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[[a3npom HeEdTb: ccnegoBaHmne 1 onbIT
NpPUMeHeHNa TeXHoornm sogHoro huff
and puff Ha HEPTAHOM MECTOPOXXOEHUNN C
HN3KOMPOHNLAEMbBIM KOJIJTIEKTOPOM

Gazprom Neft: The Research and Experience of
Applying Water Huff and Puff Technology in a
Tight-Oil Reservoir

BeeneHune Introduction

CerogHs paspabdboTka HehTAHbIX MECTOPOXOEHNI C There are a number of different challenges associated with
HU3KOMPOHMLIAEMbIM KOJIIEKTOPOM CBSA3aHa C 60bLLIVM the development of oil fields with low permeable reservoirs.
KoNm4ecTBoM npobnem. OgHOM U3 HUX SBNSETCS One of them is the low efficiency of the formation’s pressure
HN3Kas aPPEKTUBHOCTb CUCTEMbI MOLAEPXKAHNSA maintenance system, when producing wells have no reaction
nnactoBoro aasneHua (MMN0), koroa gobbiBatoLLme to water injection, which reduces the oil recovery factor.
CKB2XXVHbI HE pearnpytoT Ha 3aKadky BOLbl B COCEAHME One of the fields developed by Gazprom Neft is used as an
HarHeTaTesIbHble CKBaXXVHbI, YTO MPVBOOUT K CHUDKEHNIO example in this article. Wells, penetrating such reservoirs,
KoahpumLmeHTa n3BedeHns Hedpt. B kadecTse npumepa  have low oil flows and high depletion rates, resulting In

B CTaTbe PacCMOTPEHO OOHO 13 MECTOPOXOEHUI multiple wells within the field that operate with flow rates
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PRODUCTION

«[a3npomM HedhT». CKBaXKMHbI, BCKPbIBAIOLLIME TaKOWM
KOINEKTOP, UMEKOT HU3KME AeOUTbI HE(DTU 1 BbICOKME
TEMMbI NaAEHNS, 13-3a YErO MHOXECTBO CKBaXKMH
[0AHHOrO MECTOPOXXAEHNSA PaboTatoT ¢ AebUTammn MeHee
5 T/cyT. B mpouecce pa3paboTku 1x 4acTo NepeBoadT

B MM, Tak Kak 0ebuT CTaHOBUTCA HIMKe npeaena
3KOHOMUNYECKOWN 3hIHEKTUBHOCTU. B HEKOTOPBIX

CJly4asix CKBaXKWHbI MO TEXHOMOMMYECKMM MPUHMHAM
nepeBoann obpaTtHo B OobbIHy. B xoae aHanmsa
MOAOBHBIX NEPEBOAOB ObIIO BbISBIEHO, YTO MOC/e
BO3BpaTa CKBaXKWHbI B 10ObIYYy AEOUT HETI 3a4acTyro
OCTaBaUICs Ha ypoBHe 6a30B0ro. C TakuM e adhhekTom
CTOJIKHYJIMCb MHOCTPaHHbIe UccnenoBatenu [3, 9], mocne
4ero 6b110 MPOBEAEHO MHOXXECTBO J1Tab0PATOPHbIX
nceneposaHnin u ONNP. JaHHasa TexHonorms 6bina
HasBaHa Huff and Puff . OHa cocTouT 13 umkna Tpex daa:
® 3akadka Bodbl B 40ObIBAIOLLYIO CKBaXKMHY (dhasa Huff );

® OCTaHOBKA CKBaXKVHbI HA HEMPOLOKUTENTbHOE BPems
— B npepenax Mecaua;

® BO3BpAT CKBaXKMHbI B 400bIYY (hasa Puff ).

®dunsuka npouecca

TexHonornsa OCHoBaHa Ha TOM, YTO B HUSKOMPOHNLIZEMOM
KOMNeKTope 60J1ee NOIOBMHBI MOPOBbLIX KAHAIOB He
y4acTByeT B hubTRauMm 1 HedTb B HX HAXOOUTCS

B 3anepTOM COCTOSIHUM, TaK Kak Mopbl UMEIOT OYeHb
ManieHbKUIM pa3mep. Ecan konnekTop rmapoduibHbIn, TO
N3BJIeYb 3Ty HEDTb MOXHO C MOMOLLBIO NHNLMMPOBAHNS
KanUNNSPHOM NPONUTKN BOAOW. KannnnspHoe gaBnerHve,
oTBevaroLLiee 3a NPOnUTKY, ONPeaenseTcs CNeaytoLLmmM
obpasom:

P 20cos6
kK r '
c
Cne I'_papnyc kanunnspa, 0’ - NOBEPXHOCTHOE HaTshKeHMeE,
6-yron cmMaqvBaHug, P, — KanuiigpHoe OasfieHve.

Takoke N3BeCTHO, YTO KanWIIgpHOE OaBNeHe — 3TO
pPas3HOCTb AaBfieHnn B chade HeT 1 BOAbI. TO eCTb
NOTEHLMaNbHas 3HEPIUS Kanuispa pacxodyeTcs Ha
noabeM BOAb! KANUAASPHOM CUON Ha ONpeaeeHHYo
BbICOTY.

13 chopmy bl 1 cnemyeT, 4To YeM MeHbLUE paanyc
Kanuaapa, TeM Bbille CUIa, C KOTOPOW B r’APOMUIBHOM
Kanunagpe Boga OyaoeT BbITECHATb HEDTh. Tak Kak
pa3Mepbl Kanunngpa o4eHb Masbl, TO KanuisgpHoe
[OaBrieHe NPeBbILLIAeT CTaHOAPTHYO OENPECCUio B
nnacTe B AECATKM pas, YTO NMO3BOJISIET BOAE BbITECHATH
HedTb 13 CybKanUAISPHBIX MNOP.

Tak Kak B H3KOMPOHMUAaeMbIX KOJIIEKTOPaxX cnctemMa

MM ManoahdeKkTnBHa, CKBaXKHBLI OObIMHO padoTaroT
C MVH/MAaNbHOM 0OBOAHEHHOCTBLIO, 3 Yero cnemyer,
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that are lower than 5 tons per day. Such wells are often
converted to injection wells, since their production rates drop
below the level of economic viability. In some cases, the wells
were converted back into production well stock for certain
technological reasons. The analysis of such conversions
revealed that after a well was brought back to production

its flow rate remained at a base level. A similar effect was
discovered by some foreign researchers as well [3, 9],
whereafter multiple laboratory tests and pilot projects were
conducted. This technology received the name of “Huff and
Puff”. It is a cycle consisting of three phases as follows:

e Water injection into a producing well (the Huff phase);

e Well shutdown for a short period of time — within a month;
¢ Bringing the well back into production (the Puff phase).

The Physics of the Process

The technology is based on the fact that over a half of pore
spaces remain closed in a low permeable reservoir, since the
pores are very small in size. If it is a hydrophilic reservoir, oil
can be recovered using water capillary imbibition. Capillary
pressure, responsible for the imbibition, can be defined using
the following formula:

P 20cos6 |

T

c

Where I _is capillary radius, O '- is capillary tension, 6—is
contact angle, P, - is capillary pressure.

It is also known that capillary pressure is the difference in
pressure values between the oil and water phases. That is
the potential energy of a capillary micro channel is spent by
the capillary force to lift water to a certain height.

As is seen in Formula 1 the shorter the capillary radius, the
higher the force of the water in the hydrophilic capillary pore
that replaces the ail. Since the size of a capillary channel

is very small, the capillary pressure would be tens of times
higher than the common formation depression which enables
the water to replace oil in the sub capillary pores.

Since using a formation pressure maintenance system in low
permeable reservoirs is inefficient, wells are usually operated
with the minimum of water cut, hence it follows that capillary
imbibition has no potential to start. To start it, one needs

to inject a certain amount of water into the well. The basic
risk is a decreased phase of permeable oil in the bottom-
hole formation zone, and for a successful application of this
technology it is necessary that the volume of the oil replaced
from the sub capillary pores is higher than oil losses caused
by changed phase permeability in the bottom-hole formation
zone.

The Worldwide Application Experience

The mathematical simulations for some fields in China [5, 9,
10] demonstrated the efficiency of this technology with water
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YTO KanuaIsgpHas NPONUTKa He NHULMPYETCS.

YT00bI ee Ha4aTb, HEOOXOANMO 3aKadaTb B CKBaXKMHY
HEKOTOPbI 06beM BOAbl. OCHOBHbLIM PUCKOM SBNSETCS
yMeHbLLEHNE hasoBOM MPOHULIREMOCTU MO HEPTY B
npwsaborHown 3oHe nnacta (M3M1), 1 4Nsa yenewHocTw
MPUMEHEHWS TEXHOIOMN HEOOXOAMMO, YTOOLI OOBHEM
HeM TN, BbITECHEHHOW 13 CyBKannnnsapHbIX nop, 6bi1
60/1bLUE NOTEPb HEDTY N3-3a N3MEHEHMS (PA30BOW
npoHvuaemocTy B M3,

MupoBon onbIT NPpUMEHEHUs

PaboTbl N0 MateMaTn4eCKoOMy MOOENNPOBAHNIO B
YCNOBUSX KUTAUCKUX MECTOPOXAeHU [5, 9, 10]
rnokasablBatoT aPPEKTUBHOCTb AAHHOW TEXHOOM K
npuv 3akadke BOApl. IKCNEpUMeEHTasbHble PaboTbl MO
Huff and Puff Ha KepHe C KUTaCKOro MecTopOXXaeHs
Changging ¢ NnpUMeHeHnem 90epHO-MarHUTHOrO
pesoHaHca [8] aTo noaTeepXxgatoT. B cTaTbe (6]
npusoaaTca pesynbTatsl OINP Ha MecTopoXxaeHUN
Yanchang, XxapakTepUCTVKM KOTOPOrO MNOYTH
aHaI0rM4Hbl PACCMaTPUBAEMOMY MECTOPOXOEHWIO.

B pesynbtate OlNP 66110 NoyyYeHo yBeanyeHne
nedvta HethTh Ha 80 % TOMbKO 3a OAMH LMKIT 3aKaqKu.
Takxe B cTatbe NpuBoasTcs yenetuHble OMNP Ha
MmecTopoxxaeHuax Niujuanhu, Toutai a Tahe.

BrEPBbLIE B POCC NMPUMEHEHA TEXHOJIOTUA
HUFF AND PUFF. HECMOTPA HA OTCYTCTBVE
MNOJIOXKUTEJIBHOTO SODEKTA, MCCTELOBAHUA
HEOBXOAMMO MPOOOJTKUTE 1 NMPOBECTI OrP C
OCOBbIM KOHTPOJIEM MJTACTOBOI'O OABJIEHVA.

lccnenoBaHnst KEPHOB Pa3IMYHBbIX aMEPUKAHCKIX
MECTOPOXAEHN [7] C MPUMEHEHWEM OAHHOW TEXHOOTN
nokasblBatOT 3PMEKTUBHOCTb JMLLb MPW UCMONB30BaHNN
MOBEPXHOCTHO-aKTVBHbIX BellecTB (MAB). B pabotax

[2, 4] npBOAUTCS MOMHbIM aHAIM3 CYLLECTBYOLLEro
onbiTa NnpumMeHeHna Huff and Puff . MNMpu npumenerun
TexHoaornm Ha mectopoxxaeHun B CLLA, CesepHas
HakoTa [1] pesynbTtara noayyYeHo He 6bI10, Kak n

Ha MmecTopoxaeHu Parshall Field [3], ogHako Ha
OaHHbIX MECTOPOXXOEHNSX KOIIEKTOP HE ABNAICS
rMAPOMUIBHBIM.

Taknm 06pa3oM, HECMOTPSA Ha OTCYTCTBUE
MOIOXKUTENBHOIO 3dheKTa Ha aMepUKaHCKIMX
MECTOPOXOEHNSX, OMNbIT NPUMEHeHNs B Kntae

rnokasaJl, 4TO BO BCEX Clydasix bblnia nosydeHa
gononHuTeneHasd fobblda Hedtw. MNprymnHOM Heynad B
CLLA MoxeT aBnaTbes rmapoobHOCTb KOIIEKTOPA, YTO
obycnasnmeaeT ncnonb3osaHue NABOB, 1, BO3MOXHO,
HeOOCTaTOYHOE BPEMST OCTAHOBKW CKBaXKMHbI.

Fm:l,po,u,m HaMmn4yeckoe monesimposaHue

[na npoBeaeHms OnbITHO-MNPOMBILLIIEHHBIX PaBOT
Ha BblGPaHHOM MECTOPOXAEHN BbIIO HEOOXOAVMO
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injections. The experimental Huff and Puff projects, using
core samples from China’s Changging field with nuclear
magnetic resonance logging, just confirm that. The article [6]
presents the results of the pilot project at the Yanchang field
whose properties are almost identical to the field under our
consideration. As a result of the pilot project, the oil flow rate
increased by 80% just using a single cycle of injection. The
article also presents successful pilot operations carried out at
the Niujuanhu and Toutai a Tahe fields.

FOR THE FIRST TIME IN RUSSIA, THE HUFF AND PUFF
TECHNOLOGY WAS APPLIED. IN SPITE OF THE LACK
OF DESIRABLE EFFECT, RESEARCH MUST CONTINUE
AND PILOT PROJECTS SHOULD BE CONDUCTED WITH
SPECIAL EFFORT MADE TO CONTROL FORMATION
PRESSURE.

The core analyses from various American fields [7] using
this technology showed better efficiency when surfactants
were applied. The projects [2, 4] presented comprehensive
analysis of applying Huff and Puff technology. The use

of this technology at the US field in the North Dakota [1]
did not produce any results, with the same outcome at
the Parshall Field [3], however these reservoirs were not
hydrophilic fields.

Therefore, in spite of the lack of desirable effect at the

US fields, China’s application experience showed that
incremental oil production was obtained in all of the cases.
Failures at the US fields may have been caused by the
hydrophobic nature of their reservoirs, which stipulates the
use of surfactants, and possibly by insufficient well shutdown
time frames.

Hydrodynamic Simulation

To conduct the pilot project, it was necessary to define

the most effective modes of operation and phase timing,
since both the duration of injections and shutdowns have a
significant impact. To achieve this, a synthetic hydrodynamic
model of a well was built using the tNavigator software.

To speed up the computation process it was decided to
simulate just a quarter of the formation only. Thus, the flow
rate of a well should be multiplied by 4 to obtain a real value.
The computational mesh of the model is a parallelepiped of
500x500 meters, and 10 meters thick.

The process of capillary imbibitions was calculated using

the dual porosity and permeability model. Since we have a
system of large size pores, where filtration takes place, and

a system of small size pores, where filtration is missing, one
can compare this with the following system — the matrix-
fracture system, where the fracture means large size pores
and the matrix is a system of small sized pores. To simulate a
fractured reservoir, we have the dual porosity function, where
the reservoir is simulated using two overlapping layers. The
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onpenennTb Hanbonee ahPEKTUBHbBIE PEXVMbI I COOKM
das, Tak Kak MPOAOIKUTENBHOCTU 3aKauky 1 OCTaHOBKM
VUMEKOT 3HauUTeNbHOE BNnsHUE. [1ns aTtoro obina
NOCTPOEHa CMHTETNYEeCKad rmgpogHaMmyeckad Modesib
ckBaxKuHbI B 10 tNavigator.

[na yckopeHus pacyeTta Obl1o MPUHATO peLleHve
MOOEMPOBAaTb TOMBKO YETBEPTb NNacTa. Takmm
0bpazom, OeBUT CKBaKMHbI HEOBXOAVMMO YMHOXXaTb
Ha 4 09 NONyYeHUs peanbHOro 3HadeHns. PacueTHas
ceTka mofesiv — napannenenunen 500 500 MeTpoB ¢
ToNwmHOM 10 MeTpoB.

[MpoLecc KanuISpHOW NPOMUTKI PacCUUThLIBAICS

C NMOMOLLBIO MOAENM OBOVHOM MOPUCTOCTU Y
NPOHNLAEMOCTW. Tak Kak CYLLECTBYET cucTeEMa NOpP
B60bLLOrO pa3mepa, Mo KOTOPbIM MAET UbTpaums,

1 cUCTEMA MasbIX MOp, B KOTOPbIX (OUbTpaLmK
OTCYTCTBYET, MOXXHO CPaBHUTb 3TO C CUCTEMOW
MaTpuua — TPeLHa, rae TpeLwyHa — 60MbLUne Nnopbl,
Marpuvua — cuctema Masbix nop. 9 MoaempoBaHms
TPEeLLMHOBATbIX NN1AaCTOB CYLLECTBYET (OYHKLMS OBOWNHOM
NOPWCTOCTW, FOE NAaCT 3a4aeTCA ABYMS CIIOAMN,
KOTOPble HakNadblBaOTCS Apyr Ha gpyra. Matpuua
3a[aHa cpeaon C ropU30OHTa/IbHOW MPOHULLIAEMOCTHIO
0,045 - 10-3 MKM?, @ MPOHMLIAEMOCTb CUCTEMbI TPELLMH
— 0,45 - 10-3 MKM?,

Tak Kak B CUMyIATOpe Heb3sa 3adaTb
OOMONHUTENbHBIV TPaANEHT AaBNEHNS MEX Y
MaTPULEN 1 TRELLIMHOWM, BbI3BaHHbIV KanuIspHbIMA
chnamMmu, eaMHCTBEHHbIM BbIXOOOM ABNAETCSHA
npeobpasoBaHe 3TOro rpagneHTa B M3MeHeHMe
npoHnuaemocTn. OOHaKO HeMb3sa yBENUYMBATb
MPOHULLAEMOCTb B KOJIMYECTBO pas, paBHoOe
OOMONHUTENBHOMY TPaANEHTY, ee HE0H6X0aUMO
YMHOXaTb Ha OTHOLLEHWE CyMMbl Oenpeccui

K MCXoOHOW aenpeccun 6e3 nponutku. Ons
onpefeneHns genpeccun Mexay cpegamu Tpebyetcs
ONPeaenuUTb KOYEBOW NapamMeTp 41s Moaeau
OBOMHOM MOPUCTOCTU — curMa-dakTop. OH hrnanyeckm
BblpaXKaeT MioLafb KOHTaKTa MeXay TRELUMHON 1
MaTPULIEN U paccyMTbIBaeTCS Mo hopMyie:

bl
0= Ut "

Foel, ly, 1 — paamepbl 6s10Ka M0 HanpaBIeHVAM

Tak Kak aBe cpefpl paBHOMEPHO pacrnpeneneHbl

Opyr B Apyre, curma-akTop A0/KEH CTPEMUTHCSA

K BECKOHEYHOCTU, YTO NPUBEOET K OECKOHEYHOMN
MPOBOAVIMOCTV MEXAY CpeaamMi, B PeasbHOCTU »Ke
MaTtpyLa He BOBMEKAETCS B pa3paboTKy 1 He OOMEHBAETCA
homMaoM ¢ TPeLMHON. Ecin cnurma-daxkTop Hynesowm,

TO 0bMeH Mexay dhasamm OyaeT HEBO3MOXKEH.

50 [ ROGTEC

matrix is defined with a horizontal permeability of 0.045 —
10-3 mkm?, while the permealbility of the fracture system is
0.45 - 10-3 mkm?.

Since the simulator does not make it possible to define
an additional pressure gradient between the matrix

and the fracture, caused by the capillary force, the only
solution would be to transform this gradient into the
lateral permeability change. However, it is impossible to
increase permeability by the number of times equal to the
additional gradient - it needs multiplying by the ratio of
the depression values summed to the value of the initial
depression without imbibition. To calculate the depression
between the structures, a key parameter should be
defined in the dual porosity model, which is the sigma-
factor. It physically expresses the area of contact between
the fracture and the matrix and it can be calculated using
the following formula:

bl
0= Ut "

where 1, Ll—are sizes of the block by axes

Since the two structures are evenly distributed inside each
other, the sigma-factor must go to infinity, which would result
in the infinite conductivity between the structures; however,
the matrix is actually not involved in production and does
not interchange fluid with the fracture. In case the sigma-
factor is zero, the interchange between the phases would
be impossible. Therefore, it is necessary to define it in such
a way that the lag of the depression in the matrix structure
could be seen relative to the fracture structure; therefore, the
sigma-factor was set to 0.1.

Capillarometric studies were performed on the wells.

It should be noted that the study stops with a set pore
diameter value and the latest pressure value is recorded
which is then assigned to all the pores with a smaller
diameter. However, capillary pressure may reach greater
values in the real world. To take it into account a correlation
was built between the additional pressure gradient: a function
was derived from the experimental research which was taken
as a basis, and this was then extrapolated.

Further on, the recalculation was carried out relative to

the water saturation and the pore diameter using the
same methodology that was applied during the laboratory
research. As a result, a mean pore diameter was assumed
in the matrix equal to 0.07 mkm. with capillary pressure

of 20 bar. This being the case, a function was defined in
the simulator’s arithmetic, designed to multiply the matrix’s
permeability when it passes the water saturation threshold.
As a result, a graph of the relationship between the oil flow
rate and timing was obtained and a graph of cumulative
production, which are presented in Fig.1. Following the

www.rogtecmagazine.com
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Puvic 1: 3aBrcmMocTb AebUTOB HEDTI 1 BOAbI I HAKOMIEHHOM 00bIYM HE(TV OT BpemeHW. CoCTaBIeHO aBTopamMu
Fig. 1: Relation of oil and water production rates and cumulative oil production and time. Compiled by the authors

CnepoBaTenbHO, HeobXoAMMO 3a4aBaTh ero Takum natural decline in oil flow rate due to the loss of reservoir
06pa3om, 4TOObI B MOAENM HAbHOO4an0Ch OTCTaBaHMe pressure, water injection is carried out, and the well is
BOPOHKM AENpeccun B Cpeae MaTpulpl OT cpedpl shutdown for a soak treatment, whereafter the flow rate
TPELLUVH, NO3TOMY CUrMa-thakTop NPUHAT paBHbiM O,1. becomes three times higher, and the production rate is
Mo ckBakMHaM OblIM NPOBEOEHbI UCCAEA0BAHNS kept steady due to the oil withdrawn from the matrix,

no kanuangapomeTpun. CTOUT OTMETUTb, YTO and then it planes down. To select an optimum injection
npw onpegeneHHoM 3Ha4YeHn gruamMeTpa nop condition and shutdown timing, multivariant calculations
1ccnenoBaHme OCTaHaBNMBAETCA U 3anUCbIBaeTCS were carried out. The relationship between incremental oil
nocnefHee 3Ha4YeHVe OaBIeHNS, KOTOpPOe production and injection timing with various well shutdown
rnpucBarBaeTCs BCEM MopaM MeHbLLEro arnamerpa. time frames is presented in Fig.2. It is seen from the graph

Mpachvk 3aBMCUMOCTY JOMONTHATENbHOW [OOLIYM OT BPEMEHM 3aKauku 1 OCTaHOBKM
Dependency diagram between incremental oil production and well shutdown time frames
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Puic 2: Mpathrki 3aBUCMOCTI AOMOIHUTENBHOM A0ObIHM OT BPEMEHN 3aKaqKy MNP Pa3IYHOM BPEMEHN OCTaHOBKM. COCTaBIEHO aBTopamMm
Fig. 2: Plots of additional oil productionverses timefor different shutdown times. Compiled by the authors
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OpHako B pearibHbIX Mopax Manoro pasmepa
KanunngpHoe JaBNeHne MOXeT JOCTUraTb OFPOMHbIX
3HadeHvin. [ns ero ydeTa B BUAE OOMOJHUTENBHOMO
rpagveHTa gaBfeHus Obina nocTpoeHa Koppenauus:
3a OCHOBY Oblfla B3aTa yHKLMS, MOSyYeHHas no
3KCMEepPUMEHTasbHbIM UCCNEN0BaHNAM, a yXKe A5 Hee
6blna NponsBeneHa SKCTPaNONALMS.

[anee 6b1n Npon3BefeH nepecyeT 13
BOOHACHILLEHHOCTX B AVAMETP MOpP MO TOW XKe
METOAVIKE, YTO UCMOJIb3YETCHA NpK 1TabopPaTOPHOM
nccnegoBaHun. B pesynbTaTe Obln NPUHAT CpeaHuin
aovametp nop B Matpuue B 0,07 MKM C KanuaispHbIM
naeneHvem B 20 6ap. Vicxoas 13 aTtoro, B apuMeTrKe
cumyngaTopa 6belna 3agaHa QyHKLUUS OMHOXEHNS
NPOHNLAEMOCTU MaTPULbl MPY Nepexoae Yepes nopor
BOOOHACHILLEHHOCTW. B pesynbTatsl Obl NONyYeHbI
rpaduK 3aBMCUMOCTY ebuTa HedT OT BPEMEHM U
rpadrK HaKOMEHHOW O00bIYY, NPEACTaBNEHHbIE Ha
puc. 1.

[locne eCTECTBEHHOIO CHIKEHWS ,El,e6l/ITa n3-3a
nageHna na1actoBoro gaBsieHn4A Npon3BoOANTCA 3aKadka

CyTouHble gebuTbl ckB.1 - Daily flow rates, Well 1
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that the maximum build-up of incremental production was
observed during the first 10 days of injection, however
such a time duration results in considerable costs due to
the frequent changes in well operation, therefore 20 days
would be the optimum period for well injection.

Implementation and Results of the Pilot Project

The pilot project was conducted at four wells. The candidate
wells were selected from the wells that had been planned for
conversion to formation pressure maintenance, which makes
it possible to mitigate the risks of losses in oil production (the
technology is applied on non-profitable wells with a minimum
oil flow rate).

The conditions for well shutdown and injection were defined
in accordance with the company’s capabilities to perform
the run-in-hole/put-out-of-hole operations within the set
time frames because of which two wells failed to deliver
the cycles of injection and shutdown optimal for the
experiment.

Table 1 presents the list of tested wells and the time frames
of their shutdowns and injections.

CyTouHble gebuTbl ckB.2 - Daily flow rates, Well 2
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Punc 3: CyTtouHble nokagatenm paboTbl ckeavkiH B xoae OlNP. CocTaBneHo aBTopamm
Fig. 3: Daily performance of wells during pilot works. Compiled by the authors

www.rogtecmagazine.com

ROGTEC |53



B [JOBbHMA

CkBaxnHa Twin Cpok 3aKkayku Cpok ocTaHOBKM
Well Well Type Injection period Shutdown period
’ ["opu3oHTanbHas 3 mec. 1,5 mec.
Horizontal well 3 months 1,5 months
> HaknoHHo-HanpaBneHHas 1 mec. 1 mec.
Deviated well 1 month 1 month
3 HaknoHHo-HanpaBneHHas 1 mec. 1 mec.
Deviated well 1 month 1 month
4 HaknoHHo-HanpaBneHHas 1 mec. 0,5 mec.
Deviated well 1 month 0,5 months

Tabnmua 1: CkeaxkuHbl ONP
Table 1: Pilot works well

BO[bl M OCTAHOBKa Ha MPOMNUTKY, B peaynbTate 4ero
nebuT CTaHOBUTCS B TPW pasa Bbllle, a 3a CYeT
V3BNIEYEHHOM N3 MaTpULbl HEDTM O0ObIHYA OEPXKUTCS
MOCTOSAHHOW, MNOC/IE YEro NaaBHO CHWkaeTcd. [ng
noadopa onTUMarsbHbIX PEXVMMOB 3aKayuku 1 BPEMEHN
OCTaHOBKW BbINY NPON3BEAEHbI MHOTOBapUaHTHbIE
pacyeTbl. 3aBMCMOCTb OOMONIHNTENbHOW O00bLIYM OT
BPEMEHM 3aKa4ku NMpu pasHOM BPEMEHWN OCTaHOBKM
n3obpaxkeHa Ha puc. 2. o rpadurky BUOHO, YTO
MakCUMasbHbIA NPUPOCT AONOHUTENBHON A06bIHN
HabntogaeTcsa B nepsBble 10 AHen 3akayvku, HO

Takas OaMTenbHOCTb NPUBEOET K 3HAYUTENbHbBIM
3aTpaTaM Ha 4acToe U3MEHEHWE PEXNMA, MO3ITOMY
onTUMasibHbIM CPOKOM 3akadku aBnasieTcsa 20 aHeN.

lNMpoBeneHune n pesynbTaTtbl OMbITHO-
MPOMbILLSIEHHbIX paboT

OnbITHO-MPOMBILLNEHHbIE PABOThI MPOBOAWUIVCE HA
4eTbIpex CKBaXKMHaxX. CKBaXKHbI-KaHaWOATb! BbIOpaHbl
N3 CKB&XKMH, Ha KOTOPbIX 3an/iaH1NpOoBaH NEPEBOL B
M1, 4To NO3BONASET CHU3UTL PUCKW NOTEPW A0ObIYN
HeMTU (TEXHOOMNSA MPUMEHSIETCS HA HEPEHTAOETbHbBIX
CKBaXKMHAX C MUHUMaTbHOW 006bI4en HehTH).

PeXXrMbl OCTAHOBKW 1 3aKaukim Bbln ornpepfesieHbl
BO3MOXXHOCTAMU NPeOnpuAaTnA npoBecT onepadnmn
cnycka-rnoabemMa B 3aaHHble CPOKW, 13-3a Yero Ha OByx
CKBa>KMHaX He yaaJs10Cb MNMosy4nTb ONnTtMasibHble 014
OKCneprMeHTa CPOKN LINKIIOB 3aKa4vyk 11 OCTaHOBKN.

B 1abn. 1 npencTtaB/ieH CrNCOK UCTbITaHHbBIX CKBaXKH U
CPOKKN OCTaHOBOK W 3aKa4dek.

Ha puc. 3 npeacraBneHbl rpadmkii CyTOUHBIX
rokasartenien CKBaKMHbI, a B TabJ1. 2 NpuBEAEHbI

OCHOBHblEe TEXHOJIOMrM4YeCcKne rnokasartesiv.

13 BCex 4 CKBaXXMH, Ha KOTOPbLIX Oblna npoBeneHa
TexHonorna Huff and Puff , HesHaunTebHbIN
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Fig. 3 illustrates the graphs of daily well data, while Table 2
contains the key engineering parameters.

Of all the 4 wells where the Huff and Puff technology was
applied, only Well 3 delivered inconsiderable desirable effect.

That said, formation pressure measurements performed

at Well 2 showed that it was 97 atm before injection and it
became 54 atm. after it, which is much lower than the value
of the formation pressure. Such values might have been
caused by the consequences of the capillary imbibitions,
which is unlikely though.

Well 1 failed to deliver the optimum duration of phases. The
real time frames of well injection and shutdown amounted to
3 and 1.5 months respectively. Therefore, it was possible to
use Wells 3 and 4 for research. The first one yielded some
desirable effect, the second one did not show any significant
changes in oil flow rate.

When water is injected into a producing well, the relative
permeability of oil formation pay zone usually decreases,
and the initial oil flow rate as a rule declines with the follow
up fluid withdrawal. This enables us to make an assumption
that capillary imbibitions did have place in the wells under
consideration, since ail flow rate did not change against the
base flow rate.

It is also possible to conclude that a more durative shutdown
period usually more positively results in oil flow rate, since Well 3
was shut down for one month, while Well 4 — just for 15 days.
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Q, cp. po
onepauun, T/cyT

Q, cp. nocne
onepauwi, T/cyT

VlsMeHeHme Q, cp. o onepauuii, Q, cp. nocne I/IsmeHeHme
Oﬂean.VWl T/CyT X’ np06neMbl

1251 6% +199% He cobnroaeHbl CpoKKM 3aKauKu

’ 1 OCTaHOBKMU

2 48 o5 48% 6.4 138 +116% MoHmKeHHoe nnactosoe
’ : ’ ] [NaBneHve nocre 3akadku Bofapl

3 4 5 +25% 6,8 12,6 +85% -

4 7,2 7 -3% 10 18 +80% -

Tabnuua 2: TexHonorudeckume nokasatenv OrNP
Well Ave. Q  prior to Ave. Q , after Change in Qg prior to Q;, after Change in Problems
operations, t/day | operations, t/day Q,, % operations, t/day operations, t/day Q.. %

12,51

-6%

+199%

Injection and shutdown time
frames were not complied with

Decreased formation pressure

2 4,8 2,5 -48% 6,4 13,8 +116% L
after water injection

3 4 5 +25% 6,8 12,6 +85% -

4 7,2 7 -3% 10 18 +80% -

Table 2: Production data of pilot wells

MONOXUTENBbHBIN 3PMEKT Jasa TONbKO CKBaXKMHA 3.

[py 3TOM Ha CKBaXKMHE 2 3aMepbl M1acTOBOrO AaB/ieHUS
rnokasasu, 4YTo A0 3aKadky OHO COCTaBAno 97 atm,

a nocrne 3akadkm — 56 atMm, YTO HAMHOMO MeHbLLIEe
nacToBOro AasneHvis. NpuinHamMmmy Takux nokasaHuii
MoryT ObITb nocnencTBug KaI'II/IJ'IJ'IﬂpHOVI NPONUTKN, 4TO
MasIOBEPOSATHO.

Ha ckBakmHe 1 He yaaioch NoJyynTb ONTUMasIbHbIE
NPOOO/PKUTENBHOCTY (Pa3. PeasibHble CPOKN 3aKaqkm U
OCTaHOBKM cocTaBunn 3 1 1,5 Mecsaua COOTBETCTBEHHO.
CnepoBateibHO, OCTaBUTb B PACCMOTPREHMUM MOXHO
TOJIbKO CKBaKMHbI 3 11 4. [epBas gana HeGobLLON
MONOXKUTENBbHBIN 3EKT, BTOpas He nokasaa
V3MEHeHU aebuta HedpTu.

Mpu 3akayke BOAbl B A0ObLIBAIOLLYIO CKBaXKUNHY

06bI4HO CHWXKaeTcs hasoBas NPoHULAEMOCTb 13171

no HedTW, 1 NpPW NocnenyLLEM 0TOOPE XNOKOCTA
CTapTOBbIM AEOUT HEDTU CHDKAETCA. V13 9TOro MOXKHO
caoenaTb NPeanosioXKeHne 0 TOM, YTO B UCCeayeMbIX
CKBa)KMHax npoucxoamna KanuiasapHas nponmtka,
Tak Kak Aebut HedTU He N3MEHUIICS OTHOCUTESIbHOMO
6a30Boro.

Takoke MOXXHO caenaTb BbIBOA, O TOM, YTO Bbonee
NPOOO/MHKUTENBHAS OCTaHOBKA MOIOXKUTENBHO
CcKasblBaeTCs Ha 0edbute Hed T, Tak Kak CKBaxKMHa 3
Obly1a OCTaHOBMNEHA Ha MECSL, a CKBaxK/Ha 4 — BCero Ha
15 gHewm.
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