MW HZE A ]2 58 35 4 5 S Applied Mathematics and Mechanics
2014 4% 5 J1 15 H AR Vol.35,No.5,May.15,2014

X EHS:1000-0887(2014)05-0572-09 © R FHBCERN F12% 425 45, ISSN 1000-0887

SR R R E AR
RS ol

FLEfE, Aoude, EFE, =4’

(1. PARG A MK AR & T & TR E A SR, /iR 610500,
2. K PRI IR TF £ 5 BE, PE4 710000)

WE. TIPSR 7 T HRCH R 1) 1 0 R MR AR A i a1
V] ) S B 9180 9 T M SRR T T R R {8 H G R 00 5 )2 R D PR T S5 SRR B AR R AR R
FE I Al A7 T B 2 2 S, AR R R IR RE I F IR AR W T 2 5 X e IR R AR B, SR M 9 37
T IR FF B2 ol 0 R 7 A ) 25 P PR ST b 22 ) I AR 0 e P AR s 2 1) 8 Ak TR 7 49 Ik I 5 B
RIS IR A LA )R 1 i W 38, SIS S A= AR P O 7™ A 1 98 O e 8 =4 =7 0 1 4K s e s il A
A RS AIEIA B H O, FRas s 20 AR, IR T R E R B TR,

X 8 . SEAVE; TIREITE; SWEMHE; MBE; RERH

RESES: 0352 XHFREML: A

doi: 10.3879/j.issn.1000-0887.2014.05.011

C1—

TEM SN IRTFT A Fi b, S 2 M X R VEL H 2539 22 i T4 R G T0IL 50 2l JE X 4t
FEERAEML X I BLR W ) R A e JRIR , 5 AU Tt H I A5 8l ik AR v, He i Al
JE A i — B AN AT 2075 e ke vy X R 28 5 T A e, AN AL o A R e 3%, TR ol /bR
I WSRO ARSI PR AR AR ML B E] (NPT 980N A/ NG - FR B NPT, Santos 55
FESCFRE PRGN R T RO ] (MFC) BIAEE MFC 5 HiBhH LAOR o SE 0l 2 &2 W )
HEm SO, B A A R SR A & B, ] ST R TR 3RS TR TR AR R
A b — Pl SE RS, PR UE B R A7+

M 19 28 20 AERTF IR, B3 B R IR SR AT 51 & 285 i, IR X SR P AR
T KBS S ST o i o8 il A R R L& 20 g 60 AR A Y, [RSNGB
I s R R 85I EOR (MPD) JZE [ 4, 2006 4F 3 BLR I HI 3255 5] A MPD 0K, 5
Ja e T3 S R AR P IR A AT 55, U T R AFRUR. 2008 AE AL FE N B 1 R
MPD #HEAIFH AR A2 5 016.65 m 2012 4 gy AL e DU 32 0 35 P4 ) Thi% 23-6HF Jf-5L
Jiti MFC # FEEG T H AR S280 2 L H T, K2 R T4 & 4IE T2 JERZ iR shi

« WFRBH. 2013-11-06; EiTHHEA: 2014-03-03
BE4HH. EERHEE LI (20112X05022-005-005HZ) ; F5 A K FF234 54 (51274170)
fEERIN:  FLARE(1982—) , 5, BRI R AL GEIR/ES . E-mail: 76922591@ qq.com) ;
MITHE(1971—) , U R E N, 882 , A4 200 ( E-mail ; yhlin28@ 163.com).
572



L ¥ 16 NPT P &= 4k W 573

X B AR AR R A T (IR R 5 02 ) 11 R e 4 ) B T e
N O A A AR AR TSR A AR TR it L, B AR 5 BRI 1 MEFC B

RSO SR ARNT I A5 B2 BETHTBH 7 B I e 22, RIS I vh Z2 R 45 il 407 A, 57
TR A s 1 0L R A R R A AT BR 22 0 TSRk e HOR i 4531 T RUR L 7R
R B8 1 R RO BE AR 73k, i TR RIF IR T 22 B0 HR S T S SRR BE AR 4, 1
TIFE B R AR

1 A A F Sy
TEFRZS it AT B — O PRI MOT R A K B As, NP 1 TR,

gas phase

control body As

ptAp

B A RO oL bR
Fig.1 A micro control body in the effective annulus wellbore
Ry N RS IR A R AR AR Y (B AR A5
1) AR PR AR TG o o 25 46t
2) AP I B RS — AL HE
3) ZBSENIFIE N A 2 RS AR it T k.
1.1 RTBREKEFHEES
SARROTEE TIARE S TN

‘%”LP&9+JLwa&A=O, (1)
A, Q HSHRHERIR  p, HTHEE  kg/m* 5o, HSAHBE  m/s;n, o3 B AOM S LR
5 A, SR A A O A A, m,
WABROCE T E S 7N
(%f”'g pliqd‘() + jL ‘ pliqvliqnliqu =0, (2)
R, O IR 30, FHATIBIE  ke/m 50, SCHTHERE  m/s s, 0T EO AL O3
It 5 Ay, HRORE 5 P R A RO T AR, .
SAROTEE flRIE B A

% I J'Qgpgvgd_() + Lgpgvzngd/l =

JJ; pngdA - ffJ;)ngdQ B TgOSgO - Tnggl’ (3)



574 AR BT AR v IR A TR 1 5 U R O A 5

X, 70 WA S BRIRIFBE R EE S 1, N/m? 5 S, M S BRAR T BE B A TR A, m 5 7, DA

SRR ], N/m*; S, A S E A BER LA IR, m? g S E L m/s”.
AR i oz 3T e

: f f f i
.v.dQ+ff Vi dA =
ot !Zliqp liq “liq 4 liqphq lig"“liq

Mlhpn“qu B ij”“(p“qu.() = TSt ™ TigtShiqt » (4)

A, 70 ABARSBRIRIFBER B ) N/m? 5 S, O SRR ARIFRE A AR T AR, m® 57, DK
FHAS B BERY BN JT,N/m? 5 S, B S B A BE R Al T A, m,
ZAHTR P ORI 73 AT 4% Orkiszewski %] 705 DU, 2437 70 i 2280 OMOIR 2S5 1 S 3 2 o
T BE 7 SR IBCAT 2 I SCHik [ 5]
12 TiREFESEREER
PR K T2 B i A e A R R 3K

2

v
h,. =K, —, 5
los c zg ( )

S, kg, RS m K, T RA 0 WA m/s .
P2k (5) T A4 D P 2

o 0’p, (6)
P Ve
K, Ap FHEZE  Pa; Q MIFARHER ,m’/s;p, MIEFEIIHRE  kg/m’ ;A A5 It 6 770 18 5 488 i
AL, m?.

TR T R A R

K,
= lig0 , <7)
Zgh‘los

A, Ko 97 0BT I A BE ) R 4R
1.3 HEREESHFNEERIMEIZHER

SRR I R SRR BURWIZ K, i 2R 23 AU G 23 B A A8 O, AT <
A 0 7 A ) R R DR I ST P 498 RS AN AT M SR I B, PR FF IR R ) S )2
VAT, S AT A ] A TR 5 32 2 T A M SR T O T R 114 75 12 S 0/ Nt I e i A 8
BrY R I AR, 19 U0 AR B sl /)N | R %) 28 AR AR 5 22 R T AR 1 2 L g % 3 T3t
Fe BT TAA R BEL 3 K AR Jd e R AT ph 2 (1) ~ 20 (4) SR 39 3 R T B2 4 ol T AR 1 20 (5) ~
X(7), Wi EERB T RR N

20( G\ (., .,

= D(A) fﬂ[v“q+ x(vl = v},) dz +

L gsin o

Ap,

G\* L
o vl + x(v) = v},) dz + (Aj (v, = v%,) jodx + Ap, (8)
K, Ap, HEERZE,Pa;Ap AR SHZEZE  PasD AR A ER , m; G R AT P
PIARTR & Witk T TR P BB 6, keg/s 50 A B 35 0850t = Upyy sl = 1p, s IR HKF- ik
i L 3R K s A HERA AR o



fLFE B VNS BB A =4k W 575

2 pE AR fi

A FRZS BIHON n ARG, QN 2 FroR S R S 25225, R VC++i LS B X
BN A B S A TR SR i

bottomhole ; wellhead |
|

1 2 i-1 i i+1 n-2 n-1 n
@ () r---> @ () @

2 oy PR R
Fig.2 Schematic diagram of the difference grid

X (1) AR SE T 22 0, kg U T
(Ap,, )i = (Ap )™

o
¥
(]

As
(Ap,d,) 7 s (4p,d) 0 (4p,d, )+ (Ap,o, )I‘L' (9)
2A: 2At 2A¢
X (2) AR AR RS T R 20y, Hokg X F .
(AUI)H-I (A/Us]);”l _ (A(Tbliq)? + (Ad)liq):'lﬂ - <A¢li(l>?+l - (A(rbliq)?:ll (10)
As B 2A¢ :
X (3) (2 (4) FEET AR SR BB SFE T RRR AT 192 B 22 05 X
(Ap)"! = (Ap)"™' =K1 + K2 + K3 + K4, (11)
X H
K1 2At((A(plqvl +po,)) + (Alpyvy +p,0,) )0 —
(A(pygvy +po ) )" = (Alpyvy +p0) )0, (12)
K2 = |:A{pliqul N pgysgj :| ! B |:A(pliqul + pgvsg\J :'n , (13)
d)lq ¢g i d)liq d)g i+1
As
K3 == E L (Apubi, +p,6))0 + (Alpiydyy, + 0,011 (14)

e S000)) ()] 5
2 as ) ¢ 9s) ¢

T, vy v, 2 BB B2 SRR FRHE  m/s 5 by, NIFIRE b, HASBERR  As 1%
HMARRCEE  m; Ae AT IR] 550, AIRAAR L kg/m’ ;p HHTT, Pay (ap/as), MRS &R
VIR T3 72 A i BEBHLRE SRR , Pa

3 5K B A Ay

PAPUNTZ N EE N BB 10 MFC 61 %45 2 4 000 m B, BEFT B HE S 45 545 FE g 4
E 3 iR & 3~ E 10 H . SPT A ; BPT AEEE ;BP AWIIREH ,MPa; L SR
JRARA L ,m; T RV 5 RS E], minp, MR TIREERE, MPa;60, . NI, %;
Ap FHIFIER 2 , MPa;A 19 Ui i it 5 R Gy A i B ) REGH IR m .

SR BFRRCE E R 1 580 kg/m’ TR MR B 2.07x10° MPa; 4 Poisson (JA#A)



576 AR BT AR v IR A TR 1 5 U R O A 5

FeR 0.3 MRS FE A 0.001 5 m HbJZ IR EEASEE 4 0.025 °C/m; &5 HER A 200.3 m*/h .

g—
SPT
\
0Om 3 BPT valve
(o] o g~ -
— ‘ﬂ! o —>1lo
g v T 9244 5mmxG105
° N casing pipe
$127.0 mmxG105
v drill pipe
3800m —1— j t— annulus
o
$177.8 mmxG105
° o drill string
A * T gas
4000m —— v
(e} o O

B3 MFC &R R BRI
Fig.3 Schematic diagram of gas influx in MFC drilling
MFC 8 RGN 2 in(1 in=0.025 4 m) 17 A AFEMRILTREI H BT MPD LR St
SR A, b I IR U A AR B R B 2 i 4 R,

125 2.0
S
.
100} o ) liz
[ ¢
s 112
A ] n
50 @ y Jos
=l ) . l —&— flow coefficient 10-4
e drag coefficient
O ‘ﬂ-’./. 1 b [ 'y - al e - 0
0 25 50 75 100

Oopen / (%0)

B4 i e v i Sz B ) R Bt 2k
Fig.4 Flow coefficient and drag coefficient

curve of the throttle valve

31 TRAEEMSHIEHEEHNEIT

K5 867 TR AR S N L = 500 m i}, 2445 ]K BP=0.2 MPa,BP=3.0 MPa
B, 3 0 A 1 1152 88 14 el A P ASOHE KB A 2R A AR X 7 R RS BRI B, SO A T v RS
T, AR A I AR AR s B B, SRR R 2RI A I 6 R, M R
% 3.0 MPa B, F25 g AL R IR AR R /D, B T8 I Tl 4 0 L SR/ IMR 2 TR I
TR (LA K,
3.2 FIERSHAEX T R I = B RN

K77 HEHIESESHERENSAE (L=50m,L=250m,L=500m 2L =1000m),
FIEEZE 0 Ap = 1.3 MPa B, SR AT R B, 3 11719 3 18 T B 10 28 A LA, ol TR A3
JEIT RS [ 3 2 1 R e, R v 1 2 B 20 i 4 O ot A0 PR AH PO TR 5 8 B i/ TRk
AR I 7 A R A 0 T 18 KA A R RS Al T 398 K R AR R 4 Vi O A, AT



fLFE B VNS BB A =4k W 577

F 55 3L HR ) T B/ I, 2719 AL R )4 R P (E) A 7 = 34.5 min I, OB B =1 1 I B2 o
9 3 L, AR T IO 7™ A 4 s gl N, DR 1 B 28 P D, A T 23, 2
AREHE T S R T R TR R 8 KRR 7 AR T F B R AR AR B R A S
A A O T I 1 00 R 2 A A A R 5 O R 8 i ) , 8 T R R BRI A Ui
VRIS R S R R ) B, U IR R AT L (RS I 3R S 1) 0 s %
BRI B RS, TR Wi O, 25 A T 2 2 N B e ik B B ok (L, U iR 26
D, R TR,

3000

BP=3.0 MPa

2250
BP=0.2 MPa

£ 1500 £ 500 9
~ ~
750 250
0 40 0 40
4000 30 4000
3000 20 .o 3000 )
& 2000 \ > 2000 10 S
7 0 S “ 1000 A <
0 0
5 0.2 MPa B EXHSAE K B84m0 B 6 3.0 MPa & XM K BE 19 52
Fig.5 Effect of 0.2 MPa BP on the Fig.6  Effect of 3.0 MPa BP on the
length of gas column length of gas column
120 —a— [=50m o [=250m 40 —=a— [=50m o [=250m
4 [=500m —v— L=1000m 4 [=500m —v— L=1000m
100 ¢ 321
R AAAAMAAS "';r&
:\o\ § 24 ‘iAAAAAAAAAA‘A .A\
r e ”+ coscoceeese®® L
< L6F L LA
[N
i \\
“ \ A
0.8+ “ | -—Sa;m
]
0 10 20 30 40 30 0002030 a0 S0
T/min T/ min
B 7 AR R R T B B8 ALK EEXTE MW
Fig.7 Effect of gas column length on the throttle Fig.8 Effect of gas column length
valve opening degree on the back pressure

3.3 HNAEEXS TR R FF IR Tl B &0

B9 v SARMSREREERI N L = 500 m, B D WIRERASL( BP =0.2 MPa,BP=1.0 MPa,
BP=2.0 MPa % BP =3.0 MPa) , R IR F BN, H 10745 900 1 T 88 1) A8 AL B4 XY JIC R 22
L RE S, 400 3 2 XS 1 3 R R 0 5 S (3 TR 10 X Rz FE 9 7 HH T B A R X A
WEFEM A TR R AT RPN B R R AR SE R E B, SRR R
ZE(EAE RE R, KRR 22 (E 571 T W FE4f sh VR 7= A 0 2 T 22 AR 2 0 (T TR 3R sh VR = AR i &2
JE =R R Z+PIIRETR) BB HOR IR IR U], MR 228 A — BOAS BT R K 1 Uk
IR IR I SR 5 K& 6 Y HE s RS HL A R — B,



578 AR BT AR v IR A TR 1 5 U R O A 5

120 6.0
—=—BP=0.2MPa —e— BP=1.0 MPa —a—BP=0.2MPa e BP=1.0 MPa
- BP=2.0MPa v BP=3.0MPa BP=2.0MPa —v— BP=3.0 MPa
100
nnﬂ"ﬂ*"‘&\
S 8or & vevwy
N =
5 ~
< 60F _
40 — L L4
20 . . . . \ . s .
0 10 20 30 40 50 0 10 20 30 40 50
T/min T/min
9 WA XY I R T R F) R E 10 WIGEEXE R
Fig.9 Effect of initial back pressure on the Fig.10  Effect of initial back pressure on
throttle valve opening degree the back pressure

3.4 AEHEEENTREBFEEH AT

B 11 SRR R L =500 m, B HIE R 22254k (Ap = 0.3 MPa,Ap = 0.8 MPa,Ap =
1.3 MPa }2 Ap = 1.8 MPa) , J- 15 i P BE AR AR R T 12 X 11 7 il 1, IS R A2 4k
PR B IV H 22 8 R, I 10 0 W T 5 R 0 i R P 347 i/, AR 2 1 5 7 Rl B4
PR A R R TR S RS BRI RO IR AR R T 28 LR SR, A B 4 1 0 1 B TR 4
FEIR A, BEAARTE A ZS W B0, I R 28 B — 2P 14 R el S0 da i S K, DT ) A
PEE L.

4.5
120 3= A,=03MPa s Ap=08 MPa "= Ap=03MPa e Ap=08 MPa
Ap=13MPa —v— Ap=1.8 MPa 4 Ap=13MPa —v—Ap=1.8 MPa
100f, 36r
 pEEEEER < 'v'vvx
S g 27f VTV
S 80F | so0000 | s asAAAA
~ | g‘ \m o ./. \
%g r“L‘."‘.m.“‘.“ /‘ﬁ hoA-A-A-Al = 1.8 1”"""..“."’ \.
60F \L a ¥ 4 1;,,_“, T
; ¢ ”'".“'." / 09 ’" W
401 ha L V.
. . . . oY . , .
0 10 20 30 40 50 0 10 20 30 40 50
T/min T/min
B A R 22 X7 W Rl O 2 ) B 12 SRR 2N R
Fig.11 Effect of pressure difference on the Fig.12  Effect of pressure difference
throttle valve opening degree on the back pressure
+ >IN
4 % e

ARSCAE BB P ) Z AR PR AT e, Sr 7RI B I v 3 i T B A M A
AT 1R T IR 48

1) IR A A AR T 3875 O W T A M O i I T R 1) D 12 S B S A T et T

2) T ARUTIRAS ) H: 1 T A 4 S L TR T 1 A1 3L R B8 ) A2 o 2T A0 Sl N i 1
R 38, 25 T BTG STE 18 O i/ N A WL AR e B S R AR M DU, 40 0 I T B8 A o K
FEZ AR AP AT 0 1 o3 B JEE HL 1 B3 O A e 1



L ¥ 16 NPT P &= 4k W 579

3) SRR BTG RS BT I I ] B HE R R, 51 A B < i A AR A O I
PP B MR B 3 3 i AR BT

TEBLGY MEC PR | n] e MRS TR 2 1) O TH R0 PP 22 e TRl p , IR A AR
AR ARSI IR AN 15 7 Ak AR K R A A ], BT 1 SO R 8, R340 Sk ) 4 0 #R
J& IR E R 8 F AL

£ % Lk ( References) :

[1] Santos H, Leuchtenberg C, Shayegi S. Micro-flux control: the next generation in drilling
process for ultra-deepwater| C ]//Offshore Technology Conference. Houston, Texas, 2003.

[2] Davoudi M, Smith J R, Patel B M, Chirinos J E. Evaluation of alternative initial responses to
kicks taken during managed pressure drilling[ C]//IADC/SPE Drilling Conference and Exhi-
bition. New Orleans, Louisiana, 2010.

[3] Hutin R, Tennent R W, Kashikar S V. New mud pulse telemetry techniques for deepwater ap-
plications and improved real-time data capabilities| C|//SPE/IADC Drilling Conference. Am-
sterdam, Netherlands, 2001.

(4] W7 ORISR KO A0 EOFFE [ D] A 030 BIse: YR imbe,
1998.( FAN Jun. Researches on the dynamic model and computer simulation of well control in
oil and gas wells[ D]. PhD Thesis. Nanchong: Southwest Petroleum Institute, 1998. (in Chi-
nese) )

[5] LIN Yuan-hua, KONG Xiang-wei, QIU Yi-jie, YUAN Qi-ji. Calculation analysis of pressure
wave velocity in gas and drilling mud two-phase fluid in annulus during drilling operations

[J]. Mathematical Problems in Engineering, 2013, 2013. ID; 318912.

[6] Saeed S, Lovorn R, Knudsen K A. Automated drilling systems for MPD C- the reality[ C]//
IADC/SPE Drilling Conference and Exhibition. San Diego, California, 2012.

[7] Bacon W A. Consideration of compressibility effects for applied-back-pressure dynamic well
control response to a gas kick in managed pressure drilling operations[ D ]. PhD Thesis. Ar-
lington: The University of Texas at Arlington, 2011.

[8] Zhou J, Nygaard G. Automatic model-based control scheme for stabilizing pressure during du-
al-gradient drilling[ J . Journal of Process Control, 2011, 21(8) . 1138-1147.

[9] Vieira P, Torres F', Qamar R A, Marin G E. Down hole pressure uncertainties related to deep
wells drilling are safely and precisely ascertained using automated MPD technology[ C]//
North Africa Technical Conference and Exhibition. Cairo, Egypt, 2012.

[10] BEZEIMW, BHEF. A BmAE R [M]. dbat, £l Tl sck:, 2009. (CHEN Jia-lang,
CHEN Tao-ping. Petroleum Gas-Liquid Two-Phase Pipe Flow[ M]. Beijing: Petroleum Indus-
try Press, 2009.(in Chinese) )

[11] Ja#a. P& BRSO3 SR HARBITE [ D], L2008 30 KRR ARAbfimRss,
2011.(ZHOU Yan. The study of precise calculate and control of annular pressure technology in
Dagqing oil field[ D ]. Master Thesis. Daqing: Northeast Petroleum University, 2011. (in Chi-
nese) )

[12] SRS, Z0FT 2 (8] KB BE 1) 1 A9 B AR J 72 e HLAE 4l TR A A9 I [ ). B B4 0 ) 2%
1993, 14 (12): 1049-1056. ( CAI Zong-xi. Fundamental equations of large spatial deflection
problems of rods and its application to drilling engineering|[ J |. Applied Mathematics and Me-
chanics, 1993, 14(12) : 1049-1056. (in Chinese) )



580 AR BT AR v IR A TR 1 5 U R O A 5

[13]  TEfFE, 75 . Robertson-Stiff Ui (A7 fii 0 523 BB sl [ J]. B2 FH e #0127, 1998, 19
(10) : 931-940. ( WANG Hai-ge, SU Yi-nao. Flow of Robertson-Stiff fluids through an eccentric
annulus[ J]. Applied Mathematics and Mechanics, 1998, 19(10) : 931-940. (in Chinese) )

[14]  E2R, B, QIR R H RS R DOt R [ T]. iR 57T %, 2011, 38(1):
103-108.( WANG Guo, FAN Hong-hai, LIU Gang. Design and calculation of a MPD model with
constant bottom hole pressure [ J |. Petroleum Exploration and Development, 2011, 38(1) .
103-108. (in Chinese) )

[15]  EWeA, XUZERE. H X T K D 40 [ 3], BB R )%, 1998, 19(4) : 291-
296.( WANG Xiao-dong, LIU Ci-qun. Horizontal well pressure analysis in box-bounded reser-
voirs[ J]. Applied Mathematics and Mechanics, 1998, 19(4) : 291-296.(in Chinese) )

Research on the Throttle Valve Opening Degree Control to
Keep Bottomhole Pressure in Balance When Gas
Influx Occurs During Drilling Operations

KONG Xiang-wei', LIN Yuan-hua', QIU Yi-jie', YUAN Ji-ming’
(1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploration,
Southwest Petroleum University, Chengdu 610500, P.R.China;

2. Research Institute of Exploration and Development of Changqing
Oil Field, Xi’ an 710000, P.R.China)

Abstract: Based on the micro control body equations of multiphase flow for drilling operation,
a model for compensation balance control of back pressure was proposed to adjust the throttle
valve in real-time through compensation for gas slippage pressure drop, which can maintain
balance between bottomhole pressure and formation pressure. Results show that the earlier the
gas influx is detected, the easier the balance of bottomhole pressure can be achieved. The early
detection of gas influx relies on the downhole detection tools. When gas influx occurs in the
bottomhole, the throttle valve opening degree should be adjusted sharply to balance the forma-
tion pressure rapidly with the back pressure. Adjustment of the throttle valve opening degree
depends on the change of pressure difference in the bottomhole. As the gas migrates upwards a-
long the annulus, the throttle valve should be adjusted slightly in real-time to balance the pres-
sure drop generated by gas slippage according to the compensation balance control model.
When the gas flow away from the wellhead with the circulation, 0 gas flow appears in the annu-

lus, and the throttle valve opening degree and back pressure tend to be stable.

Key words: balance pressure drilling; throttle valve opening degree; gas-liquid two-phase; an-
nulus; flow coefficient
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