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Conduct laboratory tests to determine the effect of high temperatures and pressures on the 
following mechanical properties: thickening time, consistency, mixability, and set properties. 
Conduct preliminary mechanical testing of selected compositions using unconventional test 
methodologies such as tensile strength, Young’s modulus, anelastic strain, and temperature and 
pressure cycling tests to determine which materials will be tested in Task  4. 
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Design a cement slurry as appropriate for the well conditions. 
Blend, mix, and pump the slurry into the test well. 
Conduct a post-job evaluation of the set slurry using logging results and pressure tests.  
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Through an approved project extension associated with Phase II, apparatus were developed to 
measure various performance and properties of cementing materials. Before this extension, these 
apparatus were not available.   
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Ability to be lightened or weighted such that is can be lighter than, heavier than, or the same 
density as the wellbore fluid. 
Ultra Seal-R does not mix with wellbore fluids, so heavy resin can be poured through standing 
fluids without intermixing. 
Ultra Seal-R can be lightened so it floats on top of wellbore fluids, or formulated for neutral 
balance. 
The native material contains no solids, so it can be injected deep into permeable formations 
without screening out due to particles that are too large to enter the formation. This makes it 
possible to create a “virtual wellbore”, and to consolidate unconsolidated formations. An 
example of an effective use of this property in a non-cement application includes refurbishing 
gravel packs. 
 
A job reports for an unusual application is presented in the Appendix. This job involved pumping 
Ultra Seal-R down ¼” coiled tubing over 9,000 feet. Although there were issues with friction 
pressure because caused by the very small tubing and resultant heat generations issues, the job 
report indicates the job was completed and the results were successful. Additional data included 
in the Appendix includes several dump bailer designs up to 340 deg F. These jobs were not 
performed for various reasons unrelated to the material, but the laboratory results indicate that 
the material can be formulated and controlled at these temperatures.  Work is continuing to 
increase the application temperature further with different extenders and hardeners. 



� �;�

As noted in the reports for both Phase I and Phase II, handling and mixing is significantly 
different than conventional oilfield cements. However, CSI personnel have developed a fit-for-
purpose small volume mixing and pumping skid for these jobs. Readily-available personal 
protection equipment (PPE) is required for those handling or breathing fumes from the material, 
and the use of a methanol and water blend for cleanup presents a relatively simple disposal issue. 
Concepts have been developed for continuous mixing equipment, but job volumes to date have 
not made that equipment economically viable. While mixing procedures and equipment differ 
from conventional oilfield experience, relatively simple equipment and precautions make the use 
of Ultra-Seal R safe and effective. 
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OPERATOR: PARTNERS:

WELL NAME:

FIELD / PROSPECT: AREA: OFFSHORE STATE: LA

SURFACE LOCATION:

OBJECTIVE ZONES:

HOLE

BHST DEPTH CASING SIZE

ML @ 4,075' MD/TVD
ADAPTER @ ****' 30.240" ID ADAPTER

JET

Jet string
4355' MD/TVD (280' BML) 36" jet string

TOL @ 5225'

26"
TOL @ 5525'

100 °F 5,825' TVD MD (app 1,750' BML) 22" 224.28# X80 S90/MT

18-1/8" X 22"
CONCENTRIC REAMER

ROTARY STEERABLE

129 °F 7050' MD/TVD (3100' BML) 18", 117# P110 Hydril 511

TOC @ 9100'

16-1/2" X 20"
CONCENTRIC REAMER

rotary steerable

160 °F 12,975' MD TVD (8900' BML) 16" 97# P-110 Hydril 511

12-1/4" x 14-3/4"
TOL @ 15,875'

TOL @ 16175' MD/TVD

256 °F 16,575' MD/TVD (12,500' BML) 13-3/8" 72# Q-125  x 13-5/8" 88.20# HCQ-125

12-1/4" x 14" 
concentric reamer

305 °F 18,955'  MD TVD (14,880' BML) 11-7/8" 71.80# Q-125

Future 
production 
tieback 9-

7/8" 66.60# 
C-110+ 
casing, 

possible 10-
3/4" on top 
to accom-
modate 

subsurface 
safety valve.
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Low Temp� High Temp�Sys� Wtr� Cat� Description� Dens� Notes�
CS CYM Tens Flx CS CYM Tens Flx 

Shear 
Bond�

Ann 
Seal�

Anelas 
Strain�

(� :6+;�
/ 	�
�

�
<�4 �

)7:()� )=;7>?+� ;@:� )=:� � � � � � � �
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)B �����

(?6?� �	�����.�
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)7>>)� ?+(7;+:� +@;� (+:� � � � � � � �

4 5.48 15% microflyash 15.8 Low 3,272 676,234 401 262 � � � � � � �

5 4.36 15% microflyash  Low 4,871 643,755 547 257 � � � � � � �

6 3.48 15% microflyash  Medium 4,453 486,204 761 315 � � � � � � �

7 5.48 25% microflyash 16.0 Low 4,130 743,507 446 259 � � � � � � �

8 4.36 25% microflyash  Medium 4,484 977,077 549 265 � � � � � � �

9 3.48 25% microflyash  High 4,926 1,118,295 590 82 � � � � � � �

10 5.48 35% microflyash 16.4 Low 6,062 926,980 587 330 � � � � � � �

11 4.36 

�
��

�
��
�
��
�
�

35% microflyash  Medium 4,679 592,177 712 84 � � � � � � �

12 3.48 35% microflyash 18.1 

High - not 
mixable in 
blender, had 
to mix by 
hand 

10,900 1,894,353 716 399 

� � � � � � �

13 5.48 
15% microflyash, 
15% slag-based 
microcement 

 Low 4,681 656,507 499 113 
� � � � � � �

14 4.36 
15% microflyash, 
15% slag-based 
microcement 

 Low 4,200 436,938 515 119 
� � � � � � �

15 3.48 
15% microflyash, 
15% slag-based 
microcement 

18.2 Medium 4,133 573,230 968 331 
� � � � � � �

16 5.48 
15% microflyash, 
25% slag-based 
microcement 

 Low 5,715 1,015,212 500 274 
� � � � � � �

17 4.36 
15% microflyash, 
25% slag-based 
microcement 

 Medium 5,422 1,214,369 494 89 
� � � � � � �

18 3.48 

�
��

�
��
�
��
�
�&
��
��
"
.�
�
�	
�
��

��

�
�	
�
	�

�
C(
)
.)
(
D�

15% microflyash, 
25% slag-based 
microcement 

18.5 High 8,062 2,332,421 849 - 
� � � � � � �



� ���

19 5.48 
15% microflyash, 
35% slag-based 
microcement 

 High 5,824 1,431,482 619 274 
� � � � � � �

20 4.36 
15% microflyash, 
35% slag-based 
microcement 

17.9 Not Mixable     
� � � � � � �

21 3.48 
15% microflyash, 
35% slag-based 
microcement 

18.8 
Not Mixable         � � � � � � �

22 5.48 15% microsilica 15.7 Medium 2,869 442,452 354 242 � � � � � � �

23 4.36 15% microsilica  High 2,975 388,589 788 286 � � � � � � �

24 3.48 15% microsilica 17.6 Not Mixable     � � � � � � �

25 5.48 25% microsilica  High 3,250 349,002 417 260 � � � � � � �

26 4.36 25% microsilica  Not Mixable     � � � � � � �

27 3.48 25% microsilica  Not Mixable     � � � � � � �

28 5.48 35% microsilica  High 3,765 702,067 418 - � � � � � � �

29 4.36 35% microsilica  Not Mixable     � � � � � � �

30 3.48 

�
��

�
��
��
��

	
�

35% microsilica  Not Mixable     � � � � � � �

31 5.48 
15% microflyash, 
15% portland-based 
microcement 

 Low 2,703 469,613 662 264 
� � � � � � �

32 4.36 
15% microflyash, 
15% portland-based 
microcement 

17.3 Medium 3,462 749,747 473 526 
� � � � � � �

33 3.48 
15% microflyash, 
15% portland-based 
microcement 

18.2 Medium 6,505 1,452,093 786 482 
� � � � � � �

34 5.48 
15% microflyash, 
25% portland-based 
microcement 

16.6 Medium 4,734 659,972 589 305 
� � � � � � �

35 4.36 
15% microflyash, 
25% portland-based 
microcement 

17.6 Medium 4,431 627,365 777 430 
� � � � � � �

36 3.48 
15% microflyash, 
25% portland-based 
microcement 

18.5 High 5,897 795,351 932 - 
� � � � � � �

37 5.48 
15% microflyash, 
35% portland-based 
microcement 

16.9 Medium 2,669 484,719 409 244 
� � � � � � �

38 4.36 
15% microflyash, 
35% portland-based 
microcement 

17.9 High 7,217 1,228,805 737 619 
� � � � � � �

39 3.48 

�
��

�
��
�
��
�
�&
��
�
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�

15% microflyash, 
35% portland-based 
microcement 

18.8 Not Mixable     
� � � � � � �



� ���

40 
 5.48 2% SMS, 3.5% 1mm 

GF   � � � � � � � � � � �

41 5.48 15% microflyash, 
3.5% 1mm GF   � � � � � � � � � � �

42 3.48 

15% microflyash, 
15% slag-based 
microcement, 3.5% 
1mm GF 

  � � � � � � � � � � �

43 4.36 15% microsilica, 
3.5% 1mm GF   � � � � � � � � � � �

44 5.48 25% microsilica, 
3.5% 1mm GF   � � � � � � � � � � �

45 5.48 35% microsilica, 
3.5% 1mm GF   � � � � � � � � � � �

46 5.48 

15% microflyash, 
15% portland-based 
microcement, 3.5% 
1mm GF 

  � � � � � � � � � � �

47 5.48 2% SMS, 3.5% 1mm 
GF, 0.1 gps surf   � � � � � � � � � � �

48 5.48 
15% microflyash, 
3.5% 1mm GF, 0.1 
gps surf 

15.8  � � � � � � � � � � �

49 5.48 

15% microflyash, 
15% portland-based 
microcement, 3.5% 
1mm GF, 0.1 gps surf 

  � � � � � � � � � � �

50 5.48 2% SMS, 3.5% 6mm 
GF, 0.1 gps surf   � � � � � � � � � � �

51 5.48 
15% microflyash, 
3.5% 6mm GF, 0.1 
gps surf 

  � � � � � � � � � � �

52 5.48 

15% microflyash, 
15% portland-based 
microcement, 3.5% 
6mm GF, 0.1 gps surf 

  � � � � � � � � � � �

53 5.48 
2% SMS, 3.5% 
12mm GF, 0.1 gps 
surf 

  � � � � � � � � � � �

54 5.48 
15% microflyash, 
3.5% 12mm GF, 0.1 
gps surf 

  � � � � � � � � � � �

55 5.48 
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�
�
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��
�
�
�

	�

��

15% microflyash, 
15% portland-based 
microcement, 3.5% 
12mm GF, 0.1 gps 
surf 
 
 

  � � � � � � � � � � �



� �
�

56 3.48 35:65 Flyash:H   - - 252 � � � � � � � �

57 3.48 35:65 Zeolite:H   - - 343 � � � � � � � �

58 3.48 

�
��
��

H + 15% Zeolite  Not Mixable    � � � � � � � �

59a �
Ceramicrete, Class F, 
Dry, RT, 10 min, 48 
hr 

  652 � � � � � � � � � �

59b �
Ceramicrete, Class F, 
Dry, RT, 10 min, 1 wk   949 � � � � � � � � � �

59c �
Ceramicrete, Class F, 
Wet, RT, 10 min, 48 
hr 

  615 � � � � � � � � � �

59d �
Ceramicrete, Class F, 
Wet, RT, 10 min, 1 
wk 

  631 � � � � � � � � � �

59e �
Ceramicrete, Class F, 
Dry, 350, 20 min, 24 
hr 

   � � � � � � � � � �

59f �
Ceramicrete, Class F, 
Wet, 350, 20 min, 24 
hr 

   � � � � � � � � � �

60a �
Ceramicrete, Class F, 
Dry, RT, 20 min, 1 wk   935 � � � � � � � � � �

60b �

#
	

�
�
��

	

	
�

Ceramicrete, Class F, 
Wet, RT, 20 min, 1 
wk 

  781 � � � � � � � � � �

61 �
Aluminum 
Phosphaste Cement, 
cured at high temp 

� � � � � � � � � � � � �

62 � �
��
�
�
�
��

Aluminum 
Phosphaste Cement, 
cured at high temp 

� � � � � � � � � � � � �

63  10:90 Ceramicrete:H, 
140 deg cure, 48 hr   1,800 137,965 392 � � � � � � � �

63A     1,350   � � � � � � � �

64  25:75 Ceramicrete:H, 
140 deg cure, 48 hr   99 - 533 � � � � � � � �

64A     665   � � � � � � � �

65  50:50 Ceramicrete:H, 
140 deg cure, 48 hr   552 67,355 410 � � � � � � � �

65A     538   � � � � � � � �

66  75:25 Ceramicrete:H, 
140 deg cure, 48 hr   248 - 315 � � � � � � � �

66A     511   � � � � � � � �

67  90:10 Ceramicrete:H, 
140 deg cure, 48 hr   819 106,491 315 � � � � � � � �

67A  

1
�
�

�
�
�#
	

�
�
��

	

	
�

   163   � � � � � � � �



� ���

69 �
35% 100 mesh silica 

sand   - - 418 � � � � � � � �

70 �
60% 100 mesh silica 

sand   - - 478 � � � � � � � �

71 �
84.5% 100 mesh 

silica sand   - - 431 � � � � � � � �

72 �
35% 20/40 mesh 

silica sand   - - 472 � � � � � � � �

73 �
60% 100 mesh silica 

sand   - - 398 � � � � � � � �

74 �

#
�
�

�
	�
�
��

�
�

84.5% 100 mesh 
silica sand   - - 489 � � � � � � � �

75 2.50 35% microflyash, 2% 
daxad-19     763         

76 2.50 

15% microflyash, 
15% slag-based 
microcement, 2% 
daxad-19 

    968         

77 2.50 

15% microflyash, 
25% slag-based 
microcement, 2% 
daxad-19 

19.7    1,237      471 10.3 3.49E-
06 

78 2.70 

15% microflyash, 
15% portland-based 
microcement, 2% 
daxad-19 

  5,899  897         

79 2.50 

15% microflyash, 
25% portland-based 
microcement, 2% 
daxad-19 

 Not Mixable            

80 2.50 

'
	�

�
�	
�
��

�

	

�

15% microflyash, 
35% portland-based 
microcement, 2% 
daxad-19 

 Not Mixable            

81  Latex Liner System, 
16.4 lb/gal   2,915 214,367 392  � � � � � � �

82  
Fluid Loss system w/ 
silica sand, 17.5 
lb/gal 

  2,674 186,108 534  � � � � � � �

83  
Fluid Loss system w/ 
silica sand & 
hematite, 18.5 lb/gal 

  1,303 135,083 418  � � � � � � �

84  

1
�"
�
�!
<
�

Fluid Loss system w/ 
18% KCl/NaCl mix, 
BWOW 
 
 

  1,118 90,944 368  � � � � � � �



� �<�

85 � 10% alumina 
metaphosphate in 
cement 

  Cylinders     
1,886  

  575     1,342        -    366 � � � �

85A �   Cubes     
2,204  

       � � � �

86 � 20% alumina 
metaphosphate in 
cement 

 Cylinders     
1,494  

       
465  

     � � � �

86A �   Cubes     
2,533  

       � � � �

87 � 10% sodium 
hexametaphosphate 
in cement 

            � � � �

87A �     611        � � � �
88 � 20% sodium 

hexametaphosphate 
in cement 

            � � � �

88A �     968        � � � �
89 � 10% bohemite in 

cement 
 Cylinders     

1,385  
 388       751        -    357 � � � �

89A �   Cubes     
1,383  

       � � � �

90 � 20% bohemite in 
cement 

 Cylinders     
1,558  

 426    1,243        -    377 � � � �

90A �   Cubes     
1,261  

       � � � �

91 � 1% sodium 
hexametaphosphate 
in cement 

 Cylinders     
2,439  

 427    1,632        -    409 � � � �

91A �

/
�
�
.�
�



��
�
�
�

    Cubes     
2,341  

            � � � �

68  20% MgO in Class H   2,990 422,499 318     � � � �

68A     2,092       � � � �

92 3.48 5% MgO L in cement 17.7  3577  733  1726  387 � � � �

93 3.48 10% MgO L in 
cement 17.9  6887  620  1155  393 � � � �

94 3.48 20% MgO L in 
cement 18.4  1351  639  459   � � � �

95 3.48 5% MgO M in cement 17.7  2172  614  1471   � � � �

96 3.48 10% MgO M in 
cement 17.9  2273  438     � � � �

97 3.48 

�
�
"
��
,
�

20% MgO M in 
cement 18.4  1115  297     � � � �

98 � Class H, 16.4 lb/gal  350 deg / 3K 
psi, 1 day     2,765  357     

99 �

1
%
�

*
�
�	
�

Class H + 35% silica 
flour 16.6 350 deg / 3K 

psi, 1 day     4,785  705  256 2.2 5.87E-
06 



� �;�

100 �
5% Calcium 
Phosphate in cement  350 deg / 3K 

psi, 1 day     1,411  289 � � � �

101 �
10% Calcium 
Phosphate in cement  350 deg / 3K 

psi, 1 day     1,394  251 � � � �

102 �
#
�
��
��
�
�

�
�
�
�$
�
�

	
�

20% Calcium 
Phosphate in cement  350 deg / 3K 

psi, 1 day     960  274 � � � �

103 �
5% zinc phosphate in 
cement  350 deg / 3K 

psi, 1 day     1,329  250 � � � �

104 �
10% zinc phosphate 
in cement  

350 deg / 3K 
psi, 1 day, 
Too soft 

       � � � �

105 � F
��
��
�
�
�
�$
�
�

	
�

20% zinc phosphate 
in cement  

350 deg / 3K 
psi, 1 day, 
Too soft 

       � � � �

106  
Alumina with 50% 
phosphoric acid and 
aluminum hydroxide 

 350 deg / 3K 
psi, 2 day � � � � � � � � � � �

107 �
Class H + 35% silica 
flour + 3.5% Alumina 
Fibers 

16.6 350 deg / 3K 
psi, 1 day     3503  625 � � � �

107 �
Class H + 35% silica 
flour + 3.5% 2mm 
Alumina Fibers 

 350 deg / 3K 
psi, 1 day     5649  725 � � � �

108 �
Class H + 35% silica 
flour + 3.5% 2mm 
Nylon Fibers 

 350 deg / 3K 
psi, 1 day     3229  670 � � � �

109 �
Class H + 35% silica 
flour + 3.5% 3mm 
Nylon Fibers 

 350 deg / 3K 
psi, 1 day     3018  753 � � � �

110 �

Fi
be

rs
 

Class H + 35% silica 
flour + 3.5% 3mm 
Rayon Fibers 

 350 deg / 3K 
psi, 1 day     3412  439 � � � �

111 
�

Ceramicrete   

350 deg / atm, 
1 day, dry, 
Catastrophic 
Expansion 

     � � � � � �

112 � Ceramicrete  350 deg / 3K 
psi, 1 day, wet     190 � � � � � �

113 � Ceramicrete  70 deg / atm, 
1 day, dry 569 � � � � � � � � � �

114 � Ceramicrete  100 deg / atm, 
1 day, wet 1046 � � � � � � � � � �

115 � Alumina Phosphate  
350 deg / 3K 
psi, 72 hrs, 
wet 

 � � � � � � � � � �

116 �

#
	

�
�
�&
��
��
�
�
�
�$
�
�

	
�

Ceramicrete  
70 deg / atm, 
72 hr, dry 
(open lid) 

882 � � � � � � � � � �
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117 �
Class H + 35% silica 
flour + 5% MgO L  350 deg / 3K 

psi, 1 day, wet     3306  768 � � � �

118 �
Class H + 35% silica 
flour + 10% MgO L  350 deg / 3K 

psi, 1 day, wet     2660   � � � �

119 �
�
"
�
�4

&�

�
�
��
=
=
�

Class H + 35% silica 
flour + 20% MgO L  350 deg / 3K 

psi, 1 day, wet     3273   � � � �

120 � Yellow  230 deg / atm       2,206 � � � �

121 �

'
	

��
�
�

Red  230 deg / atm       3,199 � � � �

122 2.50 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+5% MgO L 

19.8 350 deg / 3K 
psi, 1 day, wet       748     

123 2.50 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+10% MgO 
L 

20.0 Not Mixable            

123A 3.28 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+10% MgO 
L 

19.0             

124 2.50 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+20% MgO 
L 

20.4 Not Mixable            

124A 3.60 

�
"
�
�&
��
�
��
A
A
�

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+20% MgO 
L 
 
 

19.0             

125 5.22 
Class H + 35% silica 
flour + 1% 
Molybdenum 

16.6 350 deg / 3K 
psi, 1 day, wet     2,599  817 � � � �

126 5.32 
Class H + 35% silica 
flour + 2.5% 
Molybdenum 

16.6 350 deg / 3K 
psi, 1 day, wet     3,109  707 � � � �

127A 5.49 
Class H + 35% silica 
flour + 5% 
Molybdenum 

16.6 350 deg / 3K 
psi, 1 day, wet       532 � � � �

127B 5.49 

�
�
��
�&
��
�
��
=
=
�

Class H + 35% silica 
flour + 5% 
Molybdenum 

15.4 350 deg / 3K 
psi, 1 day, wet       487 � � � �



� ���

128 3.60 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+20% MgO 
L 

19.0 

350 deg / 3K 
psi, 1 day, 
wet, Confined 
cure and 
cored sample 
tested 

    3,186  281  1850+   

129 3.28 �
�
��
�&
��
�
��
A
A
�

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+10% MgO 
L 

19.0 350 deg / 3K 
psi, 1 day, wet            

130 5.21 
H+35% silica 
flour+1.0% Ceramic 
Fiber 

16.6 350 deg / 3K 
psi, 1 day, wet     3,709  1,016    4.04E-

06 

131 5.24 

!
��
	

�

H+35% silica 
flour+1.4% Ceramic 
Fiber 

16.6 350 deg / 3K 
psi, 1 day, wet     3,021  1,149  186 50 3.10E-

06 

132 5.19 
Class H + 35% silica 
flour + 0.5% 
Molybdenum 

16.6 350 deg / 3K 
psi, 1 day, wet     4,383  1,083   2.3 1.55E-

06 

133 2.50 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+0.5% 
Molybdenum 

19.7 350 deg / 3K 
psi, 1 day, wet     6,678  1,366    8.49E-

07 

134 2.50 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+1.0% 
Molybdenum 

19.7 350 deg / 3K 
psi, 1 day, wet     ######  1,137     

135 2.50 

�
�
��
�
�
	�
�
�
��

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+2.5% 
Molybdenum 

19.8 Not Mixable            

136 2.50 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+0.5% 
Ceramic Fiber 

19.6 350 deg / 3K 
psi, 1 day, wet       1,312    1.59E-

06 

137 2.50 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+1.0% 
Molybdenum 

19.7 350 deg / 3K 
psi, 1 day, wet       1,241     

138 2.50 

#
	

�
�
��
�!
��
	

��

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+1.5% 
Molybdenum 

19.7 350 deg / 3K 
psi, 1 day, wet       1,280     



� �>�

139 3.60 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+20% MgO 
L Restrained 

19.0 350 deg / 3K 
psi, 1 day, wet            

140 3.60 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+20% MgO 
L Unrestrained 

19.0 350 deg / 3K 
psi, 1 day, wet            

141 3.28 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+10% MgO 
L Restrained 

19.0 350 deg / 3K 
psi, 1 day, wet            

142 3.28 �
�
��
(
)>
.(
)
=�
'
	�
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H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+10% MgO 
L Unrestrained 

19.0 350 deg / 3K 
psi, 1 day, wet            

143 3.60 

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+20% MgO 
L 

19.0 350 deg / 3K 
psi, 1 day, wet            

144 3.28 !
��
	

�G
��

�
��
�

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+10% MgO 
L 

19.0 350 deg / 3K 
psi, 1 day, wet            

145 5.25 
H+35% silica 
flour+1.0% Ceramic 
Fiber+0.5% Moly 

16.6 350 deg / 3K 
psi, 1 day, wet     5,456  1,007     

146 5.22 

Class H + 35% silica 
flour + 0.5% 
Molybdenum+0.5% 
Ceramic Fibers 

16.6 350 deg / 3K 
psi, 1 day, wet     6,782  1,043     

147 2.50 

1
�
1
%
�*
�
�	
�4

&�
'
	�
�

��
	�
!
��
	

��

H+25% SB 
Microcement+15% 
Microflyash+2% 
Daxad 19+0.5% 
Molybdenum+0.5% 
Ceramic Fibers 
 
 
 
 
 

19.7 350 deg / 3K 
psi, 1 day, wet     7,148  1,285     
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148 5.11 
Class H + 35% silica 
flour+1.0% Kevlar 
pulp 

16.6 350 deg / 3K 
psi, 1 day, wet     2,899  562     

149 5.18 
Class H + 35% silica 
flour+1.0% 29 Milled 
fibers 

16.6 350 deg / 3K 
psi, 1 day, wet     6,731  883     

150 5.18 
Class H + 35% silica 
flour+1.0% 38 Milled 
fibers 

16.6 350 deg / 3K 
psi, 1 day, wet     8,143  1,138     

151 5.19 

1
�
�

�
�
��
�



��
�
�
�

Class H + 35% silica 
flour+1.0% Chopped 
fibers 

16.6 350 deg / 3K 
psi, 1 day, wet     7,642  1,026     

152 4.03 
Class H + 35% silica 
flour+10% 
hexamethyltrisiloxane 

16.6 350 deg / 3K 
psi, 1 day, wet     -  -     

153 2.90 
Class H + 35% silica 
flour+20% 
hexamethyltrisiloxane 

16.6 350 deg / 3K 
psi, 1 day, wet     -  -     

154 4.38 
Class H + 35% silica 
flour+10% 
polyethylene oxide 

16.6 350 deg / 3K 
psi, 1 day, wet     3,095  522     

155 4.38 
Class H + 35% silica 
flour+20% 
polyethylene oxide 

16.6 350 deg / 3K 
psi, 1 day, wet     2,524  484     

156 40.0% 30% MgHPO4 + 30% 
AlOOH  

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    -       

157 40.0% 
29.6% MgHPO4 + 
29.6% AlOOH + 3.8% 
Triethanol-amine 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    -       

158 35.0% 32.5% MgHPO4 + 
32.5% Al(OH)3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    -       

159 36.5% 43.5% MgHPO4 + 
21.7% Al(OH)3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    -       

160 36.5% 47.6% MgHPO4 + 
15.9% Al(OH)3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    -       

161 5.0% 

/
�
�
.�
�
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47.5% MgHPO4 + 
47.5% Al(PO3)3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 
 
 

    65       
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162 2.6% 48.7% Al(PO3)3 + 
48.7% Al(OH)3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    -       

163 3.3% 58% CaO + 38.7% 
Na2SiO3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    978       

164 27.8% 
16.7% Al(OH)3 + 
33.3% CaO + 22.2% 
Na2SiO3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    347       

165 49.0% 20.4% CaOH + 
30.6% Na2SiO3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    300       

166 49.0% 
13.5% CaOH + 
13.5% Na2SiO3 + 
27% AlOOH 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    133       

167 45.2% 
13.7% CaOH + 
13.7% Na2SiO3 + 
27.4% MgHPO4 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    82       

168 48.0% 
13% CaOH + 13% 
Na2SiO3 + 26% 
Al(PO3)3 

 

Compressives 
at 350°F, 
3Kpsi, 3day 
cure 

    166       

169 26.6% 
22% CaOH + 33% 
Na2SiO3 + 18.4% 
Silica Flour 

 

Compressives 
at 350°F, 
3Kpsi, 2day 
cure 

    398  1,305     

170 34.0% 37.7% Na2SiO3 + 
28.3% Alumina       -  -     

171 32.0% 
35.5% Na2SiO3 + 
26.6% Alumina + 6% 
MagOx L 

      -  -     

172 32.0% 
35.5% Na2SiO3 + 
26.6% Alumina + 6% 
Al00H 

      -  -     

173 29.3% 
32.5% Na2SiO3 + 
24.4% Alumina + 
13.8% Silica Flour 

      -  -     

174 32.5% 40.5% Na2SiO3 + 
27% Alumina       -  -     

175 30.5% 

/
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38.1% Na2SiO3 + 
25.4% Alumina + 6% 
Al00H 
 
 

      -  -     
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176 25.2% 

31.4% Na2SiO3 + 
21% Alumina + 4.9% 
Al00H + 17.5% Silica 
Flour 

      -  -     

177 32.5% 40.5% Na2SiO3 + 
27% CaOH       608  447     

178 30.5% 
38.1% Na2SiO3 + 
25.4% CaOH + 6% 
Al00H 

      328  309     

179 28.8% 
36% Na2SiO3 + 24% 
CaOH + 5.6% Al00H 
+ 5.6% Alumina 

      1,133  820     

180 24.0% 

30% Na2SiO3 + 20% 
CaOH + 4.7% Al00H 
+ 4.7% Alumina + 
16.6% Silica Flour 

      1,242  971     

181 30.0% 42% Na2SiO3 + 28% 
CaOH   728  97  780  86     

182 39.6% 
37.9% Na2SiO3 + 
26.6% CaOH + 5.9% 
Al00H 

  589  119  850  107     

183 29.2% 

34.4% Na2SiO3 + 
25.8% CaOH + 5.3% 
Al00H + 5.3% 
Alumina 

  651  108  854  205     

184 30.0% 

27.6% Na2SiO3 + 
18.4% CaOH + 4.3% 
Al00H + 4.3% 
Alumina + 15.4% 
Silica Flour 

  451  113  1,918  216     

185 30.0% 
31.5% Na2SiO3 + 
21% CaOH + 17.5% 
SF 

  51  663  1,072  166     

186 30.0% 

29.4% Na2SiO3 + 
19.6% CaOH + 4.6% 
Al00H + 16.4% Silica 
Flour 

  128  785  1,787  169     

187 30.0% 

29.4% Na2SiO3 + 
19.6% CaOH + 4.6% 
Alumina + 16.4% 
Silica Flour 

  81  716  799  200     

188 0.0% 
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62.5% Resin 862 + 
37.5% Epicure W      
(400gms:240gms) 

             

�
�
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Objective 

The objective for this project was to determine the mixability of the 17.0 lb/gal Pre-Stressed 
cement slurry with standard field mixing equipment.  This investigation involved the use of a re-
circulating mixer, commonly used to mix cement slurries in the field to see if any problems or 
inconsistencies are encountered.   

Conclusions 

The Pre-Stressed cement blend was mixed at the desired density without encountering any 
negative mixing issues.  The system was easily mixed and demonstrated the ease of pumping 
in any field situation.  All post-job lab testing indicated a successful blend and matched all pre-
job lab testing. 

Laboratory Test Methods 

Laboratory pre-job testing was conducted to establish a control and ensure that a good cement 
composition was used in the field mixing trial.  It involved slurry viscosity measurements, mixing 
method, free fluid, and fluid loss testing.  Laboratory post-job testing will be to perform 
rheologies, free fluid and fluid loss tests on the samples taken from the field trial. 

Field Trial Procedure 

Advanced Oilwell Services agreed to perform the field mixing trial at their yard in Brookshire, 
Texas as seen in Figure D1.  They provided the cement from their bulk facility and agreed to 
dispose of the slurry after mixing and completion of all yard testing.  A total volume of 50 sacks 
(16.65 bbls) of cement was mixed in the re-circulating mixer to simulate a field cementing 
application.  AOS provided a Service Supervisor and an Operator for equipment operation and 
mixing, while CSI Technologies provided a manager and technical staff to oversee the mixing 
process and conduct sample collecting and testing.   

• Upon arrival to the bulk plant the add mix tank was inspected for any previous job 
additives to ensure no contamination of cement blend. 

• The calculated amount of class H Lehigh cement was added to the scale tank and the 
weight verified. All of the dry additives were loaded into the add mix tank and then to the 
scale. The weight was verified before boxing cement four times and then blown to bulk 
truck.  

• The first 6 barrels of slurry consisted of continuous mixing to a density of 17.0 lb/gal as 
seen in Figure D2.  At this point, a sample was taken, the density measured as seen in 
Figure D3, and Rheologies as seen in Figure 4 were performed.  The slurry was mixed 
continuous in the re-circulating mixer until all 16.5 barrels were mixed.  Rheology testing 
and density checks were taken at various intervals.   
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The slurry displayed no signs of potential mixing difficulties that would hinder the ability of the 
cement to be mixed in a field environment.�
�

Discussion of Results 

Cement Design: 50 sks Texas Lehigh Class H + 0.5% bwoc Fluid Loss Additive, 25% Micro 
cement slagbased, 2.5% Dispersant, 30% Magnesium Oxide H, 35% 100 Mesh Silica Sand, 
mixed at a density of 17.0 lb/gal. 

For Table D1 all rheological testing was performed at ambient temperature.  Samples were 
taken from the mixing tank and measured for density and rheology onsite.  The final density of 
17.0 lb/gal and rheologies listed are comparable to the pre-job testing as seen in Table D2. 

Table D1:  Rheologies at test site 

Sample 
Number Time Density  

lb/gal 
300 

RPM 
200 

RPM 
100 

RPM 
60 

RPM 
30 

RPM 
6  

RPM 
3  

RPM 

1 Initial 16.6 52 36 18 12 6 2 2 

2 5 
minutes 16.8 52 34 18 12 6 2 2 

3 11 
minutes 17.0 70 46 24 16 10 2 1 

�
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Table D2 lists the pre-job lab testing along with the post-job lab testing with two separate field 
blend samples.  Measured density, rheologies, free fluid and fluid loss were all comparable. 
 
Table D2:  Post Job lab testing at 80°F 

Tests Pre-Job  Test      
(Lab Materials) 

Field Blend      
Sample #1 

Field Blend      
Sample #2 

Measured Density 17.0 lb/gal 17.0 lb/gal 17.0 lb/gal 

Rheology Initial 80°F Initial 80°F Initial 80°F 

300 rpm 80 100 100 110 76 104 

200 rpm 54 68 68 74 52 70 

100 rpm 28 40 36 38 26 38 

60 rpm 18 26 24 26 18 24 

30 rpm 8 14 12 12 8 14 

6 rpm 2 4 4 4 4 6 

3 rpm 1 2 2 2 2 4 

PV 72 90 96 108 75 99 

 

YP 2 10 4 2 1 5 

Fluid Loss 24 ml/30min 28 ml/30min 16 ml/30min 

Free Fluid 0.0% 0% 0.0% 

�
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Table D3 lists a pre-job design along with a field blend sample test.  The systems were 
designed for a simulated well at 18,000 ft with 300°F circulating temperature.  The measured 
density and rheologies were very comparable as well as the fluid loss, free fluid and thickening 
time. 
 
Table D3:  Post Job Lab testing at elevated temperatures 

Tests Pre-Job  Test      
(Lab Materials) 

Field Blend      
Sample #1 

Measured Density 16.5 lb/gal 16.5 lb/gal 

Rheology Initial 190°F Initial 190°F 

300 rpm 170 66 154 68 

200 rpm 102 40 126 42 

100 rpm 44 30 56 24 

60 rpm 24 12 34 16 

30 rpm 12 6 18 8 

6 rpm 4 4 4 6 

3 rpm 2 2 2 6 

PV 189 54 147 66 

 

YP -19 12 7 2 

Fluid Loss at 300°F 75ml/30min 62 ml/30min 

Free Fluid 0.0% 0.0% 

Thickening Time at 
300°F  (hrs:min) 

40 Bc = 6:07          
70 Bc = 6:15 

40 Bc = 5:07          
70 Bc = 5:11 

�
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Figure D1:  AOS yard facility 

 
 
 
 
Figure D2:  Pre-Stressed Cement slurry in mixing tank 

 
�
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Figure D3:  Pressurized Mud Scale for measuring Density 

 
 
 
 
 
Figure D4:  Rheometer for measuring rheologies 
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Project Work Team Project Work Team 
� CSI Technologies LLC

� Material Manufacturers

� ���� Steering Committee

� ���� Operators

�

Project ObjectivesProject Objectives
� Determine the cement system properties that affect 

cement sealing integrity

� Use recently-developed laboratory methods to 
determine key properties in candidate materials

� Develop Supercement systems(2)
� Test application in wells

� ���� Field test including “deep hot” wells ����
� Commercialization

�
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Problem:Long Term Zone Problem:Long Term Zone 
Isolation in HPHT WellsIsolation in HPHT Wells
� High Temperature 

and Pressure
� Deviation angles -

Placement is difficult
� High Density systems 

– 17 to 20 ppg well 
fluids

� High Pressure Gas / 
Gas migration

� Narrow Annuli / High 
Friction

� Liners versus longstrings
� Tie Backs and 

Expandable Liners
� CO2 and H2S common

Phase I Work Plan Phase I Work Plan 
� Literature search - Portland cements & Non-

Portland cements

� Low temperature material property screening

� High temperature material property screening

� Unconventional material tests
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Phase I Work ResultsPhase I Work Results

� Identified 5 system types for further investigation

� 2 Non-Portland systems 

� 3 Portland-based systems

� Reactive fiber reinforcement as augment to both 
Portland and non-Portland systems

Phase II Work Plan Phase II Work Plan 
� Narrow potential systems to two

– Resin
– Pre-stressed cement

� Manufacture Supercement to specification

� Conventional and Nonconventional Batch testing to confirm 
performance on commercial scale 

� Evaluate performance in large scale mixing, shearing, and drillout
tests
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Phase II Work Plan Phase II Work Plan 
� Design two new test apparatus

– Direct Tensile Test
– HTHP Annular Seal Test

� Rationale
– No standard tensile test; splitting tensile results difficult to

interpret
– Unconstrained tensile strength for Expanding cements
– HTHP sealing performance critical

Phase II ResultsPhase II Results
� Resin:

– Significant formulation production, testing, and property 
tailoring

– Resin kinetics for low and high temperature applications
– Design program developed
– Large-scale mixing tests conducted 
– Drillout tests conducted successfully
– Multiple successful field trials

� Pre-stressed Cement
– Currently available in commercial field quantities 
– Field-ready slurry has been designed 



� �>�

Phase II ExtensionPhase II Extension
Direct Tensile TestDirect Tensile Test

� Utilize compression 
test machine

� Measure tensile 
deformation for 
calculation of Tensile 
YM

� Perform tensile fatigue

Phase II ExtensionPhase II Extension
HTHP Annular SealHTHP Annular Seal

� Measure resistance to 
annular gas flow at HTHP 
conditions

� Designed for 3,000 psi and 
300 deg F

� Measures true constrained 
tensile strength

� Sealing performance 
results correlated to energy 
applied
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Phase II ResultsPhase II Results
� All test apparatus in service

� HTHP Annular Seal results
– Ultimate laboratory performance test
– Baseline: state-of-the-art HTHP Cement: Portland + 

35% Silica
– Resin: Baseline energy to failure * 100
– Super Expansion Cement: Baseline energy to failure *

375

PrePre--stressed Cement stressed Cement 
ShearbondShearbond

Shearbond Test: 

After Annular Seal test is 
complete, the force required 
to break the shearbond
between cement and central 
pipe is measured.
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PrePre--Stressed Stressed 
Cement Cement 

ShearbondShearbond
•Short pipe end mushroomed

•Approx 25,000 lbs applied force 

•Shearbond >3,960 psi

•Pipe / cement bond did not 
break

Phase II Work Results Phase II Work Results ––
HydraualicHydraualic BondBond

� Objective: Measure the 
ambient sealing 
properties of cement to 
water flow

� Results:
– Baseline – 3,800 psi
– Resin – 6,425 psi
– Pre-stressed Cement –

6,000 psi
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Phase II Work Results Phase II Work Results -- ExpansionExpansion
� Internal pipe pressure induces tensile (hoop) stress 

in the cement sheath.

��������

������

Phase II Work Results Phase II Work Results -- ExpansionExpansion
� Conventional non-expanding cements:

– Cement fails in tension
– When the induced tensile stress exceeds the cement tensile 

strength, failure (and a flow path) results
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Phase II Work Results Phase II Work Results -- ExpansionExpansion
� Controlled cement expansion creates a 

compressive preload
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Phase II Work Results Phase II Work Results -- ExpansionExpansion
� Measured pipe growth due to Pre-stressed cement 

cured at temperature and pressure
� Average pipe growth: 0.002”

� Induced compressive pre-stress: 2,600 psi 

� Conclusion: Expanding cement effectively 
increases the nominal cement Tensile Strength by 
2,600 psi

Phase II and III ConclusionsPhase II and III Conclusions
� All Phase II and III Objectives are met
� Successful lab testing with Resin and Pre-stressed cement

– Very high HTHP Annular Seal performance
– Very high Shearbond
– Very high Hydraulic Bond
– Both Resin and Pre-stressed cement are controllable at HTHP 

conditions

� Successful field trials with Resin
– 50+ successful plug jobs
– One successful HTHP squeeze job

� Pre-stressed cement is ready for full-scale field testing
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Questions / DiscussionQuestions / Discussion
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DOE CSI Total DOE CSI Total DOE CSI Total DOE CSI Total
Personnel  $333,259  $272,851  $606,110  $226,623  $302,445  $    529,068  $145,340  $  331,733  $477,073  $   705,222  $    907,030  $  1,612,252 
Fringe  $            -  $            -  $            -  $            -  $                -  $            -  $             -  $            -  $               -  $                -  $                - 
Travel  $    8,280  $    5,711  $  13,991  $    6,562  $  21,298  $      27,859  $    9,310  $    13,982  $  23,292  $     24,152  $      40,990  $      65,142 
Equipment  $  75,900  $  55,779  $131,679  $  34,230  $  82,056  $    116,285  $            -  $    21,775  $  21,775  $   110,130  $    159,610  $    269,740 
Supplies  $  51,750  $ (42,065)  $    9,685  $  38,549  $   (4,662)  $      33,887  $    9,800  $    (5,061)  $    4,739  $   100,099  $     (51,788)  $      48,311 
Outside Cost Share  $  48,300  $    3,988  $  52,288  $200,129  $234,714  $    434,843  $191,100  $(182,850)  $    8,250  $   439,529  $      55,852  $    495,381 

Consultants  $            -  $            -  $            -  $            -  $                -  $            -  $             -  $            -  $               -  $                -  $                - 
Other  $            -  $            -  $            -  $            -  $                -  $            -  $             -  $            -  $               -  $                -  $                - 
Total Direct  $517,489  $296,263  $813,752  $506,093  $635,850  $ 1,141,943  $355,550  $  179,580  $535,130  $ 1,379,132  $ 1,111,694  $  2,490,826 
G&A Indirect  $  54,056  $  22,505  $  76,561  $  26,874  $  22,345  $      49,219  $  22,013  $    19,938  $  41,951  $   102,943  $      64,788  $    167,731 
Total Costs
Awardee Cost Share

DOE Share
Awardee Total Cost

DOE Cost 
Total Costs

 $                                       199,518 

 $                                       377,563 

 $                                              1,176,482 

 $                                              1,482,075  $                                     571,545 

 $                                     318,768  $                                         658,195 

 $                                         532,967 
 $                                     890,313  $                                      1,191,162  $                                       577,081  $                                              2,658,557 

64.20% 44.74% 65.43% 55.75%

Project Total

35.80% 55.26% 34.57% 44.25%
 $                                     890,313  $                                      1,191,162  $                                       577,081  $                                              2,658,557 

Category Phase I Phase II Phase III
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National Energy Technology Laboratory 
 
626 Cochrans Mill Road 
P.O. Box 10940 
Pittsburgh, PA 15236-0940 
 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
 
One West Third Street, Suite 1400 
Tulsa, OK 74103-3519 
 
1450 Queen Avenue SW 
Albany, OR 97321-2198 
 
2175 University Ave. South 
Suite 201 
Fairbanks, AK 99709 
 
 
Visit the NETL website at: 
www.netl.doe.gov 
 
Customer Service: 
1-800-553-7681 
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