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Summary. The industry has a prcxedure for stabilizing and sampliig retrograde-gas (gss-condensate) wells; however, no investiga-

tion of the quality of the samples resulting from this procedure has been published. During sampling, bottomhole flowing pressure

(BHFP) typically is less than the dewpoint pressure of the original reservoir gss. This causes condensate liquid to buld up in the reser-

voir around the welfbore. This paper presents the restdts of a study of the sampling procedure and of the buildup and stability of the

condensate ring smund the wellbore. A prccedure designed to give the best chance of obtaining a representative sample is presented.

htroduction

A gas sample from a retrograd+gas (gas-condensate) reservoir

almost always is obtained by sampling the gas aad liquid from the

separator and recombining the samples at the producing ga.slliquid

ratio. 1-3 It is important that the wellhead pressure and the gas and

liquid production rates be stable before and during ssmpfing. Also,

the gss production rate during this time must be lsrge enough to

remove dl liquid continuously from the production string.

During ssmpling, it is likely that the BHFP wilf be less them the

dewpoint pressure of the original reservoir gas. If so, there will

be a pressure gradient iR the reservoir near the well where pres-

sure is less than dewpoint pressure.

How can a recombined surface ssmple representative of the origi-

nal reservoir gss be obtained under tiese conditions? This paper

answers that question. SsmpUng problems, such as humaa error,

measurement bias, and incorrect Iabmstory recombination, sre not

considered here. Ratier, this paper addresses the conditions nec-

essary for the production stresm to be of the correct composition

so that obtaining a good sample is possible.

Radial compositional simulation was used to exsmine the pres-

sure and saturation distributions in the reservoir, the producing

00R, snd the composition of the total production stream at the sur-

face during samplig. (“GOR’ is used in this paper because of

its common usage in tie petroleum industrjq the liquid is actually

condensate.) The eauation of state (EOS) was tuned with labora-

tory data. ‘

Three retmgrsde gases (gas condensates) with different compo-

sitions were used in the study. The richest gas caused the fsrgest

buildup of condensate around the wellbore. The conclusions of this

study are independent of gas composition, however, so the results

presented are based on only one of these gases.

Several different sets of relstive permeabilkj &ta were used. AU

were for water-wet systems. The positions of the endpoiats and

shapes of the relative permeability curves affected the qusntity of

condensate around the wellbore but did not affect the conclusions

of this study. Thus, the results reported here are based on one set

of relative permeability data.

Several combiaatioas of initial reservoir pressure and dewpoiat

pressure of origiml reservoir gas were examined. Only the worst

case of initial reservoir pressure sfightfy greater (15 psi) than dew-

point pressure is presented.

SImrrlatferr Procedure

The Soave-Rtilch-Kwong (SRK) EQS was used in the compwi-

tional sbmdatiOn.4 Compositional adyses through CW were

avsilable for all gases used. Components between C, @ CW were

grouped into four pseudocomponents, iso- and n-butanes and pen-

tanes were combined, and tie small smounts of nonhydmcabon

amIPonmLs were combmed with the appropriate hydmmtxms. his

resulted in a 10-compOnent mixture.

Tbe EOS was tuned to constant-composition-expsnsion and

constsnt-volwnedepIetion dam The 0= and Qb of methsne snd the

four heavy pseudwompments and the bw interaction ccdficients

between methane and each of the fear heavy pscudocomponents

were adjusted in tbe manner suggestsd by Coats and Smart. 5
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Agreement between the results of the tuned EOS and the labora-

tory ‘Ma was exceUent, the reservoir conditions during simulation

were weff within the liits of the ~ used in taning, snd reser-

voir conditions were well removed fmm the criticsl point of the

mixture. Thus, the chsracterizstioo of the reservoir fluid was ade-

quate for the purpose of this study.

Dewpoint pressure of the original reservoir gas was 5,170 psia,

snd the W reservoir pressure at the top of the reservoir was 5,1S5

psia.

The endpoint of the tkee-phase relative permeabfity to liquid

condensate occurred at a condensate saturation of 8.5 % snd a gas

sstumtion of 75.0%. Irreducible water saturation was 16.5%.

The reservoir discussed in this paper was a radial 160 acres msde

up of five layers of various thicknesses. Vertical sad horizontal pa-

meabilities were equaf. The permeabfli~-ddckness product was

high, about 700 md-tl. Sensitivity runs indicated, however, that

when the gss production rate was normalized to percent of capaci-

ty, the value of the permeability-thickness product was immaterial

to the conclusions of the study.

The grid pattern w radd 5 layers by 12 segments. The solu-

tion was tiplicit with D4 Gsussisn elimination.

Tbe results presented in this paper are for a wefl pefiorated across

the entire interval. Wells witi partiaf completions acted like. layered

reservoirs and should be considered as such for the purposes of

plsrtning a fluid ssmpling program.

Result*

Fig. 1 shows the total producing GOR (separator plus stock-tank

gas) and qusntity of heptanes plus in the recombined sarface ssm-

ples for a well producing at a constant rate of about 15 % of capaci-

ty. Although tie production rate is low sad constant, a sample

representative of the ori@l reservoir gas can be obtained only

during the first 30 days of production. After 30 days, the loss of

condensate fmm the gas in the reservoir results in a decrease of

surface liquid. This causes tie producing GOR to increase from

the initial value of 6,633 scffSTB and the quantity of hept.mes plus

in the recombmrd surface ssmples to begin a steady decline away

from the vafue of 7.04% in tie original gas.

The composition of heptanes plus is selected a! the criterion of

a good sample for two reasons. Fret, heptanes plus is the compo-

nent most affected by loss of condensate in tie reservoir. Second,

the composition and properties of heptaaes plus smongly affect the

pmpertks of tie recombimd surface sample.

At 330 days, the gss production rate was reduced to 5% of ca-

pacity in an attempt to get a good sample. This caused an bJstants-

neou.s change in prcducing GOR. However, GoR did not stabtiq

rather, it continued to increase steadiIy. The qusntity of heptanes

plus in the recombimd samples did not recover to the correct value.

Obviously, the cutback did not result in a good sample.

Once the opportunity of obtaining a good ssmple is lost, reduc-

ing the rate or even shutting in will not improve the chance of get-

dng a gocd sample (as shown later). This shows dmt sampfiig must

take place early in the production of a well. The remainder of this

paper focuses cm the early pmdmiion period.

Condensate Ring. Fig. 2 shows the buildup of the condensate ring

around the weUbore as pressure fsUs below the dewpoint. The con-

densate satumtion near the weUbore quic!dy buiIds to a stable level
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Fig. l—Simulation results. Well in center of layered 160-aCre

retrograde-gas resewob produced at 15% of capacity with

rate reduction to 5% of capacity at Day 330.
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Fig. 4—Simulation results Condensate saturation profile in

retrograde-gas reservoir during production of gas at 25% of

capacity showing buildup of condensate ring. Homogeneous

reservoir.

in this case, just more than 16%) and remains vimdly constant.

L comparison of Figs. 2a and 2b shows that continued production

auses the ring to grow into the reservoir.

The maximum condensate saturation new tie wefibOm is much

yeater. than the equilibrium saturation. indicated in the laboratory

‘VT study (ii this case, < 1!% at the existing pressure). The qmm-

ity of condensate in the ring around the wellbore depends on three

actor= the pressure, the quantity of gas passing through the ring,

md the relative permeabtity to the liquid condensate.

At eaiy producing times, most of the res~oir has pressure sli~t-

y above the dewpoint pressure of the original gas. Sich gas witi

n’igind composition flows into the lowm-pressure zone around the

vellbo”~.~s gas relezses condensate around the wellbore and hen

lows into the well. Initially this condensate will not floy, so ~e

pmtity of condensate builds as additional gas flows through the

cone around the wellbore. his creates a ring of condensate satu-

ation.

The saturation of condensate in this ring very quickly increases

:0 the point at which its relative permeability allows it to flow. Two-
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Fig. 5—6imu[ationresilts. Well in center of homogeneous”160-acre retrograde-gas reser-

voir producing at various gas rates. Letters Indlczte corresponding production rates, hep-

tanes plus in samples, and “GOR.

phaseflow occurs from the ring into the well. The conderisate satu-

ration tijusts so that tie volume of condcns~e flOw~g ~tO fie weu

equals the volume of liquid condensed from the flowinggzs. When

this occurs, the satwition near the wellbore tends to stabilize.

A ne=-steady-state situation exists in which the mzss of gas flow-

ing from the reservoir into the ring equals the mass of gas plus liq-

uid condensate flowing into the well. The composition ‘of the

gaslcondensate mixture flowing into the well is equal to the com-

position of the gas entering the ring. Thus, the producing 00R wifl

be constant and a recombined separator sample wilf have the com-

position of the original reservoir gas.

TM situation is not exactly, steady-state because BHFP and the

pressure gradient around the welI both decrease with time. Thus,

the ring slowly increases in size (Fig. 2b).

At higher gas production rates, more gas passes through the ring,

causing more liquid to condense, in tie ring. This requires a higher

liquid saturation for the relative permeability to the condensate to

be large enough for the ring to stabilize. For instsnce, the gas and

relative permeability combimtion used to generate Fig. 2 requires

a stabilized liquid saturation of more than 257. when gas produc-

tion is nem cam?citv. The stabilized liquid saturation is only 16%

when gas pro~ucti~n rate is Z5 % of ~aPacitY.

Fig. 2 illustrates the saturation proffie in a homogeneous reser-

voir. A more realiific case is shown in the layered reservoir of Fig.

3. The process is identical; the condensate builds more quickly in

the mo= permeable layers, however, because more gas is flowing

through them. The overallpermeabil@-thickness products ~d gm

production rates are identical in Figs. 2 and 3. Further discussion

will deaf with the homogeneous reservoir. Note, however, that

layered reservoirs must be sampled sooner and at lower gas pro-

duct$m rates because of the more rapid growth of the condensate

ring m the zones witl higher permeabilities.

The buiIdup of the condensate ring k illustrated in Fig. 4 for a

well producing at a constant rate of 25.% of capacity. The change

in size of the ring apw dramatic because of the scale of the graph.

However, most of the nearly 1,500 fi of radial dktance from the

wellbore has pressure slightly greater than dewpoint and no con-

densate saturation, BHFP is about 100 psi below the dewpoint pres-

sure of the reservoir gas on Day 1 and is almost 200 psi below

dewpoint on Day 60.

Note that the liquid saturation near the wellbore stablizcs at about

15% on Day 1 and then slowly increases as tie BHFP slowly

dmreases. The ring slowly increases in size as production premeds:

The ring is never e~ly stable, and the amount of liquid ?Onden-

sate flov@ng into the weflbore is always slightly Iess than, for the

case of complete stability. Thus, the composition of the produc-

tion stream will he slightly deficient in the heavier components.

At higher production rates, the growth in ring size is more rapid

and tie production stream is more deficient in condensate. Fig. 5

shows the relationship of sample qufllty to production rate. Again,

360
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0,2, 1

~g. 6—3imulaficm results. Condensate saturation. profile in

.etrogrzde-gas reservoir produced at capacity for 3 days and

:hen produced at 20% of capacity A= profile after 3 day%

3= profile 1 hour after rate reductlo!u C= profile 1 day after

,ate reduction.

sample quality is represented by the mole fraction of hept=s PIUS :
~

AU samples in Fig. 5 have heptanes-plus compositions reasona-

bly close to that of the original reservoir gas. Thus., it is possible

to get a good sample when BHFP is below the dewpoint pressure

of the reservoir gas. However, lower production rates ~ult in better

quzlity samples.

The GOR is virtually constant in every case. This indicates that

a lined-out GOR is not necessarily wual to a good or perfect sample.

Rate Reduction Before Szmpfing. A common practice is to reduce

gas production rate before sampling. Then an attempt is made to

stabilize the gas and condensate rates tiom the separator befores%

pies are taken. Fig. 6 illustrates what happens in the reservoir dur-

ing this procedure. fn this instance, the well is produced at capacity

for 3 days and then the rate is reduced to 20% of capacity.

Line A in Fig. 6 shows the saturation profde of the ring of cori-

densate after 3 days of production”& capacity. Line B shows the

shape of the ring 1 hour after production rate is reduced to 20%

of capaciu.

When production rate is ~educed, the pressure around the wel

increzzes. Tbi2 causes some of the corrdemate to revaporize, geatly

enriching the gas flowing into the well. Also, some liquid is dunqxd

into the well because liquid samration must adjust to the reduced.

rate of condensation from’gas flowing into the ring. Both of ~?e

effects cause a large increase m the heavy components of the pro-

duction stream.
-
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Fig. 7–Simulation results. Well in center of homogeneous 160-acre retrograde-gas reser-

voir produced at capacity for 3 days followed by rate reduction to 20% of capacity.
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Fig. 8—Simulation results. Condensate saturation profiles in

retrograde-gas reservoir produced at capacity for 3 days, shut

in for 10 days, and then produced at 20% of capacity

A= profile after 3 dayq B= profile 1 hour after shuf-iw

c= profile 10 days after shut-i~ D =pmflle 1 day after restart

of production.

Line C in Fig.’6 shows the ring 1 day after the rate reduction.

.iquid saturation has decreased to stabilize at a value to acconuno-

date the lower condensate rate. More liquid has flowed into tie

well than has been dropped by the gas flowing through the ring.

F%. 7 shows the effect of this reduction in gas production rate

on both the producing GOR and tie beptanes-plus composition of

the recombinti surface samples. The pmtkd coflapse of the con-

densate ring causes an immediate increase in the quantity of con-

densate at the surface. This decreases the GOR and causes a lage

increase in heptanes plus in the surface samples. As the conden-

sate ring adjusts to the new production rate, GOR, and the quanti-

ties of heptanes plus in the samples approach the values for that rate.

Fig. 7 illustrates that a rate reducdon folowed by a line-out paid

before sampfing could improve the sample quality. Howeyer, this

technique presents two problems. First, the normal variation in GOR

coufd obscure the onset of line out and cause sampling duripg the

spike in heptanes-plus concentration. Second, it tales along @me

for a tight reservoir to line out, so long that the chance of obtak-

ing a good sample could be lost in the attempt to St

raior iates.

: If sampfiig occurs during the spike of heptane.s-plus compo:i-

tiom the recombined smrmle @ have tca much of the heavier com-

‘Iiboratory-measured dewpoint pressure to be in e~r. The meas-

ured dewpoint pressure W@ be low if the actual reservoir gas is

very rich, it wifl be fdgh if the actual reservoir gas is lean. Thus;

the Wferenw between the dewpoint pressures of the bad sample

and the reservoir gas is variable and unpredictable.

A criterion often used to evaluate the qualky of a recombined

sample of retrograde gas is that the dewpoint pressure should be

lower than the reser.mir pressure andlor BHFP. Iffb.e surface sam

pies are taken soon after a rate reduction (or shut-in), this criterion

could be met by a sample with excessive heptanes-plus composition.

‘fbe effects of 3 days of capacity production followed by a rate

change illustrated here ze not unique. Any reduction ffom any

previous production rate will cause the dismption @ prcducing GOR

!L.!kEk?&wWMmJ &
M SD 45 w = “7° ?5 !30 45 60 0 15 33 45 60

TIME U14YS1 nME (yYsl XME WAYSI

Fig. 9–Simulation results. Well In center of homogeneous 160-acre retrograde-gas reser-

voir produced at randomly varying gas rates from 15% to 25% of capacity.
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and the spike in heptanes plus in the recombined sample?.. The ef-

fects are-not as gr&t for-rate changes of lower ma&itudes.

Shut-3n Before Sampling. WelIs sometimes are shut in for a peri-

od before they are put on production at a low rate for samplins.

Fig. 8 shows the rekdts of shutting in the weU for IO days after

3 days of capacity production. Lme A in Fig. 8 is the same as Lme

A in Fig. 6; Lines B and C are for 1 hour and 10 days afler. shut-

i“, respectively.

The dtifcrences in condensate saturation of Line A and L,IES, B

and C are caused by the revaporization of condensate as pressure

increases. Line D is the saturation proffle 1 &y after the weU was

returned to production at 20% capacity. Note the simikuity of Lme

D in Fig. 8and LineCinFig. 6.

The partialfy collapsed ring and enriched gas remak in place dur-

ing shut-in. The enriched gas and liquid condensate are dumped

into the wellbore when production begins again. The remddng sit-

uation atthe surfam is vima13y identicaltot hat of Fig. 7.

The Iength of shut-in period does not affect the sampfing out-

come, Theenziched gasandmndensate remzinaround tbewefl-

bore, ready to be dumped whenever production begins.

Production Rate Before Sampling. The production rate need not

remain exactly constant during the period before sampling as long

asthechmge inrateis not excessive. Fig. 9showsthe results of

random chanses in gas production rate. The ring changes but does

not collaps eandadjusts quickly to each new rate. Theheptanes

plus in the recombined surface samples and the producing GOR

do not deviate greatly from the correct values, At this point, the

rate omldbelinedoutat some production rate near average, the

separator rates stabilized, anda good sample obtained.

Recommended Sampling Procedures

The sampling procedure hat wilf result in tie best possible chance

of getting a recombined surface sample representative of tie migi-

nal reservoir gas iz as folfows.

1. Bring tbewell oninitialproduction attbelowest production

rate consistent with removing Iiq”ids from the production string.

2. Maintain that rate r~sonably constant until the wefl cleans up.’

3. Then stabdize separator gas and condensate rates and sample.

This procedure is especially importiutt if the reservoif is tight.

If the reservoir has good permeability and if the production rate

has been high, a rate reduction before stabilization for sampling
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pmbablywifl improve thcchances ofobtaining agoodszmple. Tbe .

gas and condemate rates from the sepamto~, however, should be

observed overaperiod ofdays, nothours, be fore sampling tom- . .

sure, thztthe heptanes-plus spikehzs subsided.

In either case, sampling should be done very early in the pro-

duction of the well. Once the pressure in the bulk of the reservoir

becomes less than the de~oint pressti of the gas, no sampling

procedure will result in a good sample.

Conclusions

l. Itisp&sibIet ogetarepresentativc( ifnotpeffect) rewm-

bmed surface sample of a retmgfade-gas reservoir when the BHFP

is less than the dewpoint pressure of tie reservoir gas if the sample

is takenearlyi ntbelifeof the wefl andatlow producdon rate.

2. production mte rduction before stabilizing sepmator rates for

sampling wilf cause the sample composition to bemore nearly eor-.

I@ however, extfeme care must be taken to ensure that the ,W.SU

is stabilized before sampling. StabJiation requires days for reser-

voirs with izood uermeabfitv and months for low-ceoneabtitv-.
reservoirs.

3. Samples must be obtained in the first month or so Of produc-

tion. When the pfessure in the bulk of the reserwzif fails below the

dewpoint pressure of the origjnal gas, no sampling technique wiU

resuit in i representative stiple.

4. Gas production rate before the separator is stabdized for samp-

ling does not have to be constant as long as the rate changes are

mcderate.

5. Reservoirs with extreme verticzl heterogeneity must be sam-

pled as scon as possible and with production rates as low as FFxsible.

6. Shutting in a gas well for a pefiod before sampling will not

improve zample quzfity.

7. At high production rates, the producing GOR could appear

to be stab$ied (const@) when the composition of the production

stream ii not representative of the briginaf reservoir gas.

g. The fact that the dewpoint pressure of a sample is less than

reservoir BHFP is not sufficient proof that a good sample was ob-

tained.

Nomenclature =

$1. ,Ob” = c0nst2nt3in the SRK EOS
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