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WO 2004/ 072621 PCT/ US2003/ 003564 DETERM NATI ON OF

AMOUNT OF PROPPANT ADDED TO A FRACTURE FLUI D USI NG A
WCBRKOIeS FLONV METER Background of the | nvent POTUS2003/003564

Field of the Invention The invention is related to the

field of neasurement systens, and in particular, t
syst oMEFERNINAEION F AMORNE OFERRAPEAN T ADDED TO A

Cori ol i I )
or oppant FRAGH TREA D FRITALORIOISTRON WRTER

Problem 10 G I, gas, and other resources under ground
are obtained by drilling a well. The well is drilled
to a certain depth gﬁﬂkg:ré’é‘ée‘ﬁfﬁh"cgﬁ@m‘?nThe wel |

I.Z?rf%lﬁpfﬁzetlméﬁﬁgﬁ multiple zones in the ground that a

ng crew may wish to tap. To tap into a certain
zoneTha iheemtion li$ fefmged ortbeviitldad measwemeptaystens, aid in particular, to a

sygtgg%e{]rgid'h&agy @@9 ﬁis(;id{ngﬁgplizegl%%s &:Equ%e 'flif g%{ig ﬁigﬁﬁﬁ%}%ﬁt%%%rmine the

arﬁ&ﬁﬁbf‘f)ﬂogﬂant%a?t‘é@thl%eﬂuiﬂype_ of fracturing. Wth the
casing 15 fractured, the drilling crew then punps a

2.fStatementef theufrablent o the fracture to keep the fracture

open...The fracture fluid holds the fir '
SOl ip b Raishect Snfe olhud e SRR b7 R A oo e

isldPilIRR fLa 63N dephh O EReDuUniche ThHeawEllegendittbroupe multiple zones
wel | -bore. The fracture fluid is made up of a_ base

infthe gupund thaha Gribimsaanew MRy Wislk (o tepe T dapdng g peitain zone, fhe drilling

um i s _added,. ter .on. i j
o R ot RSN, T i s cout
bR dRAulicTRR NG, bieuiraiie fldorringse ahbthiettypWbéfractiningl, Withahe casing

base fluid has the consistency ﬁomswha

ne li ke
fraesnied sthe drillingrcspp hen, pugipe i fpstuse fiid 1t the GrciErde deppthe fracture
e hd: 4i t .
o T 5 ol B et s s
the@iill and @aslio moresasibnflow tivengh fhadtactuse infhthenvetleboren t he
tank_m xes the base fl ui nd t.he sand t oge rt .
ke TheEagurerfd s ey g Dot B SRR o ok fhpase fluid
a @}&Hpgﬂ%@&cﬁe& RewaRE I aﬁﬁfﬁe thitk. N& i x ke@Rhih ge fahRedntiRally mixes the

open e amount of the sand in the fracture fluid .
Gulet gmrambthe vaertegdthdr e nfakatedrase filidi When miystethe dase fluid has
hol d .t he fract ijrae]aﬁf)en Because the anmpbunt of sand in
f @OPFFSSH ant, the drilling crew nay

vant At@opEas 4héh 49Mnd /1O tHeh a@fiedsidnbe Bald €lhid ihithe tankio hrake the
a difficult process because the 30 fracture fluid is

fragtued fluid.nGhe amaentiof sandpsided depsids pw seibiyperigdpengitions, and other
1 xed To.deternine t .f '
AR EOTIIB S PR B e e
frd e 1aaeTRE fheurd s iy thed pempaniaid the efelltbuee fo laadp keep the fracture

fluid being punped into the well-hore.. A contrglle i q -
opaik: &} heenquib ok b stnd in faeagtered hid g?tsraﬁnpﬁseh% el zﬁw fracture fluid is

SRR Spqgitppe] oV 3,05 (1 arount  of sang soded

adj uBecdulethrramunint of saad helthediracture fluid is important, the drilling crew may
want to measure the amount of sand added. This can be a difficult process because the
fracture fluid is usually not made in a batch, but is continuously mixed. To determine the
amount of sand in the fracture fluid, the drilling crew uses a nuclear densitometer to
measure the density of the fracture fluid being pumped into the well-bore. A controller
receives the density measurement from the nuclear densitometer and calculates the amount

of sand added to the fracture fluid. The drilling crew can then adjust the amount of sand to
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1 WD 2004/ 072621 PCT/ US2003/ 003564 a desired | evel. An
exanpl e of a systemfor providing the fracture fluid

w0 200d@sei bed below and illustrated in FI G 1PCT/US2003/003564
Unfortunately, there are probl ens associated with
usi ng nucl ear densitoneters. For _instance, jnterstate

a desdrefl favel e psvanle of aAwsien forgrovidingdhe fractprefluigrsidesqibed below
ar&ﬁﬂu%{?t&igiﬁl&i. f.ul t 5 process considering the |aws and
regu ations surroundi ng nucl ear technol ogy. There are
al soUafonueaitely, fhere &abeobiandissogatad dithnaimgpmcteandensitometers. For
the nucl ear densitoneters. The . opgerat or

. ) f th .
ingi3B¢5 HHCTIGHAI0 SPETTENd| 7RSO8 GEUEIERT GenSERmePrs cAR ba difficult
p}&eﬁ% ané?%éé’ﬁlgrthe 1254 léh@'i(%‘ﬁlkﬁ%ﬁ? AYoundHghubREL @Elﬁlo:@&? There are

nucl ear itometers desirable to use. Coriolis
albd comcerts dorssafr mndbieglandbitranspenting of the nuglosr déngitometers, The

d ity d.other. 10 inf [ . fl ui ds,
oy R P G RETEbS S BRLof By v
re?ﬁfator%gencﬁ’ $0& RethrohaltdBittdar dShsitbfhéfrs ¥hdSsirdbaé to UNe.
, 4917025 of January 1, 1985, and Re. 31,450 of

Febr Gariglisiflow 18825 arglused to Weasmre thpinaps Bow gate, deppitysland other

. fJl ow, neters .are. conpri sed. of ;one or  none . f

infpzeigh 1) T FARRLE okt A3R e PSR R R e No.
490952 96F Abb@n 29,1938, C0S.itek.No. 4l 490 078tE Taiasy B 1965, @i Re. 31,450
natural nodes of vibration, which may be of a si

le
ofiBebearnlil hgl 982walk o h §; Swithet aln dForiobis flontipriets arg s@n.nglts&é ot one or

fl t [ i t ' . ' ..
LA PR SO, PRI s
Chhelid flewnieeérdias b kerof natues) mnelet eflvipratoh] wiichmdytte dfalsahple

side of the flow neter. The fluid js directed throuygh
e, FYsiRE. SR8 ORSRIPISH RS. BRSO e AR D gt

ré\fplgarn%? b Gle SHifi&e %tu{r% ?ncfdeg%ﬁﬂa?i%n.f FW(& ﬂ?fx’? k@b the flow meter from

ation nodes 0 e Vi brating, ed system
a@oenededipigdiné on plaer inldbyide béthedlow mettr.2Therflsid ipfliredied through the

oG o il B0 hoio P bR Siatiubt 605 PG BHE" The natural

{ £ ERViBkaiisg, fRAE-ER el 844880 BRI d¥fiedInOSt by A8 combined
Vg éo%ntﬂd esoto hévglag’differgnt%%phase. -th phase }{)n tc%rg e

mians ef the fldw tubestand tlid wasstafitlee fheid Movnng thrergh theBowtikesy

whi |l e the, phase the out] et side of the £|ow t .
oo dsiE Beifia oot R dife GalfIR ol ¥R pints alone

tHeURRL Bbel B KRB S BerbMHARY, i TH iasd hiethbliget diddbef(thy fldk tube
and generate pickoff signals that are representative

commonky lagt thedriver whits the phaseopdiayutlet pide of the flasy RbRileads the
OBl B R LA LSRR AU Ype tow ety

ahd g8k dte pitREFRENEK tiel afd repitb@tatpreed dssastidihef the dkaftibe(s).
signals to determ ne the phase ?i fference between t h(f
pi ckgtersglentranics, oray 9HEE anciilaty sleshemics BEliRUER gagected to the

: : _ g . |
Rl PR plsRo RS RRR AP fletcr B n e s GE plcRoff signals
teieetniing thephasndifibiwacpbaweasthe peckoff sigmals. dthetphase difference

s to. determne the de

i ckoff sj | . it f the .
bPRFER QAR e B PrOBIRIOBH t U4 T AL REHVE Ty through the
fRGLAbEEE It MBRQ M Ronidi&al RS pFoted orfe or both of the pickoff signals to

determine the density of the fluid.

Unfortunately, Coriolis flow meters have not been used to measure the density of a
fracture fluid. First, the fracture fluid is usually pumped down the well-bore through a large

tube, such as an eight inch tube. Coriolis flow meters have not been built large enough to
2
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fracture fluid. First, the fracture fluid is usually

punped down the well-bore through a | arge tube, such
wa@sgooan7weght i nch tube. Coriolis flow neters hBOBEUSZIN3/003564

been built | arge enough to 2 WD 2004/ 072621

PCT/ US2003/ 003564 neasure an ejight inch stream
mersyenafl §ightrinelt steami Slerendly.anpsioapls ﬂaWéneé@ns hare qurgf tlow tubes.

u i f

The'BGSve praGitRl gf*éa‘ﬁﬁ RoBRFHEIER S ed SHEAUINE Rirved-ube

Cfnhélw ﬂﬁﬂ! ﬁfetefrlﬁtbm bﬁnglg viabld @ltioe. dhe Isaiml wdiﬂé dsmagk the tﬁ]low tubes in a

damage the _flow tubes in a tter of, hours. For se
mpE S ReuS OBPT Berrentonts Cetalisd o pBteRas Sarbssbge] § Teasuro the

frgaﬁ'r% Ykd, 8 nacledr @GS iHEetdd %ﬁiunu% '?61 bé HQde ar
ens

itorfeters continue to be used Sunmary of the
Sol ution The inventi Q‘Bumniapy of the/Solutien above probl ens

Tt I ATl b Lol
ccfrh%?g 3 BRI IoWw ﬁf‘eté;’%hﬂ Qlcbatrdll s? WehEtLbase tgd edirktdwed through

['ow neter neasures a density the base fluid and 10
ther@unmﬂm flowametes el'ld Corepligdlosv mtenmwemdﬁnsmb of the base fluid and

t. t d th b
oiRg ey S et PR e B Sl st AR fhded o
tHe'b@.\keﬁulH REQHAR a tABurMEIIOTHS flabRire f1Bides thed Mewed Iﬂhr@hghsthe
| ow meter nmeasures a density of the fracture fluid

Canqhs flovamatere Tha CGorigbis dow meten meaermsiadpnibaefifhe frastprehrid and

g e SURL R RGO o MR SEREL HERDpRR system

d&@ﬁﬁnéd 4l An 6l 51 hioppdnt e S U tRe ﬂuldtlhteecf orothe bage fldididensity
density neasurenent, and a density of the pr oppant

PSSR e freporesaid densitraensargatsas [ad p Ay < thRIPRRANE:
techapl Qbbb gggtérﬁlah%ntéeg%ggﬂg !r%)@é’ces fRAEH |téc‘ﬁnf)l|ogy"w1th Coriolis

met ef' S can provi accur at measur enent s,
tashhdlegy. a&mdisrfg)vt heteps cinl ;emsdeﬁcdmemd demsiy aredsurements, while

transportl I oagtive sources an st runment
P ISP b i g 256 LB Agiee PP i istraments.

C%ﬁf)ﬁ%ﬂo& &S Qﬁo Ab nbRavaUkd BRinstOs#a ) Shi @RI lihe Ihﬂzlear
anot her exanple of the invention, the Coriolis flow

demsitemetes. configured to receive a slip stream of

material .. To pr t.he the neasur

syst irmqqﬁl}e[r ﬁé?mg]@ ﬁ-ﬁ}ﬁ‘i lg‘égl%gnfﬁhp H%goxgﬁlae 13 Ko L4 to receive
alsliP StrealDSF fabtefihl. IR oYiAS tiRe dlipisteariNile aftAkiramedyttom further
connect to an input of the riolis flow meter and

coraprises sdirelifubeand awaendjubed The fitss Hihsdes ¢ firgg epd configured to connect

g%ﬁ%ﬁ{ﬁﬁge ?81?1%16881E o e ?eg a§§ %g% sdc ?H& Fﬁlda?cﬁﬂi g%é'd% c&%ct toa

dfskRaedrBt £fanRNTh scond Gibe dasla €ind eﬁ@ eénfggmmﬂotcommnnmi output of
to a tank. The first tube receiyes a slip streamo

theeGerialisltlony mater pad Rsaciesengeendiconfigured ik conpRet t Ialt?ilk "he first tube

BT Yo AU e TSV v

tiraagh saidfisst fbledhtough saidlGorivlis flost metamtladugintaadyseosd fube, and back
provi des a srr?l | er flgwto reasur such s 30, a one
intp s#id £3mk, The slip stream advantageously provides a smaller flow to measure, such as
a one inch flow.
Other examples of the invention may be disclosed below.
The following sets forth aspects of the invention. One aspect of the invention
comprises a measurement system comprising a Coriolis flow meter and a control system,

said measurement system characterized by:
3
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O her exanples of the invention may be discl osed
bel ow. The followi ng sets forth aspects of the

WO poogatliedn. One aspect of the invention conprPGEESH03/003564

measur enent system conprising a Coriolis flow neter

and a control system said nmeasurenment system
char act erseikidoriglis fowapetep baing posizaurestip BBy 08560 2 base

1A b So R Bl G oS g pfatlo SR 4 SRRt ARy

méuiegleng tfahawit sait daset fiuid daesitytracaauleamet, ieasute d @mssityyof a fracture

TR S ovmRhans DR 0 et doreh bt acniy

méfHfodnt ‘Wﬂe?fgn t4A %Qtt&resﬂﬁiq cgﬂx?hgés' SmitA oT8lig badeXluid and a
generaté a fracture fluid density 5 neasurenent,

profpyseme (3523 aind thanswit saié ffabuiaileid densityoneasurementiragd of

sai d base f] ui nd, a ro t 52), .and. trangm t .

said fr ac“tal‘fir g)n?rpﬁfygtegbhgpg ggﬁ{@§%ﬁ8 ﬁ%‘?ﬁ“{e k f#dbaggﬁald density
mER0fnfint SYPIATERRIRANEOBEASY WRAstremeRS Bhd/ Get&rdlife P&Rount of said

fluid density neasurenent and said fracture fluid

proppesit inysaid fiscimefbnd based dn geiddese feidgensioneasusmeshjsgd fracture

I ant in said fracture fl.uj. ) on sai d base
i SRR e el o PR Ty s Sl PR e 3617 o
denspfeferaBIASHE E6BHs G eheferdenPiibes Ditraght ubRCuR{RHS flow meter.
Preferably, the Coriolis flow neter conprises_a

st r aPugfaratilyibe Coriply flew megey inpandigureddp geesi v §Jip sfrgam of said
riQlis, f IS ' tn:.receive a sli
fr&%r’g%‘l&%@ llélgélga{ges%‘%%eltn 51}3281;‘%(?%}5@%%@%“ eI \s/ai d delngi ty
of spietbriblgcheiRadurethéht si¥tah dualdryomphisesneasur ement

77T ot Nesh ibe bavingartie b6 coBREITEE 12 SIFLtth gt it OgidCoriols flow
meRk ?19& héﬁ’ilgé PWeco B L ccﬂl?igu%%zﬁ) gg%rﬁ:cﬁﬁ%oﬁgchﬁf& of a tank; aréd

configuredto connect t charge of a tank; and o
secomekcond abbduiing adirfti endtcorfighredtof ¢ogne@do twogtputnedeaid Coriolis

to an output. of said riolis | ow neter .and. having a
ﬂ%@&ﬁ"iﬁff’é‘ﬁ PGB SHIHIE S Goﬁéﬂﬂ‘é‘&{o BV it‘as%@%ﬂ(’ wher ei n
sai dyhifei sald RSt fube | 2 fnﬁgh‘lreﬁ% tReivB @11 Btréant bf MaketibE@dh said

of material from sai 20 discharge of said tank, said
disthapgesafrserirtatly, asidIshp stieany trhvadsithgodghrssid fingblabe,tthioyglyspid Coriolis

said Corjiolis .flow er hrough saj d, second t ube,
ﬂamn%%ﬁ“?‘i&h&%dfaﬁeaoﬂ‘{ﬁﬁ?’ aﬁflbfwéi’ 13% V,léltaﬁlé‘ cont r ol
syst Pfoér&blg,Qﬁfa caF o dydtém detifigund 6 de@rmive shid\enditysdisalid

proppant. Preferably, the control system conprises a
pwppditay system configured to provide said 25 anount

of sgj f er. | . .

o) st Bl NP B P SIBALY o RIS rovidosi
athb@itoTsdid préppamab anger esent i ng sai d anount of said

proppant to an auxiliary system Pr %fer ably, the

cont Pestteraflys bacemRl sYYem campeisss an gt REC BITEIE cepfigused to

trhfndifs @gﬁﬁ réﬁje&nting said amount of said proppant to an auxiliary system.

Preferably, the control system comprises a user interface configured to receive said
density of said proppant entered by a user.

Preferably, the control system is configured to:

calculate a velocity of said fracture fluid;

determine if said velocity of said fracture fluid exceeds a threshold; and

provide an indication if said velocity of said fracture fluid exceeds said threshold.

Preferably, the control system is configured to:
4
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density of said proppant entered by a user. 30

Preferably, the control systemis configured to:
w@alogrmee a velocity of said fracture fluid; PET/ESI00EN3564

if said velocity of said fracture fluid exceeds a

t hreshol d; and provide an indication if said vel ogi ty.

of swiylate aevaregerdensity ehsaiddhse duiddpased aspplugplity of dersity

B pol s RO O o e P 2 e

densdetermirie itd smbas of fdid prbpbasdn said fiacipreflaidibayedon said average
densi ty. measurements, of said base fluid by said ., . )
deppity o i s e b Hagiee it dPRe et mat g Swil ity of said

pr8p ant in said fracture fluid based on said average
nsity of said base fluid, said fracture fluid .
denskreferatdy the Ensolis flam thetaiiticadigeieadyto ofeasae d ma&s flow rate of said

ﬁg{g%gi i @HE %efvﬁc&:ag tl]%g’ét @%eﬁgglﬁ%ﬁ%mg{rgygﬁé@{%&ﬁne fluid and a
dé\feag“ah%iesafd UbiSolisPMfly RIcRY tdiRidtodiRRSyst@Reaf sai d nass

t
ow rate of said fracture fluid and a drive gain of
sai dsaEbedndrol systanviv aenfigured tp pravifeablenstome of said masgyfgw rate of

sal.d conirol stemis.copfigured.t rovi | east
sofffiSssfedtifon it i St LR Lo Sl R dF abler POF

and AabtHertsh¥@ o8 HenRintidA compasds Alh&hdd ofmbBuLLg b aount of

user. Anot her aspect of the Invention conprises a

proppanb ih ofractieesilitif fgidamethod corapBTng heskpait in a
fracture .fl ui ' t nprising the step of
det eﬁﬁei? |Hr111gr;;1’gz§11 88%§%fggf&§%a§8pr oppant; said nethod
char atd gleihoddhicteligediyahs steps ofl5 measuring a density

of a base fluid with a Coriolis flow neter o generate
a base fmgruriagasiensitypiadeseiedivithessete l%@mﬁ%&éﬁéﬁ’ ggnerate a

béggﬂ@ig@gw@eeagdr%&tw th said Coriolis flow neter to
generate a

racture tluid density neasurenent, wherein
sai d fr acmeasarihp aiddngdynyirai feeesora fluid withisad Gorishis dowaseer to

fluid and a pr, ant; and 20 determn ni. n nt _of.
T B RS eGP SRy Bafe g tmprises
mg»aé&Jflsah%aQ@ﬁﬁhtaﬁdWw, said fracture fluid

ens an

ity measurenent, said density of said _
pr oppant . demifieingnymouhtofsaiskproppank tnsiaid frecturedhwid baspd on said

o ) S P AR DEUS LR B i sy o
sdid ptodpitt h @ straight tube Coriolis flow neter.

Preferably, the step of neasuring a density of a o
f r acPrefesably,the steptof measuginggrdeasinsofa egture fluid with said Coriolis flow

meter comprises:

measuring said density of said fracture fluid with a straight tube Coriolis flow meter.

Preferably, the step of measuring a density of a fracture fluid with said Coriolis flow
meter comprises:

receiving a slip stream of said fracture fluid into said Coriolis flow meter to measure
said density of said fracture fluid.

Preferably, the method further comprises the steps of:

connecting a first end of a first tube to an input of said Coriolis flow meter;

connecting a second end of said first tube to a discharge of a tank;

connecting a first end of a second tube to an output of said Coriolis flow meter; and

connecting a second end of said second tube to said tank;
5
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nmeter conprises: receiving a slip streamof said

fracture fluid into said Coriolis flow neter to
wore@gr®w21 sai d density of said fracture fl ui d. PGDUS2003/003564

Preferably, the nmethod further conprises the steps of:

connecting a first end of a first tube to_an input  of .
sai avhesin 6vif dirst|tehe Teseises a slipatrgamtof ﬁgﬁte&lai &e&ﬂlﬂgﬁﬁ&}wge of said
i . - .
b g Vi e BE L lhSRPTIRuL ey eonseht Ot
thicagh edidl sedohdwabeptued backrnto seidnadct i ng a second end of
sal d second tube tq _said tank; 5 WD 2004/ 072621. .
pCT/RuetE S, Jermeliod fraie PAMEA{eA U1 16 Ok RBE g aid Aot of said

Sbd taﬁfsgfn. of material fromsaid discharge of said
prt@r?lgfl%sal slip streamtravels through said first

t ub@refictubby diie mafhdd Gartlien comprises whawsepeof transmitting h sigapld

second tuhe, and back into said tank. Preferably, the
TEPRESFHES YU A nE%‘ﬁ%ﬁ@BBpat“hg) %’taé‘a‘ﬂbaf‘fﬁfs §di ng sai d

amo Uit fepfb 1y Fh&ImefhoR TRRIRABOMpAsER thSREp ofteedivinglhid dehdidy of said

nmet hod further conprises the step of transmtting a
prepmnbfromrasgeessent i ng sai d anount of said proppant to

an xLliary. syste Preferabl vy, t hod further
con‘?#?%é@?hyﬁ]ée %‘F@’SH@I““}F@S@WF% t}%%%lgpsan%{nsi ty of said
Pr opRfsilating Qefo ity O said @rabrued Baidpl y, the met hod
further conprises the steps of: calculatin

vel olsterpining et Yaleity f saifl figcimre Hadexpeads ﬁghr%h%iaad
| i t.y. of i,.d f £l i { , :
T b U

f r acprdfegatily,Uhéineindddshaabmptibesabhsibpk of: Pref er abl y,
the nethod further conprises

( . .t he fft,(ggs f: 1? . .
cal ceplaulating anrvesper depsiyoh e passriluid pepeg 8@ Ryrglity of density
i I nts of said
SRR & IS B ol PGl AT BRI R
det edetdriiimigg said dnrouwntiof sataf preppait pr apbiiattuterflusdbabed on said
fracture fluid based on.said erage.density of, said. .
avSEAEE JEPIpYCP! Saiihos A TS Bpped L ASIY TR rbeHe AR Said density
ﬂiﬁr@ﬁ ensity of said proppant. 20 Preferably, the
Oians{edt od I?aggt her conprises the steps of: neasuring a

mas sPiefapably,ahe methoslfithdrreanpaises the steps 9t h sai d

Coriolis flow neter; and .arovidiRg.at..lea n .
sai doREnE RS How T rl ot i FRE a0 B guter and
gai Np@lidiadtJedsPbhePdfi said sy fIoRt Rife dfBail fikdoture fluid and a drive gain of
Descri pti on of the Draw ngs
said Coriolis flow meter to a user.
Description of the Drawings
The same reference number represents the same element on all drawings.

FIG. 1 illustrates a system for supplying a fracture fluid to a well-bore in the prior

art.
FIG. 2 illustrates a measurement system in an example of the invention.
FIG. 3 illustrates an example of a control system in an example of the invention.
FIG. 4 illustrates an example of a Coriolis flow meter in an example of the
invention.

FIG. 5 is a flow chart illustrating an example operation of a measurement system in

an example of the invention.
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25 The sanme reference nunber represents the sane
el ement on all drawings. FIG 1 illustrates a system
wo ooo4mmepl ying a fracture fluid to a wel | - bor ePCTUS1963/003564
prior art. FIG 2 illustrates a neasurenent systemin
an exanple of the invention. FIG 3 illustrates an

exanpl e of a conﬂe&ﬂ%‘tséﬁpﬁlﬁn&ﬁﬂ&(wwlbf t he
| nveﬁh s sﬁ%&s Bl gtetﬁ bl d lﬂg&ﬂr%fﬁ'a §w@ﬁ—b@re in the prior

Corio ow mat I'n an nvent| on.

arfoGssiét ih Sinderfthnding tierihvenktibns FIGS.i 23§ amhtheia]ﬂmi/mg description depict
operatio '

SPOEC PHUBHEY B BrpE o0 P hakers e B s TspBRuke and use the
e%@&é SEMOEREAGRL 1187 ¢ 8‘se|d'f\f@i%fﬂ gnnx}:eh@ve ﬂrrmm es, some

ustrates a system upplying a fracture f to
coavmiohalmspeats of thé Envpnmcm havarbeen singpdified br omitted. Those skllled in the

o Wi s o0t PR e semplepdiat P B bt s of g dmvention

Tﬂd§¥ ﬁﬂllb@ﬁl th@ a&%ﬁﬁ t&gf)ﬂé@iﬁ% tﬁi&' thé dtirés dR&itatbeltedntbe combined in
make and use the best node of the invention. For

vagioas way$®§e?mmmfad@ aniagions o€ theiineentipn.n A piresylt, teimvention is not
of
llrgﬁ?%ﬁo%ﬁlz gp??%girc ea;ﬁ{npteé geswﬁsigelgl\é/i,e I]tltl B T}( Epr tﬁ% cl?aei‘ﬁs tand tqe

cRPRIQE. ate variations fromthese exanpl es that fall

W thin the scope of the invention., Those, skilled in
System foriSupplyingaiveetsrelluid indhe Prer ABat TiGd descri bed

b I
€ &C El‘qnl?set‘ra g%e{&ﬁg’? 'ﬂp d s\ﬂg{einoﬂﬁ)l f\gﬁéﬁ:ﬁp&sﬁ%é ?@g{ﬁu{e ﬂl%lﬂel02 toa

mul ti varlalonso elnve

welhbeftih @i prior At Fraic@uﬂelﬂ‘llmd g@tetnolw(hﬁ cﬁm@ﬁhéd &f aetxaloplives 110, a
descri bed bel ow, but onl he clajns a

o aRbe 11, Spurm S BubARSIweF BRI KoRebver ) i 125,
Mke% g@ﬂsﬂ[){rﬂ} 114 agh (a:"coﬁtr('):l,e(lalla Ulécug@te AR i EGHUES o

Sys or supplying a ure flurd 102 t
taak/midri11Dat end endtdnd vahviedri 3at the oxeac Pume 128 and nsglsareinnsﬁometer

| AR pmedien sh dutezeribe TIE Ry din b3 T is copnegtpd fopealve 13

attonBend 4 tafilc¥Bk&a 1@)]a3the%tlﬂ’éimgu€qiﬁ§ tulfe 11P4§ b&ected to valve 113 and
ensitoneter 114, and a contro 116. Di scharge tube

is tosfigwed tortranspatithedractuae Rioid X02rto 111€0W©11-b@1i¢e Vealiee Blgckither directs a

it daén e oo PSR B0 Bt LKL PR oty e 12

SLﬁﬁﬁj/ fubb 122 redirduttRn kb 119, epaiecHaest thbe YEE N&re bl Rastalight inch
one end and t ank/ m xer 110 at the other. Supply tube

diameterss Gantriotlet kb is soupied to nurkeap Aenspiompter & bhf | g ur ed to

var vt et i alip ) S dape bRGANE o B fper 0

Takmixer OUYhixeschd mﬂeﬂuo:) Ifhet gilde 123, andthe dand Ulght@ethpf go make the
tube 112. Supply tube 112, recircul ation t

e 111, .
fragfare i hog- gEha apeunt 9B sangadded 1o the Batceil g pnd %@ pgum 122 in the
%éensi Orre(?%@%ﬂ%&ﬁs%ﬂ 6 sdit BygeS sl nt, AnB il Rctors. The operator
of fracture fluid system 100 uses nuclear densitometer 114 and controller 116 to measure
the amount of sand in the fracture fluid 102.
As the full stream of the fracture fluid 102 flows through discharge tube 118, nuclear

densitometer 114 measures the density of the fracture fluid 102. Nuclear densitometer 114
transmits the density measurement to controller 116. Controller 116 knows the density of
the sand 124, the density of the water 120, and the density of the gum 122. These values

may be entered into controller 116 by the operator. Controller 116 calculates the amount of
7
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In operation, water 120, gum 122, and sand 124 are

added to tank/m xer 110. 25 Tank/m xer 110 m xes the
wowie72620, the gum 122, and the sand 124 t ogepPdIEUS1003/003564

make the fracture fluid 102. The anount of sand added

to the water 120 andthetgum122 in the fracture .

sapyd i theffomtuge farddd)2deseden the density pacasyigmentofithe frpeiies, fluid 102,
r T f [

o0 AP e 4y AENE Pl Pl UGl 142 Cnnotr 1
inchided olisplay 136. Contiaikes U i € provides dreamdund bf seaddn itre frdoture fluid 102

fracture fl wg 102. 30 As the full stream of the
torthe eperpter n4ing disnle? 18P-ows t hr ough di scharge tube 118,

nucl (S

| BB ufP NS AARen il b
dénsammetet $14. rﬁ)rdeceMntmﬂ padriatgrnationebinanspoit of nucd @i

ageRunpisrgen b & SERER piossss: S hinilio and oy R e g e
d&l%%omy%?s?@ a\CBhKES anﬂﬂ‘)é%oﬁl’é%?é@ﬁng HeeRAt 8&stteetbibthave to be

by the operator. Controller 116 cal cul ates the anmpunt
c@tlﬁé’d ml@szad/try?tha POPPOTLUSROY 320085 8uch Bgives make miclear
cture fl gﬁoz based on the density neasurenent of

d‘frﬁ O?lftgﬁstlmdgs%b %62, and the known densities of

MAsureaast Shetm dddeoy@itti -120G. 2and the gum 122.
ControlTer 116 1includes a displ ﬁ% 136. Controller 116

pr ovFHeL Hllnsiraesrumeasyfenzaahsysiem 2Hin snaexampée ¢f the inventson.
t h
MG 5eRSHGh g 50l 98) Bt BeREEl e 201

s d}hﬁglﬁ frac@nsiluianer e a ktl-boFomot stoinali)C Eracturt doklt @mem 201 is
and i nternational trans ort of nuclear, densitaone

compritsd of s dmkfmiaT 21 (b agkwbarge SledRe ! Vﬁalza@aeclrcuﬁatm tube 211,
I r

SSHRILTREA2S i 20 HE SRy TS BIRA it woe 215

coteigstiet mnmaxme at ondend atldMalvfeIQEld abthel dtloern PechptPP Stihalso

R o OEieE e 1 aferoblstioe e AR S EERER Rseah at one

eﬁpgldcﬁﬁﬁlﬁﬁké?ril() at fik @the? Eh$Bly fibk 21934 EdnBStedto valve 213 and is

measur enent system 2 i n an exanpl e of the invention.
cW@mdenEMSIzcysme maQ@fB fleid 262 ta @@r\@iﬂ -bayeoNelvgt2d 3\sither dareCtS a

fra ure. flui st e fo

st 1S SRR e GRREA My RS Fpere i
sy%sve%ﬁ 201 £f3¥ beorh nwm@@datmr comipadtsnibeare 2dshown for the sake of
di scharge tube a valve 213, a recircul ation tube

bgevity. a supply tube 212, a punp 228, and neasurenent

07 U SSPALAR LMol 8 A i conc

syt 222.8Measubrfient s?ﬁ&ﬁ@@t) Qdiyte@sodhslﬁbat@es 2%22’2&18‘( form a slip
Recircul ation tube 211 is connected to val

sEppan ew&lwharaeéﬁba%&&ubﬂ%}%a%ﬂt KAy B RBF Inc ﬂ%u};ge Tube 226
Iﬁ%ek endsIM eaﬁh? nd 917 0 ég’ti 8(5181 in?et?egd 6P @Bhgllxg ﬁgw hfbter 222.
acture u I 2 ore.

ransport 'the the well-
EMaboe c&ir&celtds bschalge mbe Ql& Efd 272 mby ummmct tal antdiivooughdischarge

recir cuI

tybe2d 8 &¢ g nStPigLest resuIls o be 227906 Qdessuen S Ysi elljnbde 28%1 2End 281 connects

to an outlet end of Coriolis flow meter 222 and end 282 connects to tank/mixer 210. Tube

226, Coriolis flow meter 222, and tube 227 are configured to receive a slip stream 280 of
material. The slip stream 280 enters tube 226, and passes through tube 226, through
Coriolis flow meter 222, through tube 227, and back into tank/mixer 210.
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system 201 maybe conpri sed of many ot her conponents
that are not shown for the sake of Dbrevity.

woer@sreeent system 200 is conprised of a CoriRPCT/BESI0D003564
nmeter 222 and a control 25 system 224. Measur enent

system 200 may al so include tubes 226-227 that forma .
sl i prhedplewingidefnitions maxn bg Selpii an paderstangdyag the spvention. A Coriolis

A T
Céawlis rinsipid. oA amingple 822 Coriblixofl@V heterinadMlel T-100 straight tube
mefeaha Gaued q Mot o8 B hEOHECh botorpdss f ieCtui fud comprises
ani%lzlid, '?zﬁe{téﬁjaq,so %H%ﬁlrg fdedap destd %rusﬁﬂg of 8 FrabRRORC welkBofcQnd

n outlet end o 282

Coriolis flow neter 222 and end 2
provide e pendablet gtk / Aipxeppa@mpTisbeany2a@erigdmriagentais¢d ime fracture

er (222, and tube 227 are configured to .recejve,a .
T phelp Resn PO Ba-HS oRe-chn AT ST SFNPPELt B S g e fluid
oRiPrRESary Afte R4S, nRRASE Rth brapaht toFben 8 2ectuk eI tank
“°Cori ol i syL{?I oW nétag‘?}QZZZ, t hrouqﬁ‘gh tube 227, aﬁd back e
tanlenixar gotapriseseny 2at0or @niamep dou storsEanaterial. A tube comprises any
h PCT/ US2Q03/ 0035§4 The foll ow ng definitions may be
91 BYRE 1M PRGeFSt andi ng the invention. A Coriolis

f | ovinpkakios GHIK/ SRS 230 YeddRe e ind@Ddes ghotRde 110id 58S Bagedon the
density of a material based on the Coriolis

sefingradivplve 21 Arpusn s drcpates thp bassitiuid 250 thronghadischargg tube 218 and
l.: T-. 100 .Stf Al .
Pl 0P e s TS TaNS SR g os0. ot
stfchini 780GA 1R hase Slufl 280ytrdvielsi thougiatube 226, thrughiCotiotie flusemeter 222,
to resist crushing of a fracture in a well -

: | 1 - bore and.
thighifehe 227 p @ a0 ankymiser oGy ahihe: se fiaib e Llgving through
4 | o g -
IRl 8L el P20l i) b i 250
Cerdolit. fldv et 202 tankmitsontpese lesl denyitymiessuiretherdto egeral system 224.

m xe ith a ppant.to forma fractur ui d. t ank.

o Fatnties 20 BRereiskR ey e esmSrusht 277 Bihichhes Bid 250 0
mikOhE FraBrup@HiEidi2ab: BAsddUREhE 98MAE SEPalREY13, HAmP IS circulates the

tubing, line, pipe, etc. In operation, tank/m xer 210

fractureifined 2@hthrovighatischinge ihzhed 181204 dec2Bolatigatibe 2dh. hbe 226 receives

a fe;{ﬁttri&n Otcﬁ?‘l%%gﬁc 1%;]&%22@29 Zﬁ%os fprf%gérg?ga of Hlee fkr)aac%&e fluid 202
trévRed thﬁ}ﬂlgﬁmm%um?o@'hhoﬂaﬁb glod2fcte£TE), MgGugh Bibk R27, and back into

stream 280 of t he base fluid 250. The slip. stream 280
tapk/mixes 24 8s &Vith thedraptwe flrigh22loving thyengh rrialisglow meter 222,

t hr0 i.ghhs f t .2
R A 923 kb 4 TR 2 AR, A g metr
247 warshiits tafraetigd flufdatensity meddutaneaiie teecontdPsystEnt 24.i s

flow neter 222 neasures a density. of. the base fl uj %8

250. ComtElisyita 20 asrenes She Do Huidlearis) Beauispaet fpd,fhg fracture

¥ . n 4
iRl HERIHERAE o ol SO 24 KD s 2t LAY BF 86 proppant
2592 sEorfttolisybtéth Q24 may medetvetthedémsitg biithe proppadt 232froBasegerator,
rcul ates the

on the setti of yalve 213 u 228, cj
from) HIPERPRY, & P 0SB S e ST 5%4 fetprngpngigount of the
plopfart 29 & fhe Tkt ndiibo2 PR ohifie bREEIN@8ensity measurement, the
fracture fluid density measurement, and the density of the proppant 252. An operator of
fracture fluid system 201 can look at the amount of proppant 252 in the fracture fluid 202,

as determined by control system 224, to adjust the amount of the proppant 252 added to the
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a slip stream 280 of the fracture fluid 202. The slip
stream 280 of the fracture fluid 202 travels through

w0 ive/02881 t hrough Coriolis flow neter 222, thrormgk2003/003564
tube 227, and back into tank/m xer 210. Wth the
fracture fluid 202 flow ng through_Coriglis f|low nete

frgeppre fluh2020 Based poythindisdpswo thogsakilleddn theqenwill aypﬁﬁmate how to
m{)(lrﬁg}hé){ﬁ]&&?{g&f&le eﬂt égfﬁnb | Hc?e%h?eagﬁrgl‘ﬂe %mZﬁ)OZZZ

rac nsity neasurenment to
contWakn Elgesﬁaemra ﬂdld A02ritas die pypdreamo@atofi mogpanted52, velve 213 is

9] fl . d th fl
SRt 5 THEARE P R0 A i Bhomisy TR B s e gl 12
T}%Jg§mqg Belofhér @ Vé&%eor @Sfﬁ&ﬁg%nnegég to SRRl tﬁte SysloSftndPthe fracture

receive t ensity of the proppant 252 from an
flaig@02tlown holes suvhas mdange ppmpr f r om anot her sour ce.

CConi!rol sysifgizm determi nes an amount of the 30
- the fracture fluid 202 based on the
basepid, 8ijfudansiahx ARPRWIRIRI] sydtha 228 iR6d sXanglt bf the invention.
density measurenent, and the density of the proppant

Cosrol systern gés sowprisss a dispdast 242 a vbai lnlteéfy@ﬁt ¥¥h aohancayxiliary interface

3(#6'0 u&ag)%a%) €0 %o ?fé’[ @fsgﬁnﬁ g%? %%ﬂet D2 1el® ﬁlé)% sTfW @gt lﬂlﬁ)lay 302 is

codfiighfed tb BRpRA tel&fant Bta RS W&toﬁ% agtagsle bodisplay 902 is a
WO 2004/ 078 gQHgCT/ US2003/ 003564 fracture fluid_ 202.

Ligaiderysial Prplaydl68) o dlserinterfase d04isiconBgpredta sllovathe operator to
enV\@rI ibfo%‘ﬁgt{i St ceon@r% js?em 2? sys?ﬁhnﬁl% 88%%@[@1‘%(&%@% a keypad.

ur emnen
Aﬁil&ﬁfyuh&rﬁlbdlmﬁ id @Bnﬁ@ﬁed toetrqunsmiie n foammtiot topﬁnchleoapamformatwn
252 valve 213 is sw tched so tlgat t he fract id
frompan auxiliarp systers (Rt wn) B EHRlE phtyriling ater ase 396 13 a serial
dathgs ]{@ maybe ot her devices or systens connected to
gp y tube 212 to punp the fracture fluid 202 down
hol eComstrud Bysiam 224 amayeal guenmpriSe atprades®y st astorageinedi8 The

3dllustrates _an exanpl f.control.syst
ORISRAIRSPRT SRS JATER TRl By ioh Hob Sl Stored S the
stoREP RS "I?le%s?ﬁt:ﬁbfns?&% 'be@etﬁé‘%d dndteRbEREEL P prédessoRNSome
auxiliary 1nterface 06. An exanpl e of” control

emlmfzmsonswee Mtwab,(prygrmmdgsanm fzmr;war@ %cpnaymmﬂes of

conf.i ured to va dat
St816.§? meg rc"a\ﬂle&? ?Végegf %BF, déﬁkg %g? (")d Gffuft 8rvers The
inStry&ionk afd cpetativndl lvidieh. exebiféd bythe pke@ssod Qﬂdltéi:t the processor to
configured to allow the operator to enter information

opmtg iz ageprdowith #@tl@m@m tesappreeser” 1e8ep tq peipglepEecessing
dev nef (Jgr a elgée%/f} %Fe -opetal {)}1&1 %?%CF%%}%%G%%W(%@ §§1%8 eX ec%les of processors are

cdtﬂ;ﬁmér@;&htdgfhtécﬁmfduﬂm andfoglt sirbiay.y Thysetskitled o thesnioase Yamiliar with
An exanple of auxiliary interface 306 is a serial
ingpeiiopsmrocesys.apf soyagedisd4 may al so conprise a

CBLOSERSR MaRF. &t gr age nedi a. The operation of
—Cbgl“(f‘rtfﬁ_wmﬁré‘%‘rray be controlled by instructions

t hat FHE.ef illugraet anrexhingle (Sﬁaﬁﬁgélsrfkm meteT HQO in an example of the
mlfygst ! ug(gclf orl‘lf&,é}%gznmgt%r érl(% cou?cY Eg CgHo 18 g\% lrjrtle er ZB& 11tlus%rated in FIG. 2.
Coriolis flow meter 400 comprises a Coriolis sensor 402 and meter electronics 404. Meter
electronics 404 is connected to Coriolis sensor 402 via paths 406. Meter electronics 404 is
configured to provide density, mass flow rate, volumetric flow rate, totalized mass flow, and

other information over path 408.
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20 exanples of instructions are software, program

code, and firmvare. Sone exanples of storage nedia
w@e@40msRr y devi ces, tape, disks, integrated cPCTUS1083/003564

and servers. The instructions are operational when

executed by the processor to direct the processor to
opeCGarielis sensercHPccomprises how ivkartlilpn balypee hag g, process

f.e
copf§F3R1S URLE 45, BB DEDSEER AR R e o

tutxAph&edefa 1pf @6€ poioa dasignaaed @mtmﬂder 13ghtiend poitiah eldsignated
circuits, and Io Ic circuitr

Kill
416k Hisiba 1 o Tpacs porene ALBL FBRA [0 FERE B Btirepgth of
|
Caiofts S ol R om Syl o 5t 8% MitcS1015 pf bkpuferd B fichy ube 410.
Bamlceka'fmaes obnrichied at ity amnis |t@ﬂothobe 410 &y lﬁl’am/ﬂoamtl er 400

coul d _be Cbrlol flo 22 |IIustr
U 58 <o pppionel P G AR o TS Desi o abe R AL BigiTend portion
41§FQ§ DHix80% NGt PRLES BheklibR Al S SId f)rodé@bt &mnection 414 and outlet
ectronics 404 1s connected to Coriolis sensor 402
pratess @ahbaiofld S akecarigeteddo comiectCaidelisi ssnsor gA2 Equpipgling(not
gr vide density, mass flowrate, volunetric flow rate,
sho¥h| i zed mass flow, and other information over path

408.15 3 QoNRnEBRAMNAEE Hribby UDDSRAGHHIBEEH andAEht it T 425 are

sensor 402 conprises a fl ow tube 410, a bal ance bar

coypled tcpﬂm dahe 4Orind balaueﬁsbat 114241«3%@1@9&99@;4 404 fransmits a driver

s1£ﬁg§) Gr 4%2??\5%2)§th%? & espeo pgé edris(/ Insci (frﬁ' rg%%w{brates flow

tulGe vl CBandit@tinc€ba 41rih pRike d@poGGL ﬁdhe fb&&ﬁn’c ﬁ'hqminbjd bethe fluid-
410 and its ends portions 410L and 410R extend th

filtedtflovetube AR-h Tt owillasion of vibrajmgdlnw tbe 410 fiduges <F<?ﬁﬁhs deflections
in il%gﬂ(% gfble%@’owggveﬂﬁﬁ% n?ﬁmgyt’ﬁ#:t epdaw%fsqﬁﬂaln@ g{SS tﬂgl%? the Coriolis

al ance 'S connec its en
defledtond 20d ByndpriapekdfsigddlS thak edpresenicthe ﬁbhobsndeﬂhﬁtlonssover paths
affixed to |nl?t process connection 414. Right end
43depd e respecieyely-s affi xed to outlet process connection
415. t
com B o T AR AP LBhperf B RiSor 426
deseetssthe teffp@ratarea{ thepthii rﬁlewéngntﬁlrm@hélwwmbc 410, ‘Hemperature sensor 426
conventi onal nmanner. |cko
SRR ARG DB 450 I e m P G by 5Cich §eonics 404
oveAbARAge bar 412. Meter electronics 404 transnits a
drlver S|gnal to driver 422 over path 432. Responsive
hOpehatiomof Measwaemend Sysiem -4P3GaA brates fl ow tube

410 bal nce hase :

410 3ol BATand e p I CRRRY S8R Bhorbilfor
méak@remEREs &lg’e‘e@ﬂ bO@ini ex@inpld letHé inRentfdn0 ALt oegatdAdfims on control

i nduces riolis deflections in the flow tube 410 in

syatewed 24 aad&moﬂm ﬁlﬁ@rme%@zp. qrol syshora 22heeaiyss geingtrction to
LR PR L B2 A, R POy 8P

“Aed” anduddmn thfeeghesérivetfice 304. In step 504 control system 224 prompts the
operator to enter a density of the proppant 252. Control system 224 prompts the operator by

displaying “Enter Density of Proppant” through display 302. The operator enters the
density of the proppant 252, in pounds per gallon, through user interface 304. Assume for
this example that the proppant 252 is sand having a density of 22.1 Ibs/gal. In step 506,
control system 224 receives the density of the proppant 252 as entered by the operator. The

11
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Tenperature sensor 426 is connected to flow tube 410.
Tenperat ure sensor 426 20 detects the tenperature of
wo b@4fdraeed fl owi ng through flow tube 410. TenpRCHUS2083/003564
sensor 426 generates a tenperature signal, and
transmts the tenperature signal to meter electronics
detsity ofthe propaent mMa6alsExareFicy cOYONRIEHAT, P Isaad Spgranother
stem-- FIG 5 FIG 5 is a flowchart illustrating
S8 exanpl e met hod 500 of operation of 25 neasurenent

Sy stEsmkARRet D1 GuRiex @ghace Ahid A5 withoabthe@nopphnt 22 rBdsed on the
turns on control %?gg/stem224 and Coriolis flo

seiirg ol g BER &58 ipanliteiciar P TR 2o o Btshpigs tube 218 and
re&lraﬂ:gtlo&{lﬁbé@ﬂo r?’ub%@Z%%‘éeﬁ@s a%}igtsﬁ"ggg%ﬁ of'th8 bRREMAH 950. The slip

y by ent I nstruction
stidamABProftisctase lﬁﬂuﬁf Zﬁibtmvfé[Mhrough sibe 226 0Hrough floriolis flow meter 222,

h?%%%e e bk g egpogy o CraBR0 b shud FIEASWind hrough
@lfsaﬁ(ﬁl; gmer 397 b SRR RImefR 08I nidgRedstaydpity BPﬂB@ dbde fluid 250 in

roug 302. The operator enters the density
stq;s 50% quml(dmﬂE{m m@ﬁ:ﬁ 222 trapitscsbage fluigkdensity messuganggnt to control

sypiegh i Comst St ng A v 18 bt iR A0 B esbtBlepl Bine

oﬂé?atﬁf ﬁ%te@oﬁ 0. G‘&Rﬂl‘é Qﬂowﬁrﬁ@&?mzzl%éy hIR6 Blcafe h AgssABH rhﬁé of the
proppant 252 as enter ed@é&/ the operator. The 11
bas@fmnzsmamnermne/ of3rebaedabasy, andathier pargnetepsan step S08.

B gam@%,]ﬁ‘ Sagm@ppl fi eve ﬂf?gfg %e%&)ggéﬁgqgﬁue and the other

&Hﬁeiéﬁsstﬁ thd iheilated stpt S1oU tTHeh@e@tdi ppaldtscidBahrobgh ﬂté different
the setting of valve 213, punp 228 circul ates the
parawetets toivievp Bdetifpd daENAs char ge t ube 218 and 5

B
Cohtrélhgsteas4fdaleuthtedGhe aveayge (Enﬁltyr lq,utghmg tilbeav@PAe of ten density

t hrough Coriolis fl met.er t h_tub
mEABITBREINS P b DEselIAERer Coned Swt?lﬁ hazaleo ?ﬂﬁ‘i}ﬁ%% © hgpverage

%4&%23&&% %%Uera bf @k 'd%nsfé o a!gﬁtteﬁfent%%%er £RY @cbﬁd interval.

ter sures a Ity of the base fluid
V\Eﬁ[é dah:ulaﬂ;thg meﬁﬁ)&ragecolanmyu, sorfttod gy staan 824 ﬁm dtsrplmsf‘r&tftbshang on Base

%%Eg%gtgg ;é? rfgﬁ gg %gcg{o(ﬁ nt gév?rﬁgﬁ %ensﬁy responsive to

aﬁi ﬁﬁ&h&ﬂonr@@lﬁ WhEsPRMtof, Fdr hl%tarfé@ Qh@hfik!ratbf‘w%tcﬁéh thd Qensﬂ:y
Coriolis flow neter 222 may al'so neasure a mass fl

nreaswrernénttand thddameelfam theagWement [désplreed by centssl Svﬁ@mtgéééo seeif

fluid 250 aranet ers, i

t}geyg?aéme Htsr‘ﬁé%’ﬂéﬁ if‘ ﬁﬁ% %qaggfeglﬁ%ts ﬁ,{a}bﬁfz? thxgﬁlaetog%ﬁjr ﬁgtructs
cbRFNRYAEHN24 tabdcdl e tifd HRfagedengypt ers to the oper at or
in step 510. The operator could scroll through t

di f f &x eap 514 cpnirelfystems224dlolariayies wheticr & aﬁaﬁaaﬁé%rty just
> 9% withi

BB B, SO N TLARL G pen et i
fivakedshateervhl) ehe\the a@eagﬂaem'sitwis iyt $tade.nin thhtecase; @onigel system 224

of ten densi Dy
displays “Unstable Density” to the operator and returns to step 512. If the average density
did not vary by more than 1%, then the average density is stable and can be used. Control
system 224 displays the stable average density of the base fluid 250 to the operator in step
516.

At this point, tank/mixer 210 mixes the proppant 252 into the base fluid 250 to make

the fracture fluid 202. Based on the setting of valve 213, pump 228 circulates the fracture
12



measurenents of the base fluid 250. Control system 224

may al so cal cul ate the average density by taking the
war@rams2nf the density nmeasurenents over a fiRET/ER03IGD3564

interval. 20 Wiile calculating the average density,

control system 224 mag di splay "Stabilizi ngP on Base .
flwd 2002 throwugh dischapge tibo? 18 @sheeigrulafipsttabs Dblg Rypmp 228 re-circulates the

calcylate the ave ngi | [ t : .
E AR AB) R BRSSP Robind BERORRLY Blfodilpcifinions. Tube
2TDREAVE a il stlees JBDef derfdcute loREEID. eNterdlipatrdarh R8O of the fracture
nper at ure neasur enent di splayed by contr

t | t
fi 205 gragels thrpush Wbe AeinSuroBRLROHOKY 6 Fresis 229+ (Ggh thbe 227, and
b%gﬁﬁtlrdgc%{@{% L ?ni (gggrvlifthétﬁ% g%&ﬁ A8 22@ BoRERY thtdtph Cétlofis #8w meter

cul ate the average density.

217 Cetielis Haw, meteri22ahesyss ene?dt afdhefradtmeSluvh 20har stephl 8.
aver age densitéjust, cal cul ated .,is.stable. For Lsvst
Coreliseys metqr 221 dranspaitsgyHacits q@ density SiFag YT emER o cRgfrol pystem

Awithin a five second interval, then the average
density is not stable. In that case, control system )
224 Cdntsqllsgstem' 224 shenbdaboubaersthe pounds of kandosided toothe diagture fluid

eturng to step 512. .If .t ver.age dens,i 30, di-d n
25 U5 Bt B Mies ofpong nefe KM ET B30 2 ey feioWibe
e?ﬁﬁ%@ RRELpOR0, &Shtres SFbtent oY EQéulatey ﬁfe%@}o%ﬁtﬁgéi bSgulidy $%S) in the
e stabl e average density of the base fluid 250 to
fratterecpad 202 psing eguaion 1516. At this point, tank/m xer
210 m xes the proppant 252 into the base fluid 250 to
make the fracture fluid 202. Based on the setting of
val ve,@13(, RUAR -2,2§seﬁlidy/qglp@&a@c& pheafdacture 1RO
2004/ 072621 PCT/ US2003/ 003564 fluid 202 through
di scharge tube 218 and recircul ati on tube 211. Punp

28 re-circul ates.th fracture. fluid to contj nuousl

ond ettt FHEOERUY P Diegtis® PEAE. 5 bpsaro o the GeBSRY &t the base
S ifications.. (o] lip stream 280
ﬂgﬁef%ea?(fgc&“‘aﬁa‘él ﬁﬁgﬁgls%%f &%Pgbé@ E)st%';r eam 280 of the
frac ' bhaal gl chitRUBhplophant 321 actRERYBID.) usi
Cori E'Fftgp ?Iﬁ%\l/évb?f&e(?ggﬂzzz, thrcough tu%eBgZZ i?Sgnaél: 5 bgck ) using
equationt2ank/ m xer 210. Wth the fracture fluid 202
flowi ng through Coriolis flow nmeter 222, Coriolis

flow neter 222 neasures a density of the fracture

flui b B0 iRt BRpRt8. Coriolis flow neter 2232]
transmts a fracture fluid density neasurenent to

control system 224. Control system 224 then
cal cul at es_Etdge pounds of sand ded to the fracture
wheti g progran: Bfbe dansity 9f g pEpRPap ounds of sand added,

trol 4 h - :
ot 55h5 % A B SO B SRR s ) 0
fRbtuseliid2 00 Ybhgiequdtloa 3.fracture fluid 202 using

equation 1. %6 = (p frac fluid - p base fluid) / (p
proppant - p base fluid) [ 1] 15 where p frac fluid

i's theg engi({o/ys szglﬁz((gg%wr*el).ﬁjyi d 202, p basB]fI ui d

is the density of 't

The pounds of sand added (P.S.A.) may also be referred to as pounds of proppant added
(P.P.A)).
Control system 224 may calculate the pounds of sand added using equation 4 instead

of equations 1-3.
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fluid 250, and p proppant is the density of the

proppant 252. In step 522, control system 224
w@2lsnvmees the proppant displacement (P.D.) uBCTIgS2003/003564

equation 2. 20 P. D. = 231/ p proppant [2] where p

proppant is the density of the proppant 252. In step

524, P Soht Folp symit en @egidc AI(dut &0 estuti Hep powmds Bl sand

added (P.S.A) to the 25 fracture fluid 202 using

equation 3. P.SS A _ (% * 231)/((l - %) * P.D.) [3]

d 3 | S0;
o 25 e AL QUREHLT 3 b 50 g

{191 956,8nd 24 IR, iS Meddnditeot the prppaiesaf sand added
usi ng equatpl on 4 instead of equations 1-3. 13 WO
2004nhGHpERs, RaEToUSAE0322085pl4ys e povnds of sand added tq thiedracture

-. P fluid) / - f flpid,./
0B ERaky ke il Rt Gah o b B R ORRER s o s
added b6 &Q@aﬂ@n bewsiet.| Abrdl Sydth 208 Akb igkn@hitel AeighalSepresenting the
fluird 250, and p proppaut is the densi t%quf t he

p@mdpphsand 26ded. Fhersignabpag be a cBhmActigna) Saramapgpifiary system (not

di spl t h ds, . of d added t ,
snel CLSo B 20 SRS RG] Ak Rl FSh g gpore hid
28R erAsRadrd Jf thfrhSuRfflid 20Z Sn@ bitea patamatteeia spspr518n €ontrol

gallon of water. Control system 224 al so generates a
systegn224 mey displesi thagasslow pis tepstempexafiive, and dagrothenparameters to the

si gnal e - i ] :
o IR B gty RAL, ARbsB A AR e
désird@ pSrafmey C?h@(;}l@&?tblhezmrraﬁ’fﬁ}srte gifeb Gil8. 10 202, a
tenperature of the fracture Ui 0 nd o r

par al¥stheds 00 maytfggheigeluds fepsy 28 @‘ééﬁgnﬁﬂgﬁp %rgéj control system 224
c&‘{mﬁa%sa%e Rf&gci?}aéfsthg lLQWF ARG 208 %0 & BIFRSORE WG, @dffrol Bftem 224
other paraneters to the operator I1n step 526. The

calpeitas tie veloaltyl (wbsodlyl .t ofitdle ftakrelflhideX08 singxuatsme. s

to viewa desired paraneter. Control system 224

returns to step 518. Method 500 may further include

st epsehaify ald 23fow ke 8fEP*RF, control system 15
corrpa?eé@ & Vel o%vivtyeof the fracture fluid 202:Et§]2)l a
threshol d value. Control system 224 cal cul ates the
velocity (velocity material) of the fracture fluid Z%Garea

wihsrerfy Feiguaarardatior gud ke raje marie s the flovipisfithy gaterial.
fz{éﬁoér%%}@lvm?\éﬁ\éfeﬁg{\é& ﬁ%ﬁ'l t}ﬁE %Pﬁrgt%}; l’(:)r retrevl RN A nfeAfhPbr other

eria ow rate of the
sysidner Ifahe vélbetyeofahe fricotediuid 20F-ejcendsythb threshold vaduk, theoreontrol

the operator or.retrieved fro Menor,y . or, ot.h ,
SRR G4F PIOVIdeR an RNGAEPR b i YLD oy SR e el yalue in step 530.

FEX08GEAS, if1Be tOHGBNH He ¥aLHR M11il 802 68RAL]2 fi/sec, then control system
224 triggers an alarm. If the velocity of the fracture fluid 202 does not exceed the threshold

value, then control system 224 returns to step 518.

Control system 224 continues to calculate the pounds of sand added to the fracture
fluid 202. Tank/mixer 210 is a continuous mixing system, not a batch system. Therefore,
the operator has control system 224 measure the pounds of sand added as long as tank/mixer

210 is providing the fracture fluid 202 to the well-bore.

CLAIMS:
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system 224 provides an indication that the velocity
exceeds the threshold value in step 530. For

wopmbarmnse; if the velocity of the fracture fl uPdI/BSD03/003564
exceeds 12 ft/sec, then control system 25 224 triggers
an alarm |f the veI00|ty of the fracture fluid 202

Wetis chiimeéisceed the threshold value, then contro
system 224 returns to step 518. Control system 224
continues to cal cul ate the pounds of sand added to the

1.f Aasdasiemeht $istbn?QR0) danidsifigeCoRdids fley et f222)wada control
m Xi ng system not a batch system Therefore, the
sysiser @26k has control system 224 measure the pounds of

sand 30 210 is providin
t he ¥ Q@%?gé?% %ﬁ%ﬁfﬁ?@&% &§§§| - bore. CEAINB: 12
WO 2004/ Os?ai’(ﬁ@ﬂ:ﬂ@ﬁr ﬂ@iﬁ&&(ﬂé}/b@ﬁigﬁﬁﬂﬁgu&hdito insasutead dedity of a base
1. Arresure nt .system.(2 risin
ﬂwﬂ&%ﬁ tng Broverotiid Convm iy Sl Epitsa bosettd dgpsic
?éfﬁ&ﬁ%b&ﬂt%ma%@ ﬁﬁﬁ‘l‘ifeﬁﬁ’tyzﬁgasﬁi’eme%ﬂ'n%agﬁfe'aQie'n§1ty of a fracture

W met’er being configured to neasure a density of
flbid{202)fflowidg (}ﬁ5ﬁ)gh §ah<b(Epn@j1stﬂnmu@ter sagehede i dlaprd ﬂ’éi@' density

g S BaC R Qoo S AR REa bt nd 2
pﬁgﬂﬁﬁ &52) d t?anfsﬁlﬂ%taiarf@actdrla Al dedidy mbhsdréoiéht} dhidough

riolis flow nmeter to generateafractureflmd
density 1@1@:@@@@ eptern beingsonfignredioteeqive said base|flyididensity

oSBT B S s o PR

prOPPSH K€ 5RA Fracpellgiaibes <l safid basy ﬂhﬁlrﬁebgtmem&fm@w sitl fracture
to receive said base fluid density nmeasurenent and :

flid dgnsitameaueenient andgeleasityofmaiiPeR®ht , and det er ni ne
an anount of said proppant in said fracture fluid
based on said base fluid density neasurenent, said

2f mae measurddeit! systdmd206)i df\laimaswherarhid Goriblia ﬂzimnmjetey (222)

of said proppant. 2. The neasur nt system (200) of
C@PHFS?MS&I%EE e SoriglicHpw angter 145‘55/ meter (222)

conprises a straight tube Coriolis flow neter (400).
20 3. The neasurenent system (200) of claim 1l wherein
3s The nfeasiremest siybtem @00)ef {222 whareinseidfCginlisdlovometer (222) is

REETRENIN T N R Y (N —

Oﬁmnjhgdﬂﬁggﬂaenent system (200) of claim1 further
conprising: 25 a first tube (226) having a first end
(271) configured to connect to an input of said

A3 S SR bR, RN, 50
t ank a (2 @hbe @26) having a first end (271) configured to connect to an input of said
Coriolis flow meter (222) and having a second end (272) configured to connect to a
discharge (218) of a tank (210); and
a second tube (227) having a first end (281) configured to connect to an output of
said Coriolis flow meter and having a second end (282) configured to connect to said tank;
wherein said first tube is configured to receive a slip stream (280) of material from
said discharge of said tank, said slip stream travels through said first tube, through said
Coriolis flow meter, through said second tube, and back into said tank.
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a second tube (227) having 'a first end (281)
configured to connect to an output of said Coriolis

wo bewomster and having a second end (282) confPQUUSIHOY/a3564

connect to said tank; 30 wherein said first tube is

configured to receive a slip stream (280) of materi al
5. fThemersimmehseyteny@08) ofelaim | whrreinssgidicatiohsystane gt 1s

trave hr ough sai.d first. . gh said
“%§$W%$ﬁ%éﬁ?%ﬂﬁ%%Wgﬁ?“Fﬁ92%%@5§§P€&3%§§hd t ube, and

back into said tank. 15 WO 2004/072621

PCT/ US2003/ 003564 5. The neasurenent syst m%ZO(@ 3)f -
6. The meapurgmenkeyistesni290) ohtlpig) | gihstednaidoonfral system (224) comprises:

conf | ' i ' [ Ntoa

(25 IS ofant B8} Rl ] oA S5l ot off S BRABRA: (252) o
useherein said control system (224) conprises: 5 a

di spl ay system (302) configured to provide said anount

of said proppant (252) to a wuser. 7. The measurenent

7. (Sgl‘zetiﬁé%gﬁep t %’Sté;lll girg@) &f YBEE hheRcdh 6hig ORtFAP S}és%fﬁ (Z1M) comprises:

rnses: auxilrary interface (306)

confangux#iry mtarfaan §366) canfigugerhlo trampmiésengtiahtppeesprfing said amount
ampunt 10 sai d pr.oppan 252) to an auxiliary

of spidhnpppagt (Z%Eto,?gaagl%}l@%zm&@é,st em (200) of claim1
wherein said control system (224) conprises: a user

interface (304) configured to receive said densitx of .
8.5 Bhaimpasopamzant sYsESR2Y2003 nf eleisel 1 pyhezein said contpl gystqpmd224) comprises:

Contt e ek BB R kel 518l s HRRIE F sdbfborant 252
e¥Gb@Bi hys@f said fracture fluid (202); deternine if

said velocity of said fracture fluid exceeds a
threshol d; and 20 provide an indication if said

! f id f i - ' -
o Fpeibefthent §)eph (FUARE Bl { PhESE BRI BRY St (P2
cohfishieidebn said control system (224) is configured to:

calcul ate an average density qf said base fluid (250)
bas eepl@tiatg a yeloedy Pg‘;ﬁlg a%F@’f?sﬁl‘PS} (2(%, measur enent s of

sai dyhasend frubd Riocidof s 58 HallukS i Qucdrat &khrbddid; an@nd

det erm ne sai %&iam)un of 'said proppant (252) in said

f r acpronilefah indicatPA3y sddiseldcipnot sl Hachure faidbexteedsiseid threshold.
said base fluid, said fracture fluid density

nmeasurenent, and said density of said proppant. 30

16.1T1aeT D8adTRASH %&ﬁ (5005 08 Blafr? QWhedin GhidicBhtio WHEERI(D24) is

said Coriolis flow netér (222) is configured to
c taddoa mass flow rate of said fracture fluid

(202),, agnd provide.at.|east.one Of ' fl . at .
of Séa}lgﬁ?tp gglaﬁ?rggef ??P,SHY gﬁ %ald Bike Rlid %Z%'O?b&%ﬁ dn'a p%ﬁlaﬁ@ of density
measurements of said base fluid by said Coriolis flow meter (222); and

determine said amount of said proppant (252) in said fracture fluid (202) based on
said average density of said base fluid, said fracture fluid density measurement, and said

density of said proppant.

11. The measurement system (200) of claim 1 wherein:
said Coriolis flow meter (222) is configured to measure a mass flow rate of said
fracture fluid (202), and provide at least one of said mass flow rate of said fracture fluid and

a drive gain of said Coriolis flow meter to said control system (224); and
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a drive gain of said Coriolis flow neter to said
control system (224); and 16 WO 2004/072621
WEMANBBR03/ 003564 said control systemis conPCUSMA3/003564
to provide at |east one of said nmass flom1rate of
said fracture fluid and said drive gain of sai
Cor i #id eorfiiobystan érconfgured seprovide at Jeagieqnesi S@fl mass flow rate of

sSE Facinstd S UBE v PR PRRE Chpbls Bob iAo Rt
density of said proppant; said nethod characterized

y the steps of: measurlngaden3|ty of a hase f. q}g
1% 25@9wtm<i raeasring i gnpEwl RERpRAntin 2fyactise figidn sy fhisthod

sity measurement; 10 neasuring a density
cfifsind TR LY (202) with said Coriolis flow

met edetéinggrateatiey of shrdaprbppaatfl uid density

neasur, rh aﬁ\Q,her ei n fractgre fluid conprises a

m xt sAidmsthod a@?§€3 SIRYOL proppant (252): and

det ermi ni aﬁfi‘mg%éﬁélt f s fIRORB@With B CofibHs flow meter (222) to
fracture urd based on said base fluid density

gereaael n baenlyid densityfmmeasurement; | ui d density neasurenent,

e e T e g L IR e
gé’nefre{t)@‘étfﬂéﬁﬁlré g HendiBQRastbchiitnt AW HeréR kA ftastuld DidPOMPFises a

onprises: neasuring sai d density of said
nﬁmmcafrseldfhaae: tluidi and agpreppast @ﬁf:) wide Coriolis flow

tmﬁtGe ;t ep 8‘% 41%@%21%&&%21%8 grogéan% r?r id #ﬁrtﬁ{%ﬁlﬁ& gased on said

bhs2GRid Werishty SitdaSlire@EhtObdid ﬁ“a&t@ﬂé it dendiRdRdasmempent, ard said density of
receiving a slip strean1(280) of said fracture fluid
sdidpeoppantd Coriolis flow neter to 25 neasure said

density of said fracture fluid. 15. The nethod of

claim 12 further conprising the steps of: connecting a

18i maé netdd(of Elimaf wheléin stie sttqb@f 1©226)ing o demsity i atfraofure fluid
said Coriolis flow netz2 5222 . 30 connecting a

(2023 gvith sekCorpotis)flasy meter (£22) Fapbiisise (226) to a

di sc E’;‘;}%%%r%fs%ﬁi) de%it s% frac%%%md G20 28GhidRBBe Cokidlis flow meter

end a sec to an output of said
(4@niolis flow neter and connecting a second end
(282) of said second tube (227) to said tank; 17

14. The method of claim 12 wherein the step of measuring a density of a fracture fluid
(202) with said Coriolis flow meter (222) comprises:
receiving a slip stream (280) of said fracture fluid into said Coriolis flow meter to

measure said density of said fracture fluid.

15. The method of claim 12 further comprising the steps of:

connecting a first end (271) of a first tube (226) to an input of said Coriolis flow
meter (222);

connecting a second end (272) of said first tube (226) to a discharge (218) of a tank
(210);

connecting a first end (281) of a second tube (227) to an output of said Coriolis flow
meter; and

connecting a second end (282) of said second tube (227) to said tank;
17
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WD 2004/ 072621 PCT/ US2003/ 003564 wherein said first
tube receives a slip stream (280) of material from

wa@ aiod/othegchar ge of said tank, said slip streanP@T/Ey®0I003564

t hrough said first tube, through said Coriolis fI ow
nmeter, through said second tube, and back into a .
t ankWheremssaidriyest be Besgives 2 slimptrganp(280) %@ﬁtee&ln%?m i ghscharge of

{8555 B0 B30 Sy Ry PO et

theeughrsaki segoridiabs tanp back intcasasdrahk.i ng a si gnal
representing said anount of said proppant (252) to an
auxiliary 10 system 18. The method of claim12

16 UThd et ?'8%1 g\‘hrlg thiteer b gnﬁflg thd §&Fb1 ng said

den sity of saild proppant froma user. 15 19.
The peivivbolg sHid amauthTSaiﬂlpmppent (26Mpiagisey t he steps
of : calculating a velocity of said fracture fluid
(202); determning if said velocity of said fracture

11! thénRieacHladn 1R cHinpASiElg (R o 6 ng an
Indication if said vel oci ty of said fracture fluid

excegdssnsitting a figned repiresentimsaithamauns ofreaif pepppentd P 5rip ap auxiliary
f%lrther conprising the steps of: calculating an
‘age density of said base fluid (250) based on a
pI urality of density neasurenents of said base fluid
by said Coriolis flow neter (222 and determnlng
18aiThe m*?ﬁmdtOf@hl@dﬂcfuﬁh%ﬁﬁmﬁSlP%‘)B stehoai d fracture

fl UI ﬁg&? of said
base #%’9@53?@ eggﬁ? aﬁ‘gl%f) ? &?%2 nsi §lu%neasur enment ,
and said 25 density of sai d proppant. 21 The met hod
of claim 12 further conprising the steps of: measuring

19. Fhemethogpichiim léffuglaqrcfomgémarﬂée %tmmf (202) with
sal dcRlibht & ybbOty RER] fradefi@ Bhid @99),50 providing at

| east one sal ow rate of Said fracture
f | ui detandiningdif baié vglaiity of saidfbdu€dhiid bxeedd othresboldr and

a user e e g . . . .
prov1(¥ing an indication if said velocity of said fracture fluid exceeds said threshold.

20. The method of claim 12 further comprising the steps of:

calculating an average density of said base fluid (250) based on a plurality of density
measurements of said base fluid b}; said Coriolis flow meter (222); and

determining said amount of said proppant (252) in said fracture fluid (202) based on
said average density of said base fluid, said fracture fluid density measurement, and said

density of said proppant.

21. The method of claim 12 further comprising the steps of:

measuring a mass flow rate of said fracture fluid (202) with said Coriolis flow meter
(222); and

providing at least one of said mass flow rate of said fracture fluid and a drive gain of

said Coriolis flow meter to a user.
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