METHOD OF: AND SYSTEM FOR COVMUNI CATI ON BETWEEN

PO NTS ALONG A FLU D FLOW FI ELD OF THE | NVENTI ON This invention
relates to a nethod of, and apparatus for, conmunicating between points
along a fluid flow, and in particul ar f?)r conmuni cati on between points
along a fluid flowin oil and gas drilling and pipelines. BACKGROUND OF
THE | NVENTI ON There are a nunber of instances where conventi onal
comuni cati on nethods, such as via an electric wire or optical fiber, or
directly through RF (rad| o} frequency) transm ssion, are not practical. One
speci fic exanpl e METHOD'BI AR mwmmc&)mmtmmok BETWEEN 00!
assenbly and the rig at the § Q%Ldﬁglﬁm MewWs practical to have an
optical fiber or electric w re inthe well, and RF signals have difficulty
traveling sufficient distances through the earth to permt comunicati on.
Recently, conmunication between the downhol e equi pnent of a deep drilling
tool and t u =) effected by sending nechani cal pul ses

t hr ough thégﬁ‘ﬁ {’??‘ﬁ? W@Wt he well. One such system has been devel oped
by Baker Hughes Incorporated under the nanme EDGE. Wil e such systens do

permt conmuni cation, the communication rates are extrenely slow Moreover,
I n sone

This invention relates to a method of, and apparatus for, communicating between
points along a fluid flow, and in particular for communication between points along a fluid

flow in oil and gas drilling and pipelines.
BACKGROUND OF THE INVENTION

There are a number of instances where conventional communication methods, such
as via an electric wire or optical fiber, or directly through RF (radio frequency)
transmission, are not practical. One specific example is communication between a
downhole drilling tool assembly and the rig at the surface. It is not always practical to have
an optical fiber or electric v;virc in the well, and RF signals have difficulty traveling
sufficient distances through the earth to permit communication. Recently, communication
between the downhole equipment of a deep drilling tool and the surface has been effected
by sending mechanical pulses through the drilling fluid in the well. One such system has
been developed by Baker Hughes Incorpo;atcd under the name EDGE. While such systems'
do permit communication, the communication rates are extremely slow. Moreover, in some
cases drilling operations may have to be interrupted to permit communications. What is
needed. is some alternative to conventional communication methods that provides reliable

communication at far greater data transfer rates.



cases dr¥lling operations may have to be interrupted to permt

commtini cations. What is needed is sone alternative to conventi onal

comuni cati on nethods that provides reliable comrunication at far greater
data transfer rates. 2 2
SUMVARY OF THE | NVENTI ON The present invention relates to a

met hod of comuni cation between two or nore points which utilizes a fluid
fl ow between the points. Such a nethod thus has application to

comuni Cakm%i‘"ﬁfm‘mﬁﬁlbﬁ circulating drilling nud or fluid

provi des a- commruni cation pathway during drilli.ng. Such a nethod al so has
application in other instances where a fluid flow exists, or can be
establ i shed, between two or nore points, such as comrunication in a

pi pel i ne syste Ceneral |y, thod of th nt |nvent|on
conprises the ?P%BW “b"FBW'H sm‘p‘?‘ﬁ‘ﬂﬁ‘?? WW&?&?P&C& 2‘5

erasabl e and- wrltabl e data carriers capable of flowng jn the f|UId flow
bet ween t BOINSoWRICh utilizesg: fiyid fgw hetwesndhs points. {Such ddP‘ﬁg pRlication tp; r st
poi nt and rermtely reading the data fromthe data carr| ers as they pass

t he secon@mmwnwmlmﬁwm;mamﬂkﬂm mad os flgidprevidessa t o wherever a
fluid fl ow capabl e of conveying the data carriers exists or can be

est abl i shesmnipicatiorepathway duringodrilting.t $uchi a method aise has applisationcincbtherhe nunber
of data carriers, a relatively |large anount of data can be comruni cated, at
a instances where a fluid flow exists, or can be established, between two or more points, such

"as communication in a pipeline system.

Generally, the method of the present invention comprises the steps of providing a
plurality of remotely readable, erasable and writable data carriers capable of ﬂowing in the
fluid flow between two points; remotely writing data to the data carriers at the first point,
and remotely reading the data from the data carriers as they pass the second point. This
method allows data to be communicated to wherever a fluid flow capable gf conveying the
data carriers exists or can be established. By selecting the capacity of the data carriers and
the number of data carriers, a relatively large amount of data can be communicated, at a

rate determined by the fluid flow rate.



rate determned by the fluid flow rate.

3 BRI EF DESCRI PTI ON OF THE DRAW NGS. Fig. 1 is a schematic view
of a communi cation system constructed according to the principles of this
invention, for inplenenting the nmethodgof this invention; Fig. 2is
a schematic view of a well drilling system constructed according to the
principles of this invention, that inplenents the method of this invention;
Fig. 3 is a schematic view of a pi peli ne system constructed according to
the pri nBRYEE DESCRIFTION QFTHECORAWINGS npl enents the method of this

i nvention; Fig. 4 is a schematic view aof a possible data structure
for the data carriers. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCODI MENT
A system 20 for communi cating data between two points in accordance with
this inventi.pig.ilss alsohematic Ve bf & @binshunhicationGsystém chinstricseslt 2z00rdihgqo il | Ses
a fluid flow 22, whi ch may be a flow through a conduit, pipe, or duct, or
a flowt h?hnél wareﬁgmﬂm fok ifplenferifihile infedfdodtithid ihvent6n;M t

comuni cal'l on between two points 24 and 26 al ong the fluid flow 22. The
system i ncl udeg éﬁ#ﬁh I dodt dh%Fe{o 8 are
data storage agzw ces that cgfé%‘gg’gar@o&gﬁfmgl tten to anﬁ&re ?R% dat a
carriers 28 ta chip and an
ant enna cifepes SF B tvensesy i iipPubin B bl ot e oéhd)

Fig. 3 is a schematic view of a pipeline system constructed according to the

principles of this invention, that implements the method of this invention;

Fig. 4 is a schematic view of a possible data structure for the data carriers.
'DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A system 20 for communicating data between two points in accordance with this
invention is shown schematically in Fig. 1. The system 20 comprises a fluid ﬂow 22,
which may be a flow through a conduit, pipe, or duct, or a flow that is unrestrained. The
system is adapted to permit communication between two points 24 and 26 along the fluid
flow 22. The system includes a plurality of data carriers 28. The data carriers 28 are data
storage devices that can be remotely written to and read. The data carriers 28 preferably
comprise a circuit including a data chip and an antenna encapsulated to protect circuit from
the fluid flow 22. The data carriers 28 preferably have the size, weight, and shape to flow

smoothly in the fluid flow 22.



the fluid flow 22. .The data carriers 28 preferably have the size, weight,
and shape to flow snoothly in the fluid flow 22.

4 Suitable data carriers could be simlar in construction to
commercially avail able non- contact idgntification transponders, for
exanple the AVID identity tags or AVID industrial' - RF I D transponders
avail able from Avid, 3179 Hammer Avenue, Norco, California 91760. These
identity tags and transponders conprise an integrated circuit and coil

capaci tor  herSuitible dith yarsiess! cotild be $iinflaoiinsUnktalctios te somméivtally\dvailibisdnon-
identify tag is only 0.45in x 0.08 in (12 mmx 2.1 mm), weighs 0.0021 oz.

(0. 06 gmcon@Bcidemtificatidn ridetsS for dx@mpRGhe AAID Wenitity Sighak AVIDEIdSQRICe
and is instead powered by RF energy fromthe reader, Whl ch generates a

125KHz rgﬂp Weﬂ?ﬂlaﬁ&%ﬁ%ﬁ@ Wrh mvsﬁlﬁc RS UWRkdrhiald19k4 Of

the rea g transmts Its encode at a tof e réader, where it can

D o000 ek o Bkl Bl iR RgE G arebffcﬁfv#;ﬁhié_
Can be f oK BahicE % “Sﬁﬁ‘ﬂﬁmn‘!ﬂm‘*ﬁ@%dm%ﬁi ik,
H gh- Per f ormance | dent | f I cat | o | EEE Jour nal $ SoI | d-State

Gircuit s, 0:08in (Zgmmy 2.1 M?’EKOPQ%‘) EH) 8 Ehetag by
reference, and in Pobanz and I ton . A Mcrowave Noncontact | dent | f i cation
Tr ans pondbas nosintegnabpoer: seBree c andhisdnstesg nomered bysRF emergy feoms thei reader, which

M crowave Theory and Techni ques, Vol. 43, No. 7, page 1673 (July 1995),
i ncor por agendratesracl 29Kz radio signal. When the tag is within the electromagnetic field of the

reader, the tag transmits its encoded data to the reader, where it can be decoded and stored.
Typical read distances range from 4.125 inches (10cm) to about 10.25 inches (26 cm), and

read times are less than 40 msec.

Information useful to the design of suitable data carriers can be found in Kaiser and
Steinhagen, A -Power T) nder I H'- -1;' ’ (") Identification S
IEEE Journal of Solid-State Circuits, Vol. 30, No. 3, page 306 (March 1995), incorporated
herein by reference, and in Pobanz and Itoh, A Microwave Noncontact Identification
Transponder Using Subharmonic Interrogation, 43 IEEE Transactions on Microw_ave
Tneory and Techniques, Vol. 43, No. 7, page 1673 (July 1995), incorporated herejn by

reference.

The system 20 also includes a remote writing device 30 at the first point 24 for
remotely writing to the data carriers 28, and a remote reading device 32 at the second point

26 for remotely reading the data carriers 28 as they pass the second point in the stream 22.



r ef er ence. The system 20 al so includes a renote witing device
30 at the first point 24 for renotely witing to the data carriers 28,
and a renote reading device 32 at the second point 26 for renotely
reading the data carriers 28 as they pgss the second point in the stream
22. 5 The dat a
witten on the data carriers 28 preferably includes ordering or sequencing
data as well as information data, so that the information data can be
properly reassdipida@g writkacom the dap sairicss 2% prefasebly lincludes ardering Pefeguegingan
vary, and in fact the data carriers can arrive at the second point out of
sequence, datacasovelbas infprmaticredasa rsoithay the)information data carobe propesly tkassembledbe
reassenbl ed correctly. The data is preferably redundantly witten on at

| east tmmedmaspmngmeea&heammdhmezammhndfmfmmmmﬁmW dat a
carriers 28 becone |ost or damaged. Figure 2 is a schematic

view of a givé hi the sécofid pHIROHRMTIEdulticd, e GrABTMNbCRGuNDIg infofhAiBnAllowbe
present invention. The drilling rig includes a derr| ck OO with a dril I [ ng

string 10%@&@@9@%@%% Biie fy "Thé A2k i Wat a8

The drilling tool udes a dri It 106 and mstrurrentatlon

det ecti ng Voo Atite s, Bickic e BV bP R Glfy RGink' A ARIRCYE becilORE S
wel | bor e V% Pé Be partially encased by a casing C. Drilling nud or fluid
a

I's circul the drilling string 102 and returns in the wellbore in
t he space

Figure 2 is a schematic view of a drilling rig incorporating the communications
system of the present invention. The drilling rig includes a derrick 100 with a drilling
string 102 extending to the drilling tool assembly 104 down the wellbore W. The drilling
tool assembly includes a drill bit 106 and instrumentation 108, which can include inertial

- navigation position sensors, sensors for detecting the type and condition of the rock, and
even cameras. The wellbore W may be partially encased by a casing C. Drilling mud or
fluid is circulated down the drilling string 102 and returns in the wellbore m the space
surrounding the drilling string 102. The drilling fluid serves to help clear debris :from the
drill bit, lubricate the drill bit, cool the drilling assembly, and contain downhole pressure

against “blowouts”.

In accordance with the principles of the present invention, a plurality.of data carriers
110 are circulated in the drilling fluid. The data carriers are preferably constructed as
described above with respect to data carriers 28. The inventor believes that a generally

spherical conﬁgutation with a diameter of less than 0.5 inch (1.25 cm) is preferred. The



surrounding the drilling string 102. The drilling fluid serves to help

clear debris fromthe drill bit, lubricate the drill bit, cool the
drilling assenbly, and contain downhol e pressure against "blowouts".

I n accordance with the principles of t&e present invention, a plurality of
data carriers 110 are circulated in the drilling fluid. The data carriers

are preferably constructed as descri bed above with respect to data
carriers 28. The inventor believes that a generally _spherical

conf i gur dtilling assemblyalQ4i inclpdasra fHlkerl H2sfor trapping theidatacagriers 4 1Q that flow dommer r ed.
The - : 6 drilling
assenbl y thkOdghi the dritling serirfgi 102¢ to preRerftahe datappiiery firdme being sawiedrtiythe 110 t hat
flow down through the drilling string 102, to prevent the data carriers
from bei pglfER Mii® Dy diliobit 106, WheRgtht |ddtaccatriers beuld be desttvyed. 1 The driltinge t he
data carriers could be destroyed. The drilling assenbly also includes a

data wri tag{mi,' 1P inchB80f &)ty wittér! 11400k PerhdiBly GikittngCidIthe @dts cirfisis thaitdlew i N t he
drilling ul (ﬂf?jown the drilli rtlg striong 102yto the drilling assenbly104.

The dat a . yiJ dfimg i chelriBHE bl 104 o't Bt ASEHBY R4CTIR cdah®

sensors 1iB ta carriers e procesS of witing data may
clear the ne of .the data _cargier, o r ..e
provi ded ‘I"Btefzn?£%?a“p fog\ﬁxaxag % cgﬁ‘ggﬁwﬁg"th}dsﬁﬁg{eg% amggw@e%&%gﬁ?ﬁ%n

floww th the drilling, fl.yid back up the wellbore,i h e undi ng
the dril HleQE*FrR'ﬂifss writing dat, may gleag %W&%?‘e‘f‘ﬁg“éﬁﬁﬁ%%%% s

drawn off in a conduit 118. A data reader 120 can ﬁgzﬂrovi ded1$ read the
dat a f r onerasee 146.62n beprovided tojalear prevjously;segrded data, fA-GRITIERE E BPded to

erase the data carriers as they flowin the drilling fluid through the
conduit flow with the drilling fluid back up the wellbore in the space surrounding the drilling string -

102. At the top of the well the drilling fluid is drawn off in a conduit 118. A data reader
120 can be provided to read the data from the data carriers 110, and a data eraser 122 can
be provided to erase the data carriers as they flow in the drilling fluid through the conduit
118. ‘A separator or shaker table 124 can collect the data carriers 110 from the drilling
fluid (and separate them from the rock chips carried in the drilling fiuid) for reuse. The
drilling rig 100 is preferably configured for two way communication so that in addition to
permitting information about the underground conditions to be communicated to the surface,
instructions from the sarface can be communicated to the drilling tool assembly 194. A
data writer 126 can be provided at the top of the well W for writing data to data carriers
110 either before the carriers are introduced into the drilling fluid or after the data carriers
are introduced into the drilling fluid. The drilling assembly 104 is then also provided with -
a data reader 128 to read the data on the data carriers 110 as they reach the drilling tool

assembly 104 in the drilling string 102.



118. A separator or shaker table 124 can collect the data carriers 110 from
the drilling fluid (and separate themfromthe rock chips carried in the
drilling fluid) for reuse. The drilling rig 100 is preferably configured
for two way communication so that in addjtion to permitting information
about the underground conditions to be communicatéed to the surface,
instructions fromthe surface can be comunicated to the drilling tool
assenbly 104. A data writer 126 can be provided at the top of the well W

for witing dat DadedlRbRd b thie ﬁ,e?ors 108 i el dril@ily RdnMlE 104)Fof eXdmpdé Phydicl

I ntroduced into the drillihg flurd or after the data carriers are

or ovi ded w PRseremafls et 45 Bl od R Ky i SRing ooty ek B 7 °°
110 as t heywxriﬁgnc-éa tﬁ@ﬁatg %le&nﬁotﬁoble dama@ﬁtgm)uf %Réditgigﬁ}@fegiﬂbl Writhn‘St r1ng

102. Dat a
|l ected by th 08 in the drjlli mbl y. 104, f |
hysical  rieaunRnRE I CPRmHY ok Sries B9 Uit if ine BF B S e o o RGDRL

drilli mbl y, b itten to the dat jers 110 by the dat
Wi Lor 114, darhi B0 ISlad OE Ay o G 06 UMD 5P BRBLVHDE of

carriers, so that if sonme of the carriers are |ost or destroyed, data is
not | ost. |data.culeretwo way nommunigation isipaeyided; data gan simplibs stpigd ungl
redundantly witing data, where two way comruni cation is provided, data
can sinply étmfismationcis meceived thab datarwast recaivedat thecutherquinthand if gonfirmation éscaotved
at the other point, and if confirmation is not received within a certain
period of t pteived Withitiad cerainpepiod rofttinge) e datechn Yeavetransmipdde, Forhexamgilel, ithe ng
assenbly can store data collected about the drilling activity and

peri odi cal | yrifia§ A8embly @nisiire dam doflectetitiout @i Ahllingictivity arfil petivdicaltyl résbimi
the data has been received. Simlarly ,

_ the information until confirmation is recorded that the data has been received. Similarly
instructions to the drilling assembly can be written by data writer 126 before the data
carriers 110 travel down the drilling string 102 to the drilling tool assembly 104. The
drilling tool assembly 104 can read the instructions and respond. Moreover, after reading
the instructions on the data carriers, the drilling assembly can write to the data carriers
before they return to the surface. This data can include confirmation of the receipt and/or

execution of the instructions. The data is also preferably written with ordering information

to facilitate its reassembly in the proper order.

Depending upon the flow rate of drilling fluid, it is estimated that the data carriers
can travel from the surface to the drilling head in as little as a few minutes. 'Depending
upon the capacity of the storage devices, and the number of pellets used, data transfer rates
can easily be increased tenfold over current technology. For example, in a drilling rig vﬁth

a drilling string having an internal diameter of 2 inches, if drilling fluid is circulated at a

e b el et L e T enredes



i nstructions to the drilling assenbly can be witten by data witer 126
before the data carriers 110 travel down the drilling string 102 to the
drilling tool assenbly 104. The drilling tool assenbly 104 can read the
instructions and respond. Mreover, affer reading the instructions on the
data carriers, the drilling assenbly can wite to'the data carriers before
they return to the surface. This data can include confirmation of the
recei pt and/or execution of the instructions. The data.is also preferably
written wathoba few haglred §0lof® pérominute) tHectotal trivedl einel to thebattormrof ¥ 10/p0H he

proper order. Dependi ng upon the flow rate of drilling fluid, it
| s esti mafd wellavouldBe &8¢ thafi about WrPminuted Totdl \tRivell tirfenfrolieths boitah f . t he
drilling head in as little as a few m nutes. Dependi ng upon the capacity

of the stQrAGAcKH!E W mightvé W%er,@mﬁﬂéhﬂ&o&%@ﬁoﬁﬁiﬂabfg%ﬁ%{e rates

can easily be increased tenfold over current technol ogy. For ex in a

drilling rjg: - L LI i ‘W%dﬁ'@ne Is ey rgg;n%r of 2
i nches, |Ph§lrd}éﬂl |?1rgl;m§$ %&%E&eﬁa&l&%ﬁ at a ?ﬁ}eﬁ&t&‘rtﬂé‘hnﬂinﬁ :

8 rate of a few hundred gallons per mnute, the total travel tinme to the
bottom of a 10,000 foot well would be I ess than about ten m nutes. Tot al

travel time frgmthe bottomqf the well back to_the . top.m ght _be slightly
| onger, becaus Q‘H‘gmﬁr"ﬁ \nsé‘?@&wwﬁ%ﬂaéémg%%ﬂd@% drilling

string is generally greater than the interior of the drilling string.

A pi pol | n@eassAllt 1529008 g ch Tha gineline MY s asecploceonduct aifiuid SRYEVeSR a s

' ndi cated point 202 first and second and third points 204 and 206, respectively. In accordance with
this invention a plurality of data carriers 208 are introduced into the flow in the pipeline.
As the data carriers 208 pass the first point 202, a data writer 210 can write data to the data
carriers. This data can include data about the fluid passing in the pipe. For example in a

_ petroleum pipeline used to transport a plurality of different types of petroleum products, the

data carriers 208 can carry information about the grade and type of product being
transported, or the ownership of the product. The data written on the carriers passing in
the fluid can be read by one or more data readers 212 at the second point 204 or the third

point 206 or elsewhere along the pipeline.

A sample data structure 300 for the data carriers is shown in Fig. 4. The data

preferably includes ordering information 302, data 304, and error checking data 305.



generally* as 200 in Fig. 3. The pipeline 200 is adapted to conduct a fluid
fl ow between a point 202 first and second and third points 204 and 206,
respectively. In accordance with this invention a plurality of data
carriers 208 are introduced into the flgw in the pipeline. As the data
carriers 208 pass the first. point 202, a data witer 210 can wite data to
the data carriers. This data can include data about the fluid passing in
the pipe. For exanple in a petroleumpipeline used to transport a
plurality QPERATIN ent types of petrol eum products, the data carriers 208
can carry information about the grade and type of product being
transported, or the ownership of the product. The data witten on the
carriers passing in the fluid can be read by one or nore data readers 212
~at the second oioperaén} during ideillingi usihg the drilling Afparatue sixewnhsehematicallyyin Fig.

pi pel i ne. A sanple data structure 300 for the data carriers is

shown in Fi,gipwraliwm arried 1120 @ré ttitioduded |ilwd ehie drilting €16 ornbiad 88t iPERQ2.
data 304, and error checking data 305.

9  OPERAThEMrilling string 102, "TRW @it bdrfitrs pAs thichgh'thd arilfifg g:fshgqot éheff inby hidd

apparatus shown schematically in Fig. ~ 2, a plurality ata carriers 110

St 11 ng. 100 APRL v A FIRE (12, aid 88 vl ofine Rt B S herd 88y B "
a1 s DRERRERL k Bimcs; 15 e Garlf 170 Bl R 18 ab e iuner ' ("
carriers 1if Rite datf auditfated From Hhe sentors 188 & wiittéo'to the data carriers. The
carriers then pass in the space in the well outside of drilling string 102, and out the conduit
118. The data carriers move in the conduit 118 past the data reader 120 where the data
written to the data carriers is read. The data carriers move in the conduct 118 past the data
eraser 122 where the data written to the data carriers is erased. This provides security and
ensures that the datz carriers are ready to be reused. The data carriers are recovered in the
shaker table which simultaneously separates the data carriers from the drilling fluid and

from the rock chips resulting from the drilling.

The data carriers 110 can be reintroduced into the drilling fluid and introduced into
the well, and pass the data writer 126 where data, for example instructions for the drilling
tool assembly, is written to the carriers. The data carriers 110 travel down the drilling

string 102 to the data reader 128 where the data is read and can be processed by the drilling

tool assembly.



114, where data accunulated fromthe sensors 108 is witten to the data
carrrers. The carriers then pass in the space in the well outside of
drilling string 102, and out the conduit 118. The data carriers nove in
the conduit 118 past the data reader 1§ where the data witten to the
data carriers is read. The data carriers nove in the conduct 118 past the
data eraser 122 where the data witten to the data carriers is erased.

This provides security and ensures th t he dat arriers e ready to be
reused. The da Ripeling ?s%%é’ed?ééﬂégg'i hPPRAY %W&‘Blﬁé\ﬁﬁ? ch

si nul taneously separates the data carriers fromthe Qril&£l1 fluid and °
fromthe drsroducad;int theHow; andjas the datarardiges pass the first point 202, Wites
carriers 110 can be reintroduced into the drilling fluid and introduced
into th@lQuwrites datagtorthe data icarriges, fomexample daxsabous the identity of the fluidiinthe
instructions for the drilling tool assenbly, is witten to the carriers.
The data dlow, ioetle dwirérshipnoredestination tdfieheifluitllin thg flove.t Aisrthe 4212 camietsh20

reader 128 where the data is read and can be processed by the drilling
tool assergblnfs 204 and 206, the data readers read the data so that it can be processed and used

In the pipeline systemshown in Fig. 3, a plurality of data carriers 208
are intrqgiped into the flow, and as the data carriers pass the first
point 202, the data witer 210 wites data to the data carriers, for
exanpl e data about the identity of the fluid in the flow, or the ownership
or destination of the fluid in the flow As the data carriers 208 pass

poi nt s 204 and 306 v (.5, KL dnd GAARHSf P frebehP iulahcou okl 867 D

processed and
communicated in a preexisting fluid path, or a fluid path created specifically for purposes of

communication. The communication is secure and reliable, and the apparatus and method
permit communication even where conventional methods of communication are

unsatisfactory.



Thus the apparatus and nethod of the present invention permt data to be
communi cated in a preexisting fluid path, or a fluid path created
specifically for purposes of conmmunication. The conmuni cation is secure
and reli-able, and the apparatus and ngyhod permt conmunication even where
conventional nethods of comrunication are unsatisfactory. What
Is clainmed is: 1. A met hod of communicating data between first ¢
and second points along a fluid flow, conprising the steps of:

providing a plurality of renotely witable and readabl e data storage units
capabl e gY““F%HWFﬁS‘:n the fluid flow, . renotely witing data to
the data storage units as they pass the first point; and

renotely reading the data storage units as they pass the second point.

2. The nethod according to claim 1l wherein the step of renptely witing
data to 1. A method of communicating data between first and second points along a

fluid flow, comprising the steps of:

providing a plurality of remotely writable and readable data storage units capable of

flowing in the fluid flow;
remotely writing data to the data storage units as they pass the first point; and
remotely reading the data storage units as they pass the second point.
2. . The method according to claim 1 wherein the step of.remotely writing data to
the data storage units comprises redundantly writing data to at least two data storage units.
3. The method according to claim 1 wherein the step of remotely writing data to

thé data storage units includes writing ordering information so that data stored on multiple

cartiers can be reassembled.

A



the data storage units conprises redundantly witing data to at |east two
data storage units. 3. The method according to claim1l
wherein the step of renotely witing data to the data storage units

i ncludes witing ordering informationqo that data stored on multiple
carriers can be reassenbl ed.

12 4, A net hod of conmunicating data between first and second
points along a fluid pipeline, conprising the steps of:

Capabl e of 114w ndh Mol FrpmpticHig B frsfinen P4 befor b MpgT ' ' ©

witing data to.the data storage units as they pass the first point in the
pi pel i ne; fiwid gipeline, compmmgél}&ﬁt;;qsffr eading data fromthe data storage units
as they pass the second point in the pipeline. 5. The net hod
according to claim4 wherein the step of renotely witing data to the

data storage units conprises redundant|y writi data to at |east two data
stor age units. prowdmg a plurality of remotely writable and méable data storage units capable of

flowing in the fluid in the pipeline;

remotely writing data to the data storage units as they pass the first point in the

pipeline; and

remotely reading data from the data storage units as they pass the second point in the

pipeline.

5.  The method according to claim 4 wherein the step of remotely writing data to

the data storage units comprises redundantly writing data to at least two data storage units.

6. The method according to claim 4 wherein the step of remotely writing data to
the data storage units includes writing ordering information so that data stored on multiple

carriers can be reassembled.
I —
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6. The met hod according to claim4 wherein the step of renotely witing
data to the data storage units includes witing ordering i-nformation so
that data stored on nmultiple carriers can be reassenbl ed.

13 7. A nmet hod of communii@ting data between first and second
points in an underground drilling systemin whi'ch drilling fluidis
circul ated, the nethod conprising the steps of: . providing a

plurality of renotely witable and readabl e data storage unjts capabl e of
flowing in tha.dri Al method bficanmunicdting daial tetwegn Sipss tapdsecond points in any enpt e y
witing data to the data storage units as they.pass the first point in'the
dri | ling ypiérgoiind drilling system i evHidtedsiling Adidrig cileulzted, rthermethod ¢amprising thege

units as they pass the second point in the drilling system
8. Thgtéﬁgtoh:od according to claim?7 wherein the step of renotely witing
data to he data storage units conprises redundantly witing data to at

| east two data storage units. .

providing a plurality of remotely writable and readable data storage units capable of

flowing in the drilling fluid in the drilling system;

remotely writing data to the data storage units as they pass the first point in the

drilling system;

remotely reading data from the data storage units as they pass the second point in the

drilling system.

8. The method according to claim 7 wherein the step of remotely writing data to

the data storage units comprises redundantly writing data to at least two data storage units.

9. The method according to claim 7 wherein the step of remotely wntmg data to
the data storage units includes writing ordering information so that data stored on multiple

carriers can be reassembled.
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9. The met hod according to claim7 wherein the step of renotely witing
data“to the data storage units includes witing ordering information so
that data stored on nmultiple carriers can be reassenbl ed.

14 10. A system for communi ggting data between first and second
points in a fluid flow, the systemconprising: " a plurality of
renotely witable and readabl e data storage units capable of flowng in
the fluid flow data witer at the f%_lrst oint for renotely

writing data t &t he%%‘&%%‘@@ﬁ?%ﬂ%@‘ befween fist apd pecpnd, points in 3 fyid”

fluid flow, and ..a data reader at the second point for renotely
readi ng d8o¥. HESYSEMFOMPriSingarri ers as they pass the second point in the
fluid flow. .

a plurality of remotely writable and readable data storage units capable of flowing in

the fluid flow;

a data writer at the first point for remotely writing data to the data carriers as they

pass the first point in the fluid flow; and

a data reader at the second point for remotely reading data from the data carriers as

they pass the second point in the fluid flow.
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