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(Excer13 ed from the book ''Water Well Techno,log'!(') 

'Vi;,�er well tm:ustry cemen ng 
�e�hniqu:es 3rn !becoming highly 
spcc&lllzod as wa er wells r 

I I led pe.r. Cementf • Pl'IOfl� 
riv ts _n important phase ol well 

con.,sl!ruc i011. iii l"ld many defeCits in 
¢On$1ructfon can be traced ·10 in­
ad11q1.1et - camcnl.'ing prtsc�cos, as, 

rown In Ff 1u re 1. 
The 11:i e of ·1he grout llP ,i;;a re­

Quired wh1;1:n dri1 Ii n1] 1h wul•I 
usuallv ,pends 11--po tho moth• 

0d orf cem ,,ting. The ar-a o1 t 
i:lnlilula:r l'iplliC.O ar,ocmd lhc car.Ing 
fr(l(!UOO ly In luenc s !h 5\lCC,:.S$ 
of the work bec11 s,e, comp ele 
stiea'lh ot e,em,_ ru .iround ,md 
i!iLOr\QI lhe oasin; Is oiten naces­
:sary. 'l,anuing e d�11meter· of 
th. : hole I:. lmpc111:aint sf.nc,a tight 
areas ,and dead 5,pou. C;'!n otcur 

hen lmprClperty· r;,enl.ered ca!lfog 
conl cm Uic w 11 or 1119 ltofo 
�'U:ifn he slurry 0 charm.el. 

G01\4M OEl"LCTS !LL C.(I !ITl'l:VC'l"IO WITH I !MEDI E5 

• •�aM P'� il!U.'!c Hi 
¥!!'M*i•t�,.,.Lac.Jl'.-II! 
hl'UC.!I H ,._.,. • 1· 

Fi 11• 

lso ton i::Jy grouli1111 is desira,­
l)le m prot01'.:t tl:'la, pr,od11c:lng wi!l­
ter-t>e ring 1orm tfG ·from con• 
1111minatfo b-y les desirable fluids 
or from e �rf. oe•. Th prop r 
ui.8 ef ce eritfni]• m.iwriels .,,.rlfll 
pro,.,ida1 t-a, most effective means 
c:rl I ol11tlon. wlll lor 1 :cal to 
permi various tectiniqu:es of well 
stimul11rli0n, and will he'lp to pr-Q,, 
t Cl t'he ca:!ling h-o-tn oonosion. 

Ce'litlenting Operatio.ns: 

e nom,.a I ra lio of we ler 'lo, 
CBrn.1!1i'lt for Sl!.iltabto- grout s flll'll 

a I l'o.n.a: pe 94:•p,olJnd sack 
nt. I. bo tory ,is fllldi• 

cate :;it 6.4 gal!Ol'liS of water will 
hydrarl� 0. El U.S. &Beik. Orf C ffl nt • 
Mi�t1..1r&S1 wllh mora �ha11 six gal­
lons or 'I �er per S4Ck hi111,e be-en 

:e: · a,s g1eu, fng• fa11ndetion ma• 
1eri11ls, l:nu lhis i,s iiG ilCC��table-
• 'Cir water woll ream. ntfng. Shrink.­
ago fn.-creas,es wilh water oo:nt nt.
W t is r,emQVed ftom g ou. ln,g1 
mi;,cwres .by mtratl:on hrou!]h 1'iliei 
sand or ct er permeable ferm;i.
1·1 m teria Is. Cement can se.tde
out of the· sl u:rty - 1h 1ha:n re­
main I gu�- Po. n h \ t:er•
c m nt r-atio ls !!l�e.it� on n
1;1.i,1 fg11:5, pe:r sack o,1 cement.

One oldcd a1dv'.ll n1ag ol he 
proper •�tCT•ccman ra 1ia is tna·i 
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ff c1iue ri ing of Cei111ie11 p,1,11r­
clas In !he PiJ s of' p me-bla 

f-orrnaHons c.an � 11,cco plish 
BridgLi\-gl p iwanls e.:<cessive p no• 
tra re of th rou Into for­
ma ion. rh0\Jgh soma p�net� -
' "on i, sir8ble for adequa'tiji 
�ealln1.t, 

B n:torhm clBiy as tell s otne 
a _d• lv Js. e mmonly added in 

fr lh lti f Ive 
tutcls per 1x1ck of cement. I­

whldi ca· al:Jout 6.,6 i;µllon .. of 
w,ue.r p-er sock is re-quired. Be 
icmit �:s-sJsts In e :s-111:spens.lon 
of Iii ceme111 rtiol •• Iii• I 

cios Sihrink.age. h 
.aml ."ffl should b mixed be• 
fere the cem 1i b, added o Iha 
clav-wa er H5;1:l slori. 

Additives ar mi • e-d - hh n • ,t 
c mcnt 10 incteHe yield per 
sack. 10 r,eduoo c: manl:ing costs. 
and 10 U. r .slurr',' props ie-s r 
spacial wall r;;orn;litions. A . I 

r utllize-d, generally. . • lh 
lowi· 
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11') Ext ndar:s 1.0 provide 
g.reate ylold, or sh,m-y 

c;ilum , for ch �d,: o,l 
c:em,ent. 

121 Weigh-ling materlal:s t,o ii"• 
c:rcasu slurry den<&i and 
·0voreome high form..itl0n 
!Pressures.

HU A.ccel - mrs, wch a:s c.i -
cl\Jm chlorid , i:a r du ca 
w-ai lng rm In S,hall0w
well c,;in,ple ions. par ic • 
lar1ly In i;;Qld cltma es .. 

!41 R l 
in 
deeper. lO fncreai..,e hlck­
aning time. 

I 51 ui, w 1ler•lo:ss a ditl 
Import n· to tho 
"sq1.1ee�e·· c mel"ti 1'19 

chniqlllBI where r;:on1rol 
of• W 18r IO:S$ is err [CB I.. 

{61 lol$'t-circ1.1I i.on ma rialli 
I r duea lo" or oement­
·i g tfulds. o a very porous: 

psrll'\I bl formation,
r c:11.111ed. ;icn :.. or !.'te.alc 

fo mii, lom; hydr11ullca11h; 
r: ctu rad y e prns�re 

oi mui;! and c:em in e
nn.ulus_ 

7) Specfil addUI e... to 
diange c.emeent- ?ow b

r. 

r grout :r; be iree 
,011 0 ma 'orla I. 
_nd s I CQnt nt 
!ilieuld' be le . ppm-
a - igh :sulp e.n r• 
iicul tll" und E I 
0011dI-1on� may call for lihe eddi. 
ir,n of !'Id or o h01' b-u lky m,a-
a-1ia t to perrnft th 

ll idga larger ope i 
Xe@ • !OM of flui 

to:n It d 1tivo serves s rne cf 
these requfr.omo �. 

In ca w , n open t:.cre� 
.ho�e ,;is been drilled below Iha 
d ID tO "',ltildi lhe casi g is to 
bo gr·cu.11:a'd, the low r p1m o lho 
t,ol m111::.c ba ba 'kfilled or 
bridge sot in e ale OJ retain 
the :slurry !he d -Ired depth. 
Oacldmlng - e ol 1.0 12he proper 
I ;,o-ei with fine-gr [ned santl rs 
11 co men prar,;ed rei. 11 tho s.in cl 
l .. , tlne, cement will o , i­
th,e s rtdy ckfill m11terial more 
� two or tlu-eo inc�s. Materlci I 
ordinarily oo Id .as p sl13 sand 1o:r 

ort.ar ·!H!Jrtd Is g nl'lrally usecl 
wl't grain slz;es of 0,012 Inch to 
0.025 lncti. ln,..e:stig lion indJ-
CIII 1h no Blgnlfie1111 • oemeo 
pe,ne11�_ 1r0fl occurs in ��d wi h 
1.1niform g� in, si s ffneT lh.i.n 
0.025 I, r;; or fn n.o -uniform 
s.and wi1h pe me· billty loss th.an 
3.000 g:11ll01r1s per di y per �q1.111 c 
roof. 

To a:s:sure tha • c outln , p:ro­
vlde!i a wlfa1aotory al, Iha 
sl u - - mus be plaOlild by c-oo-
1fn;u0us ,Of!erallion bl}-lo11 [ f;U I 
se :ti _ or the mrnant. Re,ga rale"lLS 
of th,e rn thod cmploied, ilhe 
gr0ut i;;:hould • fnlrn uced t Iha 
b;a� rd th-a MIii 1· 
m lni- • · ina di lu• 
tion .an inQ o· 
the lipflu-forma,lian 

Suitobfa pumpe air pressure. 
or ator pra.s-sur� is u:se to -force 

rout i1 o ch& gl)aoa o Ill led, 
lthovg , p o , n JJy gravity r!il 

prae,ticel and $.3tist,,;i ctory i • some 
Cu:.as Gravi y plac ment I 

s allow b<:lrehol_. lor e:<ample. is 
accomplished by mtro uclng e 
slurry ·t-c the bottom af t a hole 
an by ct,en IOI.VCrl rig ih C.1Sil'llg 
inw dae sh.II' . ho easin9 s c, • 
!l!ir,ad in th hole bv c terin 

guld s, nd t e !wt, om o 1he cas­
in9 c.o tllins a, ·g t. drillabl 
plu9. A$ the casing i:s lo·. vere 
lhe qrnut ISJ ar,c;cd upward and 
arol!ln.d the Cll�I 9. II llng th , • 
nul r , c . 

1·r the c sing �:s not .:sink ·10 
Iha bcll�om, it is lilied, with- •.vai.- • 
Morn weigh m.oiv Iba �dda-d In 

rar c si I i 
c -ving or an oven�i-�d ole. thii. 
c-asr Ell mu:s-t bi;w pul !ad bel'on:i a
Qrout hes mlldifled 6a that Iha 
grOut will marro lnt[mom co ct

I mc:1 wall of • holo. 
2 mows 
ee .ure. 

A piflQ of tvt.•o-lnch to rour-inc 
diam .I ;r shuold b used m, co � 
duct th. pro,l)Or :u , tlly of -�lurry 
lo 1 bo • m at di ov r,si;i:e� 
hole. Ir lhe l'toile is -rllle cl bv lhe 
rotar, method and is lll�d •.vh.h 
drilling u d. he mud will ·se up 
1h11 hc,I,a· s.inou the com ,u mixture 
s c h .,. lcr slurry.. The volume· 

of gr1;111.1t _placed m be• ad'equ� 
la fill Ifie annula,r �i::e arourtd 
lho p,er-• anent c;a.sing as i is �u11'k 
10 1h op- d'&p·tll. UnlBliiS ill 
c.aill r log h ... b c run o·r

hole 10 estiimi.,1e h volume of 
ce: n� reguir d, co 
tice is 'Ir, e$timate: 1he r·equir·ed 
\l'ol,uma rOffli ll'le ncrmin:al-hole 
dJillm tar nd 0.0. of th-a pfpe. 
This volum I fn,cr iiiS d 20 Ui 
25 pef"ean to :as.sure adcq1J1Dm 
QUlllllli'tia,s. $1ili;,y•I d !tier 8 
overrun. the, ,extra grout is wn ed 

t gro nd suiriface as I i! pipe 
is lower. d lo • a, hola. 

W en !h t:Cfiten ls :r; t arti 
has sum11;:1endy I·,indened. th 
boucm-i plug is ·1 I d olJit. an.di 
dtlllfng- KS c.oritl uecl below the 
grcu1ml s i:th:in. A 72-ht1Yf set-
• ing period is rio mail fol'" rn06t
Por and cer nt lui I. . High, 
ea,1y strength oemcnt rrmv b 
u�ed to edut:e e w i in!J � e lo 
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to about 48 hou rs. 
Where the annu l a r  space i s  of 

suffic ient s i ze, grout is p laced 
through a string of sma l l p ipe 
from ou ts ide the cas ing .  The cas•  
l ng  w ith centeri ng  gu ides at­
tached i s  l owered  in to the ho le .
The lower end of  t he  cas ing  i s
closed with a dri l l ab le  p l ug ,  or
the cas ing may be  driven i nto the
c lay bottom of he hole ,  if pres­
ent , so tha t the grout canno t  en­
te r .  To prevent the caslng from
f loa ting in the s l ur ry. the casing
i s  f i l led  w i th wa ter o r i s held
down by the weight of the d r i l l ing
r ig.

The ¾- inch o r  1 - i nch grout 
p i pe, genera l ly used, must be 

large enough to a l l ow the re­
qu i red  volume of g rout to be 
p laced in the time ava i lable .  The 
oversized ho le shou ld  be four to 
six i nches l a rge r than  the cas ing 
Tn order to provfde su ffi c ient 
space  to accommodate the g rout 
pipe . 

Grout is p l aced by gravity f low 
on ly when it is certa in tha t the 
opera t ion can be completed 
quick l y .  Pumping faci l i tates the 
rap id introducti on of the requ i red 
vol ume of g rout and  i s  preferred .  
A pump pressure equal to  the 
hydrostatic pressure of the grout, 
p l us the f l u id  fr iction in  the grout 
p ipe  and annu la r  spaoe, is usua l ly 
r equ i red and shou ld  be antic i­
pa ted. 

The g rout p ipe is s im i la r  10 a 
tremie  pipe norma l l y used by the 
construction i ndustry for placing  
masses of  concrete under water . 
I n it ia l ly the p ipe is extended to 
the bo ttom of the annu lar  space 
and l s  submerged in the slu rry 
dur ing the entire grou t ing opera ­
tion . The pipe must be removed 
soon a fter grout ing emp l acement 
has been completed . rf t he  f low 
of grout is interrupted. the p ipe 
mus  be raised above the grout 
l evel unt i l a l l  a ir and  water have
been d isp laced .  The grout  pipe
must, however, be pu l l ed  prior to

a rdening, to i:l l l ow the, grout o
'HI the ho le  made by thfs p ipe .
O therwise the ho le  l eft by  the
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grou t p ipe wi l l a l l ow contam ina­
t ion from the surface or other 
sources .  

When the use of a sma l l  p ipe 
outs i de the cas ing is impractica l .
g routing i s  accompl ished by
means of a g rout conductor pipe
i nsta l l ed w ith in  the cas ing re­
fer r ed  to as the tub ing met.hod o'f
cement i ng  in the o i l  i ndustry. A
su itable packer connection-a
cementing or f loat  shoe-is used
a t  the bottom of the casing to
regu l a te the f l ow of f lu id f rom
the g rout pipe and to p revent re­
verse f low of the grout in to the
cas ing duri ng and  after the g r,ou t­
i ng procedure . A common type of
packer connection . w i th a bal l ­
type check va lve.  p revents re­
verse f l ow of the grout .  The in­
terna l  ma teri a l s are dri l l ed-out ot
the casing upon comp let ion  of the
cementing a fter an  a dequate set­
tl ng  per iod.

Cementing can be accom­
p l i shed w ithout us ing the cement­
ing p lug or f loat shoe on the cas­
i ng . The inside casing method 

requ i res a f l u i d-tight  s tu f f ing box 
which accommod:a tes the grout 
pipe and  a heavy cap to c l ose off 

_ the top o.f the casing. The grout 
p ipe i s  pos i tioned three or four 
feet above the l ower end of the 
c;,ising wh ich , in tu rn , ls sus­

pended from the bottom of the 
ho l e .  The a i r i nsi de the casing is 
re l eased by a b leede r va l ve as the 
casing is f i l l ed with water or drl I l­
ing f l u id. The deta i l s of th i s  
method can be  found i n  the l itera­
ture. 

The casing me(hod of g rout­
ing , by which the s l urry is forced 
down the casing and i n to he 
annu la r space, ls widely pract iced 
l n  the oi l we l l industry . E ither on,e 
or  two spacer p lugs  a re used ln
th i s  method ,  wh ic was devel ­
oped and patented a number of
years ago by the Ha l l i bu rton Oi l
Wel l  Cement i ng  Company of
Duncan , Ok lahoma . One  pl ug
separates the cemen t  slu rry from
the f l u id  in the casing ,  t he other
separa tes the s l u rry from water
pumped i n a bove the p lug .

Afte r  pumping water or mud 
th rough the cas ing to ci rcu l a te 
f l u id i n  the annu la r  space and 
c lea r  any obstructi ons  from the 
ho le. the f i r st p l ug  is in serted and 
the cas ing capped. A measured 
vo lume o f  g rout  ts pumped i n ,  
the casing  i s opened, and a sec­
ond p lug i s  i n se rted .  A measured 
vo l ume of wa ter i s  then pumped 
into the casing  un t i l  the second 
p l ug  is pushed to the bottom of 
the cas ing e.xpe l l ing the cement 
s lu r ry from the cas ing, a nd  i n to 
the annu la r space . The water  i n  
the cas ing  i s  he ld under p ressure 
to prevent backf l ow unt i l the 
s lu r ry has set. 

Figure 2. Cementing by cas/ftg 
merhod using single plug between 
grout column and drilling fluid. Plug 
and grout are forced out of bottom 
of p;pe; grout then mo ves upward 
in annular space. 

A mod ificatfon  of this pro ­
cedu re i s  to use only the lower 
p l ug ; then , afte r  pumping a pre• 
determined quant ity  of s l urry , a 
vol ume oi wa ter suffic ient to 
fo rce most of the g rout out of the 
casing i s  added . The usual prac• 
tice rs to leave 1 0  to 1 5  feet of 
grout  tn t h e  pipe !See F igure 2 ) .  

Anothe r mod ifi cation i s  to u,se 
on l y the upper p lug , the reasoning 
being  tha t  the  part o1 the slu rry 
which may be d i luted by the flu id 
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in die wel l w i l l  be expe l led  to 
waste a the sur face. Thi s assures 
sound, uncontam inated grout at 
1he lowor cri t ica l end of th cas­
i ng .  

Spacer plugs a re necessa ri ly 
made o l  ma1er ia ls  which can be 
dr i l l ed-out. Wood and rubbe r­
f iber p l' ugs can be di l l icu l t to dr i l l  
si nce these materia l s  tend  to  
e lude the b i t  tee th. A p laste r- type 
p l ug or equ iva l ent is su itcblc .  

One prob lem h ich may ar ise 
during the cementing operation. is 
that of mud con amina ion . Ari 
e,;ce l l en t  procedure for min im iz­
ing mud contamina t ion is the 
· ·1wo1p lug · • system. This opera­
ion consis s of a f ixed conta iner

to r the mov b le va lve p lugs as  an
i n te.gra l pa rt of the casing (See
Figure 5 ) .  Drl l l fng or circu l ati ng
fluids may be pumped through
this container untl l  the sl u r ry is
i n trodvced . The bottom p lug
va lve is c l osed, and the plug is
pumped ahead of the s l u rry . fu l•
f i l l ing wo functions : ( 1  l provid­
i ng a ba r r i e r between he s l u rry
and dr1 I I Ing, f l u id  a nd (2 )  c lean ing
ltle cas i ng  wa l l  of dri l l i ng mud.
When th i s  p l ug  reaches the float
ooUar, the differen t ia l  pressure
opens the va lve of the p lug an<;!
a l lows the cemen t sl u rry o f l ow 
th rough the p lug and f loat ing
equipment .  a round the cas ing ,
and up the annu lar  spac,e .

Upon comp letion of me grout-

ing ope ra t ion, the top plug is re­
l eased from the conta iner. This 
p l ug  should se I eHee tively on  
the bonom plug  resu lt ing in 
pressvre bui l d- up which prohibi ts 
grout backf low . The two-plug  
sys em requ i res knowledge of 
lormat io pe rmeab i l ity cha racter• 
i st ics because , i f the annu l a r 
spac,e is not f i l' l ed  to the  top .  !he 
s lur ry is pa r t i a l l y was ted, prope r 
cementing is not achieved, and 
more sl rry cannot be added. 

There a re i nstances when 
ci rcu la t ion of slu rry is a neces­
s ity. bu informatino is lac ing as  
o washout factor . I n  orda to

min imize con tamina tion , the con•
t inuous method is more ,effective .
The continuous method involves
runn ing tubing or dri l l p ipe to the
p roximity of the f l oa t  shoe or col ­
l a r with a, sea l i ng e l ement be­
tween the tubing and the cas­
ing. Grouting ma teria l s can be 
pumped umi l returns a re, no ted  
on  he  surface.

The plunge1-type receptoclo
mechod is an  improved techn ique 
of tho conti n1,101,1s method i nvo lv­
i ng a spec ia l  type of f loat ing 
equ ipment  des igned with the re ­
ceptac le  to  sea t an  adapter a t­
tached to the tub ing or dri l l  p ipe 
f s  F igure 3 ) .  Th i s  system mint• 
m i:i:es contam ina t ion and provides 
1he advantage  of continuous m ix­
i ng. The con t inuous method is a 
very practica l approach or ce-

flg11re 3. Tr:chniq1Je$ of cemen ting wt)//$: l.q/f, 1 •10 plug system: cenwr,
plur,g r lYPO rccop111cle: imd righr. con r n11ous merbod.
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menting of cas ing sixes 1 6  incoes 
and above. since a two-p l ug sys­
tem in many instanc&S wou ld  re• 
quire $pedal plugs. pl.ug  c0n1ain­
ers or swedges ( see F igure 3 ) . 

A ne � g routing tool , developed 
for the petroleum i ndustry , incor­
po rates economic as we l l  as oper­
a tional fea. tu res  for water wel l 
comple t ions .  In the opera ti on of 
th f s tool . a spec ia l  p lug  i s  
dropped from the sur face. and by 
pressu re of the pump. 1he .sea l ing 
element ls set. and c ircu; l ating 
ports are opened .  Grout ma,terlal 
is m ixed and pumped int.o the 
casing, lhrough c i rcu le t ing ports 
to above the seat ing e l ement. The 
top cementi n.g p l ug sea ts on A 
spec ial sl eeve. and  through app l i• 
cation of pressure tha t shears the 
pl ns, p l ugs and  s leevo aro 
pumped out of the too l el lm inat­
l ng the dri lling -cu operati on .  

A problem encountered i n ce­
menti ng large d iameter su rface 
casing la that  o f  flota t ion. To 
counteract th f lota tion facmr . the 
density of he di spl acing fl u ids 
must occasiona l l y  be we ighted-up 
or Inc reased . Th is operation is ex­
pens Tve : however , with know l ­
edge o f  the  prope r � ies o f  va r ious 
grout ing ma,ter ials . the cost can 
be m in im i2:ed. The requ i red vol ­
ume •Of grout canno t a lways be 
accura tely determined. lrresu l a r i ­
des in  the size of the borehole and 
losses in  fra ctu �ed or h ighly per­
meab le rock occur in m ny I o les . 

Ordi nary conc rete mixers a re 
used for g rout tha t  requ i r  s 1 5  to 
50 sacks of cement .  For l arger 
volumes, a jet- type m ixe r . simi l a r  
10  the  type tha t prep res dri l l ing 
fl u id .  is genera l ly used . As vol ­
ume requ irements of g rout in­
c rease, the facil it ie fo r  mixing 
and pl ac ing  a un iform s' l urry must 
be more, dependoblo . Ha l l i bur • 
10n has publ i shed a bOQk of 
tables on var i ous aspects of the 
cementing operat i on and shou ld  
be  consu lted fo r  deta i l ed ' i nfor­
mat i on .  The l i tera t u re on c@ment­
ing practices is l im i ted ; however , 
the i n forma ti on ava i l  b le should 
be c lo:.ely examined , 
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