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LIMITED RIGHTS NOTICE (JUN 1987)

(a) These data are submitied with limited rights under Government Contract No. DE-AC-93PC93253. These data may be
reproduced and used by the government with the express limitation that they will not, without written permission of the Contractor,

be used for purposes of manufacture nor disclosed outside the Government; except that the Government may disclose these data

outside the Government for the following purposes, if any; provided that the Govemment makes such disclosure subject to
prohibition against further use and disclosure
(b) This data shall be marked on any reproduction of these data, in whole or in part.
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LIMITED RIGHTS NOTICE (JUN 1987)

(a) These data are submitted with limited rights under Government Contract No. DE-AC-93PC93253. These data may be
reproduced and used by the government with the express fimitation that they will not, without written permission of the Contractor,
be used for purposes of manufacture nor disclosed outside the Government; except that the Government may disclose these data

outside the Government for the following purposes, if any; provided that the Government makes such disclosure subject to

prohibition against further use and disclosure.

(b) This data shali be marked on any reproduction of these data, in whole or in part. G-91
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LIMITED RIGHTS NOTICE (JUN 1987)

(a) These data are submitted with limited rights under Govemnment Contract No. DE-AC-93PC93253. These data may be
reproduced and used by the government with the express limitation that they will not, without written pemmission of the Contractor,
be used for purposes of manufacture nor disclosed outside the Government; except that the Government may disclose these data

outside the Government for the following purposes, if any; provided that the Government makes such disclosure subject to

prohibition against further use and disclosure.

(b) This data shall be marked on any reproduction of these data, in whole or in part. G-93
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LIMITED RIGHTS NOTICE (JUN 1987)

() These data are submitted with limited rights under Government Contract No. DE-AC-93PC93253. These data may be
reproduced and used by the government with the express limitation that they will not, without written permission of the Contractor,
be used for purposes of manufacture nor disclosed outside the Government; except that the Government may disclose these data

outside the Government for the following purposes, if any; provided that the Government makes such disclosure subject to

prohibition against further use and disclosure.

G-94 (b) This data shall be marked on any reproduction of these data, in whole or in part.
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LIMITED RIGHTS NOTICE (JUN 1987)

(2) These data are submitted with limited rights under Government Contract No. DE-AC-93PC93253. These data may be
reproduced and used by the government with the express limitation that they will not, without written permission of the Contractor,
be used for purposes of manufacture nor disclosed outside the Government; except that the Government may disclose these data

outside the Government for the following purposes, if any; provided that the Govemment makes such disclosure subject to
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LIMITED RIGHTS NOTICE (JUN 1987)

(a) These data are submitted with limited rights under Government Contract No. DE-AC-93PC93253. These data may be
reproduced and used by the government with the express limitation that they will not, without written permission of the Contractor,
be used for purposes of manufacture nor disclosed outside the Govemment; except that the Government may disclose these data

outside the Government for the following purposes, if any; provided that the Government makes such disclosure subject to

prohibition against further use and disclosure.
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Raw Gas Char-Filtered at 1000 deg F (5)
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Raw Gas Char-Filtered at 500 deg F (5a)
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Recycled Char Solids (5c)
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APPENDIX H: DESIGN DETAIL, HOT GAS PROBE

Preamble

The requirements, design and operation of the source sampling equipment for acquiring valid
samples of hot syngas are addressed in this Design Description. Only those activities related to
collecting samples of hot syngas are included. The sampling strategy, test methods, QA/QC
procedures, analytical methods, and data analysis procedures are discussed in the document
entitled “Hazardous Air Pollutant Testing at the LGTI Gasification Plant: Draft Test Plan.”

Section 2 of this Design Description includes a summary of the design requirements for the hot
syngas sampling device. The design philosophy, approach, and description are included in
Section 3. The operation of the sampling system is described in Section 4. The detailed isolation
valve information is included in Attachment A, while example heat transfer, stress, and other
design calculations are given in Attachments B through G. The operational check list is provided
in Attachment H.

Design Requirements

The purpose of the equipment described in this document is to obtain samples for subsequent
analysis of hot raw synthesis gas and particulate matter produced by the Louisiana Gas
Technology, Inc. (LGTI) gasifier. The gas and particulate matter samples were collected at a
location immediately downstream of the heat recovery boiler. This location was sampled as part
of a comprehensive emissions measurement program to characterize and quantify hazardous air
pollutant (HAP) emissions from the LGTI facility, to define the HAP levels in selected internal
process streams, and to determine the fate of HAPs in the gasification system.

Facility Description

The LGTI facility produces medium Btu synthetic gas (syngas) which is used by the existing gas
turbine power generation units at Dow Chemical Company, Louisiana Division, chemical
complex near Plaquemine, Louisiana. At capacity, the facility produces 30,000 MM Btu of
syngas per day from approximately 2,200 tons per day of western subbituminous coal. The
LGTI facility consists of a high-temperature, entrained-flow, slagging gasifier with auxiliary

_ systems including coal slurry preparation, particulate recycle, heat recovery, Selectamine® acid

H-1



Appendix H: Design Detail, Hot Gas Probe

gas removal, Selectox® sulfur recovery, tail gas incineration, and wastewater treatment. Oxygen
for the gasifier is supplied from an over-the-fence air separation unit.

The raw, particulate-laden syngas from the gasifier is partially cooled in a heat recovery train, in
which steam is generated. The particulate is then removed in a wet scrubbing system. The
particulate (char) removed from the syngas is recycled to the gasifier. The syngas is further
cooled through a series of heat exchangers before entering the H,S removal process.

Advanced gasification concepts include high-temperature processes for removing particulate and
reduced sulfur species. These processes would operate at temperatures as high as 1200°F to
improve the thermal efficiency of the gasification/power generation system. Sampling the hot
raw syngas at LGTI will help provide data that can be used in the design and operation of such
high-temperature gas cleanup processes.

Sampling Methods

Representative samples of the hot raw synthesis gas were collected using reference methods,
modifications of standard test methods, and methods developed by Radian for sampling
synthesis gas streams. Methods that were used during the hot gas testing at LGTI include the
following:

o Multi Metals (EPA Standard Method 29');

e Ammonia, chloride, fluoride; Impinger collection (EPA Method 26 - modified);
e Multi Metals: Charcoal adsorption (Radian development);

e Cyanide: Impinger collection (Texas Air Control Board Method); and

 Particulate Matter: Grab sample collected in an in-stack thimble (modification of EPA
Standard Method 172).

Environment

The location, availability, process conditions, sampling requirements, and nitrogen needs
associated with the hot gas sampling program are described in this section of the report.

LIMITED RIGHTS NOTICE (JUN 1987)

(a) These data are submitted with limited rights under Government Contract No. DE-AC-93PC83253. These
data may be reproduced and used by the government with the express limitation that they will not, without written permission of the
Contractor, be used for purposes of manufacture nor disclosed outside the Government; except that the Govemment may disclose
these data outside the Government for the following purposes, if any; provided that the Government makes such disclosure subject
to prohibition against further use and disclosure.

H-2 (b) This data shall be marked on any reproduction of these data, in whole or in part.



Appendix H: Design Detail, Hot Gas Probe

The sampling port was installed through an existing 20-inch manway. The manway centerline is
horizontal and is located approximately 25% inches above the metal grating floor, which is raised
above the floor of level 8. The mating portion of the manway flange which is welded to the
vessel is not a standard ANSI B16.5 nozzle. This flange is made from a pierced right circular
cylindrical piece of metal. The OD is approximately 30% inches and the ID is nearly 23%
inches. The bolt circle has been drilled and tapped, and studs have been inserted. There are no
nuts on the process vessel side of the flange bolts nor has the backside of the nozzle been
relieved for use of nuts. The distance between the face of the manway flange and the outside of
the vessel is approximately 5% inches.

The insulating plug which normally fills the manway during plant operation is 14 inches deep.
The first 7 inches is comprised of réfractory, which is backed with 7 inches of Kaowool®. There
is a ring pull in the center of the plug which is used for removing the plug for vessel entry and/or
inspection. There is a 1-inch high metallic retaining ring around the ID surface of the manway to
position the plug and prevent it from falling into the vessel. This ring is essentially an extension
of the metallic liner which protects the refractory lining on the inside of the pipe.

The area directly above the manway and the probe position is crisscrossed with structural steel
and floor grating that can be used to support the isolation valves and probe assembly. A grated
access platform, parallel to the centerline of the manway, is approximately 6 feet by 8 feet and is
located immediately adjacent to and centered on the centerline of the manway. The platform has
a standard handrail, midspan rail and kick board on all open sides. This platform is
approximately 3 feet above level 8 of the facility.

Process Conditions. The approximate conditions of the process gas at the sampling location
are:

* Temperature: 850-1200°F [450-650°C];

* Pressure: 350-450 psig;

LIMITED RIGHTS NOTICE (JUN 1987)

(a) These data are submitted with limited rights under Government Contract No. DE-AC-93PC93253. These
data may be reproduced and used by the government with the express limitation that they will not, without written permission of the
Contractor, be used for purposes of manufacture nor disclosed outside the Govemnment; except that the Govemment may disclose
these data outside the Government for the following purposes, if any; provided that the Government makes such disclosure subject
to prohibition against further use and disclosure.

(b) This data shall be marked on any reproduction of these data, in whole orin part. H-3



Appendix H: Design Detail, Hot Gas Probe

» Gas flow rate: approximately 120,000 dscfm;

e Approximate composition, volume percent:

H,0 30
H, 28
Co 23
Co, 16
CH, 13
N, 1.7

Lower concentrations of H,S, COS, and NH; are also present in the process gas. The particulate
loading in the syngas is relatively high at this point in the process..

There is considerable open (unoccupied) area immediately adjacent to the access platform on
Level 8. This area is open on the sides to weather, although the manway itself is, in general,
protected from direct rain and sunlight.

Sampling System Requirements. The existing manway cover and insulation plug were
bored through to provide access for the sampling probe, and the manway cover were modified to
accept the two, three-inch isolation valves and probe assembly. Mod1ﬁcat10ns to the manway
cover and insulation plug will be provided be LGTI.

The general requirements for the hot gas sampling location were:

o Port access must be secured when not being used for sampling purposes.

» Port must pass a right circular cylinder 3 inches in diameter.

» A clear space coincident to the center line of the access port must be provided equal to a
rectangle approximately 48 inches square by approximately 12 feet long.

The sample stream or gas sample was drawn at flow rates of 1 to 4 scfim through the sampling
probe. The temperature of the sampled gas in the probe was to be maintained above 400°F to
avoid condensation and was not to exceed the maximum design temperature of the process.

Nitrogen. Up to 200 Ib/hr of gaseous nitrogen at 500 psig and ambient temperature is needed

at this sampling location. Taps were provided so that nitrogen that had been used in the adjacent
idle dry filter portion of the process and was made available for use by the sampling crew.
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Appendix H: Design Detail, Hot Gas Probe

Mechanical Class

All of the sampling equipment is temporary and not intended for installation beyond what is
required to acquire the samples. As such, the equipment was ruggedly constructed and met
nominal commercial construction requirements. Stress, earthquake, and thermal analysis formal
reports were not required.

Electrical Class

All of the sampling equipment is temporary and not intended for installation beyond what is
required to acquire the samples. As such, the equipment was of rugged construction and met
nominal construction requirements for wet and combustible atmospheres. Good grounding
practice were used throughout.

At least four 115 V outlets were located on the exterior handrails at points which could be used if
needed. The plugs for these outlets are Crouse Hinds Hazardous environment connectors.

Design Description

The hot gas probe design philosophy, approach, and description of the equipment to meet the
design requirements are described in this section. The design is further detailed in drawings as
set forth in Table 1. These drawings are included in this section. Analytical computations and
detailed engineering analysis have been performed, and the calculational procedures are provided
in Appendices A through G of this document.

Table 1
Drawing Hierarchy for Hot Gas Probe
Drawing Number Title or Contents
643-004-30-02, sheet A Sampling Gland
643-004-30-02, sheet B Sampling Probe
643-004-30-02, sheet C Probe Trolley
643-004-30-02, sheet D Probe Unit: Trolley Assembly and Stiffleg
643-004-30-02, sheetE Probe Unit: Trolley Assembly (winches on opposite end
of the assembly)
Interface

The interface between the LGTI process and Radian's sampling equipment is the inboard flange
on the first (inboard) isolation valve provided by Radian, as indicated in Radian Drawing No.
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Item MNo.] Descriplion Quantlly
e cRT s 1 {Relalner Flange, 5.5 Blind Flangs, 3004, 1
Machined as Shown.
ASTM A182, Grade F316
1.125" 2 Refainar Tube, 5° Schedule 160 Plpe, 1
1 Machined as Shown.
ASTW A312, Grade TP316
3 Packing Gland, 3.5° XXS Pipe, Machined 1
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wl b 7 3" Flange, 30OF 1
- - - - — 3 B —4— - 7/ ASTM A182, Grade F316
- -

Wald Specificatlons:
Wi = Fillel Welding Procedures
W2 = Butt Welding Procedures

@/ % Inspection Procedures:

-~ - Q1 = DOye Pensiront
7z - Q2 = Leak Test
Q3 = Pressure Test (Hydrostalic)

TR LR L7070 70 77 27 P 22 il 8 7 e 2 O

Notes:

1a.0° All mela! componaenis in contact with tlow stream are
Type 316 stainless. -

All other metal components carbon steel unless noled.
All bolts wiil be grade B7.
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a
NOTES:
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2. BORE 1.0. Z° BEYOND CIRCUMFERENTIAL WELD TO CLEANUP 1.O. SURFACE
AFTER WELDING.
T
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Parts Ust
item Ho.| Descrplion Quantity
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tublng, 0.188 wall thickness
ASTM A213, type 318, Seamless,
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Appendix H: Design Defail, Hot Gas Probe

643-004-30-02, Sheet D. This valve mates with the cover flange of the existing 20-inch
manway. The isolation valves provided by Radian are equipped with 3-inch, 300#, ANSI B
16.5, raised-face, bolted flanges. LGTI provided the gaskets and bolting necessary to mount
these valves to the manway cover.

The manway cover had provisions for the flange seating surface and the mounting bolts. In
addition, a 3-inch diameter hole, on center with the bore of the manway, was needed. The 3-inch
diameter hole penetrated the entire length of the insulation plug which normally resides on the
inside of the manway cover.

Radian required clean, pressurized nitrogen for use as a purge and syngas sample quench gas.
The existing nitrogen source at 500 psig and ambient temperature with a maximum flow rate of
200 Ib/hr was adequate for all of the needs of this sampling program.

No electrical power was required for the probe or the probe positioner, but electrical power was
needed for the sampling/analytical equipment.

Isolation Valves

Radian supplied two 3-inch, Neles-Jamesbury 300#, AISI type 316 SS body, full port, ball valves
with metallic ball seals and graphite packing stem seals for isolation of the sample port. These
valves were arranged in a double block and bleed arrangement (Manufacturer’s Data Sheet
provided in Attachment A). The valve located closest to the process vessel is the one which sees
the most severe duty. According to the manufacturers literature (provided in Attachment A), the
operation of these valves at 500 psi and 450°F is within the operating envelope of the valve.
Heat transfer calculations were performed by Radian assuming that the 3-inch diameter probe
access hole through the insulating plug is open, and the valve is exposed to 1200°F gas in the
duct. Based upon these calculations (which are provided in Attachment B), the temperature of
the face of the ball in the ball valve should not exceed 450°F. When the probe is inserted and
process gas is being extracted, the valve temperature should be below 450°F, as shown in the
calculations presented in Attachment C. Thus, the valves will operate within their design
envelope under all foreseeable operating conditions. As with most equipment, short excursions
outside the operating envelope will not likely lead to catastrophic failure. The selected valves
were considered safe for the intended service in this sampling program.

The outboard isolation valve was tapped (in the inboard end) with a 1/4-inch female NPT
opening to provide for the injection of high pressure nitrogen (500 psi) for purging the valve and
probe sheath assembly to keep them clear of particulate buildup. During insertion and
withdrawal of the probe assembly, this port was used to pressure/depressure the enclosure and to
purge the enclosure of air or syngas. A pressure gage was attached to the port line to monitor the
pressure between the two isolation valves. :
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Appendix H: Design Deftail, Hot Gas Probe

Packing Gland

The pressure seal at the outboard end of the probe sheath was provided by a packing gland. The
gland spool piece consisted of a 4-inch O.D. x 2-15/16 inch i.d. AISI Type 316 SS pipe and was
capable of operating at 500 psig and the full 1200°F maximum syngas stream temperature.
Details of the packing gland are shown in Radian Drawing No. 643-002-30-02, Sheet A.

High-temperature Graphoil packing was used; bolts in the packing gland retainer were provided
for tightening and loosening of the packing for probe insertion and withdrawal. The inboard end
of the gland assembly consisted of a standard 3-inch 300# flange for mating with the outboard
isolation valve. A Y2-inch NPT port was machined into the gland pipe. Nitrogen was introduced
through this port for purging and to raise the pressure of the gland assembly to slightly above
system pressure before opening the ball valves. A pressure gage (Omega Model No. PGH-45L-
600) was also installed at this location. Depressuring during extraction of the probe assembly
could also be accomplished through this port. A continuous purge of nitrogen was introduced
into the rear most vent connection to reduce potential penetration of particulate into the open
valves and the probe hole in the refractory during testing.

All gases extracted from the process pipe during sampling, except the gas trapped between the
double block valves during probe withdrawal, were routed either to a location remote from the
immediate sampling area.

Sampling Probe

The sampling probe is an adaptation of probes used by Radian for similar sampling in other
projects. Details of the probe are shown in Radian Drawing No. 643-004-30-02, Sheet B. The
essence of the design is that sample gas was allowed to pass through the probe, while particulate
material was either collected or prevented from entering the probe by use of an in-stack thimble
or filter. After passing into the probe, the collected gas can be quenched with nitrogen, if needed,
to a temperature less than 850°F. Nitrogen quench gas flow can be controlled such that the
temperature of the sample gas does not fall below 400°F at the outlet end of the sample probe.

The components which fit on the in-stack end of the probe are commercial products. Two
different tips were provided; one with a nozzle and in-stack filter housing to collect samples of
particulate, and another tip which consisted of a filter only to exclude particulate when collecting
gas samples.

The probe design provides for a balanced pressure. The quench nitrogen flows in the annular
space between the sheath and the sample tube in a direction from the cool end of the probe
toward the end inserted into the process pipe. The quench nitrogen enters the sample gas line
near the front of the probe through the perforated expansion joint in the sample line tube, mix
with the sample and flow in the opposite direction to the exit end of the probe. The probe thus
functions as a counter current heat exchanger with very low Reynolds numbers for the gas
passes. In addition, the perforated metal expansion section of the sample line provides for
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Appendix H: Design Detail, Hot Gas Probe

differential thermal expansion between the sample line and the probe sheath. The probe sheath
and the sample line are designed to withstand 500 psig at 1200°F as either an internal or external
pressure without failure, as shown in the analysis presentéd in Attachment D.

AISI type 316 stainless steel was selected for probe construction. This material performed well
during sampling. There are many factors which went into this selection process but paramount
was safety and performance for the intended duration of service. The life of the probe is
anticipated to be several hundred hours. Probe life expectancy is governed more by handling and
duration of sampling effort than on material degradation properties. On this basis, hot strength,
both yield and tensile, and hot Young's Modulus are of much greater concern than creep strength
and creep elongation. Additionally, AISI 316 is stable and does not suffer major degradation
from the contents of the process gas stream at temperatures up to 1200°F. The material was
selected for all of the reasons above, but in addition, it is readily available in many forms and
shapes and is competitive in price. '

The probe is separate from the positioner and can be replaced or shifted without disassembling
either the gland or the positioner and supporting structure. Thus, probes can be changed with
very little lost time or effort other than that associated with moving the probes and isolating them
from the process pipe.

Probe Insertion Mechanism

There is approximately 3,000 Ibs. of force exerted on the probe from the process stream when in
the sampling configuration. The method selected to control the motion and position of the probe
was a trolley that is moved by a system of wire ropes/cables and capstans. Details of the probe
trolley assembly are provided in Radian Drawing 643-004-30-02. Sheet C. The arrangement of
this mechanism is shown in Radian Drawing 643-004-30-02, Sheets D and E. Stress calculations
for trolley components are given in Appendices E and F. Several pulleys are used to keep the
load per strand at reasonable levels and to keep the wire rope from becoming too heavy and stiff.
Redundant sets of pulleys and wire rope are used on each side of the trolley to reduce binding, to
distribute the loads, and to provide a means of controlling the trolley position should one of the
cables should break. The positioner was set up to either push or pull the probe and to maintain
the probe in position. Withdrawing the probe was somewhat easier than insertion. Initially, it
was thought that caking of char around the probe sheath might make probe motion difficult
unless the probe could be worked back and forth, and/or a force could be exerted to withdraw the
probe.. Thus, the positioner can push or pull with equal ease (char buildup proved to be no
problem during the sampling). Each side of the positioner has a mechanical advantage of 3 on
force applied. This reduces the cable tension to reasonable levels of 500 Ibs per strand. Aircraft
control cable of 4 inch, 7x19 IWRC stainless steel was selected for the positioners.

Motion of the probe is achieved through the use of “boat” winches used as capstans. The wire is
not stored on the winches but is wrapped and discharged. Thus the probe is moved by passing
cable around the capstan. The capstans have two speeds, are reversing, and have mechanical
brakes. This provided very good control, “feel,” and accuracy, and safe positioning of the probe
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was possible under all test conditions. The capstans were hand cranked for extremely positive
control at all times..

Mechanical Support

The cool end of the probe is restrained from motion in the vertical plane by use of stiff leg
attached to the cold end of the probe and a trolley which runs on a rail mounted to the deck. This
system is shown in Radian Drawing No. 643-004-30-02, Sheet C. The trolley is nothing more
than a modification of a standard I-beam hoist trolley. The principal modification was the
addition of rollers such that the trolley could sustain positive and negative vertical loads.

As it was heated from a cold (ambient) condition, the process vessel was expected to move
several inched vertically relative to the access platform. Thus, provision were made to adjust the
height of the stiff leg using a power screw. The power screw allowed for height adjustments up
to =+ 2 inches of travel, which was sufficient to match the vertical movement of the manway port..

Probe Operation

The probe testing and operating procedures, including safety considerations, are described in this
section. Only those procedures associated with operating the probe assembly are discussed here.
Other activities related to the actual gas sampling are described in the Test Plan.

Safety Considerations

A primary consideration in operating the sampling probe was safety. Every effort was made to
ensure safe operation. A set of detailed and comprehensive check lists were prepared for each
sampling operation (e.g., probe insertion, probe withdrawal). The appropriate check list was
followed during each sampling effort. As each individual required action was performed in the
sequence of activities, the task leader for the hot gas sampling effort checked off the action on
the check list. An example check list is included in Attachment H.

One potential safety problem was leakage of raw syngas through the gland seal. Before inserting
the probe into the syngas through the isolation valves, the probe assembly was purged with
nitrogen. The assembly was then pressurized with nitrogen, and the gland seal was checked for
leaks by monitoring the pressure drop in the assembly over a given period of time.

During the actual sampling, the gland seal was periodically monitored for leaks using portable
CO and H,S monitors. The annular space between the probe sheath and the probe assembly was
continually purged with nitrogen, so any gas leaking through the packing gland was
predominantly nitrogen. However, if significant syngas leakage was indicated, the packing gland
can be tightened until the leak has been stopped. If the leak cannot be adequately controlled by
this action, the sampling can be stopped and the probe withdrawn.
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When withdrawing the probes, small quantities of syngas may enter the gland assembly. During
depressuring of the gland assembly, the vented gas was routed to a line vented to the atmosphere
at a location removed from the immediate sampling area. ‘

Bench Testing

After the sampling system was fabricated and assembled, it was bench-tested at Radian's Austin
laboratories. The assembly was completely pressure-tested (hydrostatically) to validate the
integrity of the system. Then, the probe assembly was attached to a simulated 3-inch gasifier
port, and a hydrostatic resistance was supplied at the sampling end of the probe to simulate the
anticipated pressure of the gasifier. The probe insertion and withdrawal operations was
successfully tested with this system. Minor deficiencies were identified and corrected before
shakedown testing was conducted at the LGTI facility.

Initial System Shakedown

The initial system shakedown was conducted at a lower temperature location (~500°F) on the
heat exchange vessel. The probe assembly was installed in this location at the LGTI facility
during a scheduled shutdown. Shortly after the plant was started up, initial shakedown of the gas
sampling system was conducted. All of the testing operations were performed during this test of
the probe system. These operations include sampling probe insertion, gas sampling, particulate
collection, and sampling probe withdrawal. Minor deficiencies in a few of these operations were
identified and corrected before the sampling effort was conducted at the higher temperature
location. Particulate collection times and potential blinding of the filters with particulate were
evaluated during this shakedown period and found to be satisfactory.

The operation of the sampling probe system during each of the major activities is described
below.

Sample Probe Insertion. Insertion of the sampling probe is described below.

Before inserting the probe, the packing gland was removed so that the sample probe could be
more easily positioned in the gland assembly section. The back end of the probe was fastened to
and supported on the support trolley. The packing material was inserted into the gland, the
retainer/follower was then be partially tightened. The nitrogen purge through the purge valve in
the gland assembly was started, and the assembly system was purged with nitrogen to remove all \
oxygen in the system. At the same time, the flow of dilution nitrogen was started to purge the
probe. When all of the oxygen was purged from the gland assembly, the gas outlet valve
between the inboard and outboard valves was closed. The probe assembly system was then
pressured with nitrogen to approximately 25 psi above the gasification system pressure. When
the selected pressure was achieved, the system was blocked in, and the pressure drop in the
system (due to nitrogen leaking from the packing gland) was monitored If excessive nitrogen
leakage (pressure decline) occurred, the packing gland nuts were tightened to reduce the leakage
to an acceptable level.
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After the leak rate through the packing gland had been reduced to an acceptable level, the system
was once more pressured up to process pressure (with nitrogen). The isolation valves were then
opened. The winches were used to move the probe through the inboard valve and into the syngas
stream. The probe tip was positioned at the desired location and held in place with the winch
system. Retainers were then attached to positively restrain the probe and prevent any possibility
of an unplanned retraction. If necessary, the packing gland was tightened further to reduce
leakage while collecting gas samples. The nitrogen purge flow through the gland assembly inlet
valve was adjusted to a rate sufficient to keep the annular space between the probe sleeve and the
refractory relatively free of particulate accumulations. The nitrogen quench flow was designed
to maintain the temperature of the sampled gas at approximately 500°F. In actual sampling at
the high temperature location, the gas temperatures were low enough that dilution/quench
nitrogen was unnecessary. Gas samples were then collected. During the gas sampling, the
packing gland was regularly monitored for CO and H,S leakage. If leakage of these syngas
constituents was observed (it was not observed during the testing), the packing gland could be
tightened further. If the leakage could not be stopped, sampling was to be halted, and the probe
withdrawn.

Sampling Probe Withdrawal. The withdrawal of the sampling probe is described below.

The sampling probe was withdrawn immediately after the planned sampling was completed.
Before beginning to withdraw the probe, the packing gland can be loosened slightly, if needed.
Possible leakage of syngas through the packing gland did not occur, because of the continuous
nitrogen purge through the probe assembly. Nevertheless, gland leakage was monitored with
portable CO and H,S monitors while the plug probe was being withdrawn.

Using the mechanical winches, the probe was withdrawn past both isolation valves. The inboard
isolation valve was then closed, and the nitrogen purge was temporarily shut off. The gland
assembly section and the area between the two isolation valves was then depressured through the
outlet valve located between the two isolation valves. When the system was completely
depressured, the nitrogen purge was again started. The purge nitrogen entered through the valve
located in the gland assembly and exited through the valve located between the two isolation
valves. The exiting nitrogen was monitored for CO and H,S. When the CO and H,S levels in
the exiting nitrogen fell to an acceptable level, the purge nitrogen floe was stopped. The
outboard isolation valve was then closed The probe sheath was also purged with nitrogen. After
purging was complete, the probe was completely withdrawn. This completed the sampling
sequence.

References

1. 40 CFR 266, Subpart A. “Method 29: Determination of Metals Emissions in Exhaust Gases
from Hazardous Waste Incineration and Similar Combustion Processes: Proposed Method.”

2. 40 CFR 60, Appendix A. Test Methods. “Method 17: Determination of Particulate
Emissions from Stationary Sources (In-Stack Filtration Method).”
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ATTACHMENT A
MANUFACTURERS DATA SHEET
ISOLATION VALVES

3-INCH - CLASS 300
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2” - 12” MBY ANSI CLASS 150
AND 300 METAL-SEATED
FLOATING BALL FULL PORT
FLANGED BALL VALVES

Series MBV meral-seated ball valves are suitable for a wide
range of applications in both on/off and control service. The
valves are used in handling a variety of liquids, gases and abra-
sive slurries for industries ranging from chemical and
petroleum to power and pulp and paper.

MBV metal-seated ball valves are particularly well suited for
minimizing the erosive effects associated with high velocities
and the problems related to high temperature sealing. MBY
valves are rated for ANSI Class 150 - 300 and are available in
‘sizes 2" -12". In addition, the 8 through 12" sizes are avail-
able in ANSI 300 short pattern allowing replacement of most
gate valves without changing existing piping.

FEATURES:

WIDE RANGE OF METAL SEATS
* Metal seat designs are available for handling the most
severe appliczzion conditions. Standard seat construction
is a scraper design to eliminate build up on the sealing
surfaces of the ball.

PROVEN SIDE-SPLIT BODY DESIGN
* The off-center split body is designed with a spiral wound
body seal to viraually eliminate the potential for body leakage.
* Capable of withstanding high pipeline stresses without
adversely affecting the body seal.

FULL BORE
* Full bore design resists plugging and bridging in slurries,
pulp, polymers and solids handling applications.
* Highest C, per valve size means the smallest possible

valve can be ysed, resulting in easier installation and
lower costs.

RELIABLE STEM SEAL
* Adjustable packing of V-Ring PTFE or die-formed
graphite provides for long life.

* Optional live-loaded packing designs are also avidilable.

SUPERICR STEM TO BALL CONNECTION
* Splined shaft and drive plate provides superior strength
required for high pressure, slurries and solids handling
processes. N

© 1993 Neles-Jamesbury. Inc.

* Minimizes deadband and hysteresis. providing excellent °
control.

* large diameter shaft provides high transfer torque
capabilicy. :
* Inherent stem retention.

> TIGHT.SHUTOFF IN EITHER DIRECTION

* Shutoff to ANSI/FCI 70-2, Class V.

* Superior shutoff even in low pressure applications.

FIRE TESTED
= Series MBV metal-seated ball valves are fire-tested to
meet APl 607 and BS6755 Part 2.

SUPERIOR CONTROL CHARACTERISTICS
* Equal percentage flow characteristics and dynamic stabil-
ity identical in both directions.

* Wide rangeability - 100:1 to 300:1 depending on size.

TWO-STAGE THROTTLING
* Total pressure drop generated on both sides of valve so
flow velocity is lower than a single restriction valve.

* Reduced tendency for cavitation, erosion, dewatering,
etc.

EASY TO AUTOMATE - SINGLE SOURCE
RESPONSIBILITY

* Manual gear, pneumatic doubtle-acting or spring-return
acuuators for on-off applications.

* For control applications, dedicated limit switches and
Pneumatic and electro-pneumatic positioners.
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VALVE BODY RATINGS
These are maximum working pressure ratings of the valve

. Body Rating - psj (bar) . -

body only. The differential pressure/temperature ratings, _Tern.p E 316 Stainless Steel Sarbon Steel
shown on the preceding page, determine the practical pres- 1501b. | 3001b. 1501b. | 3001
sure limitations according to actual service conditions. Test ~2010100 | 275(19) . 72050) | 285 (20) - 740, (5(
pressures are for hydrosatic test with ball half open. (:29 t0.38) . L I RN

200(93) - °| 240{17) |..620(43) |-260(18)- |- 675 ga1
40004 | 195(13) | 515(3¢) | 200(14) | €35 (4
800(316) | i40(10) | 450@31) | 140(10) | S50 (3¢
800(427) | B0(6) | 41529 | 80(s) | 410 (2t
1000(538) | 20(1) | 365 (25) J _
TestPressure | 425Q29) | 110076) | 450@31) | 1125 (1

SEAT DESIGNS

S SEAT - SCRAPING GENERAL SERVICE
(BIDIRECTIONAL)

Application advantages: General services with unloc

seat requirement. .
Seat Material: AlS] 316 + Celsit® 50 Nb
Seals: PTFE -

Temp Range: -50°F to +450°F (45°C to +232°C)

K SEAT ~ SCRAPING LOCKED SEAT
(BIDIRECTIONAL)

Application advantages: Locked scraper seat for use
sulphite service, low pH applications, pulp stock, as well
hydrocarbon liquids and vapors.

Seat Material: AlSI 316 + Cekit 50 Nb

Seals: PTFE

Temp Range: -50°F to +450°F (-45°C 1o +232°C)

H SEAT - HIGH TEMPERATURE LOCKED SEA
(BIDIRECTIONAL)

Application advantages: Ideal for high temperatures, Kk
pressure differentials, and abrasive solids applications incl
ing ash and coal gasification.
Seat Material: AlS! 316 + Cekit 50 Nb
Seals: Graphite
Spring: Ni based Superalloy
Temp Range: with 316/HCR ball -320°F to +800°F (-195*
1o +427°C); with Nickel boron coated ball -320°F to 1000°F

- (-195°C w0 538°C). .

Celsit® is a registered trademark of Bohler Bros.

STANDARDS AND SPECIFICATIONS
Series MBV valves covered in this bulletin are available to conform to the following industry standards and specifications:

APl 6D American Petroleum Institute — ANSUFCI American National Standard -
Specifications for Pipeline Vaives 70-2-1976 For Control Valve Seat Leakage
APl 607 rev.3  American Petroleum Institute ~ NACE Standard National Association of Corrosion
Fire Test for Soft Seated Valves MR-01-75 Engineers — Sulfide Stress Cracking
(Division of refining) . Resistant Materials for Oilfield Equipment
APl 598 American Petroleum Institute — -BS 6755, Part 2 Testing of valves — specification for fire
Valve inspection and testing . type-testing requirements
ANSIBI6.10  American Natonal Standard — MSS SP-25 Manufacturers Standardization Society —
Face-to-Face and End-to-End Standard marking System for Valves
Dimensions of Ferrous Valves X MSS-SP-55 Manufacturers Standardization Society ~
ANSI BI6.5 American National Standard — Quality Standards for Steel Castings
Steel Pipe Flanges and Flanged Fitrings ISO 5752:1982  International Smndard for Organization
ANSI B16.34 American National Standard — Metal Valves for use in Flanged Piping SySt_ems
Steel Valves ~ Flanged and Buttwelded End BS2080:1974  British Standards Institute — '
ANSI B31.1 American National Smndard ~ Specification for face-to-face dimensions of
Power Piping flanged and buttweld steel vaives.

ANSI B31.3 American National Standard —
Chemical Plant and Petrofeum Refinery Piping
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DIMENSIONS

2" - 6" CLASS 150
2" - 4" CLASS 300

713
0 23
12,
s 10
- N
14
c g F
2 N \\\ '
7 NN,
v K ///4 I
-~ T 15 17
B
D~ 3OLT CIRCLE
A L SIZE OF HOLE
. M~NO, OF HOLES
L1LASS IS0
Valve APPROXIMATE DIMENSIONS, inches (mm) Weight
Size A B Cc D 3 F G K L M R S T U Y w Ibs, 2
2 7.00 3.95 6.00 475 200 5.90 4.95 3.09 TS5 4 1.24 98 3 433 1.26 1213 24
(59 . (178)  (100) (152) (121 @ (I50) (126) @) (19) @n 25) (19 @ @z (D)
3 800 4.00 7.50 ‘6.00 3.00 738 4,95 3.90 75 4 124 98 954 433 1.26 1 Ii~ 13 50
00 @™ o gy asy @y o (126) ) (9 B) @ ey g gy @3)
.4 92.00 4.60 9.00 7.50 4.00 9.50 750 55} 75 8 L.73 136 54 5.10 126 1213 97
(19 @) 1) @3 o (0 @n sy (40 (19 ) 69 @y (30 @y “9
6 15.50 825 11.00 9.50 6.00 13.50 1196 725 B3 8 LR 1.77 1.00 630 158 [ xT 200
(150 (%49 qIo0) 279) @41  (150) (G43) (304 (189) (22) 44) (44) ) (1) (49 (50)
CLASS 3006
Valve APPROXIMATE DIMENSIONS, inches (mrn) Weight
Size A B C [»] E F G K L ™ R S T u A\ 4 w Ibs. (k)
2 850 375 6.50 5.00 200 S.67 4.95 3.06 75 8 1.24 98 83 433 126 12-13 35
GO Q1) @9 ey (2 5 49 (1260 @y 19 B @& @ i gy (16)
3 11.13 4.88 828 6.63 3.00 7.94 7.50 4.69 B3 8 1.73 138 113 S.10 1.26 1213 75
) _-@8)  (29) @) qey ) @2 @ wmy @ “_ 69 @ 0 gy 9
4 12.00 6.63 10.00 7.88 4.00 9.94 891 563 B8 8 1.72 1.77 1.38 630 158 st 145
100 605 (168 (59 (oo (100) @52) (26 (43 @ ® __#) 6y ge o (s9)
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BILL OF MATERIALS

Part Part Name Material
No.
I Body Carbon Steel 316 Suainless Steel
ASTM A216 Type WCB ASTM A351 Type CF8M
2 Body Cap Carbon Steel 316 Suinless Steel
ASTM A216 Type WCB ASTM A35! Type CF8M B
3 Compression Plate Carbon Stee! 316 Stainl?ss Steel
4 Ball 316 Swinless Steel
5 Stem 316 Swinless Steel or Nitronic® 50
6 Spline Driver 316 Stinless Steel
7 Compression Ring 316 Stainless Steel
9 Seat 316 Suainless Steel and Celsiz 50 Nb
10 Body Seal Spiral Wound PTFE/Stainless Steel or Graphite/Stinless Seel
1§ Secondary Stem Seal Graphite
12 Lower Stem Seal PTFE
13 Upper Stem Seal ‘ PTFE (V-type), Graphite
14 Back Seal -PTFE
15 Seat Spring* Nickel based Superalloy
is Body Stud ASTM A193 Gr B7 or B8
17 Body Stud Nut ASTM AI94 Gr2H or 88
18 Bonnet Stud ASTM Al93 Gr B7 or B8
19 Bonnet Stud Nut ASTM AI94Gr2H or g8
20 ID Tag Stainless Steel
2] Rivets Suainless Steel

*With H seat construction only.

Inconel is a registered trademark of Inco.

Nitronic is a registerd trademark of Armco Smainless Steel Div.
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OPENING TORQUE - S, K AND H SEATS

The torque chart for MBY valves is to be used as a guide for Torque output values and acwuator; selection tables for the

acwsator selection. Additional requirements may be imposed different types of Neles-jamesbury actuztors are conmined

by media characteristics, trim and frequency of valve opera- . in bulletins listed below:

:::'d Tr';'ugea cshe:rts are for for S, K and H seats on clean liquids Manual Gear Actuators AL00-1
Handgear Actuators Al100-2
Cylinder Actuators Al07-]

For difficult services such as slurries, semi-solids and oxygen,

. Spring-Diaphragm Actuators Allo-t
api::::o :onsu!: the factory. If in doubr, select the larger Spring-Diaphragm Actuators Al10-2
d Electric Actuators Al20-2
Enhanced Electric Actuators Al2l-]
MAXIMUM DIFFERENTIAL PRESSURE, bar
| 5 10 20 40 60
12000 T
10000 112
8000 100 .
6000 - /’ 71 g Iif- 6000
4000 ;// W T
A 116114000
2000 i -4
AV 41
1000 A 2000
4 800 : A 1. 1000
3 600 =: 3i- 800 £
g 400 y A1 600 o
ui - /| U -400 D
3 200 »e < ,2-- o
-4 / AN 200 .0
o 100 > -
= 80 , 100 o
60 )y T -80. - .
a] - w
w40 A L <
3 20 e g
] 20 &
T

10 20 40 100 200 400 1000
MAXIMUM DIFFERENTIAL PRESSURE, psi

S, K& H SEATS

OPERATING HANDLES
Series MBV metal seated ball valves are optionally available with manual handles in sizes 2" through 4"
provided the differential pressure does not exceed the values shown in the mble below.

Pressure Valve Handle Handle m‘g

Class Designation inches (mm) Designation psi (bar)
MT0200C_ 12 (305) BHK-0358 285 (20)

150 MTO300C 12 (305) BHK-058 110(8)
MT0400C_ 18 (457) BHK-059 50 (3.5)

MAD200D.. 12 (305) BHK-058 450 (31)

300 MA0300D_ 18(457) | BHK.039 170 (12)

. MAO400D_. 18 (457) BHK-060 50G35) H-29




HOW TO ORDER

To specify an MBV Full port ball valve, make a selection from each of the boxes shown below.

2

3

4

5 6 7 8

9

1o

i1

0600

D

A

GA R KTT

A

Example: This example is for a 6” ANSI Class 300 lon
body, hard chrome plated stinless steet ball, srainless s

g pactern. full bore ball valve of standard construction with a2 carbon steel
teel stem, Celsit-TFE style “K™ seat, TFE packing, and B7 body bolting.

1 Valve Series & Style 4 End Connectors 8 Seat & Seal Material
MA | Full bore, Class 300, A |Raised Face (ANSI B16.5) STT |Unlocked (S-profile)/
long pattern Celsit . TFE/TFE
MS* |Full bore, Class 300, KTT }Locked (K-profile)/
short pattern - - Celsit TFE/TFE
MT |Full bore, Class 150 5 Special Construction HGG |Locked (H-profile)/
*8" - 12° Class 300 valves only. GA |[Standard Celsit graphite/graphite
NA [NACE
2 ‘ Size 3 Body Boltng
0200 2" (50 mm) Body Material
0300 3" (80 mm) i Al Boles Nuts
0400 |4 (100 mm) J2  |Carbon Steel (WCB) A |CarbonSteel Carbon Steel
0600 |6” (150 mm) S6 |316 Stainless Steel (CFaM) Al93GrB7 Al94Gr2H
1000 | 10" (90 mny B [Swminless Steel Stainless Steel
1200 | 12" (300 mm) 7 Ball & Stem Material AIBGres Am4crss
SH |316/HCR & 316
XM-19 10
C JANSI Class 150 Not Required for Ordering
D |ANS! Class 300
Modifier Code
- i Please Describe, Factory will
supply code.
INTERNATIONAL MANUFACTURING and SALES LOCATIONS
UNITED STATES CANADA MEXICO BRAZIL FINLAND  ENGLAND FRANCE PEOPLE'S REPUBLIC of CHINA
Sloms Falls.NewYork  Omwa.Onario  SwnjandelRio  SwoJosedos Campas  Helsiold Basings Wiczenhes Shanghal
Woreester, Massachenens . Querttaro Mexico Hampshire

wmnwmwﬂm@mo&uhwm&w .m.mm&mw.w&wmsnmgm
mwmmmwwmvmnmawawmdmm

NELES-JAMESBURY

Neles-jamesbury, inc.
640 Lincoln Street, Box 15004
Worcester, Massachusetts 01615-0004 US.A.
Phaone: (508) 852-0200 Telex: 92-0448 Fax: (508) 852-8172
H-30
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Appendix H: Design Detail, Hot Gas Probe

ATTACHMENT B
HEAT TRANSFER CALCULATIONS

NO PROBE IN SAMPLE CAVITY
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Dow Gasifier Estimate of Valve Temperature

NO PROBE - ESTIMATE OF FIRST ISOLATION VALVE TEMPERATURE

Direct Radiation

6/17/94 1 NOPROBE1.MCD

Determine the heat which could be transmitted through the hole in the refractory of the process pipe.
Assume the hole is black, the receptor gray, and the gas does not interact with the radiant heat
transfer. Compare this energy with the energy which could be lost through natural convection at the

valve body to estimate the maximum likely temperature of the face of the bali in the first isolation

valve.
Assume

T 1 :=(1200 +460)-R
T amp -=(100+ 460)-R

Disc dimensions
=1.5-in
b:=15in

¢:=0.25in X ==

Z:=1+(1+33)v?
F 111 :=.;-- (z- S22 4-X2-Y-2)

A 1= na’

Assume

T 10 =(300 + 460)-R

— 4 4
Q110 ""'AI’FAIII'(TI -Tlo)

Q10 =521.959 -13%

Ref: Rohsenow, Warren W. and James

_ P. Harinett, "Handbook of Heat Transfer,"
McGraw Hill, 1973, pg 15-44, Fig 43,
configuration 3.

F A111=0847

BTU
hr-f2R*

6:=0.173-10°%

This is the energy input to the valve body due to radiant heat transfer.
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Dow Gasifier Estimate of Valve Temperature 6/17/94 2 NOPROBE1.MCD

Next estimate the heat loss through the sides of the first isolation vaive body. Assume natural
convection from the sides but no energy transfer from the ends of the valve. Further, assume the
valve body can be represented by a hollow right circular cylinder of diameter 6 inches by 8 inches

long.
D,=6in L:=8m
Ajp=rD L A 1 =150.796 +in’
T -T 0.25
hg =027 10~ ° amb & BTU Ref: McAdams, "Heat Transmission,”
Do) R| wfPR McGraw Hill, 1954, pg 177, eqn (7-73)

Q10=A10h¢ (T 10~ T amb)

_ BTU
Q0 =252.893 Thr This is the energy lost through natural convection at the vaive

body

Determine the valve temperature if Q10 = Q110

Q10=Q110
cA1FALIl (o 4 4
(T ~-T +T
10 Aqoh, ( 10) amb

T10=97279R
t 10 =T 10~ 460-R
t10=512.79R This temperature is F
With this temperature, re-estimate the heat loss to the environment and recompute.

0.25
BTU

hr-fZR

T10-Tamb £
Py R

Q10=A10b¢ (T 10~ T amb)

b =0.27-

BTU
Q =625.621 ——
10 br
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Dow Gasifier Estimate of Valve Temperature 6/17/34 3 NOPROBE1.MCD
o-Aq-F
1"* Alll 4 4
Tina=e———— (T ~-T T
10 1 10 J* % amb
A )
T10=877737.R -
t 10 =T 10~ 460-R
t10=417.737-R  Thistemperatureis F
Another iteration
0.25
B =07 T10-Tomb BTU
¢ TV 2
Do) R| mfR

Q10=A100¢ (T 10~ T amp)

BTU
=451.06 ==
Q10 -
cArFal1 ) 4 A
Tio= T1-T10)+T amb _
Aqoh ( ) amb T 10 =914515R
t10:=T10- 460R t10=454.515R This temperature is F
Another iteration '
0.25
B =027 T10-Tamb £ BTU
cl_ 2 * 2
Py R| R
Q10=A100¢ (T 10~ T amb)
BTU
=517.241 -2~
Q10 o
cATFAI /. 4 4 .
Tigi= (T -T10)+ T oy T 19=899.72°R
AIO'hc

t 10 =T 10— 460-R

" t10=439.72-R This temperatureis F
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Dow Gasifier Estimate of Valve Temperature 6/17/94 4 NOPROBE1.MCD
Another iteration

0.25
~ T10-Tamb £ BTU
h :=0.27- —
(Po) R| 'mrf®R

Q10=A10b¢ (T 10~ T amb)

BTU
=490.402 -2~
Q10 -
c-Aq-F
IRZSEFN A 4 _ ;
Tqio= (T -T10) + T amp _ T 10=905.56'R
A qech
100%¢
t10:=T 10~ 460-R t10=445.56"R This temperature is F
Another iteration
0.25
_ Ti0-Tampb £ BTU
h, =027 —at
Po R| R

Q10:=A 100 (T 10~ T amb)

Q 10 =500.962 ‘Bhr
cATF AL (. 4 4
Tq0:= T -T +T
10 1 10 amb = o
Aqgh, ( ) T 10=903.239R
t10:=T 19— 460-R t 10 =443.239°R This temperature is F

The ball valve may achieve a temperature near 450 F if no plug is present to block radiation and all of
the other assumptions are valid. This represents an upper bound estimate of the temperature since
the radiant energy will interact with the gas, the re-radiation from the walls of the hole in the

insulation will not act as a black surface, and there will be heat loss at locations other than the vaive

body.



Appendix H: Design Detail, Hot Gas Probe

ATTACHMENT C
ESTIMATING THE TEMPERATURE OF THE ISOLATION

VALVES DURING SYNGAS SAMPLING (PROBE INSERTED)
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Summary

The temperatul-'e of the inboard isolation valve must remain below 450°F at all times. The
probe assembly system with the sampling probe in position during the gas sampling period
was simulated. The calculations showed that the temperature of the probe sheath at the
inboard isolation valve should be less than 118°F. Therefore, we have concluded that the
temperature of the inboard isolation valve should be well below the maximum operating
temperature of approximately 450°F during the gas sampling periods. However, we feel that
it would be prudent to monitor the temperature of the valve at all times.

Approach

To simulate the system with the gas sampling probe in place, we chose a countercurrent heat
exchanger model, assuming no heat loss to the surroundings (Figure 1). This model provides
a conservative estimate of the gas temperature profile in the shell side. Since the shell wall
temperature cannot be greater that the shell gas temperature, the isolation valve temperature
should not be greater than the shell gas temperature. Therefore, the objective of this analysis
is to find the temperature profile of the shell gas and to use the profile to obtain the maxi-

mum temperature of the isolation valves.

To meet this objective, an analytical solution for convective heat transfer to the shell gas was
derived, assuming that the heat transfer coefficients and gas properties could be expressed by
their values at the appropriate average gas temperatures. The radiation heat transfer was also
computed, but it was found to be negligibly small compared to the convective heat transfer.

Therefore, the solution presented here only considers convective heat transfer.

The analytical solution is expressed as follows:
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Taegs = B
where
a = U° * [ Tm - Tla )
WG WG
B =T, ( 11 )
WG, WGy
d)la = a—pTla
and
U, = Overall outside heat transfer coefficient at average temperature;

W, = Mass flow rate of nitrogen through the shell side;
W, = Mass flow rate of mixed gas through the tube side;
C, = Heat capacity of nitrogen at average shell gas temperature;
= Heat capacity of mixed gas at average tube gas temperature;
T,. = Nitrogen temperature at entrance of shell (70°F);
~TZA, = Mixed gas temperature at outlet of tube (500°F); and
A = Outside heat transfer surface area, ft>.

We assumed that the quench nitrogen flowed through the shell side of the probe sheath and
mixed with the syngas in the probe The mixed gas flows through the probe (tube side of the
heat exchanger model). A process simulation program (MAX by Aspen Technologies) was
used to calculate flow rates and properties of the various gas streams (i.e., shell side inlet
and outlet, mixed gas inlet and outlet, and syngas). The specifications for the simulator
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program (Table 1) were the shell nitrogen inlet temperature (70°F), the process gas composi-
tion, the syngas temperature (1,200°F), and the temperature of the mixed gas at the outlet of
the sampling probe (500°F). The simulator calculated the required flow rates. ,
An iterative procedl,lre was used to obtain average transport properties that were used in the
 heat transfer calculations. For the first iteration, the shell gas outlet temperature was
assumed. The simulator program results were entered into a spreadsheet containing the
analytical solution. The spreadsheet calculated a shell gas outlet temperature, which was
then entered into the simulator program to recalculate the gas properties. This iteration on
the shell gas outlet temperature was continued until the simulator value converged to the
analytical value.

Results

Table 2 and Figure 2 present the 1;esu1ts for the calculated temperature profile. The results
show that the maximum temperature of the shell gas is 118°F near the location of the
inboard jsolation valve. From this result, we have concluded that, with the sampling probe
in place, the temperature of the isolation valves will be well below the maximum temperature
rating of 450°F at 500 psig.
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Calculated Temperature Profiles
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Figure 2. Calculated Temperature Profiles for Shell- and Tube-gases.
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Appendix H: Design Detail, Hot Gas Probe

ATTACHMENT D

COLLAPSE PRESSURE OF PROBE SHEATH AND SAMPLE TUBE
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Dow Gasifier Max Allowable Diff Pressure 6/17/34 1 PRESS1.MCD
Pressure Calculations for Probe

Compute minimum wall thickness for probe sheath and for sample line. Use methods and data from
ANSI B31.3, "Chemical Piant and Petroleum Refining Piping.”

Assume a 500 psig differential can exist across either one in either an internal or external pressure
situation. ’
Sample Line

- o - — - .
D c -—-é-'l.n tc :=0.083-in Zc -——6— Zc =0.104+n

Allowable stress per B31.3, thl A-1, pg 174-175 Therefore t < Dc/6 and equation 3b of B31.3,

Joint Efficiency, Qu ality Factor, B31-3 thl A-1A para 304.1.2, 1993 applies for internal pressure
: D

WS wo=8
S :=7400 psi @ 1200 F te
E:=1
For Internal Pressure
2-SEt,
Pop = Para 304.1.2, eqn 3b, pg 20
D C
P 1 =1965
For External Pressure
From BPVC, Sec Vi, Div 1, para UG-28 for external pressure
A =il A, =0.146 | S;:=158 Sy =11100
Ye $5:=0.9-30000 S, =27000

A =010 Per code

B,:=10000 PerFig5, UHA 282 Above allowable

_ stresses per UG-28
] 2.167 . )
al = D_c-0.0833 B, P 41 =2045 Thisisin psi
te
2-Sl 1 ]
P 1- P a2 =2557 Thisisin psi
Del| [
te te
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Dow Gasifier Max Allowable Diff Pressure 6/17/94 2 PRESS1.MCD

The lower of these pressures, 2045 psi, defines the maximum allowable external pressure in
accordance with B31.3
The maximum allowable intemal pressure is 1965

Sheath
- - — - D
D =275 ts:=0.1481n zs:=——§ 2 =0.458+n
6
For Internal Pressure Therefore t < Dc/6 and equation 3b of B31.3,
para 304.1.2, 1993 applies for internal pressure
S :=7400
2-SEt o
P = s E =1
D S
P =797 This is the maximum allowable internal pressure for the sheath
S

For External Pressure

Lg:=72in Same references and procedures as above.
L D
vS:=-——S- vg=26 ws:=-—§ w =19
D s t s
A =0003 perFig5, UGO 28.0 S1=158 S =11100

S5:=0.9-30000 S, =27000
B,:=7800  PerFig5, UHA 282

pp; =560  Thisisinpsi

The maximum allowable internal pressure is 790 psi, and the maximum allowable external pressure is
560 psi.

Both of the tubes can withstand a maximum pressure differential of 560 psi from either side, i.e.
external pressure or internal pressure.



Appendix H: Design Detail, Hot Gas Probe

ATTACHMENT E

STRESS CALCULATIONS FOR TROLLEY COMPONENTS
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fORPORATION CALCULATION SHEET
CALC. NO.
IGNATURE. DATE . CHECKED, DATE__
ROJECT. .%‘AJ I+D+ 6W JOB NO.
UBJECT. _P{o | lz7 4—1 e~ Stress Calce SHEET / oF 7 SHEETS

Used 4o wmore probe nto Vesse|

A e N e

AN

|
\.\
—_
I
|
i
|
]
{
|
|
{

M +v waske Pwlao awl mc W“&l

ASSww— M hohe uz e Mt)éu l'w.vo ‘lD\—OluM-
Probe s ejocwa .

o "
|

With e adlihon g e eenter buwn? Swpport,
Re, +his becomer staticatly indeferncinats
Stricture . 44%“7_/\ e we Strenl petbods which
will solve Vs, 1l nee ¢he methal 5 supec—
position; addebing o deflhim o Lok dore (mew‘y '




RADIAN CALCULATION SHEET

CALC. NO.

DATE CHECKED:. DATE

SIGNATURE

provecr oW He t Gan JOB NO

SUBJECT&[_IL7_M, - S*hu.r Car{% SHEET, Z OF 7’ SHEETS

M(/mc&, D HMecharmiees %7-..-!44%%1;,&!7. -AHljJOA,
| EH. Ohlsew, ot ak. 5. 429, dopendx D.

QM S ey S s Sy s
vy by T 4y b ,.

1 |

R 5°

Nw, gramine e deflechion %M free (ndependar
§ add Jogerle. B msdﬂva defleetioun o a ([

forea

b (3L 44
%Cm%w 48T

l,-. clis'l' Fom S;wp(nl Swfpru owmd.
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RADIAN CALCULATION SHEET
CALC. NO.
IGNATURE ' DATE CHECKED, DATE___

mosecr_Dow) ot Gas JOB NO.
JUBJECT. P (23 ((L«. A&lz Sﬁt&'&' Ca—/o_t/ SHEET. 3 OF. ?’ SHEETS

LOO/(H'\D A e fores o Lhe (.z,{a‘ side..

3y, L asess (vmtogieer) o -
Ly 48 20x40" ‘f ¥ L
""" T . 7S0. - % (3-24*= 4 . g2
: L Y9 - Zexpp® . Lyt
2 Y, = = -&.07.4 - vdzs SR

Ot dhon § e e e lonk
7S’Dd. #r‘%

{\Q

Ra | 7‘ ke Rg

¢ e— e awm—. - we W e e - - o w—e
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RADIAN CALCULATION SHEET

CALC. NO.

SIGNATURE DATE__ CHECKED DATE___

PROJECT DOLJ #o"/" Gea JOB NO
SUBJECT. Péo/[ui éz L — S‘/&a Clea SHEET. 4 OF. 1 SHEETS

gy & R O

S it I 2 X R S VTl
Cmme e L3 143

R
+7T z;] . |
€n+ Rg1 Re = 3000
Zr: Rz So, 2R = 3000 — 226D
. R Rg- 315 b .

'%%/ 7250 31

]
IR

10 I BNY N
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RADIAN CALCULATION SHEET

CALC. NO

SIGNATURE. DATE. CHECKED,

DATE___
srosecT__DOW Mot Geo

JOB NO.

SUBJECT. P“'{(‘;: dele = Stren Cter SHEET S

OF. 7— SHEETS
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B i — B
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RADIAN CALCULATION SHEET

SIGNATURE DATE__ CHECKED DATE
PROJECT DQUJ #9'(' 664/ JOB NO.
SUBJECT, P i (l—?, M— S‘h'aa. Cheo SHEET. é OF 7 SHEETS

g M

___‘EL w‘(,‘w,wa Wavmerf Mu} e he L#

o LSB‘?S‘ iuTl';) ( 0: S‘m{ T 3% 4 }5,____-_

-

= ( /7.)¢ N

Now checke o Shes of ‘/.Z., Lcmuv. o
| Q _______ T b iderea s
r . N . a230."
Q & o) ¥

| ke
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RADIAN CALCULATION SHEET

CALC. NO

GNATURE DATE_ CHECKED, DATE_
wuecr__Dow hot Gaa JOB NO

JBJECT. - Shes C_,.ja, SHEET. 7’

OF. ? SHEETS

e S . — —
. 007 int R

>

N

O > T S o I
.-__-_SME'

Y S I __,.;éz.h-?'__;sg;;@_ TS S
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RADIAN CALCULATION SHEET

SIGNATURE__ DATE. CHECKED, DATE__

PROVECT Do fHot Gan JOB NO

SUBJECT. Rol/u/, Lele = Sheos Calee SHEET. [ OF 4 SHEETS

[{

e e

_Js00 Isvo. R
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Due b Ue ISe0*  fre o WW - L
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43T
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o
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RADIAN

RATION CALCULATION SHEET

CALC. NO.

3IGNATURE _ DATE. CHECKED. DATE .

srouecr_LOW Hot Gan
UBJECT. g’m &14‘4 ~ % M SHEET. z- OF 4‘

JOB NO.

SHEETS

RioL?

L

= —

. 0¥ AR 35 10" &y

2 e T

- %250 - I’Lo'aa ¥ 2280- 2 '}'éc-"L\'tF =‘o
Re: = 291 L.
iFA\ =0
o+v Rg+ Re = 3o00

Za  Zegp — Rg- R
Ra= 1ot b

'\

3000 - 2250 + 2yl
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CALCULATION SHEET

CALC. NO
SIGNATURE DATE. CHECKED DATE
PROJECT. Do‘-«) bt Ga. JOB NO
SUBJECT. Pwa‘} Lelo ~ Shesa Cales, SHEET. 2 OF, 4 SHEETS
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y e
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RADIAN CALCULATION SHEET

5IGNATURE_ DATE. CHECKED,

CALC. NO.

DATE_

srosecr_ Dol Hot  Gaa . JOBNO

5UBJECT—M£1?M—M Colea  sieer 4.

OF.

SHEETS

| SGranet 2000 n.th__

e
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RADIAN CALCULATION SHEET

CALC. NO,
SIGNATURE__ DATE_ CHECKED DATE__
PROJECT. DU\A) HD t ézis JOB NO.
SUBJECT. Probe Gri pRer” Stresses SHEET. I OF. z SHEETS

R D <

e ,_j " 3 — S

ke ke bob pius s
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RADIAN CALCULATION SHEET

CALC. NO

IGNATURE_ DATE CHECKED, DATE__

roeer__Dou)  tht Gas JOB NO.

ussecT_ Piohe Gy:%pu Stresses SHEET Z OF 2.

SHEETS

Pin .. Oyss- _Seetore

Shoar  Ghress o e —{—O.F F:m o
100 = ‘Y. g (osYr .

Shewr hese = T~ 282 Kks/

Shar shos  por sides 382 /rs‘/'z‘ = 1%/ ksi

gav,r l'v\] 57"!‘@83 n Mb 7Zpl> F;n
o (2 (3)
0, = 20 ks | o
%‘Sl.wr 4 B,wm?, Sheses will he lps o botom

7;/14 . - H-65

PR ———— - e - ——— -

_ 1028300



RADIAN CALCULATION SHEET
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RADIAN CALCULATION SHEET
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IGNATURE_ DATE
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RADIAN CALCULATION SHEET
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RADIAN CALCULATION SHEET
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RADIAN CALCULATION SHEET
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CALC. NO.

SIGNATURE__ DATE CHECKED. DATE,

PROJECT_ JOB NO

SUBJECT. \lar ‘hm{ W - S"LN/KL% SHEET, Z OF. 3 SHEETS

- - - + e e e e ..___&_ F e e e 4 e o e e e

e wvm ma s e . e ——— T e e e e e e et et dmtir = e vr m———— e e e

= et ot g by ote S e e

R

g o, e gt | eben oo o]

- S . . P’L ——— e e

Lookis ot He foree oo e 2" pd whide

Q'L:’ F-x ,9@'\'64. wrud  coce 5‘M/

/,
a= L.

H-73

10-88-30702



RADIAN CALCULATION SHEET
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RADIAN CALCULATION SHEET
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Appendix H: Design Detail, Hot Gas Probe

ATTACHMENT F

CALCULATIONS FOR VALVE SUPPORT
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DESTEC Hot Gas Probe Stress at Weld Neck-Vessel Fing FLG-STR.MCD 10/14/94 1/3
Stress at Weld Neck Flange to Vessel Flange Joint

Given
Load diagram on the following page.

Compute the center of gravity and weight of the probe.

2 3/4 Diax 0.148 wall w, ::4_113.% Lp =7+ (7+%)-in
5/8 Dia x .083 wall b
w; :=0.4805-— L, =7.625-
ft p
End C =1.683-2 = Lo+ 2w ki
nd Cap W =1 i~ L (wo+wi)' pt2Wein
w., =36.708 1b
Ly P
Center of Gravity chg :=—-2— chg =3813ft

Measured from nose of probe.

Taking Momentis around outside edge of vessel flange

Loads i=1.14
Ly=15b L, =971
L, =741
Ly:=L, Ls=wp A =28+i2
Probe Withdrawn
L122+4L59+L321+L 39+ L1565 7 .

R.:
! A,

1

0

280.735|

7 A
7%

%
%

| 161.962|

vz
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w
< 35
511
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< 27.1 >
< 15.1 >

e ] ]

743 T4# 97# 32#
22 —> |e«—F
9
- 21 >
A
- >
39
.
65 Retracted
-« e
25 Inserted
A=42"

90#
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DESTEC Hot Gas Probe Stress at Weld Neck-Vessel Fing  FLG-STR.MCD 10/14/94 2/3

Select Then
A:=42-in R :=180-1b
Sum of Forces in Vertical Direction Moment at the weld neck-vessel flange joint.

Probe Withdrawn
V=L +Lo+L3-R+Lgy+Lls  My:= (L1-2.2+L2-9+L3-21+L4-39+L5-65>-in-R.A
V =116.708 b M., =718371b
Probe Inserted
M;=(L122+Lp9+L321+L 39+ L525) in- RA

M ; =-50.524 *ftIb

These are the loads which are imposed on the weld neck-vessel flange joint by the sampling port.
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Appendix H: Design Detail, Hot Gas Probe

ATTACHMENT G

STRESS CAI'JCULATIONS FOR TROLLEY PLATE
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Appendix H: Design Detail, Hot Gas Probe

ATTACHMENT H

EXAMPLE CHECKLIST FOR PROBE OPERATION
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Hot Gas Sampling Probe Operation: Check List

Run ID ' Start Time Probe Tip
Date Stop Time

peratio .Ctivity:

Configure Probe Attach thimble/thimble holder (particulate samples) or sintered
Tip metal filter (gas samples) to probe tip

Tighten connection to probe tip (nozzle orientation ( )

Configure Valves Both isolation (3-inch ball valves) are in the closed position
for Initial Insertion

Sheath inlet/outlet valve (9) is closed

Probe outlet valve (10) is closed

Nitrogen purge valve (3) on gland is closed

Gland outboard vent valve (4) is closed

Gland inboard vent valve (2) is open

Isolation valve vent valve (12) is open - valves (11) & (1)
closed -~

Probe dilution nitrogen manifold valve (7) is disconnected
from probe sheath inlet (@ quiick-connect)

Probe outlet manifold [valves (6) & (8) are connected and
valve (CV-3)] is disconnected from probe outlet

Packing gland nuts are loosened

Nitrogen regulators (R-1) and (R-2) are adjusted to an outlet
pressure of 400 psig

Insert Probe into Align probe with packing gland inlet
Gland

Adjust vertical position of probe as necessary for proper
alignment

Using winches, insert probe into gland to a depth of about 22
inches (as marked on probe sheath and/or on trolley rails)

Fasten retaining clamps on rail behind trolley wheels

Partially tighten (snug) packing gland nuts
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as Sampling Pr eration: Check List {(cont

i e

Purge Air from
Gland

Gland inboard vent valve (2) is open

Open nitrogen purge valve (3)

Set nitrogen purge rate to gland at 1 scfm using control valve
CVv-1

Purge gland for 3 minutes with nitrogen at 1 scfm

Purge Air from
Probe

Open probe outlet valve (10) to atmosphere

Close gland inboard vent valve (2)

Continue nitrogen purge rate to gland at 1 scfm through
control valve CV-1

Purge probe for 3 minutes with nitrogen at 1 scfm

Purge Air from
Probe Sheath

Open sheath inlet/outlet valve (9) and valve (S) to atmosphere

Close probe outlet valve (10)

Continue nitrogen purge rate to gland at 1 scfm through
control valve CV-1

Purge probe sheath for 3 minutes with nitrogen at 1 scfm
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t Gas Sampling Prob eration: Check List (contd.

Run ID

Adjust Nitrogen Close sheath inlet/outlet valve (9) and valve (5)
Leak Rate through
Packing Gland

Continue nitrogen purge rate at 1 scfm through nitrogen purge
valve (3) until pressure in probe assembly is 400 psig (PI-3
‘and PI-2) ‘

Monitor pressure between the isolation valves (PI-1).
Pressure psig

Close nitrogen purge valve (3) to seal probe assembly

Measure pressure loss in probe assembly for 10 minutes.
Pressure loss psi /10 minutes

If pressure loss in gland assembly is greater than 25 psiin 10
minutes, tighten packing gland nuts

Open nitrogen purge valve (3) and repressure gland assembly
to 400 psig

Monitor pressure loss again in the gland assembly

Continue adjusting packing gland nuts and monitoring
pressure until pressure loss is less than 25 psi/10 minutes

Final pressure loss is psi in 10 minutes

Prepare for Full Probe outlet valve (10) is closed
Probe Insertion

Sheath inlet/outlet valve (9) is closed

Gland inboard vent valve (2) is closed

Gland outboard vent valve (4) is closed

Isolation valve vent system [valves (1) and (11)] are closed

Nitrogen purge valve (3) is closed

Pressure in gland assembly (PI-2 and P1-3) is 350 () psig
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Hot Gas Sampling Probe Operation: Check List (contd.)

Between the

Purge Air/Syngas Record pressure in void space between the isolation valves

from Void Space (PI-1). Pressureis

Isolation Valves

Open Isolation valve vent valve (1) to depressure void space
to atmosphere

After depressuring, close vent valve (1)

Leave vent vaive (12) open

Open valve (11) to direct nitrogen to void space between the
isolation valves

Adjust nitrogen flow rate to about 1 scfm, using valve CV-1
to control flow

Continue nitrogen flow until pressure between the isolation
valves reaches 400 psig (PI-1)

Close nitrogen valve (11) in preparation for depressuring

Open vent valve (1) to depressure the void space to
atmosphere

Close vent valve (1)

Open nitrogen valve (11) to repressure void space between
the isolation valves

Repressure void space to 400 psig

Close nitrogen valve (11) in preparation for depressuring

Open vent valve (1) to depressure the void space a second
time

Close vent valve (1)

Open nitrogen valve (11) to repressure the void space for the
last time

Repressure the void space to 400 psig
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Hot Gas Sampling Probe Operation: Check List (contd.)

Adjust Pressure in | Adjust pressure in gland and probe system to approximately
Probe to 450 psig 400 psig

Open valve (3). PI-1=PI-2= psig

Open outboard isolation valve (LGTI PERSONNEL MUST
OPEN/CLOSE THE ISOLATION VALVES)

Open nitrogen purge valve (3)

Adjust nitrogen flow, using CV-1, to gland and probe to
about 0.5 scfim

Increase the pressure in the probe system up to 450 psig
(PI-2), or to 50 psig above process pressure

Close nitrogen valve (1 1)-

Insert Probe Fully | Be sure that valve (9) is closed
into Vessel

Be sure that valve (10) is closed

With probe system at 450 psig (or 15 psig above process
pressure), open inboard isolation valve (LGTI PERSONNEL

MUST OPEN/CLOSE THE ISOLATION VALVES)

Be sure that nitrogen purge valve (3) is open

Adjust nitrogen purge rate to 1 scfim using (CV-1)

Using the winch system, insert the probe into the vessel to the
predetermined position

With probe inserted, secure the positioner with turnbuckles

Secure the rail clamps at the rear wheels of the trolley

Monitor CO/HS,S levels at the packing gland to detect leaks

If CO or H,S levels are above 100 or 25 ppmv, respectively,
at the gland, tighten the packing gland nuts

Continue tightening gland nuts and monitoring until CO and
H,S levels are below 100 and 25 ppmv, respectively

With retainers (turnbuckles) in place, disconnect, if practical,
(but leave in position) the probe gripper from the probe itself
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Run ID

Hot Gas Sampling Probe Operation: Check List (contd.)

PEL

Prepare for
Sampling

Maintain nitrogen purge rate through nitrogen control valve
(CV-1) and nitrogen purge valve (3) - N, rate scfm

Connect dilution nitrogen manifold valves (5) and (7) to probe

Connect probe outlet manifold [valve (6), valve (8), filter, and
probe outlet control valve (CV-3)] to probe outlet

Close valves (5), (7), (6), and (8)

Connect sampling manifold to probe outlet manifold (CV-3)

Connect outlet of sampling manifold to syngas vent line

Connect and check operation of all thermocouples

Particulate
Collection

Open valve (10)

.Open valve (8). Record start time for particulate collection.
Time

Using control valve (CV-3), set syngas rate at the target flow
rate (1-4 scfin) through the probe and sampling manifold.

Open valve (7)

Open valve (9)

Monitor temperature at orifice and AP across orifice

If needed for temperature control, usi control valve (CV-2),
to adjust dilution nitrogen flow to the probe sheath at the
target flow rate (0-2 scfm)

Maintain flows at the target rates for an elapsed time of
minutes or until the pressure drop across the thimble
and filter has reached 25 psi (pressure at PI-3 is psi)

After the target elapsed time or pressure drop has been
reached, close valve (9) to stop flow of dilution nitrogen

Close valve (10) to stop syngas flow. Record stop time for
particulate collection. Time

Close valve (7)

Close valve (8)

Prepare for probe withdrawal (see withdrawal procedures)
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Hot Gas Sampling Probe Operation: Check List (contd.)

Run ID

Syngas Sample Open valve (10)
Collection

Open valve (8)

Using control valve (CV-3), set syngas rate at the target flow
rate (1-4 scfm) through the probe and sampling manifold.

Open valve (7)
Open valve (9)

Using control valve (CV-2), adjust dilution nitrogen flow to
the probe sheath at the target flow rate (0-2 scfim)

Connect gas sampling trains to sampling manifold, and
proceed with gas sampling

Begin collecting integrated gas sample (for verifying nitrogen
flow rate). Start time

Maintain flows at the target rates until all scheduled gas
sampling has been completed or until the pressure drop across
the thimble and filter has reached _25 _ psi (pressure at PI-3

is psi)
After syngas sampling has been completed or maximum

allowable pressure drop has been reached, close valve (9) to
stop flow of dilution nitrogen

Discontinue collecting the integrated gas sample.
Stop time

Close valve (10) to stop syngas flow
Close valve (7)
Close valve (8)

Prepare for probe withdrawal (see withdrawal procedures)
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Run ID -

Hot Gas Sampling Probe Operation: Check List (contd.)

P!

Prepare for Probe
Withdrawal

Nitrogen purge valve (3) open , with purge nitrogen flow at
1 scfm

Isolation vent valves (1) and (11) closed

Gland vent valves (2) and (4) closed

Sheath inlet/outlet valve (9) closed

Dilution nitrogen valve (7) closed

Probe outlet valve (10) closed

System is at process pressure of approximately psig

Restraints (turnbuckles) attached

Packing gland nuts are tight

Connect probe to probe gripper

Withdraw Probe
into Gland

Detach dilution nitrogen manifold [valves (5) and (7)] from .
probe assembly (quick- disconnect)

Maintain purge nitrogen flow at 1 scfmm through nitrogen
purge valve (3)

Secure and disconnect sample manifold from probe system

Disconnect probe outlet manifold [valves (6), (8) and CV-3]
from probe outlet valve (10)

Disconnect turnbuckles (restraints) from probe

Remove (or move back) rail clamps from rail behind trolley

Withdraw the probe, using the winch mechanism, just clear of
the outboard isolation valve (clear of both isolation valves)

Probe sheath will be hot - Use caution in handling!

If resistance to withdrawal is high, loosen packing gland nuts
slightly (no more than 1/4 turn)

After loosening packing gland nuts, check for excessive
leakage (using CO/H,S monitor) around packing gland

After the probe clears both isolation valves, close inboard
isolation valve. (LGTI personnel must open/close the
isolation valves)
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Run ID

Hot Gas Sampling Probe Operation: Check List (contd.)

Depressure Probe
and Probe System

Close the nitrogen purge valve (3) to stop the flow of purge
nitrogen

Open the probe outlet valve (10) slightly to slowly depressure
the probe system to the syngas vent line

Purge Probe and
Probe Gland with
Nitrogen

.| After system has been completely depressured, open valves

(11) and (12) to direct nitrogen purge to the probe

Adjust nitrogen purge rate to1 ( ) scfim, using valve (CV-
1) to control the nitrogen flow rate

Purge system for 5 minutes, venting the purge nitrogen
through the probe

Purge Probe
Sheath with
Nitrogen

Continue nitrogen purge at 1 ( ) scfm through valve (12)

Open sheath inlet/outlet valve (9) and valve (5) to atmosphere

Close probe outlet valve (10)

Allow nitrogen purge to flow out to atmosphere through
valves (9) and (5)

Monitor purge nitrogen stream at the outlet of the sheath
inlet/outlet valve (9) and valve (5)

When CO and H,S levels in the nitrogen purge are below 25
ppm and 5 ppm, respectively, purge may be stopped

Close valves (11) and (9) to stop nitrogen purge

Close the outboard isolation valve. (LGTI personnel must
close this valve)

H-97



‘Done

Withdraw Probe
from Gland

Unfasten restraints from trolley rails

Disconnect valves (10), (8), and (6) assembly

Withdraw probe completely clear of gland
USE CAUTION - PROBE MAY BE VERY HOT!

Support the free end of the probe on the probe support until
probe is cool enough to handle
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APPENDIX I: GLOSSARY

Btu

CI
CVAAS
CVAFS
DL
dscfm
ESP
FCEM
GC/MS
GFAAS
HGAAS

IC

ICP-AES

IS
MS/MSD
NA

NC

NIST
Nm 3
NO,
NS
PAH
POM
QA/QC
RPD
vVOC
VOST

Atomic absorption spectrophotometry

British Thermal Unit

Confidence interval

Cold vapor atomic absorption spectrophotometry

Cold vapor atomic fluorescence spectrophotometry
Detection limit

Dry standard cubic feet per minute (1 atm., 60°F)
Electrostatic precipitator

Field Chemical Emissions Monitoring

Gas chromatography/mass spectroscopy

Graphite furnace atomic absorption spectrophotometry
Hydride generation atomic absorption spectrophotometry
Higher heating value

Ion chromatography

Inductively coupled plasma argon emissions spectrometry
Invalid sample

Matrix spike/matrix spike duplicate

Not analyzed -

Not calculated

Not detected

National Institute of Standards and Technology (formerly NBS)
Normal cubic meter (1 atm, 0°C)

Nitrogen oxides

Not able to obtain a sample

Polynuclear aromatic hydrocarbons

Polycyclic organic matter

Quality assurance/quality control

Relative percent difference

Volatile organic compound

Volatile organic sampling train

Trade name for a resin used in gaseous sample collection









