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IHTROBUCTION
Production problems are plentiful in the: ofl and gas indusire A
common one & producton of vegamic solids where 8 solid phase
forme cut of the ydrocrbon bqed or gas. These onganic salids
take ey forms (wae, ssphaliene. dismondosds), and their iden-
tification and treatment can be crucial o the exploitation of oil snd
s fickds. Reis, | through 4 discwss some of these problens,
Orwemgg 10 the challenging nuture of solids precipitation, wech-
nipass are abways under developmend 1o ideraify the depesition of
these solics mere accuranehe This anicle summarizes some af the
mawe pecend echnokogies and identifies the direction for futare
means of quantitative determinsgion of solids precipiamion

BACKGROUND
Years ago, problenns with solids precipitation were disoussed in
terms of paraffing or asphulicnes. This dichoeomy resists change
oven boday. When organic-sold precipiuses ae observed in the
Tield, it & ot uncomumen for the operating engineer io contact the
hesd affice amad indlicase that an [ET-T Y
exits. When Lhe operating engineer is asked why be or she thinks
it = msphaliens, the sower 8 “hecause iite dark and ik a solid ®
muhkmmmmdw‘ﬂhﬁmﬁu-
tion problems. If solids are dark or black sl if they canse produc-
tivn peoblems, they are cregorized a5 asphaliens. More specific
evidence suggests that there b5 a continmam of onganic-sobids pre-
cipaation. The compenents that make up most solids precipitates
exterad from the lighter components, such ex parsffin (which can
presess malecular weighis af kst than 400), up to rue multicydic
asphabiens molecules with molecalar weights in the pens of thow-
sands. Molecular weight, therefore, can be o means of differemiat-
inf; berween these types of solich. Becaase of the mnge of asphal-
wene Gypes @l mobecubis weights, however moleoular weight
abone dies not suffice for solids characertzaion.

Addivionad imsight & available by identifying whether the sobids
are dependent on tempesature ar pressure changes. Intuitively,
engineers recognize that 8 sysiem wheone solids: precipimtion is
domimated by tempersture reduction probably would be & paraffis
problem, whereas these that depend more on prosune change
{composizional change) would be clissilial 25 asphaliens domi-
naned, This, however, is 0ol withow ambiguaty becase, m many
s, sysieme Ihhzmdqrunfu‘ﬂwungmm
may be peedominamly asphaltene but the paraffin molecales may
art a5 mucletion sites where the other mome extensive o beavier
msphalienic-rype melerules s grow ard scparaie from ihe liquid
phase. To identify anset and type ol precipitation conclusively, lab-
cratory esting, ubtimately must be performed. Somse sechimbgues for
dievecison are discussed in the fllowtig.
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SOLIDS-PRECIPITATION DETECTION
Many improvements have when place in the messurensem of solids
precipistion. Oviginally, the standind technigue lor determining
clnadpoind emperature (the lemperaure al which solids begin o
m}mmﬂulhm&dﬂllswwm
with & thermameter immersod i the subjoct phase. The temperatan:
would then be decreased, and one would wateh for s *couding” 1o
Frm in thet i, imdicating the point of fis deposition of microeorys-
talline susmpended solids. fom solution. The name doudpoint is
derived from this douding respomse. lhm.ﬁtmmm,
diepending om the visual acwity of the individual watching the exper-
imenl. The lechnique can be enbanced farther by comductmg the
luatzon under & mi e O the ok i bevnd, procigrita-
e initiation may be detecied more precisely and the doudpomt
tempemiure ientified mere sccursicly Mevertheless, :I‘u-nd;go:uhll-
ty asocisied with & visual measunoment is sl peesent
Feoently, visible-specimum and mernfrared (1K) laser geche
niques have been used. Fig. 1 illusimanes an essmple cloadpoint
anadysie of 4m ail with a kser techrique. The enemy assocated with
the light transmitted theough the smple i on the y wos. The lem-
perature change, s dieed Fresins @ the ple immersed i the
liepsid phase, i= plotied om the shscissa. Once the dowdpaint is
encouniered, a precipacas dop ocours in ibe bser Bght passing
theough the sample. The benelit of this bser-bused techivique i
Dulnb:mybmmt:mdhﬂmmﬂnqnmmw
of a temp deeninuted solid-phase o
hllmm.m-ullhkkdnuquulhtlhnupuu]rhmd
ﬂ::ﬂlﬂmbﬂnmhihﬂtlhlﬂumhtmrwd ﬂ.'iml,-#:ﬂh—
Muid; Muid opacity can be a Emiting Esctor o baer systems. IR
laser devices are move effeciive than visual lasers ar transmining
energy through epague Bulds because of their longer wanvebengih,
hersesser, there ane saill lmits i their sensitivitg
Acowstic-resomance techniques also have been deweloped that
:r::pundm: deqﬂymmdmmﬂw

thse el of an acoustic mesaroment of deudpoint with a chowd-
point indicated ac 55%C. This same point was confinmed with lser
and vismuml iechniqees. Table 1| presents resudis ohiatmad from NER,
apiical laser, sand visaal echaiqacs and from scoustic resonance.
The resulis are snoowaging {or the acoustic-nesonance approsch.

IMFLICATIONS

Because presence of a solid phase does not necessasily mean thai
prodduction problems will result, the question of why clradpoing
deserinination i important for panSin-dominated sestems might
be @iked. Some producmg wells do exist ihat exhibii some solids
precipitation Baut i mind ’du! Huossrever, il sersichae Ltﬂmiq-nm arr
avaibable for detecting the onset of solicks precipalation, avaiding
comditions conducive Lo solids formatkon constimte: & Sonser-
vive approach. In cur experience, sven very sralfl senounts of selids
tan feprescal sericus production preblems. For examiple, with only
5% e solids deteceed in the borsiory, more than 600 kg of
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Thas, the ability to deermtine the onset of solids formarion s &
rergairemsent for afl detection sechniques

O the basis of these types of techmalogies, @ sobids-precip
mu—lo[! can be messured (Fig: 3). This is done by maintairing
temperatiine while chayging the presswre from a bigh so s low level,
which alloos detection of the |.iq_l.rid.-'su|iﬂ trarmition. Thus, 12m-
perstaripressune condivoms conducive o salids farmarion can be
explonad Fally anil reporad.

There are &so o number of reservaies worldwide that are :.IgIIH-
icantly undersamrared. As & meservair is depleied. the reservoar
fuid comes cioser &0 the solids-previpitaton painge. Once salids
precipliation has ocowrred and solids begin to separate in situ, pro-
duction problems (such &8 in-st pesmeability reduction) can be
observed. Thes, from an applications perspective, the importane
of knowing the omset of preciplianion is crocal

Omee precpitation comditions eecue, some of the mest comemen
thh:pr-.s 1w mirigae solids deposition are chemicad and lempens-
e munipulation. Resuls from recently comducied  proprisiary
smudies where a mumber of wax dispersnis were tested indieated
that the gloudpoint was suppressed by more than 30°C m soms
cames. By performing o series of tests, such s these Ideniified in Figs.
! and 2, the efficiency of certain chermacals con be vested rgoroushy

Irstrumients are ¢ iy under develog t 1o delermine
phase-behavice transiton accurstely for papeling, wellbore, and
producisn squipment, Some technicues ase acoustic based, while
athers are light-scanering hased. The sechniques are applicable o
many types of phase ansition mclwding dewpaoints, bubbkpoins
awml ml:d-phl.-,ﬂmrwm‘.

CONCLUSIONS

Saliels precipitation & as important problem in the upstream peimoke-
uan madusiry Accumie icchnologios have been developed w0 identify
solicdphase [ormation, With these sechniques, opoimal means of han-
iling solids precipizsion cn be evaluated and optimezed.  JFT

T = FERAUARY t8

: E Jq"‘-.lv‘uﬁ ]IJ‘|\ —I

g d—ibcoiatic determisataon of ©

REFEREMCES

I ¥are D] snd Beu, KE
Chem (19450 5T, 195

2 Tissot, B, "Connzssance Aomelles sur bes Froduss Lourds do Pemole,”
Rex Insc Pravpes s Pearole (156717 26, 429

1, Wue, KW “Coarimomus Thermedymamics for Sold-Liguid Equilibria:
Wax Foresation. from Heavy Hydmearken Mirores,” papner presemied o
the 1686 AICKT Mesting. 14-1A Masch, Housion

4. Thomas, Bl o al: “Experssentsl ind Theorercal Ssodies of Solid Pre-
ciptation from Reservodr Fluid,” | Cile Pet, Tech (ammuary 19520 31,
Pao, I, 22

51 METRIC CONVERSION FACTORS

“Matuee of Asphalse Sulwunces” Ind Deg.

bihl =1 389 873 E-0l=m'
F(F=32) 1R =
b = 4.535 824  E=0l=kg

F Brent Themos, Viee-Presidont of Hyco! Energy Research
Laboretosios Led. mCuMuupquﬂmummmh
the areas af icol I ond goe injaction. He hoes
20 years of worldwide asperience in the areas of numerical
stmudation, gas injection, phase behavios, solids precipitotion,
and chemical and rhrrnurqppﬁmﬁnn: Tharmai hadds o PhD
dogroe in chemical & i ‘Wrmstair U, Bront
mm#mmhummﬂmuwﬂm Lab-
orotaries Lid. ia Calgary and o project engineer with 20 years
of international fechrical sxpertize in the oreas of formatian
damege and fluid flow in porous media, He has also worked
in the areas of underbalanced drilling, flusd-phess befavior,
and enhonced o recovery. Bennion holds o B5 in chemical
ard petroleum engineering from the U, of Calgery:

81



