B BYPEHUE 1 OOBbIHA

X. 0. bonn

MELLIMBaHME 1 3aKayka BbITECHSIOLLIX COCTABOB C

6apUTOM A1 OMOPOXKHEHMSA BYPUIBHBIX TRYO A0 KX
noabemMa 13 CKBaXKMHbI OTHOCHATCS K YMCy Hambonee
pacnpoCTPaHeHHbIX PaboT, BbIMOHSEMbIX Ha BYPOBbIX
yCTaHoBKax. TeM He MeHee, B TOM clly4ae, eciv npu

N3BMEYEHNN 13 CKBRXKMHbI TRYOa OCTaeTCs 3aroITHEHHOM,

3TO MOXET CO34aTb MPobeMb! O4nA paboden bpuradp!
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ine Slugs

ixing and pumping barite slugs to dry the drillpipe
before tripping out of a well is one of the most
common of all rig operations, yet when the pipe fails to
pull dry, it can be frustrating for the crew and expensive
for the operator. Slugging procedures on many rigs are a
haphazard affair and often, if the slug attempt fails, the crew
is not really sure what went wrong.
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1 OOPOro 060NTUCE KOMMAHUM-0OnepaTopy. Ha MHOrmx
OYypPOBbIX YCTAHOBKAX 3aKaqka BbITECHAIOLLIErO COCTaBa
OCYLLECTBNSAKOTCA HEMPOAYMaHHO. HacTo npwn Heyaa4Hom
NOMbITKE 3aKa4KK YneHbl Opuragbl HE 3HAKOT, B YEM
NMEHHO 3aKJTHOHarOTCA MPUYMHBI HEYyaaum.

MNPy NPOEKTUPOBAHUN CKBaXKH NPoLedypa 3aKaqkin
BbITECHSIOLLIEr0 COCTaBa 4acTo UMHOPUPYETCS BBUAY

€€ MeHbLLIEN 3HaYMMOCT MO CPABHEHMIO C APYrMM
onepauvsMn. pu 3TOM HEKOTOPbIE OMepPaTopPbl, KOTOPbIE
3HalOT O BO3MOXXHbIX MOTEPSIX, MCMOMb3YOT HOPMbI U
npaBua 3aka4vkn BbITECHSIOLLIEro cocTara. HekoTopble
NCMOSb3YIOT B BbITECHSIOLLVIX COCTaBaX TONBbKO ChiMy4il
6apuT; Opyrve ycTaHaBMBatOT OrpPaHNYeHNs Ha MIOTHOCTb
cocTaBoB. Obecne4nTb cobnoaeHe NogobHbIX MpaBun
OblBaeT HENPOCTO. B HEKOTOPLIX CyYasix UX MPUMEHEHNe
MNPUBOOVT K BKIIKOYEHUIO B OTHETHI HEBEPHOW MHMOPMAaLINN.

BakHOCTb mogbema NopoxXXHMX Tpy6 0ByCcnoBneHa
HECKOMBbKMMM Mpu4nHamm. [py nogbeme Tpyo MpomcxoanT
6onbLUE VHUWMOEHTOB, MPUBOASLLMX K OTKPbITOMY
hOHTaHMPOBAHMIO, YeM MPY BbIMOMHEHWN IKOObIX OPYIX
PYTUHHbBIX OrnepaLuii Ha BypoBbIX Bbllkax. Korga Tpyba
NOOHVMMAETCS N3 CKBaKMHbI, HEOOXOAMMO 0BECnevnTb
3amMeHy o6bemMa MeTaina, yaansiemMoro N3 CKBaXKMHbI,
pPaBHbIM OOBEMOM PaboHen XKNOKOCTH (BypOBOro
pacTBOPA) B LIENSX NOAAEPaHNS 3aB0NHOrO AaBAeHNs.
Moy NoabeMe 3aNONHEHHOM BYPUIBHOM KOMOHHBLI TRYAHO
BbIMOSHUTb TOYHOE U3MEPEHNE 06 beMa AONOHUTENBHO
3aKa4mBaemMoro BypoBoro pacTeopa.

BonblLuoe 3Ha4eHre Takke MeeT mpobrema
Bes3onacHoOCTK NepcoHana. Korpa 6ypoBor pacTBop
Ha4HaEeT Pa3bpPbI3rMBaTLCS U3 BCEX HAPYLLIEHHbBIX
COeOVHEHNI, MPOUCXOANT BbICTPOE 3arpsidHeHe

rona u HCTPYMEHTOB. bpuraae cTaHOBUTCS TRYOHO
obecne4rBaTb 6e30MacHOCTb BbIMOIHAEMbIX PadoT,
MbITASICb MPY 9TOM COXPaHsSTb PaBHOBECKE Ha CKONTb3KOM
nony. MoTepw GypoBOro pacTBopa npv nogbeme
3aMnosIHEHHbIX TRYO TakKe NPUBOAST K NIMLLHUM 3aTpaTam.
Mpov NogbemMe NMPOUCXOAUT He TOJIbKO MOTepPst BCEro
OypOBOro pacTBopa, HO TakXKe 1 NMoTepn BPEMEHU 1
MaTtepuanoB, HEOOXOAVMbIX [ MOBTOPHOMO 3aroSIHEHNS
obbema. /1, HakoHeL|, BaXKHbIM (DaKTOPOM SABNISAETCSA
MOpPasTbHOE COCTOSIHME MEPCOHaNa Ha 6ypoBOV NAOLLAOKE.
Hw ogHa 6prraga He nostydaeT 60MbLIONO YA0BOIBCTBUS,
paboTasa noa aylem 13 BypoBoro pacteopa. YXyaLWweHno
MOPasIbHOr0 COCTOSIHNSE COMYTCTBYET CHUXKEHWE
nNpoayKTMBHOCTU. Cheypanmcta no padoUmnmM >XUOKOCTAM
(MHKeHepa no BypoBbIM pPacTBOpam), KOTOPbIN NONPodyeT
BECTU TOYHbIN Y4eT pacxofa 6apuTa 01 BbITECHSHOLLIMX
COCTaBOB, MOXET LLIOKMPOBaTb 0ObeM 3aTpar 3a 30-
[OHEBHbIV NMepro, B 0COOEBHHOCTU MNP NCMOSIb30BaHUM
CbIny4ero Matepuana.

H>xe Mbl PaCCMOTPUM MPOLIECC 3aKaYKW BbITECHSHOLLIEO
cocTaBa B LEnsx BblpaGoTKM METOO0B, KOTOPbIE, B Clly4vae

X NPUMEHEHNA Ha 60MbLUMHCTBE 6ypOBbIX YCTaHOBOK,
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Slugging is often ignored in well planning because in
comparison to other operations, it is a rather small detail.
Some operators that are aware of potential waist, do have
slugging policies. Some only allow the use of sack barite
for slugs: others set limits for slug densities. Such policies
can be difficult to enforce and sometimes result in false
information appearing on reports.

Pulling the pipe dry is important for several reasons. More
well control incidents, leading to blowouts, have occurred
on trips than during any other routine rig operation. When
tripping out of a well, it is essential that the volume of steel
removed from the well be replaced with an equal volume
of the working liquid (mud) in order to maintain bottom hole
pressure. It is difficult to measure hole fill-up accurately
when pulling a wet string.

Personnel safety is also a primary concem. When mud is
spraying around at every broken connection the floor and tools
are quickly covered. It is difficult for the crew to work safely
while trying to maintain their balance on the slippery floor. Mud
lost on wet trips also represents money spent unnecessarily.
Not only is hole mud lost during the trip, but there is also the
cost of time and material required to re-build volume. Finally,
drilfloor morale is an important consideration. No crew enjoys
working in a constant shower of driling mud. Spirits sag, and
so does efficiency. The fluid technician (mud engineer) who
tries to keep accurate records of the barite used for slugs may
be shocked at the cost over a 30-day period, especially if bulk
material is used.

12,0 doyHTa Ha ranmnoH

12.0 ppg
— (1.4s5g) =

1,4 r/cm3

[

/

The discussion below takes a look at the slugging process in
order to develop some procedures that, when applied to most
rigs, should enable the drill crew to pull dry pipe consistently.

If the drilled borehole with the drillstem inside is thought of
as a U-tube, and both sides of the tube are filled with the
same density fluid, the hydrostatic pressure exerted by the
fluid is equal on both sides of the tube. See FIG. 1. When
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no3BoMM Bbl Gpuragam 6ypoBUKOB PErYNSAPHO
N3BNEKaTb NOPOXKHNE TPYObI.

Ecnn npobypeHHyto CKBabKHY C HAXOOALLENCS B HEM
OyPUNBbHON LWTaHrom cyntaTtb U-0bpasHom Tpybow, 1 ecnm
CeKLMM TpyBbl MO 06e CTOPOHbI 3aMOTHEHb! XKUAKOCTHIO
OOVHaKOBOW NAIOTHOCTY, AaHHasA XXUOKOCTb OKa3bIBaeT
pPaBHOE MAPOCTATUHECKOE AaBIIEHNE HA 06€ CTOPOHDI
TPY6b!. PVIC. 1 Korga B 0fiHy 13 CeKUMiA TRYObI 3aKa4MBaETCs
>KNOKOCTb, UMEIOLLIAS APYryto MAOTHOCTb, XXUOKOCTb 13
CeKLMM C Bonee NMOTHOW (TSHKENOM) XKNOKOCTHHO HAYHET
BbITECHATb 60s1EE NErKyH XXNOKOCTb B APYrON CEKLIMM, MOKa B
TPy6€E BHOBb HE YCTAHOBUTCS paBHOBeCKE. [aHHbIn dheHOMEH
HabtogaeTcs Ha BypPOBO YCTAaHOBKE MPn ObICTPOM

OyPEHMN C MPOXOXOEHNEM MNACTOB B BEPXHEN YaCTW CTBOMA
CKBa2XXVHbI. Koria CKOpOCTb OypeHns MpeBbILLAET CKOPOCTb
nogasm 6ypoBOro pacTeopa, 3aTpydbHOE MPOCTPAHCTBO
3aMNoHAETCS LWnaMoM. LLInam nosbiLaeT spdeKTBHYHO
MIOTHOCTb >XXMOKOCTU B 3aTPYOHOM MPOCTPAaHCTBE, U Mpn
OTCOEOVHEHN BEAYLLIEN TPYObI I BEPXHErO MPYBOAA B
LIeNSX HAPALLMBAHNST KOSTOHHbI ByPOBOV PACTBOP HAYMHAET
PasdpPbI3rMBaTLCA BO BCE CTOPOHBI. BypoBo pacteop Ha
CTOPOHe 3aTpybHOro NpocTpaHcTea U-0bpasHon Tpybb!
BbITECHAET B0SIEE HNCTBIV U NEMKMN PACTBOP Ha CTOPOHE
OypUEHON TRYObI.

[Npw 3akaqrBaHMM B TPYBY BbITECHAIOLLIErO COCTaBa LIEMb
onepaLm 3aKItHaeTCH B HAMEPEHHOM HapyLLIEH BGaniaHca
B CUCTEME C TeM, HYTOObI XKUAKOCTb Ha CTOPOHE BYpUIbHOM
Tpybb! B U-06pa3Hon Tpyde HaCTU4HO BbITECHMMNA XXMOKOCTb
Ha CTOPOHE 3aTpyBHOro NpocTpaHcTea. [pyriimm croBamm,
MAPOCTaTUHECKOE AaBeHme B BypunbHOM Tpybe OOMKHO
NpeBbILLATL AaBMEHME B 3aTPYOHOM MPOCTPaHCTBE AJ1 TOrO,
4TOObI 3aKa4Ka BbITECHSIOLLIErO COCTaBa NpUHeCna
TpebyeMble PesynsTaThl.

[MOCKONBKY MMapPOCTaTUHECKOE daBMEHNE 3aBUCUT OT
BbICOTbI 1 MAOTHOCTU KONIOHHbI XXUOKOCTH, B TPYOY

MOXKET 3aKaqMBaTbCS Maslbli OOBEM TSPKENIOro CocTaBa
(3aMOHAOLLErO KOPOTKUIM OTPE30K TPYObI) 1A 60MbLLNIA
o6bemM 60nee Nerkoro cocTana (3anoHSIOLLEr0
MPOTSPKEHHBI OTPE3OK), MPW YCIOBUW, YTO CUCTEMA
nopa4qn 6ypoBoro pacteopa bbiia npveedeHa B
PaBHOBECHOE COCTOSHNE A0 3aKa4KM BbITECHSAIOLLIErO
cocTaBa. B cnyyae, ecim rugpocTaTtnyeckoe OaBneHve B
BypwnbHOM Tpybe BbilLe, CUCTEMA yTpaqMBaET paBHOBECKE
N YPOBEHb XXNOKOCTU B BypuibHOM Tpybe NaaaeT Ao TOYKN
YCTaHOB/EHNS PaBHOBECKSI.

[NpUHATBIE HOPMbI, OTHOCHALLMECH K MaOEeHNIO YPOBHSA
BbITECHSIOLLIErO COCTaBa, OTCyTCTBYHOT. OBopyaoBaHne
OypOBOW YCTAHOBKM, MPEALLIECTBYIOLLIMIA OMbIT,
npoBoaViMble B HACTOsLLIee BpeMaA ornepaunn
npeanovYTeHna KOMraHMmM OTHOCATCA K YNCTTY MepeMeHHbIX,
KOTOpPble HeO6XOJJ,I/IMO npHMMaTb BO BHMaHWe. O,D,HaKO
npwn onpepesieHHbIX yCoBUAX CYLLECTBYET BOSMOXHOCTb
BbIMOJIHEHNA MpeaBapuTeSIbHbIX PacHeToB, NO3BOJIAOLLMX
onpeneniTb NNOTHOCTb 1 Tpebyemyto AIMHY OTpe3ka
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a fluid of different density is added to one side of the tube,
the side with the denser, (heavier) fluid will displace the
lighter side until the tube returns to a balanced condition.
This phenomenon can be seen on the rig when drilling
fast, in tophole formations. The annulus becomes charged
with cuttings if the drilling rate exceeds the circulating rate.
The cuttings increase the effective density of the fluid in
the annulus, and when the kelly or topdrive is broken off
to make a connection, mud flies in all directions. The mud
on the annulus side of the U-tube is displacing the cleaner,
lighter mud on the dillpipe side.

When slugging the pipe, the goal is to deliberately
unbalance the system so that the drillpipe side of the U-
tube will slightly displace the annulus side. In other words,
the hydrostatic pressure in the drilpipe must be greater than
that in the annulus for the slug to be effective.

Since hydrostatic pressure depends upon the height and
the density of a column of fluid, the pipe can be slugged
with a small (short) heavy slug, or a large (long) lighter slug,
provided that the mud system was balanced before the
slug was pumped. So long as the hydrostatic pressure is
greater in the drillpipe, the system will become unbalanced
and the fluid level inside the drillpipe will fall to the point

of balance.

There are no established standards for slug fall. Rig
equipment, experience, present operations, and company
preferences are all variables that must be considered.
However, given certain conditions, it is possible to make
some estimates in order to determine the density and
length required for a good slug. In other words, what slug
density and volume would create enough imbalance to
ensure that the drillpipe would pull dry throughout the trip?
The first step in calculating slug densities is to decide what
length of empty drillpipe would the slug create, or how far
should the slug drop? The slug density required to achieve
the drop in a balanced system can be estimated once the
desired slug drop is determined.

Assume the following:

» 5inch, 19.5 Ibs/ft drillpipe. Capacity 0.01776 bbls/ft
(0.0093 m3/m)

» Slugging pit with 25 barrels (4 m3) available to
the pump

» Mud weight of 12.0 ppg (1.4 sg)

Solve for the approximate length of a 25 bbl slug in the 5-
inch drillpipe.

Bbls + bbls/ft = ft

25 + 0.01776 = 1408 ft. (429 m)

One joint of Range Il drillpipe is about 31 ft (9.43 m)
therefore, if the rig pulls triples, that is, three joints to a
stand, one stand will be about 93 ft (28.3 m) long. Assume
that a slug drop of about a stand and a half, that is, 150 ft.
(45.7 m), is desired.
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TPY6bI, 3aN0NHAEMOrO B LENAX 3PMEKTUBHOM 3aKaqKM
BbITECHSIIOLLIErO cocTaBa. [pyrimm cnosBamm, npu Kakowm
MAIOTHOCTN 1 06 BEME BbITECHAOLLIErO COCTaBa BO3HUKHET
amcbanaHc, OOCTaToOuHbIN NS TOro, YTobbl BypunbHas
Tpyba ocTaBanacb NOPOXKHEN MPW BbINONMHEHUM Nogbema?
[Mpwn pacyeTe NNOTHOCTU BbITECHSAKOLLIErO COCTaBa B
NepByto o4epenb HEOBXOANMO ONMPEAE/NTb, KaKOo
OTPE3OK TPYObI YOACTCHA ONOPOXHUTE C UCMONB30BAHMEM
COCTaBa 1 [0 KaKOro YPOBHS OOS/KEH OMNyCTUTLCHA COCTaB.

DRILLING & PRODUCTION H

Solve for the slug density required to cause a drop of

150 ft (45.7 m).

Fluid density x [(slug drop + slug length)] + 1 = slug density
12 x[(150 + 1408) + 1)) = 13.27 or 13.3 ppg (1.6 sg)

As long as the desired slug drop and the pipe diameter
remain constant, the ratio of the slug drop to its length can
be treated as a constant value and used for various system
densities as shown in the examples below. The constant for

[NOTHOCTb BbITECHAOLLErO COCTaBa, HeobxoaMmMasa ans the example well is:
obecneveHnsa TpebyemMoro MNOHMKEHMS YPOBHSA COCTaBa B — —

2 T 150yToB -
cbanaHcHpOBaHHOM CUCTEME, MOXET BbITb paccyMTaHa 150 ft
noCne ONPeaeneHNs XeNaemMoro ypoBHS, [0 KOTOPOro —

[OJDKEH OMyCTUTHCHA COCTAB. (45.7 m)

L 13.0 ppg
cnonbayem cneaytolme OonyLeHns: (1.6 sg]

» BypunbHaa Tpyba anameTpom 5 grorimos (127 mm) n 13,0 QoyHTa Ha rannoH
yaesnbHoun maccon 19,5 ¢pyHTa Ha ¢yt (29 Krim) ’ 1.6 r/oms
EmkocTtb 0,01776 6appensa Ha ¢yt (0,0093 m3/m)

» Hacoc ka4aeT pacTBop 13 pesepByapa 12,0 doyHTa Ha ranioH
BbITECHSIIOLLEro cocTaBa eMKOCTbIO 25 bappeneit (4 m3)

» YnenbHasa macca 6ypoBoro pactsopa coctassaeT 12.0 PPg9
12,0 ¢byHTa Ha ransnoH (1,4 ricm3) 514-‘;-_1/05'\%]

Onpepenim NpneaN3UTeNbHYO ANMHY OTpeska 5-

OHOIMOBOW BYpUIbHOM TPYObI, 3arofHIeMoro 25 - - -

BappensiMn BbITECHAIOLLIErO COCTaBa.
Bappenb + 6appens/yt = oyt
25 +0,01776 = 1408 ¢pyT (429 m)

Puc. 2:(150 + 1408) + 1 = 1,106534

Fig. 2: (150 + 1408) + 1 = 1,106534

Increased Possibilities on Wireline

e AT N, Ttk T W} The Well Tractor®
The wireline Well Tractor® is op-
timized for pulling force and
speed in conjunction with the
down hole completion string. It
is unique on the market as it is
able to push large tool strings
into the open hole and robust
enough to withstand the shocks
of perforation.

A key feature is the fail-safe func-
tion that prevents it from getting
stuck in the wellbore. When the
Well Tractor® is powered down,
the arms and wheels retract au-
tomatically, providing a flush out-
side diameter surface.

Logging in Open Hole

Operation

Performing a successful formation testing logging
job offshore Norway. The job was carried out in an
S-shaped well path above the reservoir section with a
maximum inclination of 70°, which dropped to about
20° in the reservoir section where the logging job was
done.

Equipment Used

Well Tractor®
Formation Tester

Increased Efficiency

Operating costs are verifiably
reduced when applying the Well
Tractor®. Furthermore, it adds
value to the well management
by ensuring rapid returns on in-

Achievements

Two days were saved compared to a pipe conveyed
logging job; one day due to less time spent on the job

and one day due to eliminating a cleaning operation
Well Parameters Y 9 9P

after logging. vestments through enhanced oil
Dep_th:_ 12,920 ft » . . . recovery and certainty of execu-
Deviation: 70° Additionally, the risk of lost circulation was reduced, tion. Additional benefits are less-
Dog leg: 7.89°/100 ft which increased the probability of a good cement job er quantities of heavy equipment

Pressure points: 18 since the open hole was exposed for a shorter time. and less personnel required.

Welltec, Well Tractor, Well Stroker, Well Key, Well Cleaner, Well Miller, and Welltec Release Device are trademarks of Welltec A/S registered in Denmark and other coun-
tries. All the products are protected by one or more patents or patents pending in Denmark and other countries. Copyright © 2008 Welltec A/S. All rights reserved.
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[nnHa ogHoro 3seHa 6ypunbHOM TPyObl (CTaHOAPT OMHbI
ll) cocTaBnseT npnbamanTensHo 31 dyT (9,43 M). Takum
06pas3om, Npn NCMOAB30BaHUN TPEXTPYDOHbLIX CBEYel

(T.e. C Tpems Tpybamm Ha OAHY CBeYy), AnMHa OaHON
CBEYM COCTaBUT NPnbAnanTenbHO 93 dyTa (28,3 M).
[MpeanonoXmm, YTO MOHVPKEHWE YPOBHS BbITECHSIOLLIETO
COCTaBa COOTBETCTBYET IJIMHE NonyTopa ceeyen, T.e. 150
dyTtam (45,7 m).

OnpenenmM NiIoTHOCTb BEITECHSAIOLLIENO COCTaBa, HEOOXOOMYIO
015 MOHVKEHUS ypoBHA Ha 150 cyToB (45,7 M).

[MNOTHOCTL XXMAKOCTU X [(MOHMKEHME YPOBHSA COCTaBa

+ ANNHA 3anofIHEHHONO COCTaBOM OTpe3ka)] + 1 =
NAOTHOCTb COCTaBa

12 x [(150 = 1408) + 1)] = 13,27 nnm 13,3 dhyHTa Ha ranioH
(1,6 r/cmg)

[Mpu ycnoBumn, 4TO TPebyeMoe MOHMKEHME YPOBHSA
BbITECHSIOLLIErO COCTaBa 1 anameTp TpyObl OCTar0TCS
HEM3MEHHbBIMW, COOTHOLLIEHME ONCTaHLIM MOHMKEHWS
YPOBHS COCTaBa W A/IMHbI 3ar0SIHEHHOIO COCTABOM
OTpesKa TPyObl MOXXHO pacCMaTpUBaTL B Ka4eCTBe
MOCTOAHHOW BEMHMHBI 1 UCMONb30BaTb MPU Pa3NYHbIX
3HAYEHUAX MIOTHOCTU XXNOKOCTU B CUCTEME, KaK
nokasaHo B MPWBEOEHHbIX
HKe npumepax. [ns
paccMaTprBaEMoON B Ka4eCcTee
npYMepPa CKBaXXKMHbI MPUHATA
crnenyroLas NoCTosHHAsA
BENN4MHA:

(150 + 1408) + 1 =1,106534
(Pvc.2)

MpuHnmas 150 dyToB 3a
OVCTaHUMIO NaaeHNs YPOBHS,
OnpPeaenM 3Ha4YEHNS
MNOTHOCTW BbITECHAKOLLIENO
COCTaBa, KOTOpble HEOBXOAMMO BblOEPXKMBATL B CUCTEMAX
C NAOTHOCTLIO, cocTaBnsatoLlen 9,0 dhyHTa Ha rannoH (1,1
r/cms), 14,0 dyHTa Ha rannoH (1,7 r/ems) n 16,0 dyHTa Ha
rannoH (1,9 r/cms), COOTBETCTBEHHO.

Cuctema ¢ nnotHocTbio 9,0 QpyHTa Ha ransoH x 1,106534
= M/I0THOCTb BbITECHAOLEro coctaBa 9,95 nin 10,0
yHTa Ha rannoH (1,2 ricms)

Cuctema ¢ nnoTHocTbio 14,0 (byHTa Ha rassioH X
1,106534 = nnoTHOCTh BbITECHSKOLLEro cocTtasa 15,5
yHTa Ha rannoH (1,9 ricms)

Cuctema ¢ nnoTHocThio 16,0 hbyHTa Ha rassioH X
1,106534 = nnoTHOCTh BbITECHSKOLLEro coctaBa 177
pyHTa Ha rannoH (2,1 ricms)

CnepnyeT y4nTbIBaTh, YTO MO MEPE MOBbILLEHNSA MIOTHOCTA
B cUCTeMe TPebyeTcs yTsPKENEeHNE BbITECHSIOLLErO
COCTaBa B LEeNsx 0becneqeHnst MOHWKEHNSE ero0 YPOBHS Ha
150 dpyToB. [119 0becneqeHnss OAMHAKOBOMO MOHVKEHNS
YPOBHS1 BBITECHSIOLLIErO COCTaBa B cucTeMax ¢ 6osbLIel
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@6 MNoTtepu 6ypoBoro pacteopa
npu noabeme 3arnosIHeHHbIX
Tpy6 Tak)e NnpuMBOAAT K
NINWHWUM 3aTpaTtam
Mud lost on wet trips also
represents money spent
unnecessarily 99

Assuming 150 feet of drop, determine the slug densities
required in 9.0 ppg, 14.0 ppg, and 16.0 ppg systems
respectively.

9.0 ppg system x 1.106534 = 9.95 or 10.0 ppg (12 sg) slug
14.0 ppg system x 1.106534 = 15.5 ppg (1.9 sg) slug
16.0 ppg system x 1.106534 = 177 ppg (2.1 sg) slug

Notice that as the system density increases, a heavier slug
is required to realize the same 150 ft slug drop. In order to
maintain the same slug drop in systems with higher mud
weights, either a greater slug volume, or a higher slug
density is required. Suppose the slug volume is increased
from 25 to 30 barrels (4.7 m3).

Length of slug in drillpipe is 30 ~ 0.01776 = 1689 ft (515 m)
Ratio from the formula with the longer slug is (150/1689) +
1=1.108881

9.0 ppg system x 1.108881 = 9.8 ppg (1.2 sg) slug
14.0 ppg system x 1.108881 = 15.2 ppg (1.8 sg) slug
16 ppg system x 1.108881 = 177 ppg (2.1 sg) slug

It can be seen that the additional 5 barrels (0.79 ms) makes
little difference in density requirements, even though the
slug occupies an additional 281
ft (85.6 m) of drillpipe (1689

— 1408 = 281).

It is not necessary to work the
calculations often.

The drillpipe size does not
change frequently, and the
slugging pit has a limited
capacity. The decision between
pumping a long, lighter slug or
a short, heavier slug is a matter
of operational preference. If
the U-tube is unbalanced, the slug should fall. If the slugs
are mixed according to these guidelines, then there is
little else that the worker who mixes the slug can do.
There are, however, some other factors that will influence
the effectiveness of slugs.

The U-tube should be balanced before the pipe is slugged.
A difference of 0.2 or 0.3 ppg between the mud weight at
the flowline and the mud weight going down the hole may
make a considerable difference in slug fall. If the system

is known to be out off balance and cannot be circulated,
then a longer or heavier slug than normal will be required.
The best solution is to circulate the annulus clean before
slugging the pipe.

The slug must be displaced properly. If the driller leaves
the slug above the rotary table, the fluid will not fall and the
connection will be wet. Likewise, if the slug is greatly over-
displaced, it will be ineffective. Slug displacement errors
are fairly common. That is why some crews seem to have
more trouble slugging the pipe than others. The blame, if
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B BYPEHME 1 JOBbIHA

yOENBHOW Maccomn BypoBoro pacTeopa TpebyeTcst Nibo
yBennyeHne obbemMa BbITECHSAIOLLEro cocTasa, iMoo
MOBbILLEHME €0 MNOTHOCTK. [1PeanonoXK1M, YTO 06BEM
BbITECHAIOLLIErO cocTaBa yBesmymBaeTca ¢ 25 o 30
Gappenein (4,7 m3).

[nvHa 3anonHIemMoro CocTaBoM OTpeska BypunbHON
Tpybbl: 30 + 0,01776 = 1689 dyToB (515 M)
CooTHoLeHme no hopmyne ¢ 60NbLLEN AMHOM
3anonHsiemoro otpeska: (150/1689) + 1 = 1,108881
Cuctema ¢ nnotHocTeio 9,0 cbyHTa Ha ransioH x 1,108881
= NJ/IOTHOCTb BbITECHAKOLLEero cocrtasa 9,8 (hyHTa Ha
rannoH (1,2 ricms)

Cuctema ¢ nnoTHocTeio 14,0 (byHTa Ha rasnsioH X
1,708881 = nnoTHOCTL BbITECHAOLLEro coctasa 15,2
byHTa Ha rannoH (1,8 ricms)

Cuctema ¢ nnoTHoCThio 16 GhyHTOB Ha rassfioH X
1,708881 = nnoTHOCTL BbITECHAOLYEro coctasa 177
byHTa Ha rannoH (2,1 ricms)

MbI BUOUM, 4TO
JONOSHUTENbHbIE 5
Bappenen (0,79 M3) mano
B/IMSAIOT Ha TPeboBaHUS K
MAOTHOCTU, HECMOTPSI Ha TO,
YTO BbITECHAIOLLMIM COCTaB
3aHUMaEeT JONONHUTENbHbBIV
OTPE30K BypUIbHO TPYObI
MPOTAKEHHOCTLIO 281 dhyT
(85,6 m): (1689 — 1408 =
281).

OTecyTCTBYET HEOOXOOMMOCTDL B HaCTOM BbINMOHEHN
OaHHbIX pac4eToB. Pasmep BypuibHON TPyObl MEHSIETCS
He4YacTo, a pe3epByap 419 BbITECHAIOLLErO COCTaBa UMEeET
OrPaHNHEHHYIO EMKOCTb. Bbibop Mexxay 3aka4nBaHem
6onee Nerkoro BbITECHAOLLEro cocTaBa B 6onee AnVMHHbIN
OTPE30K TPYObI N BoNee TSHKENOro cocTasa B bonee
KOPOTKUI OTPE30K OMPenenseTcs NpeanoHTeHNsIMm,
OCHOBaHHbIMM Ha 3KCTTyaTaLyOHHbIX (hakTopax.

[Npwn oTCyTCTBUM paBHOBeCKS B U-0bpasHoi Tpybe
YPOBEHb BbITECHSAIOLLIErO COCTaBa JOSKeH ynacTb. [pu
CMELLIMBaHNM BbITECHSAIOLLIX COCTABOB B COOTBETCTBIM

C OaHHbIMW yKa3aHUsiMK, paboumre, OCYLLECTBAOLLINE
CMeLLMBaHVe, efBa i MOryT MPUHATE Kakne-imbo apyrme
Mepbl. OOHaKO CyLLECTBYIOT OOMOAHUTESNBHbIE (DaKTOpbI,
OoKasblBatoLLVe BNSHNE Ha SPAEKTUBHOCTb 3aKaqku
BbITECHAIOLLIMX COCTaBOB.

o 3akayvkm coctaBa B U-0bpasHom Tpybe OOMKHO
YCTaHOBUTLCS paBHOBECKE. PasHuLa Mexxay NIoTHOCTHIO
OypOBOro pacTeopa B BbIKWUAHOM NMHWM 1 pacTBOPA,
3aKa4rBaeMoro B CKBaXKWHyY, coctasnatoLLad 0,2 nnm

0,3 tbyHTa Ha rannoH (0,02 r/cms unm 0,04 r/cms), MoXxeT
0Ka3bIBaTb 3HAYNTENBHOE BINSIHME Ha NafeHne YPOBHS
BbITECHSIIOLLIEro cocTasa. Ecnm nsBecTHo, 4To paBHOBECHe
B CUCTEME HapyLLEHO W MPOoKa4BaHNe No 3aMKHYTOM
CUCTEME He MPeaCTaBAeTCA BO3MOXHbIM, MOTpebyeTcs
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® OnTumanbHaA BA3KOCTb
BbITE@CHAIOLWEro coctaBsa
npubnuanTenbHO COOTBETCTBYET
BA3KOCTU B CUCTEMe noaa4u
6ypoBoro pactesopa
The best viscosity for a slug is
about the same as that of the
mud system @9

there is any, should not always be borne by the mud hand.
He is not responsible for circulating the annulus clean, or
displacing the slug. Below are some suggestions for getting
a good slug.

1. Learn, or calculate the volume in the lines from the
slugging pit to the rotary table. Do not accept some number
that has been passed on for years. Either look at the rig
plans, or trace and measure the lines. This may be time
consuming, but it only has to be done once. When an
accurate volume has been determined, post it in barrels
(ms) and pump strokes so all drillers will chase their slugs in
the same manner. Using time rather than strokes for guide
is not accurate.

2. When the pump efficiency is checked (as when bumping
a cementing plug), apply the revised pump efficiency to the
slugging process.

3. Calculate and post the
information needed to build
a good slug under several
different conditions. For
example, slug densities and
volumes for various mud
system densities, various
drillstring diameters, volume
per inch (cm) of the slugging
pit, and the height of the
suction off the bottom of
the slugging pit. This should
encourage all rig personnel
to follow the same procedures.

4. In most cases it is not a good practice to mix a slug far
in advance of its use. If it must be mixed in advance, good
agitation is a must.

5. Be certain that the mud weight returning from the
annulus is as accurate as possible before building the slug
and make certain that the slug is weighed carefully a few
minutes after the barite is mixed.

6. Agitate or stir the slug constantly.

7. Mix, rather than dump the barite into the hopper.
Dumping causes settling and inaccurate weights. It may
also plug the bit nozzles.

8. If the hopper discharge into the slugging pit is directly
above the suction, rig up some sort of splash shield.
Discharging on top of the suction will cause aeration,
resulting the inaccurate weights and inefficient pumping.

9. If the slug is very thick, pump efficiency and slug fall will
be affected. The best viscosity for a slug is about the same
as that of the mud system. If slug viscosity is a problem,
have the fluid technician (mud engineer) recommend the
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B BYPEHME 1 JOBbIHA

3aKadka BbITECHSIOLLIErO cocTasa B 6onee AIMHHbIN
OTPE30K TPYObI M UCTIONB30BaHNE DONEE TSHKENOrO
CoCTaBa Mo CPaBHEHWIO C ODbIYHBIM. Havnyyiimm
PELLEHVEM ABNSETCA OYMCTKA 3aTPyOHOro MPOCTPaHCTBAa
MyTeEM MPOKaYMBaHNS MO 3aMKHYTOW CUCTEME OO BBOAA
BbITECHSIOLLIErO COCTaBa B TpyOy.

3ameHa XXUOKOCTU BbITECHSIOLLIVIM COCTABOM [O/KHA
OCYLLIECTBIIATLCS Haa/iexaLLyM obpasom. Ecrnin Gyposoit
MacTep OCTaBMAST BbITECHSIIOLLIMIA COCTaB Haf, yPOBHEM
poTOpa BYPOBOM YCTAHOBKM, YPOBEHb »KUAKOCTU HE
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best type and amount of thinner required to adjust the
viscosity of the slug.

In order to reduce waste; it is a good idea to estimate the
amount of barite that will be required for the slug. Mix
the estimated amount, or a little less; let it mix well, then
weigh the slug.

If barite is packaged in 100 Ibs sacks, then about 60
sacks (6000 Ibs) will increase the density of 100 bbls
1.0 ppg. A 25 barrel slug should require about V4 that
much, or about 15 sacks (1500 pounds). Estimate the
surge tank, mix about 15 sacks and weigh the slug. If
barite is packaged in 50 kg sacks, mix about 12 sacks
to 4 ma3. Mixing in this way is faster, less work, and more
economical.

There are several operations and conditions that can
make slugging the pipe difficult or impractical, no matter
how careful and conscientious the crew. Fishing jobs,
long tapered strings, very small or partially plugged
nozzles and extremely viscous mud fall into this category.

In these cases, the driller must be patient and try to
vary his techniques, seeking the right combination.
Most of the time, with a little planning and good
communication between crews, slugging problems can
be all but eliminated. One thing is certain, good slugs
save time, money and hard work.

OyOeT onyckaTbCs, U MECTO COEAMHEHMS OCTAHETCS
BNa>KHbIM. AHaNorMyHeIM 06pa3oMm, B ClyHae 3akavmBaHus
CJIMLLKOM B0JIbLLOrO 06bema Npu 3aMeHE XXMAKOCTA
BbITECHSIOLLIIM COCTaBOM, AaHHas orepauys Takke
oKaxkeTCa HeadekTBHON. OLLMOKM NpY 3aMeHe
XKUOKOCTU B TRYOaX BbITECHSIOLLIIM COCTABOM CllyHatOTCA
OOCTaTO4HO 4acTo. VIMEHHO MO 3TOW MNPUYMHE Y HEKOTOPbIX
6puvrag BOSHMKAET B0SbLLE MPOBIEM C 3aKaYMBaAHNEM B
TPYObl BLITECHSIOLLIErO COCTaBa MO CPABHEHWIO C APRYTMMA
bpuragamun. [daxke B cnydae no1cka BUHOBATbIX He
cnenyeT Bcerga Bognarartb BUHY Ha pabouymx, OTBEHAOLLIMX
3a Byposon pacTBop. OHWM HE HECYT OTBETCTBEHHOCTU

3a OYUCTKY 3aTPyOHOro NPOCTPaHCTBA NOCPEOCTBOM
NPOKa{MBaHVA Mo 3aMKHYTOW CUCTEME UM 3a 3aMeHY
YKUOKOCTU BbITECHSIOLLIMM COCTaBOM. Hipke mprBoamTcs
PS4 PEKOMEHOAUMIN MO 3MHDEKTUBHOMY MPUMEHEHNIO
BbITECHSIOLLIEMO COCTaBa.

1. OnpepennTb MK paccHnTaTb 06HEM BbITECHSOLLIErO
COCTaBa B MarncTpansx OT pesepByapa 414 0O poTopa
OypoBOW YCTAHOBKM. He ncnonb3oeatb Kakon-nmbo
BENMYMHBI, KOTOPas MPUMEHSINACh B TEYEHNE MHOTX NET.
V13yumnTh YepTerkn BypoBOV YCTaHOBKM U OMPEAENTb
MapLLPYT NPOKIaaKM MarucTpanen 1 USMepuTb nx
rabapuTbl 1 MPOTSPKEHHOCTL. [JaHHas onepaumsi MOXeT
3aHsSTb MHOMO BPEMEHW, HO ee MPUAETCS BbINMOJHUTD
BCEro oaviH pas. [locne To4HOro onpefeneHns obbema
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BYPEHWVE W IOBbIMA W

NOMECTUTb B AOCTYNHOM MeCTe MHOopMaLmo no
0b6bemy B bappensax (M8) 1 B BUAE 4mMcna xogos
B6ypoBOro Hacoca, 4Tobbl BCe BYPOBMKN MO
OTCNEeXMBaTb 3aKka4nBaHNe BbITECHSAOLLEro cocTara rno
O[HOMY U TOMY e npuHLUMny. Vicnone3oBaHve OaHHbIX
Nno BPeMeH1 BMECTO HMCIla X040B Hacoca He Nno3BonseT
0001BaTbCA TOYHbIX PEIYLTATOB.

2. Mocne nposepkn Kl Hacoca (kak npu nocagke
LIEMEHTUPOBOYHOWM MPODKN) CleayeT NPVMEHSATb
CKoppekTpoBaHHoe 3Ha4veHme Kl Hacoca ona
3aKa4vMBaHNsI BbITECHAOLLIErO COCTaRa.

3. MponsBecTV COOTBETCTBYIOLLME PACHETHI U
MOMECTUTb B AOCTYMHOM MECcTe MH(opMaUmio,
HeoOXoOMMYyo A1 opraHuaaumn apeKTUBHOMO
3aKa4nBaHVisl BbITECHSIIOLLIEro cocTaBa NMpu pasimyHbIX
YCNOBUSAX, B TOM YMCHe, HanpuMep, AaHHble O
NOTHOCTU U 06beMax BbITECHSIOLLIEro cocTaBa Mput
pasHbIX 3HAYEHVSX NMIOTHOCTW XNOKOCTU B CUCTEeMax
nopasyn 6ypoBOro pactTeopa, pPasHble 3Ha4YeHNA
OnameTpa 6ypuibHbIX KOJIOHH, 06 beM Ha KaxKaplii
ItoiiM (CM) pesepByapa A5t BbITECHSAIOLLEro CocTaka, a
TakXKe AaHHble O BbICOTEe BCachbiBaHWSi COCTaBa Co AHa
pesepByapa. ITo 6yaeT cnocobCTBOBaTb MPUMEHEHMIO
OHUX 1 TEX XKe MEeTOA0B BCEM MepCcoHaioM

OyPOBOWN YCTAHOBKM.

4. B 60MbLUMHCTBE Clly4aes He PeKOMEHyeTcs
CMeLLMBAaTb BbITECHSAOLLMIA COCTaB 33400

[0 ero 1cnonb3osaHus. [Npr HeobxoaMMocTu
3a6/1aroBPEMEHHOO CMELLIMBAHNSI OHO OOHKHO
npon3BOONTLCA O4YeEHb TLLATESIbHO.

5. [1o noaroToBKmM BbITECHSIOLLIErO COCTaBa HeoGXoaMMO C
MakCUMasbHOM TOYHOCTLIO ONpedenTb Maccy 6ypoBOro
pacTBopa, BO3BPALLAEMOro 13 3aTPyOHOro MPOCTPaHCTBA,
a TakxXKe BbINOJIHTb TOYHOE B3BELUVBaHWE BbITECHAKOLLErO
COCTaBa 4epes HECKOBbKO MUHYT MOCE CMELLMBAHKA C
BapuTom.

6. Crnenyet NOCTOAHHO MepemeLLIBaTh
BbITECHSIOLLMIA COCTaB.

1. BapuT cnemyeT BMeLIMBaTb MOCTEMNEHHO, a He
3arpy>kaTb ero pasoM B MPUEMHYIO BOPOHKY. BbicTpast
3arpyska npuBOOMT K OCEAaHWIO U MOJTyHEHNIO HETOUHbIX
JaHHbBIX MO Macce. STO MOXET TakxKe NPUBECTM K
3aCOPEHMIO MPOMBIBOYHBIX HACAIOK A0S0TA.

8. Ecnm BbinycK BOPOHKM B pe3epByap [J19 BbITECHSAOLLErO
COCTaBa HaxoaUTCA HEMOCPEACTBEHHO HaM, KaHaIoM
BCaCbIBaHWA, CNeayeT YCTaHOBUTb OPbI3ro3aLUUTHbIN
LUMTOK. BbINyCK cocTaBa Haf, kaHanoM BcacbIBaHWA
NPVBEOET K aspaumm, B pesynbrtare Yero 6yayT nosyYeHb!
HEBEPHbIE AaHHbIE O Macce, a paboTa Hacoca CTaHeT
HeaHEKTUBHOMN.
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9. EC/n BbITECHAIOLLMIA COCTaB O4eHb MYCTON, 3TO

OKaXKeT HeratnBHoe BIsiHME Ha 9 EKTUBHOCTb

paboTbl HACOCa 1 NafEHNE YPOBHS BbITECHAIOLLErO
cocTaBa. OnTuMasnbHas BA3KOCTb BbITECHSIOLLErO
cocTaBa MpUbAM3nUTENBHO COOTBETCTBYET BA3KOCTM B
cucTemMe nofaym 6ypoBoro pacteopa. Ecnm BaskocTb
BbITECHAIOLLLErO COCTaBa BbI3bIBAET MPOOEMBI, CnenyeT
0BpaTUTLCA K CNELManMCTy Mo PadoHMM XNOKOCTSM
(MH>KeHepy Mo BypPOBbIM PacTBOPaM) 3a PEKOMeEHOALMEN O
Hanbonee ONTUMAaNBHOM TUME N KONMYECTBE Pa3baBunTend,
HEOBX0OVMMOrO 4J191 KOPPEKTUPOBKI BA3KOCTU
BbITECHSIOLLIErO cocTasa. 19 yMeHbLUeHns obbemMa
OTXO[0B PEKOMEHAYETCH paccHUTaTb KOMMHeCTBO BapuTa,
HeoBX0VMMOro 4191 MOArOTOBKM BbITECHSIOLLIErO COCTaBa.
Baput cnegyeT BMeLLMBATL B PaCHETHOM WM HECKOSIBKO
MEHbLLEM KOSIMHYECTBE. 3aTeM CleayeT AOKAATbCA Moka
6apuT Kak CRedyeT CMELLaeTCs, MOCce HYero B3BeCUThb
BbITECHAIOLLMM COCTaB.

B cnyyae, ecnu 6apuT pactacoBaH B MELLKA
BMecTUMOCTbIO 100 dhyHTOB, A/153 NOBbILLEHNSA
nnotHocT 100 6appenen coctaBa Ha 1 OyHT Ha
Bappenb (0,12 r/cm3) noTpebytoTcsa NPUBAN3NTENLHO
60 mewkoB (6000 cyHTOB, 2722 Kr). Ha 25 bappenen
BbITECHAIOLLIEro COCTaBa NoTpebyeTcs NCnob30BaTb
NPUeNN3NTENBHO 1/4 yKasaHHOro KOIMYECTBA, T.6.
okono 15 mewkoB (1500 dyHTOB, 680 Kr). PaccunTainte
ob6bemM onga BydepHoro pesepByapa, BMeLLanTe
npréNM3UTENBHO 15 MELWIKOB 1 B3BECLTE COCTaB. Ecnu
BapunT pactacoBaH B MELLKM BMECTUMOCTbLIO 50 Kr,
crefyeT BMeLlaTb OKOJ10 12 MeLLKOB B 4 M3 cocTasa.
CwmelumBaHne ¢ UCNoIb30BaHMEM OaHHOWM METOANKM
MO>XXET BbINOSIHATECS ObICTPEE U OTNIMHAETCHA MEHbLLEN
TPYLOEMKOCTBIO 1 B0MbLIEN 3KOHOMUYHOCTBIO.

CyLLEeCTBYET psig, onepaumii 1 YCRoBUiA, MPU KOTOPbIX
3aKa4nBaHVe BbITECHAIOLLLErO COCTaBa B TPYObI
CTaHOBUTCS CIOXHbBIM U HELLIeNecoobpasHbiM BHE
3aBVCYMOCTU OT TLLATENBHOCTU 1 OOPOCOBECTHOCTH,
JEMOHCTPUPYEMbIX paboyert bpuragon. K gaHHowm
KaTeropum OTHOCATCS TOBUSIbHbIE PabOoThI, Cryyan
NCMONBb30BaHNSA OJIMHHBIX KOJIOHH 13 TPYD pas3Horo
HapYy>KHOro AMaMeTpa, MPOMBIBOYHbBIX HACaO0K KparHe
MaU1oro pasmMepa Um YaCTUHHO 3aCOPEHHbIX HACaOOK, a
Takke OypoBOro pacTeopa C UCKITIOHUTENBHO BbICOKOM
BA3KOCTBIO. B 3Tnx criydasx OypoBOMy MacTepy CnemyeT
NPOSABNATL TEPMNEHNE U CTapaTbCA MPUMEHSTTL PasHble
METO[p! B MOUCKaX Haboee OMTUMASIBHOrO COYETaHuS.
OpHako B BOMBLUMHCTBE Cly4YaeB NaaHNpOoBaHNE n
HanaxxmnBaHne aeKTMBHOrO 0bMeHa HopMAaLIEN
MexXay bpuragami JOMKHbI MO3BOUTE MOMHOCTHIO
YCTPaHUTb MPO6IEMbI, CBA3AHHBIE C 3aKa4MBaHNEM
BbITECHSIOLLIEro coctasa. C MoHOM yBEPEHHOCTBIO
MOXXHO YTBep>KdaTb OOHO: 3(PdEKTUBHOE 3aKa4mBaHve
BbITECHSIOLLIErO COCTaBa 0becneqrBaeT SKOHOMMIO
BPEMeHN, [EHEr 1 TSHKENOoro Tpyada.
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