PROCESS TECHNOLOGY

PART 1

Guidelintgg?or glycol
dehydrator design

Properly sized equipment and better
instrumentation enhances natural

gas drying

W. P. Manning, Coastal Chemical Co., Inc.,
Houston, Texas, and H. S. Wood, Maloney-Crawford,
Tulsa, Okla.

etter designs and instrumentation improve glycol
dehydrator performance. These guidelines empha-
; size efficient water removal from natural gas.
Water, a common contaminant in natural gas, causes oper-
ational problems when it forms hydrates and deposits on
solid surfaces. Result: plugged valves, meters, instruments
and even pipelines. Simple rules resolve these problems
and reduce downtime and maintenance costs.

Under normal production conditions, natural gas is sat-
urated with water (Fig. 1).* Water as a vapor is not the
major problem. However, when water combines with the
gas molecules, e.g., methane, ethane, propane and forms
solid hydrates such as CH,.7H,0, CyH3.8H,0 and
C3Hg.18H50,? then it becomes a problem. Below 200 psia,
hydrates form at 32°F, at higher pressures temperature
increases. These hydrates deposit and build up on solid
surfaces. Eventually, they plug valves, meters and instru-
ments and result in unnecessary maintenance and lost
production.

Water, also, increases natural gases’ corrosivity, espe-
cially when acid gases, e.g., hydrogen sulfide and carbon
dioxide, are present. On cooling, water condenses in the
pipeline and can accelerate pipeline corrosion and erosion
rates and increases pipelines’ pressure drop. These con-
ditions are undesirable and can be prevented by drying
the gas.

Several methods can dry natural gas: liquid desiccants
(glycols), solid desiccants (alumina, silica gel, mole sieves)
and calcium chloride. Glycol dehydration is preferred when
attaining sales gas contracts’ specs—typically 7 1b
HyO/MMscf—because:

® Process is continuous rather than batch or intermit-
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tent. Makeup is easy compared to emptying and refilling
solid desiccant towers. '

* Installation cost is about half that of solid desiccant
plants.

* Pressure drop in the absorber is lower, 5 to 10 psi vs.
10 to 30 psi for solid desiccants.

* Less heat is needed for regeneration per pound of
water removed.

® Glycol is more resistant to contaminants. Hydrocar-
bons and produced water quickly ruin solid desiccants.

Glycols. Ethylene glycols have the general formula
HO(C3H,40),H. Ethylene, diethylene, triethylene and
tetraethylene glycols correspond to values of 1, 2, 3 and
4 for n respectively. Triethylene glycol (TEG) is accepted as
the most economical choice because of:

* Low equipment and operating costs?

* High thermal stability—the theoretical decomposi-
tion temperature is 404°F5

* Efficient regeneration at high reboiler temperatures,
Concentrations up to 99.9% TEG are obtainable.

® Low vaporization losses.

TEG dehydration’s major limitation is the minimum
gas dew point. Values below —25°F are difficult to obtain.
This is not low enough for cryogenic processing, which
requires solid desiccants. Also, TEG is corrosive if con-
taminated or oxidized by air.

TEG process. Glycol dehydration involves: water absorp-
tion from the natural gas by glycol at high pressure and low
temperature and reconcentration of glycol at low pressure
and high temperature. In Fig. 2, drying occurs in the

* absorher. The other equipment removes water from glycol

for recycle. The TEG process is well documented.%6-13
Equipment selection and design depend on applications

that can range from small wellhead units, e.g., 5 Mscfd, to |
gas transmission plants, e.g., up to 2 Bscfd. Standard (off "~
the shelf) equipment is often used for small gas volumes
where reliable unattended operation is preferred over
design optimization and operating efficiency. However,
the reverse is true for large gas volumes where economics
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Fig. 1. Water content of natural gas.
requires high performance. separator and filters, and stripping gas to improve glycol
Fig. 2 shows an optimized TEG process. It includes fea-  reconcentration. Simpler designs do not include all of the
tures such as an external gas-glycol heat exchanger, con- equipment shown.
trols of the still overhead temperature, split lean/rich gly- Carbon steel is the standard construction material. If

col heat exchange to control the temperature of the flash  the gas contains large amounts of carbon dioxide, series
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300 stainless steels should be used for
the rich side of the glycol-glycol heat
exchanger, still and reflux condenser.
High pressure components, i.e., inlet
scrubber, absorber and gas-glycol heat
exchanger, are code vessels (see ASME

Section VIII). Flash tank and heat ex- ) Reflux
. Demister —»f; / )
changers are also code construction. () Wet Packing
Flow velocities in the piping should be M glyeol Reboiler, gglﬂ
low, 2 ft/sec on the pump suction and 5 Bubble cap *_'“:‘ﬁl Dry
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nants enter the system in the inlet gas
stream. More common contaminants
are water and hydrocarbon liguids—
both produced and condensed, com-
pressor lubricants, treating chemicals
and solids, e.g., sand, pipeline scale and

separator

rust (fine iron sulfide, ete.). Liquids IFre{«fj
iqui

enter as vapor or entrained droplets.
A conventional separator—vertical
or horizontal with a mist extractor or
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coalescing vanes—works well in con-
taining mist contaminants. A filter sep-
arator may be needed if compressor oils or very fine solids are
not removed sufficiently. If necessary, water-washing in a
cyclone can remove micron and submicron solid particles.

The inlet separator should be close to the absorber. A
high liquid-level shutdown handles system upsets such
as slugs of produced water. Unfortunately, the inlet sepa-
rator is often overlooked and, if it is included, design and
instrumentation are frequently inadequate. A separator
installed after the gas-glycol heat exchanger can collect
glycol carryover. Glycol in this separator is the first sign of
foaming. If it is not contaminated, the collected glycol can
be reused as makeup. The outlet separator protects down-
stream equipment from glycol contamination.

Absorber or contactor consists of three sections: an inte-
gral scrubber at the bottom, a central trayed or packed
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Fig. 2. Process flow sheet for glycol dehydration.

drying section, and a demister at the top. The integral
scrubber complements the inlet separator. Design should
include a baffle, which initiates a tangential swirl in the
gas and a gas flow reversal, and a mist extractor. The gas
then flows through the chimney tray and contacts the gly-
col. Many integral scrubbers do not have a high liquid
level controller shutoff for inlet gas flow. Sometimes the
dump valve is not sized for slugs of produced water or
hydrocarbons in the controller. Without proper instru-
mentation, the integral scrubber should not be used as a
substitute for the inlet scrubber.

In the drying section, the gas flows countercurrently
to the glycol. Bubble cap trays are preferred though they
are less efficient (25% vs. 33%) than valve trays because
they are suitable for viscous liquids and low liquid/gas
flow ratios. Also, bubble caps do not weep, and turndown
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ratios as high as 6:1 are obtainable.
For smaller diameter towers, e.g., 12
in. or less, packing is used, e.g.,
ceramic saddles or stainless steel
rings. The latter allow higher
flowrates, are nonbreakable and
don’t crumble into small pieces, but
they are more expensive. Tray spac-
ing must be large enough to prevent
splashing or entrainment of the gly-
col to the overhead tray. Industry
standard is 24 in. Towers larger than
4 ft sometimes have a 30-in. spacing
and manways on each tray. The top
section provides space for the glycol
to disengage from the gas. The dis-
tance between the top tray and the
demister should be 1.5 times the tray
spacing. For smaller units, the gas-
glycol heat exchanger is often a heli-
cal coil located above the top tray.
The absorber diameter can be
obtained from manufacturers’
charts,”#19 Fig. 3 or from Eq. 1.

V =600 {(p, — pg) pgl® (D

where V = maximum gas superficial
velocity, ft/hr
pr. = glycol density, lb/ ft3
pe = gas density, 1b/ ft3

Flash tank. The flash tank sepa-
rates dissolved hydrocarbon gases
from glycol. Operating pressures
range from 50 to 75 psig. Removal of
the flash gas from wet glycol reduces
subsequent vapor flow in the still col-
umn. Flash gas quantity depends on
the type of glycol pump used. A recip-
rocating pump has no significant gas
flow with the glycol from the
absorber. TEG absorbs 1 scf of natu-
ral gas per gallon at 1,000 psig and
100°F.12:15 Most of this gas evolves
when the glycol flashes at 75 psig.
Though heavier hydrocarbons are
more soluble, the amount of flash gas
is less than 2 scf/gal TEG. When a
glycol-powered pump is used, the
amount of “pump gas” used is signif-
icantly more than the dissolved gas,
e.g., 3 scf/gal at 500 psig and 6 scf/gal
at 1,000 psig.10

For lean gases, a two-phase sepa-
rator with a 10-minute retention time
is adequate. No liquid hydrocarbon
phase accumulates. However, heav-
ier hydrocarbons collect when rich gas
is dried and a three-phase separator is
needed. Heavy hydrocarbons form sta-
ble emulsions and foams. These are
broken at 150°F and a retention time
of 20 minutes.




b

Separation temperature can be controlled by using the
rich glycol stream from the absorber to provide the reflux
for the still column and by splitting the glycol-glycol heat

~, exchanger duty. Glycol should not be heated over 200°F

because the solubility of heavier hydrocarbons in the TEG
increases with temperature. Guidelines for vertical and
horizontal designs are:3

Vertical:

Height, ft = 3.4 + 0.4 gpm

Minimum height = 4 ft

Maximum height = 10 ft

Minimuin diameter = 1.5 ft

Horizontal:

Length/diameter ratio = 3 preferred

Minimum length = 3 ft

Minimum diameter = 2 ft

Filters. Good filtration cannot be overstated. Filtration
includes the removal of solid particles and dissolved impu-
rities. The solids’ content in the glycol should be kept below
0.01 wt% to prevent pump wear, plugging of the heat
exchangers, fouling of the absorber trays and still packing,
deposition on the firetube arid TEG foaming.1%

Filters made from fabrics, paper or fiberglass remove
particles of 5 microns and larger. Placing the filter after
the flash tank takes advantage of the viscosity reduc-
tion from a higher temperature (compared with the
absorber temperature). These filters are designed for an
initial pressure drop of 3 to 5 psi and should be changed
at 20 psi.

Nearly all glycol systems including standard units
have a solids filter. A comimon design consists of 3 in. X
36 in. cylindrical elements in a housing. Solids’ filter
should have full flow and sized for 1 to 2 gpm per ele-
ment. On change out, do a visual inspection of the fil-
ter’s core. If the element is still clean on the inside, prob-
lems such as incorrect sizing or paraffin plugging are
present.%16

Rigid filter elements last longer; don’t collapse and don’t
release filtered solids back into the glycol. Though these
elements cost more, total filtration cost, i.e., elements,
labor, glycol loss and disposal, are often less.!”

Activated.carbon filters remove dissolved impurities,
e.g., high boiling hydrocarbons, surfactants, well treating
chemicals, compressor lubricants and TEG degradation
products. Canister filters, which seldom rupture or bleed,
are widely used. Hard, dense coal-based carbons are pre-
ferred over wood-based carbons that are light, soft and
create dusting problems. The allowable flowrates sre low,
1 gpm per cartridge. Canister filters are often located in a
side stream. The carbon filter should be located after the
sock filter so that it is not used as a solids filter.

Preferably, a carbon filter vessel handling the full gly-
col flow can be used. The length to diameter ratio should
be at least five. Granular, 8 to 30 mesh, 30 1b/ft3, coal-
based carbon is recommended. The flowrate should be 2 to
3 gpm/ft? of bed area. A retention time of 15 to 20 min-
utes is recommended to obtain the full carbon capacity.
The carbon should be replaced when it no longer removes
color from the glycol. New carbon should reduce foaming
and hydrocarbon content. Replace carbon on a regular
planned maintenance schedule.

Glycol-glycol heat exchanger. This heat exchanger
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Fig. 3. Absorber diameter.

transfers heat from the hot reconcentrated glycol to the
cold wet glycol and reduces the reboiler duty. Many small,
standard designs use a helical, horizontal coil in the surge
tank. This is econontical fabrication and inefficient oper-
ation. Even when the entire coil is submerged, the rich
glycol cannot be heated above 200°F. The glycol level in
the surge tank is critical because the coil must be sub-
merged to be functional. 7

A well-designed, insulated heat exchanger, such as a
double pipe with a finned inside pipe or shell and tube or
plate and frame, heats the glycol to 300°F. This is an
approach of 60°F to 90°F to the reboiler temperature. A
100°F improvement in heat transfer reduces the reboiler
duty by 600 Btu/gal, a savings of 15% to 20%. Tempera-
tures above 300°F “boil” the wet glycol. Vaporization results
in excessive liquid/gas velocities to the still column. In
Fig. 2, two or more exchangers in series can be used to
control the rich glycol’s temperature to the flash tank and
filters, and prevent temperature cross.

In designing the exchanger, add 10% to the duty to
cover foulink and flow variations. Use a rich glycol tem-
perature of 300°F to maximize the duty. For small units
with a c6il in the surge tank, size the shell volume for a 30
minute retention time.

Still column. Reconcentration of the glycol occurs in the
still column and reboiler. Water separation from the glycol
is easy because there is a large difference in the boiling
points and the relative volatility is very high. Reconcen-
tration requires three theoretical stages: the reboiler, the
still and the reflux condenser. These are the premises for
many design programs. The still or stripping column is a
vertical pipe filled with a minimum of 4 ft of ceramic sad-
dles or stainless steel rings. This should be raised to 8 ft
when the reboiler duty reaches 1 MMBtu/hr.1° Trays are
sometimes used in very large units. In some small units,
the still column’s lower section is insulated. The upper
part is bare and sometimes has vertical fins. Atmospheric
cooling provides the reflux.

The serious drawback to this economical design is that
“mother nature” controls the amount of reflux, not the
operator. In calm summer days, insufficient reflux causes
high glycol vapor losses. And on rainy winter days, exces-
sive reflux overloads the reboiler and results in inade-
quate glycol reconcentration.

Reflux should be controlled by installing a cooling coil
in the top of the still column. Wet glycol flows through the
coil and controls the temperature at the top of the still:
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Fig. 4. Effect of reboiler temperature on lean TEG concentration,

210°F with no stripping gas down to 190°F depending on
the amount of stripping gas. Glycol losses in the water
vapor leaving the still are minimal with a reflux equal to
30% of effluent water vapor.

The diameter of the stripping column can be estimated:

- Diameter, in. = 0.6 (TEG circulation, gph)®5 (2)

Glycol absorbs some aromatics in the natural gas and
the overhead vapors from the still, which contains ben-
zene and toluene. The vapors are piped to ground level
and then condensed in a drum. Condensate disposal must
comply with benzene regulations. Incineration is another
disposal approach that handles the wet gas containing
hydrogen sulfide or mercaptans.’

. Reboiler. The reboiler supplies heat to reconcentrate the

glycol. This includes heating the glycol to the reboiler tem-
perature, vaporizing water in the still effluent, supplying
the reflux duty and overcoming heat losses. Reboilers are
typically horizontal, cylindrical, have a heat source—fire-
tube, steam or hot oil bundle—and a weir to control the
glycol level. For many applications, temperature control of
the reboiler obtains a specified degree of reconcentration.
In Fig. 4, concentrations up to 99.1% TEG are attainable
at 400°F. Note that the reconcentration is about 0.4%
higher than what would be predicted from the atmospheric
boiling point curve. This is due the desorption effect of
dissolved hydrocarbons and, to a lesser extent, operation
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Fig. 5. Effect of stripping gas on lean TEG concentration.

at altitudes above sea level. There are applications where
the process conditions, e.g., high gas temperature or low
gas pressure, require higher TEG reconcentration and the
use of stripping gas. :

The reboiler temperature should not exceed 400°F and
a high temperature shutdown is mandatory. The reboiler’s
design should keep the maximum film temperature below
430°F. This requires control of the heat flux to 6,000 Btwhr
ft2 when the reboiler temperature is 400°F and 8,000
Btw/hr ft2 when the reboiler is at 360°F.10,12,13

In a well-designed firetube, the length to diameter
ratio is high to limit the radiant heat flux. There should
be no flame impingement. The burner is adjusted to
release the combustion heat slowly and limit the maxi-
mum heat flux to twice the average. A long, rolling, yel-
low-tipped flame is desirable.513.18 Larger reboilers have
tube bundles heated by steam or a heat transfer fluid.
The heat flux is controlled by the temperature of the
heat medium—450°F is preferred but sometimes 500°F
can be used. Whatever the heat source, the glycol level
should be 6 in. over the top tube.

Good operation—fast startup and quick response to

changes in the gas flowrate or water content—requires

that the available heat duty be 25% greater than the design
or steady state requirement. This should be possible with-
out overheating the glycol. Reboiler duty can be estimated
from the amount of water removed:!3

Duty, Btwlb HyO = 900 + 950 (gal TEG/lb H;O)  (3)




¢

i

Use a heat flux of 14,000 Btu/hr ft2
in calculating the vapor disengagement
area. The desired configuration is:!3

Length/diameter ratio = 5

preferred

Minimum diameter =151t

Minimum length =351t

Usually, a stripping gas sparger is
installed into the reboiler’s bottom,
e.g., a perforated pipe. The highest
reconcentration is obtained by con-
tacting the effluent glycol from the
reboiler countercurrently with dry
sales gas as it flows into the surge tank
(Fig. 2). This is the crux of the Stahl

column, which is a 2 ft to 4 ft long
downcomer packed with ceramic sad-
dles and stainless steel rings.'® Strip-
ping gas should be preheated.

Fig. 5 quantifies the advantage of
using stripping gas. Sparging in the
reboiler increases the glycol concen-
tration from the 99.1% to 99.5% at
400°F. A Stahl column makes much
better use of the stripping gas and
can achieve concentrations as high as
99.9%. Stripping gas is an additional
cost and should only be used when
necessary, and then at less than 3
scf/gal TEG.
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Surge tank. The surge tank contains
surges in the glycol flowrate without
upsetting the operation, holds a com-
plete draindown of glycol from the
absorber trays and provides capacity
during startup for the glycol to expand
when heated from ambient to operat-
ing temperature. For small units the
surge tank is an extension of the
reboiler.

Glycol spills over a weir from the
section with the firetube to the surge
section in which the helical glycol-gly-
col heat exchange coil is located. In
these designs, the surge tank also
serves as the storage tank. Large units
have a separate surge tank (Fig. 2).
Some large designs have a separate
storage tank. The surge tank should
have a level indicator, a low level
shutdown and insulation to protect
operators and conserve heat. Dimen-
sion guidelines are the same as those
for reboilers.

Next month—Part 2. More guide-
lines on calculating the glycol circu-
lation rate, pumps, heat exchangers
and instrumentation in a TEG pro-
cess. Also, an example of how these
guidelines can be used to improve
the sizing of absorbers and recon-
centrators. n
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PROCESS TECHNOLOGY

PART 2

Guidelines for glycol
dehydrator design

Step by step, here’s how to properly size
a TEG absorber and reconcentrator

W. P. Manning, Coastal Chemical Company, Inc.,
Houston, Texas, and H. S. Wood, Maloney-Crawford,
Tulsa, Okla.

esign guidelines can reduce hydrate-pluggage prob-
ms in the triethylene glycol (TEG) absorption pro-

% cess, thus eliminating downtime and lost production
caused by water in natural gas. In addition, equipment
can be properly sized by following prescribed trou-
bleshooting tips. Use these guidelines along with the
instrumentation list to help you correctly size an absorber
and reconcentrator.

Pump. Reciprocating or glycol-powered pumps are used.
A full-flow standby pump minimizes downtime due to
pump failure. Include an in-line strainer on the pump
suction. Glycol-powered pumps use effluent from the
chimney tray of the absorber as the energy source. These
pumps are used when electricity is not available. Adjust-
ing the pump speed controls the flowrate.?’ The major
drawback to glycol-powered pumps is gas consumption.
This varies from 2 scf/gal TEG at an absorber pressure of
300 psig to 6 scf/gal TEG at 1,000 psig.}%15 Consequently,
there is more pump gas that can be used for fuel or for
stripping.

Larger units use electric driven pumps because they
are more economical. Flow control is done either by vary-
ing the pump speed or with a bypass around the pump.
Good flow control is desirable because excessive glycol
circulation increases the reboiler duty. The bypass valve
around the pump should discharge to the surge tank.
1l flow around the pump cools the packing and reduces

iks. Use the manufacturer’s catalog when selecting
glycol-powered pumps.2? Quick estimates for the horse-
power and the electric consumption for a reciprocating
pump are:!3

Pump, bhp = (0.000012)(gph )(psig) (3)
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Fig. 6. Dew points for TEG-water system.

Motor, kW =(0.000011)gph)(psig) (4)

Gas-glycol heat exchanger. Lean glycol should be cooled
10°F warmer than effluent gas from the absorber. Other-
wise, the top tray acts as a heat exchanger and the glycol’s
temperature on the top tray rises. This increases the efflu-
ent gas’ water content. Heat exchange with the dry gas is
preferred because it prevents cooling the glycol below the
effluent gas temperature. Small units normally use a heli-
cal coil installed in absorber above the top tray and below the
demister. Large units use a double pipe or shell and tube
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TEG circulation, gal/ib water in gas TEG circulation, gal/lb water in gas Inlet gas 80 to 100°F
. : ] Lean glycol 5 to 15°F warmer
Fig. 7. Predicted dew point depression at 80°F and 600 psia. to absorber than gas
Flash tank, filters 100 to 200°F,
. . 150°F preferred
heat exchanger mounted vertically next to the absorber. Glycol to still 200 to 300°F,
For very large units, a forced-draft air heat exchanger or a ) 300°F preferred
water-cooled shell and tube heat exchanger may be needed. Reboiler - 350 to 400°F,
External heat h rs all ing the inlet 1 380°F preferred
xternal heat exchangers allow measuring the inlet lean Glycol to pump < 200°F, < 180°F
glycol’s temperature. Size the heat exchanger to cool the preferred
glycol from 200°F to 10°F above the gas temperature. Add Still overhead 210°F, lower with
10% to the duty to compensate heat transfer loss from foul- stripping gas

ing and variations in the glycol circulation rate.

Instrumentation. Here’s a list for fully monitoring a
glycol dehydrator. Few units have the entire list. Keep-
ing the control system as simple as possible is advis-
able:13:21

Inlet separator: thermometer, gauge glasses, level
indicating controller and high level shutdown.

Absorber: pressure gauge, back pressure controller
on exit gas line, thermometer, gauge glasses and level con-
trollers on chimney tray and integral scrubber.

Flash tank: thermometer, gauge glasses and level indi-
cating controllers for glycol and hydrocarbon streams,
high level and low level shutdowns on the glycol stream.

Filters: pressure differential for both the solids and
charcoal filters.

Dew point depression. The TEG drying capability is lim-
ited by the vapor-liquid equilibrium (VLE) between the
water contents of the gas and glycol (Fig. 6).1% The dew point
of natural gas in equilibrium with TEG decreases dramat-
ically as the TEG concentration increases, e.g., 32, 15, 0
and —32°F for 98, 99, 99.5 and 99.9 wt% TEG respectively
at 100°F. And the dew point follows the gas temperature,
e.g., 30, 15, 0, and —15°F at 120, 100, 80 and 60°F, respec-
tively, for 99 wt% TEG.

The dew point depression obtained in the absorber ¢
be correlated in terms of the lean TEG concentration, 1
TEG circulation rate and the number of equilibrium
stages—one stage is equivalent to four actual trays. The
effect of pressure is secondary—the dew point decreases
0.9°F for every 100 psi increase in pressure. Worley’s data
for 4, 6 and 8 trays at 100°F and from 1.5 to 7 gal TEG/lb -




H,0 in inlet gas have been published.1? o ] o _
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Fig. 11. Thermal conductivity of TEG.

Table 1. Mass and heat balances

Fig. 12. Viscosity of TEG.

® Make material and heat balances.

* Size or obtain bids for equipment.

The physical properties of TEG are needed for design
calculations.!?2425 Union Carbide’s graph was selected
for Figs. 9 through 12 because they include equations
that can be used in computer programs.

Some design engineers include these additional safety
factors:

¢ Add one more tray to the absorber

® Select the pump and pipe size so that circulating rate
can be increased by 15%

® Add more than 25% to the reboiler duty

¢ Add more than 10% to the heat exchanger ratings

® Include equipment to use stripping gas and perhaps
a Stahl column.

Technically, this is an overkill unless drastic changes in
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Absorber Absorbor | Gas-TEG HX |Reflux | TEG HX |Flash| 0¢Sign conditions are anticipated. Eco-
Gasin Gasout| TEGih TEGout| Gas TEG | coil | Stage1 | gas | nomically, it is not disastrous because
Gas Ib/hr  |76,333 | 76,321 — 12 |76,321 T 12 12| 8| these modifications are low cost.
Water | Ib/hr 87 12 16 91 12 16 91 91| — ‘
TEG t/hr — 14| 1632 1618 1a| 1682| 1618| 1618| —| Example.
Total  |Ib/r  |76,420 | 76,347 | 1,648| 1,721 |76,347 1648 | 1,721] 1,721 8 L. DeSIgn data.
Temp. in_ | °F 9 — 100 - 9| 185| 90|  110| — ggz g‘;’;’i’;ta;e goeg"“ﬁifxt 174
Temp. out| °F — 90 — 90 92 100 110 150 148 Gas pressure 800 psia, 786 psig at
AT °F 1.8 85 20 40 1,000 ft elevation
5 - Gas temperature  90°F
Cp Btu/Ib°F 0.56] 057 057 0.59 Inlet gas humidity ~ Saturated
Q Btu/hr 76,960 79,850 19,620 40,620 Sales gas
Flash TEG HX | still Surge | TEG HX specification 7 Ib H,0/MMscf
tank | Filter | Stage 2 |overhead|Reflux |Reboiler| tank |Stage 1,2|Pump The relation between dew point
4 4 — . .
Gas 1o/ 4 4 depression and water removed can be
Water | Ib/ae 91 o 9 L6 % 16 16 6| 16| obtained from Fig. 1. From the data,
TEG Ib/hr 1,618 | 1,618| 1,618 2 —| 1,616 1632 1632 |1632| {he 62°F dew point depression corre-
Total Ib/hr 1,713 | 1,713 1,713 81 23| 1,632| 1,648 1,648 1648 | gponds to 45 1b H,O/MMscf to be
Temp. in | °F 150 148 145 — —_ 300 | 390 380 | 180 | yemoved.
Temp. out| °F 148 145 300 210 — 30 ] 380 180 | 185 Inilet Outlet
AT °F 2 3 155 — — a0 5 200 5 _I:ressure, psia 380 796
. ‘ - emperature 92
Cp Btu/lb °F| — — 0.66 - —| o7s — 0.68 | 057 | oo dition Saturated  Dried
Q Btu/lb — — 175,240 75,000 |22,500] 107,220 —| 224,130 [4,700 | Dew point, °F 90 28
Water content, Ib
H,0 MMscf 52 7

2. Glycol circulation rate. Select a circulation rate of
2 gal TEG/Ib Hy0 in the inlet gas to obtain an efficient
design. A lean TEG concentration of 98.9% is achievable
with a reboiler temperature of 390°F with no stripping
gas (Fig. 4). Use Olbrich charts and start with 6 trays or 1.5
equilibrium stages.

Dew point depression (Fig. 7)
Dew point depression (Fig. 8)
Average

56.0°F at 80°F
58.0°F at 100°F
57.0°Fat 90°F

With the correction for pressure, (0.9)(2.0) = 1.8°F, the
expected dew point depression is 58.8°F. Similarly, for
eight trays (two equilibrium stages) the depression is
68.3°F. So seven trays will work. Note the effect of strip-
ping gas on the circulation rate, specifically, 3 scf/gal
TEG sparged directly into the reboiler or using a Stahl

column. Continued




TEG Gal

concen- Number TEG
Stripping tration, of Ib H,0
gas wt% trays in gas
None 98.9 7 2.0
Rebailer 99.5 7 1.7
Stahl 99.8 7 1.5

3. Material and heat balances.

Basis 1 hr

Gas flow = (940/24) = 1.67 MMsci/hr

Water content = (1.67)(52) = 86.7 Ib/hr

TEG circulation = (2)(86.7) = 173.4 gal/hr
=(173.4)(9.41) = 1,632 Ib/hr

Table 1 shows the material and heat balances. While
the actual operating temperatures depend on the equip-
ment selected, there should be no significant differences
from Table 1.

4. Equipment. Here are some preliminary specifica-
tions. Alternatives such as vertical or horizontal heat
exchangers can be used. The specifications show how the
sizing guidelines can be used:

Inlet Vertical, 42 or 48-in. OD by 7 ft 6 in. long
separator 1,200 psig working pressure

6-in. gas connections
Absorber ID = 44 in. (Fig. 3)

Check using equation: V = 600
llor — pa )/ pal®®
L =69.3 Ib/ft® and G = 2.60 Ib/ft3
V = 3,039 ft/hr = 50.6 ft/min
Gas volume — 480 acfm (90°F, 800 psia)
Area = (480/50.6) = 9.5 ft2
ID=42in.
Use 48-in. ID or 54-in. OD by 25-ft (27-ft) long
7 (8) trays with 24-in. spacing
1,200 psig working pressure
6-in. gas connections
2-in. glycol connections
Flash Horizontal
tank Two phase. Lean gas.
24-in, OD by 5-ft long
125 psig working pressure
Retention time 15 min.
Solids Full flow
filter 9-in. 1D by 3 ft 6 in. long
Three 3 in. by 36-in. elements alternately
3-in. ID by 6 ft 6 in. long
Six 12-in. elements
Carbon Full flow
filter 14-in. ID by 7-ft long
Flowrate 2.7 gpm/ft?
Retention time 15 min

Glycol- Double pipe
glycol heat 1-in. finned pipe in 2.5-in. jacket
exchanger Duty 250,000 Btu/hr
Area 110 ft2
Split either 55 and 55 ft?
Or better 30 and 80 ft?
Still Use equation:
column ID = 0.6 (gph TEG)®S
1B=7.9in.

8-in. pipe by 6-ft long packed with 1-in. rings
or 10-in. pipe by 6-ft long packed
with 1-in. saddles

Reflux Helical coil
0.75-in. ss fubing
Duty 23,000 Btu/hr
Area 4 ft?

Reboiter Duty from equation:

Duty = 900 + {950) (gal TEG/Ib H,0)
= 900 + {950) (173.4/75) = 3,096 Btu/lb H,0
= (3,096)(75) = 232,000 Btu/hr

Check using Table 1

=107.2 MBtu/hr heat glycol

75.0 vaporize still
overhead

225 reflux, 30% still
overhead

10.0 heat losses

214.7 MBtu/hr total

24-in. OD by 10-ft long
8-in. firetube, 44-ft2 area
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Duty 275 MBtu/hr

Heat flux 6,250 Btu/hr ft2
Surge 24-in, OD by 7 ft 6 in. or 10-ft long
tank Mounted below reboiler
Pump Reciprocating

3to5gpm

Pump bhp = 1.73
Motor kW =1.58

Gas- Shell and tube
glycol heat 8-in. 1D by 6-ft long
exchanger 55 (0.75 in.) tubes OD
Duty 90 MBtu/hr
Area 60 ft?
Piping Gas: 6-in. sch 80
Glycol: t-in. sch 80 pump
discharge

2-in. sch 40 pump suction
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