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INTRODUCTION AND TeECHNICAIL SUMMARY

The Sassi Corporation of Indianapolis, Indiana, is investigating the com-
mercial viability of converting refuse (trash and garbage) to synthetic
natural gas, This conversion is accomplished by:

A. Shredding and preparing the refuse for conversion.

B. Producing a gas of low calorific value from the refuse using
the Union Carbide Purox Process.

C. Methanating the Purox -off-gas to a quality suitable for sale
in the existing gas distribution system.

The last step of this conversion process, the Purox off-gas methanation, has |
been studied by The Pritchard Corporation, whose technical expertise in this
field was utilized to develop a process design and an estimate of its capital
investment.

The Pritchard Corporation has submitted this Process Study and Investment
Analysis to Sassi: The analysis is being published as part of The Sassi
Corporation's contract reports to the U.S. Department of Energy's Office of
Energy from Municipal Waste.

Pritchard has had previous experience with the Purox Process. In 1977, it sup-
plied a small pilot unit to Union Carbide Corporation at South Charleston,

West Virginia, to test the effects of Purox off-gas on various catalysts.
Operation of the plant was conducted by Pritchard personnel, and the insight
gained has been incorporated into the present effort. Similarly, Pritchaxd
was retained by the Coyne Chemical Company, Philadelphia, Pennsylvania, to
pexrform a study of the viability of refuse conversion to ammonia in the

City of Seattle, Washington. The process was developed but the ecanamics
did not warrant construction.

Pritchard designed and engineered the first U.S. plant using the British Gas
Corporation's Catalytic Rich Gas (CRG) Process for Coammonwealth Natural

Gas Company at Chesapeake, Virginia., This plant operates successfully on
either the propane or butane feedstock. A similar plant was fully designed
and engineered for Coastal States Natural Gas Company by Pritchard to utilize
naphtha as a feedstock. Construction of this plant was curtailed by the
unavailability of the naphtha feedstock caused by the Middle East oil embargo
in 1974, :



For Sassi's facility, the design developed by Pritchard upgrades low-BITU
Purox off-gas,with a heating value of 590 BTU per cubic foot,*to Synthetic
Natural Gas (SNG), which is comprised mostly of methane and which has a
heating value of 879 BIU per cubic foot. Upgrading is accomplished by a
series of clean up and catalytic conversion steps. The clean-up steps
encompass a benzol wash for removal of residual hydrocarbon liquids from
the Purox off-gas, sulfur and chloride removal, carbon dioxide removal,
and dehydration. The catalytic conversion steps consist of hydrogenation
and methanation.

Well-proven processes have been selected for each processing step, although
the sequence of the processing steps is unique to treating Purox off-gas.
The process steps selected are the result of comparing viable methods for
each processing application. The selection is discussed in detail in
Section 1, Process Selection.

Based on the scheme envisioned, Pritchard has prepared a process design for
a facility which processes 46.87 MMSCED® of Purox off-gas, resulting in 26.4
MMSCED of SNG. A detailed process description and process flow diagram may
be found in Section 3, Process Description. A more detailed description of
the mechanical aspects of the plant is also included in this report in the
form of equipment specifications, layout, and operating requirements.

Our investment analysis reveals that capital requirements for the facility
described here are approximately $47,320,000, resulting in a payout,not
including taxes or interest,of 8.3 years. Details substantiating the
investment analysis which defines how the costs were determined may be
found in Section 6, Investment Analysis.

* sa13 .
MMSCFD = million standard cubic feet per day.

iv



1. PROCESS SELECTION

Overview

Before reporting on the details and justification of process selection,
it is deemed appropriate and important to review the overall intent of
this facility and the Purox Process concept, so that a meaningful under-
standing of the processing steps which Pritchard has studied can be
achieved.

The concept of converting refuse to synthetic gas was conceived for the
disposal of municipal and industrial refuse as an environmentally ac-
ceptable alternative to the conventional methods of refuse disposal
currently adopted by cities, specifically burying or incineration with
air,

Burying the waste material has long been an accepted practice; and pro-
vided there is sufficient overfill, such landfill sites when filled to
* capacity can provide areas for municipal recreation, etc. A spinoff
from such buried refuse results when, following natural anaerobic
digestion, methane can be.withdrawn and usefully employed. However,
disposal by such methods requires large land areas. As such landfills
can be unsightly, the selection is very often limited to such areas as
flood plains, quarries, etc.; i.e., land which is unfit for other use.
In the selection of such sites the long-term effect of the leaching of
non-degradable toxins into natural aquifers was often given little more
than a cursury overview. Today, the picture is vastly different and
such considerations severely limit the number of available sites.

The lack of suitable land may well have forced an upsurge in incineration
plants. However, such plants emit gaseous pollutants and still require
disposal of the ash by other means, normally burial. Such incineration
plants, using air as an oxidant, do not produce high enough temperatures
to completely render toxic metals into an innocuous state. The ash is
still leachable, and thus requires as careful a disposal by burial as

the raw refuse.

The Purox process is in itself an incineration process. However, the,
oxidant chosen is pure oxygen. This simple change in the oxidant for
the combustion process, combined with the furnace design, makes the
environmental impact of this incineration totally acceptable. The shaft
furnace is not unlike a blast furnace. Shredded raw refuse is fed by



lock hopper into the top, and oxygen is fed into the bottom. The oxy-
gen ignites the cindered refuse which has traveled down the furnace
and has been totally charred by the rising hot gases. Because oxygen
is used, an intense flame develops, such that the incombustibles fuse
and blend into a siliceous lava which issues from the bottom of the
furnace into a quench pit. This intense burning is called pyrolysis.

The resulting ash is a glassy friable material with very low leachate
content, It has properties which favor it as a fill or aggregate.

The gases rising from the flame counter-currently react with the fall-
ing refuse and are in turn reduced to the pyrolysis off-gas which leaves
the top of the incinerator. These gasses are valuable since they contain
very little nitrogen. Had air been used as the oxidizing agent, as one
finds in regular incinerators, this off-gas would have contained so

much nitrogen as to render it useless as either a chemical feedstock

or fuel. But since oxygen has been used, the off-gas from the Purox
unit contains only as much nitrogen as was an impurity in the oxygen
plus any molecular nitrogen that may have been formed by the cracking

of nitrogenous compounds present in the refuse. The gas contains oils
and tars which are removed by water scrubbing and electrostatic pre-
cipitation. The resulting gas has a low calorific value at the Purox
plant outlet. ‘

Reasons for Upgrading Gas

The gases obtained from the Purox unit have low calorific value but
contain all the necessary constituents to produce a synthesis gas which
may be used to produce various chemicals, including methane (or synthetic
natural gas), which may be blended into an existing natural gas network.
The gas from the Purox umit has intrinsic heat value, and arguments may
be made for marketing this gas directly or burning it directly. Un-
fortunately the gas does not lend itself to either of these altermatives
readily. The composition of the gas will vary with the "quality" of the
refuse,which varies not only on a daily basis but also on a seasonal basis.
Thus, burners will need to cope with varying calorific value gas.

More importantly, the flue gas effluents from such burners may contain
environmentally unacceptable amounts of sulfur oxides, chlorides, and
nitrogen oxides, related to the 'quality" of the refuse. To render the
gas free of such impurities will require the same clean-up equipment and
_processing as required for the synthetic natural gas plant, and the
prohlem of varying caloric value would still not be solved.



By conversion of the gas to methane, the resulting product will be of
constant calorific value, suitable for use with burners presently using
natural gas (without modification to the burners) and suitable for trans-
mission and use by all users whether commercial, industrial or residential
without any modifications to existing equipment. The synthetic natural
gas produced would be indistinguishable from the gas currently used.

Methanation Process

Although a detailed description of the proposed process is given in the
Process Description section, a general overview is presented to acquaint
the reader with the reasons and alternate solutions available to render
an overall processing scheme which is commercially proven and viable.

The gas leaving the Purox unit is not unlike a coke oven gas in composi-
tion as it contains essentially the same constituents. However, they are
present in the Purox gas in different proportions than in the coke oven
gas. For instance, if all of the elemental carbon and hydrogen with the
addition of water were converted to methane from coke oven gas, an excess
of hydrogen would result. Similarly, if the same transformation was con-
ducted on Purox off-gas, an excess of carbon (as carbon dioxide) would
result. This similarity of component parts between Purox off-gas and

coke oven gas, however, is a guide to the necessary pretreatments required
by the process.

Such treatments should be well proven, since the overall concept of con-
verting refuse to synthetic natural gas is novel. Therefore, it is most
important that each individual unit operation must be proven, possibly
in other overall processing schemes, such that each of these proven steps
may be combined producing the overall concept.

The first step involves compression of the gas. The Purox unit operates
at essentially atmospheric pressure. Since it is undesirable to operate
any portion of the methanation process at sub-atmospheric pressure to
avoid ingress of air, the gas must be compressed. However, the gas,
although free of particulates, contains unsaturated hydrocarbons. Com-
pression of this raw gas could result in polymer formation in the com-
pressor since the propagation of these polymers is initiated by the heat
of compression. To prevent this, experience was drawn from low caloric
content gas plants using coke oven feed gas. Following such practice,
the gas is increased to sufficient pressure by a fan to allow it to be
scrubbed with a hydrocarbon liquid. The scrubbing operation removes

any heavy hydrocarbons and polymers,which are subsequently returned



to the Purox unit for total incineration. The gases are then compressed
in screw-type compressors with water injection. The water not only
serves to cool the compressor, but also washes the machines continuously
to prevent buildup of materials. Such compressors are operating today
in coke oven gas service.

The second step involves the hydrogenation of the unsaturated hydrocarbons
in the gas. It is these hydrocarbons, particularly the acetylinic com-
pounds, which are the polymer forming agents. Hydrogenation involves
using the molecular hydrogen inherent in the gas to react with these un-
saturated compounds, converting them to paraffins. A choice of proven
processes introduced itself for this step and the gun-forming compounds
could either be removed or converted. Had removal been the choice using,
for example, the Rectisol process, then simultaneocus removal of the carbon
dioxide and hydrogen sulfide would have occurred, However, it was necessary
to retain the carbon dioxide for reasons which are discussed later. The
hydrogen sulfide, following its removal after regeneration of the Rectisol
solution, would still need to be converted to clemental sulfur to render
it environmentally acceptable. Since not all the sulfur present in the
gas is as hydrogen sulfide, further clean-up would be required as the
catalysts used in subsequent processing will be sensitive to sulfur
poisoning. Therefore, conversion of the gum formers by hydrogenation

was decided upon. ‘

Hydrogenation is a relatively simple and well-proven process. It 1s
normally carried out over a nickel-based catalyst. However, the presence
of the carbon oxides in the feed gas poses a problem, since the methana-
tion reaction is also promoted by certain nickel catalysts. British

Gas Corporation has devised and operated a pracess for many years which
will hydrogenate unsaturated hydrocarbons in the presence of the oxides
of carbon. This process was successfully applied to coke oven gas at

the Shotton Steel Works in Wales, U.K.,during 1971-72 for some six to
eight months. The tests were completed and no further work was done
since natural gas from the North Sea deposits were being exploited, and
no ne=d was present for synthetic natural gas. Because of the similarity
between Purox off-gas and coke oven gas, the proposed methanation plant
is based on this process for the hydrogenation step.

The process is called the "NIMOX'" process, and relies upon a sulfided
nickel molybdate catalyst. Sulfur in the gas is necessary to keep the
catalyst sulfided. This processing step provides the necessary conversions
to render the gas suitable for further treatment by conventional means.
The "NIMOX" process provides a bonus in that all sulfur compounds are
hydrogenated to hydrogen sulfide and all organic chlorides to hydrogen

chloride, allowing for easy removal of these substances.



Following hydrogenation the third processing step involves the removal
of the sulfur and chlorides from the gas. Again, a well-proven process
has been selected, the Stretford process. This was chosen over others
because it is the only practical process available; many plants are
operating in the U.S.A.; and the sulfur is recovered as elemental sulfur
which may be marketed,and not as HS or 502 which are atmospheric pollu-
tants. To guard against any sulfur slippage, two absorbent beds follow
the Stretford unit containing promoted zinc oxide. This is standard
practice in most synthetic gas plants where catalysts involved are parti-
cularly sensitive to sulfur.

The gas has now been fully treated to make it suitable for the fourth
process step, the Catalytic Rich Gas and methanation process. The pro-
cess adopted is the British Gas S.N.G. (Synthetic Natural Gas) process.
Similar processes are offered by Japan Gas Company and by Lurgi in
Germany. Selection of the British Gas process over the other available
processes was based on the large mumber of successfully operating plants
they have, coupled with their work and familiarity with coke oven gas

at Shotten Steel Works, as previously explained. The process is fully
explained in the Process Description section, but in essence it consists
of the conversion of the saturated hydrocarbons formed in the hydrogenation
step to methane using steam and hydrogen (the latter being present in the
feed gas). This is followed by wet methanation in which the bulk of the
carbon oxides are combined with hydrogen to form methane. The last step
is dry methanation, wherein residual hydrogen combines with the carbon
oxides to maximize the production of the methane gas. All reactions are
extremely exothermic, and the reactions are moderated by the excess carbon
dioxide which was allowed to pass through the second processing step.

The heat generated is used for making steam.which is used within the pro-
cess and to drive the feed gas compressor turbines.

The excess carbon dioxide is then removed from the synthetic natural gas

with a recirculating amine solution. The Union Carbide Amine Guard pro-

cess was selected. This is well-proven,mainly in ammonia synthesis plants
where it serves the same function. Many carbon dioxide removal systems

are available commercially. Selection of Amine Guard was established by
economics and it is noteworthy that many commercial plants using other systems
have changed over to this process.

Finally, the methane product is dried using glycol and is available for
marketing as synthetic natural gas.



2 BASIS FOR DESIGN

Introduction

This section deals with the selection of the design basis for the
plant detailed in this report. The plant will convert pyrolysis
gas, generated by burning refuse in a Purox refuse incinerator, to
synthetic natural gas (SNG).

To establish the design basis requires the selection of the three
design variables identified below:

Amount of refuse pyrolyzed and its heating value,
Heating value of pyrolysis gas, and
Thermal efficiency of the pyrolysis process.

The selection of these three design variables fixes the pyrolysis
gas production rate,which in turn leads to the complete definition
of the parameters defining plant size.

SASSI requested a basis for design of 2100 short tons per day of
garbage be processed. This required a large variation in plant
size based on the heating value of the garbage and the performance
of the Purox Process. In order to avoid major plant size changes,

Pritchard selected a single pyrolysis gas flow rate to design the
plant and has evaluated the variation in the amount of garbage which
can be processed based on the processing efficiencies.

Units

Throughout this document the English system of units is used. The
Standard Cubic Foot (SCF) conditions are defined as an ideal, dry
gas at 14.73 PSIA and 60 °F, ,

Specifications to Establish the Basis for Design

Pyrolysis Gas Production Rate

To efficiently study this plant design, a pyrolysis
gas production rate was selected and fixed. The



Pyrolysis Gas Production Rate (Cont.)

pyrolysis gas production rate selected is 46.87 MMSCFD
(million standard cubic feet per day). The range of
the three design variables identified above which will
give this fixed gas production rate is discussed with
each variable in the following section.

Heating Value of the Pyrolysis Gas

The heating value of the pyrolysis gas generated by the
Purox FProcess is derived from the pas composition. Two
pyrolysis gas compositions were studied. The first was
obtained during tests conducted by Pritchard in September
1977 at the South Charleston Purox Pilot Plant. The
second was provided by Union Carbide Corporation as
reported in Bechtel's report to the City of Seattle. The
former pyrolysis gas composition has been chosen as the
design basis upon which the equipment has been sized.
Pritchard performed a material balance on the alternate
case to develop a product gas (SNG) composition.

Table 1 gives the pyrolysis gas’ camposition and
higher heating value (HHV) for the two gas compositions
studied.



TABLE 1. Pyrolysis Gas Average Composition and Higher Heating Value

Composition, Vol. %

Component Source: Pritchard Source: Union Carbide Corp.

(Design Basis) (Alternate Basis)
Hp 17.3 28.9
co 24,0 35.8
COz 19.6 23.4
CHy 21.0 5.5
Cz 4.7 2.7
C3 1.2 0.37
Ca 1.3 . 0.33
C5+ 3.0 1.0
Sulfide 0.02 0.06
02 0.03 0.10
Inert Gases 7.2 1.7
H20 0.7 0.15
Higher Heating Value 590 376

(EV) (BTU/SCF)
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Thermal Efficiency of the Pyrolysis Process

When refuse is processed in a Purox refuse incinerator,
only a portion of the heating value of the refuse is
recovered in the pyrolysis gas. The amount of heat
recovered is defined as the efficiency of the pyrolysis
process.

Two different values of the thermal efficiency of the
pyrolysis process have been considered. The first,
suggested by the SASSI Corporatiom, is a thermal
efficiency of 61%. The second value, recommended by
Union Carbide Corporation,is a thermal efficiency of 75%.

The effect of the Purox thermal efficiency on the amount
of refuse processed is shown in Table 2.

Amount of Refuse Pyrolyzed

To calculate the amount of refuse pyrolyzed, the following
design basis has been used:

Heating value of the refuse - 5000 BTU/1b*

Table 2 shows the amount of refuse which can be pyrolyzed
in a plant of the selected size based on the thermal
efficiency of the pyrolysis process and the heating value
of the pyrolysis gas.

Product Gas (SNG) Specification

The product gas (SNG) composition depends on the feed gas composition.
The product gas composition which results from the design basis feed
and the alternate basis feed is shown in Table 3.

*Union Carbide Corporation
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Table 3. Product Gas (SNG) Specification

Composition Design Basis Alternate Basis
Hy 0.2 0.3
Co 0.1 0.2
Inerts 12.7 5.5
CHy 87.0 94.0

Total 100.0 100.0
HHV (BTU/SCF) 879 956
Temp. (°F) 100 100
Pressure (psig) 30 30
Water Dewpoint (°F) 0 0

Ambient Conditions

Process Design Temperatures

. Maximum 94°F
Minimm -20°F

Mechanical Design Temperatures

Maximum 110°F
Minimum -200F
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3 _ PROCESS DESCRIPTION

Introduction

The raw gas from the Purox furnace is cooled and passed through an
electrostatic precipitator for removal of dust and heavy 0il particles
as part of the Union Carbide Purox Process Package. This gas then flows
to the Methanation Plant for final clean-up, treatment, and upgrading to
produce a pipeline-quality synthetic gas. The design consists of several
process steps used in the following order: ‘

(a) Benzol wash system for removal of residual hydrocarbon liquids.
(b) Feed gas compression.

(c) Hydrogenation of olefinic compounds.

(d) Sulfur and chloride removal.

(¢) Methanation to upgrade the heating value of the gas.

(f) Carbon Dioxide (COz) removal by monoethanolamine (MEA) .

(g) Glycol Dehydration.

The synthétic gas produced by these steps is a pipeline quality gas having
a heating value of 879 BIU/SCF. Further upgrading of the gas to an even
higher heating value is possible by hydrocarbon liquid injection.

Benzol Wash*

The pyrolysis gas from the Purox unit is compressed by Exhauster C-3A or B
to a pressure of 15.8 psia to assure the operation of the Benzol system
above-atmospheric pressure. From the Exhauster, the pyrolysis gas flows

o the Benzol Absorber, T-1, where it is scrubbed by the circulating lean
0il. The lean oil serves to remove residual benzenes and other hydrocarbon
liquids which have remained in the pyrolysis gas. The absorber overhead
gas flows to the feed gas compression system.

A rich oil from the bottom of the absorber is pumped via Rich 0il Pump
P-4A or B, through Lean/Rich Exchanger E-7, and Rich Oil Heater E-6,
both of which add heat to the Benzol Stripper, T-2. The rich oil is
stripped of benzenes and aromatics by live steam injected into the base
of the stripper. The regenerated lean 0il is returned via Lean 0il
Pump P-5A or B, through Exchangers E-7 and E-5, both of which cool
the oil which is fed to the top of the Benzol Absorber.

The stripper overhead stream is cooled in Benzol Condenser E-8 before .
#lowing to the Benzol Separator D-5. Three streams are sent from the
separator as follows:

*Befer to Figures 1 and 2.



14
EQNIPRENT LIST STREICORD Vi1
gEngeaL ACC. #5 - VELSELS & TAIXS
FIL-1ARB SECOMDARY SEPARATOR
EE.:—!‘—'—M g-;‘lu :'Jsm“ny SEPARATOR
i e e
_pEMZOL WASH ymIT et ;L:,;“ ANK
. #7 - HEAT_EX S
o P
- £-9 GAS/GAS EXCHANGER
T2 BERZOL STRIPPER : GAS
T*-2 SE0Z0L STORAGE TANK £-10AL8 COOLER
*-3 LEAN OIL STORAGE TANK ACC. #9 - MECHANICAL & PACKAGED EQUIPMENT
ACC. 07 - HEAT EXCHAMGERS B-2AA8 AR guowER
M-1 CONTACTCR (W
E-SAS FEAN OIL COOLER H-2 SLURRY TAAKWDXER
E-TAMS LEAN/RICH EXCHALGSER P-3M8 LEA SOLUTION CIRc
E-8 BENIOL CONDENSER P-10ALB SLURRY PUMP
ACC. #9 - MECHANICAL & PACKAGED EQUIPWENT P-11
CONVERSION UNIT
C-3888 EXHALSTER
P-4ARB RICH QIL PUMP ACC. #5 - VESSELS & TAMKS-
P-SALB LEAM OIL PUXP
P-6AAR LEAN OIL RAKESUP PURP R-3ARB CRG REACTORS
P-7 BENZOL COMDENSATE PumP R-4 NETHAMATOR %0. 1
R-5 METHANATOR W, 2
FEED GAS COMPRESSION UMITY D-9 METHANATOR EFFLUENT SEPARATOR
D-14 CRG EFFLUENT SEPARATOR
ACC. #9 - MECKANICAL & PACKAGED EQUIPMENT
ACC. #6 - DIRECT FIRED MEATERS & POWER BOILERS
PG-1A8 FEED GAS COMPRESSDR PACKASES
D-1AGB mmg‘r\mz sm:mas WHB-1 NO. | WASTE HEAT ROILER STEAM DRUM
D-2AAB INTERSTAGE SEPARATORS WHB-2 NO. 2 WASTE HEAT BOILER STEAM DRUM
D-3A5B DISCHARGE SEPARATORS
D-4ALB DISCHARGE SEPARATORS ACC. #7 - HEAT EXCHAMNGERS
TK-1ARB COOLANT SURGE TAMKS
E-1AE3 ENTERSTAGE COOLERS E-11 CRG FEED COOLER
£-2ALB INTERSTAGE COOLERS £-12 CRG EFFLUENT COOLER
£-IMB DISCHARGE COOLERS £-13 METHANATOR EFFLUENT COOLER NO. i
E-4ALB COMPRESSOR COOLANT COOLERS E-18A,B8C  METHANATOR EXCHANGER
C-1AM8 FEED GAS COMPRESSORS E-15A.BAC  METHARATOR EFFLUERT COOLER NO. 2
P-1A,B,CAD  COOLANT PEtPS E-16 METHANATOR EFFLUENT COOLER NO. 3
P-2A,8,C80  COOLANT BOOSTER AUMPS E-257B GAS/GAS EXCRANGER
P-3ALB OIL SKIMMER PUMPS £-26 CRG EFFLUENT STEAM CORDENSER
ST-1AB COMPRESSOR STAEM TURBIHE DRIVER
C0p REMOVAL & GLYCOL DEMYDRATION UNIT
PURIFICATION UNIY
ACC. #5 - VESSELS & TANKS
ACC. 45 - VESSELS b _TANXS
' p-10 K.0. DRUM
D-6 RECYCLE GAS SEPARATOR p-11 REFLUX DRUM
R-1ALB HYDROGEMATOR D-12 SOLUTION MIX TANK
R-2A CHLORIDE/SULFUR GUARD BEDS D-13 MEA CARBON FILTER
FIL- SUMP FILTER
ACC. #6 - DIRECT FIRED HEATERS & 1-3 €0z STRIPPER
POMER_EOILERS 7-4 ‘€0 ABSORBER
TX-8 ij STORAGE TANK
F-1 START-UP FEED GAS FURMACE T€-9 MEA SUMP
D-\% HOT CONDRNBATE SAPARATOR
ACC. #7 - HEAT EXCHANGERS ACC. w7 HEA EXCHANGERS ‘
E-5+4 840 FEED GAS HEATER £-17 MEA REBOILER
E-T7 COLD RECYCLE COOLER £.18 EA STEAM REBOILER
E-19 MEA RE .. 'SR
ACC. 49 - MECHAKICAL & PACKAGED EQUIPMENT E-20 STRIPPER OVERHEAD COMDENSER
E-21 LEAN MEA/RICH MEA EXCHANGER
C-2A1B RECYCLE COMPRESSOR £-22 GAS COOLER
pG-2 CARBON DISULFIDE IHJECTION £-23 MEA COOLER
NIT
PG-3 gacl:m: HYDROGEN PLANT ACC. #9 - MECHANICAL & PACKAGED EQUIPMENT
P-12A48 STRIPPER REFLUR P .=
T NER GAREGP P ~ 1.5 - GLYCOL CONTACTOR
P15 NEA SOME PUMP 76  GLYCOL REGEMERATOR

PG4 LYCOL DEMYDRATIUL #A sE= P-16ARE GLYCOL PUMP
PBAIB  CONDONSAYE PUMP (- 17  GLYCOL MAKE-UP AMP
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Process Flow Diagram: Benzol Wash

Fig- 2.

18

(a) Gas previously dissolved in the lean oil is sent from the top
of D-5 to the suction of the exhauster under pressure control.

(b) Benzene and other hydrocarbon liquids form a separate liquid
phase which is sent from the mid height of D-5 to the Benzol
Storage Tank, TK-2. It 1is intermittently pumped by Benzol Con-
densate Pump, P-7, to the Purox furnace for incineration.

(c) The water phase is sent £from the bottom of D-5 to the oily water
drain system for disposal.

Make-up lean oil is stored in Lean Oil Storage Tank TK-3, and pumped
to the system on surge level control by Lean 0il Makeup Pump P-6A or B.

Feed Gas Compression*

Each Feed Gas Compressor Package, PG-1A or B, is capable of compressing
60 percent of the normal design gas flow from atmospheric pressure to
258 psia. Each compressor is provided with recycle capabilities such
that in normal operation one unit will be operating fully loaded and
one unit on partial recycle.

Each compressor package consists of a three-stage screw-type COmMpressor
with coolant injected into the suction of each stage. The cylinders
operate flooded to maintain a maximmn gas temperature of Z00OF. This
temperature must be controlled to prevent polymerization and coking

of the gum formers in the gas.

Coolant is injected into the gas stream flowing to the compressor's
first stage where the tvo-phase mixture is compressed from 14.7 psia

to 50 psia. The gas/coolant mixture flows to the Interstage Separator,
D-1A or B, from which the coolant is separated and sent to the Coolant
Surge Tank, TK-1A or B, under level control. The gas from D-1A or B

is cooled in Interstage Cooler, E-1A or B. Coolant is again injected
into the gas, and the two-phase mixture is sent to the second stage for
compression from 45 psia to 120 psia. The gas/coolant mixture is again
separated, this time in Interstage Separator D-2A or B, and the coolant
is sent back to the Coolant Surge Tank, TK-1A or B, under level control.
The gas is cooled in Interstage Cooler E-2A or B. For a third time
coolant is injected into the gas stream before the third stage of
compression. In the final compression step, the two-phase mixture is
compressed from 115 psia to 265 psia before being sent to Discharge
Separator D-3A or B. The gas phase is cooled in Discharge Cooler
E-3A or B, and flows to Discharge Separator D-4A or B for final
coolant separation with the coolant being sent to Discharge Separator
D-2A and B, under level control.

*Refer to Figure 3.
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Feed Gas Compressor Packages

Process Flow Diagram:

Fig. 3.
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Each compressor package has a separate coolant circulation system.
The coolant is pumped from the Coolant Surge Tank, TK-1A or B, by
Coolant Pump, P1A, B, C or D, through Compressor Coolant Cooler

E-4A or B, where it is cooled by cooling water. From E-4A or B the
coolant either flows to the first-stage compression coolant injection
point or to Coolant Booster Pump P-2A or B, to be pumped to higher
pressure for injection into the second or third stage compressor
suction injection points. The compressors are steam turbine driven
and als have lube oil and seal oil systems.

0ily water is skimmed from the top of TK-1A or B by 0il Skimmer Pumps,
P-3A, B, C and D and sent to the oily water system.

Hydrogenation*

Using the "NIMOX" process, the compressed feed gas is heated by steam
in Feed Gas Heater, E-24A, B, § C, and fired Startup Feed Gas Furnace, F-1.

The 550°F feed gas flows to the Hydrogenator, R-1A and B, where the unsat-
urated hydrocarbons are saturated and sulfur is converted to hydrogen
sulfide in the presence of a nickel molybdate catalyst. The tempera-

ture Tise across the reactor bed is limited to 150°F. As the tempera-
ture rise increases across the bed due to higher unsaturates in the gas,
the AT controller will allow gas cooled by Cold Recycle Cooler #1, E-27,
and Cold Recycle Cooler #2, E-28, to be circulated from Recycle Compressor
C-2A or B, to the reactor inlet. When no gas is required for the reactor
temperature rise control, the compressor operates through the minimum

flow bypass.

A Carbon Disulfide Injection Unit, PG-2, and Package Hydrogen Plant,
PG-3, are included for presulfiding the catalyst and startup. The
Carbon Disulfide Injection Unit is also used if H2S concentration to

the hydrogenator drops below 100 ppm. This would desulfide the catalyst
and could result in localized high-temperature areas where coking would

likely occur.

Sulfur and Chloride Removal

Purification of the gas is accomplished by two methods in the facility:
1. Stretford plant
2. Chloride/Sulfur Guard beds

The gas flows to the Stretford plant first where the sulfur is removed
to a level of 4 ppm in the gas. The gas returns from the Stretford

*Refer to Figure 4.
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plant and flows through the Chloride/Sulfur Guard Beds, R-2 A and B, and
R-2C and D, where the final trace sulfur and chlorides in the gas are re-
moved by absorption using promoted zinc oxide before the ﬁas flows to the
catalytic upgrading system. Only one bed is actually needed but with

two guard beds piped and valved for both series (with either bed first)
and parallel operation, one bed may be removed from seryice for replace-
ment of the zinc oxide while the other one remains in operation.

Stretford Plant®

General

The Stretford process removes hydrogen sulfide from sulfur-
bearing gas streams by converting it to elemental sulfur.
The process is essentially a regenerative axidation-reduction

system which utilizes atmospheric oxygen as a regenerative
agent.

The system can be divided into four parts; Absorption, Oxida-
tion-Reduction, Regeneration, and Sulfur Separation/Recovery.

1. Absorption

The Stretford sclution is an aqueous solution con-
taining sodium carbonate, sodium metavanadate,
Anthraquinone Disulfonic Acid (ADA), and Rochelle

salt. Hydrogen sulfide is absorbed into the solution
forming sodium hydrosulfide (reaction 1).*” The sodium
carbonate also reacts with carbon dioxide in the gas
stream, hydrolyzing and forming a carbenate, bicarbonate
buffer system. This protects the system against rapid
pH changes.

2. Oxidation-Reduction

The penta-valent vanadium, in solution, oxidizes the
hydrosulfide, forming elemental sulfur (reaction 2),
vanadium being present in a stoichiometric quantity with
the hydrosulfide concentration. This reaction takes
place in an oxygen-free environment since oxygen pre-
ferentially reacts with hydrosulfide forming thiosulfate.
Next, ADA oxidizes the reduced vanadium back to the penta-
valent stage (reaction 3),

*pefer to Fiqure 5.
ok
Reactions are shown on page 24.
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3. Regeneration

Although part of the regeneration cycle ( reaction 3)
is described in the oxidation-reduction section,the
regeneration step is completed as indicated by
equation 4., Atmospheric oxygen is continuously used
to oxidize the reduced ADA. Oxygen is introduced by
sparging air through the solution.

4. Sulfur Separation and Recovery

When air is sparged through the solution, only part
of the oxygen is consumed in the chemical reaction
and none of the nitrogen is used. The nitrogen and
excess oxXygen pass upwards through the solution and
exhaust to the atmosphere. As the gas bubbles rise,.
they adhere to the sulfur particles forming a froth
which floats on the solution surface. This is the
first sulfur separation stage. The second stage of
sulfur separation is accomplished by mechanical means
and described later.

The overall chemistry of the process can be sumarized
as follows:

(1) HyS + NayC03 ——  NaliS + NaHCOj3

() Hs" + VS ——> 5 v

() v4+amm ——> Reduced ADA + V7
(4) Reduced ADA + 07 —> ADA + HY0

(5) ZHpS + 0; ~———> 25+ 2pP"

Details

The hydrogen sulfide Contactor, M-1, is a static mixer. The

sour pyrolysis gas enters the mixer section, and flows co-current
with the Stretford solution. The gas and liquid are intimately
mixed throughout the mixer. Buring this process, hydrogen sulfide
is removed from the gas stream. Other gases are also removed as

2 function of their solubility, or reactivity with the Stretford

*Summary of reactions 1 through 4.
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solution. The clean HS-free gas leaving the contactor
is called sweet gas which is separated from the Stretford
solution in the Primary Separator, D-7.

The sweet gas is filtered prior to leaving the battery limits
of the Stretford process system. The Secondary Separator,
FIL-1, removes solid and liquid droplets entrained in the gas
stream. The liquid from the secondary separator flows to the
Flash Drum, D-8.

Liquid from the primary separator also flows to the Flash Drum, D-8,
where dissolved gases are flashed from the solution and vented

to the low-pressure fuel system. The liquid is retained in

the Flash Drum for 10 minutes to allow the vanadium to react

with the hydrosulfide in an oxygen—free environment. The

solution then flows to the Oxidizer, TK-5.

The Oxidizer, TK-5, serves to accomplish three functions:

one, oxidation of reduced ADA; two, flotation of elemental
sulfur; and three, stripping dissolved gases from solution.
These functions are accomplished by bubbling air through the
liquid using spargers located near the bottom of the tank.

The spargers are open bottom cylinders with a perforated plate
top. This design causes many small air bubbles to form, pro-
moting oxygenation and flotation. Baffles in the oxidizer tank
require the liquid to make three passes in the oxidizer, pre-
venting back mixing and insuring that all liquid remains in
the oxidizer approximately 46 minutes. A two-weir combination
allows the sulfur froth to overflow into the Slurry Tank, TK-6,
and the oxidized Stretford solution to underflow back to the
Pump Tank, TK-4..

Oxidized Stretford solution is pumped from the Pump Tank to the
Contactor by Circulation Pump P-OA or B, completing the absorp-
tion circuit. The operating temperature of the Stretford solution
is controlled by adjusting the feed gas temperature thru Gas/Gas
Exchanger E-9 and Gas Cooler E-10. The solution temperature

js maintained for two reasons: one, water balance adjustment;

and two, control sulfur fixation. ‘

The sulfur recovery system is comprised of the Slurry Tank,
TK-6, Slurry Tank Mixer, M-2, and Slurry Pump, P-10A or B.
The Slurry Tank receives sulfur froth from the Oxidixer
overflow.



26

A mixer located in the Slurry Tank homogenizes the slurry. The
slurry is pumped to a draining receiver where the sulfur is
collected for disposal. The excess liquid is collected in the
Sump Tank, TK-7, and returned to the Oxidizer by Sump Pump
P-11. The Slurry Tank also serves to 'level" froth surges

in the system, '

Catalytic rading *

Catalytic Rich Gas (CRG) Reactor

The gas from the purification sections flows to the CRG Feed
Cooler, E-11, where steam is generated from the excess heat in
the gas. Saturated 450-psig process steam is mixed with the hot
feed gas stream before entering the CRG Reactor, R-3A and B.
This steam provides the water necessary for the reaction as
defined in equations 1 and 2 below. The steam-to-gas ratio is
closely controlled to protect the CRG catalyst from "carbon
laydown' and to moderate the temperature rise across the bed.
The CRG catalyst (modified nickel) causes the steam to react
adiabatically with the feed to form methane, carbon dioxide,
carbon monoxide, and hydrogen via the following reactions:

(1) CaHp + A H0 (A + 4B) H2 + A CO (reforming)

(2) CO + HyO Hz + CO2 (water gas)
{3) CO+ 3Hp CHy + H0 (methanation)

(4) COz + 4Hp CHy + 2H20 (methanation)

The first reaction will go to campletion such that no higher
hydrocarbons other than methane will exit the CRG reactor.
Reactions 2, 3 and 4 reach an equilibrium state dependent upon
the outlet conditions of the reactor. The reactor effluent
consists of methane, carbon dioxide, hydrogen, and carbon
monoxide, and unreacted steam at near chemical equilibrium
according to the latter three reactions.

Methanator

The gas from the CRG reactor passes through the CRG Effluent
Cooler, E-12, for removal of the heat of reaction before entering
the first of two stages of methanation. The gas is further cooled
in the Gas/Gas Exchanger, E-25A and B, and in the CRG Effluent
Steam Condenser, E-26. Steam condensed is separated from the

gas in D-14, the CRG Effluent Separator. From there the gas is
reheated to 482°F in the shell side of E-25 and is ready to be

fed to Methanator #1, R-4. In the methanation steps, hydrogen

*Refer to Figure 6.
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reacts with carbon monoxide according to reactions 3 and 4
above, over CRG catalyst, to form methane. The methanation
reaction is exothermic,resulting in a temperature rise
across the reactor bed.

The gas enters Methanator No. 1, R-4, at 482°F. Methanator

No. 1 reduces.the carbon monoxide concentration to 0.6 mole
percent. The first methanator is called the "wet' methanator,
and the steam remains in the gas to moderate both the reaction
rate and temperature rise. This methanator's effluent gas
enters the Methanator Effluent Cooler No. 1, E-13, for removal
of the heat of reaction, and then passes through Methanator
Exchanger, E-14A, B and C, and Methanator Effluent Cooler No. Z,
E-15A, B and C where the steam in the gas is condensed. The
condensed steam is separated from the gas in Methanator Effluent
Separator, D-9.

The hydrocarbon gas portion of the stream flows overhead from
the separator to the shell side of the Methanator Exchanger,
where the gas is reheated to 482°F before entering Methanator
No. 2, R-5, the "dry" methanator. The removal of the steam
from the stream and reduction of the gas temperature both
tend to promote the furthering of the reactions, which convert
the carbon oxides to methane. The carbon monoxide in the gas
is reduced to 0.07 mole percent when exiting this methanator.
and the gas has now completed its conversion to SNG. The

SNG is cooled in Methanator Effluent Cooler No. 3, E-16.

The four coolers in the methanation process step comprise a
waste heat boiler which is used to generate 450 psig steam,
for @riving other process operations.

07 Removal®

Synthetic Gas Flow

The SNG from the Methanation Effluent Cooler is desuperheated to
350°F by Desuperheater, DS-1, and is then cooled and condensed
in the tubes of the MEA Reboiler, E-17, which is a kettle-type
reboiler providing the heat for stripping the MEA used in the
CO2 removal process.

The SNG is again cooled and condensed, this time to 150°F in

the tubeside of the Gas Cooler, E-22. The Gas Cooler is operated
with co-current flow of reformed gas and cooling water to
prevent cvercooling the gas.

Refer to Figure 7.
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The X.0. Drum, D-10, separates the liquid and vepor from E-22.
The liquid poes to the process condensate header via level
control. :

The SNG from D-10 enters the bottom of the CO2 Absorber, T-4,
and is sparged into momoethanolamine (MEA) below the liquid
level. The SNG flows upward through the column where it is
contacted with the liquid MEA coming down the column which
removes the COz from the SNG. The column contains 20 two-pass
valve trays and a mist pad covering the gas outlet to remove
any entrained MEA. The overhead fram the column at 110°F flows
to the glycol contactor, T-5, for dehydration.

MEA Circulation

 Rich MEA

Rich MEA (loaded with 003) exits the bottom of the
CO5 Absorber at 150°F and flows to the Lean MEA/
Rich MEA Exchanger, E-21, where the rich MEA is
heated to 215°F apainst the cooling of the lean MEA.
The Ttich-solution then flows through a level control
valve into the COz Stripper, T-3. The level control
valve controls the flow rate of MEA from the bottom
of the absorber in order to keep an adequate level
in the absorber. The liquid flows down over 17 two-
pass valve trays against a reboiled steam flow.

The CO7 is removed fram the MEA by steam stripping.
At the bottom of the column, the liquid collects in
a chimney tray and flows to two reboilers.

The largest reboiler, E-17, is heated by cooling
reformed gas. The MEA Steam Reboiler, E-18, is

heated with low-pressure saturated steam. The steam
flow rate to E-18 is automatically controlled by a
flow controller. The flow of steam is regulated to
permit adequate stripping to prevent CO2 breakthrough
at the absorber, The flow of liquid MEA to the two
reboilers is distributed by two manual butterfly valves.
The vapor from each reboiler flows back to the stripper
underneath the chimney tray. The liquid overflows a
weir in each reboiler and flows to the bottom of the
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stripper where, having been stripped of the C0j,it
accumulates as lean MEA. The bottom of the stripper
functions as the surge tank and puﬂ?ing tank of the
MEA system, The level in the tank fluctuates freely
with the water balance and distribution of MEA through-
out the rest of the system. '

The CO3 overhead from the MEA stripper flows to the
tube side of the Stripper Overhead Condenser, E-20.
Here water is condensed from the 003. The resulting
liquid/vapor stream is separated in D-11, the Reflux
Drum. The QD7 vapor at 110°F flows through a mist pad
in the top of D-11. The liquid condensate in D-11

is pumped by Stripper Reflux Pump, P-12 A or B

to the top of the (O, Stripper. The condensate enters
the top of the stripper and flows down over 3 ane-pass,
bubble cap trays. The purpose of these trays is to
wash entrained and vaporized amine from the CO2 over-
head thus reducing amine losses.

Lean MEA

The lean MEA flows from the bottom of the stripper at
240°F to the Lean MEA/Rich MEA Exchanger, E-21, where
the lean solution is ccoled to 197°F. The solution
goes to the MEA Charge Pump, P-13 A or B to

be pumped to the MEA Cooler, E-23, which reduces the
temperature to 110°F. There is a manual slipstream
bypass on E-23 to prevent the MEA from getting too
cold in the winter. The MEA flow is then metered
through an automatic flow controller to the top of
the 00, Absorber at the rate required to prevent

(07 slippage to the glycol dehydration package.

€0, Removal System Auxiliaries

The MEA Carbon Filter, D-13, is a fixed carbon bed absorber
which treats a 2% slipstream of cold, lean MEA. The vessel
contains an inlet deflector plate followed by a layer of tabu-
lar alumina balls which sit on top of a 2-layer screen. The
screen rests on the activated carbon,which is supported by
tabular alumina balls, The flow through the filter goes back
to the suction of P-13 and is controlled manually. The carbon
is not regenerated.
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The MEA Reclaimer, E-19, separates amine from degradation
products by vaporizing the amine in a batch-type distillation.
The kettle-type reclaimer is fed with hot, lean MEA from the
bottom of the (O, Stripper. The flow of MEA is controlled by
a level controllér in E-19,which keeps the tubes covered.
There is no liquid overflow from the reclaimer. The amine

is vaporized 'and flows back to the bottom of the stripper.
The high pressure steam is supplied to the reclaimer under
automatic pressure control. The liquid in the reclaimer is
concentrated and the amine boils off until the temperature
reaches 200°F. The contents of the reclaimer are then dumped
manually for disposal. The reclaimer does not stay in con-
tinuous operation.

The normal operating concentration of the MEA solution is

35% by weight. This is highly corrosive and requires special
corrosion inhibitors to prevent corrosion. A Solution Mix
Tank, D-12, is used to prepare these inhibitors. D-12 is also
provided with an air sparger using utility air. This air spar-
ger keeps the corrosion inhibitors in an oxidized condition.

The MEA Storage Tank, TK-8, provides storage capacity adequate
to empty any single piece of equipment in the MEA system. The
MEA Make-up Pump, P-14, places solution into the circulating
system. The tank can be fed from either D-12; cold, lean
solution from E-23; or fram the MEA Sump, TK-9.

A 750 gallon MEA Sump, TK-9, is provided to collect any spills
or drains in the MEA system. The contents of the sump are
removed by the MEA Sump Pump, P-15, which will pump 50 gpm

of solution through the Sump Filter, FIL-1 (a cartridge filter),
to the MEA Reclaimer, E-19. The contents of the sump can also
be pumped to the Storage Tank, TK-8.

Water Balance

The MEA System will constantly need a small amount of make-up
water. This is due to the fact that more water is carried out
with the vapor streams leaving the stripper, the flash drum,
and the absorber than is carried in with the reformed gas to
the absorber. To make up this loss, a small stream of de-
mineralized water flows to the Reflux Drum, D-11. The flow
rate of this water is controlled automatically by a coutrol
valve. The flow rate is set to maintain a constant level

in the bottom of the C0, Stripper, T-3.
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Glycol Dehydration Package*’

The Glycol Dehydration Package, PG-4, employs triethylene glycol
to remove water vapor from the SNG,and consists of the following
items of equipment:

Glycol Contactor,
Glycol Regenerator with Integral Flash Drum, and
Glycol Circulatiom Pump.

The SNG from the COp Absorber flows to the bottom of the Glycol
Contactor, T-5. The SNG flows upward through the colum, contacting
the triethylene glycol,which absorbs the water vapor from the gas
stream. The dried SNG exits the top of the contactor with a water
dewpoint of less than 0°F,and after a final pressure reduction to
achieve pipeline pressure, it is exported to the existing distribution
system, The dilute glycol solution containing the absorbed water flows
out the bottom of the contactor to the glycol regeneration system. The
system operates at a much lower pressure than that in the contactor,so
that most of the dissolved gas in the sclution separates from the glycol
and is used for fuel. The dilute glycol solution flows to the Glycol
Regenerator, T-6, after being preheated by exchange with the hot lean
glycol. In the regenerator, & direct—fired reboiler strips the water
from the glycol solution and exits to the atmosphere. The

regenerated triethylene glycol solution from the bottom of the re-
generator is heat-exchanged with the incoming dilute solution. The
concentrated solution then flows to a glycol accunulator, from which

it is then pumped through the glycol cooler before entering the top
tray of the contactor. The cooler assumes that the glycol entering

the contactor is at a low contacting temperature to obtain a low

water dew point.

Reflux requirements for the regenerator are low due to the wide boil-
ing point range between water and triethylene glycol. The incoming
glycol feed flows through a coil in the top of the regenerator to
furnish cooling for the internal reflux.

The glycol rehoiler is fired with natural gas to maintain a tempera-
ture of 400°F in the reboiler. The immersion firetube is equipped
with burner, burner controls, flame arrestor and stack. A glycol

filter is located on the incoming glycol feed line, after the preheat.

*pafer to Figure 7.
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Material Balance

The Material Balance found on the process flow diagrams designates
the comosition for each of the main process streams throughout

the facility. The stream numbers form the key between the Material
Balance and flow sheets.

Total Water Balance

The water, steam and condensate balance of the system are depicted
on Figure B, showing the connections between and quantities for all
usexrs and generators.

49
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4. UTILITIES, PRODUCTS, ENERGY BALANCE

AND AN ANALYSIS OF THE NET REVENUE

Intioduction

This section swmarizes the utilities consumed or generated by the
plant. Also summarized are the plant's products and by-products.
Included in this section is an energy balance for the plant and an
analysis leading to the net revenue generated by the plant.

Utilities

Boiler Feedwater (import)

Temperature 100°F
Pressure 520 psig
Rate 66184 1b/hr / 132 GPM*

*GPM based on 65°F base temperature.

High-Pressure Steam (import)

Temperature 460°F
Pressure 451 psig
Rate 265,980 1b/hr

Low~-Pressure Steam (export)

Temperature 298°F

Pressure 50 psig

Rate 101,716 1b/hr
Condensate (export)

Temperature 270°F

Pressure 50 psig

Rate 202,503 1b/hr / 405 GPM*

*GPM based on 65°F base temperature.

f =~ |
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High-Pressure Blowdown (export)

Temperature 460°F
Pressure 450 psig
Rate . 1238 1b/hr

Low-Pressure Blowdown (export)

Temperature 208°F
Pressure 50 psig
Rate 84 1b/hr

Cooling Water (import)

Temperature 959F
Pressure S0 psig
Rate 16635 GPM
Temperature Rise 25°F

Electric Power (import)

(For motor driven equipment, lights, instruments)

Voltage 440 volt

Frequency 60 Hz

Load 2100 KW
Products

Pipeline Quality Gas

Rate 26.4 MMSCEFD
HHV 879 BTU/SCF

Carbon Dioxide (discharged to atmosphere)

Rate 18.0 MMSCFD
Sulfur (recovered as elemental sulfur)

Rate 0.04 Ton/day

0ily Liquids (recycled to Purox incinerator)

Rate 105 Ton/day

o 74

[EON
7L

S

=




Energy Balance for the Plant
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The enargy balance for the plant is shown in’Table 4.

Table 4. Energy Balance for the Plant

Stream Stream Energy Flow Ratel
Name Rate MMBTU/HR
*Input*
Feed Gas 1.95 MMSCF -278.5
Boiler Feed Water 66,184 1b/hr -429.7
High-Pressure Steam 265,980 1b/hr -1419.5
Electric Power 2100 KW 7.2

(1 KW = 3413 BTU/hr)
Start-up Feed Gas Heater 16.6
TOTAL INPUT ~2103.9

continued
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Table 4. (continued)

Stream Stream Energy Flow R.';l't:l::1

Name Rate MMBTU/HR

*Output®

Product Gas (SNG) 1.1 MMSCF/hr -60.0

By Products

Condensate 202,503 1b/hr -1279.7

50~psig Steam 101,716 1b/hr -546.7

Oily Liquids 32 bbl/hr -3.3

SUBTOTAL PRODUCTS AND BY PRODUCTS -1889.7

Other Streams

Oily Water Stream -123.2

€0, Stream -330.8
(Vented to atmosphere)

Blowdown Streams -8.0

Water Vapor Stream -2.6
{(Vented to atmosphere)

Air-Cooled heat exchangers 43.7

Water—-Cooled heat exchanger 206.7

TOTAL OUTPUT -2103.9

Notz 1. Based on the Girdler enthalpy tables.
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Economic. Analysis of Feed, Products, and Utilities

Cost of the feed and utilities is shown in Table 5.

Table 5. Cost of the Feed and Utilities to the Plant

Cost of Import

Import Stream Stream Flow Rate Cost/Unit $/Hr
Feed Gas 1152.2 MMBTU/hr $1.40/MBTU 1613.00
(46.87 MMSCFD)

Boiler Feed Water 7935 gal/hr $1.26/1000 gall 10.00
High-Pressure Steam 265,980 1b/hr $2.50/1000 1b3>  665.00
Cooling Water 16635 GPM $0.06/1000 gal 60.00
Electric Power | 2100 Xw $0.03 Kw/hr 63.00
TOTAL COST OF THE IMPORTS TO THE PLANT 2411.00
Lm‘“l. Price of methane had been assumed to be $2.50/MMBTU. The feed gas

to the plant is inferior to methane on two accounts. First, it has

a low calorific value. Second, to use it directly requires the
installation of special burmers and polution control equipment. With
these factors in mind, the feed gas has been estimated to cost
$1.40/MMBTU.

Boiler Feed Water (BFW) has been estimated to cost $0.75/1000 gallons
as treated water at ambient temperature (65°F). The plant is
supplied BFW at 100°F. The additional heat in the BFW has been
priced at $1.75/MMBTU. Accounting for the additional heat, the cost
of the Boiler Feed Water at 100°F turns out to be $1.26/1000 gallon.

High-Pressure Steam has been valued roughly equal to methane and
hence is assumed to cost $2.50/1000 1b.
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Prices of the products from the plant are shown in Table 6.

Table 6. Prices of the Products from the Plant

Export Stream

Export Stream Stream Flow Rate Cost/Unit Value, $/hx
Product Gas (SNG) 968 MMBTU/ hr $2.50/M~1BTU1 2420.00
Low-Pressure Steam 101,716 1b/hr $2.00/1000 1b% 203. 00
Condensate 24300 gal/hr $4.15/1000 gall 91.00
Sulfur Negligible $30/ton. = ==---
Oily Liquid 32 Bbl/hr $15/Bb14 480.00
(recycled to
incinerator)
Carbon Dioxide 44 ton/hr $5/ton> 220.00
TOTAL VALUE OF THE EXPORTS FROM_ THE PLANT 3414.00
NOTES .
—1. Product Gas (SNG) has been assigned the same value as methane,
i.e., $2.5Q/MMBTU.
2. Low-Pressure Steam has been assigned a value of $2.00/1000 1b.
3. Condensate price has been based on $0.75/1000 gallon as treated

water at ambient temperature (65°F). Condensate is available at
270°F and the additional heat present in the condensate has been
priced at $1.75/MBTU. Thus the value of the condensate at 298°F
has been established as $4.15/1000 gal.
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NOTES, contd.

4.

The oily liquid is recycled to the Purox incinerator. tHowever,
it does have an intrinsic value. Crude oil to which this oily
liquid is equivalent has been priced at $15/barrel and this
same price has been used for the oily liquid.

Raw carbon dioxide produced by this plant has been assigned a
value of $5/ton.

57
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Net Revenue from the Plant

Table 7 below shows the net revenue generated by the plant
on an hourly basis.

Table 7. Net Revenue from the Plant

Item Cost, $/Hr
Value of the Exports, Table 6 $3414.00
Cost of the Imports, Table 5 $2411.00
NET REVENUE $1003.00

Net revenue from Table 7 is $1003.00/hr. Based on 8000 hx/year,
the net revenue can be expressed on a yearly basis. Therefore,

Net Revenue = $8.02 million/yr.
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5. PLANT DESCRIPTION

Introducticn

In this section the physical parameters of size, shape, and arrangement
shall be defined so that an understanding of what the facility will

look like can be achieved.

Layout

The arrangement and the overall area required by the equipment for all
of the cleanup and conversion steps necessary to convert the pyroly-
sis gas to SNG can best be understood by referring to Figure 1.
Although the equipment comprises one contiquous facility, the indi-.
vidual processing units are segregated as follows:

Renzol Wash Unit,

Feed Gas Compression Unit,

Purification Unit (Hydrogenation and Chloride/Sulfur Guard),
Stretford Unit,

Conversion Unit, and

(07 Removal and Glycol Dehydration Unit.

The required 530 feet by 280 feet area includes a perimeter access road
and sufficient space for maintenance access and is in accordance with
governing codes. Also located within this area is a control building
with sufficient space available for change rooms, lunch room, instrument
shop, laboratory, and offices.

In developing the layout, this facility was placed behind or to the east
of the refuse receiving/preparation and Purox units. Thus, a logical

flow through the entire complex is achieved. A logical flow through the
methanation facility was also followed, which minimizes the piping require-
ments and makes for a plant more easily understood and operated by the
operating persomnnel.

Equipment Specification

The process specifications define the size and/or process requirements
which are critical to the design and proper operation of the equipment.

In some cases mechanical considerations govern equipment sizing; therefore,
differences between the process specifications and the equipment layout do
exist. The equipment layout shows how the equipment would actually be
supplied while still adhering to the critical requirements of the process
specifications.

———
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Equipment specifications are shown in the Appendices to this
report. The Appendices are divided into these general categories:
Vessels and Tanks (Appendix A),
Direct-Fired Equipment (Appendix B),
Heat Exchangers (Appendix C), and
Mechanical and Packaged Equipment (Appendix D).

ire-
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6. INVESTMENT ANALYSIS

Base Estimate

An order of magnitude/ratio estimate for the base case (46.87
MMSCFD pyrolysis gas, which is equivalent to 4530 T/D garbage when
using the design basis composition and 61% efficiency) was developed
using the procedure outlined below, (See Section 2 for additional

data on capacity.)

(a) Major equipment was in-house priced using current cost data.
Vendor data and pricing assistance were obtained for: *

Item

D-7 Primary Separator

FIL-1 A/B Secondary Separator
T-1 Benzol Absorber

F-1 A/B Start-up Feed Gas Furnace
E-5 Lean 0il Cooler

E-9 Gas/Gas Exchanger

E-10 Gas Cooler

E-11 CRG Feed Cooler

E-12 CRG Effluent Cooler

E-13 Methanator Effiuent Cooler No. 1
E-14 Methanator Exchanger

E-15 Methanator Effluent Cooler No. 2
E-16 Methanator Effluent Cooler No. 3
E-25 Gas/Gas Exchanger

E-26 CRG Effluent Steam Condenser

PG-1 Feed Gas Compressor Package

PG-2 Carbon Disulfide Injection Package
PG-3 Package Hydrogen Plant

PG-4 Glycol Dehydration Package

PG-5 CO2 Removal Package

D-3 A/B Exhauster

P-4 A/B Rich 0il Pump

P-5 A/B Lean Oil Pump

P-6 A/B Lean 0il Makeup Pump

P-7 Benzol Condensate Pump

—
Cost data listing begins on page 50.

1

Vendor

Peco

Peco

CBEI

G. C. Broach
Locke Equipment
Locke Equipment
Locke Equipment
Locke Equipment
Western Supply
Marley Co.
Western Supply
Western Supply
Western Supply
Western Supply
Western Supply
Western Supply
Western Supply
Western Supply
Western Supply
Marley Co.
Ingersoll-Rand
A.M.S. Systems Engr.
Howe Baker
Maloney-Crawford
Union Carbide
Garden City
Gould

Gould

Gould

Gould
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(b} The Total installed cost (TIC) was developed by grouping like
equipment items and factoring their cost by a TIC multiplier for
that group. The multiplier covers commodity materials, field
labor, field indirects and home office and was based on Pritchard'
general experience in the industry. All back-up data by equipment
item before factoring for the base case estimate are included in
this section. The investment necessary for the methanation faci-
lity as herein defined is $47,320,000

wn

Lower Capacity Plant Estimate

In order to obtain the total installed cost of the lower capacity plant
(1050 T/D refuse pyrolyzed) an exponential procedure was applied to the
capacity ratio. This procedure for adjusting estimated costs for
different capacity plants is common to the industrial construction
industry. In this case an exponent of 0.65 was chosen based on
Pritchard's experience with facilities comprised of similar units.
Specifically, the ratio of the lower capacity plant to the higher
capacity plant was raised to the 0.65 power ( E1050/4530*] 65 = 3
to determine 3 multiplier for factoring the lower capacity plant's
cost from that of the higher capacity plant. From these efforts it
was determined that an investment of $18,296,000 was required for
the lower capacity plant.’ (See Section 2 for additional information
on capacity.)

Accuracy

The accuracy of an estimate of this type is very difficult to predict.
The engineering is only completed to the extent that a very broad brush
definition of the facility can be made,which is obviously reflected in
the investment analysis. On the other hand, the estimate is the result
of pricing each picce of equipment,which certainly improves the accuracy.
We expect that there is a 1 in 10 chance that the estimate is within plus
or minus a few percent and that the estimate could be expected to be
accurate to within plus 25% or minus 5%.

9

Items Not Included
The following items were not included in the TIC estimate:

Spare Parts

Land

Site Investigation or Improvements
Piling

Taxes § Royalties

Premiun Payments

Duties

Operating § Maintenance Cost

62
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Ttems Not Included (continued)

Escalation (Estimate as of third quarter 1980)
Client's Costs
Off-sites

Personnel and Maintenance Cost

Persomnel Cost

The following lists the yearly personnel costs anticipated «
including benefits:

1 - Plant Manager (1/3 charged to this facility) $14,000
”" 1"

1 - Ass't. Plant Manager ( " " )} 10,000
1 - Secretary/Clerical 10,000
1 - Chief Operator 30,000
4 - Operator Foreman 80,000
12 - Operators 180,000
1 - Chemist 25,000
3 - Lag Technicians 45,000
- Laborers 24,000

. Total §418, 000

Maintenance Cost

Maintenance costs for this type of facility are about 4% of the
TIC per year or 0.04 x $47,320,000 =$1,892,800.

Investment Péyout

Although the methanation facility described herein cannot stand alone
without the refuse preparation and Purox units, the battery limits
concept employed for determining the total installed cost, the personnel
and maintenance cost, the value of all feed stocks and utilities consumed,
and the revenue produced by the primary and secondary products will permit
a realistic determination of the economic parameter very often considered:
that is.investment payout. Not including interest on capital or taxes

the yearly income is:

Revenue from Energy Balance §8,020,000.

Personnel Cost - 418,000,
Maintenance Cost - 1,892,800
Net Revenue $5,700,2 00.

Payout = TIC/yearly income = $47,320,000/$5,709,200 = 8.29 years.

63
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THE PRITCHARD CORPORATION

KANSAS CITY, MISSOUR!
ESTIMATE SUMMARY SHEET

MH

ACCT,
NO.

Equipment Cammoditis.

Subcontrocts

Fisld Labor Totol

1,0 PLANT S)TE

2.0 _BUILDINGS

2,0 STRUCTURES

40 CONCRETE WORHK

5,0 VESSELS 2,266,000

60 FURNACES & BOILERS 213,000

B0 CODLING TOWERS

7.0 HEAT EXCHANGERS 1, 60O, 000

9.0 MECHANICAL EQUIPMENT 219,000

13,203, 000

10,0 INSTRUMENTS & CONTROL

11,0 PIPING

120 ELECTRICAL

amma—

13,0 INSUL ATION

140 PAINTING

150 CHEMICALS

14.0 START-UP ENGINEERS

TO TAL DIRECT COSTS 4,298,000

13,7.03,000(')

17,561,600

23.0 PAYROLL TAXES &
FRINGE BENEFITS

20.0 CONST. EQMT. PREP. EXP,,
SMALL TOOLS

21.0 TEMPORARY FACILITIES

22,0 FIELDSUPY, & EXPENSE .

24.) INSURANCE

TOTAL INDIRECT FIELD COSTS

L.

CONTINGENCIES

ESCALATION

PRICE =

i}

24,2 SALES & OTHER TAX

EQMT. COSTS 25.0 K.C, OFFICE EXPENSE

MH

KC TECH. M MK

S
TOTAL SELLING PRICE L) 7 '&xrhcd\\;‘ r TO*CA\L‘;I I'\S.'hkut_d

DRAFTING MH SUBTOTAL DIRECT & INDIRECT COST

PIECES OF EQMT.

PRICE

P SO PR __.L_L.‘J -

DIRECT COST

JOB COST

Sgy
L

+

37310,000 !

GROSS PROFIT _+ CONTINGENCY = % Wﬂgﬁ&mw;w__ﬂ,mmm ,

TOTAL SELLING PRICE-(GROSS

.

PROF1T & CONTINGENCY) PROFIT (GROSS, NET)

i
'

Sybtotel

W1, B10,000

BID LABOR EFFICIERCY K

Escaration .75 7o 10-80 €\

'Aq, 5,490,000 j

TOTAL

47, 52_‘,1O_QQ (

TYPE oF jo HETUANRT10M- PuRox OFF-GAS yapE BY
ror_SASS) CHECKED BY

A7 _Tinianarosts, JWB PAGENO. 1 OF 4 AWARD DATE

BippATE 10— 31~ RO

JOB COMPLETION DATE
ESTIMATE NO.

2392
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J. F. PRITCHARD AND COMPANY

GERCRIPYION

KANSAS CITY, MISSOURI
ESTIMATING SHEET

QUANTITY

HMAYENIAL LABOR

UNLY

TOYAL umMIY TOTAL

5.0

PRESSURE_VESSELS

M.H.

TAG # D-5

SERVICE: BenzoL SEpARAToS,

SIZE & DESCRIPTION:  Horiz Vert X

Dimensions: 3'p" ID x 1&'-0" T-T

Shell Thk 77"

MATERIAL: S.S. C.S.A-225.c Other

Pressure Temperature

Design S0 psig tSo __OF

Working _o&. 4 psig 150 °F

INTERNALS (Description & Material)

6" TH, £.8. MisT ELiminaToR nlc

Thoy Suppofrse 2"% ¥ Rar Runes

Weight: Vessel 400 1b

———

S.

Internals 1b

SI

ERECTION:

Field Fab Shop Fab

Quote By

'l

Date

Freight

Export Box

%

Painted Area

s.f
Insulated Area s.f.

SCHEDULED DELIVERY ___ wks.after P.0.

TERMS OF PAYMENT:

L |9loi0 o

|

TYPE OF JO

ron___ Shsst (o RRDEATION
A INDiAn a0, TNLIRIE

5 -Gre

CHECKED BY.

ADE BY,

oare__¥/2/7%

pate

PAGE NO._-

5- 2,

ZETIMATE NO—__ s 2 &%

tmYamm Ans ran 3n tho onninmant 1na)
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Ear.- 721 Rev. 1 W0/T4 J. F. PRITCHARD AND COMPANY  KANSAS CITY, HISSOURI
g ESTIMATING SHEET

MATRAIAL LABOR

ACCY, NG, DESCRIPTION ' QUANTITY UMIT YOTAL UNIT 'to'ru.l
5.0 PRESSURE VESSELS |
M.H. JTAG# D-6 ]

SERVICE: REcyclE Gns SeparaTol 2flolo Ml
-
SIZF & DESCRIPTION: Horiz Vert %—i-ﬁ
Dimensions: 18" X 4-¢" T-T ' ‘
Neeps R-23d WRE C.3, . i
SHELL: A-l06=C ¢.S. 'Shell Thk e
MATERIAL: S.S. C.5. »  Other _:_;‘_
' Pressure Temperature 4—'4'——
L Design _X!S psig 1So__ OF .
Working 23] psig 106 °F L
INTERNALS (Description & Material) L
6" TuK, S.5 MisT EcimpTok it D _ 5o i
¢ Supports | ) X
Weight: Vessel Ll op * /R, 1bs.
Internals 1bs. 1 %
ERECTION:
Field Fab Shop Fab
Quote By .
Date
Freight
Export Box
Painted Area — s.f. .
Insulated Area s.f.
SCHEDULED DELIVERY wks.after P.O. i
TERMS OF PAYMENT: :
3]0j0]0
TYPE OF sop fUETHANETION 0F Pueoy Orp-&AaS MADE BY. DATE ‘f_/o!/'??
FoR i&&i] (0 RQDMTIDN CMECKED BY. DATE
Aku PAGE NO_- 5- 3 _ EBTIMATE NO -23 2.": _ .

{n1are ana ranv in tha snninment 1nn)

- —— - —

., - AF 2 snam 2 = P »aomrws AdanPeine ru b
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Est.- 721 Rev. ) v/ ). F. PRITCHARD ‘AND COMPANY KANSAS CITY, MISSOURI

ESTIMATING SHEET

MATERIAL

ACET, HO. DEABCARIPFTION QUANTITY UMY

YOTAL [V 1hs

LAROR

TOTAL

5.0 PRESSURE VESSELS

M.H. || TAG # D-7

SERVICE: PRI mpgy SE Pnﬁmo&
w/ConThous

vl

SIZE & DESCRIPTION: Horiz_ Vert

Dimensions: 9£*ID. X &' 8-S,

Fuow: Gas 1a4 000 ¥/HR. Mor. UT, Xé.5

FLow: Ligwp 45506 spm Shell Thk
MATERIAL: S.S. €C.5. X Other

5300 Gﬁ'_.sﬂp.m.s) Pressure Temperature

Design ______Dpsig Of

Working 39 psig Ho °F

Ficter C.S, witd Epoxy LinuG =

INTERNALS (Description & Material)

StamiEss Steer  (mel okove)

Weight: Vessel jég,ooo ibs.

Internals 1bs.

JUY TRLET 4 DUTLEYT FLANGE

ERECTION:

ST WL

Field Fab Shop Fab

Quote By

W——

Date

Freight

Export Box

1

Painted Area s,f.

Insulated Area s.f.

SCHEDULED DELIVERY _wks.after P.0.

TERMS OF PAYMENT:

71000

)

TYPE OF JOR MADE BY.

DATE.

FOR CHECKED BY.

DATE

AT PASE NO.- 5- 4

EBTIMATE NO.

e mamie Lo bha Anaiamand 1ﬁﬂ‘
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56
Ear.s T2 Rev, V WO/74 J. F. PRITCRARD ‘AND COMPANY KANSAS CITY, MISSOUR)
ESTIMATING SHEET
MATYERIAL LABOR
ACCT. NO. DEBCRIFTION QUANTITY UMIT TOTAL UNITY YOYAL :
T r ! \
5.0 PRESSURE_VESSELS L
wu ltace _D-R2 Al ijﬂ‘
SERVICE: FLAsH DRuUm o V) |/l8l2icdon | -
STZE & DESCRIPTION: Horiz _ Vert ¢ Ll
Dimensions: \ 30" ITD. X gg'-0" T-T .
| 4 | . I
i Shell Thk L1 ‘%_ 15
t MATERIAL: S.S. C.S.A-215-c Other R R
C Pressure  TYemperature IR N
! Design 25 psig _1So _°F | R RN
Working 10 psig TP L Tl : TR
- ‘ ! ' IR
- 1 l HEH i -
o THTERNALS (Description & Material) T T
i Cone Tan Epoxy LINING | 240"9‘? 1 l .
T ‘ | v i : Ll
" B
Weight: Vessel w9, 000 % [Er)bs. | q:
Internals _____ 1bs. :__;
ERECTION: )
Field Fab Shop Fab N
]
Quote By ]
Date |
Freight ;
Export Box |
painted Area o f. IR
A Insulated Area s.f. i | '
— |
SCHEDULED DELIVERY wks.after P.0O.
| TERMS OF PAYMENT:
‘; 2 olélolo]o 1
rer or son IMETHANATION AOF Pugoy Orp-©ARS  mapE BY. DATE 4_/.'&_/7?
ORNNEATIOL CHECKED BY. DATE

Fyy)
AT Lrpianepotis, T rDIEWE

e PAGE NO_=

5-5

fwisre ane ennv in the eou‘iDment I‘OQ)

70
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enl.-m Rev. | W/74 J. F. PRITCHARD ARD COMPANY KANSAS CITY, KISSOURI
T ESTIMATING SHEET
rOT AL MATENIAL LABOR
l T * ASEY. WO, DESCRIPYION QUANTITY Uiy TOTAL UMY YOTAL 1 T
| L 5.0 PRESSURE VESSELS
i+_ - MH. JTAe 4 _D-9 4
! '_ - WENT SE:':F\M-TDR I PR —y
L | | L
- j - i
k Lode - SIZE & DESCRIPTION: Horiz Vert X i
. e , Dimensions: S-£" T.D. X ¢-0" T-T ‘- '
AR . L
N - ! —i
JT“‘*.L*"{'-’ " : ' Shell Thk e’ s
Ll i - MATERIAL: _S.S. C.S.A-51¢-7o0ther A
1 T_L_ - Pressure  Temperature 4" _g_
Y - Design alo psig 3250 _OF B
| - . Working |54 psig oo °F 1'4
1_ : , o
:P_.\Q._; ] l INTERNALS (Description & Material) e
o -4 6" T, S.S. MysT ErimiwaToR M!L 1| Zbioo '.“r
R - !
| ‘ _ Weight: Vessel _ (900#/gn.1bs. j
i - Internals 1bs. i
T —— :
| . . ERECTION: a0
| . . 'l Field Fab Shop Fab |
| - Quote By -
' - Date
”‘f Freight
L Export Box
'Ti ! ne . Painted Area ___s.f. |
RSN . . Insulated Area s.f.
b bt :
NN . SCHEDULED DELIVERY _______wks.after P.0.
*_ . TERMS OF PAYMENT: | |
i - | 1glelolo i
27 TYPE OF o -G ADE DY. oare__#/2/7]
POR SASS) LE.&B.DB.&TLDN CHECKED BY. DATE
3§ . AT S NDIANARDEIS, LNUIAMA PAGE NO—e "6 gatmareno__E37Z
g 71

|
' Ear.- 72) Rev. 1 10/74 J. F. PRITCHARD '‘AND COMPANY KAMNSAS CITY, MISS0URI
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58
J. F. PRITCHARD AND COMPANY

KANSAS CITY, MISSOUR)

ESTIMATING SHEET

s ATERIAL LABOR
ACCT. ND. DEBCRIPTION QUANYITY umMiT YOTAL 171144 TOTAL 1 .
5.0 PRESSURE_VESSELS | | |
M.H. JTAG 8 D-14 R
SERVICE: CRG EFFLUENT SEPARATOR l 23jololo L 3
AERN
SIZE & DESCRIPTION: Horiz___Vert X TN
Dimensions: ¢-0" 1.D, % 8-0" T-T | R
i R
Shell Thk , 645 | | | t i L..E.._
MATERIAL: S.S. __ C.S.n-sic-7eOther | ] EEREREE
. pressure  Temperature RN . 4_'
' Design 225 psiq _%75 _OF SRR EEE S
Working 1.9 vsig  _&l& __°F IR R
RN S —
INTERNALS (Description & Material) ? | BRI
(" THK, S.S MLST ELIMINATOR ple 2 ’ | hlolewl 4, N
w]Sueports 11 L A IR R
] ! h i ' : E
Weight: Vessel 4900 # /en. lbs. IR N
Internals 1bs. | i ] RS
REEEES
ERECTION: IHRE
Field Fab Shop Fab BEE
BRB
Quote By 5 IJ ,_
Date 3nn
— s
i
Freignt i L
Export Box i R
: NEREEEE)
painted Area 5. f. i O
. Insulated Area s.f. : !
;
SCHEDULED DELIVERY ___wks.after P.0. L
TERMS OF PAYMENT: T
a daola 11
rvrzorson JOETHANATION NE Pupoy, QFp-GES  wape B oare__ 427}
u___SBSﬁJ__C-?_RD DEATION CHECKED BY. DATE
AT ranianppotiS, LNUIAHE PAOE NO_=on 327 gerimare no_ L3 1<

Fe Ve e mmm mamu dm +ha anndinmant Tnat

. 72
1 EPrITCTARD ‘AND COMPANY

KaNSAS CITY, MISSOURI
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59
J. F. PRITCHARD AND COMPANY

ESTIMATING SHEET

KANSAS CITY, KISSOURI

MATENIAL LABORN
ACCY. O, CESERIFTION QUANTITY uNIT TOTAL UMy TOTAL ]
5.0 PRESSURE_VESSELS : ||
MH. 17A6 # FlL -1 AR _ LA
SERVICE: SEC.DMDAR\'! Sepaﬁnnn & ¢iolof ! ”
W[ CoNTEOLS %1‘}
SIZE & DESCRIPTION: Horiz Yert s
Dimensions: 42" 0.0 Suewy (0" Sump i
10" TwLET % QurL LANGE < Y
Erow: 14000 ®/He.  Shell Thk P
MATERIAL: S.5. €.5. x ___ Other DA
oL \gr &6 §3 _ Pressure  Temperature 4_%;_
Design _____psig Of 1
Working 528 psig 1to_ °F B
FiLter -C. S, wity Epoxy LinWe 1l0]0i0 4 _
INTERNALS (Description & Material) _
. =
L
Weight: Vessel U4 00 #/E1bS. | :
Internals ___ 1bs. 1
i
b
ERECTION: O
Field Fab Shop Fab i
Quote By
Date
Freight
Export Box
Painted Area s.f. .
Insulated Area s.f.
SCHEDULED DELIVERY wks.after P.O.
» || TERMS OF PAYMENT: ;;
0010 i
TYPE OF JOR [{ = THENETio_ OF Pufox OFp-Gas MADE DY. OATE '-[-/,,‘L/?i
POR_ Sps COR?DFGT!QN CHECKED DY DATE -
AT___;L“_D_‘E_*"_&E’_E‘_L;N DiANA — _PAQE NO—: 5-2 sermareno_otE7S

{niace ane copv in the equipment log)
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Ear.. 721 Rov, 1 10/74 J. F. PRITCHARD AND COMPANY  KANSAs CITY, MISSOURI
| ESTIMATING .SHEET |
MATERIAL LABORA
DYAL \ECT. NO, LEBCAIPTION QUANYITY umNIT TOTAL UNtY TOTAL
] i 1 T
| 5.0 PRESSURE_VESSELS ‘ 1 } '11 _‘
! MH [TAG# R-] A% B RN
'ﬁ' SERVICE: HypRoGENETOE & lwead logloolol .
T R
i’{} SIZE & DESCRIF_’I_]_ON: Horiz Vel:i“h r = __'W o
P | Dimensions: fI'-¢% Tp ¥ SE=0" 0T . N
P paTL, A2028-8 UT-43% — S
P ‘ NiAwehnEsE Y& Mory  Shell Thk t74e R L
v | MATERIAL: S.S. C.S. Other P R
T i 7 ; - R -
S ; Pressure  Temperature i Py L ;
4"1" i N i Fo - e T v e
) Design <285 psig g20 OF v 3
T Working 2327 psig 200 F B oo b -
- i P i ke
P CexpysT VoLume: 27200 e ET. €A | wifdleda df'd'ac_k.! : L
T T INTERNALS (Description & Material) a0 [Ty b i o
*;‘“!é' ¢ HEsy -~204 S STe, WIRE MESH-Bw|iblddouwn® [2500 1| £ejole] .,
LT A | Prerine; Yi'n /4" mixED BLUMING PELLS 1 | .
o ) . i ! ‘
{J'L Je'se 1U g opLugmiNg RALLS, J et ek wtﬂm\mﬁ:‘ ! ;
T Weight: Vessel _76 J0o#/ecdbs, B g
I Internals . 1bs. X
o ERECTION: !
T Field Fab Shop Fab IR
| i }
Quote By Pl f
Date e 1
K i
P s
Freight
Export Box : B
- P
Painted Area s.f. NN
Insulated Area . s.f. a ]i
s N
| SCHEDULED DELIVERY wks.after P.0. N
TERMS OF PAYMENT: 15
i q43dop] 1.
1 & /75 ' ryrz or son_JOETHANETION AE Puroy Orp-GES  wmaoE oy DATE r{/g:f7§
FOR SASS | CO RPDF ATION CMECKED DY BATE
1292 AT Anpienpports, THUIAHE _ pagENO—e___ 57 sorianre no_ L3905

% i L T T !
p = T T L 5 R 00 S WL VL U S O
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' Ear.- 721 Rev. V lp/‘u J. F. PRITCHARD AND COMPANY KANSAS CITY, MISSOURI
'\"ﬁ—l‘"— o ESTIMATING SHEET

; ]l HMATEAIAL LASOR

s i ACCY. NO. DESCRIPTION QUANTITY  UMIT TOYAL UNIT TOYAL
| T

T 5.0 ! PRESSURE VESSELS
o mH. LTAGS R-2AfBlc/D N
. SERVICE: CHLORIDE | SuLFul Guearn Bens] 4 lc8ed W7IA]0l010

SIZE & DESCRIPTION: Horiz Vert_ X i
Dimensions: 11%0" T.p. X l6'-0" T-T
_ ﬁm., Mancenese ¥Yx Mory i
'-- AZodE UT- 435 Shell Thk _\ /it ' |
' MATERIAL: S.S. C.S. Other Lt
' Pressure Temperature +

Design 250 psig gso  OF '. 1
Working 07 psig 550 OF i

o — :
i CarawysT VoLume: 76O Cu.Fr, ea wi¢Uelult palie\c. L
! INTERNALS (Description & Material) 1 l.'_‘i . P

L 2 Meey - 304 S ST, Wice Mesy 2 |*n 2iqpielo pod
' B Paorine: Arumina BruLs '/Z"XVH‘-"M[)LED 1 S W e Al oack. ; ;
! 4 aLsy Al w 1M Z '

T Weight: Vessel 50,000 %/ea. 1bs.
o , Internals _________1bs.

|
2

[PUI N
= -

L | ERECTION:
1 Field Fab Shop Fab I

)|

[T W R

y Quote By
Date

—_t .

- ’ Freight
T Export Box

<

""'—*'-'—I{—“I"" Painted Area s.f.
~ e . Insulated Area s.f.

SRR SCHEDULED DELIVERY ___ wks.after P.0.

W g7 | TERMS OF PAYMENT: ;
; 91916000 R

R ) TYPE OF JOR. MNMETHANATION NF Pugoy Org- GES _MADE DY DATE. 4‘!-!/79

- ron S&SJ— (o RE} OEATLOR CHECKER BY DATE.

AT. LNDIanAPpLIS, TNEIRE : PAGE NO..- 5-10 ZOTIMATE NO_ RS J

Pq
Lo
XY

e l‘\l l | Ry pussape—r—t_ 1 1 | 1 I 1 T 7 | | | ‘ __J__I_j_] -;
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DESCAIFTION

). F. PRITCHARD ‘AND COMPANY KANSAS CITY, MISSOURY
ESTIMATING SHEET

WMATENIAL LANORA
TOTAL UNIT _ TOTAL

BUANTITY UNIY

PRESSURE VESSELS

e 1 &-5 b/

SERVICE: (. F G RelReToS

e

1E, 0%

W

n
I
M

5176 8 DESCAIFIION.  moriz_ Vert )G
‘Damensions: §-4° ID % [ 'w0" AT

=y

"1

M
[ S

pTh, NMANGANESE Vi Mouy

CA308-B UT-HLS

Shell Thk = V&'

MATERIAL: S.S. C.S. Other X

Pressure Temperature

Design 250 psig 1000 _ OF

Working 195__ psig 97 Of

CATALYST vorurng: 425 cu FI. €A

INTERNALS (Description & Material)

¢ MmeEsy - 304 S.STL. WIRE MESH

PrexiNG: Aruming Bans “'w \' oy &

Yo" x V4" mixep

Weight: Vessel €6 800 4 [£p, 1bs.

——

Internpals 1bs.

ERECTION:

Field Fab Shop Fab

Quote By

Date

Freight

Export Box

Painted Area s.ft

Insulated Area s.f.

SCHEDULED DELIVERY wks.after P.0O.

b

<
P
!

TERMS OF PAYMENT:

T
1

s aei0 \ e

TYPR OF JOR METHANATION NE Pugor QEE- &S MADE BY.

rolL____jEAiiéLL__flgjiyrﬂt&1ﬂ¢>r&
AT SNDiAtppoLIS, INDIAHE

Est.- 721 Rev. 1 10/74

CHECXED @y

e PAGE NO—=

oare__ /2172

DATE.

5-11

ECTIMATLE NO______.?—&-'ZB -

PeVaemn mnn mawmn Tn the Anninmant 1.’!"\

76

}. F. PRITCHARD 'AND COMPANY KANSAS CiTY, MISSOURI
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‘ 63
J. F. PRITCHARD AND COMPANY

SRACRIPTION

QUANTITY

‘MATERIAL

KANSAS CITY, MISSOURI
ESTIMATING SHEET

UNIY

LABON

TOVAL UMY TRTAL

so_|

PRESSURE_VESSELS

M.H.

™o #  R-4

SERVICE: MeTupanAToR No, |

SIZE & DESCRIPTION: Horiz__ Vert X

Dimensions: $'-¢" T.b. X |1'-0" T-T

pate, Maneanese ¥a Mony

MprL. A-202-B  UT-4%25 shell Thk )} ¥’

MATERIAL: §S.S. C.S. Other

Pressure Temperature

Design 220 psig 985 °F

Working |75 psig 200 °F

CaTaLyST Vorurne s 220 Cu.FT

lc. @B p ck\ 3

INTERNALS (Description & Material)

1z

QL meey - 304 S. STL. WIRE MESH

!
by

[AZ

PP.CKNLA ' ! MIXED ALUMINA Bnu_s

Yoo 1" 2 pluminn Bpus

| in L\tw 4
. )

HWeight: Vessel _ 33500 1bs.

Internals

1bs.

WT, \RCLUDES NMOZZLES N SKIETS

ERECTION:

Field Fab Shop Fab

Quote By

Date

Freight

Export Box

Painted Area s.f.

Insulated Area —Fs.f.

SCHEDULED DELIVERY wks.after P.0.

TERMS OF PAYMENT:

Il

5\oj a0l “ ii!.._

TYPE OF JOLMETH ANETION DF Putoy Oep- GRS _wmape by
vor SRSS)  (CORpNEATION

At INDIApooLiS, TNLIRNE

CHECKED BY.

4/2/72

DATE

DATE

PAGR NO_=

5~ 12

o
[

o
—UI8TIMATE NO = -—

(€3]

{place one cooy in the_equipment 1oq)
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64
). F. PRITCHARD AND COMPANY

ESTIMATING SHEET

KANSAS CITY, MISSOURI

A SR B R DLS, ok PALIRILE

Est.- 721 Rev. } 10/74

ot .- 2w AL s

78
}. F. PRITCHARD AND COMPANY

Foal 8
Feuomli e

ara
N vanomn

sl ®
: toe

am aam ek @ & SR A N W] )P P—-—

S P A

KANSAS CITY, MISSOURS

MATENIAL LASORN
AGCY, WO, DESCRIFYION QUANYIVY [V 1k YOTAL 1¥1 14 § TOYTAL |
5.0 PRESSURE VESSELS bl
MH, JTac e R-5 SRuEs
=TT
SERVICE: MeETHrNRATOR No, & I 4lolpln ; e
L
S1ZE & DESCRIPTION: Horiz vert X b _4"
Pty -
Dimensions: §'. (" T D X [1'-0" T-T . BEERE I
T ! | T
MpT. MENGANESE =y : { K ;;;;
) ety p-3oxB uT-435  Shell Thk | 7c" | I i S B
. MATERIAL: S.5. C.S. Other : RS Lk
| ; Pressure Temperature | y v AR I 1
- " - -+ ‘-. 2 i Sy e el - ——
L | Design %02 psig ) __gf v C i o ‘, _
______ ' Working 50 Psig 9p0 F S R . ;._».
: CaThrLNET VDL.‘«UI_E_-' 8150 cu.FT. : I-W{c'b_\_g-:_é_ﬁq:klu .
" INTERNALS {Descriptien & Material) Py U T
| ? Mesk-30% S STL. WIKE MESH 3 }E’Zogsﬁ” i o o2, B ]'. 1 PLL
| Phcarme: /a0 Y4 paxer Aamune TRLLE, D e Y
. : Vel w-|"g Aruminin Beoeg i ' Mi‘-l‘ke;"l{iff“d“k} —
_ ; Weight: Vessel _3& Zoo 1bs.j ; TR
| Internals 1bs. | ; TR e
* - | BEREE
- I R ' -
ERECTION: T I
Field Fab Shop Fab B
i I
]
Quote By E
Date I. |
!
Freight i {
Export Box ! : ;
- : ’ g Lo , ; | ;
Painted Area s.f. ! I L
Insulated Area s.f. i ! . B
L i
{ SCHEDULED DELIVERY . wks.after P.0. bl JL
1 TERMS OF PAYMENT: i S
. b ' A B R
; | g2l e
reen rm oo [GETHENETION OF Pueoy, Orp- Grs MADE BY oave 4 279
cor, bR CoRDDES TN e TMETORE B DavE. .. ..

TATIATE MO .5 i -
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Eer.- 721 Rov. 1 W/ ). F. PRITCHARD AND COMPANY  KANSAS CITY, MISSOURI
L ESTIMATING SHEET .
MATERIAL ' LANON

ACCT. NO. DESCHIFTION ' QUANTITY UMY TOTVAL WNIT TOTAL

5.0 PRESSURE VESSELS

MH. ITAc¥ T~ P(‘Fle,\d Fab) | {En.| [3clololplo

SERVICE: Benzor RBsokBER

SIZE & DESCRIPTION: Horiz Vert X

Dimensions: &0 T.0.x 200" T-T

shell Thk Y& E

MATERIAL: S.S. C.S.p-205-cOther

Design 5 psig  _lseo OF

Working .) psig {062 F

Pressuvre Temperature *
i
|
|

INTERNALS (Description & Material)

2- levels af Weoad G rid R&klhg wclue.m. Pcu.kt

22'Ipx Zo'e <o, fevel 7é00cijo ./
[’lq.blﬁ“‘\f\bd'\'of c.%. ' T "/lﬂo 18olop

R " Weight: Vessel 195 noo 1bs.

Internals ’ 1bs.

TFU\:‘ S\ngo;g]:;', 7 X8 SYRueTupht TEES

Hee
1
i

ERECTION:

Field Fab Shop Fab

Quote By C B & T gg PHONE

Date j&/6/7P

Freight

Export Box

Painted Area __s.T.
Insulated Area s, f.

SCHEDULED DELIVERY wks.after P.0.

TERMS OF PAYMENT:

rvex or son_NETHEWMATION OF Pukgy OFF-Ges  uace wv oave_ H2173

e
roR Sasst Co PROLETION CHECKED BY. DATE

AT, l[s_\_D\BhQFPOL!S_ NRSATITLN PAGE NO..= 5"'"{ EOTIMATE NO I37A _

(place one coov in the equipment loag}l
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Esi.- 721 Rev. ) V0/74 J. F. PRITCHARD AND COMPANY KANSAS CITY, MISSOURI

DT AL ' ESTIMATING SHEET
™ MATRRIAL LAmOR
1 ACCY MO DESCRIPTION QUANTITY  UNIT TOTAL uNIY TOTAL —
1 5.0 PRESSURE VESSELS _ ' : ! i ‘|
; M.H. | TAG # -t (Field Fab) '=. L
s SERVICE: BEMzoL STRIpER | | | kisddad L
L
S SI1ZE & DESCRIPTION: Horiszmczyert p.3 | i u:;_
ﬁi: Dimensions: &0-0" ITD, X 56'-0" T-T 'l’ ! i 1 -
Loh n RN
a8 Shell Thk Y&~ T EERE 15EERE
i | MATERIAL: S.S. C.S.A-225-cOther | R ERRERE RN
i ot Pressure  Temperature ! o | ﬁ b R
dles - . Desian 5.0 psig 4S50 OF H - et e e
? ? } !;Norking .o psig !5 r__PF ! . 1 E E e
B 1 | HEE
T “TNTERNALS (Description & Material) - R
, '_1: | 2 -Lejet or /2" Reactle Kines | :
1,:_ © ss'T.D X IS'L. ma.teveEl  S700 cF /A - .
L. | Trpay Suprokrs: H'x 1" Bep fineg . : .
! | ‘ ' Weight: Vessel _ €2 2no  1bs.| ) BN B i
1 : Internals __~ 1bs.’ T EEEEEEE N
[ Liguid Distye buter . 5. 2 J::"/o,‘ ' }qj;o{ooi [ Py B
11T ERECTION: ] | B
Field Fab Shop Fab o g L]
! ! Pl :.
Quote By i R EEERE f_
Date e W
| BN
Freight ! SNl -
Export Box | REERERE ‘ ]
. B i } i N | b
Painted Area 5. f. BRI o
Insulated Area s.f. i R WDy :
i RN e
1§ SCHEDULED DELIVERY wks.after P.0. | L P
IR TERMS OF PAYMENT: T N
279 T aseson. .
. vvrr oF sop_[L S THENETION AE Pursy Orp-Grc MARE B oare_ /7
L | roR Sency (o tonfeTion CHECKRD BYuear oo o om DATE
i AY NEEVALIRS <DL ARSI ARE: PAGE NO v S0 4L RETUKATE NG

(place one cooy in the eguinment .
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Eov.- 720 Rav 1 10/74 J. E- PRITCHARD 'AND COMPARY

KANSAS Cif'y, MISSOURI

ESTIMATING SHEET
MATEAIAL LABOR
WY, NO. DEUCRIFTIDN QUANTITY UNIY TOTAL UMIT TOTAL
Sterage I&V\ks
!
TK- 2 T.:JEHEOI S+orc~a;¢ Tonk \ Eq o |0 ;
: .
|
Sipe, = 42" F x 16 ‘ot T/T 4{ :
: Cc\?acﬂ?f - __leoco gq/.s _; l
'Dgs%n P - 0.5 p.srg ; |:
v - f{20°% F L
Thickness — '$e" d—
Wi ~ 3300 " i

; Material —

|
~- - -t
P
T x"‘L'"
b b |i
b
| Shep Pl li‘—
i
e i
1oy
I
{l
-1.—-
i 9lolol !
wvre or son_Hethanation af Puvox_01f- Gas MaDE BY_JB oate 3179
CHECKED BY _ DaTE

| ror_Snsst Corp

pAGE NO._ D /C

__EBTIMATE NO_ 23 7%

| ar_Indianapolis, Tundianc
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). FPRITCHARD 'AND COMPANY
ESTIMATING SHEET

KANSAS CITY, MisSOURI

MATERIAL LADOR
7. ND, DESCRIPTION QUANTITY UMY TOYAL UMNIT YOTAL
] 1
<torage Tank I' \’ ]
TK- 3 Lean Ol %+=>ro.31e_ ‘1B 4]0 00 ] e
| ! | ______._,,,,,,.:.-.. -
' . s y
Size - 130" g 2 24 0" d - | . e
M 1 j "
Reaf -  cone ! I ‘ —_ —
CG.P&C\"‘\')— 25000 %a(s ; T B — -
Design P =~ atmes — b
I~ 120° % S R .
Wit - __l4¢00 ? — by
Mederial i P -
T \ L oy
. e -
‘; | i R
! Bl P
* ; f |
i {i
APY -
N 1
] |'
v
i
| : !
i |
Pt
Ty |
; : '
T
; I ‘ !
RERE
I
| t ! y o )
H N I
- |
- ]
|
t B fof
{ P L
| i i
(1] L |
T ™
! o
T
ojoo] 11

rYPZ OF JOB. Mothanetion

"OR s « LY

Carp

O'F ?J.H“t::}{ OFF‘ L&Qﬁ MADE RY .'B

nrr:-:r ?13/79

CHECKID DY

\T ]:V\o\lnvxggol‘s L Ihc‘

DATE

paok NO—2 17

oY al

EeTIMATE No._ 2372
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“Ean. 771 Rav. 1 10/74 ). F. PRITCHARD AND COMPANY

KARSAS CITY, MISSOURI

TorAL ESTIMATING SHEET

: MATEAIAL LABON

] \ i ACCT. NO. DEBCHIPTION QUANTITY UNIY TYOVTAL UNIT YOTAL I

2ER .0 FIELD FABRICATED STORAGE TANKS |
i TAG #__TK= 4 !
e SERVICE: Pymp Tamk  (Field Fab) \_|lge | | 13|ar0lold e
............... = Il--'--—

STZE AND DESCRIPTION (complete) f !

o /5t gx_ 260" K __w/Cone reof RARS :
e Ligud level @ 21'-6"  lined with ! fru‘ | e
i coal tar e [paxy allous 1500 I s5F _lL;?ﬁ_iQ,-j_ LA e
kg ' b et L i

v Volume c.f. RS ISR R R
T Material: S.5.___ (C.5)A285<0ther o o I

;' : 4 R & SP°+ X-vong I‘l*"_‘r"['t ! ‘ L] -
T l Pressure _ aiwos _ PSig Workng RN IR

N | Temperature 1) O iy | v :T o L
1 e bt bt et ! '
1 Insulated Area s.f. S
| ——— b -t e -
I " Painted Area s.f. ; : + —1—1| P RERE
I 1 H -t - T -
T Weight 25 2co 1bs. | IRERE —TT P
thaans f j : R A SRR A b
P b ] H T B ! b
Tt ERECTION: e T N
T AR -
— ACCESSORIES: R o
| — S+ T {
— R n
JL! : ; :J: 1 R f
N ! {
P Y
! B . '—"‘1 - -
T i - i h_.
; | : Hydro Test i
5 Freight [N
: _ - Quote By Export Box | ! N
..:_._...._,_i_-@_ Date 1 RS P :

Tl il IR 1 ! ‘f
. o !
RN START ERECTION wks.after P.D. ; R
Lo ' FINISH ERECTION wks.after P.0. L

:_-'——r—,'_ ! T T T {
=, . I i - '
R TERMS OF PAYMENT: I AN
i - : i . 2L | ‘ .
2572 TYPE OF JOR Ht_'\“qc.m:."‘\on Q'( —RJfOX O{“-' C‘G-& MADE BY -.JB DATE /g /?9
ron_Sasst Corp CHECKED BY. ... DATE .

AT Thaicnapelts . Ind. Pr3E NOs L. %

{place one copy in the equipment log)

o™

ESTIMATE NO_%..B_f.Z.'__._ -
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J. E. PRITCHARD AND COMPANY

ESTIMATING SHEET

KANSAS CITY, MISSOUR!

MATERIAL LABON
ACLCT, HO. DESCRIFTION QUANRTITY uNIT TOYAL UNIT TOYAL
T
0 FIELD FABRICATED STORAGE TANKS AR R
s TAG # _TK-9 o
o "SERVICE: Ox1dizex o
3 : 1 ‘

[ STZE_AND DESCRIPTION (complete)
i
wl Cone oo F

gty @ x 260 H
- lined w/ _coal

Thickneg = Shell W

4ar epoxy - bo £f les _LsEd to dwnde

Ce e—

fonk W D= Oar'\'s
Volume ' c.f.
- Material: S.S. _(C._S)A-g_gt:-c.other
o Pressure Atmos P51 Working
Temperature 0o UF v o . | !
Insulated Area s.f. ! | P L
Painted Area 5.f. - R
T .
Tenle Weight _ Ei000 1bs. 'Lll_1 ‘ ‘ ’]l Lo
'Plpm% 3 Muise Tuderncls - 27,300 ‘ L “ * B
ERECTION: - S/C ' j_T | P
—— e ] » til,.
41 —“ NI
- ACCESSORIES: al _}} HERES
J3yY=- Spgrgerd —30¥ L S.S. 152 IR" fQ__cLI_{J'__'__ | ‘} :
Air_prpes 2“4 ' _4,_ 1 | L‘iy }'f
4_; !
Hydro Test | | BEN \ :
1
Freight 1 % 4
. e
Quote By Export Box | 1H Vo
Date 1IEH37"~
T
| L
START ERECTION wks.after P.0. 1 i
FINISH ERECTION wks.after P.0. \ BERN
TERMS OF PAYMENT: | iR ';._
| EaEk
i J—:J—T_"
ool 111:]
TYPE OF JOB Ht‘\\l\am"nor\ ng Et.ﬂ‘m: OW— CIQS MADE BY. JB DATE. ‘//5/79
CHECKED BY. DATE —

n_Sass Corp

rO

AT 'vad\onqpa‘\s; Trd

5-19  gamimate wo 2322 _ .

PAGE NG _=

(olace one copy in the equipment 10g)

L e e ALSTe AAMDPBAMY

wancas C1TY. MISSOURI
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ESTIMATING SHEET

KANSAS CITY, MISSOURI

MATERIAL LABROR
ECY, ND, DESCHIPTION QUANTYTITY UNIT TOTAL uMIT TOTAL
I
t) FIELD FABRICATED STORAGE TANI(S_ "
TAG # TW-&
SERVICE: Slorry  Tank L llea ! | |2iTiolop |
. — J O "
STZE_AND DESCRIPTION (complete) T R
. : l 1 ‘ ! T
K'-o" g x 260" w[ Cine Eoof , RS | ; L
fined w/ coal dar e'pQ;:}/ WA R - 1900 :5,4: ‘ 1008 8 ' i o
heuid level r Il N i | i'.:_“_.._.. ; -
] W I T‘ it
Volume c.f. T
Material: S.S. (C.S . A-23-cOther IRR
| b
: ! L
Pressure Atwos Psig Woy king 11 L
Temperature e OF w v :
Insulated Area 5.f. !
Painted Area s.f. .
Weight 23,700 __lbs. fome
ERECTION: S/C i
—x«Ti-..
1.
ACCESSORIES: i By
i-.
- |
Hydro Test ;:
Freight R
Quote By Export Box e
Date
[R— ,{ —
START ERECTION wks.after P.0O.
FINISH ERECTION wks.after P.O. *} )
TERMS OF PAYMENT: _
38000 o
TYPE OF JOB HP-*\"\QM‘{'IOIA O'c Pourax OKI‘GGS MADE BY_J & DATE ﬂt}lzg
ror_ st Co rp CHECKED BY. DATE
ATIDd.\L”‘G.Pi‘LS < Tnd PAGE NO_- 5-20  serimare no_23F2

{place one copy in the equipment log)

RE
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pto- 721 Rove ¥ 10/74 3. EPRITCITARD ‘AND COMPANY  KANSAS CITY, MISSOURI

ITAL ESTIMATING SHEET
! MATERIAL LASOR
T, NGO, OESCRIFTION QUANTITY UNIT TOTAL uNIT “OTAL ‘ ‘.
Storage Tawnks | \‘ x\ lr' \
con
- " - T
= -7 Semp Tank | || Eeq slope lo | Ji—*,—g——
'-..Ji.._- , ru.“l'\u,::' 1 ; L
T : 4 e
> S - (-0 @ = 670 H ‘ ' l
S CADQL\‘\:/ ; . " e
%ﬁ'"f FE _ .P\Nor\uns P~ Alwas ! L T Seian
T L 1o _uo E L
,—.-‘;.-li.-. | | Wi -  suond | RER L]0 ‘i :
“\ B _ . Froame= | . o ) i i
I, el - FRP or €35 spoxy ; BEEEE l |l EEAN
i N lyned _wf b6 orptect 1on (= nelow ‘ ! - l. ‘i ! 11 5‘ -
|_grade) | T i
o ' f -? | ] -t
o e L : '. i ! S A IS I NSO
) ' "".‘L i 1 ‘. \ i | : : ].—1—
- y | A L hl i % e
- ; i O
- | Suim AL
'ljr RN [t
T T RREN
I i
I . [
- 4
- ?
_ !
|
| !
L——W--T—..--_
ﬁ_"" p !
= ———
| L
sEREERN
_ ——
| i il
- ‘ H_"—l_—&_
- ‘ . g po il
v : b
[1_9._. S IR
1z rrox o Jon_ et henation of Rurox off-Gas MADE BY_I L DATE. 4h 17
rOR_ DO, S5 Corts e e EHECREID BY. I-Y0  -SE——
S arsndiane ?Q\\fh Lng PABE NO—nio % ‘  yuTIMATE NO_— & 3 E
o : 86
Eat.- 721 Rev, 1 /U }. F. PRITCHARD ‘AND COMPANY KANSAS CITY, MISSOURI
ESTIMATING SHEET

MATERIAL ' LABOR
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DATE

REY. NO.

Esr.- 721 Rev. 1 10/74

76
J. F. PRITCHARD ‘ARD COMPANY

KANSAS CivY, WISSOURI
ESTIMATING SHEET

PAGE NO. 7/ (Rev 1)

MATERIAL LABON
ACET. NO. DROCRIPTION QUANTITY UMY TOYAL umMiT TOTAL
0 5-T, FIN TUBE, U-TUBE, EXCHANGERS l !
M.H. {| TAG # E~5 ﬁ%i?ﬁm?m
SERVICE: L ERn Ol _CoolER -""“1 Z.a9i02 ! i; L _—
EREERE AR
T OTHER SRNERE BN AR ,.
TYPE STZE Hinia
| No. Shells/Unit SN
leat Tronsfer Afea & Son S-F. \ __1__;_ u_i, T
Bare Tube Surface/Shell s.f B
Heat Exchanged (Design) Btu/Hr. C \
SHELL TUBE T
Design Pressure 96  psig 75 psig ! HE ; f
Design Temp. _I5o OF {85 OF Cddd _L ; )
Material .S, Sp-5i6 Gr70 _SA-179 % | ] L
TEMP Cumss: C ‘ | X
TUBE SIZE AND DESCRIPTION ; ‘t: |
P
No. Tubes 0.D. ___%__ﬁ_*__ _:' ! E'_
BWG Length 4 :
ELaneess: |S0# RE v ’ ‘! -
Weight Ea. 9780 1bs. | 1 it
“TorpL WeienT 49, 340# g
ERECTION N
Field . Shop Assembled s
]
i
quote By Loeckf Eewp Co 'E__
" Date 1x/ul72 Freight L
Export Box 'f
Painted Area s.f. 3
Insulated Area s.f. L
©.0.8. Burearo, New YokK Pl r 'i
SCHEDULED DELIVERY 24 7o &4 _ wks.after P.0. 1
TERMS OF PAYMENT: R
Prices Fiem - 30 Days From Quore DatE 710:710 B
. vvex or soa._ M ETH ANMATION OF Purox OEF-GES mape av. DATE 4‘[3\'}'73
E POR SALCL (ot S‘)OERTGDH CHECKED DY. DATE )
> A?____Q.&_.___L_Iﬂ erapgoric I NDIBNE PAGE NO—ce— 1= & ESTIMATE NO— 2 d Zee
o

(place one copy in the equipment log)

90
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TOTAL
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Est.- 721 Rev. ¥ W/

ACCY. NO.

77
). F. PRITCHARD ‘AND COMPANY

ESTIMATING SHEET

DESCRIFVION

QUANTITY

KANSAS CITY, MISSOURI

SAVERIAL

LABON

UMY

TOTAL

UMY

TOTAL

S-T, FIN TUBE, U-TUBE, EXCHANGERS

M.H.

W i__E-C

SERVICE: Ricny Oy HEATER

5-T OTHER

TYPE SIZE

No. Shells/Unit

Hoat Transfer Afea €4l <. F.

Bare Tube Surface/Shell

5.f i

Heat Exchanged (Design) Btu/Hr.

SHELL JUBE

Design Pressure 75 _ psig _ 75 _psig

Design Temp. 350 OF 350 OF

Material ~ g SK-Si¢-6870 _ SHI7)

o — P

S

TEMA Ciass: C

TUBE S1ZE AND DESCRIPTION

L4

No. Tubes 0.0.

BWG Length

Evnnges: |Sow RF

Weight Ea, 3660

1bs.

e - ad - -
ogrmir-zid L T2 0t

ERECTION

Field Shop Assembled

Quote 8y Locike Eoup. Co.

Date 1247 Freight

Export Box

pPainted Area s.f.

Insulated Area s.f.

SCHEDULED DELIVERY XJvo L%

wks.after P.O.

TERMS OF PAYMENT:

PRicES FIRm - 30 Days From QuoTe DaTE. Hol7o

TYPE OF JOB METHANATION OF PlLF:DX DEE-GAS mapz ov.
ron__S8
AT LNpiAMRpor1s T NDIRNA

S oEATION

CHECKED DY

PAGE NO_-=

DATE

7- 3

{place one copy in the equipment log)

KANSAS CiTy, RISSOURI

' 9l
Eer- 721 Rev. | TO/M ). F. PRITCHARD ‘AND COMPANY

ESTIMATING SHEET

MATERIAL

~EOTIMATE NO__M: g_ -

LABOR

o Fr.Trss
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78
J. F. PRITCHARD ARD COMPANY

KANSAS CITY, HISSOURI
ESTIMATING SHEET

c MATIHIALY LABORN
ACCT. NO. OERBCRIFTION QUANTIYY (1) The OY AL UMIT TOTAL
I i
0 S-T, FIN TUBE, U-TUBE, EXCHANGERS ‘E ‘ !L
M.H, | TAG #___E-7 EERREINN
o : N
_ SERVICE: L Epn/Riel EACHAMIGER wr¥ L6 Le0n e
I e
| B OTHER i T T -+~-: T_i o
| TYPE SIZE ‘ RN S
 No. Shells/Unit __ A ‘_l+ i
1H&a;|'_ Transier Afeo, n,a4¢e S F. | ; L] .i_.;_--e.‘l- -.; ,..__
Bare Tube Surface/Shell s.f. i B r NS
Heat Exchanged {Design) Btu/Hr. R EREE 1
! j"""‘ b e -
SHELL JUBE | N R
S Design Pressure 75 psig 70 __psig | i ! REES N
Y Design Temp. _200 OF 3po OF 1 "i’ B ] |
- :4. - —-—Jn' ---—-r--- - v ——r— T:f "
b Material (. .,P 516~ 6&,70 SA-179 HEERERE N L
» — ; ] ‘ + TI ‘i T ! vt
i u ‘ E’Y\\R CLASV v C A I I ~li o i
Vo TURE SIZE AND DESCRIPTION [ _1— Jfl" i L
+ | ‘.: . ] - l { ‘:
I - -y 4
P No. Tubes____ 5.0 EERETNRS T
T BNG Length T g 1
~+ | - T -] =T ' 7
! n| CLANGES: (So#* EF - .| cp d -
1l i Weight EA, JL__@__]bs A0 ] IR 11
1 | TotpL Wt 91,0003 i
ERECTION 1
Field - Shop Assembled j )
4 i - | I
- - - - + -
T Quote By L ocwe Eguip, Co. ) __’g__
17 pate e[yl Freight IR
RER Export Box L
Painted Area s.f. i
A Insulated Area s.f. e
il
| SCHEDULED DELIVERY 3¢ T. %4  wks.after P.0. 4. 1
| | TERMS OF PAYMENT: P
I Prices Fiem - 30 Days Fhow. Quote Dete Z1étlolo L
!21 cyrg orsos_ METHANRTION o Pukox OEF-GAS mape By DATE_ "f'/l /79
i FOR Sasst CDKL&AT!DN CHECKED BY _DATE
1S ATMW - BIDIR N A PAGE NO—se L= ESTIMATE ~o_,_i_2:~_,_..
(nlace one copy in the equipment log)
p 92
o ]
n o« ]
6z22 | 8
- AL Eagg: -l

rd ratese
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Esto 721 Rov. 1 10/74 J. F. PRITCHARD AND COMPANY

ESTIMATING SHEET

KANSAS CiTY, MISSOURI

MATENIAL LABDN

(nlace one copy 1

n the equipment log)

£CT. ND, DESCMIPYION QUANTITY (V] 1h] TOTAL UMY TOTAL
|
9 5-T, FIN TUBE, U-TUBE, EXCHANGERS
nH jTAR e E-2 | 1
[ SERVICE: Renzot ConpeEwsEs | leal 11 {72000 s “QE
ST OTHER 1 41
by =
TVPE SIZE 7 i
. T -
No. Shells/Unit | R
e . -+ T
Neat Transfer Afea 1106 S-F. T ngdddt. i
Bare Tube Surface/Shell 5. % | L
Heat Exchanged (Design) Btu/Hr. \5 \.lj_l i
SHELL TUBE Bl i
Design Pressure (£ psig _ 75 _psig 1] . _*
pesign Temp. 2300 __OF o0 OF 8 l-l *----P : ’
Waterial .5 SR-Ste-Gr 70 SA-17] T e
t= == i t
TEMmA CLest C %. L4 -
TUBE SIZE AND DESCRIPTION i ! L
3 h .
AR L
No. Tubes 0.D. J i1 i'k
BNG Length i { r
- e - —— ! ﬁ
CLRnGES: |So% EF 1 i )
Weight E& L4S0 dbs. B ] | ;“ ‘
L}
ERECTION _]".
Field Shop_ Assembled ]
Quote By L ocKE Eoup.Co. :_
Date [ g ;H 72 Freight A
Export Box !
Painted Area s.f. B
Insulated Area s.f. L
Fo.B RupFaLo , NEw Yo L
SCHEDULED DELIVERY 22 To - wks.after P.O. in
TERMS OF PAYMENT: 1
Prices Frem - 30 Dayg Frow QuoTe DETE 71010 o
TYPE OF JOR METHANRTION OF YUuRDdX HegE-(GAS mape By DATE HZ;:.IZ?_
FOR Sassl Cof_g pkATION CHECKED BY. DATE
ATM—&-IE D\R N F __PAGE NO—em— 1= LY ESTIMATE no__lii.-?s__



‘ 80
OTAL : Eatie 721 Rev. | WO/ J. F. PRITCHARD 'AND COMPANY KANSAS CITY, MISSOURI
ESTIMATING SHEET
—t e MATREAIAL LABDW
ACCY MO, DEBCAIPTION QUANTITY UMY Yoval UNilT YOvAL ]
|
by .0 $-T, FIN TUBE, U-TUBE, EXCHANGERS J
hﬂ . mH, [ TAGH __E-7 RS
- SERVICE: Feep Gas HERTER {_ leal (145000 REERE
|
T ST OTHER I 7 T
s : S
‘ & TYPE SIZE l’ SERRS
1TT' v —r -+t - T
e No. Shells/Unit _ | _H_i__ RSN
. -L peat va\s:C:r Area, 11 575 S.F ! Ll L - i .H,
T Bare Tube Surface/Shell s.f RN T Lot
S Heat Exchanged (Design) Btu/Rr. R T
b 4.! - + - 1| —-—O‘_L—-ﬁ.v-"*‘—.-ﬂ N
Pos SHELL JUBE ' : l I T S
‘; s Design Pressure 275 psig _Soo Ppsig | g b ]l RS
' X : -t . X | *
i Design Temp. u70 OF y7p OF | L _LI l4+| R N
;‘ ‘: _ Material c.s. Spg/6-Gr70 At sB-nSl :, JLL . _, .‘ \L 1 L “
nh - TEMR Cepse: R Aoy #45 | i . L1+_11_L S '
b TUBE SIZE AND DESCRIPTION 1 - ‘ 'J i c b ‘
bl | T T
~+ 1 ;t | L '} vk P §
toy ! No. Tubes 0.D. Ly _J ﬁ SR
_ J g H A
i BUG Length ! , I T I T
- 4 . - am ‘ -y . l_.._T_—,——--"-'b . ﬂ
£ ELhnGES: 3oo*fF e i#JL .. N R
) * ! . .l
4 Weight _dbs. L a1 JREEN ! .
1 1l i |1
_ ERECTION ] ‘ a 1 E.
11 Field . Shop Assembled ‘ T LE.
! r Quote By Western Supply i i 1! %_
| Date  4/12/19 _ Freight l R
Export Box ' | AL I_
1 | T
» Painted Area s.f. B RN
A4 : Insulated Area s.f. R oo .J |
— et - " ' !
. .& i | S—
L ] SCHEDULED DELIVERY ' wks.after P.O. o Pl
4/2]79 1 TERMS OF DAYMENT: R i L
J— L . Buysaoy fii
_ﬁi;'_l._.. TYPL OF JOB METHAMPTION OF Pueox NEE-GES maoe »v OATE 4'/3,‘}79
POR.__ _b ASEN iﬁ.of..l‘DDF: &Y ot CHECKED BY. DATE .
AT _I--NU\FﬁH«po:_f_g e DDV B B e PAOE NO_.- 7- & ASTIMATE no_LE0E

fplace one copy in the squipment log)
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Est.- 72} Rev. 1 10774 J. F. PRITCHARD AND COMPANY KANSAS CITY, MISSOURI1
'ESTIMATING SHEET
MATERIAL LANO®
ACET, ND. DEBCAIPTION QUANTITY UNLY TOYAL uNIT TOTAL
‘ I
' 7.0 AERIAL COOLERS R
TAG # E-2 !
SERVICE: CoLp Recyele CooLEL | fea | Waponlo .
(_A\R CoolLEr EXCHEI @Er) | i ' I; .
S1ZE AND TYPE OF BAYS ] \ | : i
. | ! ! 1 | i ]‘ : ’ !
H : . --o---ql-—- by s e
T ! T T i—%_ .
——— : 5 ; I L : J_i-_,{._ | | " ; -
No. of Bays : #_,ﬂ_{_iﬂ} I.L.-.L RS
Finned Surface/Bay 5. f. Lol o o
i Bare Tube Surface/Bay s.f. ‘ l ‘! U | . J'.
. Heat Exchanged Btu/Hr. ! i 1 f’l‘g"
1 REREREY AR .
Tube Press. psig.Tube Temp Of b _1> BEEEE
' ———t ~—+ —t —t
: Material Tube Mt1.Header SRR l
. Type of Finn ; | J_L i .
! l ' b
: FAN: L §
t pia.____Mtl. No/Bay HER P
! | P
i A i .% .
DRIVER , | i
\ Exp.Proof_ TEFC Other, | i
; No/Bay |
WP V/P/Hz lj
TYPE OF DRIVE: V-Belt Gear i
,. | ! R
ERECTION: T
Field Shop | Assembled Lo
- _ Weight | 1bs. '
Quote By _{ipfLE rp RNy
Date
|
SCHEDULED DELIVERY wks.after P.0. b
TERMS OF PAYMENT: L
2 ixlolo i
e or sos JMETHEWETIoN OF Pukoy, OFF- Grse MADE BY. oare_ 4 /2]79

FOR

Seecy CoofporpTion

AT.

Thapierseporis , TNUIANE

CHECKED BY.

PAGE NO_-

DATE

acho
EBYIMATE No__f_\;i.h.....

7-7

{place one }opy in the equipment log)



B2
" roraL © Ear,- 721 Reve ) 10774 J. F. PRITCHARD AND COMPANY  KANSAS CiTY, HISSOURI
Ff ESTIMATING SHEET
| MaTERIAL LABOA
", ACCT WO DRSCRIPTION QUANTITY UniY YOTAL UNIT TOTAL
' 1.0 S-T, FIN TUBE, U-TUBE, EXCHANGERS
L‘I}_ W | TAR A E -9 RN
ri | -5 SERVICE:  Geas | Gag - XcHAWGER {_[enl | I3|5lele ET_
BN I - e
T 57 GTHER 1 | | ’}l
T T TYPE SIZE ‘_$ i ;
S s : TR o o t—
J( L No. Shells/uUnit ij __:‘1__ AES LT" e
;, . Heat Transler Afea 2530 S F. LD Lo idaad .
| ] Bare Tube Surface/Shell s.f | T T- b g—T -
K ' Heat Exchanaged (Design) Btu/Hr. - l IR "
el — - et
Design Pressure 260 psig _&2E psig S I L -
i ; 0 co OF | B A
3 Desiqn Temp. '?oo F _2So0 OF | ' _m_%4_- A I S IS
L Material ¢.c, Sk-Si¢ G« 70 Apr SB-IlIL : 41‘1 L IR !-t I
L Ten e Crpee: & Rioy 445 N N A
ko - - o s ————y '
[ TUBE SIZE AND DESCRIPTION R EENEERE LR
o T
i g e nannnts T & pama
P No. Tubes 0.D. i '! !_l '*_J.L- SEERERES
1 i— BWG Length T 1 1 ;
4o ’ - A AR,
! FLrnszES: 200#% U A T N | '-.‘ L
\ Weight 1bs. BERNERE
_‘;_, g = -+ 4{——#1—-{ ¢ -[— l .
L HESREyN
! ERECTION R ERRF ah !
B it t -t 1
L1 Field Shop Assembled ! RN
L | '1 L
! Quote By Wegtern Supely 1 Pk
Date 47§ Freight HRE
Export Box | BEERERE:
BN EEEE R
Painted Area s.f. i RN R
Insulated Area s.f. Tt B oy B
. His
SCHEDULED DELIVERY wks.after P.0. Vo ! B
TERMS OF PAYMENT: I R
T [ Beledl &L
azq9s ryrzorson. METHANATION OF Purox OEE-GAS maoe 3y BATE 4'/1'}75
ron__ SO RSS) Cof_g pEATION CHECKED BY. __DATE -
ar_lotipienegonis T NDIRNEA PAGE NOwtrmo 2" CBTIMATE NO___Bus. | o

{nlace one copy in the equipment ey
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Est.= 721 Rov. } YWO/T4

ACCY. NO.

83
J. F. PRITCHARD ‘AND COMPANY

DRSCRIFTION

MATENIAL

umIT

KANSAS CITY, MISSOURI
ESTIMATING SHEET

QUANTITY

LABON
YOvai UMIY TOTAL

7.0

5.7, FIN TUBE, U-TUBE, EXCHANGERS

M.H.

TGl E-IC

SERVICE: Grpe CpoLER

Eh.

5-T OTHER

TYPE SIZE

No. Shells/Unit

Heal Transker Afea ¢277 S-F.

Bare Tube Surface/Shell s.f.

Heat Exchanged (Design) Btu/Hr.

SHELL JUBE.

Design Pressure

76  psig 75 psig

Desiqn Temp. 1_‘!00 oF Yoo OF

Material ¢ s, SA-5/¢ Ge 70 Aor. SE-LL

Temn Cunss; C Aoy #4s

TUBE SIZE AND DESCRIPTION

No. Tubes 0.D.

BWG tength

ELANGES : OperL - 300%fE  Tuee -150*KE

Weight __1bs.

ERECTION

Field - Shop Assembled

1
4
T
1
[
|
]
L
ety =§:.‘-a.-:_-.— g - _g-i. AL o FT 23

Quote By estern Supply

i

pate ulialrg __ Freight

R
¥

Export Box

o - m—

o My

2

painted Area s.f.

Insulated Area 5.f.

—— o

SCHEDULED DELIVERY wks.after P.0.

TERMS OF PAYMENT:

1

?15]0|0| o ..f

TYrE OF 408

FOR

L

METHANBTION OF Pukox OEE-GAS mace ev.

oave__4 /2 )73

Sasey Cot poknaTian
av_Lnpiemeporis T NDIBNE

CHECKED BY.

DATE

PAGE NO_=

7-1

EBTIMATE NO..._z-ﬂ .‘.‘.S._- -

{nlace one coby in the equipment log)
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atee 721 Rav. ¥ 10/74

8
J. F. PRITCHARD ‘AND COMPANY
ESTIMATING SHEET

KANSAS CITY, RISSOURI

MATEALAL LABOR
T.MD OUACRIFTION DUANTITY UNIT TOTAL UumMlY TOTAL
A
s-7, FIN TUBE, U-TUBE, EXCHANGERS l “ —\ !t ll 1; Tf ]}
o s d___C-Ul AR
S R S
SERVICE: _C RG Feeo ConleR sl 1 aed i
i T e
(UN pREL STEAL L0 1LE[~3, bl '—}*Jr'r“'jf““ I
= OTHER BRI S0 AR
TYPE S1ZE T
; e e B R A A A
No. Shells/Unit * : h _!_-_]_t_ R ]
Heat Transfer Afea 575 _SF RENRRERI S AN
Bare Tube Surface/Shell s.f. i b
Heat Exchanged (Design) Btu/Hr. | H i l b li__i C
SHELL TUBE B EREEE 1_ﬁ | Likdd e
Design Pressure 500 _ psig K.if____psig 1] ! \ BT N
Design Temp. oo OF _goo OF ; B ; 1 BEEEES
. p—y g l-- ——— —r ¥ ; ‘i
Material C.S, SE-Sle-70  SE-ATi:C SRR Plolde, .
N | : i v v .
ConersucTion Cote: ASKE Se v YT b I !]_Eq: BNy
JUBE S1ZE AND DESCRIPTION (] RERRARE
—r——t .
Tagoenbl By -PRSt EERUMEEL ! Ll L
No. Tubes 0.0. [NEAREE “_1, I
BWG Length -l 1 l 'li
; . T T,
ELpngES: 300% RE - . Lo
Weight 1bs. _,_r ﬁ,‘ }l :
I
ERECTION s
Field ) 1§hop Assembled )
|
Quote By _Western Sopply ___Ie_]"r__
Date _ 4J12(19 Freight 1L
Export Box !
painted Area s.f.
Insulated Area s.f. ’ ;

SCHEDULED DELIVERY wks.after P.O.

1292

TERMS OF PAYMENT: | —-.. .
1[#lololo i

TYPE OF JOB. METHANDTION OF Purox DEE-GAS mank oY nxr.-__ﬂillﬁ-

POR Sasst C ofpORAT AN CHECKID BY. DATE _

AT T rpiAnnpoL NOVRBE _PAOR NO—e—— 1=l SSTIMATE -3 -

{place one copv in the equipment log)
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Eat.- 721 Row, ) 1074 1. F. PRITCHARD AND COMPANY
ESTIMATING SHEEY

KANSAS CITY, MISSOURI

MATERIAL LABON

PR Ror SRR it

ACCY. MO, DEBCRIPTION BUANTITY UMY TOVAL (V1. 1h] YOYAL
7.0 s-T, FIN TUBE, U-TUBE, EXCHANGERS
Mp, | TARH _E- & J_
SERVICE: CRG EfppLuent Coo-Ef | _1Ea | |Nojcteeldl -
J miger Sreem o) L 4
S-T OTHER v
TYPE SIZE 1 !
. I "ﬁ - - . h—
No. Shells/Unit - ‘ b
Heal Transler Afea 7384 S.F 1L 00 0 0 R
Bare Tube Surface/Shell s.f | .
Heat Exchanged (Design) Btu/Hr. R Lo
SHELL TUBE RN SERRRRN
Design Pressure 500 psig _d50 psig : ! .
Design Temp. Spo  OF 975 OF | ___]]..‘_i Vi i -
Material C.$. Sk-5/6-70 sP.-:'.Eo-Tﬁ; 3 L } . ! "
Conerruction Core: ASEE CS=er VIIT, L. 1 .._Lu_Dr | 1 . b
TUBE SIZE AND DESCRIPTION N T i
T V-
Taresnal 'B\;-Pp::s feouiRED | g Ly
No. Tubes 0.0, b I
-t = -ﬁ-- — + dlr s — - : l'l
BWG Length } v i q
; =1 T - ‘
ELenGgES: 200 # EE ...*____-4_ L A il
Weight ___1bs, | J AR
l I
ERECTION ’ b
Field _ Shop Assembled B
Quote By Western Supply -
Date 412119 Freight i
Export Box | i
Painted Area s.f. !; :
Insulated Area s.f. L A
SCHEDULED DELIVERY wks.after P.0.[ R 11 “”
TERMS OF PAYMENT: i ! 1l
1 | .lloplaslo L
yrrrorson METHRANATION OF Pukox Oef-GAS maoe By DATE H,/J\ 173
FOR Sasst C ofp pkaTioN CHECKED BY DATE
AT, IND\ ANRDOLIS | it_ﬂ PR WM f PASE MNO_- o ESTIMATE no___z.rq :_i::..-

{olace one copy in the equipment log)
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Ear« 721 Rev. ¥ W/

AEEY. MO

86
J. F. PRITCHARD ‘AND COMPANY

ESTIMATING SHEET

DEACRIFTION

QUANTITY

KANSAS CITY, MISSOUR)

MATENIAL ) LABON
UMY

TOTAL UNIY TOTAL

!
0

S-T, FIN TUBE, U-~-TUBE, EXCHANGERS

M. H.

TAG # E~-13

SERVICE: Merupwatof Eerruent Coorefh ™

! C Uneeer  TYerre WollE 6 )

Ea.

AN
N
O
D
_{P

 —

5T _ OTHER

,i TYPE ' SIZE

. No. Shells/Unit

_..,..,...._ - P.Hﬁai_If.Q'J{c _._AR&_..___LJ S F

Bare Tube Surface/Shell

© Heat Exchanged (Design) Btu/Hr.

!
+
t
|
T
!

Y

; SHELL TUBE

" Design Pressure Epo psig 250 psig

pesign Temp. Epn OF  9pn OF

Material ~c sp.cip-70  SE-8E0-Ti¢

]
1
]
.

[ S
]

——e
H

Cowetesnon Core: BSKE S=er TIT . L. I

=3

TUBE SIZE AND DESCRIPTION

%=
v
—

INTERNMEL E%[_Ec.;ﬂ Ezpuigep
No. Tubes 0.D.

BWG Length

ELaiges: 200 EF

Weight 1bs.

“ERECTION

Assembled

Field _ Shop

Quote By _‘{Jgéjrer el

Date _\lin Freight

Export Box

1

Painted Area s.f.

Insulated Area s.f.

SCHEDULED DELIVERY wks.after P.0.

TERMS OF PAYMENT:

TYPE OF JO.——M-EM.BILMA__QM&' MADE BY.

O

ar_Lnpianpports  TNDINA

S

 DEATION

CHECKED BY.

DATE

PAGE NO_.

7- 1

z 2q
EBTIMATE NO > i

(place one copy in the equipment log)
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Eatx 721 Ravi ¥ 10774 J. F. PRITCHARD 'AND COMPANY KANSAS CITY, MISSOURI
ESTIMATING SHEET

MATENIAL LAROR

POR

Sasst CofkpokaTionN ‘

AT, IND\&NM}ous L NDIA N B

CHECKED BY. DATE

PAGE NOwu 2-132 EOTIMATE NO—_ L0 ] o _

{nlace one fouv in the equipment log)

WCET. MO, DESCHIPTION AUANTITY UNLY YOYAL MY TOTAL
0 S5-T, FIN TUBE, U-TUBE, EXCHANGERS
Ma, | TAG §__E- |1 ' 1
SERVICE: ' —
E_Metwnnavor Efcwpnees |1 Q€8] | elgolola .
5T DR T | 1
TYPE SIZE b . B
et —-T ——
No. Shells/Unit , ] ' o
i S.F. [REE I EARNRE,
Bare Tube Surface/Shell s, f. .
Heat Exchanqged (Design) Btu/Hr. ! b
SHELL TUBE ; nN L
Design Pressure 450 psig _a5o psig | i i
Design Temp. _ 550 O 550 OF | i L
Material ¢.5, Sh-Si6-70 |  sE-172 % B ! ' .
TEwh Cress: B L 1| i
TUBE SIZE AND DESCRIPTION P
RE
’ -4 3
No. Tubes 0.D. _ ] ﬁ
BHG Length 177 ] -l
ELANGES; 3c0% RE N e
K}
Weight L 1bs. ani 4 :% _
ERECTION -‘]L..
Field Shop Assembled |
| -
Quote By Western Suepl =
Date 12{15 fFreight i
' Export Box
T
{
Painted Area . 's.f.
Insulated Area _s.f. i
|
SCHEDULED DELIVERY _ wks.after P.0, )
TERMS OF PAYMENT: T
6l2olol i :r
TYPE OF muwﬂmuﬂm_w = MADK BY. nut_'i,&&}]j.
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Es1.» 721 Rew \ 1O/74 J. F. PRITCHARD AND COMPANY KANSAS CiTY, Missour)
ESTIMATING SHEET

LAROR

ACCY NO. DA NI ION BUANTIYY UMY YOTYAL
) S-T, FIN TUBE, U-TUBE, EXCHANGERS k
mh JTAGH  E-~|5 -
SERVICE: MeTuniietor Erruer (ooree & | T
ST OTHER I 1 1
S
TYPE S1ZE ! i
—+ ——
Na. Shells/Unit Ll )
o R ——— - -
e Heat Transler Areo 40,2020 S.F. o ldddd Lo
| Rare Tubw Surface/Shell 5. f AR
1 'Heat Exchanged (Pesign) Btu/Hr. R i
i ] SHELL TUBE T
_ fesipn Pressure &) 0 psig 785 psig . : e
| fesign Tem. 220 OF X0 OF | o ; ] I
e wipw - . N - J EE Rt umalalitos -+
i Material o5 Si-rie.zo SA-|79 [N RE RN
o TEQME CLESSY C R
; TUBE SI1ZE AND DESCRIPTION A
! T*:,'“?_le“‘:'"
I TR R SRR
o No. Tubes 0.0. A
1 BWG Length RERERE
. .J.}..l_.r_)l.m. - 1
I R
- by — .. ! '
Weight o dbs. !
e T - +
ERECTION !
Field Shop_____ Assembled IN
L] — :
Quote By _ Weslern Supaly I
Date _ ylizl7y Freight . F
| ' Export Box NANEEN
i
Painted Area s.f. REEERE
Insulated Area s.f. REEERER
REE
. R SCHEDULED DELIVERY __ wks.after P.0. I ﬂ |
! ! TERMS OF PAYAENT: R
— .l_ v ---‘p-

-

.— o o]

tvex or soo_ METHAMATION. OF Purox DEF-GAS uaor av

vor .S ASSL REPOEATION CHECKED BY. DATE
AT =BT ArippoLYy | L BLDR N A PASK NO.. ESTIMATE NO_ _ghsrd S .

{(olace one copv in the equipment log)




, 89
Eot- 721 Rav, 1 10/24 J. F. Pm‘rcmnn AND COMPANY  KANSAS CITY, MISSOURI
ESTIMATING SHEET
ral ] ACCY, NO. DRMCHIFTION OUANTITY UN:"...AI‘TDTAI UN."LA.D. YOTAL
; ' 7.0 $-T, FIN TUBE, U-TUBE, EXCHANGERS
1IN M.H, | TAR A_E-{ 1
AR SERVICE: Merypnbtor Erpiuswr Coorer ¥ 3 NN L1
A 4 _ (UNHRED SxERm Eou_sﬂ [ | Ea. (PR O 4,1 )
g §-T OTHER |
A e - = L b
A TYPE SIZE , )
IR ST No. Shells/Unit T :;
L_L - ' ‘ Heat Transter Area 46 S F. lltees B _1_ I hgadd Lo
. i Bare Tube Surface/Shell s. fi i it !
e o Heat Exchanged (Design) Btu/Hr. ! i K e -
! _ ARSI AR
- | SHELL TUBE | | ' N 5
o Design Pressure Enp psig  £5p psig s 5
Design Temp. S0 OF ¢oo  OF ; 1L o o
| ‘ Material ¢ ¢, St.gi¢- . [ O O 'Y
| Ele-70__ Shl70-C f T L
HER. . onsTRucTon Cope; ASHE Sect. UTIL Dy, T IR E i
| ! TUBE SIZE AND DESCRIPTION | P8
....,._? 'S — | & -
S | Inverunl By-Pass Beoupsp 0 5
P : No. Tubes_ 0.D. 1 | 7
P (YR . JEE PV T B R . & -
C BWG Length 1' | I 4
T | ln ; - - ﬂ
':i:J‘ 3 FLrNnGES: 300 R F _ j A 'fj‘
_{ | u ' :!" Weight 1bs. 1 1 &
T l I ;
iSRS ERECTION L
|l | Field Shop Assembled 11
| | S— |
[ KE ! -
| lr-— - Quote By Uectevrw Svpoly e
1 i ‘LP | Date 217§ Frei ghtB g
N * Export Box ;
ma B -
BN ! .
P Painted Area s.f.
2 Insulated Area s.f.
Tl SCHEDULED DELIVERY _______ wks.after P.0. 1
CL TERMS OF PAYMENT: | ¥
BRI - i€\l :
rvegorson_METHANRTION OF Pukox OEE-GAS wmaok sy DATE 522,122 |

ron _SAsS) CofpokaTion eHECKED BY oaTE
b . AT Lnpy AREpoLyS L NDIANE paQE No..__ 7= IE ESTIMATE NO.._ 200 S

(place one copy in the equipment log)
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90
J. F. PRITCHARD AND COMPANY

ESTIMATING SHEET

KANSAS CiTY, MISSOURI

MATENIAL LABDR
ACCY NO DESCRIFYION BHIANTITY umMIY TOTAL uMNT YOTAL
10 $-T, FIN TUBE, U-TUBE, EXCHANGERS
MH | TAR ¥ E-AS
SERVICE: &ESZ ps EXCHENG .
G S. EF‘\. .—4’.._
| 1 Eal ) l9ldon]e i
S"'T OTHER 0 .‘!
TYPE S1ZE T
No. Shells/Unit : | . :ﬁ
Heat Transfer Afea 15,074 S.F. iy el
' Bare Tube Surface/Shell s, f. K g ! [ o
1 . Heat Exchanqed (Design) Btu/Hr. N N L‘ x .
: SHELL TUBE AR L
Design Pressure ¥ o0 pgig S5 psig | . . lJ i J L J
. Design Temp. EEp OF Erg  OF | F -1. A b
: "Material ¢S, Sf-£/6-70 se-~174 & Ty
5 TEMNFR Crtrse: & | : 4 }::i_i-' 4"““ : J‘ .;
! TUBE SIZE AND DESCRIPTION | ﬁT'Ti A R AR
BEREERE N AR
R PR Lo
No. Tubes 0.0. . R N ; ik .
BWG Length i 1 | TT’ :
Ll i
Fianees: 2o0o0# PF _ 1l - T i -
Weight Tbs. [
- — . L o T .
ERECTION |7
Field _ Shop Assembled ‘
Quote By Wectern Supph “ﬁ_
Date _ w1174 Freight LD
Export Box b
_I_.p.--jr!._-
Painted Area s.f. R , ";5'_'
Insulated Area 5. f. TS N
B REENEN)
SCHEDULED DELIVERY wks.after P.0.] e
TERMS OF PAYMENT: TR
| fgldlololo] Jiii i
rvex or sos_ METHRANRTIOM OF Pukox DEE-GAS waox v oare_ H /2 [
FOR ~Sgggg 1,{2&,? pEATI ol CHESKED Y. .. DATE o
M._;_LNNAN@ o118 _IND\F\};\P‘ PAGE NO_ Sl ESTIMATE Nc_nzrg.fh-_

AL amilmmant Tan)

1~
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91
J. F. PRITCHARD AND COMPANY

ESTIMATING SHEET

ACCY, NO, DEBCRIPYION

QUANTITY UMY

KAnsas City, Missour)

MATERIAL LABOR

YOTAL UNIT TOTAL

EXCHANGERS

7.0 S-T, FIN TUBE, U-TUBE,

M.H, (TAG A E-JC

SERVICE: G E Friueny Stesy Consense

| {En

57 OTHER

TYPE SIZE

. No. Shells/Unit
Heat Transfer Atea

e ]

S, F.

Bare Tube Surface/Shell

s. f.

Heat Exchanged (Design) Btu/Hr,

SHELL

JUBE

Design Pressure

psig psig

- r—‘.f .
—t- -+

Design Temp. Of OF |
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