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Subject: _THANSPORT AMND EFF FCTS 0F SAND Ix) FRODUCED GHS

QUALITATIVE, RATIONALIZATION OF THE COMBINED EFFECT(4 0F STAGNATION
FoRCES AT FRICTION FORCES op THE PARTICLE. .
o tws pont, A “reore 0 PipE!! (soL1D o 50(,195 COEFFICIENT OF
SLADINGY (fND JoR, ROLLING ) $TACIC FRICTION | —t{ {5 HAS BEEA)
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ME PARTIGLE. AND HE PIFE WALL (ULL BE REDUCED IF THE
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Subject: _TRANSPORT AND EMHECTS OF SAND (A PRODUCED 7%
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Subject: _ TRANSFORT AMD EFFECTSE OF s5HUL I FRODUCEL &%
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Subject: __TRANSLORT HAMPD EFFECTE OF s MV FROADVCED 7%

I O ey + K oo e + Kz + Ku + Ks (B Re)®
| | Ke. Ke*

) = 33639236472

ko = —0.985 3HHUISY

Kz = —0s0455 773473

ky= 0.00018/059%t5]

!

ks = 0.0559/085494

L= -OIRITIANG THIE EQuATION, To o8viid & DiRECTLY.
[k, Loy b Re 4 Ko ou K o Re(g, Re)?]
e Ke® T

F’ =
WITH THE DATA EIVEL AS LEAD FROM] THE cwél/f //u ——,044 FIGURE 73 5
T4 EQUATION PRODUCES AN AVERACE FRA0K OF [,95 2, A5 A
RANDOM] cqm« DSSUMNE A pRAG COErFic/ENT ¢ = 70, FRo”]
GPsH FICURE 7~ 3 clRe? = YO, Flom wrick /éa = 2l From
THE EQUATION J)tﬂ/w—’D fﬁgot/u, , -

) [k, bk DN 4 Kz Ku 4 Afs: (ﬁwm‘?) ] = 20,027 &
SER A Azt
W ALl OF ﬂ/f Fofet 60//1// ﬁ/ﬁ \/&’waﬁ/ AN féry/ua.apg /1/0/47’55/@/
ARE )‘Efc: /@/WJ”D ,Q/;’Mf/w; TO THE PARTICLE TS | DIpIEMSIONS AL
FRAME. OF ;Q”/?:/f’ EAKE, 70 KEEP THE PARTICLE FRY] SETTLINE
ovT OF 77/,5 &A% 57%.5/4»77 GHE MUST SLIE AROUAMD 17, MW OTHER
WORDS | I ITHOUT THE G/% TRAVELLING | FRSTER THAN THE PFRTICLE,
THERE, cm) BE Ao ULET oﬁ DRAG //ffffcré | THEREFORE THE. \/Ewaﬂ/
CAN BE. THoUeHT oF As A "s 1P VELOCIT 7 77#77” /5 £ozw:2z, TO THE .
FREE SETTLAG /E/Qﬁm/f% VECOITY OF THE PHRTICLE . 5 UBTRACTING
THis "sup veLoury” From THE RACTudls ABSOLUTE w’wcz 7Y OF THE
GAS FLOWIAG (A THE . ;D//%é WL YIELD THE ﬁcruﬁz/ ABLOULTE-
VELILTY 0F. ﬂ/g /0»9/@-’/@:, /QE//Af/l/E 75 A STATIONARY /v,@d///é N
OF REIERENCE, 77‘{5 /?Cﬁ/f?o ABSOLUTE \ELOC/TY o THE AART] Céc:/
/4 oF THE Mdéf INTEREST |0 CONSIDERATION OF THE EFECTE OF
f-‘é’é’ YO, [N THE. ,0/‘//1/?,»/«/5 2T Fc’)@cﬁu,/, THE ,dcrw%/ f—’wu/

/Mffgﬂ/vs A’A/p /%5550,@.5 DROLSG ) THE /0/,05 ARE  NOT cwuf,/)meéb
As REcE AT AS THE. PARTICLE VELOC/TY DISTRIEVT/ON.
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Subiject: TRANSPOLT AIMD EFFLEETS OF SAND N PRODUCED GH7Z

THE VELOCITY OF THE CLEAN GRS FLOW/NG /N THE UL /S CORCECTED
FOR, SoL/DE (OADING,
LET E = MRS FLoud QATE OF pf%:ﬁczéé

MIASS Flow) RATE OF PRETICLES + mMASS FLOW RATE OF CLEAN 6475

(27 Ea = | OLUME Flow) RATE oF ARRTICLES
RLE FLond RATE oF PRETICLES VoLl FE ﬁ{e’j RATE OF £e8707 645
E=_Mp J-E = [ty - M = s
Mpt Moy~ mp+m3 Mp My Mp 4 1g
Ear Ly IEgT iz - D=
Pp . v Po\ PP Pg\
M+m_g. o , MP-L /VV]a /VIP I’Vh/ N r’VPC\
P (o B Pg Pg . Pr Cey
&9} - ,ng i = &60 e, _g__, /{’10 = Qoo PO\ '(W\D + MO > ,
|- Ea (@D “ 95) . MS’) O ch
g, \ .
W)
Q\g = G\%o ( oMo ng Qr 4 I‘> = QL:)O (_Q\R_i'___cﬁ. Qoo <___P_ 1 l>
RPre, &v\ "\ 0a Pr Qg

THERE ARE THUS THREE FoRMs FoR. THE EQUATION) FOR. GAS VELOUITY

CoRRECTION RS A FUNCTION. OF 5001p% LOAP NG §
chs U\%o /Q‘P Qr \) FoR. UJHEM \/OL,UWIEJIRK, FLOUQ F‘HTE:"D ARE NEN

| . Oo /
()L%; Ugo. (Pg W\Sl ]\ FoP_ u)HE)\) M%\éé Ii"LOUO PH‘IE": N%Ef/ GI\/E/\)
: QD Y"\fﬁ J |
Lkg = Uap ( + > \:QQ_RMEQ GNEM / ma% FLOUJ Rma oF PAR{&CbEﬁ)
Op Qs A _ (L VoLume TRIC FLou) RATE. OF CLEAR GRS

NOTF ﬂm-r \f 1S THE coPRE(;(vp C,u:ﬂu GAZ \/Ewc;w THAT 16 JSED T0.
ESTABLIGH THE, TRVE. PRRTICLE. VELICITY AND PIPE FLOW ﬁﬂwawé AJ(//V)E@Q

oy < e “) U LLP 3 RQ,OJ Pﬁ) Woyo ( +.1>

ST Pp Do

o ( | > JM(@P Q)
QP G‘OD 3?\3’ Cl N ' :
WHERE. Qeg, /9//05 Frowd REYIOLDS A/umgée %WD p P/pf /f\-/?:,‘(/@'ﬂa/ D/*?/*f"f’ff&
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Subject: TR LT B EFELACTS

1T MAY BE USEFUL TO DEEINE REANOLE pprTBEL LA770% A% forlons!

Fea = REYMOLDS WUTBEL OF AL Fra) ind EIPE
e REYNOLDS NUMBER. OF ERETICLE TERMINAL VEL ad

/Q@r = @O\D Lon = D Uoo /

Re. 4 (1- d (FEs) [uod(Ps-0uy
y N VSPU‘ ot
{ e, \t = D° ngnq' 2Ly s Feo = DUos apyl!

) d*(1-Ea) Had (Pe-Cw) e, d(i-Ea) uad (Pe-Cs)

I THE ABOVE _ 1T 15 ASSUMED THAT THE EFFECTS OF GAS LAREFRCTION

DRAWID THE PEETICLE. Do MOT Siei/iFicATLY RLTER THE BENSITY AMVD
= Y= o, THE

VI5COSITY OF THE 675, i.e., (%= [ AVD g
OEoLDs MUMBER. OF THE GRS [0S A THE PIPE BT IS

el Ay A <LV
A A A S,

CORRECTED VELOCTY CAA THEA) EE :
Reg = Re Dlao [Sﬁ’wcf T2 QoD 4G ./3%6'
dii-Ea) A 49d (Po-0) 5(’(/-EQ>7TDQ/\ Hach(Ps -Pr)
Q‘Q”j = HHRe Qao 20! !
ﬁDoﬁO—E&) qu(PP‘Pw> ,
THIS 1S ONLY VALID WHEN THERE /S A SIVGLE (WIQUE PARTICLE
DiamETEL, djor I o REPRESEITS Ar) HyERASE PARTICLE DIA/METER .
RECALLING THAT 1 = (Qp-+&3> = ((—‘-ozy%’fnp + \‘) = /e 41N
/-Ea Qg KJP)/;I% \ CeQa
RG’?) = _‘:{_Q_Q/_@\q)o (QP"L"QQ\ [’3(%1 ¢! ’
D d Q% )/\ Yo (Pe-Pr)
o, = URe Qao[Corne + 1 [_30sC
° TIpd |\ Cpine, / J wad (Fo-Br)
P\Q/%: HRe &%o( MNP +1\J S(DujG'
Tod e Qo ) Ll%&(_%' Pr)
Nowe THAT THE EQUATIONS DERIWED ABOVE ALGUME. COMNENTION
URWVIKED ONITS. 1N FACT, AL EQUATIONS USED V1) ACTUAL SPECIFIC
CALCULATIONS SHOULD —AmD UL - USE CORVEMTIONAL UNIUXED UNITE,
S PRRTICLE. SIZE COMNERSION G | MICRON = 3.?,%08Lf/~,< 10~ FL
| paucron = JazTol ¥ 1072 in
\ picRon = Ix 10T m = 141072 mm
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Subject: TR IS LOST AAMS FLFECTE L R0 L0 FROLLTE S GRS

Y rem g Je e, e b g
QLT FAST AT L7

- -

FROY) DATI COMTRHIMEL /M) THE KAEF
I/} _ o~ 21
QIELLKHEAD SEMD PROLOCTION & HA DL a5
= ¢

THE FOUOUNNG JIEORIVINTI/ON /5 ASSRHEL 1S CoRRECT,

PARTICLE  CUMULATIVE — PARTICLE GROVZ
DIAMETEL \SOLUIE DIAMETEL. RAMNGE — \JoLur¥TE
<] T A -4 e

/ 026 o — | 0:36
g /, 76 /] - 5 /sH0
/O 2.67. 5 - [0 0;g(’)
20 2.79 /0 - 20 /.17
50 7.99 70 - 50 4,10
100 74,30 50 = /00 /6]
200 29,60 /00 ~ 200 /550
LOO 59.10 200 - £00 /9.50
(000 /00, 00 L100) /000 40,90
GAS 70 WATER LATIO! GWR = N 5CE
& bbb
SAND TO CURTER. RATIO! SWR = 002 - 0,05
(1116 CAVD 15 PART OF THE WATER. CONSIDEREL [N GUR,)
TLE FOLLOGHINE DE7H ARE ASSUMED /N ORDER. 7O EST727575 THE
PRETiCLE DENSITY (S.60 RELATIVE 70 /AT EL s
AMPESITE — S:iG. = ~2.8 LIMIESTONE  S.6.=  £.3- 2.7
BT 5.6, = IARBLE 5:6,% Lt =27
CoMl S, T P GCHST 5.6,2 2.5 T
PERIPOTITE 5.6, 3~

I3

NSO IFAN

o Uy

§
LS
<

~
T~
’I
~
X

DIABAZE 5,6, =

[N
g~
{
®
(&
&
e

DIORITE 5.6, = 1u8-30  QUARTZITE 2,62 Lol L8
DoLomi7E 5.6, = LE-2T REYOLITE  S.6.= LA T
CABBRO 5.6, = L7732 A& ALY S.607 UE-T46
GHEISS Si6 = 2o~ SANDETIWE 565 T2 =28
CRAVITE 6.6, = 0607 sHE  Se= LY-1.8
GNP 5.6, F L3-8 SLATE $.6= 27-LE

(DM/? FRON /7%%(0: //ge.o/a .about. com /ce Jrock_Hypes/a fanrockepecy a.v,/vfm)
BASED oM THE ABOVE LATRy [T /5 REASOMIABLE 70 ASSUNE EGp = 2.7,

1z




TR AMSEOR T AMD EFFECTE OF SAMD N FRODUCELD 75

Subject:
K EPLESENTHTIVE CHSE D  GAS MOEECULHR Y A ,73;’%
GHS ComPRESSIEITY = 0,766
Hvsis DATA! o= O3 P MG TEmIPERITURE. 109
Py = 2360 Ka_ EHE \ISCOB/ITY = 0.0/2 2P
3 G PRESSURE = 2upg0 g
A4 PRI A x—‘:i,«
GHS Frow) RHTE = 3 mmscFD
P = _Pm == (2u101325)(17.35) = 239 kg
2z RT zR T (0.76@)(83/@(289,/3) I

2y 106 P22« 030487 m3 = Q= 0,983 3 AT STHMDARD COMNDITIONS

2 X0 XED S ) F£3 5
77 ot = 7 (0.0584)F = A= 0,002677 p1*
LS

Eo: B = (01375 )(7.35) = [% = 0.7899 ko (STMDARD)
2R7: 1R T: (0.98 )(831L0)(273.15) P
M = G Ps = 0.982 1%, 0.7899 ke = 07765 ka  (5TAWARD)
5 m3 s
= Q= 07768 ke , | m3 = 0.0033UH3 pmiF  (Frowiie)
g 5 3T ke 5
A= W= 0.0038 = 12497L " m
A 0.002679 5
Re, = LUD = (23/ ?)(/Zé/??@(o o<gaf) = /3019/6
A 0.0/2 x10~
ALSUME A PARTICLE 5/2& oF [ool xfuwtd AL THE DENSITY oF
QuUARTZITE |y ol = 000/ w1 ALD P 20 kg_ .
e
C'Re® = Ul 3Py (Po-Fr) = (4)(9,80665)(0.0019%(231.9) (2700-23/.9)
34* | (3)(o.013 « 1073)%
¢'Re? = 47 §2915.7033° cLEARLY <! E O
Ae = [c/Re? L/L/?jszi//g.msa/ = j052(.763] = /0522
c’ Oe

Uy ://L/S;C/(Pp«()(f) ' :/fq)/f’@o 55 )(0:001 (2100 -23/s o = 0.58984 m
3R’ 3)(23/:9 (04 2

%



TANLPORT A EFEELTS OF SAuD /) PROPUCED 6%

Subject:

SINCE L 7 U | THE PARTICLE /el E& CawiiL L A THE Grp

)"‘ g Il
FLIE T,

Vo

STREXTI] BAL Ll AT BETTLE /A

\VE R /F/(/t??”,/OA/ (REpice B8 ERURE IS plAN (0TS ]

Rt = (0095 ¢108) (1479 (0:003281)2 (158,583 - /44T9) = Lt/ BOOYH D
(0. 0/3)Z
¢’z o, Ae :/ 3004437 5 1052y
Qe
N D S ESERN o
Ue= [(ud(32.2)(0.002280 (8,562 579 © = /. 7800( £
()i T A0 ) s
1.926:0] « 0.3048 = O.SF0/0 »1 = . RESULTS VERELL
TUE PCTURL PROTICLE ELOCHTY (dp B U~ FL2YTTL - 0.5900
(o = 0.65988 m  (WoT CoRRECTEL FOi Soxibs Lodin/e TZe

5
AN EQUATION SIAtLAR. T0 THE ONE DETERIED O Mée QIS HERE
DETE, éM//(/Eﬂ BUAED O THME PATH PRESENTED o) FHEGE 8, THE
EQUATION 5”1,00() RELATES THE QUANTITY C° ‘et 1o c/ cm/sng T

7 . - n e - _ [Far ]
SO BT R

CIITH (,vf?j%/ FHEURE  7-2, THE g&uwfxox/ EEERE

THE opE DETEHR ":“/f(_/“b A2 ER L OSE!

G &' s ke 4 Ko (C/éef\ + Ke w(ﬂ’@) Kg  + Ko Lﬂ/(c’/xe)l
(c'he®)

Ko = 6.0933348735

kv = = 70985265430 x

Kg = "0,9’77’#55@9?%

ka = -0.024493]2772,
Kio = 0.03U457HIEIS0
QE — tURITING THIS EQUATION 70 OBTHIA/ O DiRECTE

[ké + ko (C’/oc“> KB,Z/'U(C/Q@) + #/{/) 5 ~ Z’/GC&M(C'/Q@Q>) ‘f

"

C/ -

LT 77/6 DAFH GAVEL A R D EROPT THE CURE 14 GESA FISUEE 7- -3,
ThiS EQUATIOAN FRODUCES ﬁ/\/ AVERAGE £FRROL. OF \;.5’@ &, WHICH /5
ADEQUATE 70 COMPUTE C' WHEN Re /5 /L/or“ DIRECTLY )OI,

Y




Subject: _ TRAMSFORT AAL ELEE Ty of awidds 4t BConcE s

FOR THE CIE L An] AL
OF THE ACTVAC SAME Comfiptivind Mid SEEA) PRl B B
CofE CRRORKATORIES, %f/ff[/ﬂPﬂ o 1T A EQUaTIon) e
CURVE. WITH A /J/cw LEVEL OF HACCURFEY MIVE BEEN YNSUCCEZEFIL
LOUIONIAL Firs OF Bork & -DECREE i //5,9/775> MDD 18 /pgy@gg,
(1% 7£ ﬁlf??é) BOTH PRODUCED LOCHL #rimxpeils AL 7Y 977 Tl T
_,\;,%5@4; P THE CURVE BELOU THE REECIE2E . WHCH /5 I ;;,x;yg_,@
G 2AE. & TIE BEST CURVE. LELl R EIG {uf’ ORL T/ L L ST

DI57T /’/Evm/\/ FOR THE SHMPLE /5 AN E-CURVE of TS D
SIGOID  EUMCTION RELATIMG PARTICLE 5/2£ 7O CunTULATIVE VOLUMIE,
THE GRAPHING FENTURES oF rivclasof T £ AL WELE U255 v;a
/@Jz/é' THE VARIABLES /AJ SUCH B FLdiCrion palrit. F CURLV

AL PRODYCED THITT, WHEA BUPEL j 71 E0350 ovER THE C’--”i’"i{f 0.

THIE HETURC f"ﬂv*‘f’?} TRAVDER A REHLOMMELY  (LQ3E FT T oy

AVERAGE. ERROE. OF AFPFROXIVHEITELY + 35 0. AccoRDINGLY S

Vevmip ATIvE. = / IHERE. Ly = .50 pup Aoz © <. ﬁg
\/‘,’aﬁq A SRMD J4+0~ ke (Lol - ki)

* 3 ~ 4 . e P ,
' \\/',Curlfluaf”"f/\.lf' = / . G(_/: P/i.'/Q\TI/'KC[:_E, L =y (ﬂ¢/{£§/@>

/4@ #so(nd-5325) 7

\/ oSt A

EoR, DETHNED CHLCULATIONS Usijc 77 RO:

EAQUAT fOA] 16 SimPLY REPLACES BY # DRTE

L \/(;umuf,xlﬂ\/é’) - 77”((7[ N \/cu/fm/my’/v,5>

N rerac s4AD

FOR, THE PURFPOSE OF ym& IEVInG: THE. NOMENELATURE.,  THE FuniczioN

2//<<7( \/cumuz»#’lf/l/;_’> - '

o £acH cRITICAL PARTICLE F1ZE. of (i.e., THE P/ SZE
OF PARTICLE THAY CAN FE CRRRIED IN THE & & ??"«25%?7?’/
NEGCLECTIMG— THE. MOVl BED FLOu) PATIER L) r#eDE D TN ?,CZ’),,
ERNCTION OF £RAME VoLumiE. CARRIER = 9‘”

FRACTION OF SHAID VOLUME SETTLER = [

A1) EXOMPLE. CRALLLATIPN EoctOuls KoR THE IWLET SERIRATOL 1O

JLLUSTRATE THE CALCULATION /METHOD AV 7O FERVE AS \ERAEATIAN

FOR THE SFPREHADSHEE T Auns,

AENE
EorfC o,

/4 e/-/:‘SO (end - 5.35)

5




Subject: _TRAMEPORT AL LEEECTS OF SHALD N FRADUCED &4

FAAMPLE & WLET SEFARATOL,

AssumPrioMs!  Z.D, = /466 pn = D
OUTLET miEEr PAL = W78 mm =@ =0H478m = Da

PRESSURE. = /034 A&S = //3,325 P = 3

_ — 7’

TemzEnir s = J0 % = 283/

Frou) LEvE = JO MMsCFED 75 Smisl = (oo (s7p)

cas mu. = )7.35 = My
&HRS L - 005 A
Lh5 H = 0,008 (P = 13kt 2 L
saup (P = 2700 kg = (=
Ka
m >
SAND VOLUIE. FRACTION = 0,03 = Fa

&K% + SAMD

2% Pa = _PM = (35325 )(17.25) = §.538 ke = (v
ZR( (o %>/83w> (2825 ) M3
AT STAMDERD Conprrions! Fst 1] (101325 (. /7'94) = 0.790 /Cg
e RTer (08 (E31)(E73.05) Sm 3
My = 0790 ke x 3275 2m= = 2.587 ko
m3 > S
Qo = _Qeo Lo (572) - 278, 0790 = 0,324 m?3
/= EQ F"f {Lu/uu/fér) [=0.0% 3,538 5
HYHa = Ug (mesn pap) = (450 8124) = (,(3 = L7 m
7717)& 7 (0478 )% 4
FOR, PARTICLE EQUILIERUT. Ug = Uy = 174 m = /4a (Pp-’f%;)o(’
, 5 Y 3 Cre’
Res = Poled = (B.538)0. 7‘J/>./o€ ) = 3lzs o
’(’L, /,,,;\’/0
c'Ref = Cj(PwaaL\)?’ = C Wuuﬂo(ﬂs Uy = H9(Pr-Pr)dd
| U > 3R-C'
c'Re? :<C/szd?/>(qfﬁ ([).F’—(Ju’>fj.\ = 4o Cord 2 (Pe-pPe)
Gz ZPrc’! Vi 33U

6
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Subject: _TRAMSPORT AMD EFFECTE of AL i) FRODUCED 572

/1 ., P . J
13 e, 4EEK " FEATURE OF SNICRISOET ExCEL 13 Uil 0 CopVERGE

THWARDYL A NIE SCOLUTION 1A CIATCH )

(1Y C "% = Y9Ps(Pp - Lo o3
. ’24(@ . {:/j;@f{' ke (C'/Qe'b\)-# /(B“V’n(dﬁez)%@??’b) s (Zn/ (C//\L_’e?'j)?j/
(0 £ (che?)> fldati ) “
240
(ke + kr (C'Re) - <8 oo (CRe? PT'(”T?T # Ko (0 (cRE™)" |
e, cl= e )
(3) Ug -Ur = O "(__ﬁ_q& ~ |43 (Pe-rrd > = //.74/—» 4Gl (o-Fr) )
TTD2? 3r-c’ 3L’
e, Uyu = L/E\}d(('\"p«‘ﬁ’ui,
3PrrC!
COMVERGCENCE /5 /L/-’f’/‘?'f'f"'l/w& a7 o = BGg x0T a7 B96 RS

3

LI H CAN BE ER LD E‘)u oA LE A IR e

(1) CRe? = (480665 /55383/2700 ~8:539) (3% 10767 = 110609

(213 %1075)"
(#(j + r<7(10440Q\ + Kg ,l%u&lollgwx) W + Ko jMJ (//OJC’Q ) '—}

(2ycl= e~
WHERE. D K = 6.0933348735
K~ = —7.0985285430 » 107
kg = ~079H53L94H
Kaq = —0,024940312772-
ko = 0.03457HIEIS0
Shom wiick G = 0.53858240
B U = [ (43(3.80665)(3% x 106 (2700 - 6538) N
/ (35(3.538)(0.538562:0) S
SoUg = U = L7l =174 = O
FINALLY INSTERD OF ($/4/6 SHE BEPROX AT ION CIVEN BY THE ALIVSTED
SIErVIOrD FUNG 7"@/\/ TINE. pRIE RGO T ::‘x':& ¢ THBLE (OO —UF FEATURE
/4 USED T ABTHEIME
W= 63.07 % 50@/95 ARE CARRIED o(/gﬁ W7o THE MESL FAP,
1=V 230,93 O Souipd SETTLE OUT I THE IMILET SELHESTIR .,
— EAND OF EAMPLE  ——

I

W
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Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) = Theoretical maximum size of particle carried in gas stream, microns

% Carried = Total percent of solids (based on Core Lab analysis) carried in gas stream, %
% Settled = Total percent of solids (based on Core Lab analysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d (microns) % Carried % Settled
24000 3 2 XXS 2510 100.00 0.00
24000 3 2 160 2510 100.00 0.00
24000 3 2 80 2510 100.00 0.00
24000 3 2 40 2298 100.00 0.00
24000 3 3 XXS 1966 100.00 0.00
24000 3 3 160 1710 100.00 0.00
24000 3 3 80 1586 100.00 0.00
24000 3 3 40 1406 99.99 0.01
24000 3 4 XXS 1326 99.99 0.01
24000 3 4 160 1102 99.94 0.06
24000 3 4 80 736 91.78 8.22
24000 3 4 40 574 82.95 17.05
24000 3 6 XXS 252 46.80 53.20
24000 3 6 160 208 41.86 58.14
24000 3 6 80 153 33.47 66.53
24000 3 6 40 134 31.45 68.55
24000 3 8 XXS 98 24.25 75.75
24000 3 8 160 100 24.25 75.75
24000 3 8 80 78 16.09 83.91
24000 3 8 40 71 13.76 86.24
24000 3 10 XXS 59 10.17 89.83
24000 3 10 160 62 11.78 88.22
24000 3 10 80 50 7.88 92.12
24000 3 10 40 46 7.06 92.94
24000 3 12 XXS 31 4.92 95.08
24000 3 12 160 45 7.06 92.94
24000 3 12 80 37 5.82 94.18
24000 3 12 40 34 5.34 94.66




Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) = Theoretical maximum size of particle carried in gas stream, microns

9% Carried = Total percent of solids (based on Core Lab analysis) carried in gas stream, %
% Settled = Total percent of solids (based on Core Lab analysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d (microns) % Carried % Settled
24000 3.884 2 XXS 3688 100.00 0.00
24000 3.884 2 160 3050 100.00 0.00
[ 24000 3.884 2 80 2453 100.00 0.00
24000 3.884 2 40 2228 100.00 0.00
24000 3.884 3 XXS 2053 100.00 0.00
24000 3.884 3 160 1936 100.00 G.00
24000 3.884 3 80 1721 100.00 0.00
24000 3.884 3 40 1640 100.00 0.00
24000 3.884 4 XXS 1710 100.00 0.00
24000 3.884 4 160 1453 100.00 0.00
24000 3.884 4 80 1166 99.94 0.06
24000 3.884 4 40 1010 99.65 0.35
24000 3.884 6 XXS 418 63.07 36.93
24000 3.884 6 160 329 55.49 44.51
24000 3.884 6 80 225 44.27 55.73
24000 3.884 6 40 192 39.59 60.41
24000 3.884 8 XXS 135 31.45 68.55
24000 3.884 8 160 138 31.45 68.55
24000 3.884 8 80 104 24.25 75.75
24000 3.884 8 40 93 21.48 78.52
24000 3.884 10 XXS 77 16.09 83.91
24000 3.884 10 160 82 18.71 81.29
24000 3.884 10 80 64 11.78 88.22
24000 3.884 10 10 58 10.17 89.83
24000 3.884 12 XXS 38 5.82 94.18
24000 3.884 12 160 57 10.17 89.83
24000 3.884 12 80 46 7.88 92.12
24000 3.884 12 40 42 7.06 92.94
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Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) = Theoretical maximum size of particle carried in gas stream, microns

% Carried = Total percent of solids (based on Core Lab analysis) carr

ied in gas stream, %

9, Settled = Total percent of solids (based on Core Lab analysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d {microns) % Carried % Settled
24000 8 2 XXS 2951 100.00 0.00
24000 8 2 160 2658 100.00 0.00
24000 8 2 80 2510 100.00 000
24000 8 2 40 2510 100.00 0.00
24000 8 3 XXS$ 2651 100.00 0.00
24000 8 3 160 2510 100.00 0.00
24000 8 3 80 2155 100.00 0.00
24000 8 3 40 2154 100.00 0.00
24000 8 4 XXS 2510 100.00 0.00
24000 8 4 160 2235 100.00 0.00
24000 8 4 80 1895 100.00 0.00
24000 8 4 40 1787 100.00 0.00
24000 8 6 XXS 1476 100.00 0.00
24000 8 6 160 1328 99.99 0.01
24000 8 6 80 1035 99.65 0.35
24000 8 6 40 841 97.36 2.64
24000 8 8 XXS 462 67.62 32.38
24000 8 8 160 483 72.60 27.40
24000 8 8 20 2995 52.34 47.66
24000 3 8 40 254 46.80 53.20
24000 8 10 XXS 189 39.59 60.41
24000 8 10 160 206 41.86 58.14
24000 8 10 80 147 33.47 66.53
24000 8 10 40 129 31.45 68.55
24000 8 12 XXS 74 16.09 8391
24000 8 12 160 126 29.27 70.73
24000 8 12 80 95 21.48 78.52
24000 8 12 40 86 18.71 81.29
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Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) = Theoretical maximum size of particle carried in gas stream, microns
o, Carried = Total percent of solids (based on
% Settled = Total percent of solids (based on Core Lab analysis) pre

Core Lab analysis) carried in gas stream, %

dicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d (microns) % Carried % Settled
17200 3 2 XXS 2620 100.00 0.00
17200 3 2 160 2508 100.00 0.00
17200 3 2 80 2256 100.66 0.CC
17200 3 2 40 2220 100.00 0.00
17200 3 3 XXS 2098 100.00 0.00
17200 3 3 160 1956 100.00 0.00
17200 3 3 80 1702 100.00 0.00
17200 3 3 40 1588 100.00 0.00
17200 3 4 XXS 1538 100.00 0.00
17200 3 4 160 1313 99.99 0.01
17200 3 4 80 946 98.87 1.13
17200 3 4 40 752 95.02 4.98
17200 3 6 XXS 314 52.34 47.66
17200 3 6 160 256 46.80 53.20
17200 3 6 80 185 37.46 62.54
17200 3 6 40 160 35.44 64.56
17200 3 8 XXS 116 29.27 70.73
17200 3 8 160 119 29.27 70.73
17200 3 8 80 92 21.48 78.52
17200 3 8 40 83 18.71 81.29
17200 3 10 XXS 69 13.76 86.24
17200 3 10 160 73 13.76 86.24
17200 3 10 80 58 10.17 89.83
17200 3 10 40 53 8.89 91.11
17200 3 12 XXS 35 5.82 94.18
17200 3 12 160 52 8.89 91.11
17200 3 12 80 42 7.06 92.94
17200 3 12 40 39 6.39 93.61




Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) = Theoretical maximum size of particle carried in gas stream, microns

o, Carried = Total percent of solids (based on Core Lab analysis) carried in gas stream, %
% Settled = Total percent of solids (based on Core Lab analysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d {microns) % Carried % Settled
17200 3.884 2 XXS 2626 100.00 0.00
17200 3.884 2 160 2525 100.00 0.00
17200 3.884 2 80 2434 100.00 G.0G
17200 3.884 2 40 2340 100.00 0.00
17200 3.884 3 XXS 2220 100.00 0.00
17200 3.884 3 160 2050 100.00 0.00
17200 3.884 3 80 1921 100.00 0.00
17200 3.884 3 40 1836 100.00 0.00
17200 3.884 4 XXS 1781 100.00 0.00
17200 3.884 4 160 1616 100.00 0.00
17200 3.884 4 80 1368 99.99 0.01
17200 3.884 4 40 1218 99.99 0.01
17200 3.884 6 XXS 541 77.81 22.19
17200 3.884 6 160 417 63.07 36.93
17200 3.884 6 80 277 49.47 50.53
17200 3.884 6 40 234 44.27 55.73
17200 3.884 8 XXS 162 35.44 64.56
17200 3.884 8 160 166 35.44 64.56
17200 3.884 8 80 123 29.27 70.73
17200 3.884 8 40 111 26.87 73.13
17200 3.884 10 XXS 90 21.48 78.52
17200 3.884 10 160 96 21.48 78.52
17200 3.884 10 80 75 16.09 83.91
17200 3.884 10 40 68 13.76 86.24
17200 3.884 12 XXS 43 7.06 92.94
17200 3.884 12 160 67 13.76 86.24
17200 3.884 12 80 53 8.89 91.11
17200 3.884 12 40 49 7.88 §2.12
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Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) = Theoretical maximum size of particle carried in gas stream, microns
o Carried = Total percent of solids (based on Core Lab analysis)

carried in gas stream, %
9 Settled = Total percent of solids (based on Core Lab analysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d {microns) % Carried % Settled
17200 8 2 XXS 2899 100.00 0.00
17200 8 pA 160 2802 100.00 0.00
17200 8 2 80 2754 100.00 0.00
17200 8 2 40 2672 100.00 0.00
17200 8 3 XXS 2558 100.00 0.00
17200 8 3 160 24472 100.00 0.00
17200 8 3 80 2371 100.00 0.00
17200 8 3 40 2294 100.00 0.00
17200 8 4 XXS 2273 100.00 0.00
17200 8 4 160 2192 100.00 0.00
17200 8 4 80 2027 100.00 0.00
17200 8 4 40 1960 100.00 0.00
17200 8 6 XXS 1645 100.00 0.00
17200 8 [ 160 1515 100.00 0.00
17200 8 6 80 1226 99.99 0.01
17200 8 6 40 1055 99.65 0.35
17200 8 8 XXS 606 82.95 17.05
17200 8 8 160 631 87.70 12.30
17200 8 8 80 377 59.04 40.96
17200 8 8 40 316 52.34 47.66
17200 8 10 XXS 230 44.27 55.73
© 17200 8 10 160 254 46.80 53.20
17200 8 10 80 176 37.46 62.54
17200 8 10 40 156 35.44 64.56
17200 8 12 XXS 87 18.71 81.29
17200 8 12 160 151 33.47 66.53
17200 8 12 80 113 26.87 73.13
17200 8 12 40 101 24.25 75.75
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Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) = Theo

%, Carried = Total percent of solids (based on Core Lab analysis)
o, Settled = Total percent of solids (based

retical maximum size of particle carried in gas stream, microns

carried in gas stream, %
on Core Lab analysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d (microns) % Carried % Settled
6500 3 2 XXS 3930 100.00 0.00
6500 3 2 160 3644 100.00 0.00
6500 3 2 80 3544 iGG.00 0.00
6500 3 2 40 3386 100.00 0.00
6500 3 3 XXS 3232 100.00 0.00
6500 3 3 160 3030 100.00 0.00
6500 3 3 80 2828 100.00 0.00
6500 3 3 40 2727 100.00 0.00
6500 3 4 XX5 2649 100.00 0.00
6500 3 4 160 2438 100.00 0.00
6500 3 4 80 2122 100.00 0.00
6500 3 4 40 1940 100.00 0.00
6500 3 6 XXS 981 98.87 1.13
6500 3 6 160 741 91.78 8.22
6500 3 6 80 474 72.60 27.40
6500 3 6 40 363 63.07 36.93
6500 3 8 XXS 265 46.80 53.20
6500 3 8 160 272 49.47 50.53
6500 3 8 80 201 39.59 60.41
6500 3 8 40 178 37.46 62.54
6500 3 10 XXS 144 33.47 66.53
6500 3 10 160 154 33.47 66.53
6500 3 10 80 118 29.27 70.73
6500 3 10 40 107 26.87 73.13
6500 3 12 XXS 68 13.76 86.24
6500 3 12 160 105 24.25 75.75
6500 3 12 30 83 18.71 81.29
6500 3 12 40 76 16.09 83.91
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Prediction Of Critical Particle Size and Sand Settlement In Piping
Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) =

%, Carried = Total percent of solids (
% Settled = Total percent of solids (based on Core Lab ana

Theoretical maximum size of particle carried in gas stream, microns

based on Core Lab analysis) carried in gas stream, %
lysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d {microns) % Carried % Settled
6500 3.884 2 XXS 3954 100.00 0.00
6500 3.884 2 160 3793 100.00 0.00
6500 3.884 2 80 3636 1G0.GG 0.00
6500 3.884 2 40 3554 100.00 0.00
6500 3.884 3 XXS 34272 100.00 0.00
6500 3.884 3 160 3232 100.00 0.00
6500 3.884 3 80 3062 100.00 0.00
6500 3.884 3 40 2964 100.00 0.00
6500 3.884 4 XXS 2925 100.00 0.00
6500 3.884 4 160 2740 100.00 0.00
6500 3.884 4 80 2500 100.00 0.00
6500 3.884 4 40 2377 100.00 0.00
6500 3.884 6 XX5 1655 100.00 0.00
6500 3.884 6 160 1362 99.99 0.01
6500 3.884 6 80 833 97.36 2.64
6500 3.884 6 40 654 87.70 12.30
6500 3.884 8 XXS 398 63.07 36.93
6500 3.884 8 160 412 63.07 36.93
6500 3.884 8 80 285 49.47 50.53
6500 3.884 8 40 251 46.80 53.20
6500 3.884 10 XXS 196 39.59 60.41
6500 3.884 10 160 211 41.86 58.14
6500 3.884 10 80 159 35.44 64.56
6500 3.884 10 40 143 33.47 66.53
6500 3.884 12 XXS 86 18.71 81.29
6500 3.884 12 160 138 31.45 68.55
6500 3.884 12 80 108 26.87 73.13
6500 3.884 12 40 98 24.25 75.75

5




Prediction Of Criti

cal Particle Size and Sand Settlement In Piping

Based On Site-Specific Core-Lab Analysis Of Solids Composition

d (microns) =

o, Carried = Total percent of solids (
%, Settled = Total percent of solids (based on Core Lab ana

Theoretical maximum size of particle carried in gas stream, microns

based on Core Lab analysis) carried in gas stream, %
lysis) predicted to settle out of gas stream, %

kPag MMSCFD NPS SCH d (microns) % Carried % Settled
6500 8 2 XXS 4260 100.00 0.00
6500 8 2 160 4182 100.00 0.00
6500 8 2 80 4040 100.00 0.00
6500 8 2 40 3961 100.00 0.00
6500 8 3 XXS 3848 100.00 0.00
6500 8 3 160 373 100.00 0.00
6500 8 3 80 3586 100.00 0.00
6500 8 3 40 3535 100.00 0.00
6500 8 4 XXS 3477 100.00 0.00
6500 8 4 160 3376 100.00 0.00
6500 8 4 80 3231 100.00 0.00
6500 8 4 40 3131 100.00 0.00
6500 8 6 XXS 2757 100.00 0.00
6500 8 6 160 2630 100.00 0.00
6500 8 6 80 2370 100.00 0.00
6500 8 6 40 2222 100.00 0.00
6500 8 8 XXS 1766 100.00 0.00
6500 8 3 160 1798 100.00 0.00
6500 8 8 80 1232 99.99 0.01
6500 8 8 40 993 98.87 1.13
6500 8 10 XXS 635 87.70 12.30
6500 8 10 160 730 91.78 8.22
6500 8 10 80 447 67.62 32.38
6500 8 10 40 379 59.04 40.96
6500 8 12 XXS 188 39.59 60.41
6500 8 12 160 366 59.04 40.96
6500 8 12 80 255 46.80 53.20
6500 8 12 40 223 41.86 58.14
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Prediction Of C

d (microns) =

% Carried = Total percent of solids
% Settled = Total percent of solids

ritical Particle Size and Sand Settlement In Piping

Based On Site-Specific Core-Lab Analysis Of Solids Composition

Theoretical maximum size of particle carried in gas stream, microns
(based on Core Lab analysis) carried in gas stream, %

(based on Core Lab analysis) predicted to settle ou

t of gas stream, %

kPag MMSCFD NPS SCH d {microns) % Carried 9% Settled
5200 3 2 XXS 4141 100.00 0.00
5200 3 2 160 4002 100.00 0.00
5200 3 2 80 3838 100,00 0.00
5200 3 2 40 3737 100.00 0.00
5200 3 3 XXS 3558 100.00 0.00
5200 3 3 160 3345 100.00 0.00
5200 3 3 80 3154 100.00 0.00
5200 3 3 40 3027 100.00 0.00
5200 3 4 XX5 2962 100.00 0.00
5200 3 4 160 2749 100.00 0.00
5200 3 4 80 2435 100.00 0.00
5200 3 4 40 2262 100.00 0.00
5200 3 6 XXS 1287 99.99 0.01
5200 3 6 160 974 98.87 1.13
5200 3 6 80 601 82.95 17.05
5200 3 6 40 491 72.60 27.40
5200 3 8. XXS 322 52.34 47.66
5200 3 8 160 331 55.49 44.51
5200 3 8 80 240 44.27 55.73
5200 3 8 40 213 41.86 58.14
5200 3 10 XXS 170 37.46 62.54
5200 3 10 160 183 37.46 62.54
5200 3 10 80 139 31.45 68.55
5200 3 10 40 126 29.27 70.73
5200 3 12 XXS 78 16.09 83.51
5200 3 12 160 123 29.27 70.73
5200 3 12 80 98 24.25 75.75
5200 3 12 40 89 21.48 78.52




Prediction Of Cri
Based On Site-Specific Core-Lab Analysis Of Sol

d (microns) =

o, Carried = Total percent of solids (based on
o Settled = Total percent of solids (based on

Theoretical maximum size of particle carried in gas s
Core Lab analysis) ca
Core Lab analysis) predicted to s

tical Particle Size and Sand Settlement In Piping

ids Composition

tream, microns
rried in gas stream, %

ettle out of gas stream, %

kPag MMSCFD NPS SCH d {microns) % Carried % Settled
5200 3.884 2 XXS 4288 100.00 0.00
5200 3.884 2 160 4154 100.00 0.00
5200 3.884 2 80 3587 100.00 0.00
5200 3.884 2 40 3907 100.00 0.00
5200 3.884 3 XXS 3753 100.00 0.00
5200 3.884 3 160 3554 100.00 0.00
5200 3.884 3 80 3411 100.00 0.00
5200 3.884 3 40 3330 100.00 0.00
5200 3.884 4 XXS 3243 100.00 0.00
5200 3.884 4 160 3056 100.00 0.00
5200 3.884 4 80 2828 100.00 0.00
5200 3.884 4 40 2672 100.00 0.00
5200 3.884 6 XXS 1985 100.00 0.00
5200 3.884 6 160 1701 100.00 0.00
5200 3.884 6 80 1098 99.94 0.06
5200 3.884 6 a0 851 97.36 2.64
5200 3.884 8 XXS 498 72.60 27.40
5200 3.884 8 160 515 72.60 27.40
5200 3.884 8 80 349 55.49 4451
5200 3.884 8 40 303 52.34 47.66
5200 3.884 10 XXS 235 44,27 55.73
5200 3.884 10 160 254 46.80 53.20
5200 3.884 10 80 188 39.59 60.41
5200 3.884 10 40 168 35.44 64.56
5200 3.884 12 XXS 101 24.25 75.75
5200 3.884 12 160 165 35.44 64.56
5200 3.884 12 80 127 25.27 70.73
5200 3.884 12 40 115 26.87 73.13




Prediction O
Based On Site-Specific Core-Lab Analysis Of S

d (microns

%, Carried = Total percent of solids
%, Settled = Total percent of solids

) = Theoretical maximum size of particle carried i
(based on Core Lab ana
(based on Core Lab analysis) predicted to set

f Critical Particle Size and Sand Settlement In Piping
olids Composition

n gas stream, microns

lysis) carried in gas stream, %

tle out of gas stream, %

kPag MMSCFD NPS SCH d {microns) % Carried % Settled
5200 8 2 XXS 4649 100.00 0.00
5200 8 2 160 4545 100.00 0.00
5200 8 2 80 4405 100.00 0.00
5200 8 2 40 4343 100.00 0.00
5200 8 3 XXS 4221 100.00 0.00
5200 8 3 160 a057 100.00 0.00
5200 8 3 80 3939 100.00 0.00
5200 8 3 10 3855 100.00 0.00
5200 8 4 XXS 3838 100.00 0.00

- 5200 8 4 160 3698 100.00 0.00
5200 8 4 80 3535 100.00 0.00
5200 8 4 40 3457 100.00 0.00
5200 8 6 XXS 3073 100.00 0.00
5200 8 6 160 2943 100.00 0.00
5200 8 6 30 2681 100.00 0.00
5200 8 6 40 2528 100.00 0.00
5200 8 8 XXS 2081 100.00 0.00
5200 8 8 160 2131 100.00 0.00
5200 8 8 80 1566 100.00 0.00
5200 3 8 40 12599 99.99 0.01
5200 8 10 XX5 833 97.36 2.64
5200 8 10 160 959 98.87 1.13
5200 8 10 80 563 77.81 22.19
5200 8 10 40 471 67.62 32.38
5200 8 12 XXS 226 44.27 55.73
5200 8 12 160 453 67.62 32.38
5200 8 12 80 310 52.34 47.66
5200 8 12 40 269 46.80 53.20
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Prediction Of Critical Particle Size and Sand Settlement In Piping
s Of Solids Composition

Based On Site-Specific Core-Lab Analysi

d (microns) = Theoretical maximum size of particle carried i
o, Carried = Total percent of solids (ba

%, Settled = Total

sed on Core Lab ana
percent of solids (based on Core Lab analysis)

n gas stream, microns

lysis) carried in gas stream, %
predicted to settle out of gas stream, %

kPag MMSCFD SEP. OUTLET MESH PAD d {microns) % Carried % Settled
1034 3 18 40 137 31.45 68.55
1034 3 20 40 113 26.87 73.13
1034 3 24 40 a4 18.71 81.29 |
1034 3 30 40 58 10.17 89.83
1034 3.884 18 40 175 37.46 62.54
1034 3.884 20 40 142 33.47 66.53
1034 3.884 24 40 103 24.25 75.75
1034 3.884 30 40 71 13.76 86.24
1034 8 18 40 393 63.07 36.93
1034 8 20 40 301 52.34 47.66
1034 8 24 40 202 39.59 60.41
1034 8 30 40 129 31.45 68.55
1034 10 18 40 537 77.81 22.15
1034 10 20 40 396 63.07 36.93
1034 10 24 40 255 46.80 53.20
1034 10 30 40 159 35.44 64.56
1034 25 18 40 3257 100.00 0.00
1034 25 20 40 2185 100.00 0.00
1034 25 24 40 938 98.87 1.13
1034 25 30 40 445 67.62 32.38
1034 37.5 18 40 4567 100.00 0.00
1034 37.5 20 40 3955 100.00 0.00
1034 37.5 24 40 2372 100.00 0.00
1034 37.5 30 40 843 97.36 2.64
1034 50 18 40 5222 100.00 0.00
1034 50 20 40 4831 100.00 0.00
1034 50 24 40 3695 100.00 0.00
1034 50 30 40 1561 100.00 0.00
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