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Because of the network of gas-gathering and 

transmission pipelines throughout the oil coun- 

try, almost a]] production has access to gas sales. 

Consequently, the smaller packaged liquid hy- 

drocarbon recovery units or gas plants have con- 

tinued to become more feasible and in many cases 

have become very profitable to the plant oper- 

ators. 

Sometimes it becomes extremely difficult to 
justify larger plants since in most casts the dc- 
velopment of an oil field generally takes from one 

to three years. During this period of de\-elop- 
ment considerable amounts of raw gas arc flared 
01‘ \rentetl to atmosphere. In c.ases such as these, 
the small packaged gas plant has a definite ad- 
vantage over the larger plant in that smaller 
plants may, in many cases, be installed earl). in 
the life of the field. Quite frankly, this in itself 
often is the difference between a feasible project 
and a non-feasible one, especially in fields con- 
taining rather limited reserves. 

Taking many things contained herein into 
consideration, the minimum volume of gas airail- 
able to process initially probably would be at 
least l,OOO,OOO SCF/day although a plant prob- 
ably should not be designed to process less than 
2,000,OOO SCF [day. If compression is necessary, 
gas compressor units ma.v be added as ~~~lurnes of 
gas increase. Casinghead gas, although rcc]uiring 
more compression facilities than gas well gas. is 
much richer in liquid content, Consequently. a 
plant designed to process 2,000,OOO SCF,‘day of 
casinghead gas could probabl!, handle 3.000.000 
SCF!day of gas well gas. 

The type of separation facilities at the well or 
lease site has considerable bearing on hydrocar- 
bon analysis of the separator gas. Normally, sin- 
gle-stage mechanical type separators, production 
units or heater treaters are found. but occasion- 
ally LTX units or separators in a series are in- 
stalled. The type equipment installed is an e- 
onomic decision which must be made b.v the 

producer, taking into consideration all factors in- 

\Jo]ved. It must be noted here, however, that in 
some instances, especially where casinghead is 
derived from leases where the crude oil is 40 de- 

gl.ees API gravity or above, lease separators or 
heater treaters operated at higher pressures 
\vil] carry o\‘er to stock tanks more light ends 
containing butane and propanes. Most of these 
products weather off the stock tanks and are 
lost. Also, in some instances the portion of the 
lighter ends which is held or blended with the 
crude oil in the stock tanks raises the gravity of 
the crude oil enough so as to cause a gravity pen- 
alty by the (#rude purchaser. 

1n many instances in order for the producer to 
remo\‘c B.S. & W. from the crude oil, heated 
separators or heater treaters are used. The liquid 
content of the gas obtained from vessels of this 
type is considerably higher than that obtained 
from non-heated separation facilities. 

The small packaged plant such as shown in 
Fig. 1. is usually designed to recover a one-pro- 
duct hydrocarbon mixture. The amount of re- 
covery will depend upon ahe design of the plant 
and the GPM content of the inlet gas stream. If 
t-be gas is not at high pressure, it must be com- 
pressed to a pressure of 250 to 500 lbs or to the 
sales gas line pressure. The gas stream is then 
chiled b?’ refrigeration to a temperature of OOF. 
to 20°F. The lower the operating temperature, 
the more propane will be recovered in the hydro- 
carbon mixture, rasing the vapor pressure of the 
product accordingly. 

These small plants will recover at a + 20° 
F. oJ>erating temperature, 10 to 15 per cent 
butanes; 85 to 90 per cent pentanes plus. By 
lowering the temperature to a -20° F.,the max- 
imum rcco\.ery of this plant is increased to 48 r>el 

cent propane:76’per cent butanes; 96.5 per cent 

pc’itanc% J)lus. General averages of the GPM con- 

tent of gas-distillate wells produced into a high 

JWessure separator contain between 1.8 and 2.15 
c I’bl : 
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Propane 
Iso Butane 
Nor Butane 
Iso Pentane 
Nor Pentane 
Hexane Plus 

1.16 
.21 
.39 
.09 
.lO 

2 
2.15 GPM 

pressure of 16 11~. a 6-5 ‘S in O.D. pipeline would 
be requil-ed to gather this volume of gas to the 
plant at O-lb gauge pressure. This would be a 
]5-lb differential as nJ~proximatcly 1 lb would 
be lost in metering. 

The maximum recovery fro mthis 2.15 GPM 
gas steam would be 1.41 GPM of I410 gals of 
approximately a 150-lb RVP hydrocarbon mix- 
ture per million ft of gas. 

General averages of th GPM content of low 
pressure separation, operating at 15 to 30 lbs 
at 70” to 80° are: 

Propane 2.44 
Iso Butane .25 
Nor Butane .80 
Is0 Pentane. .23 
Nor Pentane .24 
Hexane Plus 2 

4.53 GPM 

Especiall), at low pressure, metering equip- 
ment should be designed and sized so as to ob- 
tain accurate metering of gas at a minimum of 
pressure loss. This would mean that full-open- 
ing \ral\res, larger meter tubes, larger orifice 
plates, and low pressure meter recorders are 
most desirable. 

Maximum recovery of product from this 4.53 
gas stream would be 3.01 GPM of 3010 gals per 
million cu ft. 

ln instances where plants are installed on 
IOW pressure casinghead gas situations, gas com- 
pressors are necessary to compress the gas a 
pressure sufficient to obtain proper plant re- 
covery or to a pressure sufficient to enter the 
pipeline of the residue gas purchaser. Since 250 
11~s is about the lowest pressure at which a plant 
will operate efficiently, it can be concluded that 
it is necessary to compress the gas to a minimum 
of 250 lbs and to a maximum in some instances 
of 1000 lbs, although most gas purchasers’ pipe- 
line pressures will not carry over 500 to 700 lbs 
pressure. 

General averages of the GPM of heater-treater A rule of thumb calculation to be used in 
gas operating at 12 to 15 lbs at 120” are: compressing gas is a maximum of 4.5 compres- 

Propane 4.79 sion ratios per stage of compression. Using the 
Iso Butane .67 same example as in the gathering pipeline 
Nor Butane .2.09 example, the gas would arrive at plant site at 
Is0 Petane .53 O-lb gauge. To compress to 250 lbs would require 
Nor Pentane .43 two stages of compression: to compress to 500 or 
Hexane Plus 2 700 lbs Lvould require three stages of compres- 

9.20 GPM sion. 

Maximum recovery from this 9.20 GPM gas 
steam would be 6.07 CPM or 6070 gals per 
million cu ft. 

From these examples it becomes apparent how 
much operating pressure and temperatures of 
lease separation equipment affect the GPM con- 
tent of the separator gas. 

In the last few years, the packaged, skid- 
mounted, high speed, prime mover- compressor 
sets have come into their own. While it is con- 
ceded that they will not have the length of life 
of the slower speed integral compressor units, 
they can be installed at nearly .one-half of the 
cost of the integral units and are far more par- 
table. 

Considerable care must be taken in sizing 
gathering lines in the field. Jn most instances 
t.hese small plants are installed on casinghead 
gas situations since the gas stream is so much 
richer. This presents a problem in gathering the 
gas at such low pressures in that the differential 
of pressures is so small and the gravity of the 
rich stream of gas is so high. For example, 
assume a volume of 1,500,OOO SCF of casing- 
head gas having a specific gravity of 1.05 (air= 
1) coming from a group of heater treaters located 
three miles fom the plant site and operating at a 

Even the inter-stage and after-cooling coil 
sections can be added to the same skid. A 
minimum amount of concrete foundation is re- 
quired for this type compressor unit, making it 
highly desirable especially where the reserves of 
gas to be processed are limited and there is a 
possibilitv the equipment will be moved to an- 
other site at a later date. It is not unreasonable 
to expect a 20” F. apJlrOach to 100° F. ambient 
air with aerial cooling. 

The design of the plant process facilities in 
mOSt C&SeS i.5 COntiIlgfXlt on the a\railabJe market 
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Figure 3 
REAR \711SM’ OF MAIN PROCI~XS SKID 

f’()l. 1)1(‘ ]1(1~11ci Il~-cl~~oc~;r~~l~o~~ procl~t’t. U’hile these 
l,l;illt,< ;ll’c’ flcstl)l~~ and C’;II~ IN> rt~I’rig:(‘r;ll ion only 
01. ;I ~~()tt~l)in;rttotl t~cft~i~c~t~;~lion-~ll~sot~l~t ion plant, 
the follo\vitig esatl~l~l~~ is ;I dcsc,ril)t ion of ;I small 
l,ac*k;l~& liquid li~clt~oc~;~t~l~otl t’c(‘O\:ct’y unit or 
gas pl;~nt All of the l)l;~nt c~oml1otlents are pack- 
aged and pty-piped on skids. F;:\.en the refriger- 
ation c~~mpt~essot~s arc packaged and pre-piped on 
skids. The refinement Jvitll which this small 
plant has lwcn designed and packaged makes it 
highly portal)lt~ and requires \.cI’J~ little found- 
ation work and cwlnec‘ting pil)itig. This plant 
(Figs. 1, 2, :{ ;~nci ‘1) in its ctitircl!.. inc’~lu(ling two 
gas ~‘otll~~l‘c’.~.~oI’~, c9ultl pt01x~l~l~~ tw lwded on 
six t~xc*ks. The flo\v lXtttct’t1 of t llc gW s;trc;tm in 
this platir \\snultl he as follows: 

lnlct from the compressor or high pressure 
separator enters the plant into an inlet sc.rubber. 
The licluicl product from this scrubber is taken 
1)ac.k to ;I lease separator of to st0c.k tanks. 

I~o\vnsttxwni from the scv.ul~ber. lean glycol is 
injcc~tcd into the gas strcani to prc\.cnt hydrate 
formation. The gas is then taken to ;I gas-to-gas 
hea csc~ll;lll,q:cT, \\vlii(*h uses t licl c~)ltl gis from 
the (Y)id sc’~wl’;ltol’. to (IO iI I;ll.I:‘c’ ;1111011111 of CY>Ol- 
itig. Wits exc~h;~nget. rcc1uc.e~ thca amount off re- 

Figure 4 
RlSAR VII1:\I’ OF MAIN PROCESS SKID AND 

CLYCOL I’l’MP 
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Figure 5 
STEAM GENERATOR AND GLYCOL RE- 

BOILER 

frigcrntion load of the plant The prevoolcd ,nas 
enters the chiller. 

Tltc c.hillcr pro\.ides enough c*ooling to t,educc 
the ~8s s11~cat~~ tcmperaturc to the tlcxsifn olx’r- 
sting tcmlwrntur(~. At this tcml~er;ttttr~~ anti an 

operating p~~www of 250 11,s or higher. the cn- 
trained liquids will fall nut. The gas stream \\itlt 
the condensed liquids arc passed on to a colti 
separator 

The thrw-phase cold separator !!vill sclxtratc 
the gas-distillntc and water-glyc.ol tnisturc. The 
cold gas from the separator is p;tss;‘d Iiac,k to t hc, 
llc;lt exe-h;~ngcr to c*ool the inc~otniny gas to the 
chiller Thcl gas. after passing tlli~ough tlttb t’s- 
c*haltl~:cl~. is tlicn dcli\.ered to the sales K:I?; Itnc~. 

The (*old gas scliarator has a side stream ltectting 
cwil \vltic.h \vill wp1)ly enough heat to the licluicl 
to separate the h,x~clroc~arlv2n liquids from tlic 
wrater-glycol mixture. 

The \vater-glycol mixture is fed back to a 
standard gl~vil recwncentrator, or reltotler (Fig. 
5) 4vhere the water is cooked out of the glycwl. 
In this unit the glyc.01 is brought l)ac,k to specifi- 
c.ntiotis and then stored in a surge tank ready for 
pumping liac*k into the wet gas stream. 

Till> lt~~clr~oc~~~t~l~on liclttids ;iw rlt~n~lx~d ft3)m tllc> 
c*old wpiratot~ into a heat esc,liatigcr. that es- 
changes \vitlt the refrigerant, and then into the 

Figure 6 
STARl1.17,ER AND CONI~I’NSER SKID 



top of the cold-feed stabilizer (Fig. 6). The licluid 
is cold enough that it acts as the top reflux for 
the stabilizer column 

The stabilizer tower (Fig. 7) is operated at a 
back pressure on the top of the tower and at a 
temperature on the bottom of the tower to make 
the desired vapor pressure product. The over- 
head gas fom the stabirlize,that is flashed off is 
used for fuel in the glycol reconcentrator, Stabi- 
lizer reboiler, gas compressors, and the gas 
engines of the refrigeration compressors. The 
stablizer is a bubble cap tray, or a packed tower, 
that will make a constant vapor pressure product. 
The liquid vapor pressure can be closely con- 
trolled by regulating the temperature and pres- 
sures on the stabilizer tower. Part of the hot 
liquid from the stabilizer bottom is used as a side 
stream to heat the base of the cold separator in 
order to separate the glycol water mixture and 
the liquid hydrocarbons. All of the hot liquid 
stream is then passed to one bank of an aerial 
cooler where the temperature of the product is 
reduced to atmosphere, and from there taken to 
product storage. This plant can make any one 
product from 8 to 12 lb RVP liquid hydrocarbon, 

Figure 7 
ST-ABILIZER WITH STEAM IjITNDLlS AND 

AERIAL PRODITCT COOLER 

II!) IO ;I IX)-It, RI’I’ 1,PG mixture. The type pro- 
duct made b.17 the plant would determine the ,ji 
v.,ot-king pressure of the stock tank storage. .F,.’ .:n 

13c;:t for the stabilizer is furnished bv a 13 
steam generator or a heater of a size required : 
to bring the stabilizer bottom to the necessary 
temperature, usually from 210” to 350” F. 

The refrigeration system (Figs. 8 and 9) is a 
closed cycle. Propane, ammonia or freon is used 
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in the chiller, and as the pressure in the chiller T: 
is reduced, the \.aporization of the refrigerant ” 
cools the gas. From the chiller the refrigerant is 
pirked up as a vapor in a suction scubber on the 
inlet to the compressor. The refrigerant corn- ., 
pressure will boost the gas to a pressure that, 
after cooling in a separate bank of the aerial 
: ooler, will condense back to a liquid. Additional 
cooling in a liquid-to-liquid heat exchanger as- 
sures that the refrigerant is a liquid. As the 
refrigerant is required iin the chiller, by means 
of liquid level control and valve, it is fed back 
upo:i completing the closed c.vcle. 

The self-contained portable plant normally 
needs only electrical power for the aerial cooler 
(Fig. 7.) The installation caost and time c~~nsumed 
are of a minimum because of the l)ac’kaging of 
the plant. This type plant can he utilizccl on 
\.arious inlet CPM gas streams and \~olumc3. 
and still operate at an acceptable le\4 of ef- 
ficiency. 

The two general types of product from this 
plant have a ready market. The high \.apor 
pressure 150-lb R\‘P LPG mix could be sold to 
another plant which could fractionate it into 
propane, butane, etc. The 35 to 40-lb RVP hvdro- 
carbon mix has a ready market to crude oil _ 
purchasers and refining companies. 

Almost always the gas purchaser or pipeline 
company will welcome these small plants be- 
cause they offer the gas company se\reral ad- 
vantages. While the minimum FIT{’ requirement 
is general1.v 1OGO BTIJ’S per cu ft of gas, many 
gas companies haIre utilization factor recluire- 
ments which also control the maximum RT1’ (‘on- 
tent of the gas. Nearly all casinghead gases 
derived from heater treaters must he processed 
to be able to comply with the utilization fac*tor. 
Also, much of the hydrocarbons that would 
otherwise condense and collect in the gas pipe- 
lines would be removed, but still lea\ving the 
RT1: content of the gas well in cx(‘css of IOOO 
HTlT’s JW c,ubic, foot. This c~onclensation woul(] 
(‘ause erril:iC gas flows, redu(‘ed piJ)eJine (,:iJ);i(,it,V 
due to li(luids occupying spac’e in the pj[)clinc, 
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and increased cwmpt~e~so~~ horsepower in ordet 
to handle the desired \~olumes. A not her ad- 
\rantnge is that the residue gas lea\.ing the plant 
\vill be dehydrated gas. The plant, by the use 
of gJ.vcol absorption. reduces the water satur- 
ation of the gas which eliminates line freezing 
problems and greatly reduces pipeline corrosion. 

U’hile the cost of the packaged liquid hvdro- 
carbon unit or gas plant and related gathering 
and compressing facilities will vary, depending 
upon the length and size of gathering pipelines, 
amount of compressor horsepower, and capacity 
of the plant, some rule-of-thumb cost figures 
are as follows: 

Gathering pipelines. using light wall pipe 
beconuse of the low pressure, including valves 
and fittings, can be laid for about I.5 dollars 
times the diameter of the pipe per tnile of pipe- 

line. Jn other words. a R-5 ‘8 in. pipeline can 
he laid for apJ)roxitnateJy $10,000 JWr mile. 

ITsing high SJxwi Jlackaged ~(‘omJ)t’c’ssot‘ units, 
a9 installed cost of S130 per horsepower of 
compression could be expected. 

Refrigeration plant facilities designed to pro- 
cess casinghead gas could be expected to cost in 
the area of $75.000 per million cu ft of gas 
capacity installed, excluding storage for the 
liquid product. 

In most instances where J)roper engineering 
has been done, a payout of two to five years 
could be expected. 

A conclusion has been reached, based on care- 
ful analysis of performance, that the packaged 
licluid hydrocarbon rec’overy unit or gas plant 
has proven it has earned for itself a plac*r in the 
oil patch of our great country. 


