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placed my hands on the tubing {carbon steel pipe) which protruded vedically from the g floor. It was

connected 25 km to below the suface. This was the moment | had been wailing for. Everyone went

quiet. | gave the signal fo release the mechanicd bar to rupture the disc that would tigger a shing
of explosions underground. ©ne minute... 2 minules... 3 minutes passed. Then | felt the tubing shudder.
This was an indicalion that the well had been pedordled successfully. | beamed with excitement as this
was my very fist calculation of an undembalanced pedorafon using the Tubing Conveyed Perforalion
method. As a young engineer, | did not get the chance to redally design, calculate, prepare andexecute
the procedure in the field unfil | had proved | was worthy of leading the whole operation. It was not
an easy task; on my shoulders were the lives of the 128 people on board the dilling rig at that ime. K
| had made an emor in calculafion or if | hadnt followed the guidelines accurately orif | hadn't thought
through the skeps carefully, then | would be puting every single one of us in danger. As engineers, itis our

responsibility fo ensure the safety of everyone in all our projects.

Thiz arficle iz witten to shoe the knowledoe on the ue of
explosives in the ol & ooz well perforotion. Well perforation
is on importont segment of the proces:s of wel dilling
cnd completion. After the dilling. running in cosing ond
cementing o completed. the opemtion s shifed to
completion phose.

Uponcleoning the wellbore. o gun i loweed o punch
cnd creote holes in the cosing for fluick from the formotion
to fow in. Well periotion is com plex with mome detols
thot need to be descibed meticulously for o com pdete
undestonding. The witer will ottempt to descibe the
pocessin csim plifed monner for gene ol understond ng.

The purpose of wel perforotion i@ fo provide o choannel
between fomotion (thot contoing hydocorbon) ond
wellbome, which iz sepomted by the ceme nted cosing.

Figure 1 shows bow this done. The first step i lowerning
o gun into the hole to the intended depth where ther i
good hvdiocarkbon potenticl. In the second stepe the gun
iz fired. creating holes on the cosing ond cement 1o ollow

Figure 1 Gun bowered ivin dhe ok to perbmake amd omeate a chamme! for
the fow (Sowee p @ pgpe foleu s oo agesiperdbriag)
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the com municotion from outside ofthe cosing to inside. The
third ste p shows thot the holes creoted dlows hvdocarbon
to flow into the cosing orwelboe areao.

Az mentioned ot the stat, we were peforming o Tuking
Cormveyved Peforofion. In this method, the gun iz lowesed
to the intended depth. There oe two methods to do
this. The first method wes o stong wie, nom aly electic
wireling. simply cdled E-line. This line conducts electricity
for inform otio n trorsfer to come instruction fiom sufoce ar to
retieve inform ction from the bottom to the surfoce. Another
ig to e o wire coled slicHine. which is possible in newer
technologies. k utilize: ibe optic lines which can trons mit
doto clong the lenoth of the slickline. This infom ation
cllowws veny precize operotions of vorious down-hole tools.
inzluding pemrotion guns.

The second method iz o wse either norm o tulbing or
cofled tubing. This method i@ especialy required when
dedling with high cngle wells. lmogine o piece of heowy
equipment is lowerd down the hole. Due to growity ond
the weight of the equpment. this i; noturclly sy, However,
high ongle well: dom pen this grovity effect due to co ntoct
withthe hole waoll ond buowoncy foce fom wellboe 1uids.
S0, to odd the weight oz well o6 mowe the eguipment down
the hole, solid body tulbing iz used inste ad of just wies.

Another thing mentioned ot the stad of the adicle i thot
the perforofion wos done underbdonced. There ar two
vorictiors in the pefomcting technigue - overbdonced ond
underbolonced.

An overbolonced peforction meons the cosing i fled
with fuids which will create higher hydmostotic pessue irside
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the cosing compaored to the formotion pressue. Thes e,
when holes cr mode duing the perforotion, the pressoe
from the inside cosing will stop hvdocorlkbon or amy other
flud fram the formotion to enter the wellbore. Hydmostotic
pressue in the wellbore i lomer thon the formotion poe
pressune. This is o ensue the well @ dwons uncder contal.
The com plexdty her iz to hove o good pressue diffesnce
bolonce between the outside and the inside of the wellbone.
not too high cnd not too low, Ifthe pressue difersnce i@
too highe then ther i@ alvoys the potenticl of duick insicde the
wellboe to lose out into the fom oion. This B not desiroble o
fluid losses not oy need to be eplenizhed bt this mony olso
lgod to form otion domoge.

[f the pressure difference i@ too low. fuics fom the
form ction m oy enter the welboe, which moy also ol
in o well contol situotion. Thus, comect andyi: of press e
diffe rence iz vens im portont.

Zinthe other honc underbolonced perfootion con oy
be done using the tubing. This i becouse the tubing hoe to
he lowered into the hole and this creotes o lower pressue
compoed to the fom oation. Therefore. upon perfo otion.
there wil be o rush of pressure fom the fom otion entening
the wellbore.

Agoin, o bolonced presue diference i@ impotont
hecouse too greot o diference will crecte o great push
of presue fom the fom otion which con be dongerous
if uncontolloble. If the diference i too low. it moy not
rEsult in on effective underbolonce d perforotion whic b will
pramote better poduction. Underbolonced perforotion
it wuddhy ecom mended when the fomofion doss not howe
good fow potentid. Underbolonce d perforotion will help
by reducing form otion doam oge due to invosion of fuids
from the wellboe

The perforoting gun hos 4 components Gee Fgue 20
Convevonoe for the shoped chome: indviduol shoped
chormge. detonoting cord ond  detonotor. When the
gun is detonoted, it will go off instantoneo ushy with the
pressune of 10-15 milion psi. This pressure penetrotes the
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Figewe 2 Pero@ing Gun — Hollow See! Carder Wirelive Comve e d
(o eme R st vome feeg Voo a
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coing of well o the formotion. creating o rodicl poth for
hydmocarkbon to fowin.

Figure 2 dso shows the somple of peforoting gun
syitem. o hollow steel coamer wirgline conveved type. The
detonotar s actuclhy below the chorme: by desion. Some
peforofing awtems such of Tho Tubing Wikline Convenved
Perforction o wel o Tubhing Conveved Perforotion
commanly howve the detonotor obove the choroes.

Shoped chome plovs an impontont ole in creating
the explosion to penetrote the fom otion. Figure 3 showes
the som pe of shoped chome with the coss-section foue
showing the com ponents of o shoped chorge.

Thermite iz o pyrotec hnic co m postionof metol povwcer.
fuel ond metd oxide. When ignited by beat themite
undergoe: on exothemic eduction-oddotion e oction
which conceote bief busts of high tem pemctue inosm ol
CilE 0.
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There o 3 tyvpes of explosives commonly wed in wel
perforotion: RDE HWE and HYS. The we ofthese explosives
i highly contolled by the opemtions os wel o the
cutharities. RDE s o white solid omonic compound clossifed
chemically os nitramide. and similor to HWME. RDE s o mane
energetic explosive thon THT (Tinitmtoluens - velow salid
thot is sometimes wsed oz o eagent in chemicd synthesis
bt iz best known oz on explosive moterial thot iz ecsier to
honde). ROE wos populor duing WWIH ond wos secrethy



known o6 "Reseornch Development Exposive™. In well peforction uaooe, R0
hios o 1-hr rating of 186°C and 100-br iating of 11592 them ol s tobility .

HWA Bz o powerful and relotively insensitive nitoomine hioh explosive,
chemically eloted to ROE. s alo known oz Hoh Melting Explosive. Her
Muaojatyt Explosive, High-velocity Military Explosive or High-Molecularwein bt
FOX. Becouse itiz more com plicote d to m onufocture thon most explosives.
it's confine d to speci alise d applic otio n:. Inwell peforction usoge. HWME hos o
1-hrroting of 204°C and 100-hr rating of 14992 them ol stokbilify.

HMS (Hexoritmostilbens) iz o vellow-oronge solid o anic com pound uzed
o o heotresiztant high explosive. Poduced by oxcising THT with o solution
of sodum hvpoc hlarte, HYS hos o higberinsensitivity to be ot thon THT but like
THT, it iz insensitive toimpoct. Inwell perfootion usoge. HMS hos o 1-hr iating
of 24092 cnd 100-hrrofing of 235°C thermal stokbility.

Ther o complex smulctions thot con be run fo detemine the
effectivens:: of perforation or how deep the explosion con penetrote the
form ction. Howeve . such zim ulotions con only ochisve imited ooccurocy os
there e maoany unguantiicke foctors thot con impoct the effective nes:
such o form otion hordness (g roin size. porosity). explosives strenath. explosive
chorge arrngement. cosing strenothe cement strength ond cement
hordness.

Well perforctionis csgniicont proces: of com pleting owell for production. With
the imvolvement of explosives, the waork becomes more dongerous. Sofety
precoution: in hondling the exposives os wel oz perforotion deson ploanning
cnd impleme ntotion must be okeened to ensure the successful delivens of o
well.

After the shudders ond mmbles of the tubing hod subsided we knew it
wota oy on indicotion thot o successful pedorction hod taken ploce. The nesxt
guestion wios e R ol the guns fired?Whot ifsome ofthe guns did not ig?”
It would be highly dsky to bing o poficdh fired gun up to the sufoce o on
unstoble gun codd potenticly explode amdime if ot popety sscued. A the
guns were eozhing the ig foorn |could el my heort poundng os it | hod just
completed o 100 km s print.
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