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WD 2004/ 072621 PCT/ US2003/ 003564 DETERM NATI ON OF
AMOUNT OF PROPPANT ADDED TO A FRACTURE FLUI D USI NG A
CORIOLI S FLOW METER  Background of the Invention 5 1.

]lc:\;‘,g:zgmg’%% he I nvention The invention is rel atf&lﬁ#ﬂ&%ﬁs&u

asurenment systens, and in particular
system and nethod that use neasurenents from a

Cori ol i HEIEIMIRATIONOE AMOUNTOF PROFIANTADDED TO A
pr oppant |nafractureflu|d t

Pr obl em 10FRACTURIG FLUEN USEY K@@mﬁ’f nd
are obtained by drilling a well. The well is drilled

to a certain depth and cased_in _cenent, The well
ext ends t hrough mul t iBackerogpdef thenyention, ound that a

dg, hudrg,gthce‘gggfwgw sh to tap. To tap into a certain

zone crew fractures a portion of the
casi ngTheinventioniisselated torthp Scld Phaessugeaent sysigmsy Bd da particular, to a

§3§getx%83l.ﬂl n%thd%leth&%g% EAsufendeh O(E%H# d B&riolR MW REtkCto determine the

rrng, or ano er type racturing. Wth the
camnmgoiﬁobpathwfmﬁumﬂmddn Iling crew then punps a

ture fl to the fracture to keep the fracture
2‘%"}1 “ﬂy'ggf'u?e fluid holds the fracture open while

St il OHJ 8, amé bthepdek@urced Iunder gmahdl ats obtained by irilling ageell. The well

‘{IH%EF easf’f‘ﬂ}é/l C{"P‘%@P@ 01s2 tIﬁ?,g Hré:% g ttﬂrogg?multlple Zones

f xkihe gRed thadd mn@glmwmyrmmottm maapemtd albaltain znGube drilling

D et AT AROF ISP SR & e debiro ot T g Hrpidd ased could
W@E ﬁ&drﬁlﬁﬂ%a%hng PnbRkRictiHenHas or ﬁﬁdﬂh@ tyﬁu%@ &aﬁhﬂ@ With ¢he casing

base fluid has t he consi stency

ststsdhe driins i oen TS  deuie A 100 B GRS e e e fractue
%E?‘g 315@ fabtdtrlidhdl P@tbﬁ ﬁﬁ&m‘e‘bp@%ﬁﬂé §18] befrgdrirhiéable. This enables

he anmount o added depends on soil type,
s diel oibad s foowmare easily ﬂowﬁhfpuglf the fragture intp dheryslicbor.n” t he

t ank f
ke 1 B T A B P e e
p arGued gam iscndﬂétbtovmtdrnb@mettmm & midec within gqqt}p\gally mixes the

i e o L L] L it e i

h@dhmhaeﬁdyacmawmtmkemolﬁs.ause t e anount of sand in

the fract f uj d t h
wnt + & prgmeg sithits o ek it R Bafiid i BLEK i e
a frhicfubd Md.t Ty Aeessofsendatded aépenc&dnfsoaqtpa;smlfcbnmﬂonssand other

ums;(gérlsyﬁgeot rrade |n a bat &q&mlﬁ%éugdﬁﬁm'ﬁ @'lleytomakethe

f repehubd Muidl! méiﬁra&d}s ﬂd’ﬂh& ﬂ:bmﬁng;sea\mtu mal-me hﬂfbﬂp keep the fracture
densitoneter to neasure th

ensi t
f lomeres Hhsi ampupt afessandinghe Fectyte fipidds mﬁs ﬁﬁr cture fluid is
reaﬁf%'tdﬁéldttﬁbe&ﬁﬁgébﬂ measur enent from t he nucl ear

densi t ometer and cal cul ates the ampunt of sand added
to t he Bepanse the empuntiofisantimth faptre fipidis dpperigat, thegrilling crew may

advba%ﬂo é&gur"él Eﬁ%ua%ouﬁ{ of S8 hdliQ. 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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- apsopperied gipeling qndhe inkyy side of the fpw metero Theflaig ipdir

1 WD 2004/ 072621 PCTI US2003/ 003564 a desired |level. An
exanpl e of a systemfor providing the fracture fluid
is described below and illustrated in FIG 1.

L@B%Mb%%lel y, there are problens associ at ed%&éﬁ%’f"g{“@”““

using nuclear densitoneters. For instance,
and international transport of nuclear densitoneters

c ardedireddevdl. fAn exatripleofpspnas for peoviditiethi figetifeciluidisslesritied below
regul ations, roundi ng nucl ear technol ogy. There are
a&%‘@%&f‘ﬁ?%‘o‘r safe handling and transporting of

t he nughfansdepshére BR pRéHemsRsbciabiacriat Wiy mitlebdensitometers. For
nucl ear ,densitoneters, have to b coi?r}%i fied or Ii censg.gﬁ
bymstaes: ftepate and @Wa&peﬂlmeﬁegm AensHemEPLS offea ditficult
PF&FAcés%rmﬁjﬁd?:?ihE B shd YERESbhPRbBuldng RlealiRENNBIdgS. There are

ow neters are used to neasure the nass flow rate,

delsg cercerny ff saieandlinggnd tinsportieg efihe wicleer dengigometers. The
I : I |

LR ol PG b g o gty e

4 regalat@p Bgenty. JSuvh daojory makexgwleardegsirvametes uniggirablsrto use.

Febr u ab%ﬁric}li's’ﬂolaplﬁgters%}ej us%&’to‘l:? o HErhdds Abw ?#tf, élwgﬁs"if.ggéeﬂg%fher

flow nmetérs ‘are conprised of one of nore
ofinfarnstion foy Hividsr Ezemplany Codiofis fow atctcorare Hiaclbseflliml.S. BhieNo.

cqgnf. fon i j i s, f has

- SobaA REAGRa B, g ab s ink g LI SR £ 193, apdRe. 31,450

]iliéf ijmﬁgﬁ 1, 1982, allitend) E. Smith !eﬁtlabariﬁiis fivoemnbiess ate/qenprisadet one or
ow 1L u I S rpve to 0S¢l te.at _r nance | one .

| ot DR Syt of A feBt B raRuetioh, EAeaRn pssuefton ina

t h?nﬁlifﬂv%vgﬁieﬁf hzfsracvatt ofchaﬁ% ﬂﬁfﬂlésﬁif vmraeind; Which mgy:hﬁ of mbiﬁiple

si de_of the oW er. e [ s directe I O}

t Rending, Hstngy orsiguel, onovplet typer ﬁécan o e W%%mﬁgtw

t h&@oRdiet Blond bl Bie®f nahid@ nhddey\bo BErBtion, HMEd Aty 8 the flow meter from

vi bration nodes of the vibrating, fluid-filled s Stth(i'm 1 th
qc%g ough the

f - e £l oM h
B T

be
f vibationivensles cfith¢ wibtating, dluiseElled:system orei definedsingag by theccombined
f L .ioﬁ]gg,ﬁ Qj_l;%& he
[ #ﬁ% 611;[?%%0&0?1 th %%f o@vh{sl?g{eh%q%bmmn %"’@3‘3 t e&a%?\e/gér
whi | e Bh8ujdbegies torflavhthramgh khetflosi tibespCotidlis forces/eatiseipwints along
| gads t de i oDl CKOf f ffixed.to.the.fl
¢ et BBes 1 hAeH il Wit 7 BBt b gt e ffrmbe
a ?dmﬁﬁﬁl@'rlﬁgs %mwmafxgplﬁss%ﬁ ﬂua;:mlﬂ‘t f/iéie eﬁme?bwttalbd leals the
of, .t he tLon of. the W S). er el ectro CS
o ket PIRREY v Aiieed e B bbb ol ceagite B o o e How tubets)
C afid\ gtk pickdfhegnals tRi/adbREsenthS e e thitGonbfeikeidw tube(s).

signals, The nmeter el ectronig¢s processes the pickoff
si gnal Meter glegfeqnics qrisay pher gpnillery elpcirpRirsofcirepity cemscied i the

PitetithdierStedldd te pitREIT BiBARE Thelrh@rUERoniBIrdRB#ks I¥Pickoff signals
pi ckoff ;signals is proportional to the mass flow rate

ofe determine thephapg diffgienecthetvaren theickotfisignals. Tiephasedifference

e i . f .

o PSPl ekoRbighals T RORaRRI e Al Mo ot of i through the
f Hawdube(si dhe wetet GegironiCs cangll§oprodessenesr beth of thegickoff signals to

DAERURE e UnsTy BPME Bufhe density of a
Unfortunately, Coriolis flow meters have not been used to measure the density ofa
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
as an eight inch tube. Coriolis flow nmeters have not

n |1t |arge enough to 2 WD 2004/072621
B@ﬁfﬁ@@ﬁ%57003564 measure an ei ght inch Stréggpmmmymnau
Secondly, nost Coriolis flow neters have curved fl ow
t H@re an Uight Rich Siréber. (Be0RRily, nRst Ciriotia fldwinhsters hdvetchryed flow tubes.

curved fl ow tuybe revents the c ed-t ube i Ol
f Tl R RTOpSCtcn b atddinavgh s Farvebog Fibesraey ol e gt efobe

d2BBeIS ARembleLRbh BHRS a VAbR optd. I'Hie said Weuld damégerthd fiee abes in a
reasons, Coriolis flow neters _have noﬁq beenb used ,to

nﬁﬁﬁi{@ i‘lplﬁé Eor thqsgaaggné, Garigfig flow meters havg apt been used to measure the
dﬂ?&hﬁe?ﬁﬁf Sh SRt ddAsiBonicerPontiifsho beaaaIy of the

Sol'ution tThe 1nvention hel ps sel ve t he above probl ens
with a measurenent sysSwpmaroefithe Spgom Coriolis flow

% LGB g

f1 owed | ow meter. The Coriolis
f comprisixgs Corirdis flowaneterdad ¢ confrobsystens A hase fuid is frsy fgwedthrough

cBRTGHRPE Ry R Ay G Ak BT fneiPof pnss fyid and

C treminiiR@ basd flvid tensity inkasirbmertio tlie @otrolrsystérhyddproppantie added to

iRt ot s B i it R e AP S g e

amdriolis Boveietes Phef Cadlis flow tetr thedaneas d densivyeof tisecfivetire fluid and

the caontrol syst, The contro|l, K syste det er g, nes . a

L Foans g asta Sl density Prgeoreraeat ol ¢RpLA Rk g e fopt svstem
bas@rmiihési &l acRbft dfprobpartBithe fracfreifluid bised sroibe base fluid detlsity
density neasurenent, and.a density of tBe &&ogﬂﬁnt. ¢
Teasemet.dhaiictay Suid deatity paasgerpint apd pdppsify oF the prqpoant-

t eChn oG e M efiybtBtnladvant 3EARR! réflices Ed1éd bdohindlb@with Coriolis

meters can provide accurate density measurenents, )
ichrologyy Gagiolig flow aetsragsnorayidsraceuptg dpnsiy gasurements, while

UL o03RE e Lahd Hisp&iin idaBi\e'sHREY dhd instruments.

Cgré‘lﬂgljﬂggﬂa ovlv&?rz’géf er s&g¥§g§gq ot %gé\ilhe at he s"i ntri nsin::s

s &foeiplis Bowm metersalwfdotiobhayve thedniringio safety spnagrmsof the npejear

ag}lﬁg&%anple of the invention, the Coriolis flow
1lometer, . . )
meter 1s configured to receive a slip stream of

mat er i & anofher grampiecd theHiaventiom tet Cariolis fowanaterds candiganed to receive
em furt . i sy st t nd_a
© 0 Shont! qrnitgref FEbrR TR 18 sl e, M@0 S9AE frther

CQbmnpades afficst AibelafiPtecoiid tube: Therfirst tulse Hab @ firstrendeconfigated to connect

has a, second end..cqonfigured,fo connect,to 2

dit%E‘h'é‘P@té’%B?e ool flow mtéer aad gt 4 SEorE8 & %@ﬂ&agﬁf’?é‘t comfept to

C QchAEY 6% thidk. CIHRREGAd hde Ak PfifsPéiid cohifiguirditto Conitietd th an output of
flow meter. and has_a second end conflgured to con

t dhexCarialig lowaetqtiand hasa foeond,end eonfigured 1o ponpect o @ ofhe fisttobe
NGt &fvedh sit Vée?ﬁ‘ég:h r&?rﬁﬂ{eﬁﬂrﬁfngﬁle‘&fspﬁﬁge $faRdtank, MBheSdlip Btream travels

streamtr t hrough said first tube, through said
Cdtmough sgid first tubre theeugh spid GiogplisAew metes Shrgugh sgid segeng tube, and back
bziﬁt%.s%}li B, §AL %i%pts@t@%? a&%ﬁtaﬁédu?l@%ﬁ@e@a FRAAS Withdre, such as
provi des a snal I'er ow to-neasdre, such as 30 a one
i ragime fiich\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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2

O her exanples of the invention may be discl osed

bel ow. The followi ng sets forth aspects of the

. invention. One aspect of the invention conprises a
measur enent system conpr | SI ng a Coriolis flow neter
and a control system sai‘d neasurenent system
characterized by: 3y i said Coriolis flow neter being

configured to neasure,a depsity, of
f I overiddCarialis flgw raciFr being OphEued °"§“‘J§ ér“{’%‘Lyg%g %é’?sa% fud
ﬂ?@ﬁ? g&bﬁﬂh%aii‘le@&idli\é fIoRanEragaierate b basedlnid demrr;dmbmeemcnt
density measurenent, receive sli sé g_g ﬂlﬁd to
trénsmittspiddbasq i demsity measiiierent, TAERIE § AP %ﬁ ure
f t ttheddnkig bithe fradtun (ﬂmd flowing
o +5H{-eda de“gaﬁ#;ﬁld ﬂé&gg?g&%o?i?%ﬁrle; fl 21;)6 er to eener
theough amﬂ Glogiolis ﬂow M 4 BSPeTSAHIFENE d%‘}é‘ﬁe‘?‘ﬁ” E"&?“'& herein
saé%ﬁacthwe Guld rSUPRLIGE ofisai ¥dsk HBidnd 93héppants end trasisthit said

proppan and transmt said fracture fluid
frotns ifbuyd temsisumenserementi gt sai d cont r ol syst em bei ng

configured. fo né*glcsgk%ﬁ f"?g% mé'?TJ blivdeRisia¥e fluid density

measur engnt denS| ty st
miRBAsdtieptE saidfrathote ﬂurdrdem;tyaneaammﬁnt a;f detgrapine gy amount of said

pPpR Seid eS8k Sold BELrEsald dhsE A RRASRAIO T ButmBRSSid fracture

TRt actu e fluid density
fliR L §RetsurefB ok, mmdmmtyyofcsfaldmmpapt oppant .

Pref ?ﬁ?F?l‘%(X:B‘[é h@gﬁ;cqxgl °§V tml ccf)\#é}ﬁésea[ s fulbs %n@hs flow meter.

str referably, the
MEasPleiEbH, 1By heaurcment dysnenﬂurmcricswrlSQ first tube

having a first, en on i red tis f1
ol oo A SRR ke ot v
04 af @RV @doﬁd:ermamedm canmbcsmrm@sam ofia taglyand

and a second u e havin i rst.end ioli
connéé‘t""{“bmgﬁ BYH‘%)?J r%?%s%ﬁng' % nngc(E?({ g?'rgaai%g oriots
ﬂB@r\H&a& mﬁd%&ﬁﬁ@ d s@:lgﬁd eﬁthcfdngggxed td mrmeml e ssid tagk,s ai d

tan erejn_sai tube is.conf.

7ol WSy BB s PRI gy SR i Dot S A Tt id
disBidfge StRhid t&h&, Bai8 blife fbainrtaivels shrotyhouaigihfirstaitoe, tirpugh said Coriolis
tube t hrough sai d r|oI| Oflo%/ ter t hr ough

flowi metete HEpRENSAldseC ﬂ“"i?a?:’lg 3Rt e &t Preferably,
the pRELEY, BY SSRIB bysteDis chafigueell tweréanm said dersity of said
density of "said proppant. Preferably, the control
peoppem conpri ses a display systemconfigured to

Pr OV pfi&er SRy he S5O bystin Scthyslises Ogislay sysentcontigured 2provide said
Preferably; the control system conpri ses an auxiliary

amotwtroff 5e9d PeonPRRJOASF 0 transnit a signal
repr ??’e?&% ggthé Borftrod %@% cd?fl rfs8s £h ﬁﬁ{ﬂﬁ?ﬁiﬁ&eﬂa@e eonfigured to

auxi [ 1ary stem eferab %ﬁ'ﬁthe control s stemt
tosit aslasalaemwtxma& qaeusit ehyoid RrgPRAgt togn Y5y

densipl o 1y SRk offo? BRRM chiffrees uldY iferti€ bonfigured to receive said
den51ty 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 thresbold.
Preferably, the control system is configured to:

4
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Preferably, the control systemis configured to: 30
calculate a velocity of said fracture fluid; determ ne
if said velocity of said fracture fluid exceeds a
threshol d; and provide an_ indication if said velocity
of said fracture fluid exceeds said threshol d.
Preferably, the control systemis configured to: 4

AVENDE G4k 61 21 LAYEMA Basd@ B atpYurslity S8 dehsity
basggmﬁ E!EEJ %cl §f| ural i té of densi :p
0

mcmasmcrenefﬂasi Togise ﬂalddDYlﬁGG'quTJOQF W yedes; ‘H‘dCorl olis flow
met ey gsa‘i'(ﬂﬁ: sgaggjpgmmm@ﬁa&@b uRy bHasPeN saﬁchaverage

sai $SFFRRY He bas sald average density.o
dengitytbfleaia eadel flvid], sa)sla&asttdw Huid density mMepSRremen; qng said density of said

nmeasurenent, and said density of said 5 proppant.
PIERPRSfr ably, the Coriolis flow meter is configured to

rreawéferaaynms Qoﬁbby\ﬂo‘ammﬁs cs:aﬁghred toemoeashee o mags dlowapate of said

prow d. ea ne. of
Eﬂ&lﬁﬂl%‘?‘&%ﬁg °'bercfv gal n o‘ﬂag%\,?%frrl ol i ?ugil aonvcxlla

driRlgain of €aié TotokOMbw (nieta'ycs taamontmhbys!amd awbntrol system

is configured to,pro e.

ot andeortie) S f SR el & R aE AL gk praR R BB AR of
saﬁﬁﬁﬁh nePfihidlahé sdill ayivepaia of daid eoﬁmsrﬂoumabhmra wspect of
the invention conprises a ne

o MO 2S36F G IR Fo8 CPRBRELF Bepiod ch e e al emoynt of
proRFHRE in% fi@nd-EAuE! @4d ethod Cbmprising thestep dnsi ty of said
prop ant; said nethod characterized by the steps of.

seEminingge dengien Qs $3i8 ¥PPR&hase fluid with a Coriolis
fl OValieh @hod hafiRfbeized By the siepser: Tl ui d density
measurenment; receiving a sI| of .afractur
fluid i ntesasiing acsnpisy oica W"oﬁ)’ ﬁ@?‘grﬂr&%‘ lﬁ@ggvurpggrtggenerate &
bggﬁﬁﬁt&?%ﬁ&ge&,gﬁct ure fluid; neasuring the density
cture urd with said 1oI|s l Q
20 gener arceiving # amm@wqfaﬁ@% 9‘?1%%{} M‘me&“ to
%[cfedb&na (f}-sl;ldeggcf(ﬁgﬂﬁlldw d conprises a mxture of
f

ase I'd and a proppant; and de
am)u nt ofmessuringghodensiy of We %?Wefﬂ%\”ﬁf‘ g%@%‘@ fpeterfo

f Aesiaiels m&‘éﬁﬁﬂﬁ’ﬁam&aﬂdxdfdo&@hws&
g%}m?%%aecﬁ‘g?tﬁ%dr%ggﬁ ement, gnd said density of said

mixtarepéseid bads ﬂnrdem@raempgpant,ﬁad step of measuring a
density Qfy eﬁnfrﬁl?gcéd%rﬁoinlt bf HidWirbipanfih daiddFacRkd Huililbassd on said

meter conprises:” neasuring sald density of said £
bhse dinid depsifyl meadussizieht, said fretigtfivid depaityopeasgrament. agg said density o

rrgt er.
said proppant.
Preferably, the step of measuring a density of a fracture fluid with said Coriolis flow

meter comprises:
measuring said density of said fracture fluid with a straight tube Coriolis flow meter.
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;
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Preferably, the nmethod further conprises the steps of:
connecting a first end of a first tube to an input of

said Coriolis flow neter; 30 connecting a second end

i id first tube to a discharge of a tank;

WRRBAAHES T W 5004/ 072631 PO US2003] 0035EE TSNS
wherein said first tube receives a slip stream of

mat er ivilerdik 43 fikt Aibé tetaheraiiip efreatid fhndterink fromashaid didchqrge of said

treamtravels through said first b t hroough ,sai d
CloR, api sl s e Togeh S Pt e A ED S oD S eter
biedtgh Mi@sceandimbaakd bidkehts kadtaik. t he met hod further

conprises the step of providing said apount, of aai d

. Sp .
pr oppaeferablyatbe sesthodiiiusses pomriscs thp gop et aYding spif gmount of said
C@%ﬁ&?ﬁ%&&? step of transnmitting a signal
repres

enting said anount of said proppant to an |
auxi | i Brefprablys themetiraddimhes borgprisesthe pep Ablpnsmiting$ signal
c | ses L 3 o1 Vi is jty of said
R e e R e
f ur t hetrefembly; theescthdddurher pemprises the atep of reesivige said density of said
vel oci*g of said fracture fluid; determning if said

vEP OBAYWH d fracture fluid exceeds a threshol d:
and  [mreferably) theanethoddiutled comprises $aisigpyeft oci ty of said

fractur l.uid exceeds .qaid threshold. Preferably,

t he t‘f‘%?f’%@?ﬂyc%sﬁffa%@g@et%isteps of: 15

cal cul @tdrthiRyif 8Mi€ velotydFasid fivictode fiubd ekcbals @ tirkshioll; and
based on a pluralit

) .y of densi.t surenent s of, sai
base fpraw@ngsgm gg]ixqgh%l?fisg v 0@&&&5{?&%@?’.}11‘6 exceeds sa:dqm'eshold.
et of k8P BB g npics gcapgeat | 1 530
racture fl Ui ased on sai d, avera nsi of. said .
base. foalmisting g averaas JeRste of fad beoe O bespd B aStreing A density
Al ARk tleR 4l YasetuidBY i CRHA Rbw nidferf il or ab! y, the

urther conprisés the steps of: neasuring a )
mass fdetasminingsaid ameuntiof seirenpanttin saidi fragtuns fhng bpsed on said
e Qe Bndity : i 5;?&1& LAY eRlity FERSireMBR, Mld said densit
sog\lreaagr?adé%m%ag\s/vﬁ?a%ﬂ&@%é?g ra?tureeﬁgflfylui d and a drive Y
gaf saidyfropmat.d Coriolis flow nmeter to a user.

Description.of, th i .reference
nunberprre bg’s ghﬁ%%@e%%e%%l esrer%% sgeﬂggf' | draw ngs.
FI G 1lmedshting & ahedlow myesdfesid fractusifhid yith gaid Corielistflovemeter; and
fluid to a.wel]-hore in.the prior tt.-F . . .
11 ust PRvRioEa: s 2nf efBidmey Boate ol dld Sl G gpd pdgve gin of
| 5@ Obtielk 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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FIG 3 illustrates an exanple of a control systemin
an exanple of the invention. 30 FIG 4 illustrates an
exarrple of a Coriolis flow meter in an exanple of the

é‘i&’ﬁ“%ﬂ FIG 5is a flowchart illustrati %%2003‘,003564
e ‘operation of a measurenment systemin

exa le of the invention. 6 WD 2004/ 072621
PCT/ US2003/ 003564 D@sﬂeﬂllbaﬁlﬁﬁaﬁ«ﬂthi howentién t he

I nvent.i on 1|IIust ate tem su n

fract Lﬁlgi' {}Fﬂat?so“ SXS'\‘RE'I “B‘B? q%ﬁ%“epé‘f“ip Qﬁk ¥?r8%1@1° prior

?ﬁvﬁto?ds?llétnn uﬁ&ﬁgaiaag@ia;mvdnhgn | FIGSNRiS@Rd tHfElfSﬂi)mﬁg Geseiystion depict
e (0] oW n escCr | ONn C . ecCl. Tl C .ex

¢ PRECIFIA EAMRLESPE L IpEeAPR (OHeRS E%é“ﬁ? plgilleq! ip thegaptho E\f’%ﬂ‘{a‘“e the

NMH&EmBALfMEE Y fion. SFRABE pilpsle oPleadtif inVenGivé prditiplésPiome

the purpose of teaching inventive principles, sone
cemyentione rapectssb theinvenhion hyve berpasimplified 95 oitid e fhose skilled in the

S LAl ;ﬂg?é&a% vatidlidds %n} t_ﬂpéé%ﬁatﬁfﬂ&é Rkl RithidGhe b, o é‘!‘dlé invention.

apprecitate variations fromthese exanpl es that

wilbdre skitleeindhearbwidk appresiaterthas the foatures daserihed bgl@m Gag ae pembined in
bg ok bvad ¢ élforﬁolﬁ%ﬁﬁfeggﬁaﬁoggaf hb vERRh. A@% r?s%ﬁ%é BfEhtion is not

owca € COo N various ways
nhinitecbtoehe/:memﬁt: exansplesfdesanibed bnlmthuborﬂy NS th& ctairog pnd theine
i nven nisnot 10 limted to the specific exanples
o EBRY 36’ t bel ow, but only by the claims and their
e gystana o2 Bupplyin®u Fraeturd BluidSn i Brion drta- FIGidt ure Fluid in

L1 SR M Copch i 7 KBl RS 2 0

awelBbieiR ﬂfe%nbf‘art rmaaﬁﬂemmcwymemﬁroa@s doieprifedofi takihizen 110 a
100 is conprised of a tank/m xer 11

- Esitpdalion ks pwpply fube;l 12, afischaneg B@eil% a valvg L g 128, 2

! HiAGeal aélsn&né‘taﬂ MQ, aﬂnll% coRtrdl1ERP16: ABischargetuliel 1981s connected to
densitoneter 114 a controller 116. Di schar t ube

1 tegkimixer d i elcane gnd @;ld Vtabwwl Aasdbe othery PampJ38 apdpo 95 densifometer
V| ¥V Ge tdrbeltbd {ort%fﬂ&?gfube YR cerBulavitih tObEC1 183§ connected to valve 113

densitoneter e connected to discharge tube 118.
Retxme cod atd tank/mixoe! 101t thewthepnBenplicybe bl2is ponaegtedto valve 113 and

1 i fogﬁgﬂm fltﬂ?%g“t%f?(ﬁae{c]t&& ﬁlf?é Og @ggﬁ filboreSU RN 18 Whker directs a

I's®connec t o va I's confl red to
t flawsy dretfractuee fluid ¢02theouigh wscitcul@ifonttubet H mﬂirbui;@umly tube 112,

1 3 08 R RERENT i Bl bOE | R AL ot plhhnce

t diagnefeds? .Conlrolgl1¥6 isldbﬁplédﬁ) nubb@n densitoateten 14 ube 111,

3|ngnglt TS tvfagqr é‘} \éﬁs éle&ﬂa@ga?% ggtgk/nuxerllo

dqaﬁuml B mikédhhe Wwatep PEU, @le gith 12004y the 2ad 1g41mgaﬂaa to make the
and sand 124 are added to ta &Igmxer 1

et (06 St emeinsed 15wt 0 2 g 2 he
ctafeHhid Kb, JeBQﬂE Bﬁ Ehets&l ?%Eesofl RendifidrRCdndlothet Fddtoss. e operator

T e anpunt of Sand ded he water 120 and _t he gum
1 2bfrpojure Huid syptenst100 éses mmlear mnta@sfehblé 294 cpnfeollen} 16 1o measure

t ¥iREmodfi d &Rl Aidfire A0 185.her factors. The operator
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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of fracture fluid system 100 uses nucl ear densitoneter
114 and controller 116 to neasure the amount of sand
in the fracture fluid 102. 30 As the full stream of

yre fluid 102 flows through dischar
t\?@ 2 4@'@‘% . g’tﬂﬁ‘ﬁﬁmﬂ?ssu

ear densitoneter 114 neasures the densit
the fracture fluid 102. Nucl ear densitoneter 114

t BadidSnibe Frabtaee AN $02 hasaRmsbe duasity mesumareht of theftachd6 fluid 102,

Controller 116 kno Sit the san 2

hhE the bnogyn denstiggtde %glzd T e o i B S e %aaﬁ?n?ef”ﬁ
1 3R 1udd e &SpINA] 368 ToniBlNR ¢ 1 SptbRidarthe Ahou 6Nsana i he fddtbre fluid 102
by the operator, Control ler 116 cal cul ates the anmount

owemraéwmsﬁwﬂ 1€/ US2003/ 003564 sand in the
fract UA?désE:%e‘a a%&?e h&efe%sﬂeﬁ ﬂi&l&ﬁpﬂsbaatmﬁ%ﬂklﬁf

the fracture f 2, t he known densities of

t Hensijemeter1 114, prestemeemteas@@ m&n@eltnn%ovghmnf t of nuclear
|
Oﬁgﬁs[t&hl:tg{s chilﬁe a &ﬁfi:'uﬂ%ﬁrsigﬁ dﬂf ﬂihggtﬁgct e e ok' e nﬁél@ar

provi d t he anount UId 102
t dertsitemctps s concers, ang the; pppplayperamg the puslege ﬁtq:m!ers have to be

0
naeliBed & 1ol Y BRI eRES Sl Rltol ikl
adehsitohetens ahdesivatile tonmasport of nucl ear densitoneters
C3 3, 'ffl cuI o c%sslosfe handl i ng and
S Stomsst orc enS|torreters is a
c o nc er FIG al’ixﬂustrhleS P esyatiin XG0 ihen exanipkeeof the invention.

p nS| torret g{’sgqub?@/)e to ﬁ ]%hert [ f| e r?“ﬁ'ﬂf??‘ﬂﬁysgeé}éd}%

d@gtﬁﬂ ﬁ'ﬁd%&e fRIex02 rt@bbaenb@:elam shovwﬁaﬂlfcﬁmﬂﬁldSym P01 is
eration -- FIG Fl G | | ustr.at

e ekt B sisR i dsshaie Shetls & VIS Lh SrrEHp b 211,

MaasiieBe15 x%&s&i@%& ﬁxc&ﬂf&ﬂeﬁwﬁt@ﬂ 2000 DRdchirge Wbk D1&is
fracture fluid system 201 for gﬁl)ylngafracture

f Iconngcted e terk/minge? 10.4) gpeend ipd val¥R D & therogasr PEp £24 i also
gﬁrﬁ.‘%%écgarkg 'i%g BPEI R htidh thBE Y11 Sfinectddto vlve 213 at one

arge t a va 213, a recircul ation tube

21:11d andanyapixies 210 the Dt &lpplyrtpbezzglg is eonaeqtechioyplygghi and is

T T Tt

Plﬂtmr of 2taterial m'cmgh r&cmmiammenbeti’dl dt theonghgeprilytvbe 213 Fracture fluid

Recirc tio S cal

0 ﬁ%stenézgla Q? COL "{lﬁ?{!’l rmaiq 6 &{l]ép 81%%111% 30125?18\"? hg' the sake of
2brevitg. connected to valve 213 and is 20 confl gured to
transpoyt the fract fluid, 2 t he wel |

Val ve. et s S0 coRPTsFE a foriel SPpetpizs e conteol

IrF %ﬁt(ﬁxﬂ Q.’Mi]E I}d@d&gfeﬂiéﬁt stgvét&mQDO oy au% thchidp ibys 22622 72A form a slip
racture uj syste y..be conpris

o SHEAD ohisEmER PO ALE. D 98221 ey e ORe inch gt upe. Tube 226

b E&Yﬁcfey enM‘?ﬁ MR End Y91 &ihed®Otola ifl O ERE 0B EBridlfs fRyw meter 222.
Coriolis flow nmeter 222 and a control 25 system 224,

V&g 372 W%M@M@wbﬁw Fnd 277 may sernect 9 8n elbow of discharge
t Re 21 8k W tfaitt Hlebest results. Tube 227 includes ends 281 and 282. End 281 connects

to an outlet end of Cotiolis 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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stream from di scharge tube 218. Tubes 226-227 may be
one inch rubber tubing. Tube 226 includes ends 271
and 272. End 271 connects to an inlet end of Coriolis

f 222. End 272 connects to dischar
ﬂ@%"gﬁ?ﬁ% %111651513/003564

2 may connect to an el bow of discharg
tube 218 to obtain the best results. Tube 227 |ncI udes

ends 2@k fellsividBdefintiivgs ta bemmma@smmlmgm intvestione AdCoriolis
Coriolis flow neter 222 end 28 cts, t.
© o st eqnmarings Sy B o9 PSS Pesihis Lok based on the
gggnaufsl@ﬁn& 6. %ﬁxﬁ@r)ﬂé bEAICESbHsTlomanebnie a Mgkl T-100 stesight tube
0 eria

e slip stream 280.enters_.tube 22 .
st b Bioion o4 kb ol o st pidcompriss
3611 loPHSHIure WA 18 Pefist @shilasFla fiablufe nankdIFboteind
8 V\D 004/ 072621 PCT/ US2003/ 003564 . The fol |.qw %gm

dnmwlﬁlp e pwwayatbeAmpw comigriss GBY BeisA; of getnt dsed in 2
Rittch gué?ggeeﬁt@ﬁacﬂiresso pkh.Oh BBkefile GIMREICRAS 3AY, PEEHRE fluid

measure a density of a material based on

t mpr@wW|maserpi prragensimaixedayition proppast torforn efinptare tuid.| A jpuk or

man u e%@ %gwhﬂgpﬁ\% 10 nﬁ it r%n%%ﬁ%le 2. tube comprises any

Oﬁse,rtahing,lﬁefplpa;biure fluid conprises 5 any fI ui d,

t d
B
Asqwn@:ﬂarmre 2 3] jplunp €28 armlamtﬂmbaaé flvid za@ﬁ:m@hslwharge tube 218 and

f r a keep the fra [ .
g 41T b o Rece R bt 2o g BRE By o0, The s
aEtVeaﬁiﬂISﬁ Io¥ Hle base GERS0 thdvile throtighltutee 226 thfvagh Cbﬂolﬁsoﬁldw meter 222,

fracture fluid. A_tank n

st s 722 ol kipize ) Orr il e pese ot i wing through
C eBRALsIRW MB¥r 22b0CHERR flowRétBD22 InkddSurest déRisityed fthe Bade fluid 250.
o eration, tank/ m xer' 210 recei ves and m xes the base

atielisFloy metgs 22 tessritea base flvid depsify mpatipRmont tp coptyphsystem 224.
2 28 ci %!U’ 5@15215 RRnRaRfref bl Hixdfle fi 9 ) QS‘}.dWﬁE BRMbE fluid 250 to

tube 2 recircul ati on tube Tube 226

r ek the fracturs! fluyid 262 é?amdzmahmettm(éf wel¥e2 13, pump 289 circpipges the
t
t %&”’f%{‘f?yﬁ %P%O&Q%Ie § bt IgCl?Ci&tlBﬁ 8Lt 'hﬁlﬁ%b receives

ow meter 222, 15 throu
t 8 b]q: adm 280 df thaﬁlacmﬂ)ud mmm stedlm, 280\pf thetftae 202

0 f
41k B0k 220 OB ERI Bl 22 Mol e 222 sk
tm&&mo Withithd frectfré Auidi2e? dowidg FhroughnGoriclis flawhneter 222,
fl t { { I i 224.. ..
ol o e 2R treien aocrely GETRE fkinsB MRy Sty fow meter
%2|522 ﬁgﬁﬂ;iglztﬁ hgaama%&luﬁd ?Hﬁﬁit}t?lﬁéhtsh@meﬂ]!cik eoﬂl:tﬂ&esyf;gegmm e ,
ul ased_ on e | val ve
ci r cul Gpnss! ?ﬁ?@@#@%‘f‘*ﬁﬁ’@%ﬁww WFW%F@%‘? %:écmre
t 4R dé St C Ebatdl gfsténym Asblrecelvth thedRfisityaf the\R6ppant

asl stream 280 of the Tracture fluid 202, The slip

sBP% mbsy@m%’é gy geqeiedhq Jensity of§he proprsved 2 from %Wator
t f
X %gl agr%%norg rkg‘ﬂé)%‘ﬁrﬁﬁ{n t %Hu&%a r?k %61)'%2%1:% 224’230&1& ]ﬁé%Hliﬁ Rmount of the
f proppant 352 intheifraue flidA0R @aseﬁ oD axgrba&ﬂurda rl¢n§1ty meosurameat; the
e
B 0 by B R oot W peorot
ﬁ'acture 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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25 222 transmts a fracture fluid density nmeasurenent
to control system 224. Control system 224 receives the
base fluid density measurenent and the fracture fluid

asur ement . Control system 224 al so g
Sﬁ@a@“%},ﬂ?y of the proppant 252. Contr ol system ﬁﬁ’oﬁ“

may receive the density of the proppant 252 from an

Oﬁﬁftﬁb @lbid 202 Baled oﬁ&lﬂ@ﬂﬁclo@fe thosersidlbedtih ére astovitl appreciate how to
é@gl .system 224 et rm.nes, an anount, of tt& 30

wwrtw s\fp make [egursEsnt SYREm 200 + he
gas e thtexplmg ﬁa&mtemtmé{afﬁm g iropef ﬁt@ounf ?ﬁ?ﬁpﬁaﬁt 152pvalve 213 is
ensi nmeasur enen e en e ro
S Spitchadhsa el the BRoAgE Huid 202 18 AUEPReT QPR B FHEB PG [ 212
' ?R&e %659 Stha Ry ks & syREAPRARctd shgply faBe 21296 9 the fracture

as determ ned by control system 22
aﬂ}ud@mtimnm}wmh@falmepwbppam 252 added to the 9

VB, AR AZR6GPT/ US2003/ 003564  fracture fluid 202
closure, those skilled in the art

will a6 3dllustretesrsvexamplern qomispl systen 324dn A examplapfithe invention.
s VS lMn en. 4
@%‘?ur?&%‘% "'uuﬂﬁsuar(ﬁ%%’["'g?oper anDunt%g'f &dﬁgmmmterface
25@0. AssexapRid comtrol syutdm B2tis ﬂm Demwﬂ® FroBoss™ 0T SPIBM 1362 is

202 s D down h oI

2 RSl 1 Bl STl it o WPoRtEh AN chaitle SEfpiay 302152

s ufpid/CystaleDiggldy (LTI Miset 1ht%rfﬁ¢eaiﬂt4us eonfifired o aﬂ@ﬁr thioogerator to
hol e, ch,as a | e ntr ol st em,-

gt i oo R R AYSLRR IS Gl ot eF Dhyirfion S04.f & ovpad.
aﬁuﬁﬁtﬁ?ﬁh@rﬁﬂe 3066 doﬁﬂgﬂ'éd Pransrhi ﬁﬁ‘(ﬁtﬁiatt&yﬁt ﬁ:ml récdive information

gnpri ses_a displ ay 3 a user | ce 304
- %1, Fenguiliony B ROt o A Q&ﬁﬁt@ c3hiF g6 8 sera
53%9%224 is the Daniel (r) FloBossTM 407. Display 302
is configured to display any rel evant data to an
oper at Gentrohaystern?id| mayAlsaRomipriay Hosesses and a ploggp gredia. The

BtﬁJn e?g&ﬁllo?y 3 4 3P coh 8816 69 $Estra@ibnk that are stored on the -

|gur ow t he operator td0 enter infornation
. ntomgg mﬂmorfhsspsmmn baretisakpadexseutedr the prospssere Some

c o n | g e lg&tm &%n%ﬁrégw&gfp% é-rat ?%‘inea?%‘ dd“’: eSCOérlleveétamples of
i ntbmgeratedmrare]tﬁelﬁwrw mlrma@s, tapey idisks m;teggtsd gmu(ts;@ud VAR The
ﬁ'u%gjg% fe ate %‘ﬂ' u gﬁ eéfﬁu&e‘?yyztﬁeyprg%g%or Zooﬁﬁe?f@% ﬂl-ocessor to

popaas &Oiccaﬂdmﬂt thé iwv&gttbnnﬂ‘ﬂe ttrm Threcesayre redérs o smftgle processing

ARl A o RN S s

| B&thputers, ifNe ﬁd@uﬁﬁtsreﬁﬁ%@ﬁ&uﬁf}d Ths skl ibthe alt@re familiar with
processor. exanpl es, of instructions are

SWFHHPQS:PE"WW&EE& gedi% i r nmare. Some exanpl es of

S (CRHBBEFIIR Mderdl BIQIQMOry devi ces, tape, disks,
integraied circurts, and servers. The instructions

are opEiGhttiilustptespeeramplaafiedprinlis flowe metes 4l man exgmple of the -
difyRfiton '%ﬁm%@ﬁ&ﬁ Sefer 460 co%ﬂ?ﬁeaécﬁm'l gﬂaﬁqﬁt& 29 tifskcted in FIG. 2.

i nventi on e term processor ers to a si ngI

p Codelisilovgmeter 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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device or a group of inter-operational processing
devi ces. Sone exanples of processors are 25 conputers,
integrated circuits, and logic circuitry. Those

kil @ in the art are famliar with instru

é&@g gf%‘ and storage nedia. Coriolis Flow Cﬁléér?@?oosmossu
FIG 4 FIG 4 illustrates an exanple of a Coriolis

flow Rtigks £85r 42 &din Aﬁ%m&v e 41 a balak@ Hak HIR, process
Coriolis flow neter be COI‘IO|ISf|OWﬂE

222211q0t11m§§t1 .k deiyer 22, pipkolts 8@ 33, 3 Lo BB 4760 Flow
??Jﬂ QldipdrtdE A8gnattd 41 61 %d@iéﬁf efid £&ﬁ6@8&sfg‘ﬁated
I\/Et er e

t
ctronics 404 is connected to olis

s‘k,lﬁBo Floroibe 41 aadiits 9ndmruomﬂlel}L addd PR eriprdthg gutirp dength of
% ohg %ﬁn@&’: 408 FRECAN it SR BRSf0 'aﬂwuﬁaétt ¢d of flow tube 410.

ow r at tota |ze nmass OW and
i Bﬂmaharma isnpenectedtabitsigds torfowiobe emum@zbsr

fPIC-(I)-Cv Utiﬁ%og’é@gﬁfs 6%)0]_1 a:a]%ﬁé(l % 1&1}@8&%&9@9&@2 4h s eﬁxgﬁt end portion

rocess connectl ons
AHRA4 Hfixed tdroutleprotad comectiaf 415, Jﬂdt pia&Ess conuection 414 and outlet

Rl e b S o

d@awﬁpat ed 410R Flow tube 410 and its ends port| ons

410L and 410R,extend the e re.le I'
sensorn & GEVeR Bf‘ %&’éfﬁ g%?%fggmﬁligz gﬁﬁZS are
Oddhupled 1Pty Ribe ﬁi@ﬁﬁdﬂi&ﬁﬁceﬂﬂa@tu Bakerédectdaics 4044 ran8mits a driver
connected at its ends to flow tube 410 h race

ssignal todiriver2g o refht324 Retpopgivetorths driyer Yemah dotv ‘f??é@'gfgtes flow
Cﬂﬂ@?ﬁ)tdn@ Balddée-baFh Bith tpﬁﬁbg opsttiof 3t thé deséNant freqhiehdy*sThd fuid-

outl et process connection 415. Inlet process

cllitrddlom tbe 4104 Thagsallation of wbmwﬂgwmﬁée indages Losiolis deflections
Cﬁflﬁ Y {%f,l ago @g@ﬁﬂ&o% 'i'x}aﬂhérs TRE gﬁﬂéffs%a ah@485 detect the Coriolis
no omn n a con

plpe I ne ent | onal manner ,
ddefleetions @&} tréneiit piskofsiphals that repmsent the KloriplizdeSiestians gver paths

a Ied to f£1ow tube 410 and bal ance bar 412.
I\@eﬁngggééﬁgc#ﬁclg 404 transmts a driver signal to

dri verTefiiparatne senpatdé JK}ZnneRmdm)ﬂew Yubetdd0.t Fenphratyrgrsensor 426

R

%enbﬂﬁﬁ:s & &dmpéralﬁe Eﬂgiﬁlﬁdildft&amtsuheteé}j)&atufdﬁgmsm thétert élewtronics 404
é@{lg%ng fl ow tube 410 i nduces Coriolis
in the flow tube 410 in a well known

e Opéiticdl oF ket Sasien 42 Gdet ect the Coriolis
efl'ections and transmt pickoff S|g al s éﬁ
r epr ed86t 3 isrdlapshagillustratisg WF‘BH@ 380 oheperation of 1,
4&5 mﬁeﬁﬁﬂﬁghbﬁ%u in AEGRRPRIH IR iSRABE. ASperdioraRing 6f baifirol

Iowtu e 410. Tenperature sensor 426 20 detects

t ﬁ@teme?% @méﬂgn@hs(ﬁow meter 222 &‘ontr@lwﬂgnﬁﬁff RGeS andnstiugtien to
431Qart|i-1r 53 0H cEutR BB 270 THISREERE ﬁéﬁé‘ﬁlﬁ?ﬁgﬁﬁfrﬁﬁgéﬁeﬂnga
transmts t enperature signal

e1‘@eztr}’ umimqtlon tirougihuser mmthpezage 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



10

135

20

25

30

Exanpl e Operation of Measurenment System- FIG 5 FIG
5is aflowchart illustrating an exanple nmethod 500
of operation of 25 neasurenment system 200 in an

I the invention. An operator turns
4 fhalis o P Bhases

and Coriolis flow neter 222. Cont syste
224 receives an instruction to clear the nenory on

C@éhfsftpbftﬁaﬁxbgﬁane&éy al¥61Be PRV E Bom eleREY of feecinabomy abxyther
entering a "Clear™ instruction through user interface

3g4tem n step 504, control system 224 pronpts the

OPer al iy 81310 i fesRIVHsd g 50 BEhdt H2AYpadl3B2. Based on the
Cont r ol pﬁ}/fstem 224 npts the oper.ator

dbesting:nfivalye 2 Eh parmp %gzrqu}at@ﬁhqiraé?)%laﬁtlﬁo Wvéﬁgﬁclaqrgﬁuggm and
Sg%ﬂcﬂﬂﬁnq’lﬂfe i OTu‘S‘erﬁZ%rr&ei\»@? a slfiﬁdﬁ%hﬁms@ﬁf thb Basﬁfﬂﬁmmt The slip

roug user interface

m@%ﬁiﬁb&é’f@%@ el v A2gp BEmED SopR ot 222,
co né t&)e% Sﬁh%ﬁ% info4ank/thike %@l it the b&e ﬂ%ﬁﬁzso flowing through

recerves t en3|ty of the
pCo dmﬂowateazzzeﬁomlscﬂomymetmzzama dempity af the/ggse fluid 250 in

2004/ 21..PCT/ US
o

a Bﬁtdiiﬁﬂ% Coatrelsyst&arRA disglays tB&Basmﬂnﬂlsietmw rhaswrembntitel the

250 wi t hout 52..B th

v apRoningien sty BB e 122 T g Ra s p RSP e f the

t2 lfﬁlgéugrtmbmbozgfgapeﬁuwbﬁhewe Aaid 250, and @ﬂfcﬁpdr%ﬁh?tﬁm ntb ste508.
upbe recel ves a Sl ream 0 e

f Cgnigol sygiem 2 may plso g‘t“i’l@éﬁ* E@és fﬁﬁw B aﬁﬁ'?@??tﬂﬁeda@éﬁe other

t ga’éﬁlet%rsttb ﬁﬁl@@rafoy B?st%?ﬁﬂ trfiE Optitor@Ruidakiofl thioayh e different
through™tube 22 and back into tank/ m xer 210.

thgquw@wwow ng through Coriolis flow

met er rdd AR Bdsk Yiuid 250.
0F - 1 et aep TR Selsb el 1T EABllaticn SFBARLAMSIPOKIRE buck Yui

méloetrol3gRem 22 saiwm@esethbmgp densily e kingfheRvsege efﬁ@h glensity
{ S GRSl KO3l 881330, CERRS ERLerPY IR A batlhR) BY Bverage

hsity neasurerfent to the operator in
s tlensity b takiﬁgrth@)wesagﬁ bbilve dertsity mea@rameptsaivern fiesseand ipterval.

fl of t ke
ot cafilalif g feriGiendtls Goltiy e 3¢ nfly WRIRG Sl Sing on Bese
SEFhid” toakd apetatay G:bﬂtmlzisiemﬁg# mhyp cnldﬂmthayvm dma’sw responswe to
fI ow rate, the. te and thegﬁ{gher

0 {skulion fropp the ‘é %ﬁmﬁg’eé’ﬂ f §ptch d TEY oI I
t R easiBénénd endlihé tepipRAiture Aeasfupdhtenbdigisyetl by‘e&mﬂwl sysemsnzm see if

B
S YeghtedTsvstén 07 o LhREIES thd WeR@da@Ry. densi ty by taking

the average of ten denS|ty measur enent §1§Of t he, base,

flluid Eooep ddneanepl syism dotermings vehethsr thejayerpsg denpifyjust
A\ IAYR KRR, Bor mewm& @Hﬁlﬁﬁﬁﬁaﬂéﬁ bg %reimsmymmm 2

measurenents over a five secon I nterval .

c dive amnd interva,shen/tbe avszagedensity js not siableofn mml system 224
ope %lﬁ%&? ;/sltﬂg%pg%ﬁﬁ nay %I tg?% L@ﬁ?vag frgg%denmty
d elmkndtyanyégpmrs thae 1%gthen 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
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an instruction fromthe operator. For instance, the
operator watches the density neasurenent and the

t enperature neasurenent displayed by control system
7\362609/0%%?1 if the neasurenments stabilize. If, 2003/003564
neasurenents stabilize, then the operator instructs fgj
control system 224 to calcul ate the average density.

| Auitep ﬂgi&lf’gh_ dRAdrgOtube mT ﬁﬂ}ré’cir@uldﬁtb:ﬁmbé mFs m;q;tm re-tinenlates the
average density just . calcylated L tahle. For .. .

" Fotindsid promubREH e Brare S Pl tpromss wepifigsfions. Tobe
1% §dekbidd adilip Isﬂrééﬁx FHROGTRE frdohd fal 202 Bl slib Str@ine28006f the fracture

denS|t}é is not stable. In that case, control

t
2 Binid 209 sppyely rovgh AP thiewel Gaiols GorRels Ja-Ahtopets pige 227, and

F LGRS e/ mik&P2191 Bt the FriGure RIEHR MRS thibugl CofibliyMiw meter
vary by nore than 1 % then the average denSIt(iZF#lzg;gSIS

s 22 (Qorighsiflowmetss 223 mensures p density ofths fraghredlid?
Shaal . .
¢ REGHORN Rl PGP el HhiACcHAR inconit ol ool system

2204.m xes the proppant 252 into the base fluid 250 to

1ke | B EAEA L AE aSER ld BESF e i

2007/ DY 2ictlateEE pbinids 0B4an0 3&ded, colitrol syst20224 hses thgfollowing

di schar tub 18 and recitcul ation tube PU D0, a
233t i aep 3o con Rl v Pt (Bt e At g1 R o e
blsaadre i 20aGinsequitlonild 202 to the proper

specifications. Tube 226 receives a slip stream 280

of the fracture fluid 202. The slip stream 280 of the
fract ubgy =f { J.ui2038 se bl L Qdhud)ube 226, fi1prough

Cori ol i/gsflgw nedtze}rahézz),//q?m%h tuble)z 227, andlg back
into tankl m xer 210. Wth the fracture fluid 202

flqw ng t hrough .l Olal,S £ 1 22, o'W

POl e 3 (SR LR SR D 3. g ellehdty of he base
Pl 80nd p ,5t.8Rs BibBensitPOF ine piopphdeos2.met er 222

transmts a fracture fluid densn%)y measurement to )
cont r oln sigps¥22prorBBlsysiGmr P24 chlcglstes tapmppant isplacement (P.D.) using
cal cul ates the pounds of sand added to the fracture

f 1I9¥4°" 0 202. To cal cul ate the pounds of sand added,
control system 224 uses the follow ng equations. In

step 5%0 co 1r?I system 224 cal cul ates the pe 2ﬁent age

of soIidQ'('O/ RPPFE fracture fluid 202 usin[;

equation 1.- %6 = (p frog fluid - p base fluid) / (p
proppant - p base fluid) [I] 15 where p frao fluid is

t hwehetke piofpyne 18 thetdensityofithepreppant?Sd 202, p base fluid is

t he depsit f the base , | ui 50, and '

the donbitssSh ciia! BRmtcilsSa®s e s8pies e BuaRBach ) to the
S Viecere 34 202hding @ju@fontne proppant di spl acenent (P.D.)
using equation 2. 20

P.S.A. = (%S * 231)/((1 - %S) * P.D.) £3]

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.

13
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P. DD = 231 / p prappaet [2] where p p,eppant is the
density of the proppant 252. In step 524, control
system 224 cal cul ates the pounds of sand added

P.S.A) tothe 25 fracture fluid 202 using '
%.Vor?’?"é’,."ﬁ.ﬁ”: (%8 * 231)/((1 - %) * P.D.) [3] b osses

pounds of sand added (P.S. A ) nmay also be referred to
as poupds, of mr.opRans wagsed( 34 p(dRak: Ao dopalypnt 4P
system gﬁ ma ﬁ?:ca“fgcd‘Is ate thg pg(lfnds o/fpsangpadl‘ged
usi ng equation 4 instead of equations 1-3. 13 WO

2004/ 072621 . PCTI. US2003/ 003564 ,, P. A = . i -
EVRHE o o s ) Gty OF (g SRS A 202 ekl i YRE Bty o the base

p hal J St he wlensikityofh shfapture fluid 202, p
Paid 250,4h 4 Gl olens,ilpyy0 Tho bbpel AU 1 250, and

p profpatep 526, coiteol dpstsn £34 difplaisdhapovpdrnfsamis@dedsolthe fracture

2B 0 iR YR el S MRS Gt of sns
28dked beune galldohus watkinGentel systenti224cdboczeneratena signad Fepresenting the
CpeveieDenddlter, Diniinal By 884 Sm e B B et oo

P! . QbriciR Mdwaslac22 Ty ako aiaburéBnalefiow rhtediT thefracture fluid
7D ounanto st rseie PO, P e b 1 y O

t Bt ?ﬁltxﬂz{fdl%ﬂé; tHe thdss41d4w rafe, the MeRgferdnste Qnd theldiier parameters to the

fracture flui 02, and ot her paranetersg in step 518. .
Coprratot in step $26 nTheoperpipy conld W@@W‘Pﬁh ffererfpapagieters to view a

t ﬁ&&gg&%a&v f&nugrzbgstu%ﬁzz@mﬁﬁs pAtemBers to the

operator 1 n step e operator “could scrol

I
t hr ougMethh@ 500 Tk fusther ipelndmatens 528 sl 330e¥n step $PSs pondigl system 224
par ame AL £ - gystem 224
ErABEL St aRiY oE e AR Aof Gl ol Qe ot system
s calpul@2Bthe eelodityaielssitytaaemp@the fracture fipisi22 using equation 1 y
of the fracture fluid 202 to a threshold val ue.
Control system 224 calculates the velocity (velocity

m ~; at yeloditylaga = Aowuste nfdad A. 202 usi ng equat i off]5.
velocity material = flowrate material * A F. [51 20
where A.F. is an area factor and flowrate tt,,wis

:Tg\g'ze{?l LR iEa ﬁ'eﬁ’fafcfop ﬁ‘nd"ﬂﬁévﬁfajt@mw-ﬁb theFoSateloR BePatériil. FThe area

I
e recel ved romthe operator or retrieved froma
méaetar YA &) roaytherreceived from the pperater ar setrieved frogt a mgmory or other

‘; A ﬁtlge'y\}é[oggf g@& ﬁ&&&%gﬂd‘sz%%%&?ﬂh thrafbldSratub NRéh control

provi des an indication that the .
v eysiei £34 previdescm indieatiph that the ivellocity exeeddm thettypsboiovaluefin step 530.

i nst ance, Ji.f. the velagi Lof r ' "
o FRL RS, abe o ik et Aarb eREHL £ Al fhe Bltcol systern
an24triypens ah blatrhelfied vetdclty obthe finenferfinid 202alob$ nitdx@e@ the threshold
does npt exceed .th hr eshol | ue, then control
S yeliglhos.san el systern 204 rebias o gteg 518
Control system 224 continues to calculate the pounds of sand gdded 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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Control system 224 continues to cal cul ate the pounds
of sand added to the fracture fluid 202. Tank/ m xer

. ~. 210 is a continuous mxing system not a batch system

Therefore, the operator has control system 224
neasure the pounds of sand added as | ong as tank/ m xer
30 210 is providing the fracture fluid 202 to the
wel | -bore. CLAIMS: 14 What is clainmed is: 1. A
Whatiaslaireefeft system (200) conprising a Coriolis flow
meter (222) and a control system (224), 5 said
measur enent system characterize saj d
1. fl messwement systm§2 Q) fPpTTase 98“%'5%& Qgﬁg&?i fn ugl
baS@2 luid (250) flow ng through said Coriolis flow

0 generate a base fluid density measurenent,
tra%dnnbasam&nbm@nﬂhatﬂéteaé?ﬂs‘my measur enent, receive

a slip st rdgé %% Rlteoeild @ntiphired {d Méﬁm{e&&%)lmtyoof a base

nmeasur e sal ract ure fluid, nme ({%ngr
flushe@sb)tilowaig € ihlmngh @alﬁ Caciolis Bow meieg tq SPLIRlG 3 bARF g’b"‘ gh
sal d Cor.i ol i | devaGlstipetrédot (280) of a

egorned sl e i T Herkfy ABRRIRR Rockl? fﬁE ‘ N

fraSQFEMiS G2 RtoThedsrea deﬁsfaalfdalbé@emﬁ finid) mgqgure shedegsitnofthe
(25 rans tal: fluid

e i i DoSing el ol ol hotd %.%Saﬁ%m g:;eg“‘ .

L&yrn%ﬁlrh’xﬁerﬁﬁw&r&ﬁf?xﬁdfﬂ'wmtb fhéd sorprisepn e S id
saldfractureflu1d term ne

a rapPPARdard): Fid tEapsyit s Tg%;;%é’gﬂ?ﬁ&ﬁﬁg gélf r[gf:ﬂtiu?g fluid
based Onsaﬁdib@hMSﬁtefrﬂ bt ekmﬁguttesitmm iff dpnsity
fracture fluid de asure &t of said

mesiramBRGp il acro TR Heras Ry o 93‘?’2“%95*“"‘“ tof ai

pr&!gﬁhmjsalméﬁkerﬂlﬁdbﬁbe%n isitl baseffluidhdemsitemedsppepyent, said fracture

nprises a straight tube rlollsflowmeter (400).
ﬂlﬁ@dﬁmtyrﬁ’éa-‘-’f\'m éﬁéﬁtdegi}?tog(ﬁ)ﬁfgﬁay St claim 1 further

conprising: a first tube (226) having a first end
(271) configured to connect to an in ter (222
2. (B it remP R Y FRED & 20 f{)??zlmﬁav%ﬁ% ngdo gs%"cei{:sgﬁ’g‘} ’gﬁ g (222)
JEhetolislicomRakter (4008 di scharge (218) of a
co%é’zégsa 10gh and 35 a second tube (227) having a first

end (281) configured to connect to an output of said

3 Opd AldsSrelity BB S08YYY ol Mot sempuisingnd (282)

con lgured to connect to sajid. ta erei
fi r st firstobe (226Lkavineg firstendd2 ?Q&e%“%dwglcf‘%“ & ‘?’g‘g‘?ﬁm“t of said
fHa9Re 3aksbndichie (IR Peonfigued telcdmmntt to a
é ‘ﬁg)ﬂ(ﬁwmg@{@%fnéﬂdr%v s thrnoSghtngal d first tube,
dis&hargsg[ﬁl&éafdtar@dﬂ(ﬁl?@ flow meter, through said second

tu bed se%gt(ljd tggé: t(ZZ’T?ﬁermcgaé first @daitzsﬁ Qonfxgured to connect to an output of
said Coriolis flow meter a:éxd 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.

4. The measurement system (200) of claim 1 wherein said control system (224) is

configured to determine said density of said proppant (252).
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4. The measurenent system (200) of claim 1 wherein
said control system (224) is configured to determ ne

- sai-d density of said proppant (252). 15 AMENDED SHEET

5., The measurenent system (200), of claim1 wherein
said control system (224) conprises: a display system
(302) configured to provide said anount of said

S RE RSB Fop S T TR SRR I s

Conpj HisMay sysﬁfh @03) donfifiyred B protide eaid &ﬁsv)nt obsHid groppant (d52)toa
transmt a signal representing said amount of said
uroppant (252) to an auxiliary system 7. The

measur enent system (200) of cl ai m I wherei n said

control system (224) con‘i)rlses g user int egﬁfe _—
6( Ibameayremegtiyvsten GOPlfclajn ls‘ﬁliledmﬂéﬂ F?‘};m fystem COMIPIISES:
pr OPMI%ig%ésr’%}e{faﬁf‘{ﬁB £ Wo@dnsmit-a sig ﬁ?ﬂ@étﬁﬁg@ﬂﬂ amount
system aim 1l erein said control system

of Sddiproppant GSAX foguauiliey:syencal cul ate a vel ocity of

said fracture fluid (202); determne if said velocity

of said fracture fluid exceeds a threshold; and ]
7p e indasusamenhshistea (268) oficlaimi lawhestin sid porsrol system (224) comprises:

fracture.fl t (252
eastheh oS (YA Rl R E S ulhaicy Bt sald Proppant (252)
eﬁt@feﬂlbglamgtstem (224) is 20 confl gured to: calculate an
average density of said base fluid (250) based on a
plurality of ‘density nmeasurenents of said base fluid
8byThe adedsufimdnobystent (200) ofstlam I Wayin said gonferl sysHm 6224
unt, of said proppant (252) in said fracture fluid
% sed on said average density of said base
flui dalcxﬁaédvélbamtnﬁmdfﬁactmleﬂeids{ml) rreasurerrent and

Syt Enirpty o veRsier L PR b chchers § e SRERY REEE

met e providid 2) indication iff sgidrvetbcity oftmitbfiacture ﬂuu@céﬂdewd shreshold
of said fracture fluid (202), and provide at | east

one of said mass flowrate of said fracture fluid and
630rha mibaduYendnb byt (208) of luimi IoWhereihlsaid coatrad system £234] is
control system (224); and said control systemis

e Ped to provide at |east one of said mass flow

rat e cgbulaté ah ﬁ'vefrﬁ@cdehm@ déflshid baserRLid easa) based/en g plumality of density

said Cor|0|sflo er.tp a NDED SHEET
MepsurRMERLy ofsal ‘T‘rg‘é‘gﬁ’y Cg’ﬁ‘ Hﬁﬁ%ﬁfﬂe (%E in a
f 1 aClbteRnihd $4idlamEiit Of saed bl@;ﬁpant (252) in said fracture ﬂmd (202) based on

said average density of said base fluid, said fracture fluid density measurement, and said

density of said proppant.

10. The measurement sysiem (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

said control system is configured to provide at least one of said mass flow rate of

said fracture fluid and said drive gain of said Coriolis flow meter to a user.
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conprising the step of: determning a density of said

..proppant; said method characterized by the steps of 5

nmeasuring a density of a base fluid (250) with a
Coriolis flow neter (222) te «generate a base fluid
density neasurenent; receiving a slip stream (280) of
a fracture fluid into said Coriolis flow neter to
ridasiimethed omedsidingdin sadut bf Reppinein'd fkictire FRASHEA ASthod
the density of the fracture fluid (202) wth said
EompEFpa theistsRofet er to 10 generate a fracture fluid

densi dyteRmARmY IR of Wi pRdppadi d fracture fluid
conprises a .mixture of sald base fluid and a proppant

(252) SHAmmytadchpsteniaed bytheasiensef: of said proppant in
sai d fract Méﬁslﬁ‘ihé'hgelgﬂ? ) Bﬁeﬁygim { cylishdeng h{e)/er (222) to

measur enment, said fracture e reasur ene
&RtErEan §asgdivid depsigy measuranept,oppant . 15 12. The net hod

2 17 actur & T ke sp ot 28 & SRR Rl st Forbli fow meter

tompasuresrsnsityeaf saiddrectre figidsai d density of said

rotcr R0 10849 R R busia e Cor g mr o
O o ot i i
ﬁ%@vﬁ Orlﬁé%{leﬁs% : ?nd?o?{ﬁ%%appﬁéggag%cond end (272) of

said fi rstdetwﬂniilix(gé}ﬁ@md?t afsiicsprgppaggif(smgbacﬁ&e Auidaled on said
. ...connectin a.Ll.rst O a secon . .
Bl o6 DRt 60 S en TSAREY peasfogtoat g8 smid density of

saidipoppanect i ng a second end (282) of said second tube
(227) to said tank; wherein said first tube receives a
slip stream (280) of material from said di scharge of

8D Blwiralethaindf clatmi 1d vellerdin Hels@pOf nieaM@ing aldbhi YF a FakGhre fluid

Qg&)st. t ubcE tcﬁr gl,l%g sai &&?ri oljs flow neter, through
Phvih. s ‘8°fe_i§ lowmgten FOMRSISEHI d tank. 14. The

met hankeastiringl saiddehdityl dfshidgFachLeBhid SHithth 8188 CBfiolis flow meter

@@&YI di ng said anount of said proppant (252) to a
.17 AMENDED SHEET

13. The method of claim 11 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 atank
(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 secon& tube (227) to said tank;

wherein said first tube receives 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.

14. The method of claim 11 further comprising the step of:

providing said amount of said proppant (252) to a user.
17
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15. The nmethod of claim 11 further conprising the step

.of transmtting a signal representing said anount of

said proppant (252) to an auxiliary system 5 16. The

““ method of claim 11 further conprising the step of

receiving said density of said proppant (252) froma
user. 17. The nethod of claim 11 further conprising
the steps of. 10 calculating a velocity of said
fracture fluid (202); determning if said velocity of
sé?d&#? Zetg egfflflm fuhersompaisnp thestepiof;  and

provi dira@miing B SighaltrbBsdnfing & ' Losdl .
fracture fl ui%l e%geéd%msaltuaéﬁéj%%cﬁlg?gf&dl PPPﬁS‘E&'?%%Wo"’&auxﬂm?
of Y% m 11 further conprising the steps of: 15

cal cul ating an average density of said base fluid

(250) based on a plurality of density nmneasurenents of
sé‘?-d}hfa@@hwQﬂ%mmyllsmtuer@ommkmgm&lswo&eter (222): and

det er neu; ' .0f saj oppant (252) in said
fracturee ]?'F%?%ﬂ ??%@Hg%aéééﬁrogwg?g?hg&y@r"ﬁ e density of
said base fluid, said fracture fluid density
, [ density of said proppant. 20
B e oM 33 e BB SEBRY | o1 ng ¢ he
st eps %&uhé@mwélngqmmﬂmﬁatmzﬁf said fracture
fluid ). W.th.sai.d .Corjolis flow neter_ (222); and
provi (ﬁe ng afn\g %sé%ivgﬂ%‘gg?fls?&if’@c%%m@ PYRREYSA @fﬁzﬂéaﬁfd
f r act previdihgiamlindivetion ifrshid @elgdityofahid f25nsitd ERkdeal |
flow neter to a User 18  AVENDED SHEEF ols bid threshold.

18. The method of claim 11 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 by 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.

16. The method of claim 11 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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