

 

                                                           
1
 Accelerator 

2
 Retarder 

3
 Weighting Agent 

4
 Dispersant  



 
 

 

 

 

 

                                                           
1
 Turbulent Flow 

2
 Fluid-Loss Control Agent 

3
 Permeable 

4
 Permeability of Cement Filtercake 



 
 

 

 

 



 
 

 

 



 
 

 

 

W1

W2W3

D1D2D3

D:(PCF)

W:(LBS) 
V

W
D 

V:(FT
3
) 

 
X

XX

+.....W3 +W2 +W1 +X = 

W1+W2+W3+…   



 
 

 

 

               

     
  

  
 

  

  
 

  

  
+

 

 
 

 
  

  

  
 

  

  
 

  

  
  

 

             
 

 
 

SW

   
        

   
 

 

 

  
       

 

 

       
 

X

 



 
 

 

 

 سيمانهاي  ارزيابي دوغاب -6-7

 263دوغاب سيمان چاه  -6-7-1



 
 

 

 

 E

API-RP-10B



 
 

 

 

 265دوغاب سيمان چاه  -6-7-2

 E



 
 

 

 

 266دوغاب سيمان چاه  -6-7-3

 E

Chan 35 

(PV)(YP) (AV) 



 
 

 

 

cp)( 600AV)( 600

)100300((PV))( 300

cp×)( 200

PV)300(YP )( 100

lb/100ft
2

YP)( 6

)( 3

UCA

Initial set



 
 

 

 

 173دوغاب سيمان چاه  -6-7-4

 E



 
 

 

 

 

Chan 35 

 

cp)( 600AV)( 600

)100300((PV))( 300

cp×)( 200

PV)300(YP )( 100

lb/100ft
2

YP)( 6

)( 3

UCA



 
 

 

 

 174دوغاب سيمان چاه  -6-7-5

 E 

 



 
 

 

 

 

Chan 35 

 

cp)( 600AV)( 600

)100300(PV)( 300

cp×)( 200

PV)300(YP )( 100

lb/100ft
2

YP )( 6

)( 3

UCA



 
 

 

 

 179دوغاب سيمان چاه  -6-7-6

 E 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 1 2 3 4 

T
R

A
N

S
IT

  T
IM

E
 (

µ
S

e
c/

in
) 

C
O

M
P

R
E

S
T

R
E

N
G

H
T

 (
P

S
I)

 

Time  (days) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON SERVIECS 

INITIAL SET   :     50      @  5:41 
STRENGHT 1 :     500    @  6:15 
STRENGHT 2 :     19999 
CURR .   STR . :     2687 @  82:09 

2C 

2C 



 
 

 

 

Chan 35 

 

cp)( 600AV)( 600

)100300(PV)( 300

cp×)( 200

PV)300(YP )( 100

lb/100ft
2

YP )( 6

)( 3

API-RP-10B



 
 

 

 

 

 

 اي نفت جنوبه ي سيمان چاهها ت دوغاببحث پيرامون كيفي -6-8



 
 

 

 

 

  179 چاه دوغاب سيمان اصلاح فرمولاسيون -6-9



 
 

 

 

 E 

 

 

 



 
 

 

 

 )( 600

)100300(PV)( 300

cp×)( 200

PV)300(YP )( 100

lb/100ft
2

YP )( 6

)( 3

 

UCA

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 8 16 24 32 

TR
A

N
SI

T 
TI

M
E 

(µ
Se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
 S

TR
A

N
G

TH
(P

SI
) 

Time (hourse) 

ULTRASONIC  
CEMENT ANALYZER 

HALIBERTON SERVIECS 

INITIAL   SET:     50 @  4:48 
STRENGTH  1:    500 @5:32  
STRENGTH  2:    19999 
CURR.   STR.  :    2157 @ 29:36 

3C 



 
 

 

 

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 8 16 24 32 

TR
A

N
SI

TE
 T

IM
E 

(µ
se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
ST

R
EN

G
TH

 (
P

SI
) 

Time (hours) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON  SERVIES 

INITIAL  SET :      50 @ 5:30  
STRENGTH  1:     500 @ 6:06 
STRENGTH  2:     19999 
CURR .  STR.:       3690 @ 26:43 

6C 

6C 



 
 

 

 

  179سيمان چاه سنگ  -6-11



 
 

 

 

 

 

 



 
 

 

 

 

 

 

  

 و سيستم اصلاح شده  179سنگ سيمان چاه  الاستيسيته -6-11



 
 

 

 



 
 

 

 

 



 
 

 

 



 
 

 

 



 
 

 

 

 

 



 
 

 

 

UCA 

 

UCA 



 
 

 

 

 

 الاستيك هاي افزودنيبا  پذير انعطافطراحي دوغاب سيمان  -6-12

 مختلف 



 
 

 

 

 سيمان سنگ ذيريپ انعطافبررسي عملكرد هايدنس در -6-12-1

 E



 
 

 

 

Chan 35 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2
))( 6

)( 3

 



 
 

 

 

UCA

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 8 16 24 32 

TR
A

N
SI

TE
 T

IM
E 

(µ
se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
ST

R
EN

G
TH

 (
P

SI
) 

Time (hours) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON  SERVIES 

INITIAL  SET : 50 @ 4:02  
STRENGTH  1: 500 @ 4:29 
STRENGTH  2:  19999 
CURR .  STR.:  3684 @ 28:23 

5C 

5C 



 
 

 

 



 
 

 

 

 



 
 

 

 

 

 سيمان سنگ پذيري انعطاف در گيلسونايتبررسي عملكرد  -6-12-2

,



 
 

 

 

 E

Chan 35 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3

 



 
 

 

 

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 8 16 24 32 40 48 56 64 

TR
A

N
SI

TE
 T

IM
E 

(µ
se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
ST

R
EN

G
TH

 (
P

SI
) 

Time (hours) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON  SERVIES 

INITIAL  SET : 50 @ 6:00  
STRENGTH  1: 500 @ 6:32 
STRENGTH  2:  19999 
CURR .  STR.:  3013 @ 48:26 

5C 

5C 



 
 

 

 



 
 

 

 

 

 



 
 

 

 

 

 سيمان سنگ پذيري انعطاف در نانو ذرات بررسي عملكرد -6-12-3

SiO2Fe2O3(Khoshakhlagh et al, 2012)



 
 

 

 



 
 

 

 

 E



 
 

 

 

 



 
 

 

 

 API

 

 



 
 

 

 

 E

 



 
 

 

 

  



 
 

 

 

 

 E

 



 
 

 

 

 

         



 
 

 

 

 E



 
 

 

 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3

 

 

 

         



 
 

 

 



 
 

 

 

 پذيري سنگ سيمان انعطاف بررسي عملكرد افزودني الاستومر در -6-12-4

 

(Gino and Dilullo, 2004)

                                                           
1
 Fall back  



 
 

 

 

 
(Gino and Dilullo, 2004)

Fe
+3



 
 

 

 

 
(Gino and Dilullo, 2004) 

 



 
 

 

 

 E

 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3



 
 

 

 

UCA

 

.



 
 

 

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 8 16 24 32 40 48 56 64 

TR
A

N
SI

TE
 T

IM
E 

(µ
se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
ST

R
EN

G
TH

 (
P

SI
) 

Time (hours) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON  SERVIES 

INITIAL  SET : 50 @ 5:46 
STRENGTH  1: 500 @ 6:24 
STRENGTH  2:  19999 
CURR .  STR.:  3939 @ 48:22 

6C 

6C 



 
 

 

 

UCA

 

         

 



 
 

 

 

 E

 

 



 
 

 

 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3

UCA

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 8 16 24 32 40 48 56 64 

TR
A

N
SI

TE
 T

IM
E 

(µ
se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
ST

R
EN

G
TH

 (
P

SI
) 

Time (hours) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON  SERVIES 

INITIAL  SET : 50 @ 4:32 
STRENGTH  1: 500 @ 5:00 
STRENGTH  2:  19999 
CURR .  STR.:  3190 @ 48:42 

5C 

5C 



 
 

 

 

UCA



 
 

 

 

 

            



 
 

 

 

 E

 

 



 
 

 

 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3

 

UCA

 

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 8 16 24 32 40 48 56 64 

TR
A

N
SI

TE
 T

IM
E 

(µ
se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
ST

R
EN

G
TH

 (
P

SI
) 

Time (hours) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON  SERVIES 

INITIAL  SET : 50 @ 5:10  
STRENGTH  1: 500 @ 5:49 
STRENGTH  2:  19999 
CURR .  STR.:  2390 @ 48:65 

6C 

6C 



 
 

 

 



 
 

 

 

 

 



 
 

 

 

 E

 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3



 
 

 

 

UCA

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 1 2 3 4 

TR
A

N
SI

TE
 T

IM
E 

(µ
se

c/
in

) 

C
O

M
P

R
ES

SI
V

E 
ST

R
EN

G
TH

 (
P

SI
) 

Time (dey) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON  SERVIES 

INITIAL  SET : 50 @ 4:42  
STRENGTH  1: 500 @ 5:26 
STRENGTH  2:  19999 
CURR .  STR.:  2409 @ 64:49 

5C 

5C 



 
 

 

 

 

 

         



 
 

 

 

 E

Chan 35 



 
 

 

 

 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3

 

UCA

 

 

0 

10 

20 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 1 2 3 4 

T
R

A
N

S
IT

  T
IM

E
 (

µ
S

e
c/

in
) 

C
O

M
P

R
E

S
T

R
E

N
G

H
T

 (
P

S
I)

 

Time  (days) 

ULTRASONIC 
CEMENT ANALYZER 

HALIBERTON SERVIECS 

INITIAL SET   :     50      @  4:40 
STRENGHT 1 :     500    @  5:34 
STRENGHT 2 :     19999 
CURR .   STR . :     1618 @  49:00 

2C 

2C 



 
 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

  

  



 
 

 

 

  

 



 
 

 

 

 

 



 
 

 

 

%

  طلوبطراحي و فرمولاسيون دوغاب سيمان م -6-13



 
 

 

 



 
 

 

 

 

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•



 
 

 

 

 E

PK

 



 
 

 

 

 )( 600

)( 100)( 300PV)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3

 

 E

PK



 
 

 

 

45

72



 
 

 

 

 )( 600

)( 100)( 300PV237)( 300

(cp))( 200

PV)( 300YP)( 100

(lbf/100ft
2))( 6

)( 3

 



 
 

 

 

 

  

 



 
 

 

 

   

       



 
 

 

 

 

psi 

 

 

 

 
 

 



 
 

 

 

                                                                         

                                                  

   
    

     
                                                                                                  

GS

L

D

                                                                                                        



 
 

 

 

psi psi

 

Time 

(min) 

Slurry G.S 

(Lbf/100ft
2
) 

Pch(t) across G.Z 

(psi) 

Cement Pore Pressure 

(psi) 

Gas Zone 

Pressure 

 (psi) 

 

  

 

 

 

 

  

 

 

  

   

  

   

  

  

  



 
 

 

 

.

. 

 

 

 

psi 

  



 
 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 



 
 

 

 

Ca(OH)2 

 

 



 
 

 

 

SEM

SEM 

SEM

  بندي جمع -6-14



 
 

 

 



 
 

 

 

  

   -  

   -  

-      

-    

 

 

 

- 

 

 

 



 
 

 

 

 

  و پيشنهادات گيري نتيجه: هفتمفصل 
 



 
 

 

 

 گيري نتيجه تفسير و -7-1



 
 

 

 



 
 

 

 

 



 
 

 

 



 
 

 

 



 
 

 

 

 ينهاي گيري نتيجه -7-2

 

 

 



 
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 پيشنهادات  -7-3

  

 

 

 

 



 
 

 

 

 منابع -7-4

- AL-Suwaidi A. S. and Abu soliman A., (2008) “A new cement sealant system for 

long-term zone isolation for Khuff gas wells in Abu-Dhabi”, Abu dhabi international 

petroleum echibition and conference, Abu dhabi, UAE 

 

- API. (2005)  “Recommended Practice for Testing Well Cements,ANSI/API 10B-2 

(Formerly 10B)” , First Editio. 

 

- Barry W. and David B., (2009) “The Application of High-Density Elastic Cements To 

Solve HP/HT Challenges in South Texas: The Success Story”, SPE annual technical 

conference and exhibition, New orleans, Louisiana, USA 

 

- Boukhelifa L. Moroni N. and James S. G., (2004) “Evaluation of Cement Systems for 

Oil and Gas Well Zonal Isolation in a Full-Scale Annular Geometry”, IADC/SPE 

drilling conference, Dallas, Texas, USA 

 

- Dan T. Mueller., (2003) “Producing Stress-Resistant High-Temperature / High-

Pressure Cement Formulations through Microstructural Optimization”, SPE annual 

technical conference and exhibition, Denver, Colorado, USA  

 

- Da Silva F. V. Debande G. F. Pereira C. A. and Plischke B., (1990) “Casing Collapse 

Analysis Associated With Reservoir Compaction and Overburden Subsidence”, 

European petroleum conference, The hague, Netherlands 

 

- Ford E. Thomas A. Thiercelin M. Ramsey K. and Divan Daniel J., (1982) “Obtaining 

Quality Primary Cement Jobs in the Williston Basin”, SPE rocky mountain regional 

meeting, Billings, Montana, USA 

 

- Goodwin K. J. and Crook R. J., (1992) “Cement Sheath Stress Failure”, SPE Drill 

Eng., 7, 04 

 

-Gino A. and Dilullo Philip J. R., (2004) “Temperature Flexible Cementing 

Compositions and Methods for Using Same”, Patent US  6729405B2 

 

- Hackney R. M., (1985) “A new Approach to Design for Salt Formations”, SPE/IADC 

drilling conference, New orleans, Louisiana, USA 

 

- Khalaf F. and Cairo U., (1985) “Increasing Casing Collapse Resistance Against Salt-

Induced Loads”, Middle east oil technical conference and exhibition, Bahrain 

 

- Khoshakhlagh  A.  Nazari  A. and Khalaj G., (2012) “ effects of Fe2O3 nanoparticles 

on water permeability and strength assessments of high strength self-compacting 

concrete” Journal of material science and technology., 28, 1, pp 73:82 

 



 
 

 

 

- Le Roy-Delage S. Baumgarte C. Thiercelin M. and Vidick B., (2000) “New Cement 

Systems for Durable Zonal Isolation”, IADC/SPE drilling conference, New orleans, 

Louisiana, USA 

 

- Le Roy-Delage S. Baumgarte C. Pierson Ronald A. and Vidick B., (2003) “New 

Cement Systems for Durable Zonal Isolation” J. Pet. Technol, 52, 08  

- Loder T. Evans J. H. and Griffith J. E. (2003) “Prediction of and Effective 

Preventative Solution for Annular Fluid Pressure Buildup on Subsea Completed Wells-

Case Study”, SPE annual technical conference and exhibition, Denver, Colorado, USA 

 

- Martin B. Kris R. and Willem D., (1999) “Design Approach to Sealant Selection for 

the Life of the Well”, SPE annual technical conference and exhibition, Houston, Texas, 

USA 

 

- Morita N. Waseda U. and McLeod H., (1994) “Oriented Perforation to Prevent Casing 

Collapse for Highly Inclined Wells”  SPE Drill Completion., 10, 03  

 

- Morris B. V. and Ramsey L. K., (1989) “New Cement System Improves Bonding in 

the Stony Creek Field, Williston Basin, North Dakota”, Low permeability reservoirs 

symposium, Denver, Colorado, USA 

 

- Pattillo P. D. Last N. C. and Asbill W. T., (2003) “Effect of Non-Uniform Loading on 

Conventional Casing Collapse Resistance”  SPE Drill Completion., 19, 03 

 

- Placido J. C. R. Ademar P. Jr. Lutz P. Pasqualino I. P. and Segen E., (1997) “Stress-

Analysis of Casing String Submitted to Cyclic Steam Injection”, Latin american and 

caribbean petroleum engineering conference, Rio de janeiro, Brazil 

 

- Ravi K. and Bosma M.,  (2002) “Safe and Economic Gas Wells through Cement 

Design for Life of the Well”, SPE gas technology symposium, Calgary, Alberta, Canada 

 

- Rodriguez W. J. Fleckenstein W. W. and Eustes A. W., (2003) “Simulation of 

Collapse Loads on Cemented Casing Using Finite Element Analysis” J. Pet. 

Technol.,56, 08 

 

- Sheffield J. S. Collins K. B. and Hackney R. M. (1983) “Salt Drilling in the Rocky 

Mountains”, IADC/SPE drilling conference, New orleans, Louisiana, USA 

 

- Shore J. A., (1995) “Prevention Fishing & Casing Repair”, Tulsa: Penwell Books, 

USA 

 

- Sloan Jr. and Dendy E., (1991) “Natural Gas Hydrates” J. Pet. Technol., 43, 12 



 
 

 

 

- Sunal O. Bilgesu H. I and Heasley K. A., (2008) “A Look into Casing Deformation 

Due to Plastic Behavior of Formations”, SPE joint meeting, Pensylvania, USA 

 

- Thiercelin M. J. Dargaud J. F. and Rodriquez W. J., (1998) “Cement Design Based on 

Cement Mechanical Response”  SPE Drill Completion., 13, 04.  

 

- Walter A. Criado R.  Gustavo B. and San A.,  (2003) “Design of High Toughness 

Cement for Effective Long Lasting Well Isolations”, Latin american and caribbean 

petroleum engineering conference, Trinidad and Tobago 

 

- Willson S. M. Fossum A. f. and Fredrich J. T., (2002) “Assessment of Salt Loading on 

Well Casings”, IADC/SPE drilling conference, Dallas, Texas, USA 

 

 منابع فارسي
 

جلد اول "هاي نفت و گازكاري چاهمباني مهندسي در سيمان "( 0210)، ، مرتضوي ع و مجتهدي مسلطانيان ح -

 .300ص ، تهران، ، پژوهشگاه صنعت نفت، چاپ دوم

 

هاي ميدان مارون از نظر هاي ميداني چاهاطلاعات و داده"( 0231)، خيز جنوبحفاري مناطق نفتشيمي اداره   -

 .جزوه آموزشي "كاري جداري توليدسيمان

جلد اول، چاپ  "هاي مكانيك سنگ مباني نظري و استانداردهاآزمايش " (0231)و سروش ح، . فر افهيمي -

 .301يک خاک، تهران، ص اول، شركت سهامي آزمايشگاهي فني و مکان

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

Abstract 

Studies show that the cement rock compressive strength development cannot be accounted as a 

major factor in increasing cement strength in order to prevent the cement coat damage and in 

more critical conditions, casing collapse and also improving cement durability in the lifetime of 

the well for the establishment of proper bonding between layers. Conventional cements with 

high compressive strength were unable to solve the Aforementioned problems. In most cases, 

novel cement systems with density range of 120-140 Pcf with reduced Young’s Modulus are 

used to withstand induced stresses. Such solutions can be run successfully, however, in many 

cases higher density cement systems in range of 140-155 Pcf with 3% volumetric expansion 

capacity are required due to the pressure deployment in high pressure formations like Gachsaran 

in Marun oilfield. This is also the case for many high pressure oilfields across the world. 

Therefore, research and investigation is essential for the design of a cement with flexibility, high 

volumetric expansion, low young’s modulus, high poisson ratio and density to prevent casing 

collapse in Marun oilfield. To this end,  many additives such as hidense, gilsonite,  Fe2O3 and 

silica nanoparticles and elastomers have been examined and many tests carried out for 

increasing elasticity and volumetric expansion of special cement systems. According to the test 

results, with increased hidense concentration in cement slurry compositions, and keeping other 

parameters constant, it was found that this type of additive is ineffective on the cement elastic 

property, hence gilsonite was selected as the next candidate. Although this additive was 

effective on the cement rock flexibility in minus scales, but its very low density and severe 

reduction in slurry weight is opposed to the dissertation goals.  Hence, we had no choice but to 

remove this additive. In the next stage, domestic manufactured silica and Fe2O3 nanoparticles 

were used. According to the investigations, with increasing concentration of Fe2O3 nanoparticles 

up to 9% bwoc, poisson ratio was increased up to 0.22 but in higher concentrations it has no 

significant effect on the cement rock volumetric expansion and also prevents the cement from 

reaching the least compressive strength required. Silica nanoparticles were proposed as the 

solution to this problem. Based on the long mixing times and the reverse effect on poisson ratio 

and young’s modulus, the tests were terminated after 3% concentration of this additive. In the 

end, replacing with elastomer additive and increasing its concentration up to 12% bwoc, it was 

observed that the elastic properties of the cement were improved. In the next step, with 

decreasing the size of the elastomer particles to Mesh No 70, the optimum cement slurry 

formulation regarding to the real problematic conditions of the Marun oilfield was designed. 

With regard to the slurry designs carried out, slurry 2 was selected as the best formulation 

design for the cementing of the Marun oilfield wells. According to the test results; this slurry 

has 45 seconds mixing time, slurry density of 115 Pcf, very good rheological properties with no 

settling, 55 ml fluid loss, volumetric expansion of 2.7 %, compressive strength of 1750 Psi 

during 24 hours, 1.7 GPa young’s modulus, 0.29 poisson ratio, 184 minutes right angle set 

thickening time, gel strength transition time of less than 25 minutes (125 to 250 Pa) and 

acceptable against gas migration. 

Key words: 

Cement, Compressive strength, young’s modulus, Poisson ratio, Flexibility, Elastic, Nano 

additive, Collapse 

 

 

 

 



 
 

 

 

 
 

Shahrood University of Technology 

 

Faculty of Mining, Petroleum and Geophysics Engineering 

 

 

Designing and Formulation Cement With High Flexural Strength 

in High Pressures Zone Oil and Gas Well 

 

 

Hamid Soltanian 
 

Supervisors: 
 

                                                  Dr. Mohammad Ataei 

                                                 Dr. Reza Khalokakaie 

  

 

Advisor: 
                                             Dr. Ezzatolah Kazemzadeh 

 

 

                                   Date: January 2016 

 

http://www.shahroodut.ac.ir/

