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THE LOS ALAMOS
CONTROLLED AIR INCINERATOR
FOR RADIOACTIVE WASTE

Volume II: Engineering Design Reference Manual
by

R. A. Koenig, W. E. Draper,
J. M. Newmyer, and C. L. Warner

ABSTRACT

This two-volume report is a detailed design and operating documentation
of the Los Alamos National Laboratory Controlled Air Incinerator (CAl) and is
an aid to technology transfer to other Department of Energy contractor sites
and the commercial sector. Volume | describes the CAIl process, equipment,
and performance, and it recommends modifications based on Los Alamos
experience. It provides the necessary information for conceptual design and
feasibility studies. Volume il provides descriptive engineering information
such as drawings, specifications, calculations, and costs. It aids duplication of
the process at other facilities.

1.0 SUMMARY

This volume provides detailed Controlled Air Incineration (CAl) design and engineering
information accumulated during several years of development at Los Alamos National
Laboratory. This manual's purpose is to make that information available to other installations.
The text is divided into sections by major systems: feed preparation, incinerator, offgas
cleanup, scrub-solution recycling, ash removal and packaging, and instruments and controls.

Under each system, drawing titles and numbers, specifications, sizing calculations,* and
equipment costs are listed. Actual drawings for major parts of the design are reproduced in the
Appendix. English units are used throughout.

2.0 FEED PREPARATION

The feed preparation line comprises a receiving slotbox, TRU assay station, x-ray package
inspection station, sorting glovebox, and storage glovebox. The function of the feed

*A copy of the actual process calculations is available on request from the Los Alamos National
Laboratory Waste Management Group H-7, MS E517, P.O. Box 1663, Los Alamos, NM 87545,
505-667-7391.



preparation line is to assay the waste packages for TRU content and to identify and remove
items such as liquids and large glass and metallic objects that are not compatible with
controlled air incineration.

2.1. Receiving Slotbox

Boxed waste is introduced to the system through a receiving slotbox which also houses the
detector for the Muitiple Energy Gamma Assay System (MEGAS). Each waste package is
elevated through the bottom of the slotbox by a lift table. If the package is housed in a separate
shipping container, the package is hoisted into the slotbox by an overhead package hoist and
waste tong.

2.1.1. Drawings.
103Y-223005 D1 through D10 Standard Glovebox Details
103Y-223038 D1 through D4  Treatment Development Facility, Transition Assembly, Front

End Vent
103Y-223046 D1 through D18 Treatment Development Facility, Entrance Slotbox
103Y-223053 D1 TDF Waste Box Tong i

103Y-223098 D1 through D3  Glovebox Modification, Ramp

2.1,2. Specifications. General specifications for the construction of the slotbox are detailed
in Ref. 2-1. These specifications are common to all stainless steel gloveboxes installed in the

process.
Manufacturer's specifications for the lift table are these.

Manufacturer Air Technical Industries, Mentor, Ohio

Mode! SLL-500-E

Performance 500-1b capacity, 24 in. x 36 in. table, 8-in. lowered height,

26-in. maximum vertical height
Manufacturer's specifications for the package hoist are these.

Manufacturer Coast Tool Co., Arvada, Colorado
Model 500-10
Performance 500-1b capacity, 10-ft lift range

2.1.3. Sizing Calculations. The slotbox doors must be sized to pass a 1 ft x 1 ft x 2 ft
package on its side and the MEGAS section must be tall enough to elevate the same-sized
package on end in front of a gamma detector.

2.1.4. Equipment Cosls. The slotbox was fabricated by American Stainless Steel Corp.,
Englewood, Colorado, at a cost of $12,984 in 1975. The lift table cost $948 in 1974, and the

package hoist cost $360 in 1975.

2.2. Assay

Waste packages are weighed and assayed for TRU content by the MEGAS. The MEGAS
detector head is located in the receiving siotbox.



2.2.1. Drawings.
103Y-223017 D1 through D4  Mod Iii, Rotating Translating Table for MEGAS, Treatment
Development Facility
Other pertinent drawings are contained in Ref. 2-2.

2.2.2. Specifications. Specifications for the Los Alamos-designed MEGAS are contained in
Ref. 2-2.

2.2.3. Sizing Calculations. Detailed calculations for the MEGAS are contained in Ref. 2-2.

2.2.4. Equipment Costs. Total materials cost for the MEGAS components was $22,727 in
1977. The MEGAS was assembled in-house at Los Alamos. The costs associated with that

effort are not inciuded.

2.3. X Ray

The x-ray system permits noncontact inspection of each waste package for materiails that
are not compatible with a CAl process. The housing that surrounds the x-ray conveyor serves
as containment and as an airlock for packages entering the sorting glovebox which is
maintained at a negative 0.7-in. W.G. pressure.

2.3.1. Drawings.
103Y-223054 D1 through D3 Treatment Development Facility, Airlock Assembly 100
Other pertinent drawings are contained in Refs. 2-3 and 2-4.

2.3.2, Specifications. Specifications for the conveyor housing are contained in Ref. 2-1.
Specifications for the x-ray system are contained in Refs. 2-3 and 2-4.

2.3.3. Sizing Calculations. Not applicable.

2.3.4. Equipment Costs. The x-ray system was manufactured by American Science and
Engineering Co., Cambridge, Massachusetts, at a 1975 cost of $49,025, including conveyor.
The conveyor housing was manufactured by American Stainless Steel Corp., Englewood,

Colorado, at a cost of $900 in 1975,

2.4, Sorting Glovebox

The sorting glovebox provides an area for safely opening packages to remove materials
incompatible with incineration as identified by the x-ray system. Further processing of the
removed materials is possible with a bucket crusher and low-speed shredder.

2.4.1. Drawings.
103Y-223000 D1 and D2 Repackaging Well
103Y-223003 D1 through D10  Glovebox Door Modification
103Y-223013 D1 through D32 Treatment Development Facility,
Sorting/Shredder/Compactor Glovebox




103Y-223029 D1 through D3  Treatment Development a.ility, Shredder Assembly
103Y-223050 D1 through D3  Treatment Development Facility, HEPA Filter Housing,
Standard for Push-Through Type

2.4.2. Specifications. The glovebox specifications are contained in Ref. 2-1.
The manufacturer's specifications for the bucket crusher are these.

Manufacturer S & G Enterprises, Inc., Milwaukee, Wisconsin
Model 5A “Ram Flat”
Performance 12,500-1b ram force, 15 s per cycle

The manufacturer’s specifications for the low-spued shredder are these.
Manufacturer TEB, Ltd., Addision, Hlinois
Model AZ7 “Shred Pax"”
Performance 6.4 ft* per minute capacity, 0.125-in. maximum metal

dimension, 0.375-in. maximum plastic dimension, 0.5-in.
maximum glass dimension, 4.0-in. maximum wood
dimension, automatic reverse and advance upon stall

2.4.3. Sizing Calculations. Not applicable.

2.4.4. Equipment Costs. The sorting glovebox was fabricated by American Stainless Steel
Corp., Englewood, Colorado, at a cost of $25,860 in 1975. The bucket crusher cost $1296 in
1975, and the low-speed shredder cost $4779 in 1975.

2.5. Storage Glovebox

The storage glovebox serves as a surge station between the assay and sorting portions of the
feed preparation line and the incinerator.

2.5.1. Drawings.
103Y-223018 D1 through D15 Treatment Development Faclility, Modifications for Existing
Large Storage Box
103Y-223030 D1 and D2 Treatment Development Facility, Large Storage Box and Side
Ram Feeder Interface

2.5.2. Specifications. Specifications for the glovebox are contained in Ref. 2-1.

2.5.3. Sizing Calculations. The storage glovebox was selected to contain about 5 h of waste
feed, which requires 67 ft? internal glovebox volume plus 50 ft* for manipulation of the boxes.

2.5.4. Equipment Costs. The storage glovebox was a surplus item upgraded and modified
for our service by Altec, Inc., Albuquerque, New Mexico, at an approximate cost of $1000 in

1976.

REFERENCES
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Laboratory specification number H8-S184 (May 1975).
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3.0 INCINERATOR

The incinerator is composed of a waste package loading system, a lower combustion
chamber, an upper combustion chamber, an ash-removal system, and a control system to
monitor and coordinate all of these components. Details of the ash-removal system are
contained in Sec. 6, while incinerator controls are discussed in Sec. 7.

3.1. Side Ram

The side ram was designed at Los Alamos to move prepared waste packages from the feed
preparation line to the main ram feeder. Each package is loaded through a rectangular slide
door from the storage glovebox. This door and a similar door at the side ram exit provide good
seals and allow the side ram to act as an airlock between the feed preparation line and the main
ram feeder. The two major components in the side ram assembly are a pneumatically operated
elevator and a chain-driven ram.

3.1.1. Drawings.
103Y-223001 D1 through D4  Elev' .or Safety Bar
103Y-223024 D1 through D26 Tre 'ment Development Facility, Rarn Feeder System, Side
m and Elevator

3.1.2. Specifications. The functional specifications require the side ram to be designed with
doors at the entrance and exit that provide a seal good enough to permit the unit to act as an
airlock, that handle one or two boxes at the same time, that elevate a 60-Ib load 2 ft, and that
move the elevated load a minimum horizontal distance of 8.5 ft, at which point it is in front of the
main ram.

The side ram mechanism is surrounded by an enclosure that provides containment.
Windows and gloveports allow observation of the interior and permit periodic maintenance.
The sice ram driver is outside the enclosure. All penetrations of the enclosure are sealed.

Component specifications are on the side ram and elevator drawings in the bills of materials.

3.1.3. Sizing Calculations. Not applicable.




3.1.4. Equipment Costs. Equipment costs for the side ram and elevator also include
modification to the main ram (see Sec. 3.2). Because this purchase required a lump sum bid, it
can not be itemized. The total cost was $14,104 in 1974.

3.2. Main Ram

The semicontinuous waste feeder is a single ram, complete with drive mechanism and
motors, that can charges two 1 ft x 1 ft x 2 ft packages simultaneously. Construction is standard
structural steel materi:a) with welded assembly. The ram and load-bearing areas of the ram
housing are 1/4-in. minimum thickness steel plate. Framing supports an additional load of
1000 Ib to permit use as a loading platform.

The main ram is loaded by the side ram through a side door. A refractory-faced guillotine
door, which opens during the charging cycle, separates the main ram from the lower chamber
of the incinerator.

3.2.1. Drawings.
103Y-223023 D1 through D16 Treatment Development Facility, Main Ram Feeder
Modifications
103Y-223036 D1 through D10  Treatment Development Facility, Main Ram. Enclosure
ECP-50074A SR-22 Single Ram Feeder

3.2.2. Specifications. The main ram, as supplied to Los Alamos, was constructed to
Environmental Control Products, Inc., Charlotte, North Carolina (ECP) specifications (Ref. 2-5)
and was modified as follows.

& Argon gas was substituted for the standard water spray as a fire suppression agent.

e Main and side rams were enclosed to provide containment. Windows and gloveports in the

enclosure allow observation of the interior and permit periodic maintenance.

o All penetrations of the enclosure were sealed.

e Low-pressure air is supplied to the enclosure to offset the displaced volume created by the

main ram and waste package moving from the main ram housing.

Component specifications are listed in the bills of material on the main ram drawings.

3.2.3. Sizing Calculations. Not applicable.

3.2.4. Equipment Costs. The standard model SR-22 ram feeder cost was $2800 in 1974.
Modification costs are inciuded with the side ram and elevator costs (see Sec. 3.1.4).

3.3. Upper and Lower Combustion Chambers

The lower combustion chamber is designed to volatilize all combustibles in the waste
packages and to retain a maximum amount of the ash product. Most of the oxidation of the
cornbustibles also takes place in the lower chamber. The upper combustion chamber is
designed to complete all combustion reactions on combustible gases and particles in the
offgas from the iower chamber.



3.3.1. Drawings.
103Y-223020 D1 Treatment Development Facility, Spoo! Piece Between ECP
Model 500T Chambers
103Y-223022 D1 through D8  Treatment Development Facility, Combustion Air System
Containment Box

103Y-223025 D1 Treatment Development Facility, Spacer Between ECP Model
500T Chambers
103Y-223027 D1 and D2 Treatment Development Facility, Charging Opening

Modifications, Containment

103Y-223028 D1 through D3 Treatmerit Development Facility, Support Stand for ECP 5007
Incinerator

103Y-223055 D1 through D7  Treatment Uavelopment Facility, Ash-Removal Glovebox
Assembly, Upper and Lower

103Y-223080 D1 through D18 Treatment Deveidpment Facility, Ash-Rermaval Doors

103Y-223094 D1 and D2 Treatment Development Facility, Sight Pon
103Y-223096 D1 and D2 Guillotine Door Brake Release

103Y-223101 D1 and D2 Treatment Development Facility, Combusiion Air System
ECP-500T, Set 500T Incinerator Fabrication Drawings

3.3.2. Specifications. The incinerator is a dual chamber CAI suitable for burning type “0”
(as defired by EPA) combustible waste materials complete with controls and systems
necessary for safe operation and control.

3.3.2.1. Feed Capacity. The unit can burn type “O'" waste or plastic-type materials at the
rate of 375 Ib/h. It can also operate at a reduced rate with waste at a caloric value of us to
20,000 Btu/Ib. The unit can burn combustible feed components in any comLination of caioric
values up to 20,000 Btu/Ib at a rate of 100 Ib/h with supplementary natural gas feed as required
to maintain combustion or operational temperature. The unit receives feed on a semicon-
tinuous batch basis.

3.3.2.2, The unit operates in a starved air (pyrolysis) or excess air oxidation mode in the
lower chamber and excess air oxidation mode in the upper chamber.

3.3.2.3. Operating Characteristics. The unit operates over a temperature range of 1500°F
to 2000°F in the primary chamber through the use of supplementary riatural gas fuel. Air is
supplied to the primary chamber over a continuously variable flow rate of 25 ft®/min to 250
ft*/min (70°F and 11.31 in. W.G.) and to the secondary chamber at a continuously variable fiow
rate of 25 ft*/min to 250 ft*/min (70°F and 11.31 {x. W.G.).

3.3.2.4. Refractory. The unit, including emission exhaust ducting, is lined with refractory
suitable for 3000°F continuous service that will provide a maximum allowable skin temperature
during operation of 250°F.

3.3.2.5. Construction. Construction of load-bearing sections and shells is 5/16-in. mini-
mum thick steel with 3000°{ castable refractory of thickness and densiiy suitable for the
specified operating conditions. Inzulation between refractory and shell is at least 2-in. high-
temperature block. All refractory anchors are No. 304 stainless steel. External emission
exhaust ducting is a minimum of 11-gauge steel external shell with 3000°F castable refractory
lining of thickness and density appropriate for specific operating conditons. The upper and
lower chambers are modular to permit boit-together, on-site assembly. Gasket seals are
provided.



3.3.2.6. Alr Supply. Combustion air supply and burner air supply are by centrifugal fans.

3.3.2.7. Burners. Combustion burners are rated at 1,500,000 Btu maximum output and are
adjustable to suit operation requirements. Gas burners are suitable for natural gas or propane
operation and develop maximum rating with 3-in. W.G. gas pressure at the burners. Al fittings,
reguiators, and control valves are Underwriters Laboratory, Chicago, lllinois, approved and
assembled to meet the standards of Industrial Risk Insurers, Chicago, lllinois, or other authority
where applicable.

3.3.2.8. Emissions. The incinerator exhaust emissions contain less than 0.07 grains of
particulate per siandard cubic foot corrected to 12% CO, when incinerating type “O” wastes at
rated capacity as specified above.

3.3.2.9. Other Specifications. For the type of service in the Los Alamos operation, the
incinerator required these modifications.
¢ Installation of a mastic coating between the re’ractory and metal shell to protect the shell
from acid attack,
¢ Addition of large sight ports,
¢ Addition of a steam injection system,
¢ Addition of more complex control devices for safety, data acquisition, and closer control of
operations (see Sec. 7),
¢ Addiiion of a large cleanout door to the upper chamber,
o Modification of all flanges to assure good sealing,
e Redesign of the system for injection of secondary air, and
o Addition of gloveboxes to enclose burners, combustion air and secondary blowers and
controls, and clesnout doors.
Component specifications are listed in the bills of material located on the referenced
drawings.

3.3.3. Sizing Calculations. At Los Alamos, the average waste composition has a heating
value of 13,143 Btu/!b. At times, the Los Alamos CAI is expected to burn single components of
the waste mixture. Polyethylene and polyisoprene, two components of the design basis feed,
both have heating values of about 18,500 Btu/Ib.

The design of the ECP incinerator specifies a maximum heat density of about 15,000
Btu/ft.h at sea level. Therefore, an incinerator designed to burn 100 Ib/h of Los Alamos waste
will be reguired to have a minimum volume of

100 x 18,500 _ 14.7 _ \
15,000 * 113 - 160 f° .

The ECP-300T incinerator has a volume of 102 ft*, and the ECP-500T has a volume of 200 ft*;
therefore, the ECP-500T was specified for Los Alamos service.

3.3.4. Equipment Costs. The standard model ECP-500T incinerator cost was $35,285 in
1974. Additional options purchased with the incinerator included

1974 $
Sightports 139
Large cleanout doors 500
Mastic lining 3879
Ash cleanout port 576

Total $5094



The secondary air injector, designed at Los Alamos and manufactured by John Zink Co.,
Tulsa, Okiahoma, was purchased on a lump sum bid basis aiong with high-temperature
refractory-lined ductwork that joins the incinerator with the offgas cleaning system. The
combined price was $11,882 in 1976. John Zink aiso supplied the steam injection system for
$650 in 1976.

Tire combustion air glovebox enclosure was designed at Los Alamos and manufactured by
Altec, Inc., Albugquerque, New Mexico. Its cost was $8360 in 1976.

The enclosure for the upper and Jower ash cleanout doors and modification so the door
would slide to the side rather than swing out were designed and fabricated at Los Alamos at a
cost of $28,535 in 19786.

4.0 OFFGAS CLEANLP

The offgas train consists 5f a querich tower, a high-energy verituri scrubber, an absorber
tower, a condenser/demister, a superheater, roughing and HEPA fiiters, redundant induced-
draft blowers, and a control system to moniter and control each component.

4.1. Quench Tower

The quench tower, high-energy venturi scrubber, and absorber tcwer were designed by
John Zink Co., Tulsa, Okiahoma, to remove particles and minera! acids from the offgas stream.

By cooling and humidifying the offyas from the incinerator, the quench tower protects the
remaining offgas components from overheating and enhances the performance of the venturi
scrubber and absorber tower.

An impurtant feature of the quench tower is a waited wall section located in the cooling
section of the tower which prasents a cocl wet surfave on which compounds such as metallic
oxides tend to plate out following condensation. The water film continuously washes the area.

The twe major components of the quench tower are the contactor section, which introduces
a water mist into the hot siream, and the separator, which removes excess water from the

offgas stream.

4.1.1. Drawings.

103Y-223021 D1 through D3 Treatment Development Facility, Transition Duct
and Expansion Joint

103Y-223031 D1 Treatment Development Facility, Duct Support
Wall Mount

103Y-223081 C1 Treatment Development Facility, Spray Lance

John Zink Go. R-0-78037, 202 General Assembly Side Elevation and Anchor
Bolt Plan

John Zink Co. B-0-78037, 301 through 303 Quench Details

4.1.2. Specifications. These specifications are common to the quench tower, high-energy
venturi scrubber, and absorber tower. These three components of the offgas treatment system
were designec, fabricated, and supplied by John Zink Co.

The system cools 3535 Ib/h of combustion gas from a maximum temperature of 2300°F to
saturaticn or subcooled conditions. It removes 99+ wt% of particles and reduces HCI
concentrations in the offgas to 25 ppm maximum.
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The venturi can operate over a pressure drop range of 15 to 83 in. W.G. at design gas-flow
rates and has components to permit continuous adjustment of operating pressure drop.

The system is designed to handle a combustion gas stream with this composition and under
these conditions.

Component ib/h
N, 2592
0, 389
Co, 321
H,0 176
HCI 57
SO, trace
NO, trace
Total 3535
Temperature 2300°F
Pressure 11.24 psia
Mol wt 28.66

Particle flyash associated with the combustion gas stream is approximately as follows.

Particle Diam (um) wt%

Greater than 10 10
5—10 20
2-—-5 40
1-—-2 20
0.5 —1 10
Specific gravity 2.0
Particie loading 0.10 grains/standard ft°

Recycle liquid solution is supplied to the system by Los Alamos as follows.

Flow rate 50 gal/min
Pressure vendor to specily
Temperature 100 to 120°F
Specific gravity 1.0to 1.1

Design basis analysis of the recycie solution is

Component wi%

H,0 88 to 100
HCI Oto1
$0,, SO, trace
NO,, NO, trace

Suspended solids maximum diam, 30 pm



The system can satisfy the performance requirements of Sec. 5 when operating with recycle
soiution of the following analysis.

Component wit%
H.,0 80 to 95
NaOH Oto5
NaHCO, Otao5
NaCl Oto 15

Na,S0,, SO, 0to4

The system consists of an adiabatic combustion gas-quench solution contacting chamber, a
high-energy venturi scrubber with adjustable throat, and a packed-column absorber with liquid
de-entrainer.

The quench chamber is clesigned to operate at internal vacuums of up to 16 in. W.G. The
venturi and absorber are designed to operate at up to 110-in. W.G. vacuum and 250°F

maximum temperature.
Materials of construction were selected for corrosion resistance and compatibility with

process streams.
4.1.3. Sizing Calculations. Performed by vendor.

4.1.4. Equipment Costs. Equipment costs for the quench tower include the cost of the
venturi scrubber and absorher tower. Because this purchase required a lump sum bid, it can
not be itemized. The total cost was $24,318 in 1975.

4.2. High-Energy Venturi Scrubber

The high-energy venturi scrubber removes particles from the offgas stream by impaction
with an injected water stream that is shattered into small droplets by a high-velocity offgas
stream.

4.2.1. Drawings.
John Zink Co. B-0-78037, 201 General Assembly Side Elevation and Anchor Bolt Plan
John Zink Co. B-0-78037, 303 Quench Pot Details
Jehin Zink Co. B-0-78037, 304 Absorber Details

4.2.2. Specifications. On drawings; see Sec. 4.2.1. See also Sec. 4.1.2.
4.2.3. Sizing Calculations. Not available; performed by vendor.

4.2.4. Equipment Costs. Cost of the high-energy venturi scrubber is part of the overall cost
of equipment supplied by John Zink Co. (see Sec. 4.1.4).

11
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4.3. Absorber Tower

The absorber tower removes from the offgas mineral acids that are generated during
combustion.

4.3.1. Drawings.
John Zink Co. B-0-78037, 201 General Assembly Side Elevation and Anchor Bolt Pian
John Zink Co. B-0-78037, 304 Absorber Details

4.3.2, Specifications. See Sec. 4.1.2.
4.3.3. Sizing Calculations. Performed by vendor.

4.3.4. Equipment Costs. The cost of the absorber tower is part of the overail cost of
equipment supplied by John Zink Co. (see Sec. 4.1.4).

4.4. Condenser/Demister and Reheater

The condenser/demister and reheater module conditions the offgas before HEPA filtration
by removing most of the water vapor and by inducing a superheat on the offgas stream. As a
result, the gas stream is in a dry state, which allows it to be filtered without the potentiai
problem of blinding the filter medium with condensate. The lower volume of offgas permits the
use of smaller equipment downstream.

4.4.1. Drawings.
103Y-223056 D1 through D4  Process Vent System, Support Framing Plan and Structural
Details

4.4.2. Specifications. The offgas strearn to the cooler-condenser is a water-saturated
combustion gas stream with composition and properties as follows.

Component Ib/h
H,0 1328
N, 2592
0, 389
Co, 321
HCI} <1 (25 ppm max)
Total 4630
Pressure 9.40 paig
Temperature 150°F
Mol wt 24.72

Cooling water is available at 80°F maximum temperature and 75 psig pressure.



The cooler-condenser unit cools the gas stream to 120°F and condenses approximately 600
ib/h of water from the vapor stream (outlet gas saturated at 120°F).

Water coils are circuited to provide complete drainability without removing individual plugs
from each tube and have a removable header to permit tube access for mechanical cleaning.

Materials of construction are manufacturer's standard for this service except that all surfaces
exposed to the gaseous stream are coated with phenol-formajdehyde thermo-setting resin.

4.4.3. Sizing Calculations. The condenser/demister and reheater module was sized to
accommodate each element. Sizing of the condenser ceil was performed by McQuay-Perfex,
Inc., Minneapolis, Minnesota; the demister by Hell Process Equipment Co., Avon, Ohio; and the
reheater coil by Chromalox Div., Emerson Electric, Monroeville, Pennsylvania.

4.4.4. Equipment Costs. The condenser/demister and reheater module was designed at
Los Alamos and fabricated by Singleton Sheet Metal Works, Pueblo, Colorado, at a cost of
$9240 in 1976. In 1976, the condenser coil cost $1747; the demister cost $485; and the electric
resistance heater cost $2000.

4.5. HEPA Filters

The HEPA filters provide final filtration of the offgas stream before venting to the at-
mosphere.

4.5.1. Drawings.
103Y-223051 D1 through D3 Treatment Development Facility, Pressure Equalizer HEPA
Filter
103Y-223056 D1 through D4  Process Vent System Support Framing Plan and Structural
Details

4.5.2. Specifications. Functional specifications for the HEPA filter system require that the
offgas stream be filtered for 99.97% of all particles greater than 0.3 um in diameter.

Additiunal requirements are that the offgas must pass first through a fire screen which
serves to protect the filter medium in the event that heater elements fail and pass into the filter
housing. The gas then passes through a roughing filter which serves to remove larger particles
and thereby extend HEPA filter service life. Two banks of HEPA filters are placed in series to
provide a backup system should there be a breach of the first bank.

The HEPA filter module must be construcied to withstand a maximum 110-in. W.G. negative
pressure.

4.5.3. Sizing Calculations. The HEPA filter system must be sized to handle 1630 ACFM
nominal capacity. Therefore, each filter bank contains two 2 ft x 2 ft parallel filters rated at 1000
ACFM each.

4.5.4. Equipment Costs. The HEPA filter housings were supplied by Flanders Filters, Inc.,
Washington, North Carolina, at a cost of $4835 in 1576. The external pressure housing for the
Flanders units was designed at Los Alamos and was fabricated by Singleton Sheet Metal
Works, Pueblo, Colorado, at a cost of $4568 in 1976.

13
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4.6. Induced-Draft Blowers

The induced-draft blowers provide the motive force to draw the offgas through the offgas
cleaning system. The blowers were supplied by Spencer Turbine Co., Hartford, Connecticut.

4.6.1. Drawings.
Spencer Turbine Co. C-21794-482 Outline Dimensions of a 4 Bearing Outboard Gas Booster
Spencer Turbine Co. CU-117 Performance Curve of a Spencer Gas Booster

4.6.2. Specifications. The induced-draft blower is a high-head type with electric motor
driver designed to exhaust combustion gases from a gas scrub system. Each blower can
supply an cutput pressure of 11.31 psia static pressure (discharge to atmasphere at 7500-ft
altitude) when supplied with gas with properties as follows.

Component Ib../h
Co, 330
H,0 vapor 5§34
NO, 2369
o, 712
Total 3945
Av mol wt 27.40
Dewpoint temperature 120°F
Operating temperature at inlet 140°F

Operating pressure at infet 8.31 psia static pressure

4.6.3. Sizing Calculations. Performed by vendor.

4.6.4. Equipment Costs. The first blower was purchased for evaluation in 1975 at a cost of
$8433. The second identica! blower was purchased in 1977 at a cost of $9223.

5.0 SCRUB-SOLUTION RECYCLING

Major components of the scrub-solution recycling system are process liquid filters, a
process liquid heat exchanger, a process sump tank, quench liquid filters, a pH control system,
a primary heat exchanger, cooling towers, pumps, and piping.

5.1. Process Liquid Filters

The process liquid filters remove from the scrubbing liquid particles removed from the
offgas by the quencn tower, venturi scrubber, and absorber tower.

5.1.1. Drawings.
103Y-223006 D1
103Y-223037 D1 through D4

Liquid Filter Glovebox
Treatment Development Fagcility, Liquid Filter Glovebox

Commerciai Filters 9446-0102 C1
Commercial Filters 1840-5150 C1

Final Assembly Model CFP-12D-10-2F
Cover Assembly Modei CF-12



5.1.2. Specifications. The liquid filter gilovebox was constructed according to specifications
in Ref. 2-1.
The process liquid filter specifications are these.
Manufacturer Commercial Filters Division, Carborundum Co., Lebanon, Indiana
Model CFP-12D-10-2F, Penton® lined
Performance 180 gal/min minimum capacity, 12 filter tubes, 20-in. tube length, 100-um filter
pore size, 100-psi pressure rating

5.1.3. Sizing Calculations. The maximum caiculated liquid flow rate through the prccess
tilter is 30 gal/min (12 gal/min weir, 8 gal/min spray, 5 gal/min venturi, 5 gal/min absorber
tower). Based on information from users of filters in other offgas cleanup systems, the decision
was made to oversize these filters at least four times. The capacity split for this brand of filter
was 90 gal/min and 180 gal/min. The latter was chosen for the Los Alamos process.

5.1.4. Equipment Costs. The liquid filter glovebox was fabricated by Stainless Equipment

Co., Englewood, Colorado, at a cost of $7071 in 1976.
The process liquid filters (two each) were supplied by the vendor at a cost of $2100 each in

1976.

5.2. Process Liquid Heat Exchanger

The process liquid heat exchanger cools the liguid eifluent from the offgas cleanup system
before storage and recirculation and thereby increases its effectiveness as an cffgas coolant
and scrubbing medium.

§.2.1. Drawing.
Carborundum Co. 3035 A-1 Model 195 Size 18 Impervite Tube and Shell Heat Exchanger

5.2.2. Specifications. The water-cooled heat exchanger must handle process solution with
this composition. Purchase specifications required these properties.

Component wi%

H,0 88 to 100
HC! 0to 10
$§0,, SO, Otoz2
NO,, NO, trace

Specific gravity 1.0 to 1.1

In addition to the normal scrub solution, the heat exchanger may need to handle an alkaline
scrub solution of the foliowing composition.

Component wi%
H,0 80 to 95
NaOH Oto5
NaHCO, Oto5
NaCl Oto15

N2,SO,, S0, 0Oto2
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The scrub solution may also contain from 0.0 to 1.0 wt% flyash as suspended solids of less
than 100-um diam.
Physical properties of the fluids are these.

Process Coolant
Side Side
Fluid dilute acid tower water
Specific gravity 1.05 1.0
Specific heat (Btu/lb-°F) 0.95 1.0
Viscosity (cp) 1.0 1.0
Thermal conductivity (Btu/h.ft.°F) 0.35 0.35

Design performance requirements for the unit are these.
Design duty, 900,000 Btu/h

Process Coolant

Side Side
Fiuid dilute acid tower water
Flow (Ib/h) 15,750 20,000 max
Temperature in (°F) 180 75 max
Temperature out (°F) 120 vendor to specity
Maximum available pressure (psi) --- 75
Minimum required outlet pressure (psi) S0 .-
Maximum operating temperature (°F) 220 150
Fouling factor 0.001 0.0015

The unit operates with process solution at 5 psi minimum below cutiet cociant pressure to
prevent leakage of process fluid containing radioactive contamination into coolant.

Materials of construction must be selected for corrosion resistance and compatibility with
process streams described in Sec. 2.

The heat exchanger was supplied by Carborunduni Co., Solon, Ohio. Model 195, size 18
satisfies the above requirements with a calculated coolant side outlet temperature of 120°F.

5.2.3. Sizing Calculations. Performed by the manufacturer.

5.2.4. Equipment Cost. The cost of the process liquid heat exchanger was $6580 in 1975.

5.3. Process Surip Tank

The process sump tank provides surge capacity for the recycled process liquid and serves
as a vessel for backmixing in the pH control system. Process liquid blowdown is from the sump
tank in response to high specific gravitly or high tank-liquid level.

5.3.1. Drawings.
ENG-6-743 Outline Drawings, Scrub Receiver and Waste Raceiver Tank

5.3.2. Specifications. Purchase specifications included the following requirements. The
tank needs to handie a liquid solution with this compaosition.



Component wt%

H.,0 88 to 100
HCI 0to 10
S0, SO, O0to2
NO,, NO, trace
Normal capacity of tank 500 gal
Temperature 180°F max
Specific gravity 1.0 to 1.3

The scrub solution may also contain from 0.0 to 1.0 wt% tlyash as suspended solids

(maximum diameter, 30 um).

Materials of construction should be corrosion resistant and compatible with process
streams. in addition to the streams described in Sec. 2, construction materials should also be
compatible with an alkaline (NaOH or KOH) and a bicarbonate scrub cycle (KHCO;) resulting
from fuli or partial neutralization of the solution described in Sec. 2.

5.3.3. Sizing Calculations. Not applicable.

5.3.4. Equipment Costs. The sump tank was fabricated by Joseph T. Ryerson and Son,
Inc., Denver, Colorado, at a cost of $2294 in 1975.

5.4. Quench Liquid Filters

Part of the process liquid is recycled to serve as a guench and scrubbing medium. The
portion of the recycled liquid supplied to the quench tower is fiitered for the second time as
assurance that the weir and spray nozzles will not be plugged by particles entrained in the
liquid.

5.4.1. Drawings. See Sec. 5.1.1.
Commercial Filters 9446-0100 C1  Final Assembly Model CFR-6
Commercial Filters 1840-5139 C1  Cover Plate Assembly CFR-6

5.4.2. Specifications. The quench liquid filter specifications are these.
Manutacturer Commercial Filters Division, Carborundum Co., Lebanon, indiana
Model CFP-6-10-2F Penton® lined
Performance 45 gal/min capacity, 6 filter tubes, 10-in. filter length, 20-um filter pore size,
100-psi pressure rating

5.4.3. Sizing Calculations. The maximum calculated liquid flovgate to the quench tow.r is
20 gal/min (12 gal/min weir, 8 gal/min sprays). The Cemmercial Filters model with twice the

calculated capacity requirement was chosen.

5.4.4. Equipment Costs. See Sec. 5.1.4.
The quench liquid filters (two each) were supplied by Commercial Filters at a cost of $1500 in

1976.
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5.5. Primary Heat Exchanger

The primary heat exchanger serves as an intermediate exchanger between the process
liquid heat exchanger and the cooling towers. Such a system permits a closed loop for coolant
used with the process liquid heat exchanger and thereby assures positive containment of
process liquid.

5.5.1. Drawing.
Tranter D-38102-1166 Supzrchanger Model UX-216-HJ-24
5.5.2. Specifications. Purchase specifications for the primary heat exchanger are :hese.
Type Plate and frame

Maximum heat transfer 809,000 Btu/h

Process Side Coolant Side

Chemical composition hot water cold water
Inlet temperature (°F) 120 65
Cutlet temperature (°F) 75 100
Flow rate (gal/min) 40 50
Maximum pressure drop (psi) 10 20
Maximum working pressure (psi) 80 60
Amount o! undissolved solids trace trace
Flow fluctuations none none

The hot fluid should be water that contains a small amount of potassium dichromate. The
cold fluid should be water from an evaporative cooling tower loop. Plate material should be No.
316 stainless stsel.

5.5.3. Sizing Calculations. Not applicabie.

5.5.4. Equipment Costs. The primary heat exchanger was supplied by Tranter, Inc.,
Lansing, Michigan, at a cost of $2662 in 1978.
5.6. Pumps

The CAl process uses five major liquid pumps for transfer of process liquid, scrubber liquid,
condensate, process liquid heat exchanger coolant, and primary heat exchanger coolant.

5.6.1. Process Liquid Pump. The process liquid pump transfers recycled process liquid

from the process liguid sump to the offgas scrubber system.

5.6.1.1. Drawing.
Fybroc C41327 Model 5108 Vertical Pump

5.6.1.2. Specifications. Purchase specifications included these requirements.



Liquid Characterisiics

Liguid 0-10% HCI or alkaline salt solution

Specific gravity 1.05

Vapor pressure (psia) 3.7

Viscosity (cp) 1.0

Temperature (°F) 150
Performance HRequirements

Fiow (gal/min) 50

Discharge pressure (psia) 121.5

Differential head (ft) 242

Suction pressure (psia) 11.5

Differential pressure (psi) 110

Net positive suction head (ft) 18

5.6.1.3. Sizing Calculations. The pump canacity must satisfy the maximum requirements of
the scrubbing system (30 ga!/min), plus about 15 gal/min that is mixed with caustic and then
with the input stream to the sump tank in the pH control scheme, plus 10% overage: (30 + 15) x

1.1 = 49.5; specify 50 gal/min.

The pump head must be sufficient for the spray nozzle requirements (80 psi) elevation
difference (5 psi), pressure drop across filter (15 psi), plus 10% overage: (80 + 16 +5) x 1.1 =110

psi.

5.6.1.4. Equipment Costs. The process liquid pump was supplied by Fybroc, Inc., Hatfield,

Pennsylvania, at a cost of $4230 in 1975.

5.6.2. Scrubber Liguid Pump. The scrubber liquid pump transfers combined process liquid
from the base of the quench tower and absorber tower through the process liquid filters and
process liquid heat exchanger to the process liquid sump tank.

5.6.2.1. Drawing.

Vanton A-9-0713B-01-1 Mounting Dimensions for CG-3008, CG-500 Centrifugal Pump

5.6.2.2. SpecHications. The specifications for the scrubber liguid pump are these.

Liquid Characteristics

Liquid 0-10% HCI or alkaline salt solution
Specific gravity 1.05
Vapor pressure (psia) 4.7
Viscosity (cp) 0.8
‘femperature (°F) 160

Performance Requirements
Flow (gal/min) 33
Discharge pressure (psia) 50.0
Suction pressure (psia) 9.7
Differential pressure (psi) 40.3
Net positive suction head {(ft) 115
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£.6.2.3. Sizing Caiculations. The pump capacity must satisty the maximum requirement of
the scrubber system (30 gal/min) and combined pressure losses of the level control valve,
liquid! filter, and heat exchanger: (10 + 15 + 10) x 1.1 = 38.5 psig.

5.6.2.4. Equipment Costs. The scrubber liquid pump was supplied by Vanton Pump and
Equipment Corp., Hillside, New Jersey, at a cost of $1248 in 1975.

5.6.3. Condensate Pump. The condensate pump transfers condensate from the con-
densate sump to the process liquid sump.

Y

5.6.3.1. Drawings. Drawings for CG-200 are available from the manufacturer, Vaiion Pump
and Equipment Corp., Hills.de, New Jersey.

5.6.3.2. Speclfications. The specifications for the condensate pump are these.

Liquid Characteristics

Liquid 0-10% HCI solution
Specific gravity 1.0
Vapor pressure (psia) 0.85
Viscosity (cp) 1.0
Temperature (°F) 100
Performance Requirements
Flow {gal/min) 20
Discharge pressure {psia) 303
Suction pressure (psia) 9.7
Differential pressure (psi) 20.6
Net positive suction head (ft) 20.2

5.€.3.3. Sizing Calculaiions. The pump capacity was set at 20 gal/min. The pump pressure
riust equal tha control valve pressure drc» and a 20-ft change in elevation: (10 + 8.7) x 1.1 =
20.8 psi.

5.6.3.4. Equipment Costs. The condensate pump was supplied by Vanton Purnp and
Equipment Corp., Hillside, New Jersey, at a cost of $1061 in 1975.

5.6.4. Process Liquid Heat Exchanger Coolant Pump and Primary Heat Exchanger Coolant
Pump. These two pumps are identical. Each supplies coolant to heat exchangaers with similar
capacities.

5.6.4.1. Drawings.
Goulds 107-67 Rev. 3 Model 3655, Groups S & M
Goulds SA655 Model 3655, Sectional Assembiy

5.6.4.2. Specifications. The specifications for the process liquid heat exchanger coolant
pump and primary heat exchanger coolant pump are these.
Manufacturer Goulds Pumps, Inc., Seneca Falls, New York
Model 3655-S11/4 x 11/2x 7,5 1/2-in. impeller
Performance 50 gal/min, 43 psig at 120°F, 1.0 specific gravity



5.6.4.3. Sizing Calculations. Each heat exchanger requires a flow of about 50 gai/min.
Pressure drop reqirement is 10 psi for a control valve, 20 psi for the exchanger, and about 5
psi for change in elzvation: (10 + 20 + §) x 1.1 = 38.5 psi.

The Goulds standard pump supplies 50 gai/min at 43 psig.

5.6.4.4. Equipment Costs. Each pump was a replacement for other pumps that proved
unsatistactory ior this service. Gou'ds supplied these pumps at a cost of $719 each in 1978.
5.7. Piping

All piping containing process liquid is fiberglass-reinforced plastic. All piping in the

condensate system is No. 304 stainiess steel. Smaller piping is Type E-100, supplied by Coniey
Corp., Tulsa, Oklahom:a.

5.7.1. Drawings. Not applicable.

5.7.2. Specifications. Piping that is 2-in. nominai diameter and larger was Type CI-2030
supplied by Fibercast Co.. Sand Springs, Oklahoma.

5.7.3. Sizing Calculations. Not applicable.

5.7.4. Equipment Costs. Not applicabie.

6.0 ASH REMOVAL, PACKAGING, AND TRANSPORT

Twe methods are employed for removing ash from the CAl: (1) the gravity ash dropout
system (GADOS) and (2) the vacuum ash-removal system.

The ash-transport system transfers the ash that is removed by either system to the ash-
packaging station, which provides a safe means for bagging the ash inio storage containers.

6.1. GADOS
The GADOS includes a pneumatically operated, refractory-lined, ash-dropout door at the

bottom of a pit located at the end of theincinerator hearth. It allows ash to be removed from the
lower chamber during high-temperature operations.

6.1.1. Drawings.

103Y-223060 D1 through D11, GADOS, Ash Door Linkage
C12 through C15, B16 through B20

103Y-223061 D1, C2 through C6, B7 GADOS, Delumper
through B16

103Y-223062 D1 through D7, C8, B9 GADOS, Ash Door Housing

103Y-223063 D1, C2 GADOS, Grate Assembly

103Y-223064 D1 through D3 GADOS, Lower Hopoer
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103Y-223065 D1
103Y-223066 C1 through C4
103Y-223067 D1 and D2
103Y-223068 D1 through £3
103Y-223069 D1 and D2, C3
103Y-223070 D1, C2
103Y-223071 D1
103Y-223072 D1
103Y-223073 D1
103Y-223074 C1
103Y-223075 C1
103Y-223076 D1
103Y-223077 D1

GADOS, Final Assembly

GADOS, Ash Door Housing, Bagout Cover
GADOS, Incinerator Refractory Mold
GADOS, Adaptor Plate

GADQS, Delumper Cieanout Doors
GADOS, Door Refractory Mold
GADOS, Actuator Bracket, Right
GADOS, Upper Gasket

GADCS, Lower Gasket

GADOS, Bagout Cover Gasket
GADOS, Ash Door Guide Rod
GADOS, Actuator Bracket, Left
GADOS, Emergency Actuator Handle

6.1.2. Specifications. The GADOS is an in-house design. Functionai requirements include:

e An ash-dropout door extending the full width of the hearth that can withstand the 2000°F
maximum temperature of the lower chamber, that can invert when opening to clear the
door of ash, and that can be manually operated if required;

e A grate under the door that can intercept objects too large to be pneumatically transported
through a 4-in. line and can be fitted with a delumping device 10 break up friatle materia!

and allow retrieval of intercepted materials; a

nd

e A hopper under the grate that can withstand the 200°F temperature induced by the falling

ash and can contain several cubic feet of ash
station.

before it is transported to the ash- packaging

Actual specifications for purchased equipment were these.
Componernt Manufacturer Model
Actuator Greer Hydraulics, inc. BV40-MS-TS-C-C-EG-301 & 302
Los Angeles, Calif. Accutorque
Vibrator Erizz Magnetics 405
Erie, Pa.

Ball Valves Worchester Controls, inc.
West Boyiston. Mass.

6.1.3. Sizing Calculations. Not applicable.
6.1.4. Equipment Cost. The GADOS was built

1976 operating budget. Cost of the two actuators,

6.2. Vacuum Ash-Removal System

D-38, mount kit No. MK-38

in-house with funds from the Los Ailamos FY
vibrator, and valves totalled $3198 in 1978.

The vacuum ash-removal system consists of manually positioned hoses connected to the
ash-transport system which permit final cleanup of each chamber when the incinerator is shut
down and is cool. Access to each chamber for this cleaning is through cleanout doors mounted

on the z2i:d of each chamber.

6.2.1. Drawings. Not applicable.



6.2.2. Specifications. See Sec. 6.1.2 for specifications for the two ball valves.

6.2.3. Sizing Calculations. Not applicable.

6.2.4. Equipment Cost. The two ball valves cost a total of $1125 in 1978.

6.3. Ash-Transport System

The ash-transport system pneumatically transfers ash from the incinerator to the ash-
packaging station where the ash is separated from the transporting air and is stored. The major
components are a transport tubing, a cyclone separator, a rotary airlock valve. an ash hopper,
porous metal filters with a blowback system, a HEPA filter, and a positive displacement blower.

6.3.1. Drawings.

103Y-223079 D1 through D8

Fisher-Klosterman FK-674101

XQ7(S)
Mott SK-800
Mott SK-801
Flanders 02477
Gardner Denver C-4208

Goyen 609199

Treatment Development Facility, Vacuum Ash-Transport
System
Cyclone with Scroll Outlet

Blowback Nozzle Assembly

Nozzle Arrangement

G1-CCF Housing

Outline Dimensions of 3 LDL-F Series Cycloblower
w/V-Belt Drive

Assembly RCA 20T

Goyen 609462

Assembly RCA6-V383

6.3.2. Specifications.

Component Manufacturer Model Performance
Cyclone Fisher-Klosterman, Inc. XA-75 size XQ-7 with 376 ft°/min capacity
Louisville, Ky. scroll inlet and outlet at 2.5-in. pressure
drop, 12.1-um critical
particle size at 2 and
1/2-in. pressure drop
Rotary Prater Industries, Inc. PAV-6 C 0.1 ft*/revolution (2.0 ft°
airlock Chicago, Ill. at 20 RPM)
feeder
Porous Mott Metallurigical 86085 venturis with
metal Farmington, Conn. 2 and 3/4-in. 0.d. 36 in.
filters long, 0.05-in. minimum
wall thickness, 5-um
mean pore size filters
Blowback Goyen Controls Diaphragm valves
Lakewood, N. J. RCA-20T control
valves RCA6-V353 pro-
gram controller T-1366
Positive Gardner-Denver Co. 3CDL-8 Displacement 300
displacement York, Pa. ft°/min, vacvum 110 in.
blower W.G. =1 T000 ft
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6.3.3. Gizing Calculations. The velocity required for ash transport is 2000 ft/min for light
materials such as sawdust and 3000 to 4000 ft/min for medium weight materials such as grain.

The incinerator ash is lightweight with occasional grain-size and -weight particles. Therefore,
a velocity of about 3000 ft/min was chosen. The blower supplied is rated 110-in. W.G. pressure
drop for 300 ft*/min at 7000-ft elevation.

The velocity using 4-in., 16-gauge tubing and rated flow is 3650 ft/min. The pressure drop
required is that for the cycione (6 in. W.G.), sintered-metal filters {56 in. W.G.), and the HEPA
filters (4 in. W.G.). A 50% overage is desirable to aid in clearing blockages that occur from time
to time in the transfer line: (6 + 56 + 4) x 1.5 =99 in. W.G. minimum.

6.3.4. Equipment Cost. The filter housing, hopper, and connecting ductwork were de-
signed and fabricated at Los Alamos. Costs for purchased equipment in 1976 were $2300
(cyclone), $1535 (rotary airlock), $5115 (sintered-metal filters), $650 (blowback valves). and
$2591 (blower).

6.4. Ash-Packaging System

The ash-packaging system allows bagout of ash before disposal. It is an extension of the
ash-transport system and consists of a glovebox containing two bail valves in series at the
discharge from the ash-storage hepper. Bagout merhanisms are attached to the lower of the
two ball valves and to the bottom of the glovebox.

6.4.1. Drawings.
103Y-223049 D1 Treatment Development Facility, Ash-Packaging Glovebox
103Y-223097 D1 through D3  Treatment Development Facility, Vacuum Ash-Removal
Support Structure

6.4.2. Specifications. The specifications for the ash-packaging glovebox are given in Ref.
2-1; the specifications for the vibrator and ball valves are the same as those for the GADOS
(see Sec. 6.1.2).

6.4.3. Sizing Calculations. The volume of the ash hopper is 12 ft°.
6.4.4. Equipment Cost. The ash-packaging glovebox was fabricated by Stainless Equip-

ment Co., Englewood, Colorado, for $2604 in 1976. In 1976, the ball valves and actuators were
$1702 and the vibrator with control was $371.

7.0 INSTRUMENTS AND CONTROLS

The CAIl instrumentation monitors and controls all parameters of the incineration process
and its associated utilities to insure safe operation for personnel and equipment and to
accumulate information for data reduction.



7.1. Feed Preparation

Operations in the waste feed preparation line are sequential but are not tied together by a
central control system. Each station is operated on a need basis, independent of neighboring
operations.

7.1.1. Drawings. Not applicabie.
7.1.2. Specifications. Not applicable.
7.1.3. Sizing Calculations. Not applicable.

7.1.4. Equipment Costs. Not applicable.

7.2. Incinerator

The side ram, main ram, and guillotine loading door operate in sequence in respor:se to logic
embodied in the control ladder wiring system. The incinerator temperature, pressure, and
excess oxygen content in the offgas from each chamber are maintained by fuily modulating
controllers. In addition, the control system for the incinerator and incinerator loading eauip-
ment includes logic and devices for proper burner startuy, flame safeguards, and orderly
shutdown.

7.2.1. Drawings.
103Y-223003 D1 Logic Diagram, Incinerator Loading System
103Y-223004 D1 through D16 Combustion Control Rack Wiring Diagram
103Y-223009 D1 through D5  Flow Control Rack Wiring Diagram
103Y-223058 D1 through D4 Piping and Instrument Diagram, Treatment Development
Facility Incinerator

7.2.2. Specifications. Specifications for elements iflustrated in each control panel wiring
diagram are listed in Table 7-1 and carry the same item numbers found in drawings
103Y-223004, 103Y-223007, 103Y-223008, 103Y-223009, and 103Y-223059.

Pertinent field mounted elements are listed in Table 7-2 and are numbered according to the
system used in drawing 103Y-223058.

7.2.3. Sizing Calculations. The only sizing calculations performed by *.0s Alamos were for
selection of flow control valves. Foliowing are examples of sizing calcuiations for Fisher valves
used by Los Alamos for air, natural gas, steam, and water.

Sizing calculations for the secondary air valve are these. (See also Sec. 3.3.3.)

Known: e Secondary air injector, ductwork, and flowmeter require 4.97-in. W.G. static
pressure at 488-ACFM air.

e Examination of the blower curve for the available secondary air fan, which has
been corrected for 11.31-psia inlet pressure at 100°F, indicates a total available
static pressure of 5.90 in. W.G. at 488-ACFM air.

e Use of Fisher 7800 series butterfly valve with conventional disk is assumed.
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Therefore: e Supply pressure P, = 11.34 psia.

¢ Pressure drop P, = 0.034 psi.

e Specific gravity G = 1.G.

o Temperature T = 560°R.

® Flowrate Q = 19,500 SCFM.

® Ratio of gas to liquid sizing coefficients C, = 24.5 (from Fisher catalog 10 for
conventional disk, 60% open; a butterfly valve with conventional disk performs
best when not controlling above 60% open).

e Calculated gas sizing coefficient:

Cy. = Q = 13,428 .
520 \»2 B sin 3417 & 12 'l
GT 18 c, \ P, |

Actual gas sizing coefficient C_, = 11,800 for 5-in. valve and 18,800 for 6-in. valve.
Select 6-in, valve.
Sizing calculations for the upper burner fuel gas valve are these.
Known: e Maximum burner heat release is 1,500,000 Btu/h.
® Fuel gas heating value is 960 Btu/SCF.
e Maximum fuel gas pressure drop across burner is 4 in. W.G.
e Fuel gas supply pressure is 1.0 psig.
e Use of Fisher Series B valve is assumed.
Therefore: » Supply pressure P, = 12.31 psia.
e Pressure drop P, = 0.856 psi.
e Specific gravity G = 0.6.
¢ Temperature T = 560°R.
¢ Flowrate Q = 1563 SCFH.
o Ratio of gas to liquid sizing coefficients C, = 35.1 (from Fisher catalog 10 for
Micro-Form trim).
o Calculated gas sizing coefficient:

C, = Q = 236 .
32_9 1/2 B, sin 417 & 12
GT 1 St c, \P,

e Actual gas sizing coefficient C,, = 170 for 0.75-in. trim and 260 for 1.0-in. trim.
Select 1.0-in. trim.
Sizing calculations for the tempering steam valve are these.
Known: e Maximum steam flow required is 200 Ib/h.

¢ Maximum pressure drop across steam nozzle is 20 psig.
e Steam is saturated and dry.
e Steam supply pressure is 100 psig.
e Use of Fisher Series B valve is assumed.

Therefore: e Supply pressure P, = 111.31 psia.
e Pressure drop P, = 80 psi.
® Flowrate Q = 200 Ib/h.
o Superheat T,, = 0°F (saturated).




e Ratio of gas to liquid sizing coefficient C, = 32.3 (from Fisher catalog 10 for Micro-
Flute trim).
e Calculated steam sizing coefficient:

C,. = Q = 1.80 .
P, _ 3417 [ P, \”
. SIn —_— —_
1+ 0.00065 T,, C, P,

¢ Actual steam sizing coefficient C,, = 1.6 for 0.25-in. trim and 2.70 for 0.375-in.
trim. Specify 0.375-in. trim.
Sizing calculations for the venturi scrubber solution valve are these.
Known: e Required pressure at nozzle is 80 psig.
¢ Flowrate of solution is 13.2 gal/min.
¢ Specific gravity G is 1.05.
e Solution supply pressure is 85 psig.
e Use of Fisher Series BF valve is assumed.
Therefore: e Supply pressure P, = 96.31 psia.
® Pressure drop P, = § psi.
e Calculated liquid sizing coefficient:

= Actual liquid sizing coefficient C,, = 6.04 for 0.5-in. trim and 10.2 for 0.75-in. trim.
Specify 0.75-in. trim.

7.2.4. Equipment Cost. Because of the widely fluctuating market and the experimental
nature of the project, Los Alamos prefers not to make an itemized list of the instrumentation
cost but to give the total overall equipment costs,

The total cost of process instrumentation was $175,000 in 1975. This figure includes the cost
of instruments and controls used throughout the process.

7.3. Ofigas Cleanup

Operating temperatures in the offgas cleanup train (see Sec. 4) are monitored at the outiets
from the quench tower, venturi, absorber tower, and HEPA filters. Instrumentation controls
temperature at the outlets from the condenser/demister and reheater as well as the pressure
drop across the venturi.

7.3.1. Drawings.
103Y-2223007 D1 through D7  Filter Control Rack #1, Wiring Diagram
103Y-223008 D1 through D5 Filter Control Rack #2, Wiring Diagram
103Y-223059 D1 through D7  Scrubber Control Rack, Wiring Diagram
103Y-223058 D1 through D4 Piping and Instrument Diagram, Treatment Development
Facility Incinerator
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7.3.2. Specifications. See Sec. 7.2.2.
7.3.3. Sizing Calculations. See Sec. 7.2.3.

7.3.4. Equipment Costs. See Sec. 7.2.4.

7.4. Scrub-Solution Recycling

The scrub-solution recycling system incorporates level control loops for the quench tower
sump, absorber tower sump, condensate sump, and process liquid tank. Flow is controlled and
monitored for the venturi solution and absorber tower liquid. Flow is controfied for the scrubber
pump seal, condensate pump seal, process liquid pump seal, and weir liquid flow. Flow is
monitored for the condensate and process liquid blowdown. Pressure drop is indicated across
the scrubber liquid filters and process liquid filters, while pressure is monitored for the process
liquid. Specific gravity of the recycled solution is both monitored and controiled. A pH control
loop is incorporated for the process liquid, and the pH of the condensate and scrubber is
monitored.

7.4.1. Drawings.
103Y-223059 D1 through D7 Scrubber Control Rack Wiring Diagram
103Y-223058 D1 through D4 Piping and instrument Diagram, Treatment Development
Facility Incinerator
7.4.2, Specifications. See Sec. 7.2.2.
7.4.3. Sizing Calculations. See Sec. 7.2.3.

7.4.4. Equipment Costs. See Sec. 7.2.4.

7.5. Ash Removal and Packaging

Ash removal and subsequent packaginy of the ash requires action that is sequential but is
not centrally controlled. Each station is operated on a need basis.

7.5.1. Drawings. Not applicable.

7.5.2. Specifications. Not applicable.

7.5.3. Sizing Calculations. Not applicable.

7.5.4. Equipment Costs. Not applicable.



TABLE 7-1. Panel and Field Mounted Incinerator Controls

Item
Number Manufacturer Description
1 Allen Bradiey Switch, 2 position wing lever, #800T-H17B
2 Allen Bradiey Pilot lamp, push to test, #800T-QT10, series B
3 Hubble Plug strip, #5326, 6 outlet, with light switch and fuse
q Drake Pilot lamp assembly, #101N-022, 22-k® internal re-
sistor, NE-51H neon bulb
5 Bussman Fuse holder, indicating lamp, #HKL built-in 220-kQ
resistor
6 Standard Wire and Cable Wire, twisted pair, #18 AWG, black and white, PVC
cover
7 Allen Bradley Control relay, #700N-400-A1
8 Allan Bradley Control timing relay, #700N-400-A1 with #700NT tim-
ing deck
9 Standard Wire and Cable Wire, 418 AWG, stranded, PVC coated, 600-V service,
black
10 Standard Wire and Cable Same as 9, except white for neutral
11 Standard Wire andd Cable Same as 9, except AWG 16
12 Standard Wire and Cal:le Same as 9, except white for neutral
13 Beiden Signal cable, #18 AWG, twisted pair with drain wire,
PVC over PVC
14 Belden Signal cable, #8446, 4 cond. #20 AWG plus 2 cond. #18
15 Honeywell Thern.ocouple wire, type RS, with drain wire
16 Gay Engineering Thermocouple assembly, #E-10-36, 18-in. lead, type R
platinum/platinum 13% rhodium
17 Gay Engineering Thermocouple assembly, #E-10-36, 18-in, lead, type K
chromei/alumel
18 Honeywell Thermocouple wire, type K with drain wire
19 Square “D" Switch, pushbutton type TRI, class 9001 with type TF
DPDT contact block
20 C&K Switch, push button, #P8221-3E, red, DPDT, momen-
tary
21 Los Alamos stock Switch, toggle, DPDT, 3 A
22 Microswitch Switch, interlock, #DT-2RV23A7
23 Microswitch Switch, limit, ZEX-AR
24 Microswitch Switch, limit, YEX-Q
25 Square “D” Switch, manual starter, #MBG-2, size M-0O
26 General Electric Switch, rotary limit, #CR115E, 20:1 gear ratio, 3
switches
27 Universal Filters Switch, flow, ¥FM-5-CPVC-LP-3EE-3EE-3258SU-6-F3-
Flow Up
28 Universatl Filters Switch, flow, #FM-20-CPVC-LP-3EE-3EE-32S88U-8-
F3-Flow Up
29 Whitman General Switch, pressure, #P105, SN-CB300-4, DP125-3N-

K3L, 1 to 20 psi
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TABLE 7-1. (cont)

Item
Number Manufacturer Description

30 Whitman General Switch, pressure, #P105, SN-CB300-4, DP125G-10N-
K3L, 100 psi

31 Whitman General Switch, pressure, #P105, SN-CB300-4, DP125G-25N-
K3L, 250 psi

32 Ashcroft Switch, pressure, #B420B, 30 psi

33 Dwyer Switch and gage, pressure, #3000 photohelic, 0 to 40
in. W.G.

34 Dwyer Same as 33 except 0 to 6 in. W.G.

35 Dwyer Same as 33 except 0 to 10 in. W.G.

36 Dwyer Same as 33 except 0 to 15 in. W.G.

37 Hart-Hegeman Switch, toggle, #380638D, DPDT, on-off-on

38 LFE Corp. Switch, pyrometer, #603-X, 0 to 300°F

39 LFE Corp. Switch, pyrometer, 0 to 2500°F, high ard low set
points

40 Square “D” Switch, selector, #9001, 2 position, type TS1, with
contact block, type TF

41 Microswitch Switch, push-pull button, #PTY2101, red mushroom
head

42 Fisher-Porter Switch, flow,#10A2235, 1 gal/min with 455AR alarm

43 Orange Research Switch, differential pressure, #1503DGS, 1t04.5,0 to
25 psid

44 Honeywell Switch, differential pressure, #C645C 1020-2

45 Mercoid Switch, differential pressure, #BB-521-3-R-8-S

46 Mercoid Switch, #DA-31-23

47 Delaval Switch, level, 424577, stainless steel

48 Struthers-Dunn Switch, relay contact, #219BBX-P, 24VCD coil

49 McDonnell-Miller Switch, time delay flow, #FS4-3 with custom paddie,
time delay relay by Potter-Brumfield, #CUF 42-70120,
1to120s

50 Square “D” Switch, 3 position 9001, type TS-3, with contact block
type TF

51 Los Alamos stock Switch, knife, DPDT, 125 Vac

52 Delaval Switch, level, ¥L 52050

53 Square “D” Switch, key, 2 position, #9001 type TS1K3, with type
TF contact block

54 Olympic Controls Relay, #A79954

55 Foxboro Relay, alarm, #63R-OA, 10 to 50 mA trip point, general
purpose style B

56 Foxboro Relay, alarm, #83R-0B, 10 to 50 mA trip point, general
purpose style B

57 Westinghouse Relay, #BF22F

58 Allied Control Relay, BOHRO-6A

59 Honeywell Relay, flame, R7023C-1001-2

60 Agastat Relay, time delay, #2423AF, 1 to 10 min

61 Agastat Relay, time delay, #7102AH, 3 to 30 min

62 Artisan Time delay, ¥438 USA




TABLE 7-1. (cont)

itern
Number Manufacturer Description

63 Alten Bradiey Relay, overload, #810-A03A, series A

64 Allen Bradley Relay, overload, #810-A01A, series A

65 Atlen Bradley Relay, reversible motor contactor, #705-A0D103,
series K, size 0

66 Allen Bradley Relay, motor contactor, #709-A0D 103, series K, size 0

67 Los Alamos stock Cable, coax, RG62A/U

68 Foxboro C0/CO0, infrared analyzer sensing rack, Miran 1l dual
system

69 Foxtoro €C0/CO0, infrared analyze- control rack equip., Miran li
dual system

70 Belden Cable, 3 conductor, 20 AWG, PVC jacket

Al Allen Bradley Relay, overload, #816-BOV4-K, heater N-18

72 Allen Bradiey Same as 71 except N-30

73 Allen Bradley Same as 71 except N-27

74 Allen Bradley Same as 71 except N-20

75 Aflen Bradley Same as 71 except N-34

76 Gast Blower, air sampler, #5100-102-J901, Ram 1|

77 American Fan Blower, combustion air, #AF-12, W/#1080 wheel, 3 hp,
3450 rpm

78 American Fan Same as 77 except 2 (p

79 Baldor Electric Motor, side ram, #VM3538, 220/440 V, 3 ph, 1/2 hp,
1725 rpm

80 FMC Corp. Mentor, guillotine door, #1-055-521

81 Baldor Electric M- .tor, main ram, VWM 3157, 230/460 V, 3 ph, 2 hp,
1725 rpm

82 Baldor Electric Blower, vacuum ash, ¥M33137, 480 Vac, 3 ph, 10 hp,
1725 rpm

83 Warner Electric Motor, ash cleanout door, #DCA-5

84 ITT General Valve, hydramotor, #AH2A102A10, valve assembly,
#5108501A with 2 auxiliary interlock switches

85 ITT General Valve, solenoid operated, #K10CA13918B, normally
open

86 Automatic Switch Vaive, solenoid operated, #8210

87 Automatic Switch Valve, solenoid operated, #8320A37

88 Magnetrol Valve, solenoid operated, #M0129-S43

89 Worcester Controls Vaive, ball, #D-38-Rl, 3 in.

90 Skinner Electric Valve, solenoid operated, #H935DA2150, code FHS,
4 way

91 Versa Valve Valve, solenoid operated, ¥VSG3302-14-31, 4 way

92 Zeltex Power supply, 5 Vdc, 1 A, 5 pin

93 Spencer Turbine Bearing monitor, #C2003-2

94 General Electric Transiormer, current, #631X27

95 General Electric Meier, ampere, #250, 0 to 60 scale

96 Los Alamos stock Meter, current, dc 0 to 50 mAdc

97 Square “D” Relay, motor contactor, #8501, type HO-40, series C-

AS, 4 pole
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TABLE 7-1. (cont)

item
Number Manufacturer Description

100 Foxboro Converter, EMF/1, #693AT-OHA-6 style C, 0 to 2500°F
input, 10 to 50 mAdc output

101 Foxboro Converter, EMF/|, M693AT-OHA-6 style C, 0 to 100°F
input, 10 to 50 mAdc output

102 Foxbcro Converter, EMF/1, #M693AT-OHA-6 style C, 100 to
200°F input, 10 to 50 mAdc output

103 Foxboro Converter, E/l, #M66GT-QW, input 0 to 10 Vdc, output
10 to 50 mAdc

104 Foxboro Controller, #M62H-4E-OH, style C, input 10 to 50
mAdec, output 10 to 50 mAdc

105 Foxboro Controller, yM62H-5E-OH, style C, input 10 to 50
mAdec, output 10 to 50 mAdc

106 Foxboro Recorder, #M/6420H, model F-0, 10 to 50 mAdc input,
2 channel

107 Foxkoro Recorder, #E20S-H2FB6, 2 channel, 10 to 50 mAdc

108 Brown-Honeywell Recorder, Roll Chart, 4153X, range 0 to 300°F

109 Sparling-Envirotech Recorder, Roll Chart, #740, 1 channel

110 Foxboro Controller, ¥M62H-4E-0J, style C, 4 to 20 mAdc input
and output

111 ~oxboro Controlier, sM62HZ-4ED-0H, style C, 10 to 50 mAdc
input and output

113 ioxboro Converter, current to air, #69TA-1, style C, 10 to 50
mAdc input, 3 to 15 psi output

114 Foxburo Ccnverter, current to air, #69TA-1, style C, 4 to 20
mAdec input, 3 to 15 psi output

115 Foxboro Converter, current to air, 4E69F-TH2, 10 to 50 mAdc
input, 3 to 15 psi output

116 Foxboro Transmitter, pressure, 4E13DL, style D, 10 to 50 mAdc
output

117 Foxboro Transmitter, pressure, 4E45P-INH-DE-AZ-ST.A, 10 to
50 mAdc output, 0 to 150 in. W.G.

118 Foxboro Transmitter, pressure, #E11GM, 0 to 150 psig, 10 to 50
mAdc output

119 Foxboro Controller, programmable setpoint, #4056, 4281-T02-
T11/8T1-2-3, 0 to 10 Vdc output, 24 h

120 Foxboro Power supply, ¥NO140AB, 12 unit, 75 Ydc

121 Foxboro Power distribution unit, ¥NC140MA, 10 unit

122 Honeywell Detector, flame, uitraviolet, ¥C7027

123 Honeywell Control, flame safeguard, ¥R4140L-1147-2

124 Honeywell Detector, flame, ultraviolet, ¥C7012E

125 Fisher Annunciator, #¥AL402, 16 channel

126 Faraday Horn, electric, #5411SF

127 Brooks Totalizer, #5540-Bia5A1A1/4, 10 to 50 mAdc input

128 Thermox Oxygen/combustibles, sensor cell, YWDG Il




TABLE 7-1. (cont)

Item
Number Manufacturer Description

129 Thermox Oxygen/combustibles, control unit, #WDG lil, 10 to 50
mAdc output, range 20% O, to 10% combustibles

130 Thermox Oxygen/combustibles, “Blo-bak” memory unit,
#20-5938-335

131 North American Transformer, ignition, high-voltage spark

132 Foxboro Repeater, current, #66BT, 10 to 50 mAdc input and
output

133 Dynatrol Transmitter, density, #CL-10-HY, range 1.00 to 1.50
S.G.

134 Dynatro! Converter, density, #EC-213-GA-10, 10 to 50 mAdc
output

“35 Chromalox Controller, power thyristor, #4CSCR-015-3480-60,
series 3, 15 kW, 480 Vac, 3 ph, without solid state
temp. control

136 Foxboro Transmitter, pH/I converter, #699FN-2H, style A, 10 to
50 mAdc output, 0 to 14 pH scale; pH electrode
#Q0104AP-22 in holder #Q0104CA, model 85C-4,
ultrasonic cleaner #A2040US

137 Wallace and Tiernan Transmitter, flow gauge, #NMUXA-968, 2-in. varea-
meter

138 Wallace and Tiernan Demodulator, electronic, #UXA-24090

139 Brooks Transmitter, flow, #5523H, 10 to 50 mAdc output

140 Brooks Power supply, #5641-Z-022-AA-A 100 mAdc, 43 Vdc
output

141 Controlotron Flowmeter, #240

142 Controiotron Flow sensor, #240N

143 Sparling-Envirotech Totalizer, electronic, #798, 6 digit, 0 to 20 pps input

144 Sparling-Envirotech Transmitter, flow, #FT500-041-010-0A, 0 to 20 pps
output, sensor #1106SC

145 Datametrics Control bin, #770-2D, digital monitor and power sup-
ply, for 12 anemometer modules

146 Datametrics Anemometer, module, #770-6L, 0 to 10 Vdc output

147 Datametrics Probe, mass flow, 79038

148 Datametrics Transducer, mass flow, #1000-2F, 0.6 to 60 SCFM

149 Datametrics Transducer, mass flow, #1000-4F, 2.5 to 250 SCFM

150 Datametrics Transducer, mass flow, #1000-6F, 10 to 1000 SCFM

151 Los Alamos stock Transducer, mass flow, 22-2240 SCFM

152 General Electric indicator, pressure, #50-180, 10 to 50 mAdc

153 Mine Safety Appliances Alarm, combustible gas, #1-501-F460171-2

154 Dynatrol Detector, level, #CL-10-D., with automation products,
control unit 4EC-501A

155 National Controls Control, program, dust coliector, DNC-T1366-010

156 Goyen Controls Valve assembly, solenoid operated, #RCA6V383, 8

valves
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TABLE 7-1. (cont)

item
Number Manufacturer Description

157 Reliance Electric Control unit, #NO11C54S, variable speed drive,
3/4 hp

158 Reliance Electric Motor, power matched/rpm, rectified power,
#56G3200M-PC, 1725 rpm, 3/4 hp

159 Eriez Manufacturing Control vibrator, model FT, style 26

160 Eriez Manufacturing Vibrator, H1-V1, model 40-S, style 26

161 Air Technical Industries Table hydraulic, foot operated

162 Process Equipment Agitator, PGS-4A

163 General Electric Switch, manual starter, #CR101Y1, heater #H103B

164 Dayton Electric/Teel Pump, rotary screw, #3P569A, 1/2 hp, 1725 rpm

165 S & G Enterprises Compactor, #5A ram flat

165 Briscoe Control, heater, #CTL350, 150 to 550°F

167 Briscoe Heater, tape, #CTL-A, 0.9 in. x 50 fi, rubber, 10 W/ft

168 Briscoe Heater, pad

169 General Electric Transformer, control, #9T5%+ , 480/220 primary,
220/110 secondary




TABLE 7-2. Elements Listed in Piping and instrument Diagram

Element

Number Manufacturer Description

AAH-16 Fisher Alarm, high combustibles, ltem 125, Table 7-1

AAH-44 Fisher Alarm, high pH, item 125, Table 7-1

AAH-46 Fisher Alarm, high specific gravity, 1tem 125, Table 7-1

AAL-18 Fisher Alarm, low oxygen, item 125, Table 7-1

AAL-42 Fisher Alarm, low pH, Item 125, Table 7-1

AAL-44 Fisher Alarm, low pH, ltem 125, Table 7-1

AE-16 Thermox Element, oxygen/combustibles, Iltem 128, Table
7-1

AE-18 Thermox Element, oxygen/combustihles, Iltem 128, Table
71

AE-38 Foxboro Element, pH, Item 136, Table 7-1

AE-42 Foxboro Element, pH, Item 136, Table 7-1

AE-44 Foxboro Element, pH, ltem 136, Table 7-1

AE-46 Dynatrof Element, specific gravity, item 133, Table 7-1

AE-50 Foxboro Element, conductivity, Model 697, 0-200 s per
cm, cell factor 0.1/cm, probe #8854

AIC-16 Foxboro Indicator-controller, oxygen/combustibles, item
104, Table 7-1

AlC-18 Foxboro Indicator-controller, oxygen/combustibles, Item
104, Table 7-1

AlC-44 Foxboro Indicator-controller, pH, 1tem 104, Table 7-1

AlIC-46 Fcxboro Indicator-controller, specific gravity, Iltem 104,
Table 7-1

AIT-16 Thermox Indicator-transmitter, oxygen/combustibles,
Items 129, 130, Table 7-1

AIT-18 Thermox Indicator-transmitter, oxygen/combustibles,
Items 129, 130, Table 7-1

AIT-38 Foxboro Indicator-transmitter, pH, Item 136, Table 7-1

AlT-42 Foxboro Indicator-transmitter, pH, Item 136, Table 7-1

AlT-44 Foxboro Indicator-transmitter, pH, Item 136, Table 7-1

AIT-50 Foxboro Indicator-transmitter, conductivity, Item AE-50
above

AR-16 Foxboro Recorder, oxygen/combustibles, Item 106, Table
71

AR-18 Foxboro Recorder, oxygen/combustibles, common with
AR-16 above

AR-38 Foxboro Recorder, pH, item 1086, Table 7-1

AR-42 Foxbore Recorder, pH, item 1086, Table 7-1

AR-44 Foxboro Recorder, pH, common with AR-38 above

AR-46 Foxboro Recorder, specific gravity, Item 106, Table 7-1

ASH-16 Foxboro Switch, high combustibles, item 55, Table 7-1

ASH-44 Foxboro Switch, high pH, Item 56, Table 7-1

ASH-46 Foxboro Switch, high specific gravity, Item 55, Table 7-1

ASH-50 Foxboro Switch, high conductivity, ltem AE-50 above

ASL-18 Foxboro Switch, low oxygen, Item 55, Table 7-1
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TABLE 7-2. (cont)

Element

Number Manufacturer Description

ASL-42 Foxboro Switch, low pH, Item 55, Table 7-1

ASL-44 Foxboro Switch, low pH, Item 55, Table 7-1

AT-46 Dynatrol Transmitte -, specific gravity, item 134, Table 7-1

AV-16 Fisher Valve, oxygen/combustibles control, #7810, size
3, cast-iron butterfly with fishtail disk, #656, size
30 operator, #FS$3502-1 positioner

AvV-18 Fisher Valve, oxygen/combustibles control, #7810, size
6, cast-iron butterfly with fishtail disk, #656, size
40 operator, #FS3582-1 positioner

AV-44 Fisher Valve, pH control, #B, size 1/2, 316 SS, #513R
operator, #F$3502-1 positioner

AV-50 Fisher Vaive, conductivity control, #83, size 1, 31688, size
3/4 Micro-Form trim, #513R operator

AY-16 Foxboro Transducer, current to pneumatic, item 113,
Table 7-1

AY-18 Foxboro Transducer, current to pneumatic, item 113,
Table 7-1

AY-44 Foxboro Transducer, current to pneumatic, item 113,
Table 7-1

AY-46 Foxboro Transducer, current to pneumatic, item 113,
Table 7-1

BAL-23 Fisher Alarm, low-flame ultraviolet, 1tem 125, Table 7-1

BAL-24 Fisher Alarm, low-flame ultraviolet, ltem 125, Table 7-1

BE-23 Honeywell Element, flame ultraviolet, Item 124, Table 7-1

BE-24 Honeywell Element, flame ultraviolet, item 124, Table 7-1

Bi-23 Honeywell Indicator, flame ultraviolet, #W136A, panel
mounted

Bl-24 Honeywell Indicator, flame ultraviolet, #W136A, panel
mounted

BSL-23 Honeywell Switch, low-flame ultraviolet, Item 123, Table 7-1

BSL-24 Honeywell Switch, low-flame ultraviolet, item 123, Table 7-1

FAH-32 A,B,C,D Fisher Alarm, high fiow, item 125, Table 7-1

FAL-27 A,B,D Fisher-Porter Alarm, low flow, Item 42, Table 7-1

FAL-32 A,B,C,D Fisher Alarm, low flow, Item 125, Table 7-1

FAL-33 Foxboro Alarm, low flow, item 56, Teble 7-1

FAL-34 Foxboro Alarm, low flow, ltem 55, Takie 7-1

FC-27 A,8,D Plast-O-Matic Controller, flow, #FC050V-1.5

FC-32A Plast-O-Matic Controller, flow, :FC100V-9

FC-32B,C,D Plast-O-Matic Controller, flow, #FC100V-5

FC-38 Plast-O-Matic Controller, flow, #FC075V-5

FC-40 Plast-O-Matic Controeller, flow, #FCO075V-5

FC-42 Plast-O-Matic Controller, flow, #FC075V-5

FE-6 A, B Datametrics Element, flow, Item 147, Table 7-1

FE-7A,B Datametrics Element, flow, Item 147, Table 7-1

FE-15 Datametrics Element, flow, Item 157, Table 7-1




TABLE 7-2. (cont)

Element

Number Manufacturer Description

FE-17 Datametrics Element, flow, Item 147, Table 7-1

FE-56 Los Alamos stock Element, fiow, Item 151, Table 7-1

FE-60 Controlotron Element, flow, Item 142, Table 7-1

FFC-6 Foxboro Controller, flow ratio, item 111, Table 7-1

FFC-7 Foxboro Controlier, fiow ratio, item 111, Table 7-1

FIC-33 Foxboro Indicator-controller, flow, item 104, Table 7-1
FIC-34 Foxboro Indicator-controller, fiow, item 104, Tabiz 7-1
FISHL-32 A Universal Filters Indicator-switch, high/low flow, Item 28, Table

FISHL-32B,C, D

FISL-27 A,B, D
FIT-6 A

FIT-6 B

FIT-7 A
FIT-7B

FIT-15

FIT-17

FIT-19

FiT-32
FIT-33
FIT-34
FIT-40
FIT-52A,B

FIT-56
FIT-60
FQ-6 A, B
FQ-7 A, B
FQ-15
FQ-17
FQ-19
FQ-27 A, B
FQ-40
FQ-56
FR-6 A
FR-6 B
FR-7 A
FR-7 8
FR-15

Universal Filters

Fisher-Porter
Datametrics
Datametrics
Datametrics
Datametrics
Datametrics
Datametrics
Brooks

Brooks

Brooks

Brooks

Brooks

Wallace & Tiernan

Los Alamos stock
Controlotron
Brooks
Brooks
Brooks
Brooks
Brooks
Rockwell
Brooks
Brooks
Foxboro
Foxboro
Foxboro
Foxboro
Foxboro

7-1

Indicator-switch, high/low flow, Item 27, Table
7-1

Indicator-switch, low flow, item 42, Table 7-1
Indicator-tranrmitter, flow, Item 148, Table 7-1
Indicator-tran. .iitter, flow, item 149, Table 7-1
Iindicator-transiitter, flow, item 148, Table 7-1
Indicator-transmitter, flow, Item 149, Table 7-1
Indicator-transmitter, flow, item 149, Table 7-1
Indicator-transmitisz, fiow, 4em 150, Table 7-1
Indicator-transmitter, flow, Items 139, 140, Table
7-1

Indicator-transmitter, fiow, Items 139, 140, Table
7-1

Indicator-transmitter, flow, Items 139, 140, Table
7-1

Indicator-transmitter, flow, Items 139, 140, Table
7-1

Indicator-transmitter, flow, Items 139, 140, Table
7-1

Indicator-transmitter, flow, items 137, 138, Table
7-1

Indicator-transmitter, flow, item 151, Table 7-1
Indicator-transmitter, flow, item 141, Table 7-1
Totalizer, flow, Item 127, Table 7-1

Totalizer, flow, Item 127, Table 7-1

Totalizer, flow, Item 127, Table 7-1

Totalizer, flow, Item 127, Table 7-1

Totalizer, flow, Item 127, Table 7-1

Totalizer, flow, #3R, size 1 in.

Totalizer, flow, Item 127, Table 7-1

Totalizer, flow, Item 127, Table 7-1

Recorder, flow, Item 108, Table 7-1

Recorder, flow, [tem 108, Table 7-1

Recorder, flow, common with FR-6 A above
Recorder, flow, common with FR-6 B above
Recorder, flow, ltem 108, Table 7-1
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TABLE 7-2. (cont)

Element

Number Manutacturer Description

FR-17 Foxboro Recorder, tlow, ltem 108, Table 7-1

FR-19 Foxboro Recorder, flow, Item 1086, Table 7-1

FR-32 Foxboro Recorder, fiow, item 108, Table 7-1

FR-33 Foxboro Recorder, flow, item 106, Table 7-1

FR-34 Foxboro Recorder, flow, common with FR-33 above

FR-40 Foxboro Recorder, flow, item 106, Table 7-1

FR-52 A Foxboro Recorder, flow, item 106, Table 7-1

FR-52 B Foxboro Recorder, flow, commion with FR-19 above

FR-56 Foxboro Recorder, flow, common with FR-17 above

FR-60 Foxboro Recorder, flow, common with FR-40 above

FSL-33 Foxboro Switch, low flow, Item 56, Table 7-1

FSL-34 Foxboro Switch, low flow, Item 55, Table 7-1

FSL-57 A, B McDonnell-Miller Switch, iow flow, item 49, Table 7-1

FV-6 Fisher Vaive, flow control, #7810, size 3, cast-iron but-
terfly with fishtail disk, #656, size 30 operator,
#FS3582-1 positioner

Fv-7 Fisher Valve, flow control, item FV-6 above

Fv-33 Fisher Valve, flow control, #B, size 1 1/2, Hastelloy
C-276, #513R operator

FvV-34 Fisher Valve, flow control, #B, size 1, Hastelloy C-278,
#513R operater

FY-6 Foxboro Transducer, current to pneumatic, Item 113,
Table 7-1

FY-6 A, B, Foxboro Transducer, voltage to current, item 103, Table
7-1

FY-7 Foxboro Transducer, current to pneumatic, item 113,
Table 7-1

FY-7TA,B Foxboro Transducer, voltage to current, item 103, Table
7-1

FY-15 Foxboro Transducer, voltage to current, item 103, Table
7-1

FY-17 Foxboro Transducer, voltage to current, item 103, Table
7-1

FY-33 Foxboro Transducer, current 10 pneumatic, Iltem 113,
Table 7-1

FY-34 Foxbhoro Transducer, current to pneumatic, Iltem 113,
Table 7-1

FY-56 Foxboro Transducer, voltage to current, item 103, Table
7-1

HV-2A,B Los Alamos stock Valve, hand operated, brass gas cock, size 1 1/2

HV-2A,B Los Alamos stock Vaive, hand operated, brass gas cock, size 1 1/2

HV-4 Los Alamos stock Vaive, hand operated, brass gas cock, size 1/2

HV-§ Los Alamos stock Vaive, hand operated, brass gas cock, size 1/2

HV-13 North American Vaive, hand operated, #1822-0, size 3/4

HV-14 North American Valve, hand operated, item HV-13 above




TABLE 7-2. (cont)

Element
Number Manufacturer Description
HV-17 A, B Worcester Controls Valve, hand operated, #1/2-5916TSE
HV-17 C Los Alamos stock Vaive, hand operated, #2-316SS buttertly
HV-19A,E,C Hancock Valve, hand operated, #9505-3, size 3/4
HV-19D, E Worcester Controls Valve, hand operated, #1-5966TSE
HV-19 F, G, H, | Hancock Valve, hand operated, ltem HV-18 A above
HV-27 A Worcester Controls Vaive, hand operated, #1-5916TSE
HvV-27 B,C,D,E, Hammond Valve, hand operated, #8690, size 1

F, G
HV-27 H Worcester Controls Vaive, hand operated, Item HV-19 D above
Hv-27 | Worcester Controls Valve, hand operated, ltem HV-27 A above
HV-27 K, L, M Hammond Valve, hand operated, Item HV-27 B above
HV-28 Worcester Controls Valve, hand operated, #3/4-5916TSE
HV-30 D Worcester Controls Valve, hand operated, #1-D466TSEV1
HV-31 A, B Asahi Vaive, hand operated, #AV-CPVC-Tefion, flanged,

HV-32A,B,C,D
HV-33A,B,C

HV-34A,B,C
HV-36
HV-38 A
HV-388B,C,D,E
HV-38 F, G,
HV-38H, I, J
HV-38K, L
HV-40 A
Hv-408,C
HV-40 D, E
HV-40 F
HV-40 G, H
HV-401,4,K
HV-40 L, M
HV-42 A
HV-42 B
HV-42C,D,E
HV-48A,8,C, D
HV-50A,8B,C
HV-51 A, B
HV-52A,8,C
HV-52D,E,F, G
HLILKLM
HV-56 A, B
LAH-35
LAH-36

Asahi

Asahi

Asahi
Asabhi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Asahi
Hills-McCanna
Powell
Centerline
Hammond
Powell
Powell
Powell

Fisher
Fisher
Fisher

size 2

Valve, hand operated, #AV-CPVC-Teflon, flanged,
size 1

Valve, hand operated. #AV-CPVC-Teflon, flanged,
size 11/2

Valve, hand operated, Item HV-32 A above
Valve, hand operated, Iltem HV-31 A above
Valve, hand operated, Item HV-32 A above
Valve, hand operated, Iltem HV-31 A above
Valve, hand operated, #AV-73-CPVC, size 1
Valve, hand operated, item HV-31 A above
Valva, hand operated, #AV-73-CPVC, size 1/2
Valve, hand operated, Item HV-38 F above
Valve, hand operated, Item HV-31 A above
Valve, hand operated, Item HV-38 F above
Valve, hand operated, item HV-31 A above
Vaive, hand operated, ltem HV-38 K above
Valve, hand operated, Item HV-32 A above
Vaive, hand operated, Iltem HV-38 K above
Valve, hand operated, item HV-38 F above
Valve, hand operated, #J5, size 1

Valve, hand operated, #500, size 2

Valve, hand operated, cast-iron, size 6

Valve, hand operated, item HV-27 B above
Valve, hand operated, Item HV-42 C above
Vaive, hend operated, #500, size 1 1/2

Valve, hand operated, Item HV-42 C above

Valve, hand operated, #9550, size 10
Alarm, high level, tem 125, Table 7-1
Alarm, high level, item 125, Table 7-1
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TABLE 7-2. Elements Listed in Piping and Instrument Diagram

Element

Number Manufactirer Description

LAH-45 Fisher Alarm, high level, Item 125, Table 7-1

LAH-47 Fisher Alarm, high level, Item 125, Table 7-1

LAL-35 Fisher Alarm, low level, Item 125, Table 7-1

LAL-36 Fisher Alarm, low level, item 125, Table 7-1

LAL-43 Fisher Alarm, low levei, Item 125, Table 7-1

LAL-45 Fisher Alarm, low level, item 125, Table 7-1

LAL-47 Fisher Alarm, low level, item 123, Table 7-1

LAV-46 Fisher Valve, level and specific gravity control, #BF, size
1, Hastedoy C-276, #513R operator, #FS3582-1
positioner

LC-27 Cla-val Controller, level, #124, size 3/4

LC-35 Fisher Controlier, level, #2516

LC-36 Fisher Controller, level, Item LC-35 above

LC-45 Fisher Controller, level, item LC-35 above

LC-47 Fisher Controller, level, Item LC-35 above

LI-35 Foxboro Indicator, level, #MR 90

LI-36 Foxboro Indicator, level, item Li-35 above

LI-45 Foxboro Indicator, level #5002-V

Li-47 Foxboro Indicator, level, ltem LI-35 above

LSH-35 Whitman General Switch, high level, item 29, Table 7-1

Lid-36 Whitman General Switch, high level, item 29, Table 7-1

LSH-45 Whitman General Switch, high level, item 29, Table 7-1

LSH-47 Whitman General Switch, high level, Item 29, Table 7-1

LSL-35 Whitman General Switch, low level, item 29, Table 7-1

LSL-36 Whitman General Switch, low level, item 29, Table 7-1

LSL-43 Delaval Switch, low level, Item 47, Table 7-1

LSL-45 Whitman General Switch, low level, item 29, Table 7-1

LSL-47 Whitman General Switch, low level, Item 29, Table 7-1

LT-35 Foxboro Transmitter, level, 4130MP-MCAK31A-R

LT-36 Foxboro Transmitter, level, item LT-35 above

LT-45 Foxboro Transmitter, level, Item LT-35 above

LT-47 Foxboro Transmitter, level, ltem LT-35 above

Lv-35 Red Valve Vaive, level control, #A, aluminum body, size 2 x 1
1/2, Hypalon reduced-valve port

LV-36 Fisher Valve, level control, #BF, size 1 1/2, Hastelloy
C-276, 1-linear trim, #5132 operator, #FS$3582-1
positioner

LvV-45 Fisher Valve, level control, #BF, size 1, 316SS, 3/8
Micro-Form trim, #513R operator, #FS53582-1
positioner

Lv-47 Fisher Valve, level control, #BF, size 1, steel, 3/4-linear
trim, #513R operator, #F83582-1 positioner

PAH-20 Fisher Alarm, high pressure, ltem 125, Table 7-1

PAHL-2 Fisher Alarm, high/low pressure, Item 125, Table 7-1

PAHL-3 Fisher Alarm, high/low pressure, {tem 125, Table 7-1




TABLE 7-2. (cont)

Element

Number Manufacturer Description

PAL-10 Fisher Alarm, low pressure, Item 125, Table 7-1

PAL-17 Fisher Alarm, low pressure, item 125, Table 7-1

PAL-19 Fisher Alarm, low pressure, Iltem 125, Table 7-1

PAL-20 Fisher Alarm, low pressure, Iltem 125, Table 7-1

PAL-27 Fisher Alarm, low pressure, item 125, Table 7-1

PAL-28 Fisher Alarm, low pressure, ltem 125, Table 7-1

PAL-30 Fisher Alarm, low sressure, item 125, Table 7-1

PAL-31 Fisher Alarm, low pressure, Item 125, Table 7-1

PAL-38 Fisher Alarm, low pressure, item 125, Table 7-

PAL-42 Fisher Alarm, low pressure, Item 125, Table 7-1

PAL-49 Fisher Alarm, low pressure, ltem 125, Table 7-1

PAL-51 Fisher Alarm, low pressure, Item 125, Tabie 7-1

PALL-31 Fisher Alarm, low-low pressure, ltem 125, Table 7-1

PCV-1 Fisher Valve, pressure control, #5201, size 1 1/2

PCV-4 North American Valve, pressure control, #7348-01

PCV-5 North American Valve, pressure control, item PCV-4 above

PCV-19 Leslie Valve, pressure control, #LY-DC, size 3/4

PCV-51 Fisher Valve, pressure control, #67FR with handwheel

PDAH-25 A, B Fisher Alarm, high differential pressure, Iltem 125, Table
7-1

PDAH-38 Fisher Alarm, high differential pressure, Item 25, Table
7-1

PDAH-40 Fisher Alarm, high differential pressure, ltem 125, Table
7-1

PDAL-25 A, B Fisher Alarm, low differential pressure, Item 125, Table
7-1

PDAL-38 B Fisher Alarm, low differential pressure, Item 125, Table
7-1

PDC-37 Foxboro Controller differential pressure, item 104, Table
7-1

PDI-11 Dwyer Indicator, differential pressure, #2010

PDI-12 Dwyer Indicator, differential pressure, Iltem PDI-11
above

PDI-13 Dwyer Indicator, differential pressure, Item PDI-11
above

PDI-14 Dwyer Indicator, differential pressure, Item PDI-11
above

PDI-25 A Dwyer Indicator, differential pressure, #2004

PDI-25 B, C Dwyer Indicator, differential pressure, #2002

PDI-25 D Dwyer Indicator, differential pressure, #2100

PDI-25 E Dwyer Indicator, differential pressure, Item PDI-11
above

PDi-25 F Dwyer Indicator, differential pressure, #2001

PDI-25 G Dwyer Indicator, differential pressure, item PDI-25 B

above
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TABLE 7-2. (cont)

Element

Number Manufacturer Description

PDi-25 H Dwyer Indicator, differential pressure, item PDI-25 A

PDISH-2 Dwyer indicator-switch, high differential pressure, Item
34, Table 7-1

PDIS1 3 Dwyer Indicator-switch, high differential pressure, ltem
34, Table 7-1

PDISH-25 A, B Dwyer Indicator-switch, high differential pressure, item
34, Table 7-1

PDiISH-33 Orange Research Indicator-switch, high differential pressure,
#1503DGS-1-4 1/2-4

PDISH-40 Orange Research Indicator-switch, high differential pressure, item
PDiSH-38 above

PDISL-38 8 Mercoid Indicator-switch, low differential pressure,
#BB521-3R6S

PDR-37 Foxhoro Recorder, differential pressure, item 106, Table
7-1

PDT-37 Foxboro Transmitter, differential pressure, item 116, Table
7-1

PDV-37 Resistofiex Valve, differential pressure control, TFE control
clamp, size 4, #74SN positioner

PDY-37 Foxboro Transducer, current to pneumatic, Item 113,
Table 7-1

Pi-4 Dwyer Indicator, pressure, #2004

PI-5 Dwyer Indicator, pressure, item P1-4 above

PI-19A,B Ashcroft indicator, pressure, #35-10098-02L, range 0-160

PI-19C,D Ashcroft Indicator, pressure, #35-1009S-02L, range 0-80

Pi-19C,D Ashcroft Indicator, pressure, #35-1009S-02L, range 0-15

P1-20 General Electric Indicator, pressure, Item 152, Table 7-1

PI-25B Dwyer indicator, pressure, #2080

Pi1-27 Ashcroft Indicator, pressure, item PI-19C above

PI-28 Ashcroft Indicator, p-essure, item PI-19A above

PI1-30 Ashcroft Indicator, p1 2ssure, item Pl-19A above

Pi-31A,B Ashcroft Indicator, pressure, #35-1009S-02L, range 0-100

P1-38 Ashcroft Indicator, pressure, item Pi-31A above

Pl-40 B Ashcroft indicator, pressure, Item PI-19A above

Pl-42 Ashcroft Indicator, pressure, Iltem P1-19C above

P1-43 Ashcroft indicator, pressure, item Pi-19C above

PI-49 Ashcroft indicator, pressure, Item Pi-31A above

PI-51 A Ashcroft indicator, pressure, ltem Pi-19C above

PI-51 B Ashcroft indicator, pressure, item PI-31A above

PiC-20 Foxboro Indicator-controller, pressure, Item 105, Table 7-1

PISL-4 Dwyer Indicator-switch, low pressure, item 33, Table 7-1

PISL-S Dwyer Indicator-switch, low pressure, ltem 33, Table 7-1

PISL-10 Dwyer Indicator-switch, low pressure, Item 38, Table 7-1

PISL-17 Dwyer indicator-switch, low prossure, Item 35, Table 7-1

PR-31 Foxboro Recorder, pressure, common with PDR-37 above




TABLE 7-2. (cont)

Element

Number Manufacturer Description

PSH-20 Foxboro Switch, high pressure, Item 56, Tablc 7-1

PSL-19 Whitman General Switch, low pressure, Item 31, Table 7-1

PSL-20 Foxboro Switch, low pressure, Item 56, Table 7-1

PSL-27 Whitman General Switch, low pressure, Item 30, Table 7-1

PSL-28 Whitman General Switch, low pressure, Item 31, Table 7-1

PSL-30 Whitman General Switch, low pressure, item 31, Table 7-1

PSL-31 Whitman General Switch, low pressure, item 31, Table 7-1

PSL-38 Whitman General Switch, low pressure, Item 30, Table 7-1

PSL-42 Whitman General Switch, low pressure, Item 30, Table 7-1

PSL-49 Whitman General Switch, low pressure, item 30, Table 7-1

PSL-51 Mercoid Switch, low pressure, yDA-31-23

PSV-2 Fisher Valve, pressure relief, #288H, size 2

PSV-3 Fisher Valve, pressure relief, item PSV-2 above

PT-20 Foxboro Transmitter, pressure, Item 116, Table 7-1

PT-31 Foxboro Transmitter, pressure, Item 118, Table 7-1

PV-20 A, B Fisher Valve, pressure control, #8510, cast-iron, size 8,
#6586, size 60 operator, #FS$3582-1 positioner

PY-20 Foxboro Transducer, current to pneumatic, Item 113,
Table 7-1

TAH-8 Fisher Alarm, high temperature, Item 125, Table 7-1

TAH-9 Fisher Alarm, high temperature, ltem 125, Table 7-1

TAH-39 Fisher Alarm, high temperature, item 125, Table 7-1

TAH-53 Fisher Alarm, high temperature, Item 125, Table 7-1

TAHH-21 Fisher Alarm, high-high temperature, I1tem 125, Table
7-1

TAHH-22 Fisher Alarm, high-high temperature, Item 125, Table
7-1

TAHH-39 Fisher Alarm, high-high temperature, Item 25, Table
7-1

TAL-8 Fisher Alarm, low temperature, Item 125, Table 7-1

TAL-9 Fisher Alarm, low temperature, Item 125, Table 7-1

TALL-21 Fisher Alarm, low-low temperature, Item 125, Table 7-1

TALL-22 Fisher Alarm, low-low temperature, item 125, Table 7-1

TDAL-54 Fisher Alarm, low temperature differential, Item 125,
Table 7-1

TDIC-54 Foxboro Indicator-controller, temperature differential,
item 110, Table 7-1

TDSL-54 Foxboro Switch, low temperature differential, Item 55,
Table 7-1

TDY-54 Foxboro Transducer, voltage to current, Item 100, Table
7-1

TE-5 Gay Engineering Element, temperature, Item 17, Table 7-1

TE-8 Gay Engineering Element, temperature, Item 16, Table 7-1

TE-9 Gay Engineering Element, temperature, Item 16, Table 7-1

TE-10 Gay Engineering Eiement, temperature, item 17, Table 7-1
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TABLE 7-2. (cont)

Element

Number Manufacturer Description

TE-21 Gay Engineering Element, temperature, Item 16, Table 7-1
TE-22 Gay Engineering Element, temperature, Item 16, Table 7-1
TE-25F, G, H, 1 Gay Engineering Element, temperature, Item 17, Table 7-1
TE-26 A,B,C,D Gay Engineering Element, temperature, Item 17, Table 7-1

E,F

TE-31 Gay Engineering Element, temperature, Item 17, Table 7-1
TE-38 Gay Engineering Elen:znt, temperature, item 17, Table 7-1
TE-39 Gay Engineering Element, temperature, item 17, Table 7-1
TE-A8 Gay Engineering Element, temperature, Item 17, Table 7-1
TE-49 Gay Engineering Element, temperature, ltem 17, Table 7-1
TE-51A,B Gay Engineering Element, temperature, ltem 17, Table 7-1
TE-52 A, B Gay Engineering Element, temperature, Item 17, Table 7-1
TE-53 Gay Engineering Element, temperature, Item 17, Table 7-1
TE-54A, B Gay Engineering Element, temperature, Item 17, Table 7-1
TE-55 Gay Engineering Element, temperature, Item 17, Table 7-1

TE-57 A,B,C,D
TIC-8

TIC-9

TiC-53

TIC-55
TISHH-21
TISHH-22
TISHH-39
TR-5

TR-8

TR-9

TR-10

TR-25F, G, H, |
TR-26A,B,C,D
TR-26 E, F
TR-31

TR-38 A

TR-48

TR-49

Gay Engineering
Foxboro

Foxboro

Foxboro

Foxboro

LFE Corp.

LFE Corp.

LFE Corp.
Brown-Honeywell
Foxboro

Foxboro
Brown-Honeywell
Brown-Honeywell
Brown-Honeywell
Brown-Honeywell
Brown-Honeywell
Brown-Honeywell

Brown-Honeywell

Brown-Honeywell

Element, temperature, ltem 17, Table 7-1
Indicator-controller, temperature, Item 104,
Table 7-1

Indicator-controller, temperature, item 104,
Table 7-1

Indicator-controlier, temperature, item 110,
Table 7-1

Indicator-controller, temperature, Item 110,
Table 7-1

Indicator switch, high-high temperature, item 39,
Table 7-1

Indicator switch, high-high {amperature, item 39,
Table 7-1

Indicator switch, high-hig!. ‘emperature, Item 38,
Table 7-1

Recorder, temperature, item 108, Table 7-1
Recorder, temperature, item 108, Table 7-1
Recorder, temperature, common with TR-8 above
Recorder, temperature, common with TR-5 above
Recorder, temperature, ltem 108, Table 7-1
Recorder, temperature, common with TR-5 above
Recorder, temperature, item 108, Table 7-1
Recorder, temperature, common with TR-28 E
above

Recorder, temperature, common with TR-25 F
above

Recorder, temperature, common with TR-25 F
above

Recorder, temperature, common with TR-25 F
above




TABLE 7-2. (cont)

Element

Number Manufacturer Description

TR-51 A, B Brown-Honeywell Recorder, temperature, common with TR-25 F
above

TR-52 A, B Brown-Honeywell Recorder, temperature, common with TR-25 F
above

TR-53 Brown-Honeywell Recorder, temperature, common with TR-25F
above

TSH-8 Foxboro Switch, high temperature, item 56, Table 7-1

TSH-9 Foxboro Switch, high temperature, Item 56, Table 7-1

TSH-39 LFE Corp. Switch, high temperature, common with
TISHH-39 above

TSH-53 Foxboro Switch, high temperature, item 56, Table 7-1

TSH-57A,B,C,D
TSL-8

Spencer Turbine
Foxboro

Switch, high temperature, Item 83, Table 7-1
Switch, low temperature, Item 56, Table 7-1

TSL-9 Foxboro Switch, low temperature, Item 56, Table 7-1

TSLL-21 LFE Corp. Switch, low-low temperature, common with
TISHH-21 above

TSLL-22 LFE Corp. Switch, low-low temperature, common with
TISHH-22 ahove

TV-8 A Fisher Valve, temperature control, #B, steel, size 1,
#513R operator, #FS-3582-1 positioner

Tv-8 8 Fisher Valve, temperature control, #B, steel, size 3/4,
#513R operetor, #FS-3512-1 positioner

TV-9 Fisher Valve, temperature control, ltem TV-8 A above

TV-53 Fisher Valve, temperatuze control, #BF, steel, size 2,
#513R operator

TV-55 Fisher Valve, temperature control, Item TV-53 above

TY-8 A, B Foxbhoro Transducer, current to pneumatic, Item 113,
Table 7-1

TY-8 C Foxboro Transducer, voltage to current, item 100, Table
7-1

TY-9A Foxboro Transducer, current to pneumatic, item 113,
Table 7-1

TY-9B Foxboro Transducer, voltage to current, ltem 100, Table
7-1

TY-53 A Foxboro Transducer, voltage to current, item 100, Table
7-1

TY-53 B Foxboro Transducer, current to pneumatic, Item 113,
Table 7-1

TY-54 Chromalox Transducer, current to voltage , Iltem 135, Table
7-1

TY-55 A Foxboro Transducer, voltage to current, ltem 100, Table
7-1

TY-55 B Foxboro Transducer, current to pneumatic, Mtem 113,
Table 7-1

X-19 A Penn Separator Separator, steam condensate, #5333 B
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TABLE 7-2. Elements Listed in Piping and Instrument Diagram

Element

Number Manufacturer Description

X-19 C Yarway Strainer, wye, #250, size 3/4

X-19D Huffman Trap, condensate, #5014, size 3/4

X-19 E Yarway Strainer, wye, Item X-19 C above

X-28 Yarway Strainer, wye, ltem X-19 C above

X-30 Fisher Shutoff, low level, #38, size 1

X-31 A Aqua Matic Strainer, wye, #536F, size 2

X-38 A Aqua Matic Strainer, wye, Item X-31 A above

XV-2A,B ITT General Valve, solenoid operated, item 84, Table 7-1

Xv-2C ITT General Valve, solenoid operated, Item 85, Table 7-1

XvV-2 D Check-All Vaive Valve, check, #UN3-150-CV, size 3/4

XV-3A,B ITT General Valve, solenoid operated, item 84, Table 7-1

Xv-3C ITT General Vaive, solenoid operated, item 85, Table 7-1

XvV-3D Check-All Valve Valve, check, Item XV-2 D above

XV-4A,B Automatic Switch Valve, solenoid operated, item 86, Table 7-1

Xv-4 ¢ ITT General Valve, solenoid operated, item 85, Table 7-1

XV-5A,B Automatic Switch Valve, solenoid operated, item 86, Table 7-1

Xv-5C ITT General Valive, solenoid operated, item 85, Table 7-1

XV-6 Automatic Switch Valve, solenoid operated, Item 87, Table 7-1

XvV-7 Automatic Switch Valve, solenoid operated, item 87, Table 7-1

XV-8A,B Automatic Switch Valve, solenoid operated, Iitem 87, Table 7-1

XV-9 Automatic Switch Valve, solenoid operated, Item 87, Table 7-1

XV-13 Check-All Valve Vaive, check, item XV-2 D above

XV-14 Check-All Valve Vailve, check, item XV-2 D above

XV-19 A Magnetrol Valve, solenoid operated, hand override, Item 88,
Table 7-1

Xv-19 B Powell Valve, check, #150, size 3/4

Xv-27 Automatic Switch Valve, solenoid operated, item 86, Table 7-1

XV-27 A Nupro Valve, check, #16C2, 316SS, size 1

Xv-27 B Nupro Valve, check, #12C2, 318SS, size 3/4

Xv-27 C Hayward Valve, check, #PVC, ball, size 1

XVv-27D Hayward Valve, check, item XV-27 C above

XV-27E Powell Valve, check, Item XV-19 B above

XV-28 A Automatic Switch Valve, solenoid operated, Item 86, Table 7-1

Xv-28 B Powell Valve, check, item XV-19 B above

XV-30 A, B Automatic Switch  Valve, solenoid operated, item 86, Table 7-1

Xv-30C Nupro Valve, check, Iltem XV-27 A above

XV-30D, E Hayward Valve, check, item XV-27 C above

Xv-31 B Asahi Valve, check, #AV-CPVC, flanged, size 2

XV-32A, B Hayward Valve, check, item XV-27 C above

Xv-38 B Asahi Valve, check, ltem XV-31 B above

XV-40 A, B Hayward Valve, check, ltem XV-27 € above

XV-42 Hayward Valve, check, item XV-27 C above

Xv-43 Nupro Valve, check, #8C2, size 1/2

XV-50 Automatic Switch Vaive, solenoid operated, item 87, Table 7-1

XV-56 A, B, C TEC Valve Valve, check, #10-150-50, size 10




TABLE 7-2. Elements Listed in Piping and Instrument Diagram

Eiement

Number Manufacturer Description

XY-8 Moore Products Relay, low signal limit, #58L

XY-20 A, B Moore Products Relay, signal volume booster, #61H

Xv-35 Moore Products Relay, signal multiplier, ¥66BA2

XY-45 Moore Products Relay, high signal selector, #585S

XY-46 Moore Products Relay, high aignal selector, Item XV-45 above

47
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APPENDIX

ENGINEERING DRAWINGS FOR MAJOR PARTS
OF THE LOS ALAMOS CAI DESIGN

Reproduced in this Appendix are reductions of the actual drawings used in designing and
fabricating the CAIl at Los Alamos. Full-sized copies of any of these drawings are available on
request from Los Alamos National Laboratory Waste Management Group H-7, MS E517, P.O.
Box 1663, Los Alamos, NM 87545, 505-667-7391.
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