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SECTION I

GENERAL INFORMATION




DISCHARGE PLAN
MONUMENT PLANT

SECTION I - GENERAL INFORMATION

ZNTRODUCTION

The Following is presented as the Monument Plant Discharge
Plan and is in accordance with part 3-100 of the State of
New Mexico Water Quality Control Commission Regulations.

This Plan provides information regarding any potential
discharges onto or below the surface of the ground.




SECTION I GENERAL INFORMATION (Continued)

SUMMARY OF WASTEWATER DISPOSAL METHODS

—Location
36-T19S, R36E
and

1-T20S, R36E
Lea County, NM

(1)

(2)

(3)

(4)

(5)

MONUMENT GAS PROCESSING PLANT

Wastewater Dispogal Methods*

Evaporation Pond (Approved
9/13/77 by the New Mexico
0il Conservation Commission)

Rice Engineering Injection
Well (By Continuing Con-
Tract) **

Brine Pond (Approved by
NMOCD-Final Construction
Modification Specifications
of 9/2/83)

Evaporation Area for
Reverse Osmosis Reject
Water. (1989 Project)

Monument SWD Well -
Admin. Order SWD-561**%*

*Section XIII of this Plan further describes the disposal of
waste materials generated at the Monument Plant.

**In the event of any shutdown of the Rice Engineering

injection well,

the evaporation pond would be used. The

evaporation pond is lined and has a reserve time of
approximately thirty days.
day period, should the Rice well still be shut down, the
effluent would be hauled to another approved disposal
well. The location of an alternate well will take place
in advance of the actual need for the disposal site. All
information involved in a shutdown for the Rice well will
be used to determine an alternate disposal site.

Nearing the end of the thirty-

***UJpon completion of this SWD primary'disposal will be
accomplished through the Monument SWD with Rice serving

as a backup.
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PLANT LOCATIONS

SEC. 36, T-19-S, R-36-E and

SEC. 1,

APPROX. EL. 3585*
APPROX. LAT. 32°35'40" N
APPROX. LONG 103°15' 44" w

T-ZO'S R-36~-E

Warren Petroleum Company

A Division of Chevron U.S.A. Inc.

SCALE

DATE

!'__4 Rt

S anon

MONUMENT
PLANT NO.118
LEA CO. N.M.
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SECTION II

ORIGINAL DISCHARGE PLAN FOR MONUMENT
GAS PROCESSING PLANT

JULY 28, 1981




Warren Peiroleum Company

MANUFACTURING DEPARTMENT

" : July 28, 1981 P. ©. Box 1589

Tuisa, Okishoma 74102

State of New Mexico

Energy and Minerals Department
0il Conservation Division

P. O. Box 2088

State Land Cffice Building
Santa Fe, New Mexico 87501

Attention: Mr. Joe D. Ramey,
Division Director

Re: Discharge Plans
Monument Plant

Dear Mr. Ramey:

Warren Petroleum Company, a division of Gulf 0il Corporation, is
submitting the following formal waste water discharge plan for the
Monument Gas Processing Plant, located in Section 1, Township 20S,
Range 31lE and Sectxon 3€, Township 19S, Range 36E, in lea County,
New Mexico.

The liquid waste from the plant includes general plant run-off,
cooling tower blowdown, brine from the zeolite softener, boiler
blowdown, inlet scrubber water, compressor (interstage scrubbers)
condensate water, and water from the HyS scrubber are disposed of
by using a lined evaporation pond, located in the Northwest Corner
of the plant.

The evaporation pond was previously approved by the New Mexico 0il
Conservation Cormission on September 13, 1977 with the condition that
it comply with the NMOCC "Specifications for the Design and Construc-
tion of lined Evaporation Pits"™ with the following exceptions:

1. There would be less than.GOO square feet of evaporative
surface per barrel per day of water placed in the pit.

2. The excavation would be more than six inches deep in
some places.

The evaporation pond has a leak detection drainage system which is
spaced such that no point in the pond woulé@ be more than 20 ft. fronm
the érainage grid.

The amount of waste water generated at the vlant is approximately
30,000 barrels par month. Due to the lack of the evaporative surface
needed tz dispose of this quantity of water, we maintain a disposal
contract with an injection well firm to get rid of all excess waste
water. Ths injection well, designated Rice EMEI 1, is located in

ection 1, Township 20S, Range 36E in Lea County, New Mexico.

A DIVISION OF CQULP OIL CHRPOD LT IOM
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I NM Energy and Minerals Department July 28, 1981

Attached is a map of the waste water system and one of the evaporation
pond construction. Should you have any questions or need additional
information, please call either Lynn Reed or me at (918) 560-4117.

Very truly yours,
,aﬂbu‘_ J 9{’:’\.&4&»&

j}JJ. E. Moody, Manager
Environmental and Services

JEM:DFJ:de
-Attachments
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SECTION III

UPDATE OF ORIGINAL DISCHARGE PLAN FOR
MONUMENT GAS PROCESSING PLANT

SEPTEMBER 30, 1984




Warcen Peltreoleurm Compamny
MANUFACTURING DEPARTMENT )

P ©. Box 158%
Tuisa. Ohianoma 74302

September 30, 1984

State of New Mexico

Energy and Minerals Department
0i1 Conservation Division

Box 2088

Santa Fe, New Mexico 87501

Attn: Joe D. Ramey

Re: Update to Discharge Plans for Monument, Saunders, and Vada Gas Processing
Plants

Dear Mr. Ramey:

The subject material is presented according to your request of February 23 and
24, 1984. As you will recall, your subsequent correspondence of June 7, 1984
provided a September 30, 1984 submittal date for this information.

If you have any questions or need further information, please contact Linda
Johnson or me at (918) 560-4119.

Very truly yours,

L. T. Reed, Director
Environmental Affairs

LTR/LLJ: cm

Attachments




WARREN PETROLEUM COMPANY
A DIVISION OF CHEVRON U.S.A. INC.
UPDATE OF ORIGINAL WASTE WATER DISCHARGE PLAN
MONUMENT GAS PROCESSING PLANT
SEPTEMBER 30, 1984

PLANT LOCATION
Section 1, Township 20 South, Range 36 East, and Section 36,
Township 19 South, Range 36 East, Lea County, New Mexico.

LIQUID WASTE

The liquid waste from the facility includes general plant
runoff, dehydration water, cooling tower blowdown, engine
washwater, brine from the zeolite softener, boiler blowdown,
inlet scrubber water, compressor (interstage scrubbers)
condensate water, and water from the H2S scrubber. These
sources are disposed of by way of the plant sump system and
from there to the Rice Engineering disposal well. The
amount of waste water generated is approximately 30,000
barrels per month.

EVAPORATION POND

The pond is no longer used as an evaporation pond, as
described in our original discharge plan submitted to the
New Mexico 0Oil Conservation Division (NMOCD) on July 28,
1981.

BRINE POND

The Brine Pond was upgraded in 1983, in accordance with the
NMOCD letter of August 6, 1982. The pond stores brine from
the storage well. Warren’s initial correspondence
describing plans and specifications for the storage of
approximately 2,000,000 gallons* of ten pound brine was
submitted to the NMOCD on August 16, 1982. These
specifications were updated, with a copy sent to the NMOCD
on March 30, 1983. The sieve analysis for the sand and
gravel to be used was submitted on May 3, 1983. A letter
describing the final modification specifications was sent to
the NMOCD on September 2, 1983. Each Stage of the
construction was inspected and approved by the NMOCD.

Copies of Warren’s correspondence appears as Section VII of
this plan. ‘

*Final capacity is 2,283,000 gallons.




- (Continued)

UPDATE OF WASTEWATER DISCHARGE PLAN
OF SEPTEMBER 30, 1984
SEPTEMBER 20, 1989

I. .i II !

In addition to the aforementioned sources, Reverse Osmosis
Reject Water is to be disposed to an agricultural
evaporation area.

Brine Pond
The brine pond was upgraded again in 1989 with a

polyethylene liner, replacing the fiberglass liner which had
deteriorated beyond use. ‘

Proposed Agricultural Evaporation Area

A Reverse Osmosis Unit was installed in 1989, from which
waste water is evaptranspirated from two evaporation areas
planted with Bermuda grass. The design of the area has been
done with help from an agronomist with the Agricultural
Science Center of New Mexico State University of Artesia.
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SECTION IV

TOPOGRAPHIC MAP
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SECTION V
GENERAL DESCRIPTION -

GAS PROCESSING INDUSTRY AND SPECIFIC
REFERENCES

FOR

MONUMENT PLANT




SECTION V
GENERAL DESCRIPTION

GAS PROCESSING INDUSTRY

Natural Gas Processing Plants extract liquid hydrocarbons
from ray natural gas. Please refer to the block flow
diagram which directly follows.

The liquid hydrocarbon components of natural gas are ethane
(C2), propane (C3), butane (C4), and natural gasoline (c5+).
The remaining gas, from which the liquids are extracted, is
almost entirely methane (C1l).

The raw Natural gas, termed inlet gas, may contain varying
amounts of impurities. The most common contaminates are
water (H20), hydrogen sulfide (H2S), and carbon dioxide
(CO2). The gas is compressed and then enters the first
phase of natural gas processing, which is treatment to
remove the impurities.

The term acid gas refers to the presence of H2S and CO2 in
the raw natural gas. Sour gas has a high concentration of
sulfur components. Sweet gas has small quantities of sulfur
compounds, usually less than 0.25 grain of H2S per 100
standard cubic feet of gas, and as such, bypasses iron
sponge or amine treating.

The acid gas may be removed from the inlet gas stream by and
absorption process where the incoming stream contacts a
liquid that selectively reacts with and removes the acid
gas. This liquid mono- or diethanolamine is regenerated by
heat, thereby driving off the gases. The resultant amine
liquid then reacts with more acid gas in a continuing cycle
of reaction, then regeneration. The gases released from the
amine may then be combusted to SO02 in a flare stack, or
incinerator. If the acid gas exists in a large
concentration, it will not be combusted, but will enter a
sulfur recovery plant, which removes elemental sulfur from
the stream. Any unoxidized H2S, which occurs in small
amounts, is oxidized to SO2 by the sulfur plant incinerator.
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SECTION V - GENERAL DESCRIPTION
GAS PROCESSING INDUSTRY (Continued)

This incinerator is located after the last sulfur plant
catalytic bed. Also note than an H2S scrubber may exist
prior to the entry of the gas stream into the sulfur plant.
This scrubber removes water from the gas.

Ireating for the Removal of Water

The inlet gas, now minus the acid gas components, enters the
next phase of gas processing. This is the removal of water
from the gas.

The water may be removed by an absorption, or an absorption
process. Both processes may be used in tandem.

Triethylene glycol removes water from the gas by absorption.
The glycol is then reconcentrated by removal of the water
with heat. This is a continuous cycle. Either alone, or in
conjunction with the glycol system, a molecular sieve
dehydration system may exist. The molecular sieve is a
desiccant which absorbs water from the gas is regenerated by
heat to restore its absorptive capability.

Whether removed by glycol or molecular sieve, the water
driven off during regeneration exists in the steam phase,
then condenses through exchangers and leaves the process as
a liquid.

The extraction of the gas liquids from the gas stream, which
is now sweet and dry, is accomplished in several ways.
Warren’s New Mexico plants use the cryogenic method.
Basically, the gas stream is cooled and the non-methane
hydrocarbons are then condensed and recovered. In some

instances, the liquids are alsc treated to remove water and
or acid gas components.



SECTION V - GENERAL DESCRIPTION
GAS PROCESSING INDUSTRY (Continued)

Natural Gas Processing - Fractionation of Natural Gas Liquids

The natural gas liquids that have been separated out of the
inlet stream are fractionated into their individual
components. Many of Warren’s plants do not fractionate the
liquids. These plants remove the gas liquids by pipeline.

Separation of the hydrocarbon components is possible because
of the difference in their physical properties,
specifically, their boiling points. The distinct gas

liquids, along with the purified natural gas, are sold
commercially.

The following document, “The Gas Processing Industry: Its
Function and Role in Energy Supplieg”, published by the Gas
Processors Association, will provide further details about
the industry.




The Gas Processing Industry:

Its Function and Role
in
Energy Supplies

Gas Processors Association
1812 First Place
Tulsa, OK 74103




INTRODUCTION

The gas processing industry is a major segment of the oil and gas industry,
distinct from either crude oil or natural gas production, separate from oil refining
or gas distribution. vet indispensable to all. As aseparate and identifiable function,
it is probably the least known and least understood part of the petroleum industry.

In simple terms, the gas processing industry refines raw natural gas from the
earth into saleable. useful energy forms for use in a wide variety of applications.
Through the gas processing industry's plants flows approximately 60 of the
nation's petroleum energy production, which emerges in the form of merchantabie
natural gas, liquefied petroleum gases, motor fuel components. and raw materials
for a myriad of basic petrochemicals. :

Natural gas occurs deep below the surface of the earth in two principal forms:
associated gas and non-associated gas.

Associated gas is found in crude oil reservoirs. either dissolved in the crude
oil, or in conjunction with crude oil deposits. [tis produced from oil wells along with
the crude. It separates, or is separated from. the oil at the casinghead of the well,
which leads to the synonymous term “casinghead gas.” [t may also be called “oil-
well gas™ or “dissolved gas.” Inthe industry’s beginning, virtually all processed gas
was from oil wells. '

Non-associated gas occurs in reservoirs separate from crude oil. [ts
production is not incidental to the production of crude oil. It is commoniy called
~gas-well gas™” or "dry gas.” Today about 75% of all natural gas produced is non-
associated gas. .

In addition. the reservoirs of many oil fields found since 1935 produce neither
true gases nor true liquids. The material might properly be called a “"two-phase
fluid.” It is neither a gas because of its high density. nor a liquid because no surface
boundary exists between gas and liquid. These reservoirs, called " gas condensate”
reservoirs, are usually deeper with higher pressures, which pose special problems
in production and processing.

From whatever reservoir. natural gas as produced from the earth has widely
varying composition. depending on the field. the formation. or the reservoir from
which it is produced. The principal constituents of natural gas are methane and
ethane, but most gases contain varying amounts of heavier components. such as
propane, butane, pentane. and heavier hydrocarbons that may be removed by any
of a number of processing methods.

The removal of individual hydrocarbons by processing is possible because of
the differences in physical properties. Each component has a distinctive weight,
boiling point, and other physical characteristics, making its separation from other
components a relatively simple physical operation.

Gas processors describe gas as “'rich™” (wet), or *lean” (dry) depending on its
content of heavy components. These are relative terms, but as used in the industry,
a rich gas may contain five or six gallons or more of recoverable hydrocarbons per
thousand cubic feet; a lean gas usually contains less than one galion of recoverable
liquids per thousand cubic feet.

Natural gas may also contain water, hydrogen sulfide. carbon dioxide,
nitrogen, helium, or other components that may be diluents and/or contaminants.
Inany case. natural gas as produced rarely is suitable for pipe line transportation or
commercial use. Natural gas in commercial distribution systems is composed
almost entirely of methane and ethane, with moisture and other contaminants
removed to very low concentrations.

Therefore. all natural gas is processed in some manner to remove unwanted
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water vapor. solids and/or other contaminants that would interfere with pipe line
transportation or marketing of the gas. In addition. and equaily important. most
natural gas is processed to separate from the gas those hydrocarbon liquids that
have higher value as separate products.

These natural gas liquids (NGL's) are part of a family of saturated
hydrocarbons called paraffins. Each compound has a chemical formula CqyH2n-2.
The principal natural gas liquids include:

Ethane: Exists as a liquid only under very high pressures {800 psi) or at
extremely low temperatures (—135°F). Itis recovered and transported in either the
liquid or gaseous state principally f{or use as feedstock for ethyiene, the most
important basic petrochemical produced today.

Propane: Recovered and handled as a liquid at pressures over 200 pounds. or
at temperatures below —44°F. Its principal uses are as feedstock for production of
ethylene and propylene, and as LP-gas for heating fuel, engine fuel, and industrial
fuel. ' ‘

Butane: Recovered and handled as a liquid under moderate pressure. Its
principal uses are to provide needed voiatility to gasoline motor fuel: as domestic
LP.gas fuel, either alone or in mixtures with propane: and as a feedstock for the
manufacture of butadiene, a key ingredient of synthetic rubber.

Iso-butane: The chemical isomer of butane. it is fractionated and produced
as a separate product principally for the manufacture of alkylate, a vital ingredient
of high-octane motor gasoline.

Natural Gasoline: A mixture of pentanes and heavier hydrocarbons, with
small amounts of butane and iso-butane. Industry specifications define its physical

==

Water




properties in terms of vapor pressure at 100°F (10 to 34 psil. and percentage
evaporated at 141)'F1251035'/). Itisrecovered as a liquid. principally foruseasa
motor fuel component.

If the gas contains hydrogen sulfide. a poisonous gas, it is removed and further
processed for recovery of elemental sulfur. Most carbon dioxide is removed to
prevent destructive corrosion and to inject into crude oil reservoirs for enhanced
oil recovery IEOR). Some helium is extracted for its unique properties as an inert
gas.

In addition. gas processing performs vital functions. both economically and
technicaily. in the recovery of crude oil through reservoir pressure maintenance,
miscible floods. and other secondary recovery methods. Many of these projects
would not be economically possible except for the revenues generated by
extraction and sale of natural gas liquids.

PROCESSING AND MANUFACTURE

Natural gas processing invoives two basic operations: (1) extraction of the
natural gas liquids from the gas stream: and (2) fractionation of the natural gas
liquids into their separate components. Additional processing is usually required
to treat and condition both the natural gas and the gas liquids.

Natural gas processing may be as simple as drying the gas by passing it
through a fixed bed of a desiccant material. or it may be as complex as complete
liquetaction of the total gas stream by cooling to extremely low temperatures.
Extraction of heavier gas liquids (pentane and heavier) can be achieved by simple
compression and moderate cooling of the natural gas stream.

However. the modern gas processing industry uses a variety of sophisticated
processes to treat natural gas and extract natural gas liquids from the gas stream.
The two most important extraction processes are the absorption and crvogenic
expander processes. Together. these processes account for an estimated 90z of
total natural gas liquids production.

- Gas Processing Terminology

Cardon Dioxige (inert)
Hydrogen Sultide
Nitrogen (inert)
Methane

Etnane

Prapane
tso-Butane
Normai Butane
Isg-Pentane
Normal Pentane
Hexanes
Heptanes
Octanes

Nonanes

Decanes
Ungecane Plus

- Natura) Gas

-

Liquefied
Nawral Gas
(LNG)

Liquetied
Petroteym Gas
(LPG)

Natural Gasoline
(Pentanes Pius)

. Naturat Gas Ligwids

(NGL)

v

| gnt
Nagntha

Heavy
Naphtha




Natural Gas

Compressor

Raw Natural Gas

ABSORPTION PROCESS

The basic step in the absorption process is removal of NGL components from
the natural gas by contact with an absorbing oil. Liquid recovery is enhanced by
refrigerating the absorption oil. Recovery levels may also be increased by lowering
the molecular weight of the absorption oil. Depending on operating conditions.
approximately 85% of the propane and essentially all of the heavier natural gas
liquids are absorbed in the oil. The lighter fractions - methane, ethane. and some of
the propane - are not recovered in the absorbing oil and pass through the absorber
tower as merchantable pipeline quality natural gas.

The bottoms effluent from the absorption tower consists of rich absorption oil
mixed with absorbed propane, butanes. pentanes. and other heavier natural gas
liquids. This stream is then fed to lean oil stills where the absorbed liquids are
distilled from the absorber oil by heating the mixture to a temperature above the
boiling point of the natural gas liquids. but below that of the absorber oil. The
stripped absorber oil is then recirculated to the absorption tower. and the mixed
stream of natural gas liquids is piped to the fractionation system for further
separation into individual NGL components.

The fractionation system may be an integral part of the gas processing plant,
or it may be a “'central fractionator” many miles from the primary production. A
central fractionator may receive mixed streams of natural gas liquids from many
plants.

TURBO EXPANDER PROCESS

In recent years. ethane has become increasingly desirable as a petrochemical
feedstock. This has resulted in the construction of many plants that recover ethane
and heavier hydrocarbons from natural gas at temperatures ranging down to minus
150°F.

Combinations of external refrigeration and liquid flash-expansion refriger-

ation with gas turbo expansion cyvcles are emploved to attain the low temperatures -

desired for high ethane recovery.

Inthe turbo-expander process. the absorber and still facilities are replaced by
an expansion turbine. which accomplishes the separation of gas liqutd~ from the
natural gas stream by auto-refrigeration to extremely low temperatures.

Simptified Flow Diagram Absorption-Fractionation

S

Turbo-Expander

hetriqemion

Demethanizer

Natural Gas Liquids
to Fractionators




Recoveries of 90-95%¢ ethane and all of the heavier hvdrocarbons have been
achieved with the expander process. The mixed liquid product from the expander
plant is then fractionated or may be deiivered by pipeline to a central fractionation
facility for fractionation into separate NGL components.

FRACTIONATION

Fractionation of a mixed NGL stream into separate components is accom-
plished by controlling the temperature of the stream in a fractionator to take
advantage of the difference in boiling points of separate products. Fractionators
are usuaily named for the overhead or top product. Therefore, a deethanizer
implies that the top product is ethane; a depropanizer indicates that the top
product is propane, etc. Natural gas liquids are normaily fractionated by boiling
the lighter products from the heavier products-in the following order:

Deethanizer: The first step in the fractionating sequence is to separate the
ethane and propane, with the ethane going overhead and the propane and heavier
components passing from the bottom of the fractionator.

Depropanizer: The next step in the processing sequence is to separate the
propane and the isobutane. with the propane going overhead and the isobutane
and heavier components passing from the bottom of the depropanizer.

Debutanizer: The next fractionation step is separation of the butanes from
the pentanes plus stream. The butanes (both iso and normal) pass overhead and
the pentanes plus pass from the bottom of the fractionator.

Butane Splitter or Deisobutanizer: When it is desirable to do so. the
butanes which pass overhead from the debutanizer may be separated into iso and
normal butanes. The isobutane goes overhead and the normal butane is drawn
from the bottom of the tower. *

OTHER ROUTINE GAS PROCESSING

_ As noted earlier. both natural gas and natural gas liquids may require addi-
tional treating or processing, either before or after extraction of liquids.

Simplified Flow Oiagram Absorption—Fractionatian

Ethane <« ~——fp Propane
NGL Raw Mix
Natural Gag e ] isobutane
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The most common treatment of natural gas s removal of excess water vapor.
which is necessary to prevent tformauon ol hyvdrates and freezing in pipeiine
transmission systems. Techniques lor dehvdrating natural gas include:

-Absorption using liquid desiccants. usually a glvcol compound

-Adsorption, using solid desiccants such as silica gel, activated alumina. or
molecular sieves

-Dew point depression by injection of anti-freeze compounds such as glycols
or alcohols _

~-Expansion refrigeration which cools the gas stream below the dew point of
entrained water vapor.

Removal of excess moisture from some natural gas liquids. principally
propane. is also necessary and is accomplished most often with solid desiccants or
molecular sieves. )

Additional treatment of both natural gas and natural gas liquids is usually
required to remove hydrogen sulfide and carbon dioxide. This process in the
industry is called “sweetening.” Many process methods are used. most of which
rely on either chemical reactions. physical solution, or adsorption. Each process
has unique advantages, depending on the concentration of hydrogen sulfide.
carbon dioxide. and other conditions.

The most common chemical processes are based on contact with amine
solutions. These solutions react with unwanted acid gas constituents to form other
compounds which can then be removed.

Physical solvent processes inciude a number of patented chemicals and
processing schemes which funcricn much the same as the oil absorption process for
removal of liquids from gas.

Adsorption processes involve the removal of unwanted components by

- passing the gas or liquid through a bed of solid matenal that has been designed or

treated to selectiveiy extract carbon dioxide. hydrogen sulfide, or other contaminants.

SULFUR RECOVERY

The sour gas effiuent from a sweetening unit must be further treated. either
ior disposal or for recovery of sultur contained in the gas. At plants where hydrogen
sulfide concentrations are very low, it is not economical to install sulfur recovery
facilities. In these cases, the sour gas is disposed of by incineration.

At higher concentrations. the sour gas is usually processed in a sulfur recovery
facility to recover elemental sulfur. The Claus process is the most widely used
process for converting hydrogen sulfide into elemental sulfur. The process utilizes
thermal and catalytic reactions to achieve conversion of up to 97'¢ of hydrogen
sulfide to elemental sulfur. *Tail gas clean up™ processes reduce sulfur emissions
significantly and boost overall efficiency of sulfur recovery to 98+c.

OTHER SPECIALIZED GAS PROCESSING

Depending on gas composition and other factors. the gas processing function
may also include additional processing such as:

- Carbon dioxide removal and transport for enhanced oil recovery

- Helium recovery for commercial sale

~ Nitrogen removal to increase heating value of the gas

- Liquefaction of the total gas stream to produce liquefied naturai gas.

All of these process functions require speciaiized processes and additional
investment.




" PROFILE OF THE U.S. GAS PROCESSING 'INDUSTRY

PROCESSING PLANTS

There are approximately 339 gas processing plants in the United States, most
of which are located in five states: Texas. Louisiana. Oklahoma. Kansas, and New
Mexico. These five states account for about 86’ of total L.3. gas processing
capacity. gas processed. and natural gas liquids production.

Plant sizes range from less than 1 million cubic feet per day up to more than
2.5 billion cubic feet per day. The 200 smallest plants tabout 257 of total) are less
than 10 million cubic feet per day capacity. and account for only ahout 1/ of total
industry capacity.

The 200 largest plants 123" of total) have capacities greater than 30 million
cubic feet per day and account for nearly 80 of total industry capacity.
Approximately 92'¢ of total gas capacity is in 3753 plants {(44'¢ of total) with
capacities greater than 35 million cubic feet per day. Production of natural gas
liquids averages less than 2.000 barrels per dav per plant, with maximum
production ranging up to 25.000 barrels per day in the largest plants.

Approximately 100 of the 839 L.S. gas processing plants include sulfur
recovery facilities. with a total capacity of ahout 4.500 tons per day of elemental
sulfur. sultur production from gas plants accounts for about 13 of total U.5.
sulfur production.

In additinn. there are approximately 20 central fractionating plants operating
in the United States. These fractionators may handle the mixed natural gas liquids
producticn of a single separation facility. or may process mixed streams from many

.’ plants. some of which may be located hundreds of miles away. These fracticaators

separate these raw mixed NGL streams from recovery facilities into saleable

‘ praoducts such as ethane. propane. butane. or specified mixtures. according to the
| user’'s needs.

COMPANIES

The U.3. gas processing industry is composed of an estimated 30() companies.
ranging in size trom the largest integrated oil companies to the single plant owner-
operator.

The 20 largest gas processing companies produce about 70'/ of total L.S.
production of natural gas liquids. '

U.S. GAS PROCESSING PLANTS

No. Gas Capacity, Gas throughput, NGL
State Plants mmefd mmecefd Products, m B/D
Texas 111 25.090 13.380 ' 618
\ Louisiana 100 22601 14.050 333
Oklahoma 103 4.763 3.110 145
Kansas 23 1,894 2.648 15
\ New Mexico 11 3.626 . 2,211 96
678 60.976 35,419 1,237
. Other 181 9.508 5.738 218

L.S. Total 859 70.484 41.1537 1.4535
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.’ NATURAL GAS LIQUIDS SUPPLY/DEMAND

LU.S. gas plant production of natural gas liquids totals some 37 0 million barrels
per vear. or approximately 1.5 million barrels per day. The distribution of this
production during 1984 is as follows:

Ethane 28.7%¢
Propane 34.27%
Normal and Iso-Butane 19.6%¢
Pentanes plus. including plant condensate 17.5%

PROPANE CONSUMPTION

3 2.10% uTiLITY GaS
0 3.29% EXPORT
23 509% ENGINE FUEL
(I8 12.57% OTHER

3 34 13% RES & COMM PENTANES + CONSUMPTION
@3 42 82°s CHEM & INDUST

[ 4 76% CHEM &
7 INOUST
) 95 24% GASOLINE

@ ...
\\

CJ 13 59% OTHER

£33 86 41% CHEMICAL
& IND

NGL CONSUMPTION
3 1 13% UTILITY GAS
T3 2.12° ENGINE FUEL
3% EXPORT
I : - s oTHER
BUTANE CONSUMPTION Mre ]  E=142m% REs & comm
28 54% GASOLINE

.
,,r”F W @ a1 79% CHEM & INDUST
] 1.89% OTHER

£ 7 55% EXPORT
N 1 £=32013% CHEM & IND

2] 70 43% GASOLINE

N




PHYSICAL PROPERTIES OF NATURAL GAS
" LIQUIDS COMPONENTS

Vapor Pressure Boiling Point Specific Gravity

Component psia @ 100 F. @ 14.7 psia 60 F./60 F.
Methane {5.000) =239 0.3
Ethane {t80M -127 0.356
Propane 190 -43.7 0.508
n-Butane 51.6 311 0.584
i-Butane 2.2 10.9 0.336
n-Pentane 15.6 96.9 0.631
i-Pentane 20.4 82.1 0.625
Hexane 5.0 135.7 0.664
Heptane 1.6 209.2 0.683

In addition. field facilities handling natural gas prior to delivery into a gas
processing plant produce an estimated 330 thousand barrels per day of lease
condensate. which is usually transported to refineries along with crude oil.

Total U.S. suppiy of natural gas liquids is augmented by refinerv production
and imports.

Refineries produce and market about 120 million barrels per vear. or about
325 thousand barrels per day. of natural gas liquids, mainiv propane. Refinery
vields of natural gas liquids amount to 2-3'¢ of total crude oil charged to the

refinery
" Total imports of natural gas liquids are approximately 70 million barrels per
vear. or roughly 200 thousand barreis per dayv. About 8§0'¢ of these imports are
trom Canada.
\ Approximately 8¢ of total U.S. natural gas liquids production is consumed
in three major uses: petrochemical feedstocks: motor gasoline manufacture: and
residential and commercial heating fuels. The remainderis used ina wide variety of
| apniications. including engine fuels. industriai fuels. utilitv peak shaving, crop
drying, and other agncultural and process fuel applications.

TRANSPORTATION AND STORAGE

A national network of some 70 thousand miles of high pressure pipelines
transport unfractionated NGL streams from production areas to fractionating
centers and then transport finished products to major markets.

Four major pipelines extend from the West Texas-New Mexico fields to the
| major terminal and fractionation center of the U.S. ~ Mont Belvieu. Texas. located
‘ near the petrochemical and refining center of the nation. Other pipeline systems

deliver West Texas-New Mexico natural gas liquids to a second major terminal,
| storage, and fractionation point in central Kansas.
| From Mont Belvieu. two major pipeline systems deliver LP-gas fuels to the
‘ northeastern and southeastern United States.
Several pipeline systems extend from central Kansas storage and fraclnonaunw
" facilities into west and upper midwest markets.

12




Total natural gas liquids production is relatively constant throughout the vear.

However. depending on weather and other factors. demand may vary considerabiy.

" Therefore the industry has installed and operates underground storage tacilities
totaling nearly half a billion barrels capacity. The bulk of this capacity is located

near the refining and petrocnemical complexes of the Texas and Loutsiana Gulf

Coasts. with a second major installation in the midcontinent hub of centrai Kansas.
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SECTION V - GENERAL DESCRIPTION
GAS PROCESSING INDUSTRY (Continued)

NATURAL GAS PROCESSING FOR THE MONUMENT PLANT

The following diagram outlines gas processing for the
Monument Plant. The numbers present for each process
represent Warren identifiable unit number for individual

compressors or heaters needed to complete each phase of the
process.
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SECTION V - GENERAL DESCRIPTION
GAS PROCESSING INDUSTRY ___ (Continued)

NATURAL GAS PROCESSING FOR THE MONUMENT PLANT

The generalized block flow diagram presented at the
beginning of this section lists sources of wastewater that
are in association with gas processing. These discharges,
along with inlet gas scrubber (process) water, are the major
sources for disposal for gas processing plants.

The Wastewater System Disposal diagram for the Monument
Plant directly follows. This diagram also shows the final
disposition of the water. This is reiterated on the summary
pages presented at the end of this section.
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SECTION V - GENERAL DESCRIPTION
GAS PROCESSING INDUSTRY (Continued)

The capacity of each sump is as follows:

North Engine Room Sump 7,200 gallons.
South Engine Room Sump 10,200 gallons.
East Sump 13,400 gallons.
Main Sump 11,300 gallons.

The capacity of the sump into which all effluent flows is
21,840 gallons stored in three tanks. Any overflow would go
to the brine pit. The effluent in the tanks is then sent to
the Rice Engineering well by gravity feed. There is no pump
on the discharge line to Rice Engineering. the sump
capacities upstream of the three tanks are listed above. We
do not have pump curves for the two pumps that deliver
effluent to the three tanks.



SECTION V - GENERAL DESCRIPTION
GAS PROCESSING INDUSTRY (Continued)

SUMMARY OF WASTE WATER DISCHARGE

MONUMENT PLANT
Inlet Scrubber Water - ------ >l<------ Interstage
Scrubber Water
First,Second and
Third
Wash Water-Engine Room ------ >|c----~- H2S Scrubber Water
Dehydration Water =  ------ >le-=m---=~ Boiler Blowdown Water
General Plant Runoff - ------ >
Cooling Tower Blowdown ------ >le-----~ Brine Water from
' Zeolite Softener
------ > Evaporation Pit/Brine
Pond Emergency Use
Only
A 4

Note:

In the event of any emergency shutdown of the Rice Injection
Well, waste water would be sent to the evaporation pond for
the 30 days. If Rice Engineering did not resume injection,
the water would be hauled from the plant by vacuum truck and
delivered to an alternate, state approved well.

Reverse Osmosis reject water ------- > Agricultural
Evaporation Area '

Accidental Spill: Procedures in the Spill Control and
Countermeasure Plan would take effect.



SECTION VI
GENERAL DESCRIPTION

REVERSE OSMOSIS WATER TREATMENT



SECTION VI

REVERSE OSMOSIS WATER TREATMENT

The Reverse Osmosis Unit and the Zeolite treaters are
located south of the office. This unit was designed for
boiler feed water. Following is a one line diagram of the
flow through the treaters. Each outlet is labeled with a
designated destination. The regeneration water will continue
to be delivered to Rice, whereas the waste water from the
Reverse Osmosis unit will be evapotranspirated from the
evaporation areas.
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SECTION VI - REVERSE OSMOSIS WATER TREATMENT (Continued)

The monument Plant has two Zeolite treaters. One 1is always
in raw water service and one in regeneration/standby
service. They are both rated at 50 GPM, with a softening
capacity of 600,000 grains.

A Calgon water hardness indicator samples the treater water
discharge once every 10 minutes. The window will appear
green when the water has less than 3 ppm hardness and red
when above. Red indicates that the treating bed has become
saturated with Ca+ and Mg+ cations and allowing some of them
to pass through. It is time to switch beds and regenerate
the existing saturated bed.

A flow meter measures the gallons of water treated by one
bed. The meter will trigger a bed switch at the set
gallonage or can be manually triggered.

The regeneration cycle consists of a backwash, which fluffs
the resin, making more surface area available for the Na+
cation exchange. The fluff cycle lasts 10 minutes. A long
period is allowed, usually 45 minutes plus, for salt
solution to pass through the bed. The salt/brine solution
is aspirated by education from the 1lack tank into the bed.
The Na+ replaces the Ca+ and Mg+ on the surface of the
Zeolite and the Ca+, Mg+ solution is flushed down the Rice
Engineering disposal line.

After the timer cuts the salt flow, the bed goes through a
slow wash to rid “non-bedded” salt from the beds and to
settle the resin. Then a “hard” wash takes place to give a
final clean. Both wash cycles go to Rice disposal.

The bed is then placed in a standby mode until required.
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SECTION VI

REVERSE OSMOSIS WATER TREATMENT

HOW A ZEOLITE TREATER WORKS:

ZEOLITE: is a polystyrene resin material with a strong
ability to split salts into positively charged ions

called “cations” and negatively charged ions called
“anions”.

The purpose of the Ziolite treater is to exchange the scale
forming cations, such as calcium and magnesium, with the
more desirable cation sodium. This process is referred to
as “ion exchange”.

The sodium cation Na+ comes by passing a salt solution, or
brine NaCl over the Zeolite resin. The molecule of salt is
split into cation Na+ and anion Cl-.

NaCl PR g Raw Water _—tﬂﬁﬁg Na Enriched
-------- > ILL | R et |&L£L-I ———meme >
| R Ca+ | *adJ Treated
l!j;fd: | Mg+ IMZ,(.L‘ |  Water
Zeolite Zeolite
Regeneration Treating
Cycle Cycle

Once the Na+ and Cl- saturation of the Zeolite resin bed is
accomplished, raw water is passed over the resin. The Na+

is released in the water and carried to the Reverse Osmosis
membranes.




INTRODUCTION

Reverse Osmosis is a pressure driven membrane separation
process that is .capable of separating dissolved solutes from a
solvent, usually water. The solute may be organic or inorganic
in nature and range in size from 1-10 Angstroms or less. The
ability of reverse osmosis membranes to reject organic substances
depends upon the molecular weight, geometry of the solute, and
other factors. A well designed reverse osmosis system is capable
of removing 96-99% of -most dissolved organic and inorganic com-
pounds.

6esal's reverse osmosis membranes are constructed from cellu-
lose acetate, polyamides, or other polymers. The present genera-
tion of high rejection - high flow TFM™ membranes are manufactured
by depositing thin films of rejecting materials over bases
selected for their superior support and flow characteristics.

Most current reverse osmosis applications are related to
~water treatment for commercial, industrial, municipal, agri-
cultural, and military facilities. However, reverse osmosis
technology is expanding into wastewater treatment/reclamation,
metal recovery, and custom industrial separations due to energy-
saving operation versus competitive processes such as distilla-

tion. Please consult the Desal Reverse Osmosis Product Summary

and Technical Bulletins for details.
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.’ REVERSE OSMOSIS THEORY

When a salt solution is separated from demineralized water by
a semipermeable membrane, the higher ésmotic pressure of the salt
solution causes demineralized water to flow into the salt solu-
| tion compartment. (See figure below). 'Water will continue to
flow and rise in the salt solution compartment until the increase
in water height equals the osmotic pressure of the salt solution.
If pressure is exerted on the salt solution compartment, water

can be made to flow in-the reverse direction. This is the pro-

cess of reverse osmosis.
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Osmotic pressure of a solution is expressed by the following
equation:
TT= ¢ SMiRrT
where,
TI= osmotic pressure, atm

¢= osmotic pressure coefficient (about 0.93 for most
dilute salt solutions)

> Mi = sum of the ions present expressed as moles/kg of
solution (approximately equal to moles/liter for
most dilute solutions)

R = gas constant, 0.082 liter-atm/°K-mole

T = temperature, °K
A simplified flow diagram of a typical RO system shows how
the RO process operates. Pressure is applied to the feed stream
by a pump, producing permeate and concentrate which are con-
tinuously withdrawn. Concentrate contains a high level of

dissolved solids while the permeate contains a low level.
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" Water and salt flux across a reverse osmosis membrane are
defined by the following equations:

Quw = A ( AP -aTT )

Qs=B(AC)
where,
Qw = permeate flow, gm (water)/cmz-Sec
Qg = salt flow, gm (salt)/cmz—sec
A = water permeability constant, gm(water )/cm2-sec-atm
B = salt permeability constant, cm/sec
P = pressure differential across the membrane, atm
all = osmotic pressure differential across the membrane, atm
ol = concentration gradient across the membrane, gm(salt)/cm3

Permeate fidw, Qu,. is proportiocnal to-the driving pressure
minus the differential osmotic pressure.
Salt flow is independent of pressure and is a function of the
difference in dissolved solids concentration across the membrane.
" Qualitative changes in flux rate and salt passage quotient
(product water TDS/average feed water TDS) caused by independent
increases in RO system operating parameters and feed water con-

centration are tabulated below.

VARIABLES AFFECTING FLUX RATE AND SALT PASSAGE

Increasing Variable Flux Salt Passage Quotient
Net driving pressure Increases Decreases .
Temperature Increases No change
Recovery Decreases Increases ‘
Feed-brine velocity Increases Decreases

Feed TDS Decreases Increases

Feed Foulants Decreases - Increases

As indicated by the permeate flow equation, an increase in

net driving pressure results in an increased flux rate. Salt
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flow, Qg, does not change with pressure, so that increased per-
meation rates result in a dilution of the permeate stream and a
lowering of the salt passage quotient.

Coefficients of permeate and salt passage (A and B) show
about the same increase with temperature. For this reason, no
change in the salt passage quotient is seen with temperature
increases.

Increased product recovery will increase the average feed-
brine osmotic ‘pressure. The. result is higher salt passage due to
the increased feed-brine TDS concentration and a lower net
driving pressure.

Concentration polarization refers to a local salt con-
centration increase at the membrane surface. The salt left at
the membrane surface as a result of permeate passage cannot dif-
fuse away from the membrane fast enough to prevent a local salt
concentration increase. Feed-brine velocity is a significant
factor in reducing the thickness of this stagnant bouhdary layer.
Reduction of the boundary layer thickness decreases salt passaée.

At constant feed pressure, increased feedwater TDS dec