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INTRODUCTION
PrOOUction probImJS ale plcnliful in the oil and gas indUstry. A
comDM)D ~ is productjon of organic soIkIs ~ a soIMi phase
fOnDS out of the bydrocartJoD liquid 01" gas. These organic salim
lake many ~ (wax. aspbIItrDCS. diaDKmJKI5). - their kIcn-
tification - babDCDt an be aucial to the exploitation of oil-
pSi ~ 1m. 1 through 1- disc1S ~ of tbrsc problems.

Owing to the cbaDcnging nature of solXis prmpitation. tech-
njq1I£S ale always uIKIcr dcvekJpIDcnt to idmtify the dq)OSition of
~ sotids IDOR KCUl2tdy. This artide 5Um---~ ~ of the
~ Iumt tcchnoIogics - kIcn~~ the diru:tion fOl" futUR
~ of qU8ntita~ dctaminadon of soIkIs puipitadon.

SOLIDS-PRECIPITATION DETECTION
Many imp~ ~ takm pIaa: in Ibr; ~mXDt ci soIkIs
precipitation. Originally, d1C standard Itthnique for detenDining
cbxIpoint I£mpcra1UR (Ibr; tfmpcr.r.e at wbP soIkIs ~ 10
form) was 10 place the sample ci 00 in at£lDlX1'ltUJe.<X)D troDed hath

with a thr:mDDCtao immr;rscd in the ~ phase. The ~
woukI dICIt be ~ aIKi OIX ~ watd1 for a -a,.xJing- 10

f~ in the oil. iDdicatiDg the point ci first ciqx&Doo ci miCIoays.-
IaDint; suspcodt.d solkis from solution. Tht; mmc doudpob1t is
dr:rivuI fnxn this ~~ ~ Tht; JtSUks may ~ boweva;
dqJcndiDg 00 the visual acuity ci the iIxtivkIuaI watdJing Ibr; expeI"-
bDmL The techniquc can be CDbaIx:m fwthcr by mI.tUdjng the
eYaIuati(u wxIcr a ~ On the ~ kftI. ~
bon inidation may be ~~~ ~ pm:aIy aIKi the doudpoint
atmpcr-oIR kIeoti6ed DXJIe accm3Id)t Ncvu~ the 5Uqcaivi-
ty ~ with a ~ is still ~

Rt:CmtIy. visibIe-specttum aIKi ~-inrrmat (NIR) .:Ja5a: t«h-
Diques have hem ~ ft&. 1 illustratcs an example doOOpoint
analym ci an oil with a ~ techniqur- The magy ~~ with
the light b'aDS1Dittrxf through the sample is on the )' axis. The rem-
pcratUtt dJange. E ~ fnxn a~ IpIc bmII£!saf in Ibr;
liquid phase. is pIou£d on the ~~. Oocc the cloudpoiDt is
~tcsm. a puipitous drop cxx:un in the ~ ¥t ~
through the sample. The bmdit of this ~-bascd tccbniquc is
that it is easy 10 automate aIKi beoomcs a quantilatift ~
or a taDpcI2tuIe~~~'-~ solid-phase tlansidon.

A linlilabon of this I«hniquc is that the opcical cb8nctaisCks or

theOuidmustbesuchlhattheJightcanbeb'8DSll1ittrxfthroughlbr;
Ouid; Ouid opacity an be a linliting factor for ~ syscam. NIR
~ dcviccs ~ ~ d£Cdift than Yisuallasen at ~itting
cneI&Y through opaque Dum because or their longer waYeIcngIh;
~. ~ ~ still limits 10 their SCDSidvtty;

ACDUStic-~ ~ also ~ been devdoped that
~ to amt.t r3IIgc or ~ Tht; samti¥Af or Ibis Ia:ImkIuc
dcpcnds on the d1ange h1 sonic spccd with pIwe b8I1sidoI1 aIki is
~ ~.imt of 0ukI Yisua1 dI8ractaistjcs. I'll- 2 shows
d1C ~ts of an acousdc mcasmaDeDt or doudpoint with a cbKi-
~ ilMlk2tcd at 55-c. This sanx pcJim WE .:u:-.fu-~ with ~
and mIaI tttbniqucs. TahIr: 1 ~ ~ts ~~~ fnRD NIR,
optical ~ . aIki visua1 tcdmiques aIKi fnxn acousIic ~
Tht; ~ts ~ ~ foro the aooustic-~ ~

BACKGROUND
Years ago. pmbIcms with soIkk ~ wae discussed in
ttrms or ~ or asphaltCDCS. This didJOcomy ~ dIaDgc
cvm toda)t When oIgank-501k1 prmpi~~ ~ ~ in thc
6dd. it is DOt WKXXDmOn for thc operating cngincu to contact thc
bt:ad o8K:c uxI iIxIk:atr. that an ~J!~tatioD v::JIcIii
exists. When the opcnIing mgincu is Rrd why be or she thinks
it is apbailmt:, thc ~ is ~ in darlI; in . soIkI. .

This oCtm is an inoomct ~ or catcgorizing so1ids-prmpita-
lion ~ If soIkIs ~ darlI; or black uxI if they ausc produc-
don probIcms. Ihcy ~ ~ as aspbaltmes. M~ spcdfic
CYkIcIM:C ~ that ~ is a ~dnU1DD or organic-solkls ~
dpitation. The compoomls that make up ~ soUds prtdpflatcs
ataxi frmn thc Iighttt cmDpmmls, 5\K:h as .-raffiDS (wbicl1 an
~ DM>I«uI8r weights of less than 400). up to tnIC mullkydic
aspba1tCIK: DK)iccu)cs with rzxJkI:uIar weights in thc tms or tOOu-
saIMk. MoIccuJar weight, thadOl!:. an be . ~ or diffcrmtiat-
ing bctWtt:n these ~ ~ soIkIs. Because or thc range ~ aspbal-
Imc ~ uxI DM>1ccuJar wdgbIs, ~ ~ wdght
alone dors DOt sufficc for soUds cbaractcrizadoo.

AlkJitD1al ilmgbt is ~ by klmtifyiDg wbr:tbt:r the sole
~ ~ on tcmpaatUR or ~ dIangcs. Intuitivdy.
CDgiIICCIs IUOgnizf: that . S)'5taD wbcIe soIMIs pIa:ipiWion is
dominated by taDpcr8t1ue ~ J'roI-bIy wouJd be . ~
probIcm. ~ ~ that dcpad ~ m1 ~ change
(compositional change) woukI be dassi6cd 8S ~Imc domi-
nated. This, ~ is !KIt ~ ambiguity bcc8Ia. in many
cascs, S)'5taDS that have some dqru or tcmpaatUR dqJCDdmce
may be o;.bDii-..utiy apbailmc bit thc .-amn DMJiccuIcs may
act as nucleadon sites ~ thc other IDOtt cxtcnsiYe aIxi heavier
aspbaltmic-type moIccuJcs an grow 5qJ8Iate frmn the liquid
phase. To idcnIify onset aIxi type or pruipitadon coodusivdy; lab-
oraIlKy tesdDg ullimatdy must be pedmmed. Some tedmiqucs for
dd£dion ~ ~ in the foDowing.

IMPLICATIONS
Bcausc ~ of a soIKI ~ dOtS IM)t ~ .- that
prodUction problems wiD ~t. the qucsdon of why cloudpoint
dd£rIn~doo is important £or p81oaftin..cbDin2l.d systcms might
be asked. Some producing wdls do exist that ahilXt some solKis
prmpitation wt do IM)t plug. Howevcr. if ~ tttbniqucs ~
available for detecting the onsd of solids prmpitation, aYoidiDg
cmxti~ ~ to soIkis fomDOon alnStitUtes a ~
tive appro8Ch. In our cxpcrima:. am yay smaI1 amounts of sotids
an . e... ~.t scrkR.Is production probIcms. For cxampIe. with only
0.5'1, ~ solXis detccttd in the laboratory. more than ~ kg of
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~Ud phase formed in th£ 6ckt for every 160 m3 of oil produced.
Thus, the ability to detennine the onset of solids formation is a
~t for all detecdon techniques.

On the b8sis of these typrs oftedJ noIogies. a so1ids-prttipitation
eIm:Iope can be measurm (FJ&. 3). This is done by maintaining
tanperatun while changing th£ ~ &om a high to a low levd,
which allows detecdon of th£ liquid/solid uansidon. Thus, tem-
per8nuTjprt:ssUtt colMlidons coIMiudve to solids formation can be
expIortd fuDy and Iq)OIted.

There ~ also a number of ItScrVOUs worldwide that ~ signif-
icandy undersaturated. As a reseIVoir is depleted, the reservoir
Ouid comes closer to the solids-predpitation point Once solids
~tadon bas ~ and soIkIs begin to separate in situ, pr0-
duction problems (such as in-situ pennrability rmuction) can be
observed. Thus, &om In applicatiom perspecdve, th£ importance
of knowing the onset of predpitadon is auda1.

Once prmpitation coIxIidoos oa:ur, ~ of the uxs. COIDJIM)D
techniques to mitigate solids deposidon ~ dtemkal and tanpera-
tun manipulation. Results from IUeDdy conducted proprietary
stUdies w~ a number of wax dispersants ~ testtd indicated
that the cloudpoint was ~ by ~ than Ja'C in some
cases. By penonDing . series of t£SIS, such as dMJSe Identified in Figs.
1 and 2, the efficiency of ca1ain chemicals can be t£Sted rigorously.

Instruments ~ constantly under development to dctennine
pbase-behavior I13nSidon 8CCIUately for pipeline, weUbore. and
production tXlUjpmcnt Some techniqutS ~ acoustic based, while
others ~ light-scattering based. The techniques ~ applicable to
many typrs of phase tralWdon including dewpoints, bubbiepolnts
and solid-phase I13nSidon.
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CONCLUSIONS
SoIm pru:ipitation is an important problem in the UptItaID petroie-

wn iIdUStIy; Aoo1Iatt tedUK)\ogics have ~ (k;y~ to kimOfy

~~ rcxmadon. ~ these t«hnkIUa. opdu.) ~ cI b8n-
dIing solids precipitation can be evaJuat£d and opdmiud. .. vr
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