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FOREWORD

a. This specification is under the jurisdiction of the
APl Committee on Standardization of Production
Equipment.

b. American Petroleum Institute (API) Specifications
are published as aids to the procurement of standard-
ized equipment and materials, as well as instructions to
manufacturers of equipment or materials covered by an
API Specification. These Specifications are not intended
to cbviate the need for sound engineering, nor to inhibit
in any way anyone from purchasing or producing prod-
uets to other specifications,

¢. The formulation and publication of API Specifica-
tions and the APl monogram program are not intended
in any way to inhibit the purchase of products from
companies not licensed to use the API monogram.

d. API Specifications may be used by anyone desiring
to do so, and diligent effort has been made by the Insti-
tute to assure the accuracy and reliability of the data

contained therein., However, the Institute makes no
representation, warranty, or guarantee in connection
with the publication of any API Specification and here-
by expressly disclaims any liability or responsibility for
loss or damage resulting from their use, or municipal
regulation with which an API Specification may con-
fliet, or for the infringement of any patent resulting
from the use of an API Specification.

e. Any manufacturer producing equipment or mate-
rials represented as conforming with an API Specifica-
tion is responsible for complying with all the provisions
of that Specification. The American Petroleum Institute
does not represeni, warrant or guarantee that such
products do in fact conform to the applicable API
standard or specification.

This Standard shall become effective on the date printed
on the cover but may be used voluntarily from the date of
distribution.

Attention Users of this Publication: Portions of this
publication have been changed from the previous edi-
tion. Fhe locations of changes have been marked with a
bar in the margin. In some cases the changes are sig-
nificant, while in other cases the changes reflect minor
editorial adjustments. The bar notations in the margins
are provided as an aid to users to identify those parts of
this publication that have been changed from the pre-
vious edition, but API makes no warranty as to the
accuracy of such bar notations.

NOTE
This is the first edition of API Spee 12GDU.

Requests for permission lo reproduce or translate all
or any part of the material published herein should be
addressed to the Director, Production Department, 2535
One Main Place, Dallas TX 75202-3904.
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POLICY

API PUBLICATIONS NECESSARILY ADDRESS
PROBLEMS OF A GENERAL NATURE. WITH
RESPECT TO PARTICULAR CIRCUMSTANCES,
LOCAIL, STATE AND FEDERAL LAWS AND REG-
ULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET DUTIES
OF EMPLOYERS, MANUFACTURERS OR SUP-
PLIERS TO WARN AND PROPERLY TRAIN AND
EQUIF THEIR EMPLOYEES, AND OTHERS EX-
POSED, CONCERNING HEALTH AND SAPFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING
THEIR OBLIGATIONS UNDER LOCAL, STATE, OR
FEDERAL LAWS,

NOTHING CONTAINED IN ANY API PUBLICA-
TION IS TO BE CONSTRUED AS GRANTING ANY
RIGHT, BY IMPLICATION OR OTHERWISE, FOR
THE MANUFACTURE, SALE, OR USE OF ANY
METHOD, APPARATUS, OR PRODUCT COVERED
BY LETTERS PATENT. NEITHER SHOULD ANY-
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THING CONTAINED IN THE PUBLICATION BE
CONSTRUED AS INSURING ANYONE AGAINST
LIABILITY FOR INFRINGEMENT OF LETTERS
PATENT.

GENERALLY, API STANDARDS ARE REVIEWED
AND REVISED, REAFFIRMED, OR WITHDRAWN
AT LEAST EVERY FIVE YEARS. SOMETIMES A
ONE-TIME EXTENSION OF UP TO TWO YEARS
WILL BE ADDED TO THIS REVIEW CYCLE, THIS
PUBLICATION WILL NO LONGER BE IN EFFECT
FIVE YEARS AFTER ITS PURLICATION DATE
AS AN OPERATIVE API STANDARD OR, WHERE
AN EXTENSION HAS BEEN GRANTED, UPON
REPUBLICATION, STATUS OF THE PUBLICA-
TION CAN BE ASCERTAINED FROM THE API
PRODUCTION DEPARTMENT (TEL. 214-748-3841).
A CATALOG OF API PUBLICATIONS AND MATE-
RIALS IS PUBLISHED ANNUALLY AND UP-
DATED QUARTERLY BY API 1220 L ST, N.W,
WASHINGTON, D.C. 20005.
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SECTION 1
SCOPE

1.1 Coverage. This specification covers the minimum
requirements for materials, design, fabrication and
testing of a conventional lease glyco! type gas dehydra-
tion system utilizing triethylene glyecol as the desiceant.
Conventional systems are normally designed to operate
an an inlet temperature between 60°F and 120°F and
at or ahove 400 psig pressure but not to exceed pres-
sure limited by ANSI B16.5 Class 600 flanges. This
specification encompasses a system which includes an
inlet separator, a glycol/gas contractor, gas/glycol heat
exchanger, glycol reboiler, glycol surge tank, glycol
circulating pump(s), filter(s), glycol/glycol heat ex-
changer, glycol flash separator (optional) and skid(s).
While this specification does not preclude dehydrators
for service on offshore platforms, it should be noted
that considerable additional requirements may apply to
offshore units,

The manufacturer of the completed glycol type dehy-
dvation unit shall be responsible for assuring that all
material, design, fabrication procedures, examinations,
inspeetions, and tests required by this specification
have been met.

Appendix A through H, Section 2, and Section 8 of this
specification are for information only and are not to be
considered as mandatory.

1.2 Referenced Documents. Industry Codes, Specifi-
cations and Recommended Practices are referenced and
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as applicable, become requirements of this specifica-
tion. The latest editions and revisions of the specifica-
tion, and the referenced industry codes, specifications,
recommended practices and other requirements current
at the time of manufacture should be considered appli-
cable at the time of manufacture of glycel type gas
dehydration units. Referenced documents may be
obtained from the following sources.

ANSI: American National Standards Institute, 1430
Broadway, New York, NY

APIL: American Petroleum Institute, Production
Department, 2685 One Main Place, Dallas,
Texas 76202-3904

ASME: American Society of Mechanical Engineers,
345 E. 47th St,, New York, NY 10017

ASTM: American Society for Testing and Materials,
1916 Race St., Philadelphia, PA 19103

AISC:  American Institute of Steel Construction, Inc.,
400 N. Michigan Ave., Chicago, IL 60611

NACE: National Assceciation of Corrosion Engineers,
P.0O. BOX 218340, Houston, TX 77218

TEMA: Tubular Exchanger Manufacturers Associa-
tion, New York, NY 10017
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SECTION 2
TERMINOLOGY

2.1 Absorption Process. The attraction and retention
of vapors (water) by liquida (glycol) from the gas
stream,

2.2 Actual Tray. The number of trays installed in 2
column or the equivalent number of actual trays for a
packed column. The number of actual trays is equal to
the number of theoretical trays divided by the overall
tray efficiency.

2.3 Bubble Cap T'ray. Horizontal plate holding bubble
eaps and downcomers in the contactor.,

2.4 Bubble Caps. Slotted metal caps attached over
elevated nozzles (risers) on the bubble cap trays. The
slots cause the gas to break up into small bubbles for
intimate contact with the glycol.

2.6 Condensate. Light liguid hydrocarbons.

2.6 Contactor {or Absorber). A vertical pressure ves-
sel where gas and glycol are intermingled counter-
currently to remove water vapor from the gas. The con-
tactor usually contains bubble cap trays, valve trays or
packing.

2.7 Dehydration. Removal of water vapor from a gas.
Maximum water content of the dehydrated gas is nor-
mally 7 1bs. H,O/MMSCF.

2.8 Design Pressure. The pressure used in the design
of & vessel for the purpose of determining the minimum
permissible thickness or physical characteristics of the
different parts of the vessel. When applicable, static
head shall be added to the design pressure {o determine
the thickness of any specific part of the vessel.

2.9 Dew Point, The temperature at which vapor be-
gins to condense into a liguid at a particular system
pressure. A natural gas stream exhibits both a hydro-
carbon and water dew point.

2.10 Dew Point Depression. The difference in water
dew point temperature between the inlet and outlet gas.

2,11 Downeomer, The vertical eonduit between trays
which allows liquid to pass from tray to tray.

2,12 Firetube, The firetube is that portion of the fire-
box in contact with the liquids, Nataral gas or hydro-
carbon liguids are normally used to fire the reboiler
through a submerged furnace chamber called the fire-
tube, The firetube nermally consists of one of more U-
tubes fired at one end and exhausting through a verti-
cal stack at the other end for each U-tube.

2.18 Free Water. Liquid water which is not dissolved

or emulsified with any other substance.

2.14 Gas/Glycol Heat Exchanger. A shell-and-tube,
pipe-in-pipe, or other type heat exchanger employed to
cool the lean glycol with the gas leaving the contactor
before the glycol enters the contactor.
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2,15 Glycol. A liguid desiceant used to absorb water
vapor from the gas. Triethylene glycol is the most
commeon glycol used in gas dehydration.

a. Lean Glycol (or Dry Glycol). Glycol that has been
regenerated and is essentially free of wafer,

b. Rich Glycol (or Wet Glycol). Glycol that has
absorbed water.

2.16 Gas-Condensate-Glycol Separator (Flash Sepa-
rator). A two or three phase separator which is used in
the rich glyeal stream to remove entrained gas and
hydrocarhon liguids.

2.17 Glycol/Glycol Heai Exchanger. A shell-and-tube,
plate type, double pipe, internal eoil within the surge
tank or other type heat exchanger employed fo recover
heat from the outgoing hot lean glycol from the reboiler
and preheating the incoming cool rich glycol from the
contactor.

2.18 Heat Density. This term is ecommonly applied to

the heat release through the cross section of the fire-
tube, exprossed as BTU/hour/square inch of cross sec-
tional area,

2,19 Heat Duty. Heat absorbed by the process, ex-
pressed as BTU/hr,

2.20 Heat Flux. The average heat transfer rate
through the firetube, expressed as BTU/hr./square foot
of exposed area.

221 Inlet Serubber. A separator which removes free
liquids from the inlet gas stream. This separator may
be separate or integral with the contactor and contains
a mist extractor which is usnally a wire mesh type.

293 Intake Flame Arrestor. A device placed on the
air intake of the firetube to prevent propagation of
flame from inside the firetube to the outside atmos-
phere. It normally consists of a corrugated aluminum
cell mounted in 2 metal housing which attaches to the
firebox.

2.28 Liguid Seal. A liquid column in the downeomer
that forces the gas to pass up through the trays rather
than up the downcomer,

2.24 MMSCF. One million standard cubic feet of gas.
One SCF is a cubic foot of gas at standard conditions
apecified, for example 80°F and 14.65 psia.

2,25 Maximum Allowable Working Pressure
(MAWDP), The maximum gage pressure permissible at
the top of a vessel in its operating position for a desig-
nated temperature. This pressure is based on caleula-
tions for every element of the vessel using nominal
thicknesses less allowances for corrosion and thickness
required for loadings other than pressure. It is the
basis for the pressure setting of the pressure relieving
devices protecting the vessel.
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2.26 Operating Pressure. The pressure at the top of a
pressure vessel at which it normally operates. It shail
not exceed the maximum allowsble working pressure
and it is usually kept at a suitable level below the set-
ting of the pressure relieving devices fo prevent their
frequent opening.

227 Packing. “Rings,” “saddles” or other shaped picces
in the contactor, still column or reboiler stripping
colemn that provides a large surface area for inter-
mingling liquid and vapor during absorption or
distillation.

2.28 pH. Measure of acidity of a liquid on a scale of
0-14 with 7 being neutral. 0-7 is acidic and 7-14 is
alkaline.

2,29 Reboiler (Reconcentrator/Regenerator). The
vessel where water is boiled out of the giycol,

2.80 Reflux, Term given to the process of partially
condensing still column vapor and allowing the con-
densed liquid to flow back dewn the column.

2,31 Removable. Total component is field replaceable
without welder assistance.

2.32 Saturated Gas. A gas stream which contains the
maximum amount of water vapor at a given tempera-
ture pressure without condensing the water.

2,33 Sparging Tube. Internal pipe in the reboiler
used to distribute stripping gas.
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2.34 Still Column (Reflux Column). Vertically
mounted fractionation column on top of the reboiler.

2.85 Stripping Column. Packed column where glycol
from the reboiler flows downward while gas is flowing
upward stripping the glycol of water.

2.36 Stripping Gas. Gas that is passed through glyeol
being regenerated to help remove water that can not be
removed by the distillation process alone. Sparging
tubes and stripping columns are iwo methods of gas
stripping.

2.37 Surge tank. Reservoir for regenerated glycol
which may be integral with or separate from the
reboiler.

2.38 Theoretical Tray. One in which the vapor leaving
the tray is in equilibriurn with the liquid leaving. Both
leave the tray at the same pressure and temperature,

2.39 Tray BEfficiency. The ratio between the number
of theoretical and actual trays.

2,40 Valve Tray. Horizontal plate holding valves and
downcomers in the contactor. A valve consists of a lift-
able metal plate which covers a hole in the tray, provid-
ing a variable area for gas flow,

2.41 Water Content. The amount of water vapor con-
tained in the gas expressed in pounds of water per mil-
lion cubic feet (MMSCF) of gas.

2,42 Water Vapor. Water in a gaseous form.
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SECTION 3
PROCESS DESCRIPTION

3.1 General. A natural gas stream can be dehydrated
by contacting the gas with glycol. This process (see
Figure 2.1} is normally carried out at an elevated pres-
sure in a vessel called a contactor or ahsorber. After
ahsorbing the water, the glycol is reconcentrated by
boiling off the water at atmospheric pressure in a
regenerator. A pump is used to recirculate the glyeol to
the contactor.

3.2 Inlet Scrubber. An inlet serubber is required,
either integral with the contactor or as a separate ves-
sel upstream, to remove free liguids from the gas
stream going to the contactor. The mist extractor in
this vessel removes larger droplets entrained in the gas,

3.3 Contactor. The contactor vessels may be catego-
rized as to the manner in which the absorplien process
is accomplished, One type uses trays equipped with
bubble caps, valves, other devices, to maximize gas-to-
glyeol contact., The action of the gas flowing upward
through the glycol layer on each tray creates a froth
above the tray, where most of the absorption takes
place. The other type of contactor is referred to as a
packed tower, It is filled with packing, which has a
large surface area per unit volume. Glyeol flowing
downward wets the entire packing surface. Absorption
takes place as the gas flows upward through the pack-
ing, contacting the wetted surface, In either type of
vessel, a mist extractor removes entrained glycol drop-
lets from the dehydrated gas stream before it leaves the
top of the contactor, On larger units, an optional
residue gas scrubber may be justified. Rich (wet) glyeol
is directed from the bottom of the contactor to the
regeneration system.

3.4 Gas/Glycol Heat Exchanger. Absorption is im-
proved with lower temperature glycol. A gas/glycol
heat exchanger is required which uses dehydrated gas
to cool the lean (dry) glycol before it enters the top of
the contactor,

8.6 Regeneration System, The regeneration system
consists of several pieeces of equipment, If glycol-gas
powered pumps are installed, energy from the high
pressure rich glyeol along with & small amount of gas is
used to pump the lean glycol, If an optional reflux coil
in the still column is provided, the rich glycol flows
through it before entering the glycol/glycol heat ex-
changer. The glycol/glycol heat exchanger serves two
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purposes: 1) to cool the lean glycol to a temperature as
recommended by the pump manufacturer, and 2) to
conserve energy by reducing the heat duty in the
reboiler,

3.6 Gas-Condensate-Glycol Separator, A frequently
used option in regeneration systems is a gas-condensate-
glyeol separator, and should be included when the inlet
gas contains condensate. It may be located upstream or
downstream of the glycol/glycol heat exchanger and
usually operates at a pressure of 25-75 psig. It removes
condensate from the glyeol prior to the reboiler, which
minimizes coking and foaming problems. The separator
also captures flash gas that is liberated from the glycol
and exhaust gas from the glycol-gas powered pumps, so
that the gas may be used as fuel. Glyeol is regulated
from the separator to the reboiler by means of a level
controller and dump valve. Condensate removal may be
controlled automaticaily or manually.

3.7 Reboailer. Rich glycol enters the reboiler through
the still column. It is then heated to 850-400°F, which
causes the water that was absorbed in the contactor to
vaporize, The reboiler is ususlly heated by combustion
of natural gas, but may utilize other fuels, steam, hot
oil or other heat sources. The regenerated lean glycol
gravity feeds from the reboiler, through the glyeol/
glyeol heat exchanger, and into the pump suction for
recireulation back to the contactor. Either electric, gas-
powered, or glycol-gas powered pumps may be used.

3.8 Siill Column. Water and glycol vapors from the
rebotler enter the hottom of the still column, which is
mounted on top of the reboiler. The bottom section con-
tains packing, while the top section of the still column
may contain a reflux coil or external fins. Reboiler
vapors are ccoled and partially cotdensed to provide
refiux, which improves the separation between glycol
and water. The remaining water vapor leaves the top of
the still column and vents into the atmosphere.

3.9 Filters and Strainers, Regeneration systems con-
tain various types of filters and strainers. A particle fil-
ter or fine mesh strainer is required to protect the
pump, To reduce foaming, an activated carbon filter
may be installed to remove heavy hydroearbons from
the glycol. There is no standard arrangement for these
items in the system,




API SPEC*LEGD-U 90 W 0732290 0092763 & W

Spec 12GDU: Glycol-Type Gas Dehydration Units

umog IS Aiejos Jolid —E%)
uMog 3yS eanyoueduwis] :m:..l.@
ssbjg ebbg l.@

Jejonucy [eae —&7)

Joupns —@s)

Joyb2|puj @Jnssald |e

oADA Jolioy — (S

oADA UMog INUS—{E)

LIN( NOILVETAHIJ SVD ddAL TODXTO
RVIDVIA MOTL NILVINHHIS TVOIdAL

T'e 914

-EV g E
NOSYVD Y31
QALYALLDY  JFTOLLAYd

“S8U]| POYSDP Ul UMoys eJb Swajl puondy ¢
sdwind

peJdemod sob—jook|b Bujsn usym Aoy Asuunyo JOJODIU0D

30 pesnbel Jou GADA dwinp pup [OJJUOD [BAST T
‘walels
D JO SRS SNOLDA BYl MOUS G} A[uo pajuesasd
5] "Bl S|y KJoIopuDLL Jou s FWBYDS MOl S[YL L

P U

il

S3I0N

JOLvyYdas

vo—iyr I0DA19—"ONOD—5VO

™ 1N0 HOdVA waLVM

BADp joxjuo) wuniplediua) l.‘i..m.bm.nxu..ll.._ 1 5 (IVH9ELN ¥O ALvuvd3s)
Joyonbey Bupnpey winssald NOBYYIOUAAH _ “ .H_./. o~ HOLYHVHIS LTINI HEWW
Joljesyuog samoiedun) —Qi) { @M @M 3 1= HOLOVINOD T00AT0
J03001pu| aurpsadwa) —(L) 1 ,/."u_..m T - ._k__..a.n_d =
VS TETm T *I ~ - P
S— ] Wu Ycrdi)
MIGENMOS “ .m:v.u e — ) Hﬁ % 1no andn ] @
SOEM qu.lll ||||||||| Y T Svo Tnd . . i @ m<mz“.us
s @ - = T3 d (o
s @ K2 @ SYO HSVL SS30X3 WWEH &,
- e . { Y100oam9 How TMN\HJ_IW ®
. -
_% } oo v | mwu AT
ol2 A~ 0K — KD | I
= o o JEE—
212 Ep Y X ¥ sdnnd ==
5 & 1 L
M m.ﬁ ) SE 1 \ﬂ.«.ﬂ 1 09472 |“
3 T e~ O wE— | __
_ FA A - -~ » I-q-\«
=] @@@ _@ll_.l.(lu A d_mmw ..m.m% “ ) I“ - ™
08NS 777
— aloasY L dn ove SWES 5| [fesld
ANSNG HLM P ° % i z
HOLSTHUY A + wk
IRV e e e | 8
NWTI00 m ||||| — LXM -
WAoo = SY9 13N R
l‘l.ll.lll-ll.J —————————————————————————
TS 110 SV A¥G TPONVHIRE LVaH
oK — S¥9

2000

COPYRI GHT 2000 Anerican PetroleumlInstitute
I nformati on Handl i ng Servi ces,



API SPEC#126DU 90 BN 0732270 0092784 & W

American Petroleum Institute

SECTION 4
MATERIAL

4.1 General, The materials accepiable for use in con-
struction of glyeol type gas dehydration: systems are
given in this section. The specification and identifiea-
tion of materials by the manufacturer shall comply
with the requiremenis given by the specific code or
standard under which the material is used in fabrica-
tion. Materials of unknown specifications or those not
meeting the requirements of the applicable code shall
not be used. Material shall be marked and be identifia-
ble at the time of fabrication, Materials given are to be
considered as the minimum qualities of their kinds and
such specifications do not exclude the use of any other
material acceptable to the ASME, ANSI, TEMA, or
ASTM code or standard under which the material is
fabrieated.

Pressure retaining components exposed to corrosive
gases such as carbon dioxide and hydrogen sulfide shall
meeat the requirements as specified by the purchaser
(See Appendix B for guidelines).

4,2 Pressure Vessgels. Materials uged in the fabrieation
of pressure vessels shall comply with the requirements
of the latest edition of the ASME Boiler and Pressure
Vessel Code Section VIII, Division 1.

4.3 Pipe Heat Exchangers, Materials vsed in the fab-
rication of pipe heat exchangers shall comply with the
requirements of the latest edition of the ASME Boiler
and Pressure Vessel Code Section VIII, Division 1.

4.4 Plate Heat Exchangers. Specification and identi-
fication of materials used shall be stated and shall
comply with the Manufacturer’s standard which defines
the pressure-temperature rating marked on the plate
heat exchanger and deseribed in the Manufacturer's
literature,

4.5 Shell and Tube Heat Exchangers. Material used
ghall comply with the requirements of the Standards of
Tubular Exchanger Manufacturers Association and the
ASME Boiler and Pressure Vessel Cede Section VIII,
Division 1. The application of the ASME Boiler and
Pressure Vessel Code Section VIIL, Division 1 stamp is
required.

4.6 Struetural, Specification of load bearing skid and
other structural materials is to conform to ASTM A-36.

4.7 Piping. Piping is to be ateel. Specification and
identification of piping components, including flanges,
fittings, and gaskets, shall comply with the appropriate
standard given in ANSI 81.3 (see Table 326.1).

4.8 Proprietary Parts. Specification and identification
of proprietary parts shall comply with the Manufactur-
er’s standard which defines the pressure-temperature
rating either marked on the part or described in the
Manufacturer's literature.
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4.9 Other Equipment. Materials for atmospheric re-
boilers, surge tanks, lugs, clips, baffles, firetubes,
stacks, etc., reguire identification to a specification
which will confirm that the physical and chemical
properties are satisfactory for welding with a qualified
welding procedure specification,

4,10 Coatings. The purchaser is to specify both inter-
nal and external coatings when required. All coatings
are to be specified and identified by the coating manu-
facturer’s standard which defines the service restric-
tions of the material as deseribed in the manufacturer's
literature.

4.11 Relief Valves. Relief valves shall comply with the
requirement of the ASME Boeiler and Pressure Vessel
Code Section YI1II, Division 1. Specification and identi-
fication shall comply with the Manufacturer's standard
which defines the pressure-temperature rating and the
service requirements as either marked on the part or
deseribed in the Manufacturer’s literature.

4.12 Rupture Disks. Rupture disks shall comply with
the requirements of the ASME Boiler and Pressure
Vessel Code Section VIII, Division 1, Specification and
identification shall comply with the Manufacturer's
standard which defines the pressure-temperature rat-
ing and the service requirements as either marked on
the part or described in the Manufacturer's literature.

4,13 Instruments. Specification and identification of
instruments shall comply with the Manufacturer’s
standard which defines the pressure-temperature rat-
ing either marked on the instrument or described in
the Manufacturer’s literature,

4.14 Instrument Tubing and Fittings. Tubing and
fittings are to be steel. Specification and identification
of tubing and fittings shall comply with an ASTM spec-
ification. The pressure-temperature rating of the tubing
is to be determined by ANSI B31.3,

4.16 Electrical. Electrical components shall be speci-
fied to meet the requirements as to class, division, and
group using API RP 500B “Recommended Practice for
Classification of Locations for Electrieal Installations at
Drilling Rigs and Production Facilities on Land and on
Marine Fixed and Mobile Platforms.”

4,16 Welding Materials. Specification of welding
materials shall comply with the requirements of the
ASME Boiler and Pressure Vessel Code Section IX.

4.17 Insulation. Specification and identification of
insulation materials shall comply with an ASTM stand-
ard and the Manufacturer’s standard which defines the
thermal resistivity and temperature rating either
marked on the material or deseribed in the Manufae-
turer's literature, Insulation jacketing shail be alumi-
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num or stainless steel. Specification and identification
of jacketing shall comply with an ASTM standard and
the Manufacturer’s standard which defines the thick-
ness and service limits of the material as deseribed in
the Manufacturer’s literature.

4.18 Trays. Tray support rings, trays, and tray com-
ponents are to be steel. Specification and identification
of tray parts welded to the shell of a pressure vessel
shall be specified and identified as required in Para-
graph 4.2 of this section. Tray material subject only to
minor pressure and load stresses is to comply the speci-
fieation of an ASTM designation and identification of
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the material is to be to the tray manufacturers stand-
ard practice of marking or packaging.

4.19 Packing. Specification and identification of pack-
ing shall eomply with the Manufacturer’s standard
which defines the type, size, and temperature rating as
described in the Manufacturer's literature.

4,20 Mist Extractors. Specification and identification
of mist extractors shall comply with the Manufacturer's
standard which defines the type, size, and temperature
rating as deseribed in the Manufacturer’s literature,
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SECTION 5
DESIGN

6.1 General. A conventional lease glycol type dehydra-
tion unit furnished to this specification is to be a skid
mounted assembly. The inlet scrubber and contactor
may be skid or foundation mounted separate from the
reconcentrator skid upon agreement between the pur-
chaser and the manufacturer.

The User Design Information Sheet and the Manufac-
turer Data Sheet given in Appendix C may be used by
both the purchaser and the manufacturer to specify the
detailed requirements of design and fabrication of the
equipment. ’

Sizing criteria for the individual pieces of equipment
are given in Appendix D.

5.2 Inlet Scrubber. The inlet scrubber furnished to
this specification is to be vertical and is normally avail-
abie In sizes and maximum allowable working pressure
ratings shown in Table 6.1. Table 5.1 is for nominal
industry standards. Available sizes and working pres-
sures may vary from the stated ratings. Other types,
gizes, pressures, and temperature ratings may be fur-
nished by agreement between the purchaser and manu-
facturer provided they conform to API Specification
127,

The inlet serubber may be separate or integral with the
contactor as specified by the purchaser. The inlet
gerubber requires a mist extractor and an integral
scrubber algo requires a ehimney tray with a sufficient
volume te prevent glyeol overflow into the scrubber
during shutdown.

5.3 Contaector. The gas contactor furnished to this
specification is to be vertical and is normally available
in sizes and maximum allowable working pressure rat-
ings shown in Table 5.2, Table 5.2 is for nominal indus-
try standards, Available sizes and working pressures
may vary from the stated ratings., Other sizes, pres-
sures, and temperature ratings may be furnished by
agreement between the purchaser and manufacturer.

Many types of packing may be used in the contactor for
the contacting of the gas with the glycol. Several of the
elements are rings, saddles, and structured. A contactor
provided with packing shall not exceed 8 feet of pack-
ing height without redistribution of the glycol in the
tower,

A contactor provided with trays shall utilize a min-
imum of 18 inches tray spacing.

The contactor shall be provided with a mist extractor to
prevent excessive glycol loss, The minimum distance
from the top tray to the mist extractor shall be equal to
the tray spacing plus six (6) inches, Prevention of gas
channeling from the mist extractor to the outlet nozzle
shall be accomplished by either a minimum distance of
0.36 times the inside vessel diameter or the addition of
an effective outlet distribution system.
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6.4 Gas/Glycol Heat Exchanger. The gas-glycol heat
exchanger may be either external or internal to the
contactor,

5.6 Gas-Condensate-Glycol Separator (optional). A
flash separator furnished to this specification may be
either two phase or three phase. The separator is sized

" for the retention time recommended in Appendix D

based on the liquid design cireulation rate.

5.6 Reboiler. A reboiler furnished to this specification
is to be horizontal. The firetube shall be field remova-
ble for inspection. The heat duty requirement of the
reboller shall include the benefit of a heat exchanger
used for heat recovery in the reconcentrator system.

The reboiler should be designed for a minimum of 1%
psi of internal pressure or full of water, whichever is
greater, The defleetion of flat end closures should be
limited to the diameter divided by 600 with 1} psi
internal pressure or full of water, whichever is greater,

Typieal reboiler nominal duties are given in Table D.9
of Appendix D,

5.7 Still Column, A still column furnished to this spec-
ifieation is to be integral with the reboiler. The column
is to be flanged such that it is removable and is to be
provided with one or more lugs for removal,

5.8 Surge Tank. The surge tank is used to provide
glycol for operating purposes and is not considered as
storage. Additional holding capacity for glyeol from the
other equipment during shutdown must be specified by
the purchaser.

A surge tank furnished to this specification is to be
horizontal and may be integral with the reboiler,

5.9 Glycol-Glycol Heat Exchanger. A glycol to glycol
heat exchanger furnished to this specification is to be
either external or integral with the surge tank. The
exchanger shall be capable of cooling the lean glycol to
the maximum temperature recommended by the pump
manufacturer.

5.10 Skid. Some skid mounted items may be shipped
separately from the skid by agreement of the purchaser
and manufacturer, The skid provided to this specifica-
tion is to have a pull bar or lift lugs for loading and
unloading for shipment. The skid is to be capable of a
single end lift as assembled for shipment.

5.11 Firetube Heat Flux. The average heat flux shall
be no higher than 10,000 BTU/hr.-sg. ft. of exposed
area.

Example: 8%" 0.D, Sch, 20, 0.25" wall fire tube
having 25.0 square feet of surface, 51.85 sq. in, eross
sectional area and rated at 260,000 BTU/hr. heat

duty.
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Average Heat Plux = Firetube Rating (BTU/hr.)
Sq. F't. of Firetube Surface

_ 250,000
25.0

5.12 Firetube Heat Density. Heat released through
the cross-sectional area of the firetube is regulated by
the burner mixer and burner nezzle. A firetube con-
forming to the speeification shall have a maximum heat
density of 15,000 BTU/hr.-sq. in. for natural draft
burners.

= 10,000 BTU/hr.-sq. ft.

Example from Par. 5,11

Heat Density = Firetube Rating (BTU/hr.)
(Cross Sectional Area, in2)(Efficiency)

Where: Efficiency = 0.7 (constant for this calculation)

— 260,000 BTU/hr.
(51.85 in2} {0.7)

5.13 Stack Height. The height of the stack shall be no
less than required to provide draft sufficient to over-
come the pressure drop in the firetube, flame arrestor,
stack, returns, turbulators, dampeners, and stack flame
arrestor if provided. The operating site elevation shall
be considered in the draft caleulations. The purchaser
shall advize the manufacturer of the site elevation.

5.14 Pirvetube. The firetube shall be not less than 0.188
inch minimum wall thickness. Corrosion allowance is
not normally added to the firetube wall, The burner
shall be equipped with an intake flame arrestor.

= 6,888 BTU/hr.-sq.in.

5.15 Pressure Relief. All pressure vessels, regardless
of size or pressure, shall he provided with pressure
relieving devices and set in accordance with ASME
code requirements. Muitiple pressure relieving deviees
such as a pressure relief valve in conjunction with a
rupture disc may be used to provide the necessary
relieving capacity. Pressure relieving devices shall be
installed in the vapor space on each vessel, or in the
piping connected to the vessel or series of vessels, with
consideration given to the internals that may restrict
the relieving capacity, provided the piping system does
not confain valves which ean isolate any vessel in the
system. The relief valve is normally set at the maxi-
mum allowable working pressure (MAWP). The rup-
ture disk is normally selected to relieve above the set
pressure of the relief valve. The pressure relief devices
need not be provided by the manufacturer, but over-
pressure profection shall be provided prior to placing
the pressure vessels in service, The Purchaser should
determine who has the responsibility to furnish relief
devices on tha serubber and contactor,
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Thermal relief is permitted on pressure vessels where
the vessel can only receive fluids from vessels that are
of an equal or lower working pressure and the vessels
that provide inlet fluid to the vessel are capable of full
capacity relief. Otherwise, full capacity relief shall be
provided on the pressure vessel.

Discharge lines from pressure relief devices should
receive consideration on an individual basis. A detailed
discussion is beyond the scope of this standard. Recom-
mendations for discharge line consideration may be
obtained from Appendix M, Installation and Qperation,
of the ASME Code as weil as API RP 520, “Design and
Installation of Pressure Relieving Systems in Refiner-
ies” and API RP 6521, “Guide for Pressure Relief Sys-
tems and Depressuring Systems.”

TABLE 5.1
INLET SCRUBBERS
SIZE AND WORKING PRESSURE RATINGS

Nominal Maximum Allowable Working Pressure,

Diameter, Inches PBIG @ 130°F

12% 720 1000 1200 1440
16 720 1000 1200 1440
20 720 1000 1200 1440
24 720 1000 1200 1440
30 720 1000 1200 1440
38 720 1000 1200 1440
42 720 1000 1200 1440
48 720 1000 1200 1440
54 720 1000 1200 1440
60 720 1000 1200 -+ 1440

NOTES:

a. Shell length is generally expanded in 2% foot increments
measured from head seam to head seam and is typically &
feet, T!% feet, or 10 feet. A minimum length to diameter
ratio of 2,0 is normally used.

b. Vessel diameter is generally expanded in 6 inch incre-
ments, measured either as outside diameter (OD) or inside
diameter (ID). OD Scrubbers are normally furnished uvp to
24 inch diameter. Scrubbers above this size may be OD or
ID vessels,

c. Integral serubber is usually the same diameter as the con-
tactor since normaily a uniform diameter is most economi-
cally constructed and the minimum diameter is generslly
governed by the allowable veloeity of the contactor,

d. The MAWP of 720 and 1440 in the above table are limited
by the ANSI class 300 and 800 flange ratings. Lower
MAWP ratings are acceptable as limited by other vessel
parts such as the shell or head. The MAWP is to be
greater than the specified operating pressure by the
larger value of 25 psig or 10 percent of the operating
pressure.
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TABLE 5.2
VERTICAL CONTACTORS
SIZE AND WORKING PRESSURE RATINGS

Naminal Maximum Allowable Working Pressure,
Diameter, Inches PSIG @ 130°F

6% : 720 1000 1200 1440
720 1000 1200 1440
720 1000 1200 1440
720 1000 1200 1440
720 1000 1200 1440
720 1000 1200 1440
720 1060 1200 1440
720 1000 1200 1440
720 1000 1200 1440
720 1¢00 1200 1440
720 1000 1200 1440
720 1000 1200 1440
720 1000 1200 1440

a. Shell length is generally expanded in 6 inch increments
measured from head seam fo head seam,

b. Vessel diameter is generally expanded in 6 ineh incre-
ments, measured either as outside diameter (OD) or inside
diameter (ID). OD Contactors are normally furnished up
to 24 inch diameter. Contactors above this size may be OD
or 1D vessals.

. The MAWP of 720 and 1440 in the above table are limited
by the ANSI eclass 300 and 600 flange ratings. Lower
MAWDP ratings are aceceptable as limited by other vessel
parts such as the shell or head. The MAWP is to be
greater than the specified operating pressure by the
larger value of 26 psig or 10 percent of the operating
pressure.
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SECTION 6
FABRICATION, TESTING AND PAINTING

6.1 Vessel. Inlet scrubber, contactor towers, glycol
condensate separators, filters or any vessel used that is
a part of the dehydration unit and has a working pres-
sure greater than 15 psig and an inside diameter
greater than 6” shall be shop constructed, tested and
stamped in accordance with the latest edition of the
ASME Boiler and Pressure Vessel Code Section VIII,
Division 1.

6.2 Glycol Rehoiler. Shell, firetube stack and accesso-
ries shall be fabricated and assembled using good
workmanship to assure compliance with the manufac-
turer’s drawings and specifications. The completed
reboiler shell and surge tank shall be leak tested at 1.5
psi after the firetube{s) has been installed. The still
column shall be tested either before or after installation
on the reboiler. The rehoiler shall be visually inspected
for excessive distortion or bending of any surface area
and any deficiencies corrected.

6.3 Heat Exchangers. Shell and tube type heat ex-
changers greater than 6” inside diameter and with
pressure ratings ahove 16 psig shall be constructed,
tested and stamped in accordance with the latest edi-
tion of the ASME Boiler and Pressure Vessel Code Sec-
tion VIII. Pipe iype heat exchangers shall be con-
structed and tested in accordance with ANSI B31.8.
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Plate cail and water type heat exchangers, limited to
glycol/glycol heal exchanger service, shall be tested to
1.5 times design pressure but may be excluded from
ASME Code construction.

6.4 Piping, All screwed or welded piping 1" nominal
diameter and larger shall eonform to ANSI 31.3 except
screwed piping shall have a minimum wall thickness of
schedule 80 and welded piping shall have a minimum
wall thickness of schedule 40.

6.5 Painting. Before shipment, all components of the
unit shall be mechanieally cleaned of rust, grease, loose
scale and weld spatter. At least one coat of good grade
commercial metal primer suilable for the operating
surface temperatures shall be applied to all outside sur-
faces. Finish coats or special painting systems shall be
applied if so required by the purchaser at the time of
the purchase. All sight gages, pressure page glasses,
pump plungers, packing, nameplates and any other
components that could be damaged by sandblasting or
paint over-spray shall be protected to prevent damage.

6.6 Insulation. Reboilers shall be primed, insulated
and covered with a weatherproof protective jacket.
Other companents may be insulated as specified at time
of purchase, See Section 4 for insulation materials.
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SECTION 7
MARKING

7.1 Nameplates. Manufacturers of glycol type dehy-
dration units furnished to this specification shall iden-
tify each of the following componenis with a separate
corrosion resistant nameplate.

7.1.1 Reboiler
7.1.2 Contactor
7.1.3 Inlet Scrubber (If not integral with contactor)

7.1.4 Gas-Condensate-Glycol Separator (if fur-
nished)

7.1.5 Glycol/Glyeol and Gas/Glyeol Heat Exchanger
(if not identified by the respective manu-
facturer)

7.1.6 Glycol Pump (if not identified by the respec-
tive manufacturer) .

7.2 Reboiler, A nameplate shall be attached {o the

firetube flange end of the reboiler above the flame cell-

opposite the stack and shall bear the following in-
formation:

7.2.1 Spec 12GDU

7.2.2 Manufacturer's name

7.2.8 Manufacturer’s serial number
7.24 Year built

7.2.6 Weight empty, lbs

7.2.6 Firetube rating, BTU/hr at BTU/hr/ft?
7.2.7 Firetube area, sq. {t.

1.2.8 Shell sizes, 0.D., in. x length, feet

7.2.9 Design Pressure, psig

7.2,10 Additional markings such as firebox diame-
ter, length, thickness, material; turbulators
installed; still eolumn material desired by the
manufacturer or requested by the purchaser
are not prohibited.

7.3 Contactor, A nameplate shall be attached to the
side of the vessel at about eye level (5 to 6 ft above skid
level if practical} and shall contain the information
required by the ASME Code plus:

7.8.1 Spec 12GDU

7.3.2 Number of trays (for tray tower)

7.8.3 Tray spacing (for tray tower)

7.8.4 Type of packing (for packed contactor)
7.3.5 Height of packing (for packed contactor)
7.3.6 Type of mist extractor

7.4 Inlet Serubber. A nameplate shall be attached to
the side of the vessel at about eye level and shall con-

tain the information required by the ASME Code plus:
7.4.1 Spec 12GDU
7.4.2 Type of mist extractor

7.5 Gas-Condensate-Glyeol Separator. A nameplate
shall be attached to the side of the vessel at about eye
level 2nd shall contain the information required by the
ASME Code plus:

7.5.1 Spec 12GDU
7.5.2 Type of mist extractor (if applicable)

7.6 Glyeol/Glycel and Gas/Glycol Heat Exchanger.
A nameplate shall be attached to each component and
shall contain the information required by the ASME
Code (if applicable) and the following information:

7.6.1 Manufacturer's name

7.6.2 Manufacturer's serial number
7.6.3 Year built

7.6.4 Design Pressure, psig

7.6.6 Design Temperature, °F

7.6,6 Either type or madel number that ean be
traced to the heat exchanger manufacturer's
. engineering data or it shall include enough
information so that heat transfer calculations

can be made.

7.7 Glycol Pump. The glycol pump shall have 2 name-
plate attached in a visible lecation with the following
information:

7.7.1 Manufacturer’s name
7.7.2 Manufacturer’s serial number

7.7.3 Manufacturer's model number or type that
may be traced to the pump manufacturer's
engineering data or it shall include enough
information to allow calculations to be made
for glycol rate.

7.8 Valves and Controls, It is the manufacturer’s
responsibility to assure that valves and controls neces-
sary to the operation of the unit have proper identifica-
‘tion markings so that traceability to a manufacturer
¢an be accomplished for future information.

7.9 ASME Code Marking. ASME components fur-
nished to this specification shall have a nameplate
affixed to the vesse! as required by the latest edition of
the ASME Code. In lieu of separate API nameplate and
at the discretion of the manufacturer, the information
required by Section 7 may be included on the ASME
Code nameplate below the Code required markings.

7.10 Stamping. Stamping directly on the vessel shell
may be injurious to the vessel and should be avoided.
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SECTION 8
INSPECTION AND REJECTION
8.1 ASME Code Inspeetion. The Authorized Inspector 8.2 Inspection by the Manufacturer. It is the obliga-
shall perform all duties required by the ASME Code tion of the manufacturer o assure the unit eomplies
Section VIII, Division 1. with the content of this specification.
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APPENDIX A
PROCESS CONSIDERATIONS

A.1 Inlet Gas Temperature. One of the key design
and operating variables of a glycol-type gas dehydra-
tion unit is the temperature of the entering wet gas.
For operation, this temperature should be maintained
between 60°F and 120°F, At lower gas temperatures,
glyeol on the contactor trays will become very viscous,
resulting In reduced tray efficiency, increased pressure
drop, and glycol carryover. Higher Temperatures will
inerease the amount of water vapor to be removed, as
well as require very pure lean glycol to meet the dehy-
dration specification. Glycol vaporization losses will also
increase at higher gas temperatures. Inlet gas cooling
equipment Is outside the scope of this specification, but
if needed, it should be located upstream of the inlet gas
serubber.

A.2 Inlet Separation. An inlet scrubber with a mist
extractor, efther integral in the contactor tower or a
separate vessel located just ahead of the contactor, is
essential to proper operation of a glycol type gas dehy-
dration system. Free liquids, water, hydroearbon con-
densate and compressor lube 0il in the gas stream can
cause problems in several ways. First, the extra water
puts an unnecessary load on the glycol, and can over-
load to the point that the required outlet gas dew point
is not met. Second, hydrocarben liquid and compresser
lube oil cause glycol to have a higher tendency to foam,
leading to & reduction of gas handling capaeity in the
contaetor and to higher glycol losses from the contaetor
and the regeneration system. Also, liquid hydrecarbons
and lube oil will degrade in the reboiler, build up on
the firetube and create hot spots, The mist extractor
may be one of several designs; for example, a section of
parallel vanes, or a wire mesh pad. The mist extractor
should remove from the gas stream essentially all of the
small droplets of liquid (normally down to 10 micron
diameter) before the gas leaves the vessel. A gas stream
eontgining compressor lube oil needs special considera-
tions in separator design and a coalescing filter-type
gerubber is recommended. In cold weather applieations,
a heating coil may be needed in the liguid section of the
serubber to prevent freezing.

A.3 Contactor. The contactor diameter, tray spacing/
number of trays or packing, inlet and outlet nozzle
sizes, vapor disengagement spacing between the mist
extractor and the top of the trayed or packed section,
and spacing to the outlet nozzle should be considered in
the contactor design. The contactor should have a mist
extractor designed to remove essentially all of the
glyeol droplets which exceed 5 microns in diameter,

A4 Gas/Glycol Heat Exchanger. It is important that
the glycol entering the contactor be cooled to a 10° to
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80°F above the temperature of the gas stream. This is
necessary because the equilibrium conditions between
the glycol and the water vapor in the gas are affected
by temperature. At higher temperatures, more water
vapor will remain in the gas stream. A cooler glycol
temperature will decrease the glyeol vaporization losses
but hydracarbons may condense in the contactor.

A.5 Glycol Reboiler Heat Flux/Temperature. Glycol
degradation should be minimized by designing the
glyeol reboiler firetube with an average heat flux of no
higher than 10,000 BTU/hr/ft2, The normal range of
heat flux is 6,000 - 10,000 BTU/hr/ft2. Burner flame
pattern and flame length should also be designed to
avoid hot spots on the firetube, Bulk temperature for
triethylene glycol should not exceed 400°F, The maxi-
mum tube wall temperature should not exceed 430°F,
Additional firetube surface area may be needed to meet
thermal efficiency requirements.

A.6 Glycol Surge Tank. The glyeol surge tank should
have enough volume to handle start up, normal opera-
tion, and shut down fluctuations due to eontactor drain-
age and should have a reservoir large enough to ade-
guately maintain the system for a reasonable time as
normal losses occur. In addition, the glycol surge tank
elevation shall always supply adequate liquid head to
the glyeol pump.

A7 Circulation Rates. Typical glycol type gas dehy-
dration units have glycel circulation rates from 2.0 to
3.0 gallons of glycol per pound of water removed, The
design rate must be chosen by considering the purity of
the glycol at the inlet to the contactor; the number of
trays/packing height in the contactor; and the dew
point depression required.

A.8 Still (Reflux) Column. The glycol reboiler should
be equipped with a still eolumn complete with packing
in order to minimize glyeol vaporization losses. On
larger systems it may be economical to include a reflux
systemn which utilizes the incoming rich glycol in an
internal coil to cool the outlet vapor stream. Qutlet
vapor piping should be sized for minimum pressure
loss. Vapor piping should not be restricted (See Appen-
dix H.).

A.9 Siripping Gas. Stripping as may be used to obtain
higher glycol purities to meet some dehydration re-
quirement.

A.10 Glycol Losses, For a properly designed gas dehy-
dration unit during normal operation, the glycol losses
should not exceed 0.1 gallon of glycol per million stand-
ard cubic feet of gas dehydrated.
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APPENDIX B
CORROSION CONTROL GUIDELINES
GLYCOL-TYPE GAS DEHYDRATION UNITS

B.1 General

B.1.1

B.1.2

Variables affeeting Corrosion Potential.
Glycol-type gas dehydration units present
several different environments. The poten-
tial for internal corrosion of equipment in
these environments and the need for an
appreoach to corrosion control is dependent
upon many variables. Stream eompositions,
operating pressure and temperature condi-
tions, and design/fabrication details such as
metallurgy, stress, welding procedures and
heat treatment all have a part in the corro-
sion potential of a system. Since carbon steel
is the major material of construction for typ-
ical glycol-type gas dehydration units, corro-
sive environments require special considera-
tions. It is the responsibility of the purchaser
to advise the manufacturer when corrosion
control measures and other special materials
are required.

Stream Compositions. Of primary concern
is the presence of acid gases (carbon dioxide-
CQ, andf/or hydrogen sulfide-H,8) and/or
oxygen-Qy in the flow streams. Carbon diox-
ide partial pressures in the gas phase below
3 psia typically do not require corrosion con-
trol. Between 8 and 30 psia, some form of
corrosion control may be required, such as
pH control or inhibitor injection. Corrosion
resistant metals may also be needed. For
carbon dioxide (CO,) partial pressures above
30 psia, design/operational corroesion control
measures will be required. Hydrogen sulfide
(H.S) and oxygen (0,) are corrosive at very
low concentrations. In addition to corresion,
hydrogen sulfide (Ha8) can lead to sulfide
stress cracking (SSC). NACE Standard MR-
01-75 (latest edition) “Materials Require-
ment — Sulfide Stress Cracking Resistant
Metallic Materials for Qil Field Equipment”
should be used for selection of materials.

B.2 Environments, Corrosion, and Corroesion Control

B.2.1

Wet Gas. The wet gas environments are
present in the inlet gas piping and the inlet
separator (either integral with the contactor
or as a separate vessel upstream). Methods
for corrosion conirol used in other wet gas
systems are also applicable to vesselz and
piping of dehydration units. Internal coat-
ings, linings or resistant metals may be
reguired depending upon the severity of the
environment. NACE Standard RP-01-81
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(latest edition) “Recommendation Practice —
Liquid Applied Internal Linings and Coat-
ings for Oil Field Production Equipment”
presents guidelines and procedures for coat-
ing vessels.

B.2.2 Rickh {(Wet) Glycol., The rich (wet) glycol
environmenls are present in the bottom of
the contactor, rich side of the glycol/glycol
heat exchanger, rich glycol regenerator still
column. The corrosiveness of rich glycol is
dependent on many variables, especially the
amount of carbon dioxide (CO,), hydrogen
sulfide (H,S} or Oxygen (0.) dissolved in the
glycol. Glycol degradation produets, such as
organic acids, may lower the pH of the
glyeol, also leading fo a corrosive environ-
ment. Solids from glycol degradation may
collect in low flow or stagnant areas result-
ing in under-deposit type eorrosion. The se-
verity of the corrosion also will be a funetion
of the temperature, water content, and
amount of salt contamination of the rich
glyeol.

The most common method for controlling
corresion in rich glycol is “stream quality
control”; that is, control of the glycol pH
with buffers or neutralizers, and filtration to
remove solids, pH’s in the range of 1.0 to 8.0
are usually considered satisfactory. Lower
pH can be corrosive; higher pH can cause
foaming and excessive glycol losses. Internat
coatings and/or sacrificial anodes may be
required in the bottom portion of the contac-
tor if the environment is severe. Special fil-
ters, corrosion coupons, and sampling con-
nections may also be helpful.

B.2.3 Lean (Dry) Glycol. The lean (dry) glycol en-
vironments are usually considered non-
corrosive. An exception would be lean glyeol
with an exiremely low pH. In such ecases,
raising the pH should solve the problem.

B.2.4 Dry Gas. The dry gas environmenis may be
considered non-corrosive.

B.2.5 Reboiler. The reboiler environments are
usually only mildly corrosive because most
of the water and dissolved gases are boiled
off in the still eolumn. Corrosion may be a
problem in the bottom of the reboiler shell
and on the fire tube if solids drop out and
build up. Adequate filtration avoids such
problems,
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B.2.6 Still (Reflux) Column and Overhead Pip-

ing. The still (reflux) column and overhead
piping environments can be quite corrosive
anywhere water or water/glycol solutions
condense. In addition to water vapor, the

water that condenses, resuliing in a corro-
sive solution. Corrosion resistant metals may
be used to control corrosion in these problem
areas, The still column packing should be
made of a corrosion resistant material,

overhead stream contains the earbon dioxide
{CQy), hydrogen sulfide (H,8), Oxygen (0u),
and light degradation produets that boil out
of the glyeol. These materizls dissolve in any

B.2.7 Glyeol Surge Tank, The glyeol surge tank
environments contain lean glycol and thus
may be considered non-corrosive.
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APPENDIX C
GLYCOL TYPE GAS DEHYDRATION USER DESIGN INFORMATION SHEET

IMield name and Location:

Design Conditions

GAS RATE MMascfd (maximum)
MMsefd (minimum)
DESIGN PRESSURE ________ psig
DESIGN TEMPERATURE, Maximum ________ °F
DESIGN TEMPERATURE, Minimum —_____ °F
OPERATING PRESSURE psig Minimum psig Maximum
OPERATING TEMPERATURE °F Minimum °F Maximum
GAS SPECIFICGRAVITY ___ . (AIR=1.0)
INLET GAS WATER CONTENT tb/MMSCF
INLETGASDEWPOQINT ________ _°F
OUTLET GAS WATER CONTENTORDEWPOINTREQUIRED ___  |WMMSCFRor______ °RF
H.S Content PPM  CO; Content %

AVAILABLE UTILITIES (CLECTRICITY, INSTRUMENT AIR, FUEL GAS, ETC.)

SITE ELEVATION FEET ABOVE SEA LEVEL
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GLYCOL TYPE GAS DEHYDRATOR — DESIGN DATA SHEET
VENDOR DESIGN DATA SHEET
(To be completed by User and Vendor)

INLET SCRUBBER

Design pressure

Diameter x length

Misgt eliminator material and type (wire mesh/vane/filter)
Gas inlet/outlet connection — size and type

Integral with absorber (yes or no)
Weight
Manway/Inspection Opening (yes or no)
Corrosion Allowanee (ves or no)

Accessories provided:

Pressure gauge (yes or no)
Thermometer with thermowell {ves or no)
Relief (full or thermal)}
Level controller with contrel valve {ves or no)
Sight glass (yes or no)

CONTACTOR

Design pressure

Diameter x length

Tray or packing type and material
Mist eliminafor material and type (wire mesh/vane/filter)

Mist eliminator — size and material

Gas inlet/outlet connection —- size and type

Gas/glycol heat exchanger — size and type and heat transfer area
Weight

Manway/Inspection Opening (yes or no)
Corrosion Allowance (ves or no)

Accessories provided:

Pressure gauge (yes or no)
Thermometer with thermowaell (ves or no}
Relief (full or thermal)
Level controller with control valve (yes or no}
Sight glass (ves or no}
Low liquid level shutdown
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. REBOILER

Design pressure

Diameter x length
Design heat duty
Firetube area

Firetube wall thickness

Average firetube heat flux
Insulation Type/Thickness

Pressure relieving device or methad

Accessories provided:

Thermometer with thermowell {yes or no)
Temperature controller with control valve (yes or no})
High ternperature shutdown (glycol) {yes or no)
High temperature shutdown (stack) (yes or no)
Flame failure shutdown (¥es or no)
Sight glass/type (vesorna) —__ Type
Stack gas test connection (ves or no)
STILL COLUMN

Design pressure

Diameter x length

Packing type and material
Reflux ail (yes or no)
Insulation thickness and type (if used)

SURGE

Design pressure

Diameter x length

Integral with reboiler {yes or no)

Insulation thickness and type

Low glycol liquid level alarm/shutdewn (yes or no) Type

GLYCOL/GLYCOL HEAT EXCHANGER

Design heat duty
Design pressure

Heat exchanger — size, type and heat transfer area
Insulation Type/Thickness

PARTICLE FILTER

Manufacturer/Model No.
Design pressure

Maximum flow capacity

Filter element micron removal
Insultation thickness

Differential Pressure Indicator {ves or no)
Bypass valves and piping (¥es or no)

Type
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PUMP

Manufacturer/Model No,

Type (electrie; glyeol/gas powered) & speed
Spare pump {yes or no)
Flow rate

Motor type, hp, voltage, phase, speed
Pulsation Dampeners (yes or no)
Flow indicator {ves or no)

MISCELLANEOUS INFORMATION

Level Gage Glase Type

Reboiler Temperature (°F)

Glycol Purity {(weight %)

Cireulation Rate (gal/hr)

Gallons Glyeol Cireulated/lb Water Removed
Estimated Fuel Gas Usage (SCF/hr)
Estimated Stripping Gas Usage
Reconcentrator Assembly Skid (size & weight)
Instrument Tubing Material
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Additional Optional Requirements

GAS-CONDENSATE-GLYCOL SEPARATOR

Design Pressure

Diameter x length

Type (vertical/horizontal, 2-phase/3-phase)

Glycol retention time

Corrosion allowance (yes or no)

Insulation thickness and type
Accessories provided:

Pressure gauge (ves or no)
Therometer with thermowell (yes or no)
Relief (full or thermal)

Glycol level controller with control valve (yes or no)
Hydrocarbon level controller with control valve (yes or no)
Sight glasses (yes or no)
Back pressure valve {yes or no}

ACTIVATED CARBON FILTER
Manufacturer/Model No.
Design pressure
. Maximum flow capacity
Carbon replacement (bulk/cartridge element)
Insulation thickness and type

Differential Pressure Indicator {ves or no}

Bypass valves and piping {yes or no) Type
FUEL GAS SCRUBEER (yes or no})
VALVES AND CONTROLS MFG. STANDARD

Others
PILOT IGNITER (yes or no)
WINTER COIL IN INLET SCRUBRER (yes or no}
LIFTING LUGS {yes or no}
PAINTING: MFG. STANDARD
Others
HEAT EFFICIENCY OPTIONS:
A) SECONDARY AIR ADJUSTMENT {ves or no}
B} TURBULATOR {yes or no)
C) SURGE INSULATED {yes or no}

Comments:
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APPENDIX D
DEHYDRATOR SIZING

D.1 Design Conditions, The following process design
data is required for the proper sizing of 2 natural gas
dehydrator,

1, Inlet Gas Flow Rate

2. Inlet Gas Pressure

8. Inlet Gag Temperature

4. Inlet Gas Specific Gravity

B. Outlet Gas Water Content Requirement

D.2 Inlet Gas Scrubber. The scrubber diameter is
determined using both Table D.1 and Table D.3. The
allowable gas flow rates given in Table D.1 are based
on the Souders-Brown equation.

Vg = (K)[(D, — Dy} / (D)2

where:

Vg = allowable gas velocity, feet/sec

D, actual density of the liguid, pounds/feu. ft.
Dy actual density of the vapor, pounds/cu. ft.

K empirical factor, 0.12 to 0.835 for vertical
scrubbers

The maximum empirieal factor of 0.35 may be consid-
ered adequate for gas streams having frace or small
amounts of liquids. API Specification 12J should be
consulted for other empirical values relating to other
types of separators or for gas streams which may con-
tain larger amounts of free liquids.

Table D.1 was derived using a hydrocarbon liquid hav-
ing a specific gravity of 0.72 at 60°F. The values in the
table were calculated to give the allowable flow rates
{G,) in MMSCF/D-sq. ft. and are used in the following
equation which determines the required cross sectional
areg of the inlet serubber,

Ag=Gg/Gy

where:
cross sectional area of the scrubber, sq, ft.
gas flow rate, MMSCF/D
allowsable gas flow rate, MMSCF/D-sq. ft.

Using the speeific gravity of the gas and the operating
temperature, a value for the allowable flow rate (G,) is
selected from the column indicated by the operating
pressure, Values may be interpolated. The above equa-
tion is then solved for the required cross sectional area
(Ag) and this value is used in Table D.3. The column
indleating a working pressure above the operating
pressure is selected and an area greater than the
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required area (Ag) gives the diameter (Dg) of the inlet
scrubber,

Integral serubbers are usually the same diameter as the
contactor since normally a uniform diameter is most
economically constructed and the minimum diameter ig
generally governed by the allowable velocity of the gas
in the contactor,

D.3 Contactor Diameter. The contactor diameter is
determined using both Table D.2 and Table D.8. The
allowable gas flow rates given in Table D.2 are based
on the Souders-Brown equation.

Vi = (K) [(Dygg — Dg) / (D)2
where:
Ve = gllowable gas velocity, feet/sec

Dypg = sctual density of the TEG, pounds/eu. ft.

D¢ = actual density of the gas, pounds/cu, ft.

K = empirical factor, 0.16 for 24" tray spacing
0.12 for 18" tray spacing

Table D.2 was derived using a 99.1 weight percent TEG
solution having a specific gravity of 1.132 at 60°F. The
values in the table were caleulated to give the allowable
flow rates (Q,) in MMSCF/D-sq. ft. and are used in the
following equation which determines the required cross
sectional area of the contactor,

Ag=Gg/ Gy

where:

A = crogs sectional area of the contactor, sq. ff.
Gy <= gas flow rate, MMSCF/D

G, allowable gas flow rate, MMSCF/D-sq. ft.

Using the specific gravity of the gas and the operating
temperature, a value for the allowable flow rate (G,) is
selected from the celumn indicated by the operating
pressure, Values may be interpolated, The above equa-
tion ia the solved for the required cross sectional area
(Az) and this value is used in Table D.3. The column
indicating a working pressure above the operating
pressure is selected and an area greater than the
required area (Ag) gives the diameter (D) of the
contactor.

D.4 Dew Point Depression. The outlet dew point
(DPqypp) of 2 gas is obtained using Table D.4. The outlet
water content (Wgyp) required and the operating pres-
sure are used to determine the outlet dew point
{DPyy)- The dew point (DPpy) of a water saturated gas
is equivalent to the inlet temperature. The dew point
depression is caleulated as follows:

DFpgp = DPyy — DFgyy
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where:

DPppp = dew point depression, °F

DPpy = dew point of the inlet, gas, °F
DPgyyp = dew point of the outlet gas, °F

D.5 Number of Trays. The number of trays or the
height of packing may be estimated unsing Table D.5,
The dew point depression required (DPpgpp} and the
circulation ratio of the glycol to water are entered,
along with the pressure at which the contactor will he
operating, to give the number of trays or the feet of
packing required.

D.6 Glycol Circulation Rate. The inlet gas water con-
tent is taken from Table D.4 corvesponding to the inlet
gas temperature and pressure. The water removal rate
is determined using the following equation.

Wy = [(Wyy — Woyp) (Gg)}/ 24

where:

Wg = water removed, Ib water/hour

Wiy = water content of the inlet gas, b water/
MMSCF

Waour = waler content of the outlet gas, 1b water/
MMSCF

Gg = gas flow rate, MMSCF/D

The glycol rate is obtained by using the ratio of glycol
to water removed (Lyy) times the water removal rate
(Wp).

L = (Lyy) (Wg)
where:
L = glycol eirculation rate, gallons/hour

Ly = glycol/water ratio, gallons of glyecl/pound
water removed

Wg = water removed, 1b water/hour

D.7 Glycol Circulating Pump. The required size of
the glycol circulating pump can be determined using
the glyeol circulation rate and the design pressure of
the contactor.

Both gas powered and electric driven pumps are used
for glycol and the manufacturers of these pumps should
be consulted for exaet sizing to meet the specific needs
of the glycol dehydrator.

D.8 Gas-Condensate-Glycol Separator. The flash sepa-
rator is sized based on 2 liquid retention time.

V¥ =(L) (T)/60
where;

v = the required settling volume in the separa-
tor, gallons

COPYRI GHT 2000 Anerican PetroleumlInstitute
I nformati on Handling Services, 2000

o
I

glyeol ecirculation rate, gallons/hour

-3
il

retention time, minutes
= 6 minutes for two phase
=10 to 80 minutes for three phase

Typical sizes and settling volumes are given in Table
D.6 and Table D.7.

D.9 Reconcentrator. The required heat load for the
rebailer can be estimated using the following equation:

Qg = (1} {(Qg)

where:

Qp = the required reboiler heat duty, BTU/hr

L = the glycol cireulation rate, gallons/hour

Qq = the heat duty for each gallen circulated,
BTU/gallon

Calculated values for Q, are given in Table D.8 for the
typical lean glycol to water removed ratios and the con-
tactor temperatures.

The calculated heat duty is then used with Table D.9 to
select a nominal unit in excess of the heat duty
required.

D.10 Piping. Pump suetion piping should be kept short
with a minimum of ells and fittings. The pump suction
is to be supplied with a bhlock valve and strainer, The
suction piping should be one to two times larger than
the suction connection of the pump. Use of eccentric
reducers on the pump inlet with the flat side up is
required. Suetion headers should have the same velocity
as the individual pump suction lines. Pulsation damp-
eners should be considered for use with reciprocating
pumps.

The disecharge shall be supplied with a check valve and
block valve,

The following are maximum flow velocities recom-
mended for reciproeating pump piping:

RPM of Pump Suction Velocity Discharge Velocity

260 max, 2 ft/sec 6 ft/sec
830 max, 1} ft/see 4% ftfsec
over 330 1 ft/sec 3 ft/sec

D.11 Tubing. It is recommended that the following
tubing sizes he used in the instrumentation of a field
dehydration unit:

Individual Instrument Lines ¥~
Laterals o
Headers g

D2 Additional Information. The following texts are
given for the user to consult should the composition of
the inlet gas contain an exceptional amount of acid gas
or the design conditions are outside the ranges given in
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this specification. Also, the texts contain additional 5. Handhook of Natural Gas Engineering, by Donald L.

design criteria and procedures which are not presented Katz, McGraw-Hill Book Company, Ine,

in this specification:

1. Gas Purification, Fourth Edition, by Author L. Kohl 6. Natural Gas Production Engineering, by Chi U.
and Fred C. Riesenfeld, Gulf Publishing Company. Tkoku, John Wiley & Sons.

2, Gas Conditioning Faet Book, by the Dow Chemical
Company.

7. Field Handling of Natural Gas, published by Petro-
leum Extension Service, The University of Texas at
8, Engineering Data Book, by the Gas Processors Austin, Austin, Texas,
Suppliers Association, Tenth Edition, 1987.

4. Gas Conditioning and Processing, by Dr. John M. 8. Plant Processing of Natural Gas, issued by Petro-
Campbell, Copyrighted 1976, Campbell Petroleum leum Extension Service, The University of Texas at
Series. Austin, Austin, Texas.

TABLE D.1
SCRUBBER RECOMMENDED MAXIMUM GAS FLOW RATES
(MMSCF/D-8Q. FT.)

OPERATING PRESSURE, PSIG
SP. GR. TEMP °F 600 700 800 1200

0.6 6.28 6.79 7.28 8.96
6.18 6.68 7.15 7.60 X § 8.79
6.08 - 6.57 7.08 7.47 R . 8.63
5.99 6.47 6.92 7.34 . 848
5.90 6.87 6.81 7.23 . 8.34
5.82 6.28 6.71 .12 . 8.20
5738 6.19 6.61 7.01 . 8.07

5.90 6.41 6.88 7.383 8.66
5.80 6.29 6,76 7.19 . 8.87
5.70 6.18 6.63 7.06 7.45 . 8.19
561 6.08 6.51 6,92 7.31 R 8.03
5.62 5.98 6.40 6.80 7.18 . 7.88
5.44 5.88 6.30 6.69 7.06 . 7.78
5.36 5.79 6.20 6.68 6.94 7.60

6.16 6.64 7.11 7.56 8.40

553 6.02 6.49 6.4 7.87 . 8.16

4.93 5.43 5.1 6.36 6.79 7.20 7.95
4.85 5.84 5.79 6.23 6.64 7.04 7.76
4.77 5.24 5.69 6.11 6.51 6.89 . 7.69
4,69 5.16 5.59 6.00 6.39 6.75 743
4.62 5.07 5.50 5.89 6.27 6.62 7.28

4.36 4.93 549 6.04 6.68 7.13 7.66 8.64
427 4.83 5.36 5.88 6.39 6.89 7.38 8.22
4.20 4.74 5.25 6.74 6.22 6,69 7.14 7.66 7.94
413 4.65 514 5.62 6.07 6.51 6.93 7.38 7.70
4,06 4.57 5.06 5.60 5.98 6.36 6.75 7.18 7.48
8.99 4.49 4.95 6.39 5.81 6.21 6.59 6.956 7.28
120 3.93 4.42 487 5.29 5.69 6.07 6.44 6.78 7.10

NOTE: The above values are obtained using a K = 0.36 empirical factor which is adequate for scrubbers handling trace or small
amounts of liquids.

COPYRI GHT 2000 Anmerican PetroleumlInstitute
I nformati on Handling Services, 2000



API SPECxl26DU 90 EE 0732290 0092803 &4 W

Spee 12GDU: Glycol-Type Gas Dehydration Units 29

TABLE D.2
CONTACTOR RECOMMENDED MAXIMUM GAS FLLOW RATES
(MMSCF/D-8Q. FT.}

OPERATING PRESSURE, PSIG

SP.GR. TEMP°F 400 500 600 700 800 900 1000 1100 1200
0.6 60 2.956 3.30 3.63 3.94 4.22 4,49 4,75 5.00 5.24
70 21 3.26 3,58 3.88 4.16 4.42 4.68 4.92 5.16

80 2.87 3.22 3.53 3.82 4.10 4,36 4.60 4.84 5.06

90 2.84 317 3.48 377 4.04 4.2% 4,63 4.76 4.98

160 2.80 3.13 3.43 3.71 3.98 4.23 4.46 4.69 4.90

110 277 8.09 3.39 3.66 3.92 4.16 4.40 4.62 483

120 2173 3.056 3.34 3.61 3.87 4.11 4.33 - 4.5B 4.75

0.7 60 2.76 3.10 342 3.72 4.01 4.28 464 4.79 5.04
70 272 3.06 3.37 3.66 3.93 4.20 4.45 4.70 4.93

80 2.69 3.01 3.32 3.60 3.87 4.13 4.37 4.61 4.83

90 2.65 297 3.27 3.64 381 4.06 4.29 4.52 474

100 261 2.93 3.22 3.49 3.76 3.99 4.22 4,44 4,65

110 2.68 2.89 3.17 3.44 3.69 3.93 4.15 4.37 4.67

120 2.55 2,85 3.13 3.329 3.63 3.87 4.09 4.29 4.50

0.8 60 2.62 2.96 3.28 8.68 8.88 4.17 4.48 4.78 4.99
70 2.68 2.91 3.22 3.561 3.80 4.08 4.34 4.60 4.85

80 2.54 2.87 3.17 3.45 3.78 3.99 4.25 4.49 4.73

90 2.61 2.82 3.11 3.39 8.65 391 4.15 4.39 4.62

100 247 2.718 3.08 3.33 8.69 3.83 4.07 4.30 4,561

110 244 2.74 3.02 3.28 3.63 3.76 3.99 421 4.42

120 241 2.7¢ 2.97 3.28 3.47 3.70 3.92 4.18 4.33

0.9 G0 2.62 2.86 3.20 3.58 3.87 4.22 4.67 4,90 5.18
70 248 2.81 3.13 3.4 3.7¢ 4.08 4.39 4.69 4.97

80 244 2,76 3.07 8.37 3.66 3.96 4.26 4.53 4.79

20 240 2.7 3.0l 3.30 3.68 3.85 412 4.3% 4.63

100 2.36 2.67 2.95 3.23 3.56 3.76 4,01 4.26 4.49

110 233 2.62 2.90 3.17 3.43 3.68 3.92 4.16 4.37

120 2.29 2,58 2.86 3.11 3.36 3.60 3.83 4.05 4.26

NOTE: The above values were obtained using a K = 0.16 empirieal factor.

TABLED.3
VESSEL CROSS SECTIONAL AREA
(SQUARE FEET)
WORKING PRESSURE, PSIG

OUTSIDE

DIA.INCHES 720 1000 1200 1440
6% 0.20 0.20 0.20 0.20
8% 0.36 0.35 0.33 0.32
10% 0.56 0.62 0.62 0.50
12% 0.79 .75 0.71 0.7
14 0.94 .90 0.85 0.86
16 1.28 1.18 112 1.06
18 1.58 1.48 142 1.34
20 1.98 1,84 175 1.66
24 2.79 2.656 2.54 2.40
a0 4.61 4,85 4.24 4.12
36 6.49 6.26 6.12 5.98
42 8.84 8.566 8.35 8.14
48 11.54 11,17 10.92 10.62
654 14.61 14.12 13.84 13.43
60 18.03 17.49 17.03 16.567
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TABLE D.4
WATER CONTENT OF NATURAL GAS
(POUNDS OF WATER PER MMSCF)

OPERATING PRESSURE, PSIG OPERATING PRESSURE, PSIG
400 600 600 700 800 900 1000 1100 1200 400 500 600 700 800 900 1000
TEMP °F TEMPF °F

b.6 36 34 2338 469 384 338 206 269 247 230

5.8 . . X . 3.6 475 897 844 306 27.7 265 237

6.1 . . ' . . 37 49.1 410 856 31,6 286 263 246

6.3 E . . ; . §0.7 428 3867 826 296 272 252

6.6 k . . . X § 6524 43.7 37.9 33.7 80.6 2B8.0 26.0

6.8 R . . . . X 54.1 461 391 348 315 289 269

7.1 X . . : . . 659 46.6 404 359 326 298 277

677 48.1 41.7 387.0 335 308 284

596 49.7 43.0 382 346 31.8 295

615 513 444 394 357 327 304

635 52.9 458 40.7 368 338 313

66.6 54.6 47.2 419 3879 348 3823

676 568 487 438 391 3569 333

69.8 58.1 60.2 44.6 408 370 3843

720 600 518 46.0 416 881 354

743 618 B35 474 429 393 364

766 638 551 489 442 405 37.6

790 658 568 504 455 417 387

815 678 536 519 469 43.0 399

840 699 604 585 483 443 411

867 721 622 b52 498 456 423

89,3 743 641 56.8 b51.8 47.0 4356

92,1 766 66.1 685 628 484 448

949 789 681 60.3 544 498 462

. 978 81.3 70.1 621 b56.1 618 476

9.1 - . 1008 838 722 64.0 57.7 628 48.9

. 9.4 . . 103.9 86.3 744 659 594 bB44 503

104 97 . . 107.0 889 766 67.8 612 656.0 bHLS8

107 10,0 § . 1102 915 78.9 698 63.0 6576 b53.3

. : 0 111 104 . 1136 9483 812 719 648 bB59.8 549

17.6 . .5 116 108 X 1169 97.0 838 740 667 610 564

18.1 } . 11.9 111 1204 999 861 762 686 62.8 581

18.8 . 4 123 115 1240 1029 8386 784 706 64.6 5O

19.4 . 8 128 119 127.6 1059 912 806 727 664 614

20.1 X 3 132 123 181.4 1090 939 830 748 683 632

209 182 i 8 137 128 120 1858 1122 96.6 8564 769 703 65,0

21.6 188 141 132 124 139.2 1164 994 878 791 723 668

224 196 9 146 13.7 128 122 143,3 1188 1022 903 813 743 687

23.2 202 180 4 151 14,1 133 126 147.4 1222 105.1 929 836 764 70.6

24.0 209 187 0 167 146 1397 13.0 1517 125.7 1081 955 86.0 78.6 726

248 216 193 b5 162 151 142 134 156.0 129,3 1112 982 8384 80.7 746

26,7 224 200 1 167 166 147 189 109 160.5 133.0 1144 1010 90.9 83.0 76,7

26.6 23.1 206 8 173 161 151 148 110 1651 1367 1176 108.8 934 853 788

275 239 213 179 167 157 148 111 1698 1406 1209 106.7 96.0 877 810

28.5 24.7 221 185 17.2 162 158 112 1746 144.6 124.3 109.7 98.7 90.1 83.2

294 266 228 7 19,1 17.8 167 168 118 1795 14868 127.8 112.7 1014 92.6 854
804 26,6 236 4 199 184 172 163 114 1846 162.8 181.3 1169 1042 956.1 B87.8 ;
816 273 244 1 204 190 178 16.8 116 157.0 185.0 1191 107.1 97.7 90.2 78.8
32.5 288 252 21.0 196 184 174 116 1951 161.4 138.7 122.3 110.0 100.3 92.8 80.9
336 292 26.0 217 202 190 18.0 117 2005 1659 142,56 126.7 113.0 103.1 95.1 6 831
34.8 302 269 4 225 209 196 185 118  206.0 1704 1464 129.1 116.0 105.8 97.6 9 86.3
.0 86,0 312 278 2 232 216 202 191 119 2117 1751 1504 1326 119.2 108.7 100.83 933 B7.6
444 372 322 287 260 289 9228 209 197 120 2176 179.9 1545 136.2 1224 1116 1029 95.8 89.9

NOTE: The above values are based on Bukacek, R. F., (Equilibrium Moisture Content of Natural Gases), Research Bulletin No. 8, Institute of Gas
Tachnology, Chicago, Illinois 1965.
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REQUIRED FOR DEW POINT DEPRESSION

TABLE D.5

ACTUAL TRAYS OR FEET OF PACKING

RATIO

L, (gal/tb.)

°F

DEW POINT
TEG/WATER DEPRESSION

400

500

600

OPERATING PRESSURE, PSIG
1000

700

800

900

1100

1200

2

90
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NOTE: (1) This table is bazed on 33Y,% tray efficiency or three (3) feet of packing per theoretical tray required.
{2) The abave values were obtained using an outlet gas dew point at 7 pounds of water per MMSCF, a lean glycol sclution concen-
tration of 99.1 weight percent, a 400°F rehoiler temperature, and at an elevation of 1200 foet.
{3) Greafter dew point depressions or parameters different from those given above require additional design considerations.
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TABLE D.6
TYPICAL VERTICAL TWO PHASE GLYCOL
FLASH SEPARATOR SIZES

TABLE D.7
TYPICAL HORIZONTAL THREE PHASE
GLYCOLFLASH SEPARATOR SIZES

Diameter Length Settling Volume, gallons

12" x4-0" 8.2
16" x4 -0 13.6
20" x4 -0" 22.3
24" x4 -0" 33,6

NOTE: Settling volume is based on level being 1' - 0" ahove
bottom head seam.

TABLE D.8
EMPIRICAL FACTORS FOR THE
REBOILER HEAT DUTY
{BTU/gallon of lean glycol circulated)

Glycol/Water Ratio
Contactor (gallons of glycol/lb. of water)
Temperature, °F 2 3 4

60 1770 1470 1320
80 1640 1340 1200
100 1510 1220 1070
120 1370 1080 940

NOTE; The above calculated values are based on 99.1 weight
percent lean glycol, 400 °F reboiler temperature, 10
percent aimospheric heat loss, and a lean glycol from
the heat exchanger of 200 °F.
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Settling Volume, gallons
1% Dia. #Dia

24" x 3 -¢" 39.8 56.0
24" x5 -0 56.2 799
30" x6 -0 90.1 1288
36" x5 -0" 132.6 188.9
3¢” x7-6" 196.9 279.9

NOTE: The settling volume is based on the vertical spill over
baffle being 6” from the outlet end head seam,

Diameter Length

TABLE D.9
TYPICAL REBOILER SIZES

Required Firetube Surface Ares, sq. ff,
Nominal Rating 6,000 8,000 10,000
BTU/hr BTU/hr-sq. ft. BTU/hr-sq. ft. BTU/hr-sq. ft.

75.000 12,6 9.4 7.5
125,000 20.8 15.6 12.5
175,000 29.2 21.9 17.56
260,000 41.7 31.3 26.0
350,000 58.3 43.8 36.0
500,000 83.3 62.5 50.0
750,000 125.0 93.8 76.0
850,000 141.7 106.3 85.0

1,000,000 166.7 1256.0 100.0

Efficiencies!™®
Percent T8-80% 73-76% 68-72%

NOTES: (1) The above calculated efficiencies are based on 0 %
excess air and no fouling factors applied. Inclusion of
these factors will eause a reduction in the overall
efficiencies as given above,

{2) Reference: McAdams, W. H., "Heat Transmission,”
Third Edition, McGraw-Hill Book Co., Inc., 1954,
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APPENDIX E
EXAMPLE CALCULATIONS

Size a glycol dehydrator for a field installation from the
typical sizes given in Appendix D to meet the following
requirements;

1. Gas flow rate: 10.0 MMSCFD

2. Gas specific gravity; 0.7 (air=1)

3. Operating line pressure; 1000 psig

4, Maximum working pressure of contactor: 1440
psig

5. Gas inlet temperature: 100 °F

6. Outlet gas water content: 7 1b water/MMSCF

Select additional design criteria.

1. Glyeol to water circulation rate: 3.0 gal. TEG/lb
water

2. Lean glycol concentration: 99.1 % by weight TEG
3. Reboiler Temperature; 400°F.

4. Lean Glycol from Heat Exchanger: 200°F.

5. Heat Flux: 10,000 BTU/Hr-sq. ft.

6. Use a trayed type contactor.

7. Use 30 minutes retention time for a three phase
horizontal flash separator.

Inlet Scrubber Size: The allowable gas flow rate is
obtained from Table D.1 using the specific gravity,
temperature and pressure of the gas. This value is
divided into the standard gas flow rate to calculate the
required cross sectional area of the scrubber.

Ag  =(10.0) / (7.18)
= 1.39 sq. ft.

Using a working pressure of 1440 psig and a required
cross sectional area of 1,39 sq. ft., Table D.3 gives a
serubber diameter of 20 inches,

Contactor Diameter: The allowable gas flow rate is
obtained from Table D.2 using the specific gravity,
temperature and pressure of the gas. This value is
divided into the standard gas flow rate to caleulate the
required cross sectional area of the contactor.

Ap =(10.0) f (4.22)
= 2.87 sq. ft,

Using a working pressure of 1440 psig and a required
cross sectional area of 2.37 sq. ft., Table D.3 gives a
contactor diameter of 24 inches.

Dew Point Depression; The dew point of the outlet gas
is determined using Table D.4. At the operating pres-
sure and a 7 b water/MMSCF water content, the dew
point is read to he 32°F. Assuming a saturated inlet
gas, the dew poini depression is given by the following;

DPpge = 100°F - 32°F
= 68°F
Number of Trays Required: From Table D.5 at 8 gal

TEG/Ib. of water and 68°F dewpoint depression, the
actual number of trays required would be 5.
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Glyeol Cireulation Rate: Table D.4 is used to deter-
mine the inlet water content at saturation. At the oper-

ating pressure and temperature, the inlet water is read
to be 60 lbs./MMSCF,

The water removal rate from the inlet gas is deter-
mined by using the inlet and outlet water contents
aleng with the gas rate.

Wy = (10.0) (60-7)/24
= 22.1 pounds of water/hr

The circulation rate of the lean TEG solution is caleu-
lated using the water removal rate and the ratio of lean
glycol to water removed.

L = (22.1) (3}
= 66.3 gallons of lean solution/hr

Glycol Circulation Pump: The manufacturer of the
pump should be consulted for the exact sizing to meet
the specific requirements of the glycol dehydrator.

Glyeol Flash Separator: The retention volume required
is calculated using the retention time and the circula-
tion rate of the glycol.

V  =1(66.3) (30) / 60
= 33.2 gallons

Typical sizes of Glycol Flash Separators are given in
Table D.6 and Table D.7.

Reconcentrator: Determination of the reboiler heat
load is made by using the lean glycol cireulation rate
and the reboiler heat duty factors given in Table D.8.

Qp = (66.8) (1220)
= 80,886 BTU/hr heat duty

Typical sizes of the Reconcentrators are given in Table
D.9. Also, the firetube surface area for the various heat
fluxes are contained in Table D.9,

Standard Size Unit Required:
Summary of Requirements:

Inlet Scrubber: 20 0.D. separate or 24" Q.D. inte-
gral serubber

Glycol-Gas Contactor: 24" 0,D. with b trays, 1440
psig W. P,

Glycol Pump: 66.3 gallons/hr
Reboiler; 80,886 BTU/hr
Standard Size Unit:

Inlet Scrubber: 20" Q.D. separate scrubber
24" 0.D, integral serubber

Contactor: 24" 0.D., 1440 psig W.P. with 5 trays
Flash Separator: 24" x 8'-6"

Glycel Reconcentrator: 125,000 BTU/hr reboiler
12.5 sq. ft. minimum
surface area
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APPENDIX F
STRUCTURAL DESIGN GUIDELINES

F.1 Saddles. The saddles for cylindrical shells should

be designed in such a manner that excessive stresses

are not induced in the shell. Some useful guidelines and
references may be found in Section VIII, Division 1, of
the ASME Boiler and Pressure Vessel Code. No more
than two saddles should be used on a eylindrical shell.
Caution is advised when angle legs are used to support
the shell, because they may over stress the shell. The
gaddles or legs shall be adequate to sapport the vessel
under normal operating conditions.

F.2 Skids. The skids should be designed to support
150% of the dry weight of the entire assembly with the
skid supported at its ends and the deflection should he
limited to 1,/400, where L is the length of the skid. It
should also support the assembly under normal operat-
ing conditions, The user should inform the manufae-
turer how the skid will be transported, unloaded, and
supported under normal operating conditions,

F.3 Lifting Lugs. Vessels that are furnished with insu-
lation shall also be furnished with two lift lugs unless
lifting lugs are furnished on skid mounted units. Each
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lug should be designed for 75% of the empty weight of
the entire assembly. A maximum lift angle of 80° with
the vertical shall be assumed. The effect of the lugs on
the sheli should be investigated and reinforcement
should be provided if required. The lugs should be
designed for double shear tear-out and tensjon on the
net section at the pin hole. The lifting lugs on skid-
mounted assemblies if furnished, should be designed as
above, except that each lug should be designed for 50%
of the empty weight of the entire assembly. Many
manufacturers attach lift lugs to various components of
the assembly that are intended for lifting that compo-
nent only; however, they may not be suitable for lifting
the total assembly.

F.4 Stacks, Wind forces on the stack can cause a
moment on the cover plate which should be considered

in the design.

F.5 Firetube. The firetube becomes buoyant when
immersed in a reboiler bath and must be restrained
from floating.




APT SPECx12G6DU 90 m U?BEE’ID 00928049 9 mm

Spec 12GDU: Glycol-Type Gas Dehydration Units 35

APPENDIX G
COMBUSTION EFFICIENCY

G.1 General. Proper operation of any dehydrator
depends on efficient burner performance and adequate
firetube design and is commonly expressed as combus-
tion efficiency. Good burner performance depends on
proper adjustment of fuel gas pressure, primary and
secondary air and the gas orifice size. Good firetube
design depends on heat flux, heat density, temperature
and firing,

G.2 Efficiency. Dehydrator performance can be easily
determined by an analysis and temperature of the flue
gas taken from the base of the stack. Fig. G.1 is a con-
venient chart for estimating combustion efficiency in a
dehydrator based on residual oxygen (0s) content and
exit temperature of the stark gas, employing a
methane-rich fuel gas with a high {or gross) heating
value (HHV) of approximately 1050 BTU/SCF. This
chart assumes the residual level of combustibles in the
flue gas is below 0.1% which is the maximum level for
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safe and efficient operation. While this chart is limited
to natural gas, there is no intent to preclude other fuels.

G.3 Example Caleulation. Determine estimated fuel
consumption for a dehydrator with a firetube rating of
250,000 BTU/hr fueled with natural gas of 1050
BTU/SCF heating value (HHV), operating with flue
gas of 4 volume % residual oxygen and 900°F stack gas
temperature.

From Fig. G.1 read the following:

a. 4 volume % oxygen in flue gas corresponds to
approximately 22.56% excess air for combustion.

b. Combustion efficiency =69% for 1050 BTU/zcf fuel gas,
Estimated fuel gas consumption;

250,000 BTU/hr
0.69 eff, x 1050 BTU/scf

Fuel, SCFH =

= 3456 SCFH
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FIG.G.1
APPROXIMATE COMBUSTION EFFICIENCY
OF NATURAL GAS (1050 BTU/SCF.HHV)
GLYCOL TYPE GAS DEHYDRATION UNIT
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APPENDIX H
INSTALLATION, START-UP, OPERATION AND MAINTENANCE

H.1 Installation. Al equipment must be installed on
an adequate foundation. The equipment should he as
level as pessible for the most efficient operation.

All items shipped loose should be installed on the unit.
This may include the stack, still column, piping between
the regenerator and contactor, and the vent line from
the still column. Normally the still eclumn vapors are
vented directly to the atmosphere. Vent piping should
be kept to 2 minimum. It should be remembered that
these vapors contain combustible hydrocarbons, corro-
sive components, and water which may condense and
freeze. Therefore, consideration must be given to the
location and manner in which these vapors are vented,
piped, drained, ete. After the unit has been completely
assembled, all screwed and bolted connections should
be checked for tightness.

H.2 Start-Up. The unit should be inspeeted before
start-up to make certain that all valves are closed and
all regulators are backed off. All relief valves and criti-
cal shutdown devices should be operational. Admit
supply gas to the system and open isolation valves
under all pressure gauges.

The contactor should be purged with natural gas to
eliminate air. It then should be brought up to line pres-
sure and checked for leaks. Maintain the contactor
pressure, but do not flow gas at this point. The flash
tanks and piping should also be purged to eliminate air.

Open the cocks on the glycol surge tank level gauge and
the valve in the line between the surge tank and the
glycol/glycol heat exchanger. Fill the reboiler with
glycol until the level comes about half way up in the
surge tank gauge. Allow approximately 25% of the
surge tank for thermal expansion of the glycol. Set all
regulators in aecordance with manufacturer’s recom-
mendations.

The glycol circulation, including the return to the
rehoiler from the contactor, should he fully established
prior to ignition of the main burner.

Light the pilot light and main burner as recommended
by the manufacturer. Heat the glycol until it reaches
890°F and set the temperature controller. Continue
heating the glycol until it reaches 400°F and set the
high temperature shutdewn. These temperatures are
typical; however, some manufacturers and operators
prefer somewhat different temperatures. Operating
conditions can also sometimes require different operat-
ing temperatures. It is highly recommended that the
glycol never be heated above 400°F because it starts
decomposing at 405°F,

Fhe glycol level in the surge tank should be brought to
normal after ecirculation has been established. All
gauge cocks should be open and level eontrols set at this
time.
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Gas flow may now be started through the contactor.
The flow rate should be increased slowly to prevent los-
ing liquid seals and damage to the trays.

The unit is now ready for final adjustments. This
includes checking the reboiler temperature setting, eir-
culation rate, burner adjustment, valve function, level
controller function, and glycol level in the sure tank. It
is very important to make sure that steam is coming
out of the vapor outlet of the still column, The circu-
lation rate should be in accordance with the manufac-
turer's recormnmendations.

H.8 Operation. Routine operation of gas dehydration
units primarily involves periodie visits to determine if
everything is operating properly. As a minimum, the
following items should be checked:

a. inlet gas temperature and flow rate
b. contactor pressure

¢. rehoiler temperature

d. pump operation

e. steam from still column

f. level of glycol in surge tank

g. burner flame pattern and firetube appearance.

It is necessary to periodically add glycol to the surge
tank because a certain amount of glycol loss is normal.
Other than that, the units are designed for unattended
operation as long as everything is funetioning properly.
If the unit is designed for manual dumping of distillate
from the reboiler and/or the glycol flash separator, it
will be necessary to check these levels during the peri-
odie visits.

There are numerous operating problems that can be
encountered with these units, Some of the most common
wilt be discussed here.

Two factors which greatly affect the ability of a unit te
dehydrate gas are gas pressure and temperature. Small
changes from design in these variables can have a large
effect on the water content of the gas. Gas flow rate has
a somewhat smaller effect on equipment performance.
The manufgeturer should be consulted for turndown
capability.

Cold outside air temperatures can render a unit inoper-
able. It can freeze instruments and controls, and ean
cause hydrates to form in scrubbers, If 4 unit is located
in an area where this is a problem, precautions should
be taken. Examples are heating coils in serubbers,
heating jackets on liquid discharge lines, eold weather
shrouds on glycol/glycol heat exchangers, and housing
the entire regenarator.
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Proper operation of 2 unit depends on the cleanliness of
the gas being processed. Many times, it i3 necessary to
install a coalescing filter separator immediately ahead
of the unit. This will remove compressor iube oil fog,
small solids, distillate, salt, ete. These impurities can
plug equipment, coat packing, render the glycol less
effective, and coal the firetube which will cause it to
burn out. Plugging in the still column or vent line can
ezuse pressure to build up in the reboiler and surge
tank. This pressure should be checked periodically.
Caution should be used when opening conneetions: for
example, to add glycol.

There are ways of removing distillate once it gets into
the regeneration system. The surge tank may have a
skimmer valve on it by which the distillate can bhe
manually drained. If the glycol flash separator is
designed as a three phase vessel, distillate may also be
remoaved from the system at this peint.
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H.4 Maintenance, It is necessary to check the pH of
the glycol periodicaily. It should be a neutral solution.
Values that vary from neutral ean lessen the ability of
the glycol to absorb water, and may cause foaming or
eorrosion,

The elements in all filters (coaleseing, charcoal, sock,
regulators, ete.) need to be checked periodically and
replaced as necessary,

Pumps require routine maintenanee and overhauling.
Pump manufacturer's recommendations should be
followed.

Dehydration units may become plugged and packing
may get a coating buildup. When this happens, it is
necessary that the system be thoroughly cleaned.
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APPENDIX I
USE OF API MONOGRAM*

1.1 Nameplates. Manufacturers of glyeol type dehy-
dration units furnished to this specification shall iden-
tify each of the following components with a separate
corrosion resistant nameplate.

L.1.1 Reboiler

1.1.2 Contactor

1.1.3 Inlet Scrubber (if not integral with contactor)
I.1.4 Gas-Condensate-Glycol Separator (if furnished)

I.1.6 Giycol/Glycol and Gas/Glycol Heat Exchanger
(if not identified by the respective manu-
facturer)

L.1.6 Glycol Pump (if not identified by the respec-
tive manufacturer)

1.2 Reboiler. A nameplate shall be attached to the fire-
tube flange end of the reboiler above the flame cell
opposite the stack and shall bear the following in-
formation:

1.2,1 API monogram

12,2 Manufacturer's name

1.2.3 Manufacturer’s serial number
I.2.4 Year built

1.2.5 Weight empty, lbs

L.2.6 Firetube rating, BTU/hr at BTU/hr/ft2

L2.7 Firetube area, sq. ft.
1.2.8 Shell sizes, 0.D,, in. x length, feet
1.2.9 Design Pressure, psig

1.2.10 Additional markings such as firebox diame-
ter, length, thickness, material; turbulators
installed; still column material desired by the
manufacturer or reguested by the purchaser
are not prohibited.

1.8 Contactor, A nameplate shall be attached to the
side of the vessel at about eye level {5 to 6 ft above skid
level if practical) and shall contain the information
required by the ASME Code plus:

L.8.1 API monogram

1.8.2 Number of trays (for tray tower)

1.3.3 Tray spacing (for tray tower)

1.3.4 Type of packing (for packed contactor)
1.3.56 Height of packing (for packed contactor)
1.3.6 Type of mist extractor

I.4 Inlef Scrubber. A nameplate shall be attached to
the side of the vesse! at about eye level and shall con-
tain the information required by the ASME Code plus:
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1.4.1 API monogram
1.4.2 Type of mist extractor

1.6 Gas-Condensate-Glycol Separator. A nameplate
ghall be attached to the side of the vessel at about eye
level and shall contain the information required by the
ASME Code plus:

L1.5.1 API monogram
£5.2 Type of mist extractor (if applicable)

1.8 Glycol/Glyecol and Gas/Glycol Heat Exchanger.,
A nameplate shall be attached to each component and
shall contain the information required by the ASME
Code (if applicable) and the following information:

1.6.1 Manufacturer’s name

1.6.2 Manufacturer’s serial number
1.6.3 Year built

1.6.4 Design Pressure, psig

1.8.6 Design Temperature, °F

I1.6.6 Either type or model number that can be
traced to the heat exchanger manufacturer's
engineering data or it shall include enough
information so that heat transfer caleulations
can be made.

1.7 Glyeol Pump. The glyeol pump shall have a name-
plate attached in a visible location with the following
information:

1.7.1 Manufacturer’s name
1.7.2 Manufacturer's serial number

1.7.8 Manufacturer’s model number or type that
may be traced to the pump manufacturer's
engineering data or it shall include enough
information to allow caleulations to be made
for glycol rate.

1.8 Valves and Controls. It is the manufacturer's
responsibility to assure that valves and controls neces-
sary to the operation of the unit have proper identifica-
tion markings so that traceability to a manufacturer
can be accomplished for future information.

19 ASME Code Marking, ASME componenis fur-
nished to this specification shall have a nameplate
affixed to the vessel as required by the latest edition of
the ASME Code, In lieu of separate API nameplate and
at the discrefion of the manufacturer, the information
required by Appendix I may be included on the ASME
Code nameplate below the Code required markings.

L10 Stamping. Stamping directly on the vessel shell
may be injurious to the vessel and should be avoided.

*API Licensees only. Contact API for information on
licensing.
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