Jlolisiya e Production

WcnbiTaHue cTanuuii ynpaBneHns ¢ npeobpasosarenem
yacrotbl Danfoss ansa YUIH

B OAD «THK-HuxneBaproBck»

Danfoss Control Stations Equipped with Variable Speed
Drives Tested at Sucker Rod Pumps

in TNK-Nizhnevartousk

IlpeumywiecmBa u HegocmamKu UHMEAAEKMYAAbHBIX cmanyul ynpaBienua YOLIH u YIITH aBasiomcs,
noxaayt, Haubolee nonyAapHoU memou gucKyccull Ha KOH(epeHUUuAX UHXeHepOB N0 MeEXAHU3UPOBAHHOU
goobniue. Ecau pe3dyabmambl NDUMEHEHUS UHMEAAEKINYAAbHbIX cmanyul gasa YOL[H noka MOXHO oueHuUmb
KAK CKpOMHble, UHmeAAeKmyaAbHble cmanyuu gaa YIITH, ocobenHO uMnopmHOro npou3Bogcmasaa,
3quacmyo gellcmBUMeAbHO NO3BOAAIOM NOBbICUMb 3()PeKMUBHOCMb S3KCAYAMAUUU CKBAXKUH.

Advantages and shortcomings of intelligent control stations for ESPs and SRPs is probably the most
popular topic discussed by artificial lift engineers at industry conferences. In case of ESPs the efficiency
of intelligent control stations is still rather low, while with SRPs, especially imported ones, they do improve
well operation efficiency.
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HEHWIO C UCNOMb30BaHNEM CTaHAapTHbIX CY.

CV Danfoss npegHa3HayeHbl Ans ynpaBneHns, KOHTPONS, AUarHoCTIKNA W Npo-
TVBOABAPUIHOM 3alMTbl TEXHONOMMYeckoro o6opyaoBaHns. WX OCHOBHbIMM
(YHKUMAMU IBRISIIOTCS aBTOMaTYeckas HacTpoiika pabotbl YLUMH Ha makcu-
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able speed drives for sucker rod pump units (SRP) were tested

in TNK-Nizhnevartovsk. The main objective of the field tests
was to verify the control stations’ ability to increase fluid flow
rate (in wells with the potential for increased production) and to
reduce power consumption, as declared by the manufacturer.

Danfoss control stations are designed to operate, control,
test and protect process equipment. Their main functions are to
automatically adapt SRP parameters to ensure best perfor-
mance and to control the production process and equipment
parameters. The former function is of highest interest to pro-
Cess engineers.
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Danfoss control station.

Crannus ynpasaenus Danfoss.

Fig. 2 Power Consumption hy Well #26285
Puc. 2 [lvHamuKa 3aMmepeHHOW MOLIHOCTH, CKBAXMHA
N226285

HauOoAbni npakKTUu4eCKum
WHTEepeC BbI3bIBAET

(PYHKIUI aBTOMaTU4EeCKOM
HacTpoyKu padorsl HITH

Ha MaKCMMAaABHYIO
NPON3BOAUTEABHOCTh

The ability to automatically
adapt SRP parameters

to ensure best performance

is of highest interest to process
engineers

Test Process and Results

Danfoss control station tests in Samoatlor started on October 9,
2011, in five operating wells equipped with identical pumps with the
same stroke length and motor size.

After installation of a Danfoss control station, the fluid rate in
Well #26285, Pad #919, increased from 14 cu. m to 16 cu. m
per day while the dynamic level lowered from 1,749 m to 1,340 m
(Fig. 1). Power consumption grew by 36.4 percent, from 6.6 kWh
to 9 kWh (Fig. 2). Thus, fluid rate growth by 1 cu. m per day
increased power consumption by 2.4 kWh (from 11.3 kWh to 13.5
kWh per cu. m, i.e. by 19.3 percent). Fluid production grew owing

Hogamap @ fusags Nel [47)

Active Line: 01.09.2011 - 15.11.2011 / AktusHas npamas 01.09.2011 - 15.11.2011
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ManbHyi0 NPON3BOANTENLHOCTE, KOHTPOMb NapaMeTpoB TEXHOMOMMYEcKoro npo-
Liecca 06bI4M 1 COCTOAHNS 060pyaoBaHIs. Hanbonblumii NpakTUHecKit NHTEpec
BbI3bIBAET (YHKLMA aBTOMATWUYECKOM HACTPOMKM PaBoThl HA MaKCUManbHyI0
NPOM3BOANTENLHOCT.

Xoa mcnbiTanuii

5 okts6ps 2011 roga Ha nsT paboymx ckBaxuHax CamoTnopckaro MecTo-
POX[EHWS, 060PYNOBAHHLIX OAMHAKOBBLIMA HACOCAMW C OJHUMMU U TEMU XKE
OMMHOM X0Aa M TUNOpPa3MepoM 3NeKTPOLBMraTens, Havanuch ucnbitaus CY
Danfoss.

Ha cksaxuHe N226285 kycta N2919 nocne ycraHosku CY Danfoss neéut xua-
kocTi yeenuauncst ¢ 14 m3 o 16 M2 B cyTku, AMHAMIYECKIR YPOBEHb NOHN3INCS
¢ 1149 m po 1 340 m (Puc. 1), npu aTom noTpeGreHne 3NeKTPO3HEPruM YBEMU-
unnock Ha 36,4% — ¢ 6,6 kB4 no 9 kBty (Puc. 2). Takum o6pa3om, ans nosbl-
weHns aebuTa Ha 1 M3 B CyTKI NOTPE6OBANOCH YBEANHNTL NOTPEBNEHNE 3NEKTPo-
3Heprvm Ha 2,4 kBT, ¢ 11,3 kBr/m® o 13,5 kB1/m3 (19,3%). [obbida xuakocTy
YBENNYINACH 38 CHET aBTOMATMYECKOr0 YBENNYEHIS YaCcTOThI BPaLLIEHS 3NeKTpo-
[BUraTenst W, COOTBETCTBEHHO, uWCNa KavaHWi cTaHKa-kavanku ¢ 5,9 po 6,5
ka4aHui B MuHyTy. Ha Puc. 3 npepcTaBneHsl AMHaMorpaMmmbl paboTsl HAcoca Ao 1
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Before Control Station Installation
Pa6ora 6e3 CY

Well
CKBa)kKnHa

Pump Diameter, mm
AuameTp Hacoca, MM

26285 38

40472 38

25897 38

8230 38
Average Values:

CpeAHI/Ie 3HAUYEeHMs:

40666 44

Tahle 1 Well Performance Before and After Danfoss
Installation

Taén. 1 Mpon3BoauTeNLHOCTL CKBAXMHBLI A0 M NOCNE
ycraHoBku CY Danfoss

to automatic increase of the pumping speed from 5.9 to 6.5
strokes per minute. Fig. 3 shows the load curves of the pump
before and after the automatic increase of the pumping speed. The
increase of the pumping speed after Danfoss installation was also
corroborated by the load curves measured with Sudos and Mikon
dynamometers.

The fluid rate at Well #40472, Pad #2009, has also increased
from 18.2 cu. m to 23.4 cu. m per day (Fig. 4), and power consump-
tion grew by 61 percent — from 6.5 kWh to 10.5 kWh (Fig. 5); the
fluid level dropped from 957 m to 1,099 m. Thus, unit power con-
sumption increased by 25.6 percent, from 8.6 kWh to 10.8 kWh per
cu. m. The Danfosss control station increased the pumping speed
from 4.8 to 6.4 strokes per minute (Fig. B).

After Danfoss control station was installed at Well #25897,
Pad #2029, its fluid rate increased from 6 cu. m to 7 cu. m per day,
and power consumption grew from 6 kWh to 7.5 kWh. The fluid level
dropped from 1,255 m to 1,305 m owing to the automatic increase
of the pumping speed from 4.1 to 5.9 strokes per minute. Unit power
consumption increased by 7 percent, from 24 kWh to 25.7 kWh
per cu. m.

Fig. 3 Load Curves for Well #26285 Before
and After Pumping Speed Increase hy Danfoss
Puc. 3 [lunamorpammbi no ckeaxune N226285

¢ n3meHennem uucna kavanwii CY Danfoss

Average Fluid Rate,

cu. m per day
CpeAHMI AeOUT J)KUAKOCTH,
M® B CyTKH

Unit Power Consumption,
kW per cu. m
YaeAbHOE
sHepronorpedienue, KBr/m?

Power Consumption, kWh
3aMepeHHas norpedasemMas
MOIIHOCTh, KBTY

14 6,6 11,3
18,2 6,5 8,6
6 59 23,6
14 6,7 11,5
13,1 6,4 11,8
25 = =

OO0OuuM e;XxeCyTOYHbIN IPUPOCT
Aedurta )KUAKOCTHY Ha IISITU CKBa>KUHaXxX
cocrasua 13,2 M3, a yBeanuyenne
AeOurta HepTH —

7 T B CYTKH, YTO 3KBUBAaA€HTHO
3aIlyCKy HOBOV CKBa’>KHNHBI

Ha CaMOTAOPCKOM MECTOPOKAEHUN

The total fluid rate increase

in the five wells reached

13.2 cu. m per day while the oil flow
rate grew by 7 tpd, which is equivalent
to commissioning of a new well

in Samotlor

nocse aBTOMATUYECKOr0 YBENNYEHMS Yncna kadaHui. 3meHeHre yicna kadanui
nocre yctaHosku CY Danfoss nofTepxaaeTcs AnHaMoMeTpUpOBaHUEM NpuBopa-
M «Cygoc» 1 «Mukoh».

Ha cksaxune N240472 kycta N22009 pebut XuoKocTv Takke yBenuuuncs
—¢ 18,2 M3 o 23,4 w3 B cytkn (Puc. 4), noTpebnexne anekTposHeprim
Bbipocno Ha 61%, ¢ 6,5 kBty go 10,5 kBty4 (Puc. 5), npn atom anHamunyeckuin
ypoBeHb noHuauncst ¢ 957 m go 1 099 m. Takum 06pa3om, yaoenbHoe aHepro-

SOURCE: TNK-BP / UCTOYHUK: THK-BP
Before: 5.9 Strokes per Minute
be3 koHTponnepa - 5,9 KauaHuil B MUHYTY
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ter Danfoss Control Station Installation Change of Parameters
Pa6ota c CY Danfoss H3MeHeHne mapaMeTpoB

Average Fluid Rate,

C

CpeaHuit AeGUT

SOURCE: TNK-BP / UCTOYHIK: THK-BP

Unit Power
Consumption,
kW per cu. m

YaeAbHOE

3HEPronoTpedAeHue,
KBT/M%

Power Consumption,
kWh
3aMepeHHas
norpebAseMast
MOIIHOCTH, KBTU

u. m per day

JKUAKOCTH,
Mm® B cyTKH

Change of Power
Consumption, kWh
N3meHeHne
norpebAsieMoi
MOIIHOCTH, KBTY

Change of Fluid Flow
Rate, cu. m per day
WN3meHeHne AeOuTa

JKUAKOCTH, M° B CyTKA

Change of Unit Power
Consumption, %
H3MeHeHne YAEABHOTO
3HepronoTrpedAreHus, %

n
=)

=)

B CyTKW, NOTPeBreHne 3nexTpoaHeprim Bbipocno ¢ 6 kBTy o
7,5 kBty. Mpn aTom AnHamnyeckunit ypoBeHb noHnanncs ¢ 1 255
no 1 305 M 3a c4eT aBTOMATHECKOrO YBEINYEHNS HYIMCa Kaya-

23,4 9,3 9,5 52 2,8 11,3
7 6 20,6 1 0,1 -12,8
14 6,6 11,3 0 0,1 -1,5
15,1 7,7 12,3 2,1 1,3 41
30 = = 5 = =
8 1150 Fig. 4 Well #40472 Operation
0 = Puc. 4 [lunamuka pa6otbi ckeaxunbi N240472
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£ 50 e B 2| «Br/m% CY Danfoss aBTOMaTU4eCky yBEMW4UNA YUCTO Kaya-
gm 1000% HWin B MuHyTY ¢ 4,8 0o 6,4 kayanun (Puc. B).
;E[ o : Ha ckeaxune N°25897 kycta 2029 nocne yctaHoeku CY
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3 P G il M ey gy TR G i el 950 £
z 5

o

Hui ¢ 4,1 no 5,9 kavaHuin B MUHYTY. YenbHoe aHepronoTpe6ne-

11213 141506|7]8] 9ho1i12]
October / OkTAGpL

Watercut in Produced Fluid, %

Fluid Rate, cu. m per day
- == [lons BoAbl B A0GLITON %

[e6uT XuaKocTH, M3 B CyTkM

850
3141511601 1angzomlzz23|z4|25|2627|23|293031|1 [2/3l4]51678 9 ol 12131415116 1718f10

November / Hoa6pb

’ Dynamic Level, m

Hie yBenuumunock Ha 7% — ¢ 24 kBt/m® no 25,7 kBr/m3.
Ha ckeaxwuHe N°8230 kycta N21537 nocne ycraHoku CY
Danfoss yBenuyenns neéuta He MPoW30LLNO, NP 3TOM 3HEPro-

i ypOBeHb, M

B03MO0’XHO, IpyMeHeHne

CY Danfoss nnpuBeaeT

K YBEAUUYEHUIO MEKPEMOHTHOIO
nepuopa IIII'H u npuHecet
AOIIOAHUTEABHOE COKpallleHne
3aTpaT U YBeAn4YeHue

3P PEeKTUBHOCTH IIPOEKTA

Danfoss application may increase
SRP meantime between failures,
cut costs, and improve the project
efficiency

The fluid rate at Well #8230, Pad #1537, did not change after a
Danfoss control station was installed. Power consumption decreased
from 6.7 kWh to 6.6 kWh. The fluid level increased from 1,458 m to
1,410 m.

Fig. 5 Power Consumption by Well #40472
Puc. 5 Jlunamuka 3amepeHHoi MOLHOCTH
no ckeaxuxe N240472

Hogamap @ fusags Nel [47)

noTpe6neHve cHuaunocs ¢ 6,7 kKBT4 po 6,6 kBTy, a auHammye-
ckuit ypoBeHb nobicuncs ¢ 1 458 m o 1 410 wm.

JiphexTHBHOCTL AOKA3aHa

Mokasatenn pa6otsl cksaxud ¢ CY Danfoss npueepeHbl B Tabn. 1. 3amepsl
noTpe6nenus anekTpoaHeprim nposogunuck cyetymkamm MUP YKH-04.11. Mo
pe3ynbTaTaM OnbITHO-NPOMBILLNEHHbIX UCMbITAHMA HEOBXOAMMO OTMETUTb, YTO Ha
CKBAXMHaX C MOTEHUManom npupocTa AebuTa XuokocTw nocre yctaHoBku GY
Danfoss melcTeuTENbHO NPOM30LLNO yBEMMYeHWE A06bibN. O6LMA eXecyTouHbIA
NPUPOCT eBIATa XUOKOCTI Ha NSTIA CKBaXUHAX cocTain 13,2 M3, a yBenuyeHve
nebuta HedT — 7 T B CYTKM, YTO 3KBMBAJEHTHO 3aMycky HOBOW CKBaXWHbI Ha
CaMoTnopckoM MECTOPOXAEHUN. PacyeTbl, BbiNOMHEHHbIE € MOMOLLbO MOAENM
OLIEHKM TEKYLUMX MEPONPUSTII, NOKA3bIBAKOT, YTO MPUMEHEHWE [aHHOR TEXHOMOrUN
3KoHoMMYeckm LienecooBpasHo. Mo kputepuam THK-BP, yeenuyenne kanutanbHbIx

Active Line: 01.09.2011 - 17.11.2011 / AktuBHas npamas: 01.09.2011 - 17.11.2011
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SOURCE: TNK-BP / UCTOYHWK: THK-BP
Before: 4.8 Strokes per Minute
bes koHTponnepa - 4,8 ka4auuit B MUHYTY
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Rod Load, kg / Harpyaka Ha nonupoBanHblit LWTOK, Kr

580 1160 1740 2320 2900

Rod Stroke Length, mm / [I11Ha X042 N071MPOBARHOTO LUTOKA, MM

After: 6.4 Strokes per Minute
C kouTponnepom Danfoss - 6,4 ka4aHuit B MUHYTY
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Rod Load, kg / Harpyaka Ha nonupoBaxHbli LWTOK, K&

Rod Stroke Length, mm / [ln1Ha xoa noavpoBarHoro Wwroka, mm

Efficiency Proved

The performance parameters of wells with equipped with Danfoss con-
trol stations are shown in Table 1. Power consumption was measured with
MIR UKN-0.4.11 devices. The field tests demonstrated that production
from wells with a flow rate growth potential did increase after the instal-
lation of Danfoss equipment. The total overall fluid rate increase in the five
wells reached 13.2 cu. m per day while the oil flow rate grew by 7 tpd,
which is equivalent to commissioning of a new well in Samotlor. The cost
efficiency of Danfoss application was proved in the Performance
Assessment Model. According to TNK-BP criteria, CAPEX increase by
$12,000 per well (the cost of Danfoss equipment) and OPEX increase by
$800 (powers costs) are acceptable for oil flow rate increment of 1.4 tpd.

One of the key findings of the tests was that while fluid production
increased, unit power consumption did not go down. Danfoss application
may increase SRP meantime between failures, cut costs, and improve
the project efficiency, but only for wells with extremely low fluid rates
or wells with a decreasing fluid rate, for example, after well interven-
tions. Pump efficiency in such wells is low; therefore, Danfoss applica-
tion may increase SRP run life as well as cut unit power consumption.
These assumptions will be verified and the overall efficiency of the
project will be assessed in the second stage of tests.

POINT OF VIEW / TOYKA 3PEHUA

Load Curves for Well #40472 Before

and After Pumping Speed Increase hy Danfoss
Puc. 6 [lunamorpammbi no ckeaxune N240472

¢ n3meHennem uucna kavanmii CY Danfoss

Fig. 6

3aTpar Ha ofHy ckeaxuHy Ha $12 Teic. (cToumocTs CY Danfoss) v onepaumaHHbIx
3arpaT Ha $0,8 Thic. (CTOMMOCTL 3MIEKTPO3HEPriA) NS [OCTUXEHUS NpupocTa
[eouta Hethtn B 1,4 T SBNSIETCS NPUEMIEMBIMI MHBECTULIMSMA.

Kpowme TOro, ofHM 13 rMaBHbIX PE3YLTaTOB NPOBEAEHHBIX UCTbITAHMA MOXHO
CUMTaTL OTCYTCTBUE 3(EKTA CHIKEHNS YAENBLHOMO NOTPEBEHNS 3NEKTPOSHEPTIN
npy yBENNYeHM 0T60poB xuakocTn. BoamoxHo, npuverenmne CY Danfoss npuse-
[ET K yBENMYeHnio MexpemonTHoro nepuopa LUMH v npuHeceT gononHuTensHoe
COKpaLLEHVe 3aTpaT 1 yBenuyeHne adidekTueHocTy npoexTa. OHako ato MoxeT
MPOM30VTN TOMbKO Ha CKBAXWHAX C KpaiHe HU3KAM MPUTOKOM XKWAKOCTA UMK Ha
CKBAXMHAX CO CHUXAIOWMMCS BO BPEMEH MPUTOKOM — HanpuMep, nocre npoBe-
[IEHMA TE0MN0r0-TEXHMYECKIX MEPONPUSTUA. Takie CKBaXWHbI 0BbIYHO XapaKTepuay-
H0TCS HU3KUM KO3(NLMEHTOM HaMOMHEHUS HAcoCa, NO3TOMY NOMUMO YBENNYEHMS
HapaboTK/ Ha 0TKa3, BO3MOXHO, 30ecb 6ymeT nomydeH U 3((EKT CHUXEHUS
yIensHoro aHepronoTpe6neHns. B xoae BTOpPOiA CTaamm UCMbITaHMiA 3TV Npeanosno-
XEHUs ByayT NPOBEPEHbI, 1 HA OCHOBAHWM NOMYYEHHbIX PE3ynsTaToB GyAeT npoBe-
[IEHa KOMNNEKCHas OLeHKa 3EKTUBHOCTY NPOEKTA.

Andrey Klusov (AAKlusov@tnk-bp.com],
Chief Specialist, Artificial Lift Section,
Upstream Peer Review

and Technical Development Center

(fluid lift height).

Automatic control of sucker rod
pump units drives is very important in wells with decreasing flow
rates: in these cases the control station ability to reduce power

consumption and cut well workover costs is critical.

The example of automatic regulation in Well # 8230 presented
in the article was not a success: the pump operated with nearly
full efficiency, but the control station reduced the pumping
speed of the jack while the rod stroke length remained the same.
Eventually, the pump efficiency did not change and the fluid
level in the annular space rose, which means that the algorithm of
SRP efficiency retention failed. We will investigate the reasons

behind this failure together with the manufacturer.

By and large, sucker rod pump units automation is technologi-
cally justified, and its cost efficiency depends on the cost of con-

trol stations by other manufacturers.

A

Automation of SPR processes is ben-
eficial for realization of well potential,
and unit power consumption growth is
the price paid for increased depression

Aungpeii Knycoe (AAKlusov@tnk-bp.com),

[T18BHbIN CELNATUCT, OTHEN MEXaHU3VPOBAHHON [06bI4M,
LeHTp aKcnepTHOV NOBREPXKY U TEXHUYECKOrO Pa3BUTHS,
BbH «Pa3seaka v [Jo6bi4a»

Apromatn3anus ynpaBaeHus YIITH 1meaecoobpasHa ¢ TOUKHA
3pEHUsT UCIOAB30BAHUS IOTEHIIMAAd CKBA’XUHBEI, @ yBEAUYEHUE
YAEABHOTO 9HEPTOIIOTPEOAEHNST — BBIHY KACHHAS IIAATa 3a YBEAH-
YeHHe AENPEeCCUHU (BBICOTHI MOABEMA KUAKOCTH). OAHOBpPEMEHHO
B CAydYae CHUJKeHUS AeOUTa MaKCUMaALHO pearu3yeTcs: MyHKIUS
CVY 1o COKpallleHHIO 3HEPTONOTPeOAEHHS W 3aTpaT Ha PEMOHT
CKBa>KUHEL.

B cTaThe IprBeAeH HEYAQUHBIM IPUMEP aBTOMAaTUYeCKOTO PETy-
AMpOBaHUSI Ha CKBakKHMHe Ne8230: HacoC 3JKCIAyaTHPOBAACS C
K02((PUITMEHTOM HAOAHEHUs, OAU3KHM K epuHHUIe, opHako CY
CHU3MAA YUCAO KaYaHUN CTaHKa-KadyaAKW DU HEU3MEeHHOCTH
AAMHBI XOAQ YCTBEBOTO INTOKA. B pesyabTare Ko3dduUIuEHT
HAIIOAHEHHS OCTaACd Ha IPe’KHeM YPOBHE, a YPOBEHb JKUAKOCTH B
3aTPyOHOM NIPOCTPAHCTBE IMOAHSIACS. AATOPUTM COXPaHEHUS IIPO-
usBopuTeabHoctu YIIT'H me cpaborar. Heob6xopmuMo pazobpaTh-
cd, TOYeMy 3TO IIPOU3OIIAO.

B meaom aBTOMaTH3anus ynpaBaeHus YIITH — Texnoaormue-
CKU 0O0CHOBAHHOE MepPOIPUATHE, IKOHOMUYECKas Ileaecoobpas-
HOCTh KOTOPOTO onpepeasercs meHor CY arbTepHATHUBHEBIX IIPO-
M3BOAUTEAEH.
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