
Down-Hole 
Thermal Stress Analysis 

1NTRODUCTION 

Completions for thermal reco\.ery installations 

are closely related to the man>’ new and sophisti- 

cated approaches to well design which have come 

of age during the last decade. This writer likes to 

compare them with completions in the 15,000 - 

20,000 ft range, to high pressure gas completions 

in corrosi1.e en\~ironments. perhaps to wells on 

platforms in deep water or completed b!* TFI. 

methods. This comparison is made not because 

the magnitude of engineering difficulty in e;iceh 

instance is equal. but because the total p~‘nbIem 

content of each of these c*ompletion tecahniques 

represents ii distii1c.t engineering c*li;~Ilcng:e ;~ntl 

required unique solutions. Finding these solu- 

tions in turn required the use of (*lassical nicth- 

ods and theories misetl \!Tit h original thinking. 

Let us then examine why thermal rec*overy wells 

qualify for a position ;imongst diffic,uIt and sophi- 

sticated technological ac~c~om~lishn~etlts. 

Environmental Considerations 

Verv few completions are engineered for tem- 

peratlires exceding 300°F. As a matter of fact, 

this temperature le\.el has been acc*epted as a de- 

sign objecti\,e for most retrie\,;tble down hole e- 

quipment. although drillable tools and special e- 

quipment will perform at temperatures up to and 

sometimes exceeding 375°F. It is then safe to 

make the statement that c.onventionaI cornpIe- 

tions are generalI>, made in an en\‘il0nmental 

range from 100°F to 400°F. Sinc.e 4OWF is just 

about the starting point of the thermaI rc(‘o\‘cr\’ 

“ll n,g:e. and specific~all\. the stc;tni injection teni- 

,ernture range. we find that lit tie prohlcni o\‘er- 

ap esists. Thus the new technnlog:\~ is of the na- 

ure of a second or third generation of methocls 

tnd techniques. What. mnv WC ask. is the upper 

emperature limit of this new technology*? WC do 

:now that se\.eral distinct Ic\rels of tc(~IinicJue 

xist: 

111 400°F - 700°F: Hot pvater or saturated 

steam. 

(21 700°F - 105O’F: Superheated steam 

ThelmaI Stress 

Temperature c,hanges. such as the one from 

geof hcrni:il to injec*t ion ecJr1 ilibriuni. IXWII t in 

t Ilc~rmal espansion of the completion c~~~npon~nls. 

Since these c~omponents. such as casing ant1 tuh- 

in,?. are often restrained. and thus pre\rented 

from expanding. they arc suhjec,tetl to an inc.rcase 

in stress level. This< incrcnsc> in stress Ic\.el is the 

result of thermal stresses. 1vhic.h untIer JRIW cwn- 

pwssi\.e cmnditions are the same HIS ~vo~~ltl he IV- 

cluircd to shorten the members to their original 

length had they been free to expand under the in- 
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fluence of the temperature change. Mathemati- 

cally this condition can he analyzed as follows: 

AL = tic+ 

U’here AL - Expansion or Contravtion 

L- Length of Member 

E- Modulus of Elasticit? 

6‘ 
_ i\\.erage Stress Le\rel 

in Cross-Sect ion 

Thermal Expansion: 

AL-Lp At 

\\‘here: A[. = Expansion 

L = Length of Member 

At - Temperatulva Change of h4em- 

ber 

13asetl on the equi\-;tlencx~ of tl.ernl;il anal tl:lstic. 

displa~.ements. we can equate the t1i.o telxls 

q ;.=LpAt 

and hence 

6 
thermal 

-E pAt [I 
Analyzing Eq. 1 dimensionally \ve find that 

E = 300 IO6 (PS i) 

fi=6.9* 1O-6 in./in. “F 

therefore: 

d thermal ~200 At (psi) [I 2 

FIG I 

This c.onrlition is illustrated in Fig. I. Sinc,e long 

tubular mcml)ers. such as tubing ant1 casing, do ,.i’ 

not beha1.e in an elastically stalAe manner. Eq. 2 .’ 

not arlequatel,v describe the thermal stress condi- . 

tions in steam injection environments. When .:: 

they expand therma1l.v under restrained condi- .;. 

lions. they buckle helic.all\. against the surround- i. 

ing strrlc?tire. Mathematically this condition can 

he an;\lvizetl as follo\vs: 

not aclecluatel!. describe the thermal stress cond- 

itions in steam injection en\.il.onments. When 

they espand thermnll~~ under, rest rained condi- 

tions. they buckle helically against the surround- 

ing supporting struc*tul’e. ~latheiii~ltic,all~ this 

c*ontlition c’an be anal>rizecl ;ts follo\\.s: 

Jt can he proven th:lt the stt’aill in a helix at 

an,v depth of a string is 

\\-llcre & = Strain at Depth 
Ez = -& FZ 

r = Radial Clearance 

E: = nhhh of Elasticit!, 

I = Moment of Inertia 

F = F~IYY on Rottom [‘nit 

Helix I’nder Constixc‘t ion 

FIG. 2 
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b'ig. _ ‘) illustrates such a system. Jt is e\.ident that 

the total AL is the summation of all unit strains 

as a function of FZ- $ F 

AL= 
I 

L 

n-L 

fz d, s4$ : 1” zdz 
n-L 

From this results the following approximation 

Where Ai, = Contraction 

r = Radial Clearance 

E- Modulus of Elasticity 

I - Monment of Jnertia 

A = Cross-Section of Member 

L- Length of Member 

F = Force on Bottom of String 

F fjowever. the c.ompressi\Ve stress in the tubular 
s- A :ross-section is 141 

and the bending stress at the outer fibre of the 

member is 

Where D- OD of Member 

For other ntimenclature, see Eqs. 3 and 5. 

Combining Eqs. 3.4 and 5. we find an expression 

for the maximum c.omhined stress at the bottom 

of the string as a function of the temperature 

c.hange At. 

dthermal f+!‘, Efht b1 
-+- 

\A ’ 41/ 
11:q. 6 was used tn nnal>.ze strings of \-arious gee- 

metric-al configurations and the plot illr~stratcd 

in Fig. .3 resultetl. .4s ;I further approximation. it 

was found that the c.ombined thermal stress (‘an 

be desc.ribetl t)v J?cl. i for elnstic~allv instable 

conditions: qherma, I 260 At (psi) 
PI 

A radial clearance of one in. was used for this 

aproximation. Jncrease of this cqlearance due to 

wash-nuts or change in pipe or hole size will lead 

to higher stresses. as predic.tetl hy Ref. 14. Stress 

c.onditions along the len<gth of the string can b(> 

e\,aluated by the ob\vious means of e\.aluatiny 

F at an.v depth and proc.eeding h>. means of 

Eqs. 3, 4, and 5. 

FIG 3 

c eooool I 1 N-H) 

This summary of down hole thermal stress 

analysis is l);tsetl on the reference material list- 

ed. The theoretic.al c.onc.ept presentetl has been 

\.erified b.v some fieltl experience. although muc.h 

c,oi,relative work rem:lins to be done. Man,v ap- 

proximations h;ltl to be used. some in this paper. 

~OIY in the ori~in:ll \rrol,k used fol. reference pur- 

poses. Engineerin~g c,oiic,c’pts are often :I c’om- 

promise hetureen I)h!*sic~al phenomena and the 

m;tthematic.al tec.hnicltles tltBsc.ribing them. As 

long as the a(~~*u~x~~~ of the final result is not 

undul,v diluted 91c.h mcthotls are valid. and it is 

felt that the methotl of thermal stress annl,vsis 

described here sj~ould Iv>sult at least in good 

knowledge of t hc order of magnitude of the prob- 

lem. Good qunntit;lti\.e ar,l)i,oximations or mea- 

surements of the a\.er*a,w chan%gcrc of temperature 

of the members c.onsiderctl are required and the 

reader is again referred to the list of references. 
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