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Tém tat

Phuong phdp bom ép khi gas lift ngoai vanh xuyén thuéng duoc dp dung dé duy tri luu luong khai thdc sau giai
doan tu phun ban ddu ciua giéng. Tuy nhién, phuong phdp nay phu thuéc vao céng sudt mdy nén khi, nguén khi, déc
diém vat ly loai chdt luu khai thdc (ty trong, dé nhét), dp sudt via. Trong d6, hiéu sudt giam ddng ké déi véi cdc giéng
¢6 dé nghiéng I6n hodic khi ham luong nuéc khai thdc tdng cao, dp sudt via suy giédm... Do vdy, mét phuong phdp khai
thdc thay thé hiéu qua hon la bom dién chim (electrical submersible pump - ESP) dé duoc dua vao nghién citu va dp
dung. Qud trinh nghién ciu dp dung bom dién chim dugc thi diém cho cdc giéng khai thdc than ddau dd méng nit né mé
Su Tir Vang thuéc bé Citu Long. Muc dich ctia qud trinh thdr nghiém la ddnh gid hoat déng ctia bom dién chim va kha
ndng khai thdc ddu bdng bom dién chim so véi phuong phdp gaslift cho cdc giéng c6 ham lugng nuéc khai thdc cao. Két
qud thir nghiém cho thdy phuong phdp bom dién chim linh @éng hon, khd néing khai thdc véi luu luong cao hon so véi
phuong phdp gaslift, lam giam ham lugng nuéc khai thdc khéng chi ctia chinh giéng d6é ma con cia cdc giéng lén cén,
ngodi ra giup lam giam dp sudt (back pressure) trén toan hé théng tao diéu kién cho cdc giéng khdc khai thdc cao hon,
hé théng néi mé én dinh hon, tiét kiém dugc mét luong khi gaslift dé sir dung cho nhiing muc dich khdc.

Tur khéa: Bom dién chim (ESP), chi s6 khai thdc (Pl), ham luong nudc khai thdc (WQ), tri luong thu héi dau du bdo cudi ciing
(EUR).

1. Gidi thiéu rat nhanh va giéng nguing tu phun sau mét khoang thaoi gian ngan.
Bom ép khi gas lift ngoai 6ng khai thac la phuong phap khai thac
hiéu qua, tiét kiém va linh dong dé duy tri luu lugng cta giéng
trong giai doan dau ma khéng can nhiéu chi phi béo tri. Tuy nhién,
cang vé sau, khi ham lugng nudc khai thac tang cao va nang lugng
via gidam dan, phuang phap gas lift khéng thé duy tri kha nang khai
thac clia giéng. Do d6 can phai tim va ap dung cac phuong phap
khai thac khac cho céc giéng c6 ham lugng nudc khai thac cao,

Than dau da méng granite mé Su TurVang
nam & bén triing Clu Long thudc thém luc dia
Nam Viét Nam. Mo dugc phat hién vao nam
2001, dai 18km va réng 4km (Hinh 1), viing
chidia dau nam trong khoang tir dé sau 2.700m
dén 4.000m.

Dau co ty trong APl + 36,5, ty s6 khi hoa
tan trong dau thap 171scf/stb. Ap suat via
ban dau 4.400psi tai 9.186,3 ftTVDss (2.800
mTVDss), nhiét do via 302°F (150°C) va ham
lugng H,S thap.

Mo Su T Vang dugc dua vao khai thac tu
nam 2008. Dén nay da c6 14 giéng (bao gbm
2 giéng bom ép) dang hoat déng. Giéng khai
thac tu phun & thai gian dau, tuy nhién chi sau
8 thang khai thac nuéc da xam nhap vao via.
Hién nay tat ca cac giéng déu c6 ham lugng
nudc khai thac cao (Hinh 2).

Hién tugng thudng thay & cac giéng khai
thac trong than dau méng nat né la khi co
nudc xam nhap, ham lugng nudc sé ting cao Hinh 1. Bdn dé vitri cdc giéng trong md Su Tir Vang
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gilp tang kha nang khai thac va hé s6 thu Khu vuc Tay Nam clia mé SuTuVang vai 4 giéng khai thac va 1 giéng
héi dau. Trong trudng hgp nay bom dién bom ép dugc lua chon dé thi nghiém khai thac bang bom dién chim.
chim 1a mét phuong phép trién vong vdi Nam giéng trong khu vuc nay c6 mai lién hé thiy déng manh mé véi
kha nang thu héi cao hon phuong phap nhau va tach biét véi cac giéng khac trong mé. Cac tiéu chi chung cho
gas lift trong cing mét diéu kién van hanh. viéc 1ap dat bom dién chim & cac giéng nhu sau:

Trudc khi dua vao iing dung cho toan md,
bom dién chim dugc thiét ké va lap thu
nghiém cho cac giéng khai thac moé Su Tu
Vang véi muc tiéu:

- Giéng khéng cé hién tugng sa ldng can; giéng c6 ham lugng nudc
khai thac 6n dinh va hé s6 khai thac cao; giéng c6 quan hé thiy dong vai
cac giéng lan can; giéng c6 lugng dau con lai cao (remain reserve). K&t
qua danh gia tiém nang Ung dung bom dién chim cho cac giéng dugc

- DPanh gid hoat dong clla bom dién  trinh bay trong Bang 2.
chim trong diéu kién nhiét d6 va ap suat cao;

- Dénh gia cac diém néi troi cla bom
dién chim so véi gas lift trong viéc t6i uu héa
khai thac;

- Danh gia két qua nghién ciru moé
hinh mo phdéng via.

2. Cac tiéu chi lva chon giéng lap bom
dién chim

Cac giéng khai thac dugc danh gia dua
trén cdc tiéu chi trong bai bao “Offshore ESP
Selection Criteria” SPE 146652 [1] (Bang 1).
Theo d6, & tat ca cac tiéu chi, cac tinh chat
chat luu ctia mo Su Td Vang déu thudc loai
“ly tudng” hodc “chdp nhan dugc’, chiing to
md Su Tu Vang phu hgp dé ing dung khai
thac bang bom dién chim. Hinh 2. Tinh trang khai thdc ciia cdc giéng trong mé Su Tir Vang

Bang 1. Cdc tiéu chi lua chon giéng dé ting dung bom dién chim

Diéu kién hoan thién gién Lo Chép nhan Can nghién R Mo Su TU

Diéu kién khai tha’gc s Ly tuong d':rqc citu t?\ém Chua phirhop Vang

Budng kinh ngoai 6ng chéng (inch) > 9% > 9% >7 >7 > 9%

Nhiét do day (°F) <250 250-350 350 - 400 > 400 302

Hé s6 khai thac (thung/ngay/psi) >6 3-6 1-3 <1 20-100

D6 sau cdia bom (ft) < 10.000 10.000 - 14.000 = 14.000 - 17.000 > 17.000 <9.186

Tiém nang (thung/ngay) 5.000 - 40.000 2.500 - 5.000 1.000 - 2.500 < 1.000 8.000 - 16.000

Ty 1€ khi tai d6 sau bom (%) <20 20-40 40-70 >70 30,5

Bding 2. Két qud ddnh gid tiém nding ting dung bom dién chim

Giéng Giéng Giéng Giéng Giéng

STV-AP STV-BP STV-DP STV-FP STV-IP
Hé s6 khai thac (thung/ngay/psi) 80 60 170 290 61
Luu lugng téi da trong lich st khai thac (thung/ngay) 12.000 14.000 14.000 16.000 7.000
Luu lugng téi uu vdi gaslift (thung/ngay) 5.000 4.000 6.000 7.000 7.000
Ty lé nudc (%) (thang 12/2012) 85 90 60-90 89 99
Téng Iugng dau thu héi (triéu thiing) (thang 12/2012) 4,15 5,63 6,68 4,57 0,1

" N Gaslift 5,33 6,03 7,66 5,68 Khéng co

EUR (triéu thung) ESP 6,21 6,25 8,00 6,09 Khong c6
Lugng dau tang (so véi GL) 0,87 0,22 0,34 0,40 Khéng co
Xép hang ting dung ESP 2 3 4 1 Khéng co6
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Bding 3. Két qud chay m hinh

Phuong an 1 2 2A 2B 3 3A 5

Giéng lap bom chim FP FP-AP FP- BP FP-KP  FP-AP-BP FP-AP-KP = FP-AP-BP-DP-EP
Trudng hop thap (triéu thung) 1,72 1,81 1,50 1,98 1,75 2,07 1,86
Truong hgp trung binh (triéu thung) 2,74 2,79 2,50 3,26 3,05 3,31 3,61
Trudng hop cao (triéu thung) 3,30 3,72 3,43 4,11 4,19 4,60 5,39

Bding 4. Két qud chay mé hinh kinh té

Kich ban Phuong &n Trit lugng thu héi Chi phi dau tu Chi phi vdn hanh Duan
’ 9 (triéu thung) (triéu USD) (triéu USD/3 nam) (triéu USD)
P90 1 1,72 6,2 2,1 74,91
P50 3 3,05 14,6 6,3 126,00
P50 3A 3,31 14,6 6,3 153,16
P10 5 54 23 10,5 233,90
2.1. Két qud nghién ciu trén mé hinh mé B thiét bj Iong giéng Bb thiét bi long giéng
phéng via STV-FP Thiét ké ban déu STV-FP C6 bom ESP
i A 3 [ | [Pau treo 6ng khai thac [ | [Pau treo 6ng khai thac
Két qua moé hinh da khép héa lich si
dugc st dung dé danh gia cac truong hop ooy Van an toan ngam ooy Van an toan ngam
ldp ddt bom dién chim khac nhau, danh
gia kha nang thu héi cta tiung giéng cho Van tuan hoan khinang#1
tng cép khai thac va xem xét g|éng nao co y Van tuan hoan khinang#1 Van tuan hoan khinang#2
thé dugc chuyén déi tur gas lift sang bom
dién chim. Véi diéu kién khai thac dugc gitr [} Van tuan hoan khinang#2 Van tuan hoan khinang#3
nguyén nhu hién tai, cac giéng dugc mo —
, cker
phong lap dat bom dién chim véi luu lugng ] Van tuan hoan Khinang#3 Eomkh,
N ~ \ ~ {o] |
lan lugt tang 150% (trudng hgp thap); -
ao ve
200% (trudng hop trung binh) va 250% ] Van tuan hoan Khinang#4 .
. 0 to
(.truang hgp c?o) 50 VGi khaﬂrl.thac szmg g’as ol T E—
lift thong thuong nhung t6i da khéng lon
hon 12.000 thung/ngay, ap suat day giéng ]
t6i thi€u duogc duy tri I6n hon ap suat ba ‘ h
. . ‘y o ? suat bao Packer [l [Packer
hoa, cac giéng con lai gitt nguyén gas lift.
Két qua mo phdng dugc thé hién & Bang 3.
i | =3 Van SSD = Van SSD
2.2, Két qua chay du bdo kinh té
Dua trén két qua dy bao biéu d6 san | _ » oTF g chne 1 | b 57575 chan g chong
lugng tr mé hinh khai thac (Bang 3), mo 5‘3 :t::; —
hinh kinh té da dugc chay nham du bao Lt won 22 Co
, Khe nut # 4 Khe nut #4
hiéu qua kinh té ctia dy an véi cac muc do
tin cay khac nhau P90, P50 va P10 (Bang 4). Facke: Bl
Trong d6 chi phi dau tu (capex) dugc tinh Q Q
X 1A K it#5 Khe nut
cho thay bom 1a 4,2 triéu USD/bom trong Khe nit £ 6 e
N N . Khe nit #7 Khe niit #7
trudng hgp dung HWU (hydrolic workover ihe :;“8 e i 51
unit) va chi phi I&dp thém hé théng xir ly L '———— 1 [|Divadiéng L — 1 [yow
nudc khai thac (hydrocyclone) cho CPP la Hinh 3. Giéng vdi hé thong gaslift cii va hé théng ESP-Gaslift mdi
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2 triéu USD, chi phi van hanh va stra chira la 2,1 triéu USD/3 nam (gia st
clr 3 nam/lan bom phai kéo 1én stra) gid dau dugc tinh 60 USD/thung va
tang 2% cac nam ti€p theo, ty lé chiét khau (discount rate) 1a 10%. K&t qua
m® hinh kinh té chua tinh dén Igi nhuan mang lai do khéng can dung khi
nang cla cac giéng lap dat bom dién chim dugc dung cho cac giéng khac
chua dugc lap bom hay xuat ban.

Dua trén két qua tinh toan tir mo hinh kinh té€ va tinh hinh thiét bi thuc
té, phuang an 3 gom 3 giéng STV-AP, STV-BP va STV-FP dugc dé nghi lap
dat thir hé thong bom dién chim [2].

Bding 5. Tom tdt thoi gian hoat ddng cia bom dién chim

Thai gian hoat dong Thdi gian hoat dong

Giai doan Giéng cha tung bom dién trung binh
chim (ngay) (ngay)
Giai doan 1  Giéng STV-AP 50 142
2013 Giéng STV-BP 330
Giéng STV-FP 45
Giai doan2  Giéng STV-AP 82 .15
2014 Giéng STV-FP > 222 (%)

(%) Tinh dén ngay 31/3/2015

®Luuluongddu  @Luulugng nudc % Ham lugng nuéc ‘
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3. Thiét ké bom dién chim

Cac luu y khi thiét ké bom dién chim:
Ap suat day giéng phai luén 16n hon &p
suat bao hoa (1.100psi); bom phai hoat
déng 6n dinh & luu lugng khai thac tu
4.000 dén 16.000 thung/ngay; ngoai lap
dat bom dién chim, gas lift cing can dugc
I3p dat song song dé du phong; can phai
c6 déng ho do ap suat dé theo déi giéng
lién tuc.

Nha cung cap bom strdung phan mém
mo phdng ESP dé thiét ké mét hé théng
bom tucng thich véi cac diéu kién hoat
dong khac nhau va danh gia cac tham s6
chua chéc chan cla via. Ban thiét ké giéng
vGi hé thong gas lift ¢l va hé thong ESP-
Gaslift méi dugc thé hién & Hinh 3. Phan
thiét bi long giéng phia trén sé dugc kéo
lén, thay bang hé théng ESP-Gas lift mi [3].

3.1.Ddnh gid hoat déng bom dién chim

Qua trinh thr nghiém khai thac bang
bom dién chim mé Su Tdr Vang trdi qua 2
giai doan. Giai doan 1 bat dau vao thang
9/2013 véi 3 giéng dugc lap bom dién
chim, trong d6 2 giéng ngling hoat dong
sau lan lugt 45 va 50 ngay. Ca 2 bam dién
chim dugc kéo lén dé tim nguyén nhan
gdy hong va dugc thay thé bang mét hé
théng bom mai t6t hon [4].

Tham s6 tiéu biéu dé danh gia hoat
doéng cda bom dién chim chinh la thdoi
gian hoat déng. Thai gian hoat déng dugc
tinh la s6 ngay trung binh bom dién chim
c6 thé hoat ddng 6n dinh.

& giai doan 1, thai gian hoat déng clia
bom dién chim kha ngan, két qua diéu tra
sé duogc tdm tit & phan tiép theo. O giai
doan 2, mét bom dién chim da héng sau
82 ngay, bom dién chim con lai van hoat
dong tét.

3.2. Phdn tich nguyén nhdn hong cua
bom dién chim

Ca 2 bom dién chim bj héng & giai
doan 1 déu c6 nguyén nhan nam trong
phan “Thiét ké va lua chon bom”. Do dau
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dién moi cach dién st dung trong moé to
(motor) va bao vé (protector) dugc thiét ké
chi hoat ddng 6n dinh & nhiét do dudi 180°C
(360°F), nhung khi khai thac & luu lugng cao,
dau va nudc & nhiing khe nit sdu dugc khai
thac lam tang cao nhiét d6 giéng (ngoai du
doan). Péng ho do nhiét do va ap suat & day
giéng ghi nhan rang motor cla bom dién
chim da hoat dong & nhiét dé khoang 170
- 180°C. Dau dién méi bi nung quéa néng va
mat kha ndng béi tron, dan dén vong bi cda
motor bi pha vé gay hong bom.

4. So sanh hoat dong ciia bom dién chim
va gas lift

Giéng STV-AP: G giai doan 1, bom dién
chim cla giéng STV-AP hoat déng trong 50
ngay. G giai doan 2, bom dién chim hoat
déng lau hon trong 82 ngay. Hinh 4 thé hién
doéng thai khai thac cua giéng STV-AP. Luu
luong khai thac tang tir 4.000 dén 11.000
thung/ngay. Ty Ié nudc giam nhe, luu lugng
dau tang 300 thung/ngay & giai doan 1 va
700 thung/ngay & giai doan 2 so véi phuong
phap gas lift [5].

Giéng STV-BP: Bom dién chim & giéng
STV-BP c6 thai gian hoat dong lau nhat, 330
ngay, gilp ting luu lugng 1én dén 11.500
thung/ngay (175 thung dau/ngay), ham
lugng nudc khai thac giam hon so véi khi khai
thac bang gas lift (Hinh 5).

Giéng STV-FP: G giai doan 1, bom dién
chim cta giéng STV-FP hoat déng dugc 45
ngay. Bom dién chim & giai doan 2 van con
hoat dong (222 ngay tinh dén cuéi thang
3/2015). Tuy nhién, hé théng déng h6 do
nhiét d6 va dp suat day da hong sau 111 ngay.
Trong qua trinh khai thac, giéng STV-FP co
nhiéu déng thai khai thac phtc tap nhu giao
thoa manh véi giéng STV-DP, scale tich tu
trong giéng, packer hé va giéng bi anh hudng
b&i nudc bom ép. G giai doan 1, luu lugng dau
tdng cao la téng hop két qua clia viéc dong
giéng lau ngay va viéc lap bom mang lai, viéc
danh gia hoat dong ctia bom dién chim giai
doan nay gap nhiéu kho khan. & giai doan 2,
anh hudng clia bom dién chim dugc thé hién
rd véi luu lugng khai thac tang cao (Hinh 6).

[ ®Luulugngdau @Luulugng nuéc

= Ham lugng nudc |

Hinh 6. Déng thdi khai thdc ctia giéng STV-FP

20.000 o 100
TN A ey '
- Rl s i

'f‘>?\ 16.000 ' B J 1 . ¥ 15.000 thung/ngay 80 9\3
2 . 5
£ S
2 12.000 60 €
5 2
s o
o 3
£ 8000 40 g
3 T
3
34000 20

0 0

6/2012  12/2012  6/2013  12/2013  6/2014  12/2014  6/2015

Bding 6. So sdnh két qud khai thdc bang phuang phdp bom dién chim vdi gaslift

Luu lugng khai thac bang bom dién chim
so sanh v@i gaslift

Giai doan Giéng Luul Ham |
uu luong " am luong
chat luu Luulugng dau nuéc
Giéng Tang 6.500 Tang 300 s
Giai doan 1 STV-AP thung/ngay thung/ngay Gidm nhe
nam 2013 Giéng Tang 3.500 Tang 175 "
STV-BP thung/ngay thung/ngay Giam nhe
Giéng Tang 3.500 Tang 2.000 Gidm tu
STV-FP thung/ngay  thung/ngay (*) 95 -70%
Giéng Tang 7.000 Tang 700 Giam tu
Giai doan 2 STV-AP thung/ngay thung/ngay 97 -92%
nam 2014 Giéng Tang 8.500 Tang 600 .
STV-FP thung/ngay thung/ngay Khong doi

(*) Lugng ddu tang sau khi dong giéng 2 thdng, stia packer hd va logi bd scale tich tu
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Hinh 7. Ddng thdi khai thdc ctia giéng STV-DP
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® Luulugng dau
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Hinh 8. Hiéu qua khai thdc bang bom dién chim so vdi gas lift

Tém lai, déi vai cac giéng khai thac than dau méng nut né, phuong
phap bam dién chim cho t6ng Iuu lugng khai thac cao hon phuong phap
gas lift, tur 2 - 31an & giéng STV-AP va giéng STV-FP va 1,5 lan & giéng STV-
BP. Luu lugng tang nhd bom dién chim déng nghia véi viéc dau dugc khai
thac tlr cdc ndt né co hé s6 khai thac thap hodc cac nit né nho, tir d6 giam
ty 1& nudc khai thac. Két qua so sanh luu lugng khai thac, luu lugng dau va
ty 1& nudc gilia 2 phuong phép bom dién chim va gaslift dugc thé hién &
Bang 6.

Ngoai ra, luu lugng tang tir cac giéng lap bom dién chim con anh
hudng truc ti€p dén cac giéng lan can. Trong trudng hogp mo Su T Vang,
su dnh hudng dugc danh gia la tich cuc. Co thé thay, & 2 giai doan, ty lé
nuGc & giéng STV-DP (giéng khong dugc l1ap bom dién chim) giam khi
giéng STV-AP, STV-FP khai théac vdi luu lugng cao (Hinh 7) c6 thé do cac
giéng STV-DP va STV-FP; STV-AP c6 chung ngudn nudc ké ap, vi vay khi
giéng STV-FP; STV-AP khai thac nhiéu nudc da gidam ham lugng nudc khai
thac clia giéng STV-DP.

Nhu vay viéc lap bom dién chim cho cac giéng khai thac trong than
dau mong nut né khi da bi nuéc xam nhap véi ham luong cao, khi khai
thac bang gas lift khdng con hiéu qua, khéng chi giip nang cao san lugng
khai thac cho ban than giéng dugc 1ap ma con tac dong tich cuc dén cac
giéng lan can gilip nang cao san lugng ctia cd méd (Hinh 8).

5. Két qua va thao luan

Két qua nghién ctu cho thay viéc Iap bom dién chim la phu hop va
mang lai lgi ich kinh té cho cac giéng khai thac trong than ddu mong véi
chi s6 khai thac cao khi ham lugng nuéc xam nhap I6n, tuy nhién viéc lap
bam dién chim cling gay ra mét s6 tac dong khéng mong mudn can xa ly
nhu luu lugng nudc khai thac tang dot ngdt gay qua tai cho hé théng xi
ly nudc ngoai gian, viéc khai thac luu lugng cao tur cac giéng lap bom dién
chim c6 thé gay sut gidm sén lugng cac giéng lan can... Ngoai ra, 1dp bom
dién chim cling gay kho6 khan nhat dinh trong cong tac do khao sat giéng
dinh ky, gay qua tai hé thong cung cap dién ngoai gian.
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6. Két luan

Dua trén két qua nghién ctu c6 thé
rat ra mot sé két luan sau:

- Phuong phap bam dién chim cho
phép khai thac véi luu lugng khai thac cao
hon phuong phép gas lift;

- Luu lugng khai thac cao lam han
ché cac dong chay chéo gilta cac giéng
trong than dau da mong nut né va trong
mét vai truong hop, bom dién chim lam
tang hé s6 khai thac clia giéng do dau
dugc khai thac tir hé théng khe ndt c6 do
tham thap (cac nit né nho);

- Luu lugng khai thac cao tU céc
giéng lap bom dién chim gay anh hudng
dén luu lugng khai thac cac giéng lan can.
G méd Su T Vang, bom dién chim gitp
gidm ty lé nudc clia cac giéng lan can;

- Viéclap dat bom dién chim cho cac
giéng khai thac bang gas lift sé& lam giam
ap suat (back pressure) trén hé théng do
vay gilp gia tang luu lugng khai thac cho
cac giéng;

- Viéc dung bom dién chim sé tiét
kiém dugc mét luong khi gas lift co thé
dugc dung bom ép cho cac giéng khac
hay xuat ban cting khi dong hanh.

Nhin chung, bom dién chim cho két
qua kha quan khi ap dung cho céc giéng
than dau mong nut né, dac biét la & giai
doan khi nudc da xam nhap va hé théng
gas lift khéng thé ti€p tuc gitp duy tri luu
lugng khai thac. Mac du hoat déng cua
bom dién chim bi anh hudng bdi nhiét do,
cac thiét ké bom dién chim vé sau da dugc
céi tién dé c6 thé hoat dong 6n dinh trong
moi trudng nhiét do6 cao.
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Summary

Gas lift has been a standard method of production after the natural flow period. However, this method depends
on the compressor capacity, the availability of gas as well as the efficiency of lift gas at high water cut and high de-
viation wells. Therefore, an alternative technique must be considered to meet technical requirements and economic
considerations. For this reason, attention has been directed to testing the use of electrical submersible pump (ESP) in
Su Tu Vang fractured basement reservoir (Cuu Long basin). The pilot test was aimed to investigate the application of
ESP and the potential of oil production by ESP compared to gas lift in high pressure and high temperature conditions.
Results from the test indicated that ESP provided a better flexibility in reservoir management, produced more oil than
the gas lift method, and lowered the water cut not only in the tested well itself but also in adjacent wells. In addition,
ESP helped reduce the back pressure in the whole system, thus adding more oil to the total field production and sav-
ing certain amount of gas for other purposes.

Key words: Electrical submersible pump (ESP), production index (Pl), water cut (WC), estimated ultimate recovery.
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