
-.T +&a sear-k fc:: ?ew r,ec2zolog ;2 rE;e-lL.ls z2 rotect steel Ilr,e p:.~e ~‘1 -A. .._-... 
--.3:,?a ,“ror;: y-T* om-2 ~ &-rc---rL.- L’or T 3s: on. ~ro~~ct;on zzd fac:,:ty ecgxeers sometimes 
over:ook cmt limng. the oldest and frequently the best system avaxlable for 
inte,ma1 corrosion control. The purpose of this paper iS to x-e-~2trockce ~~TYz~~ 

1 ir,ing to a new generation of engineers. 

The selectloz of coatmgs and linings for the protection of steel tubulars 
1s an o~coxx2 task Zor P-oductzo- 
ava2labli. - it car. be d;fflcclt. 

-- company Tersome:. and with the manv svstem - - 
However. when the selection 1s based 02 the 

;srr,?cl~al comideratlon of cost and performance. 1. e.. I?.aY~ my z::1c ,cost ._..L 
eLcar-- ;renesc e&b_-..- I VA. ̂  ceezt -x-znc provides a we:: establ:shec choice. - 

IL’;i”37- c s- .--^- & 1T‘-:,c _ for >rotect:on of steel T;>e fr- m corrosive k7a.+~~- was +-:sC -_- A-- c 
~p-tv-(J&y& i "'0 &._b the TJnited States wel; over a ix.~<red years ago axd 5ecm-e ar, 
accepted oilfield corrosion control system over fifty years ago. 
resulted from it's econany, 

It's acceptance 
durability. and outstandmg corrosion resistance. In 

the past forty years, mllions of feet of cmt lined ln;ectio> tubmu and line 
pipe have been installed ir; ollf:eld app1:cation.s across the producing-areas of 
the Enited States. 

in recent years. the cement lining industry has produced tec,hnica: develoo- 
ments ih application equipment and techzigue and 13 materials which have resulted 
-77 a vastiy rrrc>roved product. a.-- Modern cement innings. ir, corrosive environments, 
can provide a life expectamy of fifteen zc twent;~ years 20:: ;r.:ectioz t*.hnc; 
ard +We+y to L'+-YL:~ 

l - AM,_ ia-..- -_ 
Tep-3 -�cr 

-2ne 3� 36 
_-. * 

seyv* ,-a &--- ?c i,:;le 7~2s: 
There are r?an,y 2stallati0,n.s. o-2-L 

+v- L... *.-_ thirty pi23 years, wF+p;:: s,Asrz-t:zte t,2ese ex3ecz 02s . 
s.;C,-- O*&tst~-&7,-J .- Ter- cozxxxe, considered w- i'a ^ "*A .z cost ~ap-gs 0-c 40% to- 50% over 
mst other 1 ini2os , z-bakes tks a2 2dea.l moduct for intez-zal CO~YOSICT: pon+yo u *--* -. 
SigAficantly greater savings may be realized by cement lining used tubing for 
injection. hb:ng a?d for line pipe applications. 

CHARACTERISTICS OF CEWNT LINING 

The unique way in which cement lining protects steel pipe frcm corrosion 
sets it apart from other linmgs and coatings. and mkes it more forgiving and in 
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my cases a better system for corrosior; controi. Other linings and coatings 
attempt to elminate corrosion by preventing contact of the corrosive liquids 
with the wall of the pipe. Thus, any thin spot. crack or damge due to mproper 

e-7 -, appliCatiO2. ha.z.dlxg. haclxvg a.k/or 13sc~--atloC Will result 2.r: a CO?XOSiO2 
failure. Cement lixng. OP the ot,i,er hard. LS permeabie t.01 mllrdarcy 
permeability) and corrosive water ~111 migrate through the lining. wettlnc the 
entire internal pipe surface. As the migration occurs. the water absorbs calcium 
hydroxide (a product of the hydration process), a highly basic cmpound which 
raises the liqcud RH from a corrosive level to 12 to 14 and passivates the steel 
surface, inhibiting corrosion. 

Another unique characteristic of cement lining LS it's inherent ability to 
self repair through a process known as autogenous healing.(Ref 1) Tius healing 
process is important because .hair:ine cracks *may well 3e created in the pipe 
c3.xing mstallation and will certamly occur in down-hole tubing appiications. 
As tubing is installed in an injection well, the t&izg stretch exceeds the 
tezs::e streLg:=h of the ce9ez.t ‘-n-nc ..*-.---_ . "5-e tesi;e stress s-poseti 1s relieved bs 
the fo-mtion of .:1zcumferectlal i-racks w&c5 0ccl.x as fr2q~e2t:v as each 3/4 
in.. throughout the length of the tub~";~g strung. ~alcclzt;ozs a& field tests 
show that i2 properly designed tubing strmgs, set at less than 13,000 ft depth, 
these cracks will not exceed 2 mils in width. Calculations show that at these 
crack dim-ions. passivation will be effecti ve because water migration through 
the crack will be capillary, precluding turbulence which might inhibit 
passivation. (Ref 2) -Furthermore. these cracks will heal in two to three weeks. 
as long as the tubmg is kept wet, because continuing hydration form new 
cementitious material which fills the cracks. This healing process 1s augz?e&& 
by the reaction 0, + fly ash which contributes to the production of cementitlous 
products in the lming systm. This saw self healing maracterlstic allows for 
practical handling procedures or: the ;zst.zllatror? cf cement liped I:zr pipe 
without fear of damage to the lir?ing. 

The bonding of cement linings in steel pipe is extremely effective acid is a 
result of spinning the cement into the pipe at high speeds. The most significant 
bonding takes place due to the tremendous hoop strength produced in the lining 
through the centrifugal forces developed in the spinning process. These forces 
also drive the cement slurry into all of the non-uniformities in the steel 
surface, feting a mechanical bond between the lining and the pipe. (,Ref 2) 

A characteristic of cement lining, frequently unanticipated, is it's 
surprisingly smooth surface. The *high rotational speed in the lining process and 
the extremely fine materiais used in the slurry. resdt 13 a very smooth, low 
friction surface with a Bazen-William factor of 14O.(Ref 3) 

PATmiX SPECIFICATIONS FOR CEEEXT LIXING 

Cermnt lizi- mortars a.zd slurries vary between ap2:icator.s. but t'?e mst 
successful cwositior, for oil field applications has beer: a ceme~t/fly ast 
(artificial pozzolan) slurry. This mixture consists of 60% API Class C cementl a 
high early strength. highly sulfate resistant cement containing zero tricalcium 
aluminate: and 40% fly ash (API Class F) conforming to ASTM C-350. Alternate 
cement linings produced fran sand mrtors are availabie, but In order to avoid 
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segegatior: of the sand and cement whit” li ?ave much different specific gravities 
x2i cr2n s;ze. these linings must be .sp'= at approximately one third the 
zotationa; speed of a cmt/fly ash s:L;rry. ?-ie resulting iming is inferior to 
the cmt/fly ash lining ih srmothnesz:. Sordrng strength . and density. A mortar 
:ir,lng t;rpicail)r 20: '-0~s gJ$eJA spel-+ $- .--at-ors s-d 15 r-et s~;:fa+e re-1~tc-t. u*---u T?zs, 
along ~15 the icferior bondlEg cf a ITIO~~OL I:~ng. have created WeI,‘ cf y-;-s 
probl ms experlecced 2 txe - Atilizatlon of cemzt :ined pipe. 

TECBIUQUES FOR CEMENT LINING PIPE 

The first step in preparing pipe for lining is to inspect for straightness. 
roundness and the presence of flat spots and dents. Flat spots and dents my be 
cut out , leaving shorter lengt,hs for lining, or the pipe must otherwise be 
reJected and replaced by the pipe supplier. In general. pipe with a camber less 
than 3/8 in. i,? 40 ft is acceptable. Xixmm pipe 5qeclf:cation.s are repor-ted m 
"API .RP-lCE"(41. and lt 1s recmended that the pipe supplier always be notified 
W.&E the pipe 1s ordered that it should be "suitable for cement lining." 

After pipe is ready for Iinzng. it 1s moved :ntc +'clc -_ l;:-.z?-g area where the 
aceme& slurry is introduced into the pipe. The pipe is capped on one end and a 
lace is i.nserted the length of the pipe from the opposite end. The lance is 
wlthdram at a fixed rate while cement slurry is pumped into the pipe at a 
predetermined rate. (shorn in Figure one) The slurry is thus distributed 
uniformly throughoct the iezgth of the pipe joint. The open end ,of the pipe is 
capped md the pipe ~oir,t is ready to spin. This procedure for introducing 
cemezt into the pipe is necessary to maintam the integrity of the slurry 
throughout the pipe length. If the slurry is distributed by gravity. separation 
of rrateriais occws and the resulting '-ini-c will be laminated. -A.-A-._ 

Once capped, the pipe is roll& onto the spzz;r,g machine. a series of steel 
wheels on 4' caters that support the pipe ;n a horlzontai position. (See Figure 
2) Hydraulic actuated rams with wheels are lowered to hold the pipe in place 
during spinning. The pipe is therr, SDW at approximately 2.500 surface ft/min for 
a fixed period of time based on the pipe diameter. The pipe is next elected from 
the spinning machine, the caps removed and excess water drained out. Because of 
the ,high centr; ?.+a; force qz.n.er-ated. water remlnmg in the cement approaches 
the theoretically ideal cement,/water ratio which contributes to the outstanding 
quailty of the fina; cement product. (5) At this point in the process. the 
liring is carefully inspected for Integrity. !ukforxty a26 proper th;ckness. 
(See Prl;nre 3) Al th~~qh the IiZiZg is still cpletely LL?C~LZ-O~. it 1s 3~ dense 
ax: hard %at striking the pipe w;tk z ihamner (not dentinc the pipe: Cl: y.ec:.‘C *---- + 
- -c c?anage to the 1 hir:q. -a_ -- 

(Oxe t.Le spm lining has passed first :zspectlo,n,. the ends of the :izing are 
finished by hand to insure that a perfectly srmoth,.flush end results. (See 
Figure 4) The pipe is then steam kiln cured at approximately :35 degrees F for 
L8 hours. the equivalent of a 28 day atmospheric cure. (See Figure 5) After 
c.z:ng,. the pipe is again inspected, the ends are buffed smooth and square. and 
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aY lrregularltles are corrected. h smll am-at of water- LS m:ect& ~ntc t& 
pipe! and it 

r. ' is capped and :ac&d. ready fo- trampoxtmg to t-e ,,ti,d. 

TECHNIQUES FOR CEMENT Li?i\('ING TiVBIKG 

_ . Sore 3 ~rz:;;qe-p~c-+- .:ydz be ;Taic7;e "or p~ot~&:ng f-;e :>drea& 2:; 5r-e "J" 

sectloh of the tubing collar a& the t'bing p:n thlreacs. One rrethoc ut~!~zes 
plastic inserts in the tubing ends prior to sp;>n;ng x the 1iniEg so t-at the 
inserts becane an mtegral part of the lining. (See Figure 6) These provide the 
protection of the thread areas by sea:ing off those areas fron corrosive fly&s. 
(.See Figure 7) 

2. After the li*?ing has been placed In the t-ding, a sizing ball is 
blown through the prpe and a cr-:ft bar is useC to ~r,sure a proper IX. 

3. After curing, a soft. Gutty like acrylic ,cmpo-md 1s mlected into 
the plastic coupling insert to complete the protective seal XI the thread areas. 

CEMENT LINING TECHNIQUES FOR r"I""INGS 

All types of fittings and flanges rray be cemezt lined. but because they al-e 
typically not cemetrical around a comnon spmnlng axis, spinning the lmlng into 
the fittings is not possible. Fittings are hand lized. using the same basic mx 
as previously described. however. the mx must be made with reduced water content 
to form a no-slump mix (about the texture of rroldi2g clay). A mall amuM o+ 
short, alkaline resistant glass fibers are added to the X-LX for stabr;:ty durmg 
application. (See Figure 8) Curmg and end finishing is the same as for line 
pipe. 

INSTALLATION OF CEMENT LINED LINE PIPE 

The most comnonly accepted method of jo,,, 1nir.g cement 1 ined pipe is with a 
butt weld. This method employs a heat resistant gasket placed against the face 
of the cement, leaving the steel ends exposed for welding. The gasket is highly 
compressed by weld shrinkage md serves to fill the gap between the cement lining 
ends. The gasket 1s very effective in forcing corrosive fluids through the 
cement lining to reach the weld area. bringing into play the passivating charac- 
teristics of the cement. During mstaliatlon. cme::t 1~:ec p:pe ca-: be flexed or 
curved to azy mgle which does r?ot rcazse the Fi-iyLT,yei:d of;t-e pie to "e 
exceeded. Ar,y hairlme cracks created cinrlng lnsLai;at;o> WI,, q,icklx self hea 
3xe the pipe is put into service . Specific welding procedures and 
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Ditching and laying procedures are primarily dictated by the external 
coating. r.ot the cement lining. Thousands of feet of cement lined pipe have been 
laid on the sjl-face In iMontana and North Dakota where freezing is a frequent 
occurence. No damage to cemeilt linings has ever beer; reported from this 
practice. 

INSTALLATION OF CEMENT LINED TUBING 

p-t2 iiation procedures for running cement lined tubing are essentiaiiy the 
same as fo: a~!' other type cf l~~zd or coated thing. Wrap around tongs, 
coupling back-ups. tlhread protectors and a stabbing guide are prerequisite. 
Conventional tubmg testing tools can be used as long as the test packer rubbers 
are properly sized. Test tools utilizing double cups are reccmmen ded for cement 
lining. 

APTLICATIGNS OF CEMENT LINED PIPE AND TUBING 

During the past fifty years, many millions of feet of cement lined pipe and 
cement lined injection tubing have been used successfully i> waterfloods and in 
salt water disposal systems throughout the United States and Canada. However. in 
.ziore recent years, end users have discovered many additional applications. 
0mer.t :ir?,ings ale berr:i; widely and successfully used for CO2 injection systems. 
(6) Another use is in productian gathering system where 322 ar,d 92s are being 
produced with the cl1 a?.d. wate:. Cemen", lmed tubing my a:so be used i? flowmg 
oil and gas treils where ccrrosior, is a prob!Pm. Gas systm w,,e,e corrosive. h Y wet 
gases axe geing gathered have alsc been successful appllcatlors. 

CONCLUSIONS 

Cement Iiru~g provides a long lasting and economic solution for protecting 
steel line pipe and tubing from corrosive fluids in many applications. The 
proven longevity of cement linings coupled with their low cost, indicate that 
they should be considered as a viable solution to corrosion problem in many oil 
field pipeing systems. 
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Figure 1 - Cement-lining lance Figure 2 - Pipe-spinning machine 

Figure 3 - Lining inspection 
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Figure 4 - End finishing 
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Figure 5 - Steam kiln 

Figure 7 - Tubing joint with inserts 

Figure 6 - Plastic inSerb 

Figure 6 - Cement-lined fittings 
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