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ABSTmCT: 

Athough the well’s prognosticated temperature digersntids and chemistry are incorporated in the casing 
string design, the statistics gatheredfi-om the dtferent weUs drilled indicate an increase in mmber of casing 
faihres as compared IO earlier geothemtal drilling, i.e. 1976 - 1953. Aside ,+om the source of the casings 
and cement, the only djfference are: current wells are drilled with higher intrild-up rates (Bm) and with 
tighterlmaller target radius m)fiorn I.So/IOOft  BUR x 30Om TI? to 2.S0130m BUR x 2Sm TR; and, larger 
diameter casings are utilized in most of the wells forproduction casing, i.e. Js-om 9-5/5” OD to 13-3/5” OD. 

Based on the study, as the diameter of the casing increases, failure due to mechanical wear and teat and 
axial stress greatly increases due to increase in driUing sideload and casing bending loadj-om high dogleg 
severity factor, reqectiveb. The cummulafive efect of casing wear and tear and the axial stress j - o m  
bending loads correspondingly reduces the casing’s strength to withstand stresses f iom external pressures, 
tensile stress and axial thermal stress. ,, 

From the numerws corrective m d  prevmiive m e a r e s  adopted, the most effective to prevent cmiilg failure 
as tested in the different wells are: the tie-back system; increase in wall thickness of the !mer casing 
specially for  casings to be set within the casing-to-caring section; and, the proper placemmf of drill pipe / 
casing rubber protectors. 

1.0 INTRODUCTION 

Casing design of 316 v;.:lIS (93 vertical / 223 directional) dnlled covering period fiom 1976 to July 12, 1906 and 
occurrences of casing fdgre were correlated to existing studies relatiiig casing failure to different factors. 
Stai%tics based on Table 1.1 indicates an, increase in occurrence of casing failure with the bigger casing $e; and, 
with increase in BUR and decrease in TR. ‘There WG an increw of casing Mure occurrence for the period 
covering 1989 to July 1996. Majority ofthe twenty four (24) cases of production casing failures during said 
period are inside the anchor casing. The failures were classded into four (4) modes of failure which are Mure 
due to formation problems such as 
acidic formation or discharge, or 
external flow; Mure due to poor 
quality of cementing job such as 
green cement or fluid entrapment, 
thermal casing failure during well 
discharge and quenching; and, 
failure due to m e c h c a l  wear and 
tear. The most common factor 
always present in all of the modes 
of failure is the failure due to 
mechanical wear and tear. Other 
factors. which also contributed to 
the increase in occurrence of casing 
failures are: 1) Increase in 
production casing size. The 
increase in the casing size lead to 
the increase in tooljoint sideload 
which correspondingly hastened 

TABLE 1.1 : Well Statics for period covering 1976 to July 1996. 

Wells wkh produrnon casing failure locased inside the anchor casing seing 
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wear and tear.; 2) Higher BUR with smaller TR.; 3) Off centered wells with respect to rig’s rotary table.; 4) 
Improper handling and storage of casings causing dents not measurable and undetectable by on-site casing drift 
arid ocular inspection.; and, 5) Lower collapse pressure rating of the 13-318’’ OD casing as compared to the 9- 
5/8” OD casing being utilized for production casing. 

The study was conducted to determine the causds of the failure and to effectively prevent and treat the failure. 
Numerous didling practices were adopted, some practices with conclusive results will be discussed in detail. 

2.0 MECHANICAL WEAR AND TEAR 

The primary factor contributing to the occurrence of casing fdure is due to mechanical wear and tear during 
drilling and completion by causing a reduction in the casing thickness. Based on Casing Inspection Caliper 
(CIC) Log runs, before drilling the production liner hole and another run prior completion testing, there is a 
reduction in casing thickness ranging fiom 0.06’’ to 0.3” within sections with dogleg severity factors ranging 
fiom 2.5-6.Oo/3Om; and, a m a . u m  of 0.06” within the vertical or straight section of the well. Impression 
block were also run on some casing breaks indicating thinned out casing sections. 

Casing wear involves three major drilling components namely casing, tooljoint and mud. Casing wear can be 
minimized by balancing the effect of these three components and the most severe wear occurs during blind 
drilling when no mud system is inhibiting contact of the casing and driu string. Depth of wear is directly 
influenced by the contact time, i.e. d e p d s  on rotary sped  m d  rate of penetration, between the two surfaces. 
The lesser the contact time, the didlower the wear pmve.  Tripping does not normally sontribute more than 
five percent (5%) of the we?: depth. 

There are three (3) wrx mechanism, i.e. adhesive wear, abrasive wear and grinding/polishmg wear which is 
experimentallv prwdeii to be governed by the contact pressure between the two surfaces. The relationshp 
between the contact pressure P (psi) and sideload L (lbs/ft) is represented by: 

P = L * Sideload Factor (SLF‘) 
where: SLF = ( ~ + h ) / 1 2 * [ 2 * ( R ~ * ( s + h ) ~  + 8 *R2 +8 *(s+ h ) 2 ~ - ~ ~ ~ ~ + r 4 + ( s + h ) ~ ~ ] ~  

Equation 2.0 

L 
S 

R = casing inner radius (mched r =Tool joint radius ( i n c h >  
h 

= TooIjoint lateral l o a m  (pounds per foot of tooljoint) 
= OBet distance (R-r) (riches) 

=Wear groove deyt;’ (mches) 0.65’’ - 0.15” for computation purposes. 

This equation can be used to calculate 
sideloading required to keep beneath a 
recommended transition pressure of 250 psi at 
various groove depths. Pressure above the 
transition pressure, e.g. grinding to abrasive 
wear, hastens wear rate very much M e r  than 
that below the transition pressure. Wear rate 
increases by two to three orders of magnitude 
through the transition. Wear process 
determines the condition of the two sliding 
surface which in turn governs f3ction. Htgh 
friction and low wear can also occur 
simultaneously, e.g. brake shoe effect. Using 
Equation 2.0 the sideload factor for different 
conditions were compute4 Table 2.0. From 
said table it can be determined that to f i t  

TABLE 2.0 : Sideload Factor for Various Casing Sues 

Cludw f : Vamng casing sues vilh constant wargroove. Sidejoed Fador 
inaeases as Ihe casing 00 inffwses. 

Cluster2 : Vay’ng war  groove w’lh consianl casing size. Sidebad Fsclor increases 
as the w a r  groove deplh inneeses. 

thecontact pressure to 250 psi, the tool joint lateral loading should be lowered considerably as the casing size is 
increased, i.e. fiom a 5” drill pipe tool joint lateral load of 44 Ibs for a 9-5/8” OD x 47 ppf casing to a lateral load 
of 13.5 lbs for a 13-3” OD x 68 ppf casing. For the same depth the contact pressure caushg casing wear is 
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higher for larger casing sizes assuming equal tooljoint lateral load. Lowering of the sideload is possible by 
adding more drill pipe rubber protectors or lowering drill string weight. The first option being preferred over the 
other for economics reason. Other factors can be varied but drilling cost and sofety of the well should be put 
into proper balance. 

MODE FORMULA 
Elastic PE = (46.95 X lo“ ) Equation 2.3 

Transition FT [Yp * F/(D/t) ] - G 
[ P / M ( D W Y  

Equation 2.4 
Plastic PP = [Yp* {A/(D/t) - B)] - C 

Quahon 2.5 
Yield PYP =Z’yp* ([@/t) -I]/@/t)l} 

Equation 2.6 

WEAR EFFECT ON API CASING STRENGTHS 

APPLICABLE O/t) range 
@It) t 2 + B/A 

Emin 2 @It) 2 YP * (A - F) 
3 B/A 

C+ Yp*(B-G) 
T h  t (D/t) t {I(A-2)’+ 8(B+C/u~)l’~+~A-2~ 

2*(B + c/Yp) 
Anin t @/t) 

Most of the casing strengths are dependent on the casing thickness such as: 

AXIAL STRESS EFFECT ON CASING STRENGTHS 

Another factor affecting the baseline published strength of the casing are the stresses on the casing fiozen when 
the string is cemented such as stresses due to the casing weight itself, buoyancy and bending. Although 
theoretical analycis has shown that axial tension has no effect on the elastic collzpse mode bi t  within the plastic 
collapse range follows the MI reduced collapse formula, Equation 2.7, which is based on the Henckey-von 
Mises strain energy distortion theory of yielding. 

API Reduced Collapse Pressure Rating = Pca =l[l-0.75*(qA/Yp)2]m -0.5*(oA/Yp)l*Pc 

TABLE 2.7 : REDUCED COLLAPSE PRESSURE RATING 

Equatim 2.7 
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Based on initial rating the collapse resistance of the 9-518" OD x 47 ppf x K55 casing is almost twice as much as 
the 13-3/8" OD x 68 ppf x K55 casing and with reference to the same stress or depth. Table 2.7. The initial 
collapse pressure rating, i.e. at no load condition, of the 13-318 OD x 68 ppf cnsing is equal to the reduced 
collapse pressure rating ofthe 9-518" OD x 47 ppf stressed approximately by 65% of its tensile load. 

The hghest reduction in the original casing strength due to axial stresses are within section of highest tensile 
stresses such as section of highest weight (top most section of the casing string) and bending load (hgh DLS 
sections or Build up sections). The bending load is expressed as follows: 

BENDING LOAD (BL), lbs = 63 x DLS c/lOOft) x OD (inches) x CASING WEIGHT @pf) Equation 2.8. 

WINGSlZE(inches) l E Y e  1339 

WlNLiWEIGHT(Ibs8t) 87.50 72.00 

Table 2.8 is a tabulation of bending loads for 
the different casing sizes used with respect 
to DLS. With the same DLS, the bigger size 
is stressed more than the smaller casing i.e. 
at 2.5 BUR / DLS the bending load stressing 
the 13-318" OD x 68 ppf casing is 13.4% of 
its tensile strength while the 9-5/8" OD x 47 
ppf is only 9.5%. In terms of stresses the 
13-3lY OD x 68 ppfis stressed by 7367 psi 
while the 9-518" OD x 47 ppf is stressed by 
only 5250 psi. 

1339 1 3 3 9  951E 951B 

66.00 54.50 47.00 43.00 

Eased on both the redGcLd collapse 
pressure rating and the bemi i i  load, it can 
be readily seen thsc bjgger size casing is 
more prone to cdapse M u r e  that smaller size casing. 

3.0 T H E W  CASKNG FAILURE 

All the thermal casing failures are fist noticed either after discharge CT quench operations, are at the tooljoint 
m3 with a corresponding decrease in casing dimetei as tagged by an impression block. On three N&, wxii 

f d w e  occurred from 22m to shallower depth from saface. On these three instances, the cement at the shallow 
section of the well was disturbed by actions d e n  to centralized the production casing to the casing head flange 
(CHF) thus providmg a free length; failure occurred in section where a €ugh temperature differential existed 
during discharge; and, elongation was restricted due to the uncentraked production casing w/ respect to 
expansion spool or due to compacted cement at the CHF during expansion. On another we4 a free length was 
seen fiom CBL results indica- poor cemented annular column between sections of good cement column 
which provided for the fi-ee length and the good cemented column providmg for the restiction to the elongation 
during the discharge of the well; and, also within a h_lgh temperature differential section. All of the casing failure 
that occurred during discharge are within the cool section of the we& i.e. above the water table where cool gas 
accumulated. On two occasions, casing failure occurred during quench at the hotter section of the well where 
the casing parted within a poorly cemented section. 

Thermal stress occur in a system, or part of a system, when thermal displacement (expansion or contraction) 
which would otherwise fieely occur are partially or completely restrained. Any temperature change, increase or 
decrease, induces stresses and deforms the pipe. Any temperature change, whether a temperature increase or 
decrease induces stresses and deforms the pipe. The amount of linear deformation tit is expressed by: 

Linear Deformation 6, = aL (AT) Equation 3.0 

where a, is the coefficient of linear thermal expansion, usually expressed in units of inch per inch per degree of 
temperature change, 1.2 X loe5 inlin - 'C (1.2 XlO-' d m  - "C, 6.9 X 10 -' idin - OF); L is the fiee uncemented I 
unsupported length, inches; and AT is the change in temperature, "C ("@. 
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If a deformation, due to change in temperahre, is 
permitted to occur fieely by use of expansion joints or 
spool, no load or stress is induced in the structure. 
Table 3.1 are the corresponding 6ee len,$h a 13-3/8” 
OD and 9-5/8” OD production casing sling can 
tolerate without stressing the pipe due to the allowable 
deformation provided by the expansion spool. But in 
some cases it may not be feasible to permit these 
temperature deformations, i.e. exceeding expansion 
allowance provided by the expansion joint or spool; 
the result is an induced stress resisting the exyansion 
or compression. The stresses caused by these internal 
forces are known as axial stresses due to temperature. 
Equating thermal deformation to the allowable ASSUMPT,~N 6- 1o ~ h e e s , f c r ~ h d e e x p M s x w r s p m l  

TABLE 3.2 : MAXIMUM DlFFERENllAL TEMPERATURE 

TABLE 3.1 : ALLOWABLE FREE LENGTH without la.ssing the pip.. 

stresses the pipe can endure is expressed by: 15 inches fcrrquk hde expnsm spoo, 

a L (AT) = PL /-4E = SL / E Equation 3.1 

The maximum stress a pipe can withstand prior failure 
is equal to allowable stresses fiom 6, allowable 
deformation’ as provided by the pipe property 2nd 
SanmCc , the length of allowable exp.ansion as provide 
by the expmion spool and is expresses by Equation 3.2 

at= 6 + ~ d u m r e  

Utdizing the pipe property in the d e s b  for thermal 
stresses is just appropriate and effectively the 
tolerance of a given fiee length of pipe to temperature 
change is increased. Table 3.2 shows the effect of 
iombining pipe property and allowable expansion to 
the tolerable temperature. Included in the table is the 
temperature, without allowing expansion, to which the 
‘joint WIII be stressed to its maximum hnits regardhiss of 
fiee length as derived ffom Equation 3.1. Karlsson 7/78 
have indicated that “If Ihe formation surrounding the 
casing in the well allows axial expansion of the stress 

Eqnzhon 3.2 

free q a n s i o n  the resulting maximum t e m p e r m e  wili be higher.” 

EFFECT OF PRE-TENSION 

Due to high temperature changes in which the casing is exposed to, the strength of the casing is effectively 
reduced and the development of thermal stresses is taken into account. The neutral temperature of the casing is 
the temperature at which the casing is axially unstressed. The casing’s neutral temperature, Tn, depends on two 
factors: well temperature, Tw, during the hydration period of the cement as it solidifies; and, axial stress, o, in 
the casing due to its weight plus any mechanical tension applied at the well head or any point of interest and 
bendmg forces due to dogleg severity. The temperature increase that will release the axial stresses due to 
pretension is expressed by: 

ATa = CF / aE Equation 3.3 

where: a - = axial stress, psi 
= Casing Weight lbs + bending load lbs 

Cross-sectional area of casing, square inch 
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Neutral Temperature is the sum of h e  formation temperature, temperature of cement during hyration and the 
equivalent temperature of the total axial stress in the pipe €rozen by the cement computed from Equation 3.3. 

THEUTRAL. “C i 78.GO ’ 124.26 
Tu-, uC (Actual recorded) 270 270 

192.00 14574 AT, ‘C 
66.816 I 50.718 h a l  SECSS ab, = u E AT, ~ S I  

J O I N  COMPRESSM STRENGTH. psi 42.240 [ 42.240 
FALURE FACTOR f . % [ l . X I  

T,= Trf Tc+ATG Equation 3.4 

78.00 135.35 !- EB.00 148.14 
285 2F.5-- 270 270 

2@:.00 ~45.64 182.00 121.86 

;1.036 52.075 63.536 42.409 
42.24U 42.240 42230 42,240 ‘ 

.- 

- -.i - 
-- 

1.71 1.23 1.50 1 .oo 

Temperature of formation prior cementing, 

i.e., 38 OC (100 OF) (Shry-rock 1982) 

- where: Tf - 

Tc - - temperature change of cement during’hydration, 

If the temperature of the cemented casing m e r s  fiom Tn, by AT, i.e. Cr,, - T,J> a thermal stress, 0, induced is 
0, = a L (AT). The thermal stress is compressive if the casing final temperature is higher than the neutrr! 
temperature and tension if the casing temperature is lower. Based on the above Pyations, it can be concluded 
that pre-tensioning the casing increases the nzutr21 temperature, thereby, effectively reducing the possible 
severity of change in kinperature for any final temperature above the neutral temperature but posing as a 
disadvantage if cooling or 
quenching of the well will 
be required. Table 3.4 
shows the effcct of pre- 
tension on wells with 
casing fdure due to 
thermal stress. The fiee 
iengt!! on the said wells 
were very mi!,i;nal, but 
due to the uncentv..ized 
casing, the expansion 
spool became useless and 
the expansion of the 
casing was restricted. The 
pre-tension is effectively 
released while cerrb.liiing 
the casing. 

TABLE 3.4 : Effect of Pre-tenrlon on wells with thermal carlng failure. 

h’vELL W E  I 302 I 306D I 307D 1 

For casing failure due to t h e i d  stress to occur, thee (3) wnditions should be present as follows. fiee len_@h; 
there is a considerable change in temperature; and, restriction tb expansion or contraction of the &e length. 

4.0 TRAP FLUID FROM PRIMARY AND REMEDIAL CEMENTING JOB 

There are two obvious sources of trap fluids noticed causing casing fazlures, e.g. over retardation of th- cement 
slurry “green cement” and remedial top jobs due to losses during primary cementing operations. The trap fluid 
contributes to the fiee length and resbiction to the deformation of the casing which are pre-conditions for 
thermal casing failure to occur. In addition to the thermal stress, elevated pressures generated from the 
expansion of the trapped fluid between the anchor and production casing during heat-up of the welI causes 
severe loads lea- to the failure by way of collapse in the production casing. Collapse of the production 
casing located in the open hole section seldom o c c m  for the formation is bound to break prior the casing. 

There are other factors contribuimg to the occurrence of trap fluid such as, fiee water content of the slurry which 
also comes fiom settling of heavier cementmg materials, non-centralized casing “low stand-of€”, 
inadequatdincomplete displacement of unwanted fluids during cementing, influx of formation fluid during 
cementing and prematurdflash sethng of cement. 

OVER RETARDATION: 

Over retardation “green cement” are observed in wells wherein lugh temperature retarders were utilized in 
sections expected to be within the high temperature region, ie. 100°C and over. Although the cement slurries 
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are found to be acceptable as tested with the prognosticated formation temperature for thickening time, fiee 
water, and compressive strength prior use in the wells, the temperatures which actually exist in the well during 
the curing of the cement didn’t reach the prognosticated temperature to which the slurry is tested. The critical 
period of the cement slurry for it to set is during its first 24-48 hours after being put in place. During the first 
24-48 hours, the setting cement should not be disturbed otherwise the cement column w i l l  be of poor quahty 
and will not be able to serve its purpose. The temperature to which the cement slurry is tested is reached only 
during dlscliarge of the well, e g ,  period not less than a month fiom time the cement is set in place. 

REMEDIAL TOP JOBS: 

Remedial top jobs are cementing jobs pumped and/or squeezed through two casings from the drilling spool. 
This job is conducted after encountering losses or drop in cement column during the last stage of the primary 
cementing jobs. The losses are induced by the hydrostatic pressures of the cement slurry, e.g. weights between 
13.5 ppg to 15 ppg which is way above mud weight ranging from 8.9 ppg to 11.0 ppg used during drilling of a 
geothermal well. The losses can also be a recurring loss of a previous plwged, cemented or LCM plugged, lost 
circulation zones. 

The trap fluid in a remedial top job is aggravated by the washing of the casing annulus immediately after 
encountering a lost of circulation during the last stage of the primary cementing operation. Another situation 
that can aggravate presence of trap fluid is the multiple hesitation / squeeze top cementing jobs wherein 
pumping of a non homogenous slurry is very likely to occur and free water settles above each top job. The 
occurrence of casing fadure cchcides to the depth behveen cornputed column of the remedial top jobs. 

.I% ~ 

5.0 FAILURE DUE TO FORMATION CHARACTERISTICS. 

There ale two characteristics of the formation which contributed to the casing failure, i.e. acidic formation and 
discharge; and, high temperature - high pressure external flow. 

ACIDIC FORMATIC’tT OR DISCHARGE 

For both acidic formation and acidic fluid discharge, presence of acidic fluids ar:: detected during dnlling and 
discharge. For formatiom with acidic fluids which are to be cased, it is usually designed that the secEon be 
case’d-off by two casing strings, i.e. anchor and production casing. Recent casing design incorporstes the use ~f 
expensive corrosion resistant casing located within the acidic formation. The presence of acidic minerals are 
closely monitored during drilling to determine the proper placement of a double casing and/or corrosion 
resistant casing. 

ACIDIC DISCHARGE 

Majority of the wells with acihc discharged failure are plugged and abandoned due to severe corrosion of the 
production casing and sometimes even the wellhead assembly. Production of the acidic wells are not pursued 
due to its adverse detrimental effect to the production system. 

EXTERNAL, FLOW 

High temperature high pressure external flow causes the localized external erosion of the casing within the flow 
region. These high temperature high pressure flow region can and will erode the cement surrounding the casing 
and eventually the casing itself. Although these section are relined with a smaller casing to continue producing 
form the said well, production will correspondqly decrease to as much as BIy percent (50%) ftom a 
production casing of 13-3/8” OD and relined with a 9-5/8” casing 
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6.0 SOLUTIONS 

1. Tie Back System. The tie back system is the most effective measure to address three (3) major factors 
leading to casing fadues which are mechanical wear and tear, thermal stress and losses of circulation during 
prirnary casing cementing operations. Mechanical wear and tear is greatly reduced since the driU string and liner 
stringls did not rub the inner portion of the tie-in string since the tie-in string is only set after completely drilling 
the well to target depth and, also, after setting the last production liner string. Possible losses of circulation 
attributed to the formation while cementing the tie-in string is also eliminated since the h e r  hanger with tie-back 
receptacle to which the tie-in string will be connected is inside the anchor casing. Another protection is the 
curing of the leaks at the tie back receptacle prior running in the tie-in string, to be ensured that the cement 
column will not drop due to leaks at the receptacle. Failure due to thermal stress is thereby eliminated since the 
possibrlity of a fiee length I uncemented production string section is greatly minimized. 

2. Setting a thicker production casing string inside the anchor casing. Aside fiom a thicker wall to protect 
against wear and tear due to erosion or production testing / monitoring tools during production of the wells, the 
casing with a thicker wall provides a higher pressure rating and tensile strength be it at the tool joint or at the 
pipe body itself. 

3. Minimidng BUR and DLS to 2.0 O/ 100 ft specially for wells requiring larger diameter casings. Bending 
stress for the casing is greatly reduced in adhtion to the reduction to the sideload forces of the drill string to the 
casing for wells with higher BUR and DLS. Aside fiom this, the difficulty in running-in 18-51s” anchor casing 
strings observed in wells with BTUR greater than 2.0 ‘1 100 ft  is e h a t e d .  

4. Proper placement oi W pipe / casing ribber protectors. CIC logs are conducted on some wells wherein 
casihg wear is monitored against the placement of rubber protectors. Based OA th results of the CIC logs the 
placement of;ubb-1- protectors with least wear to the casing is adopted as a standard drilling practice. 

5. UtilidTlg soft banding materials andlor drill pipes with worn-off hard band inside the production casing 
string. Altbough meemes 4. and 5. does not affect the tie-back system, wear and tear of the production 
casing below the tie-in s t nq  is greatly minimized. 

6. Utilizing MWD for dmctional drilling. Although MwI> is quite expensive for geothermal well a g ,  
wear and tear of the casing string, is gre2tly reduced since there is minimal pipe rotation ins:& 41): casisg string; 
and, drilling time and DLS is likewise reduced by having no correction m due to the regular momtoring of the 
well track and the immediate response to the d r h g  parameters to attain andlor maintain the required well track. 
The wear depth due to the direct intluence of the contact time, e.g dependent on the rotary speed and rate of 
penetration, is greatly reduced. For the casing failures discussed, the tie back system is a more appropriate and 
economical alternative. 

7. Using light weight slurry on the second stage of the primary cementing job. Almost all of the geothermal 
wells are drilled with drilling mud weighing not more than 10.0 ppg. More often, circulation losses occur during 
primary cementing of the last stage due to hydrostatic pressure of the cement slurry used ranges from 13.0 - 15.0 
ppg. This is specially true for multiple stage cementing jobs where the second stage cementing collar is set in the 
open hole. Aside from using light weight cement slurry to prevent occurrence of lost of circulation due to 
annular fluid pressures exceeding overburden pressure causing the formation to breakbcture, the stage 
cementing collar is also set above the previous casing shoe. Inspite of this, losses is not totally eliminated due to 
occurrence of lost of circulation on the first stage where a~ open hole section up to the stage cementing collar 
was left uncemented prior the second stage. 

8. Open hole inflatable packers below the stage cementmg collar are used in some wells but are not quite 
successhl due to packer rubbers being damaged during --in, and, the purpose of having a reduction in 
the hydrostatic pressure underneath the packer is voided by the presence of an over-size hoIe at which the 
packer is set. Cement baskets located above and below the stage cementing collar performed comparatively 
similar to the packers but is a far cheaper option. 
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9. Proper centralization of the casing string with respect to the openhole. Existing programs are utilized to 
determine the proper placement of casing centralizers to ensure attainment of adequate stand-off. Adequate 
stand-off eliminates the presence of unwanted fluid in the annular column by removing the resistance to flow 
due to tiglibless of a section for the cement sluny during cementing. 

10. Evaluated the necessity and procedure for conducting remedial top jobs. Free lengths usually occurs at the 
top most section of the casing string and oncz &us fiee len,& is cemented by remedial top jobs, more often fluid 
entrapment wdl exist and fiee lengths amid well cemented sections wdl be present, two requisites for the 
possible occurrence of thermal stress casing fdure. The requirement of a remedial top job is currently being 
evaluated as against the allowable free length which the casing can tolerate so as not to have thermal stress 
during production discharge testing. cementing through 
perforations at the bottom most section of the free length is always preferred over the remedial top jobs. 

If the fiee length is required to be cemented, 

1 1. Proper centralization of the production casing ensuring unhturbed expansion into the expansion spool. 
Casing centralizing bowls and casing head flanges provided with c e n t r h g  bolts are uthzed to ensure proper 
centralmition of the production casing 

7.0 CONCLUSION 

The primary and most common contributing factor to casing failure is mechanical wear and tear. As the casing 
size is kaeased, mechanical wear and tear increases due to lugher sideloads. 

Higher build-up rates provided for the higher influence hi the occuence of casing fdure due to bending loads 
and also higher wear and tear rate at sections with higher dogleg severity factors. 

Mechanical wear and tear during driulng is prevented by utilizing the tie back system wherein the tie-in string is 
only set prior conducting completion test The tie back system also provided a higher success rate for 
cementing the casing to casing section where most of the Mures covered by the study are located. 

Effect of mechanical wear and tear during productioii testing is further minimized by utilizing a thicker casing 
inside a casing to casing section. 
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