INEL-~94/0054 UC-510

Design Documentation: Krypton Encapsulation
Preconceptual Design

Ralph M. Parsons Company
D. A. Knecht (INEL Contact)

October 1994

Lockheed Idaho Technologies Company

PREPARED FOR THE
DEPARTMENT OF ENERGY

IDAHO OPERATIONS OFFICE
UNDER CONTRACT DE-ACO7-94ID13223

_; &
DISTAIBUTION OF THIS DOGUMENT 1§ UNLMITED®




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




0011D

HIP-

FOREWORD

This report represents work performed by The Ralph M. Parsons Company under
Contract No. DE-AC07-81ID12176 (Task No. 81-3) with the U.S. Department of
Energy (DOE), with technical guidance provided by Exxon Nuclear Idaho
Company, Inc., (ENICO), Idaho National Engineering Laboratory, and by
Battelle, Pacific Northwest Laboratories.

This report presents preconceptual designs, process evaluations, and life
cycle costing data for comparison of two alternate candidate processes for
encapsulation of Krypton-85 released during reprocessing of commercial
irradiated nuclear fuels.
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The following table presents various parameters as identified in this
report for comparison of the two alternate candidate processes.

ION IMPLANTATION/ ZEOLITE
PARAMETER SPUTTERING N ENCAPSULATION
1. Process Conditions 10-2 Torr Vacuum, 3000C 14,700 psia, 7000C
2. Process Units 8 1
3. Product Form Sealed container of Doubly contained
' metallic solid pellets
4, Product Size 10.75 in. 0.D. x 17 in. long 8.625 in. 0.D. x 20
in. long
5. Kr85 in Process Negligible 45,000 Ci
as Gas
6. Product Throughput 305/yr. 600/ yr.
7. Required Availability 70% 83%
8. Remote Operations/ 9 10
Product Batch
9. Processing Time 129 hrs. 12 hrs.
10. Hrs./Product Batch 16 hrs. ' 12 hrs.
11. Building Floor Area 7,138 SF 4,368 SF
12. Total Air Supply 77,000 CFM 6,700 CFM
13. Demand Power 539 KVA 258 KVA
14. Developments Needed 1.8 scale-up, remote oper- Commercial scale of
ation, power supplies, equipment, scale-up
target/substrate assemblies. from tests, N-stamp
equipment
15. Licensing Concerns 60 day lag storage, but may 60 day lag storage,
not be needed process vessel
16. Capital Costs
a) Improv. to Land $ 53,100 $ 51,000
b) Building 6,684,400 5,560,400
c) Equipment 3,602,500 4,518,600
Total $10, 340, 000 $10, 130,000
17. Energy Consumption ,
a) Annual 3,880,800 KW-hr 1,857,600 KW-hr
b) Per Product Batch 12,724 KW-hr 3,096 KW-hr
c) Per Mole of Gas 384 KW-hr 179 KW-hr
18. Life Cycle Costs (30 years)
a) Initial Investment $ 9,306,000 $ 9,117,000
b) Energy Cost 1,935,588 926,494
c) Operating Manpower 6,639,350 6,775,860
d) Operating Materials 7,648,283 4,094,059
eg Maintenance Matls. ?90,568 ?84,3?3
f) Insurance Costs 05, 327 03,117
Total Life Cycle Costs $26 ,430,684 $21,900,883

19. Feasibility Viable with 5 Yr. Viable with 5 yr.
_ Development Program Development Program

ii




SECTION 1
SECTION 2
SECTION 3

SECTION 4

SECTION 5

SECTION 6

TABLE OF CONTENTS

INTRODUCTION

GENERAL CRITERIA

PROCESSES AND EQUIPMENT

3.1

3.2

Ion Implantation/Sputtering

3.1.1 Process Description and Equipment
3.1.2 Lag Storage Equipment

3.1.3 Substrate Handling and Sealing
3.1.4 Product Storage and Handling

Zeolite Encapsulation

3.2.1 Process Description and Equipment
3.2.2 Lag Storage Equipment

3.2.3 Substrate Handling and Sealing
3.2.4 Product Storage and Handling

BUILDINGS AND BUILDING SERVICES

4.1

4.2

Ion Implantation/Sputtering

4,1.1 Building Description
4.1.2 Heating and Ventilating
4,1.3 Electrical

Zeolite Encapsulation
4.2.1 Building Description

4,2.2 Heating and Ventilating
4,2,.3 Electrical

FEASIBILITY EVALUATIONS

5.1 General

5.2 Ion Imp]antation/Sputtering
5.3 Zeolite Encapsulation

A5.4 Conclusions

LICENSIBILITY




SECTION 7 LIFE CYCLE COSTING ANALYSIS
‘ 7.1 Basis and Approach
7.2 Ion Implantation/Sputtering
7.3  Zeolite Encapsulation

7.4 Conclusions

APPENDICES
. Drawing List and Drawings
Major Equipment List
Outline Specifications

. Calculations

m © O W >
. L )

Cost Estimates

iv




SECTION 1
INTRODUCTION

U.S. EPA regulations 1imit the release of Krypton-85 to the environment
from commercial facilities after January 1, 1983. In order to comply with
these regulations, Krypton-85, which would be released during reprocessing
of commercial nuclear fuel, must be collected and stored. Technology
currently exists for separation of krypton from other inert gases, and for
its storage as a compressed gas in steel cylinders. The requirements,
which would be imposed for 100-year storage of Krypton-85, have led to
development of processes for encapsulation of krypton within a stable solid
matrix. The objective of this effort was to provide preconceptual
engineering designs, technical evaluations, and life cycle costing data for
comparison of two alternate candidate processes for encapsulation of
Krypton-85. This report has been prepared by The Ralph M. Parsons Company
for the U.S. Department of Energy.

The general bases for this effort are contained within the Statement of
Work for Preconceptual Design, Process Feasibility, and Economic Analysis
for Krypton Encapsulation Facilities, December 3, 1980.

Preconceptual designs, process evaluations, and life cycle costing data are
provided for facilities utilizing the following alternate processes:

(1) Ion Implantation/Sputtering Encapsulation
(2) Zeolite Encapsulation

Process throughput capacities for the encapsulation facilities considered
in this report are based on 110% of an estimated 17 x 100 curies/year of
Krypton-85 released from a plant reprocessing 2000 MTHM/year of LWR fuels.
The process gas feed stream is assumed to consist of 2% xenon, 8% argon,
and 90% krypton by volume, with Krypton-85 making up 6% of the total
krypton, based on the capabilities of existing technology for cryogenic
noble gas separation. The facilities are required to operate 24 hours/day
for 300 days/year, with a useful 1ife of at least 30 years.

The process and equipment sizes selected for the alternate encapsulation
processes are based only on a viable size basis for the required
throughput. No attempt has been made to optimize, either on the basis of
capital or life cycle costs. For either process there is a wide range of
combinations of units, sizes, and substrate materials, all of which will
satisfy the requirements. Therefore, this report should be used for
comparing the two processes only. Optimization studies, as part of a
conceptual or preliminary design effort, will better define the actual
costs of implementing krypton encapsulation on a commercial scale.
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SECTION 2
GENERAL CRITERIA

The following general criteria apply to the preconceptual design of the
encapsulation facilities, and are the basis for the process evaluations and
life cycle costing data.

1.

The encapsulation facility will be a stand-alone facility
located in the vicinity of a cryogenic noble gas separation
facility as part of a commercial nuclear fuel reprocessing plant.

The commercial nuclear fuel reprocessing plant is assumed to be
located at the Oak Ridge National Laboratory (ORNL) at Oak
Ridge, Tennessee, for cost estimating purposes.

A1l utility services and power will be provided to the
encapsulation facility through the reprocessing plant.

The design, installation, and operation of the encapsulation
facility will conform to the applicable federal nuclear
regulations and the applicable federal, state, and local
industrial codes and standards. The encapsulation facility will
be licensed by the Nuclear Regulatory Commission (NRC).

The encapsulation facility will be designed and operated to
1imit radiation exposure of personnel to "as Tow as reasonably
achievable" (ALARA), in accordance with the requirements of the
NRCI

The encapsulation facility will be designed, to the extent
practical, for remote operation, and for contact maintenance
after remote decontamination.

The encapsulation facility will include equipment and provisions
for storage of up to 60 days operational supply of feed gas.

The encapsulation facility will include equipment and brovisions
to store the encapsulated Krypton-85 due to operation for up to
one year.

Encapsulated product from the encapsulation facility will be
compatible with the storage concepts reported in SAND 80-0122,
“Krypton-85 Disposal Program Annual Report, October 1, 1978 to
September 30, 1979", based on studies for a spent unreprocessed
fuel (SURF) storage facility.
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SECTION 3
PROCESSES AND EQUIPMENT

3.1 ION IMPLANTATION/SPUTTERING

3.1.1 PROCESS DESCRIPTION AND EQUIPMENT

Ion implantation is a process by which gases can be
jmplanted into solids by bombarding the surface of the solid with energetic
ions. For positively charged krypton ions, created by collisions between
energetic electrons and krypton gas atoms, the depth of implantation
amounts to only a few atom layers for ion energies in the keV range.

Sputter deposition is a film growth vapor deposition
process in which a substrate is uniformly coated with a solid. The coating
is initiated by accelerating positively charged ions to the surface of a
target, resulting in sufficient momentum transfer to overcome the binding
energy of the target atoms in their lattice.

In combining these processes, a dense thermionically
supported plasma is created in the annulus between the target and the
substrate. Positively charged krypton ions are accelerated to the target
by applying a large negative voltage to the target, so that the krypton
ions act as the sputtered ions. The krypton ions are also accelerated to
the substrate to implant in the sputtering deposit by applying a lessor
negative voltage to the substrate. Implanted krypton ions are entrapped by
the growing sputtered deposit. The resulting deposited solid, based on
analysis of laboratory scale process deposits, incorporates up to 12.9%
krypton by weight.

The krypton encapsulation facility design (see Appendix
D-7) is based on using eight process units. Each unit operates as a batch
process, with a calculated processing time of 129 hours, and entraps 34.06
moles (763 liters at standard conditions) of krypton in each deposit. The
equipment would operate 24 hours per day, 300 days per year, with a
required availability of approximately 70% while the facility is in
operation.

The substrate is a standard 10~inch stainless steel pipe
and pipe cap, which, when seal welded after processing, provides
containment of the encapsulation deposit. The target is a standard 6-inch
steel pipe and pipe cap which is initially coated with 1.30 centimeters of
79% nickel and 21% lanthanum by weight, and will result in a 1.0 centimeter
thick sputtering deposit. The plasma is initiated by electrons emitted
from a tungsten filament in the annulus between the target and the
substrate. Cooling water for heat removal during processing is provided to
the interior of the target and to-the exterior of the substrate.

Electrical insulators are provided on all connections and to isolate the
target, substrate, and filament from each other. These assemblies will be
fabricated, factory tested, and shipped to the encapsulation facility as an
assembled unit. A total of 305 assemblies per year are utilized to
encapsulate 10,380 moles (232,500 liters at standard conditions) of feed
gas per year. ‘ _
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The primary supporting equipment to the process are the
power supplies and current limiters and controls for the target, substrate,
and filament, vacuum pumps, and cooling systems. A 1ist of major equipment
for Ion Implanation/Sputtering is given in Appendix B-1.

3.1.2 LAG STORAGE EQUIPMENT

The facility is required to include the capability to store
up to 60 days operational supply of feed gas (46,500 liters at standard
conditions). The lag storage equipment is based on storage at 500 psig gas
pressure. The equipment consists of a bank of pressure vessels, each
constructed of 12-inch Schedule 80S pipe by 12'0" long. A total of eight
vessels is required to provide the necessary capacity. The vessels are
arranged horizontally in a two wide by four high array. Calculations (see
Appendix D-3)show that natural convection will remove the heat generated by
radioactive decay of Krypton-85, and will maintain the temperature of the
stored gas at less than 2500F., Based on ENICO-1081, "Materials Screening
Tests for the Krypton-85 Storage Development Program-Final Report", April,
1981, the storage vessels will be constructed of Type 316L stainless steel
to provide corrosion resistance to rubidium, the decay product of .
Krypton-85, and compounds of rubidium, and to allow decontamination.

3.1.3 SUBSTRATE HANDLING AND SEALING

New target/substrate assemblies are received at the
facility and stored in the substrate storage area. A total of 305
target/substrate assemblies are used each year. During processing,
shielding is required for the encapsulation deposit, which contains a large
quantity of radioactive krypton, to allow maintenance on other units within
the cell. A lead lined shielding assembly is provided which also acts as a
cooling jacket around the target/substrate assembly during processing.

New target/substrate assemblies can be installed in the
cell either manually or remotely. A shielding assembly is placed on a
mini-trailer robo-carrier with the overhead bridge crane which spans the
cell. The robo-carrier is a remotely controlled cart and platform 1ift
assembly, with pre-programmed positioning capability. A new
target/substrate assembly is placed in the shielding assembly, manually or
with the use of the bridge crane. The robo-carrier then moves to the
appropriate station, and 1ifts the assembly upward, mating with electrical
and piping connections, and locking in position.

After processing, the robo-carrier returns to the
processing station, the assembly is remotely unlocked, and is lowered and
moved away to the welding station. The bridge crane is used to 1ift the
target/substrate assembly, which now includes encapsulated krypton, and
position it for welding. A 1lid is welded to the target/substrate assembly
with a fully remotely operated welder, assisted or maintained by two Model
"F" type master-slave manipulators. A shielding viewing window is provided
to allow operator supervision of welding.

After welding, the product canister is replaced on the

robo-carrier with the bridge crane, and moved to the inspection station.
The 1id weld is visually inspected through a shielding viewing window. The
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product canister is purged and filled with helium, through a connection
provided for this purpose, and the 1id weld is helium leak tested. If
required, the weld could also be dye penetrant inspected. The remote
equipment is assisted or maintained by two Model "F" type master-slave
manipulators. The product canister is now ready for storage.

These operations for substrate handling and sealing are not
ideal from the standpoint of remote operations, but recognizing that they
are performed on an average of only once every 16 hours, and that a more
elaborate scheme would be less reliable and considerably more expensive,
these operations are considered to be appropriate.

3.1.4 PRODUCT STORAGE AND HANDLING

Completed product canisters are stored for up to one year
within the facility. The product canister is placed horizontally in a
cradle on the robo-carrier. The robo-carrier is moved out of the process
cell into the product load-in area, and is positioned and 1ifts the
canister to a pre-selected storage location. A pneumatic piston is used to
push the canister into the storage rack.

The storage rack holds product canisters in a horizontal
array, to allow cooling by natural convection. Calculations (see Appendix
D-5) show that natural convection will remove the heat generated by
radioactive decay of Krypton-85, and will maintain the temperature of the
stored product at less than 2500F. The storage rack is 26 ft.-0 in.
long, and stores canisters in a six by six array, for a total of 468
available storage positions. Product canisters are stored 15 inches on
center in the array, with a maximum of 13 canisters in each position.

The storage positions consist of a pair of lines of
rollers, one each at 45 degrees in each lower quadrant. The rollers are
spaced with two together on 6 inch centers, for a total of 208 rollers at
each storage position (36 positions). The rollers are constructed of
Nitronic 60 material, for decontaminability and non-galling, and are each
held in a bracket by a through bolt. The roller/bracket assemblies are
mounted on 4 inch angles, (total of 72, two for each position) which are
mounted in a frame of angle columns, (total of 35, in five rows of seven at
about 5 ft.-0 in. center-to-center). The storage rack, except for rollers,
is constructed of 304L SS.

Inserted product canisters push other canisters in the same
position along the length of the storage rack. Canisters are inserted
sequentially by storage position. When the storage rack is filled, the
oldest 36 product canisters are exposed at the far end of the storage
rack. A second mini-trailer robo-carrier, which is also a spare for the
process robo-carrier, is used to retrieve the oldest product canisters for
shipment to long-term storage.
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3.2 ZEOLITE ENCAPSULATION

3.2.1 PROCESS DESCRIPTION AND EQUIPMENT

Gases can be entrapped by sintering in solids such as
zeolite or vycor which have molecular defects in their structure. Krypton
gas can be diffused into the solid, and encapsulated in a structural
vacancy when the molecular lattice of the solid substrate is sintered at
high temperatures. The encapsulation facility design is based on the use
of zeolite 5A as the substrate, due to the relatively much higher cost of
vycor (see Appendix D-9).

Encapsulation of krypton in zeolite requires high pressure
and moderate temperature. The base case utilized for design of the
encapsulation facility consists of a working volume of 8 liters loaded with
7,750 cubic centimeters of compacted zeolite 5A pellets. The process will
operate in a batch sequence, with each batch encapsulating 17.3 moles
(387.5 liters at standard conditions) of gas when held at a pressure of
1000 atmospheres (14,700 psia) and 7000C for 2 hours. Each batch,
including loading, pressurization, heating, processing, cooling,
depressurization, purging, and unloading is estimated to take 10 hours. A
total of 600 batches per year are utilized to encapsulate 10,380 moles
(232,500 liters at standard conditions) of feed gas (see Appendix D-7).
Assuming a single unit, the process will operate 24 hours per day, 300 days
per year, with a required availability of approximately 83% while the
facility is in operation.

The process equipment is an application of commercial hot
isostatic pressing equipment. The pressure vessel is a cooled shell with a
capacity of 30 liters (approximately 12 in. dia. x 16 in. high), with a top
plug. The pressure vessel is estimated to be 6 inches thick. A moveable
yoke is used to restrain the plug during operation and to provide partial
protection from vessel fragments in the event of a rupture. The interior
of the vessel contains electrical heating for the substrate container.

The substrate container is a thin-walled cylinder,
constructed of Type 316L stainless steel, with a volume of 8.8 liters (7
in. dia. x 14 in. high). The differential pressure across the container
wall is maintained at 50 psig or less by pressurizing the annulus between
the pressure vessel and the substrate container with helium.

The primary supporting equipment to the process are
compressors and controls for pressurization of the system, vacuum pumps,
and cooling systems. A list of major equipment for Zeolite Encapsulation
is given in Appendix B-2.

3.2.2 LAG STORAGE EQUIPMENT

The facility is required to include the capability to store
up to 60 days operational supply of feed gas (46,500 liters at standard
conditions). The lag storage equipment is based on storage at 500 psig gas
pressure. The equipment consists of a bank of pressure vessels, each
constructed of 12-inch Schedule 80S pipe by 12'0" long. A total of eight
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vessels is required to provide the necessary capacity. The vessels are
arranged horizontally in a two wide by four high array. Calculations (see
Appendix D-3) show that natural convection will remove the heat generated
by radioactive decay of Krypton-85, and will maintain the temperature of
the stored gas at less than 2500F. Based on ENICO-1081, "Materials
Screening Tests for the Krypton-85 Storage Development Program-Final
Report", April, 1981, the storage vessels will be constructed of Type 316L
stainless steel to provide corrosion resistance to rubidium, the decay
product of Krypton-85, and compounds of rubidium, and to allow
decontamination.

3.2.3 SUBSTRATE HANDLING AND SEALING

New substrate assemblies are received at the facility and
stored in the substrate storage area. A total of 600 substrate assemblies
are used each year. During processing, the heavy-wall pressure vessel
provides adequate shielding for the encapsulated product, which contains a
large quantity of radioactive krypton. However, personnel will not enter
the cell due to the extremely high processing pressure, and danger in the
unlikely event of equipment/piping failure.

New substrate assemblies can be installed in the cell
either manually or remotely. The overhead bridge crane which services the
cell places the assembly in one of two substrate activation furnaces, for
drying and preheating. Activation is estimated to take 12 hours. When
ready for processing, the vessel yoke is retracted, the vessel top plug is
removed, and the bridge crane places the substrate assembly in the Hot
Isostatic Press.

After processing, the vessel yoke and plug are again
removed. The bridge crane is used to 1ift the substrate assembly, which
now includes encapsulated krypton, and position it for welding. A 1id is
welded to the substrate assembly with a fully remotely operated welder,
assisted or maintained by two Model "F" type master-slave manipulators. A
shielding viewing window is provided to allow operator supervision of
welding. The substrate assembly is placed in a carbon steel pipe overpack,
and a 1id is welded to the overpack to form the product canister.

After welding, the bridge crane moves the product canister
to the inspection station. The 1id weld is visually inspected through a
shielding viewing window. The product canister is purged and filled with
helium, through a connection provided for this purpose, and the 1id weld is
helium Teak tested. If required, the weld could also be dye penetrant
inspected. The remote equipment is assisted or maintained by two Model "F"
type master-slave manipulators. The product canister is now ready for
storage.

These operations for substrate handling and sealing are not
ideal from the standpoint of remote operations, but recognizing that they
are performed on an average of only once every 12 hours, and that a more
elaborate scheme would be less reliable and considerably more expensive,
these operations are considered to be appropriate.
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Completed product canisters are stored for up to one year
within the facility. The bridge crane places the product canister
horizontally in a cradle on a mini-trailer robo-carrier. The robo-carrier
is a remotely controlled cart and platform 1ift assembly, with
pre-programmed positioning capability. The robo-carrier is moved out of
the process cell into the product load-in area, an is positioned and 1ifts
the canister to a pre-selected storage location. A pneumatic piston is
used to push the canister into the storage rack.

3.2.4 PRODUCT STORAGE AND HANDLING

The storage rack holds product canisters in a horizontal
array, to allow cooling by natural convection. Calculations (see Appendix
D-8) show that natural convection will remove the heat generated by
radioactive decay of Krypton-85, and will maintain the temperature of the
stored product at less than 2500F. The storage rack is 26 ft.-0 in.
long, and stores canisters in a seven by seven array, for a total of 637
available storage positions. Product canisters are stored 12 inches on
center in the array, with a maximum of 13 canisters in each position.

The storage positions consist of a pair of lines of
rollers, one each at 45 degrees in each lower guadrant. The rollers are
spaced with two together on 6 inch centers, for a total of 208 rollers at
each position (49 positions). The rollers are constructed of Nitronic 60
material for decontaminability and non-galling, and are each held in a
bracket by a through bolt. The roller/bracket assemblies are mounted on 4
inch angles (total of 98, two for each position), which are mounted in a
frame of angle columns (total of 40, in five rows of 8 at about 5 ft.-0 in.
center-to-center). The storage rack, except for rollers, is constructed of
304L SS.

Inserted product canisters push other canisters in the same
position along the length of the storage rack. Canisters are inserted
sequentially by storage position. When the storage rack is filled, the
oldest 49 product canisters are exposed at the far end of the storage
rack. A second mini-trailer robo-carrier, which is also a spare for the
in-cell robo-carrier, is used to retrieve the oldest product canisters for
shipment to long term storage.
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SECTION 4
BUILDINGS AND BUILDING SERVICES

4.1 ION IMPLANTATION/SPUTTERING

4,1.1 BUILDING DESCRIPTION

The Ion Implantation/Sputtering Facility is a rectangular
building with overall dimensions of 89 ft.-0 in. by 50 ft.- 6 in. The
building is constructed of reinforced concrete for all areas required to
survive design basis natural phenomena. Other areas of the building are
constructed of reinforced masonry concrete block walls with roofing over
metal decking supported by structural steel beams, and are required to
survive operating basis natural phenomena. Areas required to survive
design basis natural phenomena are those areas of the building necessary
for containment of Krypton-85. Preconceptual drawings of the Ion
Implanation/Sputtering Facility are contained in Appendix A. Outline
specifications of the facility materials and equipment are contained in
Appendix C-1.

The facility is on two levels, with power supplies to the
process and heating and ventilating equipment located on the second level,
which is 89 ft.-0 in. by 29 ft.-6 in. The total floor area of the facility
is 7,138 square feet.

A1l exterior walls of the building are covered with
insulated metal siding. The building roof is an "inverted" type,
consisting of asphalt felt layers, insulation, and roofing aggregate.

4.1.1.1  Process Cell

The Process Cell is 34 ft.-0 in. long by 13 ft.-6
in. wide by 12 ft.~0 in. high constructed of 12 in. thick reinforced
concrete walls and ceiling, and a 6 in. thick concrete floor supported by
compacted backfill and concrete footings. The cell is designed to provide
shielding from radiation exposure to personnel. Shielding viewing windows
are provided for remote operations, substrate inspection, and substrate
sealing. An overhead bridge crane services the Process Cell for loading,
unloading, and transporting substrate containers.

4.1.1.2 Gas Storage Area

The Gas Storage Area is 16 ft.-6 in. long by 13
ft.-6 in. wide by 12 ft.-0 in. high constructed of 12 in. thick reinforced
concrete walls and ceiling and a 6 in. thick concrete floor supported by
compacted backfill and concrete footings. The Gas Storage Area is designed
to provide shielding for the Lag Storage Equipment, which may contain 60
days operational supply of feed gas, and to provide protection from the
accidental rupture of the storage vessels.
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The Interim Product Storage Area is 26 ft.-0 in.
long by 13 ft.-0 in. wide by 12 ft.-0 in. high constructed of reinforced
concrete walls and ceiling and a 6 in. thick concrete floor supported by
compacted backfill and concrete footings. The Interim Product Storage Area
js designed to provide shielding for encapsulated product due to operation
for one year. Shielding hatches are provided for access for maintenance.

4.1.1.3 Interim Product Storage Area

4.1.1.4 Support Areas

Other Support Areas included in the building
design are as follows:

(1) Substrate and Container Storage. 19 ft.-6
in. long by 15 ft.-0 in, wide by 9 ft.-0 in. high, constructed of masonry
concrete block exterior walls, metal studs and gypsum board interior walls,
and suspended plaster ceiling.

(2) Health Office. 13 ft.-0 in. long by 8 ft.-6
in. wide by 9 ft.-0 in. high, constructed of masonry concrete block
exterior walls, metal studs and gypsum board interior walls, and suspended
acoustical ceiling.

(3) Decontamination Area. 13 ft.-0 in. long by
6 ft.-0 in. wide by 9 ft.-0 in. high, constructed of metal studs and Type
“X" gypsum board walls and suspended plaster ceiling, with an enclosed
shower with ceramic tile floor and walls.

(4) Operating Gallery. 20 ft.-6 in. long by 20
ft.-6 in. wide by 9 ft.-0 in. high, constructed of masonry concrete block
exterior walls, metal studs and gypsum board interior walls, and suspended
acoustical ceiling.

(5) Supervisor's Office. 12 ft.-0 in. long by .
10 ft.-0 in. wide by 9 ft.-0 in. high, constructed of masonry concrete
block exterior walls, metal studs and gypsum board interior walls, and
suspended acoustical ceiling. Includes an 11 ft.-0 in. long by 4 ft.-0 in.
high glass window to the Operating Gallery.

(6) Electrical and HVAC Area. 87 ft.-0 in. long
by 27 ft.-6 in. wide by 12 ft.-0 in. high, (second level), constructed of
reinforced concrete floor, walls, and ceiling.

(7) Electrical and Equipment Area. 28 ft.-6 in.
long by 27 ft.-6 in. wide by 12 ft.-0 in. high, (first level), constructed
of reinforced concrete floor, walls, and ceiling.

(8) Product Storage Load-In Area. 13 ft.-0 in.
Tong by 8 ft.-0 in. wide by 12 ft.-0 in. high, constructed of reinforced
concrete floor, walls, and ceiling.

(9) Product Load-Out Area. 15 ft.-6 in. long by
13 ft.-0 in. wide by 12 ft.-0 in. high, constructed of reinforced concrete
floor, walls, and ceiling.
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(10) Restroom and Locker Area. 18 ft.-6 in. long
by 15 ft.-0 in. wide by 9 ft.-0 in. high, constructed of masonry concrete

block exterior walls, metal studs and Type "X" gypsum board interior walls,
and suspended plaster ceiling.

4.1.2 HEATING AND VENTILATING

Three Heating and Ventilating Systems are provided for the
Ion Implantation/Sputtering Facility. One system services the HVAC and
Electrical Equipment Areas. A second system services the non-contaminated
operating areas, consisting of the offices, the Operating Gallery, and the
Restroom and Locker Area. A third system services the potentially
contaminated areas, consisting of the Process Cell, Gas Storage Area,
Interim Storage Area, Substrate and Container Storage, Product Storage
Load-In Area, and Product Load-Out Area. As shown on Drawing V-1, the
Heating and Ventilating Systems for the non-contaminated operating areas
and for the potentially contaminated areas utilize common supply and
exhaust air systems.

The Heating and Ventilating System for the HVAC and
Electrical Equipment Areas provides a maximum of 72,000 cfm (summer) and a
minimum of 9,000 cfm (winter) through four 25%, 15 hp vent fans. Air is
exhausted through four 18,000 cfm maximum capacity roof ventilators. Steam
unit heaters are provided, with 50,000 Btu/hr. capacity, for space heating.

The Heating and Ventilating Systems for the
non-contaminated operating areas and for the potentially contaminated areas
are once through air flow systems, designed to maintain confinement zones
based on differential air pressure to ensure air flow from less
contaminated to more contaminated areas. Ventilation and temperature
control will provide a suitable working environment in areas occupied by
personnel. Air filtration is employed to reduce potential radioactive
contaminants in the effluent to "as low as reasonably achievable" (ALARA)
prior to discharge to the environment.

The supply air system, which provides approximately 5,000
cfm to the non-contaminated and potentially contaminated systems, consists
of two 100% (one standby) supply fans. Each supply air plenum includes a
tornado shut-off valve, a steam preheat coil, 30% efficiency roughing and
80% efficiency pre-filters, backdraft damper, air flow monitor, and flow
control damper. 100% outside air is supplied to the non-contaminated
system and the potentially contaminated system.

Approximately 1200 cfm is supplied to the non-contaminated
operating areas through a steam heating coil and a refrigerant cooling
coil. Approximately 200 cfm is directed to the vestibule, and by
infiltration to the Restroom and Locker Area, and is exhausted by
exfiltration and by a powered roof ventilator. 1000 cfm is directed to the
offices and the Operating Gallery, and is exhausted through the exhaust air
system. The offices are maintained at -0.10 in. water gauge air pressure.
The Operating Gallery is maintained at -0.20 in. water gauge air pressure.
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Approximately 3800 cfm is supplied to the potentially
contaminated areas. Approximately 3200 cfm is supplied directly to the
Process Cell through heating/cooling coils. 600 cfm is supplied to the
Load-Out Area, the Gas Storage Area, and the Substrate and Container
Storage Area, which are maintained at -0.10 in. water gauge air pressure,
and then to the Interim Storage Area, which is maintained at -0.25 in.
water gauge air pressure, to the Load-In Area, which is maintained at 0.40
in. water gauge air pressure, and to the Process Cell, which is maintained
at 0.60 in. water gauge air pressure.

The exhaust air system, which exhausts approximately 5000
cfm from the non-contaminated and the potentially contaminated systems,
consists of two 100% (one standby) exhaust fans. Each exhaust air plenum
includes a flow control damper, a water spray cooling chamber, two stages
of high efficiency particulate air (HEPA) filters, a backflow damper, an
air flow monitor, a flow control damper, and a constant air radiation
monitor. Exhaust air is directed through an exhaust air stack on the
facility roof. '

4.1.3 ELECTRICAL

4.1.3.1 Power Distribution

The Site power for non-critical loads in the Ion
Implantation/Sputtering Facility will be distributed at 13.8 kV to the unit
substation (US1). The two #4/0, 15 kV, 3 phase, primary feeders will be
provided by Others. The unit substation steps down the voltage to the
277/480V motor control center, MCC1 and the split bus motor control center
MCC2. Small loads are supplied power at 120/208V, 3 phase through stepdown
transformers. '

4.1.3.2 Standby Power

Standby power for critical loads will be
distributed at 277/480 volts from the automatic transfer switch in the
standby section of motor control center MCC2. The standby section and
transfer switch of MCC2 will be seismically qualified.

The critical equipment that requires standby
power to ensure availability in the event of a power failure will be
connected to the standby section of the motor control center MCC2. The
critical process equipment includes an emergency panelboard, ventilation
exhaust fans, and certain control functions. The small critical loads will
be supplied power through a stepdown transformer. The system voltages will
be 277/480V, 3 phase and 120/280V, 3 phase. A power outage occurring ahead
of the standby section of MCC2 will momentarily shut down all equipment
connected to it.

The automatic transfer from normal power to
standby power, and the subsequent manual return to normal power, causes an
interruption of services to all loads connected to this system. The fans
will be arranged to restart automatically. Lighting and alarm circuit
breakers will remain closed through an interruption of service and require
no operator action to reset.
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4.1.3.3 Lighting

The lighting levels will be designed for 50 foot
candles at work stations, 30 fc in work areas and 10 fc in aisles or
corridors in accordance with ERDA 6301. Fluorescent lighting luminaires
with energy-saving ballasts and lamps will be utilized in the office and
rooms with low ceilings. High pressure sodium fixtures (HPS) with
prismatic glass reflectors will be utilized in other locations for energy
conservation., Special lighting designed for remote servicing and
constructed to permit decontamination will be provided in the cell. The
building exterior doorways will be illuminated with wall-mounted HPS
fixtures.

Emergency lighting will be provided by fully
automatic battery units, wall mounted near doors and stairways. Certain
building lighting fixtures will be connected to the emergency 11ght1ng
panelboard.

4.1.3.4 Lightning Protection

Lightning protection with a UL Master Label will
be provided.

4.1.3.5 Grounding

A No. 4/0 AWG soft drawn bare copper ground loop,
with 3/4 inch by 10 foot copper-clad steel ground rods, will be provided.
The grounding counterpoise around the building will be connected to the
Site duct bank ground.

4.1.3.6 Telephone"

The telephone system will be installed in conduit
w1th1n the building and a 3 inch conduit only will be extended and capped 5
ft outside this building. Telephone cabinets will be provided, as
required. The telephone system wiring will be by Others.

4.1.3.7 Public Address and Intercom

No intercom or public address is required in the
building. A cell monitoring system will be provided.

4.1.3.8 Fire Alarm and Evacuation Alarm

The building fire alarm and evacuation alarm will
be compatible with and connected to the Site system.
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4,2 ZEOLITE ENCAPSULATION

4.2.1 BUILDING DESCRIPTION

The Zeolite Encapsulation Facility is a rectangular
building with overall dimensions of 84 ft.-0 in. by 52 ft.-0 in. The
building is constructed of reinforced concrete for all areas required to
survive design basis natural phenomena. Other areas of the building are
constructed of reinforced masonry concrete block walls with roofing over
metal decking supported by structural steel beams, and are required to
survive operating basis natural phenomena. Areas required to survive
design basis natural phenomena are those areas of the building necessary
for containment of Krypton-85. Preconceptual drawings of the Zeolite
Encapsulation Facility are contained in Appendix A. Outline specifications
of the facility materials and equipment are contained in Appendix C-2.

The facility is on one level, with a total floor area of
4,368 square feet.

A1l exterior walls of the building are covered with
insulated metal siding. The building roof is an "inverted" type,
consisting of asphalt felt layers, insulation, and roofing aggregate.

4.2.1.1 Process Cell

The Process Cell is 24 ft.-0 in. long by 14 ft.-0
in. wide by 12 ft.-0 in. high constructed of 18 in. thick reinforced
concrete walls and ceiling, with a two-level basement area for location of
the Hot Isostatic Press and the Sump Catch Tank, and for use as a pipe
chase. The floor of the lower level of the basement area is 9 ft.-0 in.
below the cell operating level floor. The pipe chase is 2 ft.-6 in. wide,
with the floor 4 ft.-0 in. below the operating level floor. The basement
floor is an 18 in. thick reinforced concrete mat foundation. The operating
floor is 12 in. thick reinforced concrete. The Process Cell is designed to
provide shielding and to withstand 1PSI overpressure as a result of
accidental rupture of the Hot Isostatic Press, and includes metal clad
blast-proof doors and blast-proof shielding windows. The estimated maximum
overpressure as a result of release of the high pressure gas in the Hot
Isostatic Press is 0.80 PSI. Viewing windows are provided for remote
operations, substrate inspection, and substrate sealing. An overhead
bridge crane services the Process Cell for loading, unloading, and
transporting substrate containers.

4.2.1.2 Gas Storage Area

The Gas Storage Area is 16 ft.-6 in. long by 15
ft.-0 in. wide by 12 ft.-0 in. high constructed of 12 in. thick reinforced
concrete walls and ceiling and a 6 in. thick concrete floor supported by
compacted backfill and concrete footings. The Gas Storage Area is designed
to provide shielding for the Lag Storage Equipment, which may contain 60
days operational supply of feed gas, and to provide protection from the
accidental rupture of the storage vessels.
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4.2.1.3 Interim Product Storage Area

The Interim Product Storage Area is 26 ft.-0 in.
long by 13 ft.-0 in, wide by 12 ft.-0 in. high constructed of 12 in. thick
reinforced concrete walls and ceiling and a 6 in. thick concrete floor
supported by compacted backfill and concrete footings. The Interim Product
Storage Area is designed to provide shielding for encapsulated product due
to operation for one year. Shielding hatches are provided for access for
maintenance.

4.2.1.4 Support Areas

Other Support Areas included in the building
design are as follows:

(1) Substrate and Container Storage. 19 ft.-6
in. long by 14 ft.-6 in. wide by 9 ft.-0 in. high, constructed of masonry
concrete block exterior walls, metal studs and gypsum board interior walls,
and suspended ceiling.

(2) Health Office. 13 ft.-0 in. long by 8 ft.-0
in, wide by 9 ft.-0 in. high, constructed of masonry concrete block
exterior walls, metal studs and gypsum board interior walls, and suspended
acoustical ceiling.

(3) Decontamination Area. 13 ft.-0 in. long by
6 ft.-0 in. wide by 9 ft.-0 in. high, constructed of metal studs and Type
"X" gypsum board walls and suspended plaster ceiling, with an enclosed
shower with ceramic tile floor and walls.

(4) Operating Gallery. 20 ft.-6 in. long by 15
ft.-0 in. wide by 9 ft.-0 in. high, constructed of masonry concrete block
exterior walls, metal studs and gypsum board interior walls, and suspended
acoustical ceiling.

(5) Supervisor's Office. 12 ft.-0 in. long by
10 ft.-0 in. wide by 9 ft.-0 in. high, constructed of masonry concrete
block exterior walls, metal studs and gypsum board interior walls, and
suspended acoustical ceiling. Includes an 11 ft.-0 in. long by 4 ft.-0 in.
high glass window to the Operating Gallery.

(6) HVAC and Electrical Area. 34 ft.-0 in. long
by 29 ft.-0 in. wide by 12 ft.-0 in. high, constructed of reinforced
concrete floor, walls, and ceiling.

(7) Product Storage Load-In Area. 13 ft.-0 in.
long by 8 ft.-0 in. wide by 12 ft.-0 in. high, constructed of reinforced
concrete floor, walls, and ceiling.

(8) Gas Cooling Area. 15 ft.-0 in. long by 8
ft.-0 in. wide by 12 ft.-0 in. high, constructed of reinforced concrete
floor, walls, and ceiling.
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(9) Product Load-Out Area. 13 ft.-0 in. long by

1 ft.-6 in. wide by 12 ft.-0 in. high, constructed of reinforced concrete
floor, walls, and ceiling.

(10) Restroom and Locker Area. 19 ft.-0 in. long
by 15 ft.-0 in. wide by 9 ft.-0 in. high, constructed of masonry concrete
block exterior walls, metal studs and Type "X" gypsum board interior walls,
and suspended plaster ceiling.

4.2.2 HEATING AND VENTILATING

Three Heating and Ventilating Systems are provided for the
Zeolite Encapsulation Facility. One system services the HVAC and
Electrical Equipment Areas. A second system services the non-contaminated
operating areas, consisting of the offices, Operating Gallery, and the
Restroom and Locker Area. A third system services the potentially
contaminated areas, consisting of the Process Cell, Gas Storage Area,
Interim Storage Area, Substrate and Container Storage, Product Storage
Load-In Area, and Product Load-Out Area. As shown on Drawing V-2, the
Heating and Ventilating Systems for the non-contaminated operating areas
and for the potentially contaminated areas utilize common supply and
exhaust air systems.

The Heating and Ventilating System for the HVAC and
Electrical Equipment Area provides a maximum of 4000 cfm through a 1 hp
vent fan. Air is exhausted through a 4000 cfm maximum capacity roof
ventilator. Steam unit heaters, with 50,000 BTU/hr. capacity, are provided
for space heating.

The Heating and Ventilating Systems for the
non-contaminated operating areas and for the potentially contaminated areas
are once through air flow systems, designed to maintain confinement zones
based on differential air pressure to ensure air flow from less
contaminated to more contaminated areas. Ventilation and temperature
control will provide a suitable working environment in areas occupied by
personnel, Air filtration is employed to reduce potential radiocactive
contaminants in the effluent to "as low as reasonably achievable" (ALARA)
prior to discharge to the environment.

The supply air system, which provides approximately 2700
cfm to the non-contaminated and potentially contaminated systems, consists
of two 100% (one standby) supply fans. Each supply air plenum consists of
a tornado shut-off valve, a steam preheat coil, 30% efficiency roughing and
80% efficiency pre-filters, backdraft damper, air flow monitor, and flow
control damper. 100% outside air is supplied to the non-contaminated
system and the potentially contaminated system.

Approximately 900 cfm is supplied to the non-contaminated
operating areas through a steam heating coil and a refrigerant cooling
coil. Approximately 120 cfm is directed to the vestibule, and by
infiltration to the Restroom and Locker Area, and is exhausted by
exfiltration and by a powered roof ventilator. 800 cfm is directed to the
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offices and the Operating Gallery, and is exhausted through the exhaust air

system. The offices are maintained at -0.10 in. water gauge air pressure.
The Operating Gallery is maintained at -0.20 in. water gauge air pressure.

4 Approximately 1800 cfm is supplied to the potentially
contaminted areas. Approximately 1200 cfm is supplied directly to the
Process Cell through heating/cooling coils. Approximately 600 cfm is
supplied to the Load-Out Area, the Gas Storage Area, and the Substrate and
Container Storage Area, which are maintained at -0.10 in. water gauge air
pressure, and then to the Interim Storage Area, which is maintained at -2.0
in. water gauge air pressure, to the Load-In Area, which is maintained at
-2.20 in.- water gauge air pressure, and to the Process Cell, which is
maintained at ~2.40 in. water gauge air pressure.

The exhaust air sytem, which exhausts approximately 2800
cfm from the non-contaminated and potentially contaminated systems,
consists of two 100% (one standby) exhaust fans. Each exhaust air plenum
includes a flow control damper, a water spray cooling chamber, two stages
of high efficiency particulate air (HEPA) filters, a backflow damper, an
air flow monitor, a flow control damper, and a constant air radiation
monitor. Exhaust air is directed through an exhaust air stack on the
facility roof.

4,2.3 ELECTRICAL DESIGN DESCRIPTION

4,2.3.1 Power Distribution

The Site power for non-critical loads in the
Zeolite Encapsulation Facility will be distributed at 13.8 kV to the unit
substation (US1). The two #4/0, 15 kV, 3 phase, primary feeders will be
provided by Others. The unit substation steps down the voltage to the
277/480V split bus motor control center, MCC1. Small loads are supplied
power at 120/208V, 3 phase through stepdown transformers.

4.2.3.2 Standby Power

Standby power for critical loads will be
distributed at 277/480 volts from the automatic transfer switch in the
standby section of motor control center MCCl. The standby section and
transfer switch of MCC1 will be seismically qualified.

The critical equipment that requires standby
power to ensure availability in the event of a power failure will be
connected to the standby section of the motor control center. The critical
process equipment -includes an emergency panelboard, ventilation exhaust
fans, and certain control functions. The small critical loads will be
supplied power through a stepdown transformer. The system voltages will be
277/480V, 3 phase and 120/280V, 3 phase. A power outage occurring ahead of
the standby section of MCC1 will momentarily shut down all equipment
connected to it.
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The automatic transfer from normal power to
standby power, and the subsequent manual return to normal power, causes an
interruption of services to all loads connected to this system. The fans
will be arranged to restart automatically. Lighting and alarm circuit

breakers will remain closed through an interruption of service and require
no operator action to reset.

4.2.3.3 Lighting

The lighting levels will be designed for 50 foot
candles at work stations, 30 fc in work areas and 10 fc in aisles or
corridors in accordance with ERDA 6301. Fluorescent lighting Tuminaires
with energy-saving ballasts and lamps will be utilized in the office and
rooms with low ceilings. High pressure sodium fixtures (HPS) with
prismatic glass reflectors will be utilized in other locations for energy
conservation. Special lighting designed for remote servicing and
constructed to permit decontamination will be provided in the cell. The
building exterior doorways will be illuminated with wall-mounted HPS
fixtures.

Emergency lighting will be provided by fully
automatic battery units, wall mounted near doors and stairways. Certain
building lighting fixtures will be connected to the emergency lighting
panelboard.

4.,2.3.4 Lightning Protection

Lightning protection with a UL Master Label will
be provided.

4.2.3.5 Grounding

A No. 4/0 AWG soft drawn bare copper ground loop,
with 3/4 inch by 10 foot copper-clad steel ground rods, will be provided.
The grounding counterpoise around the building will be connected to the
Site duct bank ground.

4.2.3.6 Telephone

The telephone system will be installed in conduit
within the building and a 3 inch conduit only will be. extended and capped 5
ft outside the building. Telephone cabinets will be provided, as
required. The telephone system wiring will be by Others.

4.2.3.7 Public Address and Intercom

No intercom or public address is required in the
building. A cell monitoring system will be provided.

4,2.3.8 Fire Alarm and Evacuation Alarm

The building fire alarm and evacuation alarm will
be compatible with and connected to the Site system.




SECTION 5
FEASIBILITY EVALUATIONS

5.1  GENERAL

The purpose of this Section is to discuss and compare the feasibility
of developing a viable commercial production scale process for Ion
Implantation/Sputtering and for Zeolite Encapsulation within the next five
years. The basis for this evaluation is a discussion of advancements which
may be required beyond commercially available state-of-the-art equipment
and process components.

5.2 ION IMPLANTATION/SPUTTERING

The Ion Implantation/Sputtering process has been developed by
Battelle, Pacific Northwest Laboratories, for a wide spectrum of
applications and for the specific application of krypton encapsulation.
Process equipment has been designed, constructed, and operated by Battelle
at laboratory and bench scales. The Encapsulation Facility would use
equipment scaled up by only 1.8 over existing operating equipment. The
commercial equipment would be somewhat different from laboratory equipment,
in that all connections will be at the top of the target/substrate
assembly, and that connections will seal automatically/remotely, but these
differences are not considered to be serious technical concerns. There is
a concern that some of the process equipment, particularly the
target/sputtering assemblies, the in-cell sputtering heads, and the current
limiters for the power supplies, are not commercially available equipment,
nor are they anticipated to be commercially available within five years.
These components will require additional development to allow design as
special fabrications for a commercial facility.

The estimated cost of target/substrate assemblies is based on
development of a source for these special fabrications, which does not
presently exist economically or in sufficient production capacity. It is
reasonable to assume, however, that a source for target/substrate
assemblies could be developed within a five year period.

5.3 ZEOLITE ENCAPSULATION

The Zeolite Encapsulation process for encapsulation of krypton has
been developed by Exxon Nuclear Idaho Company, Inc., Idaho National
Engineering Laboratory. The process equipment is, with minor
modifications, an application of currently available hot isostatic pressing
equipment. Laboratory testing has been performed at a small scale,
although equipment for the Encapsulation Facility is a commercially
available equipment size. Some process components are not now commercially
available, such as solenoid operated high pressure valves and control
valves. It is reasonable to assume, however, that such components would be
available due to normal technological development by the time the
Encapsulation Facility is constructed, or suitable alternates, such as air
operated high pressure valves which are presently commercially available,
would be used.
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The preconceptual design is based on the use of zeolite rather than
vycor, although vycor has an apparently higher encapsulation efficiency for
krypton, due to the much higher relative cost of vycor. It is conceivable

that the production cost of vycor relative to zeolite may decrease,
resulting in lower operating cost of the facility.

The estimated equipment costs are based on the application of
industrial high pressure codes and standards, as existing commercial
equipment is not available in accordance with nuclear codes (e.g. ASME
Section III). It is also not anticipated that hot isostatic pressing
equipment will be produced to nuclear codes in the future., It is
reasonable to assume, however, that if application of nuclear codes and
standards is required (see also Section 6 of this report), a source for
such equipment could be developed within a five year period.

5.4  CONCLUSIONS

Based on these discussions, either alternate could result in a viable
commercial production scale process within five years. No attempt has been
made to assess the relative cost of development of the processes. Each
process has its own associated risks and concerns. None of the concerns
seem to be insurmountable, and the risks associated with each process
appear to be of the same relative magnitude.




SECTION 6
LICENSIBILITY

The Krypton Encapsulation Facility will be licensed by the U.S. Nuclear
Regulatory Commission (MRC), and will comply with the applicable federal
regulations and NRC Regulatory guides. Federal regulations 10 CFR Part 50,
"Licensing of Production and Utilization Facilities”, and 10 CFR Part 100,
"Reactor Siting Criteria”, will provide the general design criteria for the
comnercial nuclear fuel reprocessing plant and for the encapsulation
facility. Facilities utilizing either of the alternate encapsulation
processes should not have difficulty in complying with ex1st1ng criteria,
however, NRC Regulatory Guides for handling and processing waste gases are
still in preparation.

A fundamental criterion for the application of more stringent requirements
is the consequence of a postulated accident at the site boundary. Since
each facility could have as much as 3.74 x 106 Curies of radioactive
Krypton-85 in storage (60 days lag storage) the requirements for this
portion of the facility may be very stringent, although gas storage
pressures are only moderate (500 PSIG). The actual requirements will
depend on wind dispersion calculations and other factors for determining
site boundary consequences, and since the requirements are identical for
the two alternate facilities, these requirements have no impact on a
comparative evaluation. Feed gas storage would be required so that a
failure of process equipment in the encapsulation facility would not impact
continued operation of the balance of the reprocessing plant. Since the
Ion Implanation/Sputtering Facility would utilize multiple trains of
process equipment, failure of one train would not effect encapsulation
production, and equipment for feed gas storage may not be required.

The Ion Implantation/Sputtering Facility should have very few other
safety-related components. During processing, the radioactive gas is
maintained at a high vacuum, such that very little gas could be released
during a postulated accident. Processing radioactive gases in this manner
would be preferred from a safety standpoint.

The Zeolite Encapsulation Facility will have as much as 45,000 Curies of
radioactive gas at very high pressure (14,700 PSIA) contained within the
process equipment at a given time. It is likely that the process
equipment, particularily the Hot Isostatic Press, would be required to meet
high nuclear quality standards as safety-related equipment. Currently
available commercial equipment, although adequate from an industrial safety
standpoint, would require considerable modification to meet nuclear safety
requirements. These additional requirements may have an impact on the cost
of the Zeolite Encapsulation Facility.

No attempt has been made to assess the relative cost of licensing of the
encapsulation facilities. The consequences of a postulated accident at the
site boundary, and the resulting requirements which would be imposed are
unknown at this time. The Zeolite Encapsulation Facility, however, would
seem to require a higher risk due to the impact of nuclear safety
requirements on the ultimate cost of the facility.
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SECTION 7
LIFE CYCLE COSTING ANALYSIS

7.1 BASIS AND APPROACH

The Ion Implantation/Sputtering Facility and the Zeolite
Encapsulation Facility were evaluated and compared on a life cycle cost
basis, following the procedures of the "Life-Cycle Cost Manual for the
Federal Energy Management Program," NBS Handbook 135, ("hereinafter
referred to as the "Handbook"). In following the Handbook procedures, the
total present value of the facility is determined, using a 7 percent per
year discount rate for annual costs. For this analysis, a useful life of
30 years with no remaining salvage value was used.

The following cost categories were included in the analysis:
1) Initial Capital Investment
2) Annual Energy Cost
3) Annual Recurring (non-fuel) Costs
a) Operating Manpower Cost
b) Operating Materials Cost
4) Annual Non-Recurring Costs
a) Replacement/Maintenance Materials Cost
b) Insurance Cost
7.1.1 INITIAL CAPITAL INVESTMENT
In accordance with the Handbook, all initial capital
investment is assumed to take place at the start of the base year, which is
the year in which the analysis takes place. Furthermore, in determining
the present value of the initial capital investment, the estimated actual
investment is reduced by 10 percent. Therefore, the initial capital
investment is 90 percent of the estimated Total Job Cost for the
- facilities, as shown in Appendix E.
7.1.2 ANNUAL ENERGY COST
The initial annual cost for energy is determined by the
product of the estimated annual energy consumption, and the current
regional energy cost. Table C-2 of the Handbook gives $0.037/KW-hr. as the

current energy cost for the region of Oak Ridge, Tennessee (Region 4). The
Handbook estimates the inflation of energy relative to other costs, and
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computes the present value for each annual expenditure using a 7 percent
per year discount rate. The sum of present values of annual energy
expenditures is the adjusted Uniform Present Worth Factor (UPW*). The
Handbook, however, uses a maximum 1ife of 25 years. Following the
procedures of the Handbook for 30 years, the UPW*, adjusted for increases
in energy costs, is estimated to be 13.48. The present value of the annual
energy cost for the life of the facility is then the initial annual cost
multiplied by the UPW*, The total 1ife cycle energy cost is shown in Table
7-1.

7.1.3 ANNUAL RECURRING COSTS
The present value of annual recurring (non-fuel) costs is
determined by multiplying the annual cost in current dollars by the
unadjusted UPW. The UPW for a plant life of 30 years, using a 7 percent
per year discount rate, is calculated to be 12.41.

7.1.3.1 Operating Manpower Cost

The determination of life cycle costs for
operating manpower is shown in Table 7-2. Operating manpower was estimated
in terms of manhours per operating year. The current manpower cost is '
based on an assumed current rate of $25/manhour.

7.1.3.2 Operating Materials Cost

The determination of life cycle costs for
operating materials is shown in Table 7-3. Attachment 7A provides the
details used in determining the current annual cost for operating materials.

7.1.4 ANNUAL NON-RECURRING COSTS

Annual non-recurring costs are those costs which vary
year-to-year. The present value of a given expenditure during a given year
is the expenditure in current dollars, multiplied by the Single Payment
Present Worth Factor (SPW). The SPW for each year can be calculated using
a 7 percent discount rate. The 1ife cycle cost is then the sum of the
present values of the annual expenditures.

7.1.4.1 Replacement/Maintenance Materials Costs

The annual cost for replacement/maintenance
materials was estimated as a varying percentage of the initial direct
equipment costs. The determination of life cycle costs for
replacement/maintenance materials is shown in Table 7-4.

7.1.4.2 Insurance Costs

The annual cost for replacement insurance of the
facility was estimated at 0.3 percent of the replacement value.
Replacement value was determined based on the estimated Total Job Cost,
shown in Appendix E, and using sum-of-the-years depreciation for the life




of the facility. Insurance costs for liability and damage to the external
environment, if any, are assumed to be the same for each facility, and are

not included in this analysis. The determination of life cycle costs for
replacement insurance is shown in Table 7-5.

7.1.5 SALVAGE

The Handbook calls for subtracting the present worth of the
salvage value of the facility to determine the total life cycle cost. For
this analysis, the salvage value is zero.

7.2 ION IMPLANTATION/SPUTTERING

Life cycle costs for the Ion Implantation/Sputtering Facility are
summarized in Table 7-6. The total present value of all included life
cycle costs is $26,430,684.

7.3  ZEOLITE ENCAPSULATION

Life cycle costs for the Zeolite Encapsulation Facility are
summarized in Table 7-7. The total present value of all included life
cycle costs is $21,900,883.

7.4  CONCLUSIONS

On a 30 year basis, the total life cycle cost for the Zeolite
Encapsulation Facility is $4,529,801 less than for the Ion
Implantation/Sputtering Facility, or a total savings of 16.5%. Additional
investment for initial capital and replacement/maintenance materials (items
1 and 5 in Tables 7-6 and 7-7) is $4,785 for the Zeolite Encapsulation
Facility. Life cycle savings for energy and all other operating and
maintenance costs (items 2, 3, 4, and 6 in Tables 7-6 and 7-7) is
$4,525,016. The life cycle savings-to-investment ratio is 946 in favor of
Zeolite Encapsulation over Ion Implantation/Sputtering.
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Estimated Demand
Power Load, KVA

Load Factor
Hours/Year

Energy Consumption,
KW-Hr./Yr.

Current (1981) Energy
Cost, $/KW-hr

Current (1981) Annual
Energy Cost

Adjusted UPW*
Total Present Value

of Life Cycle
Energy Costs

TABLE 7-1
LIFE CYCLE ENERGY COSTS

Ion Implantation/Sputtering

HIP-

Zeolite Encapsulation

539

85%
7,200
3,880,800

0.037

$ 143,590

13.48

$1,935,588

258

85%
7,200
1,857,600

0.037

$ 68,731

13.48

$ 926,494




TABLE 7-2
LIFE CYCLE OPERATING MANPOWER COSTS

Ion Implantation/Sputtering Zeolite Encapsulation

Personnel/Basis

Operators 14,400 MH 14,400 MH
2 x 8 hr/day x 300
days/yr x 3 shifts

Supervisor
1 x 8 hr/day x 300 2,400 MH 2,400 MH
days/yr.
Welding & Inspection 460 MH 900 MH
1.5 hr./weld
Janitorial 900 MH 900 MH
2.5 hr./day x 360
Maintenance
Scheduled 960 MH 960 MH
2 x 8 x 60
Unscheduled 480 MH 480 MH
0.2 x 8 x 300
HP/Fire/Hygiene 1,800 MH 1,800 MH
0.75 x 8 x 300 _
Total Operating 21,400 MH/Yr. 21,840 MH/Yr.
Manpower
Current (1981) Annual $535,000 ~ $546,000
Manpower Cost ($25/MH)
UPW 12.41 12.41
Total Present Value of $6,639,350 $6,775,860

Life Cycle Manpower Costs




HIP-

TABLE 7-3
LIFE CYCLE OPERATING MATERIALS COSTS

Ion Implantation/Sputtering Zeolite Encapsulation

Current (1981) Annual
Costs of operating
Materials

Substrate/Containers
Helium

Welding Supplies
Decon Chemicals

Other

Total Current (1981)
Annual Cost of
Operating Materials

UPW

Total Present Value
of Life Cycle
Operating Materials
Costs

$ 585,000
9,800
1,500
5,000

15,000

$ 616,300

12.41

$7,648,283

$ 301,700
7,200
1,000
5,000

15,000

$ 329,900

12.41

$4,094,059
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TABLE 7-4
LIFE CYCLEbREPLACEMENT/MAINTENANCE MATERIALS COST

Estimated Annual Present Value

% of Costs {1981) of Annual Costs

Yr. Initial 1 SPHW
Direct Ion Implant./ Zeolite Ion Implant./ Zeolite

Equip. Sputtering Encapsulation Sputtering Encapsulation

1 2 $ 29,600 $ 37,900 0.93 $27,528 $35,247
2 2 29,600 37,900 0.87 25,752 32,973
3 2 29,600 37,900 0.82 24,272 31,078
4 2 29,600 37,900 0.76 22,496 28,804
5 2 29,600 37,900 0.71 - 21,016 26,909
6 3 44,400 56,900 0.67 29,748 38,123
7 3 44,400 56,900 0.62 27,528 35,278
8 3 44,400 56,900 0.58 25,752 33,002
9 3 44,400 56,900 0.54 23,976 30,726
10 3 44,400 56,900 0.51 22,644 29,019
1 4 59,200 75,800 0.48 28,416 36,384
12 4 59,200 75,800 0.44 26,048 33,352
13 4 59,200 75,800 0.42 24,864 31,836
14 4 59,200 75,800 0.39 23,088 29,562
15 4 59,200 75,800 0.36 21,312 27,288
16 6 88,800 113,700 0.34 30,192 38,658
17 6 88,800 113,700 0.32 28,416 36,384
18 6 88,800 113,700 0.30 26,640 34,110
19 6 88,800 113,700 0.28 24,864 31,836
20 6 88,800 113,700 0.26 23,088 29,562
21 6 88,800 113,700 0.24 21,312 27,288
22 6 88,800 113,700 0.23 20,424 26,151
23 6 88,800 113,700 0.21 18,648 23,877
24 ) 88,800 113,700 0.20 17,760 22,740
25 6 88,800 113,700 0.18 15,984 20,466
26 8 118,400 151,600 0.17 20,128 25,772
27 8 118,400 151,600 0.16 18,944 24,256
28 8 118,400 151,600 0.15 17,760 22,740
29 8 118,400 151,600 0.14 16,576 21,224
30 8 118,400 151,600 0.13 15,392 19,708
Total Present Value of $690,568 $884, 353

Life Cycle Replacement/
Maintenance Costs

7-7




TABLE 7-5
LIFE CYCLE REPLACEMENT INSURANCE COSTS

% of Estimated Annual Costs Present Value
Initial Value (1981) ($0.003/%) of Annual Costs
Yr. Remaining SPW
(sum of years Ion Implant./ Zeolite , Ion Implant./ Zeolite
depreciation) Sputtering Encapsulation Sputtering Encapsulation

100.0 $16,060  $15,720
93.5 15,010 14,700
87.3 14,020 13,720
81.3 13,050 12,780
75.5 12,120 11,870
69.9 11,220 10,990
64.5 10,360 10,140
59.4 9,540 9,340
54.4 8,730 8,550
49.7 7,980 7,810
45.2 7,260 7,110
6,570 6,430
5,910 5,780
5,280 5,170
4,690 4,590
4,140 4,060
3,630 3,550
3,150 - 3,080
2,700
2,280
1,890
1,556
1,240
960
720
510
350
210
100
30

$14,936  $14,620
13,059 12,789
11,496 11,250
9,918 9,713
8,605 8,428
7.517 7,363
6,423 6,287
5,533 5,417
4,714 4,617
4,070 3,983
3,485 3,413
2,891 2,829
2,482 2,428
2.059 2,016
1,688 1,652
1,408 1,380
1,162 1.136
945 924
756 739
593 580
454 444
358 350
260 254
192 188

130

87

56

32

14

4
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$105,327  $103,117




TABLE 7-6

AZP-

ION IMPLANTATION/SPUTTERING LIFE CYCLE COSTS

Present Value of Initial Capital

Investment (90% of Total
Estimated Job Cost)

Present Value of Life Cycle
Energy Costs (Table 7-1)

Present Value of Life Cycle
Operating Manpower Costs
(Table 7-2)

Present Value of Life Cycle
Operating Materials Costs
(Table 7-3)

Present Value of Life Cycle
Replacement/Maintenance
Materials Costs {Table 7-4)

Present Value of Life Cycle
Replacement Insurance
Costs (Table 7-5)

Total Present Value of A1l
Included Life Cycle Costs

7-9

$ 9,306,000

1,935,588

6,639,350

7,648,283

690,568

105,327

$26,430,684
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TABLE 7-7

ZEOLITE ENCAPSULATION LIFE CYCLE COSTS

Present Value of Initial Capital

Investment (90% of Total
Estimated Job Cost)

Present Value of Life Cycie
Energy Costs (Table 7-1)

Present Value of Life Cycle
Operating Manpower Costs
(Table 7-2)

Present Value of Life Cycle
Operating Materials Costs
(Table 7-3)

Present Value of Life Cycle
Replacement/Maintenance
Materials Costs (Table 7-4)

Present Value of Life Cycle
Replacement Insurance
Costs (Table 7-5)

Total Present Value of All
Included Life Cycle Costs

7-10

$ 9,117,000

926,494

6,775,860

4,094,059

884,353

103,117

$21,900,883



ATTACHMENT 7A
ANNUAL COST OF OPERATING MATERIALS
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THE RALPH M. PARSONS COMPANY

CALCULATION SHEET

TTe_ AARYPTON ENCA’P5ULAZ/OU SHEET NO ! or <
oano.__ @/54-3 DEPARTMENT AUTHOR SO 1105 0D DATE 91/5152
REV CHECKER DATE REV CHECKER DATE REV CHECKER DATE

SUrnARY

HELIUM
WELDING SUPPLIE S

DECOI) CHEMICALS

OTHER

TOTAL

SUBSTRATE / CONTAINER S

ZEOLITE EMNCAE

OPERATING MATERIALS (1981 # /VEAR)

10A) ImPL. /SPUT.

# 301,700

7,200
[, 000
5000

/5,000

# 229900

¥ 585, 000
q, 800
1,500
5,000
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APPENDIX A

DRAWING LIST AND DRAWINGS

Ion Implantation/Sputtering Facility

Dwg. No. 6154-3-1I-PR-1
M-1

"U'U‘Uml<J>J>J>
CAY PN wed ot d Q) N s

Process Flow Diagram

Piping and Instrumentation Diagram
Ground Floor Plan

Second Floor Plan

Building Sections

HVAC Flow Diagram

Electrical Single Line Diagram
Piping Plan

Piping Isometric

Drainage Plan

Zeolite Encapsulation Facility

Dwg. No. 6154-3-HP-PR-2
M-2

A
A
v
E-
P
P
p
P

]
NoOoorR_roNhDOYS

Process Flow Diagram-

Piping and Instrumentation Diagram
Ground Floor Plan

Building Sections

HVAC Flow Diagram

Electrical Single Line Diagram
Piping Plan

Piping Isometric

Drainage Plan

Lag Storage Tanks







G (
-
lon
-t T
P
— P, AT 2% CA
GAS X TINE,
._@ —
AELDVEAY fA o !TY
F ( J—
PAEGL M ST Sl FXTNE
( ! A, Taspe
(54 — )
+
. - ( H -
P DO
TD A3 -
_( 1] —EB—
J
N Taa
5 E _( _ )_ o~ o=
{7&“:
P L
( = Tm
. . 2oy
PASSL ATED GAS fXTLAE
AL ETOmACE —
- R
.- LT TR,
. . .
c
-
. A ) ‘
] | 7 s | ]



| 3 1 2 i s |
NCTES:
G
- —_—
4 !
e gb @0 0
b )
ol soasaz) ;3:49; T
?:A‘G:l' |
| l | | . _
1 { i
z ! } (=] (L=
l ]
R B, i
B LDaDED T
1 1 Sastare ’ ‘ |
Yoo =T :
IEEREL i 13
HEIRE B » ; I — |
gy vl =~ )
O L O; ® Y
=] =l =
7 N L
! e MEEEY . LEATTEL .
@ ! SO TTAINENG
. pr
@Y
1
]
;
f;'-«:ﬁ. ’;;\—-——— ]

]
N 13
- 107 Searros. _._.‘a‘:
= . Zmom oo —emy )
. '\.' :
\[ \
3‘4
SPUTTEANSG .
CmArSEA,

-———-————-@_— oG, maTEA
=14

e TIING ~ATER
T g

TARZEY
PROCESS SEQUENCE
AL DD MALG S BETRATE. £ TANSET
- B EATIATE a2 TDAR)
T LN ETCH SUBS™™ATE, -
D SPUTTEA WiTe 65 K B2
B SPUTURA Wit MATIRAL K8 B
- - M SPITEA ISR CUT LATER
G LMDAD SEETAATE § SPENT TMAGET

af

] T
T 11 + [ —
. T T * T
< T R
Lo ,’ = THE RALPH M PARSONS COMPENT
e AZ ARCHITECTA L me IWCTRS |
= : PRIt :
e e e
B 5. DEPARTMENT OF ENERGY
w—ce . ;- 1BanO OPFRATIONE OFPKL . A
i T e FALLS, DAY
T ISSREYSTON ENCATS LA TON
. i TON [P ANTATION/EE STTZANG
) 1 PAZZONCEFTUAL DESIGN -
; FROCESS FLOW SKRETCH
1430% COOL WLl ® v .
v L) —
: R A N = Grcd-3- II-PR-1 1%
R I 3 | ‘2 . | 1 —~— . i




7=

SUESTRATE,

ARLETD

CONTAINERS

|| CAS STORAZE

=)

ol i
IS LA
oy slotes o
¥ .
o R =
":o'-
| B

o

ORIy

2

. 1o’

NI *
j.
SRR IS




1 4¥ 1 3 1 2 | 1 ]
G
F
anc il
4
<
- t ‘ T . 22— 0 < -
[ e N b £
- i1 :S =
]
.
4 HH o i
DERETING ! > L § —
_CAILERY “ ;” '\ w1 g
| / T ]
. . 1 . .-
) 1—-—— . [ ENTRY. N5y A O
. . o . &7 N S R . -
T K AT ) TS SRS P e e o . A o
; T PR - A i e
R 3 m
> O O |\ STERINCG CRAMDERT' || FymP ROOK ZELECTRICAL T E »
g=) % !;éf.., EMBLYCEAL 34 | ——‘
- = I =
5&1 AT 1] -
s ana | ST DODE e
S O lepee
N ororrreme AR <
= TS wrarronT— . s :‘,
__ <
ERIM STORACE ™ A . $ - .
X 3 . ) ¢
SOAE AT o
- )
o’ o< .
; ) B
i
~ ' L
WALL LEGCEND T =
© TIen RIXTDRITDITNERETE prypag P T S
TEONCRETZE BLSEN THE RALPH M. PARSONS COMPANY
ANCHITECTS-Cwi iwEINS
EITTAL SIS ST TerADEe Caciromn
Rl Dz AL .L1S. DEFRRTMENT OF ENERGY
Tang DPTRATIONY BIFRE A
- oo faiis. \Dam
- KEYPFON ENTA=SULATION
T LPRECCNCESTLZAL DESICN
: 1O IMPLANTATION ) SPUTTEFING.
WaSCT COOT mumé # CROIND FLOOA AN
T [V
) Py T LR A S
! st ! 3 I 2 i T ——— |




"
' ’
U
™ M
P
L]
Al
1 e
| L\
1 t
T
) . ) . .
a ! T vy w7 : : .
| 63 | , *
! ;6
-
;




2 1 I
: G
F
<
—
) Necrrann - £
.‘ jamosr
3 s -
€
r - — -
| B D
r..__.mlfo‘& \ _ - ..
- _ & /It la
1 e/
777 W _ 553 .
N4 B
hirabatial LA - L .
TOwEr_ ] PO [T B o R 73] i B ]
TERS siylm Vasenr {?f 1 i R ¢
- RN
. Db b 13 s
£ - i c .
) o ) -
< )
—awcr- . iB_
- R -
) T r—r——t—
[E‘Tw'i THE RALPH M PARSONS COMPANY
| Sheor AT N ARMCIITEC TS~ Wk 1R CENY
omTees | } PASADEIMA, CALIZMNA
e T e U.S. DEPARTMENT OF ENERGY
—c = ARG OPTRATIONE OFFICE . A
WOAWO FALLE, 1BAMD
FOYFTON ENTAPSULATIN
RRECONCE TR DESICN.
T TION IMPLANTATION 870 TERING
CTRETRTT . SECOND FLOCR PLAN
T —
BN o — - CI5E-D-1-A-2 -
| a4 i 3 2 | 1. e




6
.
F -
WNYIRTED T
ROO G a1
) NSULATED
——MELAL_LANELD
- [
E -
-
—— - - e . .
- —— o . - -
o D EIEP N -
' : SRR 1 TeoLa . 7. oan
o mes = s ——— S o - - _ N ,
. c . . : 1 - . : B
- . - F qe .
. . o = | ]
N = T . = : [
.| SLUTTERING CrA
LRASSEMELY RO
] N L &Y -~ T
N 9 ! :& :
- . _ . - '
A - - - ) - . - -
4 ~ - -
A )
>~




4v ‘ ' 3 l 2 l 1

3
}:
R R ST
. "':'9'_———1:_- | Ameancai e i B
T LOADIN ; A:S'M-Lrﬁqi o OFIRATING CALE ?-0
g zZL . N3 - 13
HE i ®
i 114 &
. ~ - i 1
e i1 : :
_— : | :
B ————— E

-

- T / - :g -
i - . : bto .
= == =13} oL
- B __ i o ) c
oo TR - |
‘r——ﬁ_a I . —

SECTION B-B ' 3 5
B ’
T - —
P v . \ p—
. - [T ==
=Tow
proemece A T THE RALPH M PARSONS COMPANY
M 2T Tar?d ANCAITEI TS CwG NI [
— ey .
— e U.S. DEPARTMENT OF ENERGY .
™Y . 1DaNG OFTRATOWS OFVEL A
‘OAMD faiLl, DASO
- - LY TON ENEASUATION
. PRECONCEPTUAL, DESITN .
- _ON IFEANTATION /5funzn~c"
P NN T T ; | AULTING SECTIONS
° _—— o e we ot
B Py v = C/54-2-0-AD L
® ] 3 | 2 A 1 e . |




]
o™

j oo oo

L040-00T
oo cra

200 CFN

R S e o '
N B ‘ - '
3 | 2 e




2 ] 1 ]
~
- G
250 o'W socrm
cas SuBSTALTE \ ’
socrm raRsas 00 cFm TARCLTS _
™™ CONTA/NLRS
~uT. o WY . fre -
-orws ~0.10"wE
FY- 250 ePM .
F
- .
.
f LoaD-ay As3émaLy -
crm o ) $000
peme s e .
I8 Ta - .
L ~0.40"wE ~0.55" wt - L
TRANSFER A/R
{NON-DUCTED) -
350
- i _ E
i - - .
SO e e - - - e e = Soce o] | _ - -
. - Ak
- - av Aor
o - a0 crm N
. : mew ‘
s/ P ' . - o
mmsics 2008w 1 R _ .
Y momen
- - ADOr
- - | earaaToR - - —
J .
—- .. . - B } [
- . [ . B
- oo CO -
A/R _FIOW D/IAGRAM
- - ; -
- ) - ’E_
T . o . L
3 . :
- . :

. ) — . T 1 T -
- - 1 § —
- - " [ .

- - toart ~—soeat | v s
CRRY )
o THE RALPH M PARSONS COMPANY
el -7 AN TECTS (A we | wEIXY
[l PALADERA , CA. 1F O s
Loasui T
e LS. DEPARTMENT OF ENERGY
e . Y DARG OeRATIONY OFF L A

1Daw0 FALLY, 1DAWD

MRYPTON ENCRPSLATION
PRECONCEFTUAL TESISN

10N IMPLANTATION /" SPUTTERING

- 19D(1_CO0L_mueat® HYAC FLOW DIRGRAM
e e — NONE
{ [ pos=yre=y = GI5&-2-T1. V-] i<
‘ ‘? l j l 1 —t 0, P l




o 2 -
M ¥ g .
H . .w .
bt 4
T ”n. w
. v W ¢
7o
1 v l
x
. & oo |
. A Arowirryd m hd
3 H
Lo |
“ - dvmeniind w
Y 3 3 .
. ’ | i
' : [} L!Ot!aﬁ 3 .
- | ) d —
. by X ooy X M '
> ¥ yh: v .. ] 1
° 3 B/ M ’ Lz-!(aﬁ W - :
t .
: 3 2 } o , _
m w Anot L Moorvrid '
"
" ,, 3 22 ! - mm b =
v ] P " rasTes ) Y » mm -
. : X
b 3 oL 3 PR »MA—..II » [}
3 90597 “ Anewvity m ] .
§ 3 N o B3 _ |
» on A .
! 1
- N 3 jrc7 ) Lo : m -
1Y
] 2 Lo i
3 7 2avAt “
N
! : vi% X
' 3 Lrover L
[} [ )
: ¥
108 ‘
) W A § !




. QIAGRAIY Sy rracy
— Gl
pa_‘ "“‘— SRy P oy sl
{ S 4 20T suipnd
’ oec! %* Acanre vt St G e
/ . .t Cotag? P ammareanen
g hand .'.;.'}‘:‘?Z'.,...‘..w-- a
- 27 & .
_ . . 33 ¢‘ O Lrates s
+ + - + + + + E - ° 48 €nOC T BALs,
AP - MAALAL SRR . AP ppgag P
)mM )M )_M )n-AO )I-A’ ),..4 ).”’ )p-ap ),_» § s = ot AT OIATRE
Soir (‘zoaT (‘mear ‘msar ‘sear se r S30ar SN
1 1
H a 2 .
3 % 3 3 3 g g 3 % ﬁ, i imroaahadensdes
e wly Yu Yy e My - Y g2 Yo
v sk My Ys 3 i s W @ oo ve. s masmom
2~ o~ ~ ~ af~ » ol - b ® n . o
) 2.1 BT P 0. Y- retrr Goreny .
n
’.}? A rasicrs geres
PAN AN RN AN RN DR RO AN AN RN [ORW  IOKW AW B Smmmens g
CPma  20s 20 B8 B pcurtcr sarne
= SNERS G St SEmeecrem
: : g & 2 ¢ 8 & P2 % i
IREE FhERERE
2 4
L ¢ £ g $ 3t it 3 ] 3 3t ] B3y Tie TRanTRak
ES KEF II-SC/ THRU SC8 ‘;f ’;‘
P ' ) TE as , £
i = - = - -
8.8xv,34 conNT
NORMAL SITE AIER
—t-2-57C.0 —
)
00 A
a
-
: 0
a 1200 £vA 3¢, ’
+ gaxr-sBarfzrry
¥ ~ 3mrs
~ %
3{ §{ acofs — [
LS
d 8 .
] E OO AT
Ei ai asovsd aw L, 12004 U2
£ 3
. : c
S00at
oo
LT 2 j
patntl 3
rSa 154 %:y 34 +m,¢ -
v e ‘ 0ar
| .
o
3 5% ei §
> Sy L1 ~
-~ Y34 al~ ~
7-28-3¢
’ T
14 11 ]‘; —
fon | et avearaen s wee TS TS
. I et THE RALPH 8 PARSONS COMPANT
g :. =y .u“. "‘::AQ. Qll-‘
éx co—
i 12 - . - . E O U.S. DEPARTMENT OF ENERGY
S RN S T S N SR SR | = Ry A
’ ;‘ gs i }? i i i ’ i < KRV TON € WAPSILATIIN PENCLITIA O3
: ION 4 ¥ o % - %3 ION IMPLANTATION] SATTERING
i SR S B - i § § SAGLE LINE DIAGRAM
. et e e 1 s ~$~'
_ porpry— - 6/54-3-TL-5-4 ['2
| "1 | | 2 ‘ 1 o 21843 |




1 s 7 { s ! 5
<
F . ) .
—
i AR
TUTCTNTAMINATION. g
-_:j 'Tloﬂ MARE TP .
THEALTH T . }
; -
TEDeSTRATES £
- H TRONTAINERS " - -
. e ™
: ' L r
P <
) ez )
Jo— X 2 A | L|
smEssgwrzEorELS /_ '
~ WLE- (T -uz! = - b L
. ﬂ — —
' b i
1
- li —h B - e~—eq] S
-V'D ;J. - 1 oroem - . R i
. ] d -
¥ FETD @AS - A= L oerooas. N
MR —T =3
. z TTFEEDTT = N
3‘ _RAS SAS
~ I COWPRESSIR COMPRESSOR .
g L3 - .2
Y = ‘Pcows
——t - ur‘ I
—— — E i Fobeial 1Y
- [ u il W
I 5
- v
: * @ 50
\ - . =3
- ST - -l ] ¥ ~
. - i 3 T EPUTTERINGT THAMETHE
> - T : - WEPSIL -SCT 8 XL
- I
BRI | :
: v
- - . T S=.cwq o R
- - : FOR_LLKIFIEATION ) \... PRENSURIZIED . =
- DF MIPING INTHIS - FIED RAS FILYER "
AREA SEELSOMET- 1 PETES T )
- RIL DWE P=2 . ot E
J—— A L ' \'er M
j - = AT ETORASE
B .- . WEF- IT <TRE -,
N -
a4 . T - - s -
B ) : a . ﬁ ) " .
.
. A . R —_— - - T = Se e T -
N s ] 7 | s } 1



3 i 2 ] 1 ]
- G
. F
PRy ISy
é a & -
oFwcE T WOMEN, . ToMENTTT
. CRERATING T GALLEST [ 3
| S ——— )
* — N
i M . PR e m——— e e =t I = —
e T
eoNtT—
/ /—_'z.tnm\:.
. 3 i -
I . D
CICWETER—.
IO
=a cWR "
- N
— crwar
~ PLOMEEL EOM ADBREVIATIONI _BEE TRANING NE8. Baf
- TS ) ’
- c
[N-cnany -
MOAT EXTRANGER
FESTE-HCl - )
VATULIWM PUMS E )
VACUUM PUMP, ) . "
cT PRESSNELITT )
AT LLATO!
LT - REFIL-TKS_ : R s
' ! I it
] SR {
- R e MIGH PRESSURE STEAM =" ) 1
L CONDENSATE ) ;
. N -HIZH PREIIURL TOMPRESSEOTAIR "7 T T H =
R - ——————— T ITE TOULTN & WATER “RETIRN—— - : : kol
et TDITE. TROLINETWATER SUREL YT grypemey o et ...‘.
. LB
| Co= THE RALPH M. PARSONS COMPANT,
e hEZY ixi) ARCAITCIT Bl MG LTS
e eiAsena. Tav ¢ Onar :
. . - - A——IED ST, :
B M T US. DEPARTMENT OF ENERGY
- — ™ana oetaTioms BrTLL . A
N - o - . IDAND FaLzd, 10890
. ) - o - - T KRYPTON ENCAPSULATION -
3 - . ERE;Q.NCEPTUAL_EEZISN.[
- .. . . IONIMPLANIATION J SRUTTERING
T T < TEIEING EEN T D
. e ——— — -
- i g T GT54-3TTEIoIT i
| +4 3 | 2 . | 1 —t




, PRESS.AZEL

~e




e

Fe=D GAS SYSTEM

SS CODLING WATER SYSTEM

D SCALS

Df,

T T
T

et T e

THE RALPH M PLPSONS COMPANY
ARTAITESVI- {5 INLTNY
PMEAINL CAL I DEmL

gL~
U.S. OEPARTMINT OF ENERGY
1DAWD OFTRAT oM OF FIGT
aN0 FaLl, 10anG

WOLI COOE womdt®

C e NN

KRYETON ENCARPS L ATON
PREZONCEST AL DESIGN
FON IMD_ANTATION [ SSUTTEAING

SOMETRICS

IR IO S W
SN

T GiE4-3-1I-F-2 K

I




- - e
.
- i w-
3
I
1
-

.l
|-
1,

—3'orae




44 ] 3 i 2 | 1 i
G
- F
e3'0® .
L
" FoR SONT. SEE CIVICTWGS ] B
g -
- - - H »
RN AR STWER e g b i PCTARCICWATE R
' \
T
) E
<
o
NE:
"
\.ﬂ -
K
.
EORCIIINT SEE. CIVIEDPWESL. .
B
. t
B i
| i
R P
H
T T -
T : —_
e T T
e
o= : THE RALPH M PARSONS COMPANY
e L. N Sy Y Y ARCWITICTI-Cn G NLINS
e i PA4OCL, CAL P ORNIS
+ ey
T U.S. DEPRRTMENT OF ENERGY
r— IDANG OPTRATIONS OPFICL
IDANO FALLE, 10440
KRYPTON ENCAPSULATIGN ™
- PRECONSEFTUAL_DESIGN
10N IMECANTATIS N/ SEUTTZRING
i TRGEE S SR SANTTARY ZRESTTEE DRAIRESSTEM
1 == = GIE4-3-I-P-3 1S
ot | 3 ) 2 | ! — - - |




BN SOUD DICAPSIN, -~ W

ouzss e zad 2fca
TRE Ao

— 1
R i H "
. .. . -E} . - A aAE S an £ v ; ;o ;
AT av Sz - 1-
e \ / —
- -
. L S s
\ i
. RITE AZED Gan wmTiam
oo P S AN
— _ —y
<
: R )
— —
B s
- ;
- — .
; 1
s Ki
¢ \
. P —
- 7

LEMTE, AIIZ TAL MATSE co. . S
LAl TTISNAE

. R - .. WERMHOD Fus  _ |




...
-
P

).
. m@ _ .
- @ 3 e . . G
®@¢ni® n» ]
D=yl ; o —-—:; .
- l_, - 13 - . PR A
. o - 1 NEW STORAGE
L SURSRATE COTANERS :,
Bizmm @0 @U@ 2 B
| B i R FRESA 1SOSTATC FRESSORE
- - 1} oLl I - -
. [ ]
o e e
1 | ! - F
S B USRS B ax wee [T
! R . I J
N ] - . .. |-~ 4 NG D
! R £ @ SHIEVEWTS TCAPSUATED
‘ R &S «RYFTON COTANRS TO
- LONG TERW STORAGE.
L L3 . i -
ol e T . . S
= T - LYEAR STRAGE — - -
= ] ENCAPBLTED SEKR. __
e @l COSTAERS - - - - e e
'8 -
-
51l ® . )
. Y- .
§ o
51.%,3 . —
.- sz IR A UL - - - -
: HOT 1X0STANC .
. Sl PRESSING. L. L e T e . .
o B . —_——r——— e ——
C - ISOSTATIC PRESSORE @ @ ¢
RESISTAXE HEATIR BUWDOPELETDOWR b -«
{=xw) _ N ; .- P
S AU LOAD CAPSLE —=2 - o el o -
T BEVAQOSTE (ITORR) -
G PRESSURITE (~/ooaATM) -
ST HEAT L~7ao c\ s .
) c
N )
i
B
- T - o o 4 l ‘ —
- = — T,
: N - ey THE RALPH & PARSONS COMPANY
el ARCWITLC TI-C N8 0 {IRS
ey WA, vl Y
) - X — us osmmrmcraeac'r
- — AN Oprnatons Yl A
M DAy FaLLl, YOAMD
3 - N = e s KRYFTON ENCAPSULATION
FRECONCEPTUAL DESIGN -
ZEOUITE. ENCAPSUATION
- T = FPROCESS FLOW DIAGRAM
| i e T Gr5e-R-pP-PR-Z |
i 4’ ] 3 I 2 l 1 — !




i

¥

3

Dy ]

4

....-

B b et o

¥ ey
?
-

R
“
‘

3
'

s gy A

P s gy
. ”




B ..h..l..r: Y .
. A ...l ..
'
.
*. : . )
L O
!
. )
o ; :
4 i
i ) . .
'
' i
AN .
' i I
Y\ ! v,
. v
HE R
AR T
LI o ) )
LI @ i !
. . b B L)
B " ' _
oot e o e 0 e o 1 5
.. V.u ~h. Ty by * . . L . -~ M mm .l
s Vo wl ] o} e g P P oy o oo . N
B . I \-. . .. . R ‘ A
’ . oo ) 3 .
: . oot . . H N L.n.ﬂw ’ o} A sty srldts & A — IRICIIAL ]
E ..~ . . _ r w Ve . R S B
AR T . Ty . - ,_ C . . i
S ; . , . .
o o . v T Vi '
- & . . e v% Lo oy . oo
. : . P T R ' . R .
CoE2R S B+ I R S A 0 _
e Lt AN T i v y P H e o ! .




..

B

-

_
&

3'z

Illll‘bl!ll walay

"

e

. . _ .o
. ‘ e . .
. tof | WA ) H
-* . . C P )

L i

Wt R ‘o
. .
. f . -
o mmeminmdopanwcw e
' _ .
. 8
.
.- .
L e
]
. . .
A et e o ot ot oy .
™ . N E .
. o [ "
RSN N N
« IR N
0 . 1 iN
f :
' . ! ' i,
. v RS
‘' o i o [
L
i .
‘ ' * [
[} \ [ ¢
. ] A
[ ¢ PR
o PV ! ot
¢ R y
' . !
v ‘ I
[ A IR o |
f
. - v

’ - .

T, A
| Sy

,lltv.....on...ll....aO e

3

b owe— — e m

=

K o s o o e e o - -y

m. SR : ) ! NP ! L '
... v . 0 .._ ... - ' ”
: Q . o ¥ £ A '
. . : . : { I H
i . , ‘ . .." Lo . . _.
. CooE J ‘- Coy
P2 Ch Sy
S . e S
i
I . :
ns</.\am \ ' ' ' K
. L} . . . . "m
n “ | .... ' -T N
i .. o Z
. . P e . <w 2 .
. 1K lw__oQG. & o €
1 1 .
, { ! , ) MusSTVEL gl Q ¥
. ) ' : WNLWILYY WS | & A
A 1 ' N . : “
N L o iy Lo ; "
. . . b | 4 ;
. ‘! IE "
' " . St R ' '
. A )
! " ¢ b
! H “ . !
L [ ,«.
'
i Do .
. . t
. L ! o
.-. ) . N ! i ' ' . ..u A . Lo
R R e L e L L o N L ] * m 3 w

[

...!l......lzd....lhn.*.m“

P TRANSTER

KXEKRXETE

TAKK L12uip




s

mv... ———eee]

[

AMISATION SOLUTIN

N}y

O
VAAKEUP TARK  KEF-HR-TK 10}

j»d

P

N 4
Voo
! e A
' i . .
A . S
. ]
- - - - - -t o
R 1
) B
.
! '
N r
, ; !
1"""'ﬂl""l"--
i .
. ; .
. ;.‘. I P ',
. P
. o
NS

AGITATOR

ce .

S KEF-HP-PiO1.. "

DELDN. SOLLTION
JPuMP

! I . @ 3
‘l-‘-"u_‘-".lil-‘ 3
'

- - nlll.l'.l-lll-‘llcl"l.allll-'l'l

- e man w .l.lrlnlu'o:ll. '-r..l

1, N 3 wu
o N
f o
K [
I

. . _ . v
- B
. "~ . N P
N : :

ﬂ LR TR s .
~ “’s-l‘ﬁ'! .",'I(‘
‘.
H : .
‘ et .

AR . .
- ‘e . D e e
R . . ‘.
J . A !
U lo...l...tl...ltlun._n...ll

C e gaeebirte b

PROSRTE FEED GAS MIX

oMz

—

KEF-KP -

_nzoeasmx

PRESSURITED GAS MU TRAGSFER. L AS STORAST TO R TANK,

JRpE




. ] t . i Py ¢
TR i | _ . _ , , \ E
el N | T il e g
L &.u AR IS B 1R | _ g _ @_Da_,...
i ! ' mu : : '
v .. . K N
. : ) N ———— e e ¥ . ., L 1 P.
- g ” " m_V Y SOV [ @ ) : _ b % T
R AR | _ oAy g _f .....#1_ 1R ALRRIN S K3 1A “ v
P N ISR : : . | .
R TP (A . ' -~ | N | G
L el ol 04 010101010704 |
X B . i hy B B . .
fx ' ~. : o — . . : L [
e . S ! “ ] ! T o
A R V.5 e e O LR I SR SN IO AR E
o HRUER POk v DRSO VRV ! ! ! R b
2 i vmmdeay e i .
N £ G a2 1 1 Il RO _ b e
S T s | T T L T L L eaaed P |
% B IO PP L)
....4 b > o I.LlulIO'II-II-I!I'R,I.‘Q-I.OO&.Iall.l'l.!l‘.l.'.lllul-l.lll-vl.l‘l-l.l-l"ll I-I_.L
0 * .n .
.w ~
' W I-Oll',.lllll-l-l’ll.ll-nll-l'o.l‘l.lI.Ollllllw-l.lll,lsillnll"‘.l-.Il- ('Jl'a!%
m. ' o B . “ . _ .. . . ” ~. ..v .A /@
: : o i oy ! .
S A R N R I
. o ol { ! " v ' . . . : .;.
' _.". » .‘.. . . , . -
M “. . , .<_.. . ’ i ’ ’ . w
i . . , : | .
- I LI 1 , . ~ - X
o . P b m p
m.. { ) i M . _ e ! > m _ _
. 1 e [T ]
‘ P i L] [} 1
' ' 1 ! 1 !
_. w ! M mﬂnm\k R _ g
| - | R T I . 4
“ - . e 2R B S ; -
: & Efy o
: tl“lll‘l‘l'll'.lll@l ! ]
U cl.l\.lpll-a..lsu e e %M —_—— ol “’Iul‘.‘ll’hr‘d * . . , , . :
' . of : ) ! , . ¥ . .
cll.l.lllll.-lAm vllul]lllll.. «.\h D ’ ~ ‘ ..‘ e .
‘ ! : N < mm - “ ul S T . , ,
' 1 — L. . NP .. ~.——\_ ' ) ) 1 . '
X - T r ( o _
sy ! U | P




(i
_

- ST ¥
o o P R .
; ”M ] N "
g SEAR R TR
T gl SR
s t & ! ' o .
. Tl T D
W i ~ ! .
: L b o n o
/ M3. ' __ ._. .. ..”
’ %m. booott “, .* . ﬁ_,._
§ L A
s A S _ R
Y _ 0 ! . R P M
o . vy . R S
1 vl . _ Do _
C : , I : S . i ' :
B Y- S | B 3 P R
s D L I SR
”,o.w ! , m - N .

.of 2 W

_,@ TR

Sofhaon
VALNES

« .
. e - . - .
..‘ ) ” n__u “ C 1 ] o . ] . . . .
AN o ! ) N . ~N 1 ', : . . . : : . . . .
; N * ! 1 ) .@. : " b St ) t . N N P ! L “ N ' [N
ot . 7 ' K . B FEE ' . .
“ l1l!c.®|lllll|!lv R S | ' R o A P T ! RN I
TR I S B ' " PR . ! L
SO0 R ) et P SCOE S L EEEE . - _ ! ”
“ S e - L ] l“ . . ' . o . ) !
N .. illgﬁ&. oo~ bR bl . ' ) . , B . \ oo
i . ) ’ . . - .
.o . , !
w . b4 “"".'. T mmwae] s w ""l"“l|"..‘-".'ll-“l"l.."‘l"'l"-""'J
Sy 'I.{.!..ullllll.lftl.ll B T T e R L TR R X L 2 n “ .
RSSO SO O SR A b
. S ARDURE ) B . ) I ]
g ' [ t ! ! !
N . B N D l.vool.illllOl...llllllqlCll.llJ ’ N 0 i |
) RS L - - ' . 1 1 1 _
R lltlllllwllu R R e R T l..ﬂ | R { g
“ [ \ @ll'ﬁllll {owawn .)Il.lllllll.ll.l.— . ' { i A ' ] {
R , 5 i i I ! ! 1 ! ,
s ' ,."._ .. ; @l'.ﬂu.l(l lvﬂﬁ EE R I_hDOUIIII.Il.ls.—al.ll!-l_Cl.ill.l".illll.l_t‘lllnl_l‘.lt.llnllllo‘l_O|O.Io o ..
: : Lot Kﬂu o . | R - .. : '
- = BT .Aclll B R e R .Ill'l..ll-!ln_lII.ll_n‘.lll .- - - {
. Bt D ot upuputag Bevlutcts Pl I M
: SHONS T RAVL | ) = _ . .

.- . @)'f"é’ﬁ%}(H.x 4 - - tl..l.!.l..!l.l.ll' - -ll-cl.ni_.—l —m g eemmmeny -~ ="

- [T I RIS PNV B R L L o B [} .
AR E VL] ! ! ! L !

]
I
1
|
!
1

C ) ) .. _ ._Illll-.oll'o ) []
S S R e e e i CTT

0

- e - ———

10 16

- e - e | — Sy . oo P o e f

rLaoLeS

.t.fgung - .Oc”-ﬂ.l I-l.ll.‘cu

. MR s 0 B ietel ikt Nt I
=2~ ~rnnssend - - | Tommememesa Imu. _@
. !

oyt

e OUTEY

o dn]e ]

e
; P
2y -

’

—

-

4

t
' -
!

'

]
3\

Py

Ve

e e

X o

@z; AN L) . | alla

of ODLAG TTAGL C

‘&{oua
VANLS. o3
YA OF

PR el S




.
-
-

.

.

r -
— .
~

-

-

»

H

e o e — -
.
»>

t
4

T e

f PR |

o ; . .
; . . . vy ' .
~t ‘ toe > . By
b . - P .
. - R ) o .. )

.
1
N
1
i
—_— -
f
foee T ?:::-A,L)
[

!
1
L)
1
\
1
!
]
t
i
¢
i
}
!
i
1
d &

- —————— o —
<

- ¥

KEF-HP-CCM3
-

|
.|
v

¥

: .
PR tL .. . .
. s . s}

_ ,N . @llllr@,!Tlﬂl]llL R e et Eﬁ
el L \ : .
. X

—— s —emie

b ! oo R it T

TYFILAL FOR
VYALVES.

. t )
S < . . .
N ' . - £ n
N - - - - - L R P K I YIS P O At O

 KEF-HP-COM4

hew PRESSURE
' HIP WKR. FEED (OMPRESOR

L
i ! 1 \ , M:w w
K . Py : - ; . S .
N~ = i T I L B e et T i gy JPUUISNRNEN v .~ B |
et | _ , L0 [ . s
! § . . a v
.l..rl@llll.a’-il.y i i .. 3 ) .
4,/ 7 ' ) . . i J :
D € e B BT v TN Y .
‘ ¢ . : . ! |
! . \ : i R ' ’ ]
e - et v s an nf o I.’.ll..l'l.ll-.c.lllvl.ll ., ] i '
] e o . “ ' _. N ) } \8 : " 1
.. - R ' )
S ) S S PRSI S SR _ c
B s . . . ' . e . ' L {
; e L gy . R B h R
DEEN o o )
t . - . .z !
; . C e .._llLl.lu..ll\l...tctllqv . g . R , *
G . ., ) o . s . .
. B B X N N . . . 5 ot
' R ”.A..W@M.oql,_c-.@.nl.luor.nu!. ...-.nltlrnlol..lltn......-ﬂ--.@:w_m‘. C e 0 _ @
.. . A - N N
. - i . T T N T. .
e ,,ﬁ“awll-?lm.-l_'il""l-lln! L R I T T L T l.-l-i“ : . ” [ ] e ;
AN IR A SR § B S 1 [ PR
: : s . SN 4 B A 1 e VL '
FIPR . . P . . 1 B .
) 1 A f B R . P | . _ L
] R [ R R . : I
B i v o] § oo - w.on.—y § ) o Ay
. H - 9 v .. 1 1 Lol o ot \Nu
! FEE T L ' . : ] . . ] o . , . ooy
N t ; . ] R | ‘T 1 : R s :
ool o S B S e 9o
i b VRTINS P . S P . 2
. NS XA , - 1 o AN I A A w
R « ) : AU | g ] “ A
o - : , “ : . o " ) \. m
, PPN IVNU JF S, b
PR - WS VL i , * _ i . o B 1
A ' . . e A ! F Y PR
I, ) Y. ' v ' m o
N : : R
| N ! : b o .
' .l AN o . e, P T PERES ST M
e m S L : i i LT
|- [ . Lt H u. Tl i




- 5 . . b ‘o
. .

LN A : . P o
{

'I-.Il-.l.l.l‘l!—.lll'-ll" - e oy llv!’l-.l-l.lll-‘lln."lllvl.lu

“ L , . v | Coa
; a ., o R
\ N . . ~ . . + . [} N -
B M S . N i oy
. - . M . . . B L} 11 ~
. N B M) B . - b ey . .
. . S BTG
3 . . +
"llll!'-.l.nl)ol‘ql.l.lrll.l"loll""'l"--'.l"""l‘-_lllc.i..l'.
. [} . v : . [ e e R e
R e , B A . ¢ X N —

. , . . .
| . . i
et e I W R e e e T L i o
: v

KRYPTON -wAzuLH fUMP -
KeF-HP- VP 1{VF 2™

- g - -
P . . o : e AL ~ c
i N Y R . i, ' N L . w .
N ! . i e N . ‘ . e . ¢
f . PR o ) HER I
B D R I I e T T e T e Ay R S
. . vy i FR : huliciy \ ,
. .
N ) e IV AL BFI IR
R - L, . o A T i (N
. A . . el e . "
X R e t . R Vo . —. ,
[ . L b i . \ e ) i P.
t . - . .
....tf.n..;......i...;,......a......z.lz.,..--f. oy 3
l : a . . i g
v : ' H— _. Tlae b _w : '
' T ." [ . g p., h. PR _.
) ) : S . e i ! ”
i i : \ _ Co . . N .
v""‘-.-'l""l'1"l"."""l"""l"'""‘-""'
. N B RN n .._. - T ot .
| . . A I
iy . , ] g : ‘ . o
o - R [ ’ o
L P ] _ * + oy
a o, : il ., , e
o Yy : .
{ _ '
g A

T .

_h ;
G ,: e R

"

!

,. .m L S R

RN . .mo . O

. . (- : w ' T a
PR .w B mm mv L

BRI R _..jm i ww

O TRURNACE,
- XEF-HP-AF {

- a2

SLBSTRATE ACTIVATION

; * ; .
i . g
4 +
.w.,“, H.A.
; ; m_.
. !
' B A
: N 1.
- , <+ - - : A
o * . . Av G . .
] o - . [ {
, ga _ o . R : !
b P B O o :
. } ! i ] .
1 v. LN . . .u.
, i \ H




r 1

. P N ,
eyt ' M .
LN
. Vo ? f
RN . [ . P
. . . - !
. IR : a .
g Y TP :
>y ’ ) . . -y ew
e . . . -
- - e o .

g
-
€

ELECTRIC

ex
HEATED

WOT 1SOSTATIC. PRESS

KEF - HP-HIP {

Llllrll.‘lilﬁ} ! 1
;o 4 -

i o one . -

y -

i .
o } ' ...— >~
tof &
. .
. . t .
. ¢ N [
. . . .
v,
. t e - -.
¢ . :
[ v
, 5 : Ve -
. .
' .
\ [N . N ) . PRI . ' ol
Jamy i . . . Vi
‘ S I .
[} [
1| 4 1 ‘
. ' i ' A
, . . : vy
N 13 +
y i . N . . ' .
LY ’
.
RV
of e e ! . . ' LI . e i E
. N 1] ’ "~
! v : ' . "
| ¥} ) ] e i ! ! I i
’ ) * .; o
l.lll'lL.lllJI.llll I!.I"'l.l'lclllll'i.l.l-lllt.lI-.D'.--I.l"'-'..il"l I|‘l®ll'4
t * ’ . . v -
. L ’ ! . .
. . ) ..4 L ‘ .. . > . 14
A Rl . B i K ., .
¥ i . )
B N . wm N LV ' [ IR —"..
. ) : : . PIRY - [
B X v : ,
M . P . - e 3 o e e . e

. . . ; . . K . :

L X L ] saq ﬁ . '
T b , A .
T . ) . e .a

o . ) . v
. &
: 2

i
PuM

7O Heriu
YACuU 1

L | ,.,N,,“\\v%/m

" W me wam w w e me

i .
AAAA

Py 3

.l#x
) L. pgrpeery
[N . —
. 4 '
/| .
Jr -i‘!"’_l"‘ . b O
N ot T
P e, PR )
. I o t [N P - .
T 2 BT AN ‘
L] . R ot . .
- b g T R gm e wwm e .ll.!l.'}!T"Tf.lll-!u LI LR
. .,. | . ' I L .
. LA | .
. . L . .
' ' . A [ B
. . R L . P
- i i
oy . i ! ' .
) i KRN ~ . o
: - ‘

!

llnllvlcll.l.l"l’-lll-nl“‘ - o e g l.Irl.‘l-.l!ll.'lrtll‘lul'l.ll

13 . .
O 00 M Y G e 0 0 Sh S 4 e ek G % AR AR e S 4e L e e R e

¢ } ! . "y I _‘_A
. L ) SN . R , - ' .
——— gy A by e g P S m e e e o B o e - - et R R e Bl ad iadd
T . . . : g ! _ N
' - e . . L 1 N __ ’
Cheg e .- ' - i ! .
Vo K 1 R

. i [ s . . ! [ ]
' 0 1a ) ' . u . . ) .. —
N . ~ . . . . 1 .
. ' : o . v , wlf(.ibL\
s . : S N

v g o -

L

) u_.,

On vACLULY Bute

-Hp- VP 1{VF 2T




"..” 0 ' : ' * e T ,.ﬁ,e W oy s .I,cm ,is.f!, e} o< .T“_.A R S S ,.;..T o .:..;.,,.:n..x.i:i,.,fa:%e:.,.
S D emamand, ..:,----...,.----_....-.@..lp/ e E)— At BRI N "
J. H B . ,. . ] ' . Wl., . . m. s B . .
+ . 20 . .
R ...@-...l-"'lll‘l'l ' R N RSP I . /) ol |
. ) " L }r v..

N ER L : ® €
.. L. .@Vc@..@ - m..-J.nw--,Ls:s.vnws.-*s@lDJI i..

\SOSTATIC. G2 BUN mé;

R o .ta:.u.'w.nﬂ.q R B R R L TP P -n..@ll.s 1e .
R S . T ! ._...4 : . o o ﬁ.u Lo , -
Ceo : e A o : -
¢ ' . b . -~
% l-lfv@ll’ I1-I.|L - vl.l..l.ll - -y g - cl.!l‘.l.- - — '.llld...o,lt..tl.‘t,q M.-mﬁwl . ..
. R \ JER :
. . : Vi b
S e - LT SUPUOUNPIN i S SN Mo, & -
. . " A 'Y u.wm /
. 4 e ! _V,OJK AR
X Y
i .. F28
. ' rrvbar. . i
T it § it T . {u BT _
T SENLIE] EER ' VOLATY T
A.- t “ ) ._. P , "
Ki v O I & '...I.I' — e wp om | - o t v
. ._- - , ; oy
R b v e fe] e e e am e wer [ . N
‘ :- , . i ) . . : X . ' w
ERREN) | i A NERRE
R . mv@lnn.....lu.i.ﬂl.ui....l.-l.n--.-illl-.u.l..ln - - -loﬂlllllf@ 1 E .
S I SR 1 , o I R :
g Eapruw o] f oo o~ .llll.lll!!.@'rl’., . : L M
el . e v ' : - - @ ) S * i
] _ ., T [ .”lJr'm!.mn.‘l!J LRl Lol o e N L R l‘b.'«ll@l; ' ..“ . 3
N i -« : A ".. “ S . .M o > - ! “q !
BT -} ST SR | SRR T | A | t—X ol
IR EE ARSI ......u_. ! L : s-m_ mm T - ' Lo _. ;
.o : -t .o Tl gB- i : . ;
\ "_ AR mv\v Mm oot " ‘ . ..”.
SRR | ElR . e SRR I
,p UL SR 1 T - . JE S . LI | “
l.l.lot@._nl.l..._sl!.-.:n......c.»l.n..!..nn c-.‘.;\..u....vn,-...-.. ed T i
N N I . ' ; oo e R R e . Sy : . !
st : " ! 1 i el : i
» ‘ 1 i * ~ ’—U m LR ! f: ' i T, M
i Lot | o : ) ) . % ¥ . : : , e
..__ . R .._ ’ . ! : - x -, . ! - m m .5 ' 4*..
N0 SO mmmanaddmemacccimmemae [ cecaformeman et e | emmmcr e p———— kO
B D e e L B st B
Jo ., ..,_ . . . ) b ... e . . ' . . . . Fo 'l __
) oy . AR G R a9 .3 :
: o . . R : . N ' , . W : "u .
S & IRV I I | - o S A
B — . . - N ¥
|

*1
i
i

A
e




i o v s ’
’ ' i ' i i
! [ N ! ! i
A T :
! .m oyt ' -
. [ _.. , o ' |
R AN
[ . . 1o
“ | Lo
T ! _ gt
] By : N I
[ ] . ' [ ,.“..“.
Lt . o
, PR B ) i I
. (AN M , beoeo
[ A et X L A
W e ' ! ) Yoo b
co . i RO T M
A __. RN S
) N ! ¢ f T
o ST . St ..,._
vt R “ ._ . i A t
IR R i L P
B R B S
| - __ oo bt , j
Pl S
. v NE ' o
\ ! ) ' _ [ — ! !
h Ilb-..hl'l-! P A S L T X X e A t Vie ' ' _ ] .
; I . T : oo ~“. ' : N
e . v . e
B & e ) PR T T T . wm v Yoo
2 . - . o0 m— ) ; 1 | _
S WA_ - - - @ . ! '
. C o] . ceadan ‘ I ) ¢ o :
TR . P d oo a0 Pennt U i ' .
. e : . uuﬂ . [ mL b ’
~ . K ¢ -
[ A 3€ ; TR
: o i _.MM
_. | | w
Lok PtRs : _
it ;
*.A I — ” . ! ! .
b . ' , ‘
T . y . .
TR P ~ - f v | , !
‘ ’ S T P —— ——— s K
J. ' ﬂ : : ! ..‘ | ! 1 . !
-l ) i ‘ .
: : [N . ! \ t i . ' ! '
: m ¥ a3 e A R B .
. bed 3 » § : v | ! :
&ﬂ P\, vy . ' ot ! 4 . . : o f
a8z - _ b e < , |
W x> . . i B , i I
x WL . 2 v . : ) . ' o
J g, . o R Lo
. e , o ! , P . ,
. __ ' .. { ..ﬂ )
e m@.fa\!u o - ! m _.. :
i ' . oo
Coo o : " R b
IAMY . -l o= - lJl.wlTJJt.l».l»...l:l..l..?.O nt.l.l.l‘l_, o ._ o )
. . ) - . IR bt |
LA AR E LR R - eem s b} XL ‘ ’ o ’
s 4 . . - é Qv S 1 N ga > L . [ od
S S A : o e |
; B X . . _”- R t ) h ~. i
. ' o l‘lll@l! lll»'l.l,l..x}'llll'llﬂlolllll!-'ll('él et o » “
- ..... . : . . ) . : - ) " ,. ' ... e r ) ’
s IR | S it B
RS . A.. . - mn o on e s .o vﬁ,ll'!.lll.llll.l.lto.ll l'-@ \ 2l pr \..v«,l..\. ’ ! .
; : 2l ¥ & 7 @ : # B
! - Q




' o

. . .
[y I
- . 3

T

.

.
'

N

.

+

S

1

e

W O W e et s Gk b G = Mk Y R G R W GWM R E ME Gm W e de e W el e P Ak aah e R G D e D e e e e R e e
e v A . H

P R LT

. * .

o o' e e mwm e ow w e e

¢! . '

y
o,

L N L L

= cm e m s TR -
Yy .

CLOSED \C0P CO0ING WATER

~_EXCHANGER
» >
7 T

HEAT -

,

YEF-HP-HE 2

'
. *a
N |
) ) i
: i TR b
’ i t ¢ N ~ . __
f . 1
.” ‘e v BN .
’ PR . N
. e 1
. . “ PR
i : ' * _
' R N
[ . i
o : .
e i e e R R T S | v i
. - ' _w
. * )

b o ae s emwe- o

(
-4

—————-

“,
.
LR
v '
o
"

=11

K

i
m
|
)
i

1

- 0 . D B S e T NN W M Gn e T T T G G e G e A Mn e e am e Gy

-

* - . e { . Co e u n_. . - .
. . Pt . o
C e quemn e m e n e ——. - PGP R iR g i
J - ’.‘ - an " ) L N ] e I—o - .— ) -.I CP
0 R /U : x
| T L3
. ' '
wl
w ' [ y , . ' 1 &MK
i o .
' ' ; i '
S . N NN
| : .

L e

0

i
s
‘
i
[

v

CLwTER,

Pume

© .KEF-HP-p2




R el IR SR R

ST T PIPING EINSTROVENTATION DIAGRAM T T T

T . ‘ PRECG\CE?[UA\_DES\GM
,_8: KRYPTom EMCAPSJLAT\G\}

“HIGH PRESSURE . © & -
S5 7[3[00 e




v s v 2 Rt

|

STORACE

S STORACE

W




e NN SN

NS NNy

T

ASSEMBLY (FIET
r

=l I

NS
|

——— e ]

N ACTUSTICAL LANELS

o Ty e —
O bzazzzev] -

I:]m

- ') 7,
| B 2] |
SECTION c-C
A e
- R - D
?M'mr:mrfg_m . __“ . - o N
/ : c
B . . L ssoaro
- _ 4 g
I
; 1= = ‘-‘l D [
P T ASSSMALY
¥ £ P - T
l - A S 4 1 HVAC ¢ EIECTRICAL -
i T !
. | i: - .
R By —g -
LW IRENGN O % *
. i———, ; 3 )
I R —t - ——— -
. ‘gsw_nr e ] t
I RSP 1 R . C
| } l
SECTION. D-D- - . — = e
: ) T THE RALPHM M PARSONS COMPANY
ey 13 s ook ARCUCTECTI- Ens 10 CINS H
i : NG oy .
- ——p by ]
=T U.S. DEFRTMENT CF ENERGY
= — Wawa DRERATIONS OPFEL . A
- T DAmD FALLY, 10800
- KEYPIOn ENCARS SLATION
PRECONZIATUAL DESICN
. ZEOQLITE ENCARSULATION
- VMOAX_CO0t wouets SUNLDING SECTIONS
T, pemery
- T = T _Ci5a A B
j st | 3 | 2 1 '




00 crey
° : wno-cur
-_— oocres ¢
I ssrecrom
~rar,
p--4
~ Q" we
200 crm
—
F HEsd
&20 ersr
t NTERim
. a% £77. FITER : P STomasc 22
A 30K £7F. FKTER : AR POW mOWITDR 8 [
. . ~.0"we
- - PRENCAT Cﬂ"—‘ ~QNF DARSER .
v y o é
ourzoc | |+ g v li-hated oo F,{
padios
R LI /] E H
} r
E
f
_ R - . . - - 2XTIIDE 20 crae
. am ’
T o i T oTT aco cra
£
p-r
- - BN - . M
o

<000 CFR AN,

-—n Py
N - ZERD LM ALK Qe
: ‘ i
) ) ) ) . !llﬂt
- orERLTIN
. Clkaded PO
- - .
-810" we
- P, - - . : ) . — &0
- ) ) N il
H 1 ) - -
- 1 . S
- | A4
|
2 [N . )
" B -
i
] 1]
A .- : ‘




. G
haddoad &0 cree
S48 SUBSTRATE .
s0cFm STORACE 200 CFu TARGETS
i - B
LT, WL, m:w:m
-o.0°we -0.10" we'
e 2sacrm
. ' ,
AISEMBLY
LoAD - 1N
[~ cEe
= b— - :? 2000 EFM
— x4 > +
-2.3° £ ~2e" e
I 2.37wo 2<% | ras coss)

: n —
—TAAMSFER AIR
1NN DUCTED)

E
) ) STACK
o O 2O~
20 crw
20 CF™
. i55% -
: mo crn STND-BY D
HeaLTHS . . o I
owrsicy . WCITIAXE t
x . TV A -
-0 e - - .
i : . ]
] ’ - !m:ﬂr Lavar

. .

i } womens | . ooy .
30 Crm .

- : E -0 cFar . Py
[’ c
- SO0 CFs i
' -
FLOW DIAGRANM ' :
B
[
L r— [N
I T -_—
b domied mrriaiews i wac ':-_-;
L)
= : COMPANY
o] A e
o PasAEnA. CaL (OB
T I I o
' = U.S. DEFRRTMENT OF ENERGY
== : e AT
] ‘ .
) . 4 4 MRIFTON ENCAPSULRTION
) : PRECONCEPTUAL DESIGN
ZEOUTE ENCRPSULATION
RVAC FLOW LIRGRAM -
Gr5d -3 pyP-y-2 s
] 4 f i 3 | H




OO

ot
i
L awp sumsosts vy -

Ki

”

/

" Q».;\Eqm
i, BV WoSERN
N7 7% O

Y VRSB VOD

1
Do “ [ Vossaveras L - o _ ST . i '
11

.'Am <} stb“‘ \q\.. 'Q

, , . e ey T ,
-— . o S - _. I (Aoaniers) : ; . .
1 avp 81 @} Yoy T Y voesaxdia ' . N . -
e 1} v oo ity v '
m R . . o IS P '
- .

T gon worsewmd - L : . .
L N evpony o o S

j&(\ﬁlﬂ' Q.?‘ﬂ-\\ w : A” “ V

ey \m S A owisweoNoD | A . , ' B PR
LA3 ST Nouwweoveay T S Lo ©

! :
w . N
m e e m " swovpro awasave ¢
3 \m wo of o7 '3 SR 0 '
pm ¢ MlnAA«IM ] oE 9 .v.u.ﬁn\.« 20}6,(
& Tm;al.l e SR e C .
: N A I o T : : - i

o enere o W
o vy e
b APoRfors o ) - s B
S mop e o . . ~
C v . N !

BVUNDIT A LLE ' : S

. o . ' iy e

.,_r_m@ O .
. 1 9% ..

SITE SLANOBY FONER
e %&4’
A l

XTI, a5 GO NS
E7/ M 20 it GO T D M IS

L @S&h.«ﬁ )

(ON MW Lermey

L Ry N ‘ ’ . oo ;

L Qa1 TN L . oo R
D et . o . S o -
Ve BN ¥ NI o
. K R L R 3
ol g\k\\!ﬂ;knw . . R L .




4

5.8 Av, 9, GONT
NORFLAL 5TE pOAER

2-5"co.

°3

> A

<t a4

A A Svd A
. m,nlun-n:r,':nv
1 LT fipr O ALLLD.

» el s

Lo ap
s a7

/¥ BGNOD

oA~ 500

DIAGRArY Srrias-§

— el
vy Bnserakn? ST
;‘ & AABETOR Smrras

4 100

Paswname o
o ¢ gbre 7 - WY CADACNS CamneliC TeOa
- Lotaga? ramdomtsa

3 - @umar Ty
Y00S5 - RATID , P AMARTT manat

it saew s rent

NOLL RS CACIUT BAARIY . OB 2

SOTBATie TRANBSI DR 20D DONUOSS £SO
Do umvart abransd

AETRUVT: 4 e

?
&
@ SIOTOR, B .. 5 MBS~
@
foi}

SRTRWGNT BNTCN ;M- drraTIE gwrrCE

Ed
—
~ys ALTORATIE TRAWEALR SwryTH
-~ o

. 2 Sramar

#racron

CNhrat® v o0 2y 0
(00 At et B8 ), & kot }

M0 [ha s LD SRCTIACT 3 et

SRR B Al 8 OOt T vt

{
] : A S
H ~O. KYA ’
/L J\ i 74 )
T s - - - 1: R 72 ‘5
/S5A 154 1
7 7 )
ﬂ = »
N RN
e~ o ~
I ) : .
= . . . o
e . KN 4O KN R i
R - LI - .
b, SRR T ¥
Bs . ¥ sX % S - = - § P
= Iy ‘:’_ LR Rl - By * QE * 3 g t )
B 08§ ooy oxYOFor¥ ;
3§ 93 g% X ey -8y 8 E RN H g s ;
b4 2 3 ES Tw > 5 % 3, - &8 i
l{ IQ 3% % A s\ Ta Ve 3 i N g
32 3% 3% 3 53 83 RN T RERE S s 5% & - o ) |
k& 8 J¢. X 3¥ 8T [T -5z 38 3¢ 3 sF 3 '
L : ’ T |
. \ ;
i 1
{
. 2
B
H
i b
G-ﬂ-f !lJ
T — —
N h T
v vistons = | ==
Co i THE RALPH M. PARSONS COMPENXY
= AW NI TET T C N6 1N CIRS :
T i SALADE A, Cay iFORmIA
— : e
et LS. DEFARTMENT OF ENERSY
Ty TRANY OPERATIONS OFF T
IDAMC FALLS, 1DAND
K RyPTIN ATIDN =
ZEOLITE ENCARPSULATIRY
X - SINGLE LINE DIAGRAYY|
OLT COOE L
=== — NOwE
" [N o — T Gr54-3-wp-£-2 =
3 | | — 543 '




Ny AN NN NN

t DECONT AR AT TON — = Z
\ e AR LD D

\ YT

:: 4 | TMEAUTHC T

ITADASTRATE L -
=RONTAINERS .

DETTNC

— T

. . . . e VECSKOOSTITAIIRS
N ’ KAt I WLV A
TTISTDRG TWATER
T MEAT EXCHMANGER =
i rrerc h ~ A -

4
e AN
< e g
u Jui E=Y
- i - ~ i}
O e R\ i
. 3 1 PUMET2 A =
| : e b
- e} i o Vs | ! 1 g
E e T i e
> FE - ] !
1—7—‘ : oot mowtavre ] [ gl ¥ sy i
B 3 REE s = i e = s B
se - - -— - Ir - : PuMEy : ! ~
LS XY S
20 : i T -
m— 8 =2 1 wosere | I
n Eimrw N - =
128 SRR Y] _ _qw«t i
TR F— qI {STSTRIT RAS ?‘
-' ___—____7,
’ LQ‘W"K‘
} I TR ol Yt ani
u.xu—i .\
PR SSIYHTZET.
D RAS
FiLtER .
. _4DAD OOT g - )
. WNSPECTION S~
. - A A
- ¢ - R .
—
' . . |
. T - ° i -
RS ) {
i B ’ I - ;
H ) A ER - PN .
V . _ S oI Tz .
. . - N -
. - [
.. - . |
lﬂO AN B




CONTROL PANELS

A

. 4 P —
A

DOPERATING T T _DFFICE = WOMEN [ ] ~ MWME N

QALLERY r1

E
f . ' . . P ’ © _ABSREVIATIONS
prre< g i i ) X . o . LATEREVIATIONS
Ty i) . R : R .
=t L i CORDI T CUNTENSATE ==~
- 7 * - EE Co : - “es MR PRESSURE STEAM -
| Zume sarzwniu f L . e e - ~ LPS  LOW PRESSURE STEam T
T . B . . DECON  DECONTAMINATION SOLUTION
p - - ey HEA MIGH PRESSUREL COMOPRELSED AR
L ey oo . PFEM | PRESSURIZED FEEL GAs mix |
1 T N : o - . P B R CLCWS SLOSED LODP COOLING WATER gosey]
. R o oo - CL.CWR CLESED LOOP COJLING WATIX RETURM
s - 3 CWS | COJLING WATER SUPeLY (SITCY
1 : E . ! - . - TCWR_ . COULING WATER RETURN (81TE)
H : - 1Gs 1ISCS5TATIC Gas SUPPLY -
! — L . vas VASUUM
! i T Psv PREISSURE SAFETY VALVE
- AD __._ RUPTURE 1SS . —_—
sLw PROCESS EQUITMENT WASTE
o - B . ’ NoTES:
! o oL ) 1. FOM ISOMETRICS OF PROCLSS WIPING c
. D ) To HEATIMG - 4YSTEMS SEL DWG 3x-P-2
1 ) - 2. FOR CONTAMINATED { SANITARY wasST§ °
3 T CSYSTEM="SITOWEIK-P-3 .
F— 1
4+ F = -
. } : . L
| DK
U — -
H
1 e NiGH PRESSURE _STEAM ' [——
o % . CONMDENSATE " ITTTTILLTL ’
5 THIGH PRESSURE .COMPRESSED ATR — L
I_TOOLING WATER RETURN
TTUEROLING WAT KR SUPWLY._ - .
- - N
— R - N PEREN - . B
B . —
. L
- . : : M —
. I ! - . ; T
- Y- - T T
o werarens T e
Ty
el THE RALPH M PARSONS COMPANY
e Lee ARCHITTCTEF us ' w(YRS
mCTATY PuSAD N, CA, ONEIS
. . X S .
B . oL . . . Ty =
. . . cL : . . i U.S. DEFRTMENT OF ENERGY
u - . ) - cC - - =y TOanD OVERATEMNY OVFCE A
- - - - roamd SALLT, 1WA -
~
L e ) KEYPTOM ENSAPSULATION .
: : FRECONCEFTUML CIZSIGN.
n TIZZOLITE ENCAPSULATION T
- N T -
- INDEY_COOC wuwet® L T FIPING FOANT . T
ST T T e mas
Pl e T 6154-3-HP-P-4 T

l T s N T n

-




=M

FRESSURIZED FEED GAS MIX SY




4y

5
Y- b,
5

3
/4‘
7 ) 5
6%} : v
T 1 - ¥ "
-1 i ; ‘5‘_”(
X 1 1 1 &
™~ " ;
4 [ 1
: S F
1 =
' 1
1. o
3
W A
1 -
1 P
1 ,’
1 -
-
JSOSTATIC CAS SU=PLy evsie
- ND QTALE E
)
- - e
. D
; c
1
. - I !
|
!
. a8
1
. i
..' ;
1 R .
3 1 Y T _—
P 3 T
- ——iens Tt s et
Ty -
=) : THE RALPH M PARSONS COMPANY ,
—— O e !
e + "AADtas CALIP ORI :
p__amoret LS. DEPARTMENT OF ENERGY
Y IDAwWS OFERET NS OFFET * ‘
+ TDAWG Fa. Ll IDAMS
KRYFTON ENZAPSULATION =
PRECONCEFTUAL CESIGN
. ZEQUITE ENCAPSULATION
TNOCT_COOt WUWSCR i . v /SCMETRICS
?.'.——‘.————-—- e —r ——— —
F T e T &I154-3-K=-P-3 7T
‘ ‘2 I 1 ot -,







.

G
F
“ReEmi— -
E.
. e
D
c
- =
i
rB_ '
FORKONT, SELCTIVIL Dwas P
i 1]
|
s I T L
> T P _
e “ieiees Vme
ad
L=} THE RALPH M PARSONS mMPANY
v A.C'"R"‘-l-ll.u'ﬂ
— A
T TeR US. CEPRTVENT OF EAERGT.
- - = FDAND OMERATIONS $#PICT A
e taaLt, 104r0
- - KRYPTON ENCASSULATION . . s
- FRECONCTEFTUAL_DESIGN.
2EDLITE. ENCAPSULATISN
1NOCE_COOT et s SANITARY t FROCESS DRAIN ==51 EM
i T E154-3-HE-P-g &S




A . T
N . ! . :
. i . ] .
' Lo . - T l!Uiﬂ#‘ﬂjl‘r\“ﬂ. llAul |
u s gy .Ly W‘ _.f .
v S . N } (Nhy 14 : C.
s . NNZ I INZ N 7 N -t S :
N Mn..mw _. I HE I V« - iy B .‘un.m..l.\.‘ w . : S .
) ~1¥9q ot W - L ._ . ,..v —
i I_Wym _._MXFA ._M.. .nrl‘ O : ﬁMt .. o ,
] e e o A,
~ .v ) . 1 * ‘ ”m - . m
. LS TR - |
v 4 .MJ " N . ) ©.
~N i o . v , N
' ! *w/mm 3 M mﬂ.m . .,~...
., LR
’ WY m 3 . } . a
_ .
P 33 I :
| - m _ﬂ/m, | Al o |
SR o 121 e 1 e’ e “
S TR Y ol | [ MY T L
_ 3 T ! R ] u ) _ . . _m ,.u e . .
' B R M N NN NN e |
.. N 2 i i i o . !
; i _ ‘ . ’ M |I
. . R : f !
. ot Y - . ;
. . : 1.
i ) ! _, _ lo
i i | \ o
at _ R \ : ) w u
: . . N : .
) . , W . M .. ‘ + ., ” _ ..




R

’ ' 3 ' 2 1 '
- G
£
a - E
N -~
- - ‘» = [ — - —— e e — - - - r——— . - ——— —_— - - - - - [~
' -

@ -

. ~ 3.6° . .

! . 1to Y ST -
: - . i G, ‘ . . . D
\z‘s:«.sasmov' B - . ] [

S N R | NS NS
N YEESSEL. _— -
S g . '-1 o }\:4 M - "2 PLACES EACH FESSEL .
- N h i — . - S :
T - e 3 K ; = N je3c0” -
- T N el T P : 1° 300% RF. NOZZLE,TV® ~
. b I f' ﬁ\ ] 3 2 MACES (T § OUTCED)
- } + 1 . EACH ressal .
: A RN e
- o) ! b IR .
- = e Yy EE T i :
- e T &x r‘:\ . rl-\ _l \ ‘“4.1 :':“ Aﬂﬂs -
;I_- ) H __M PR o eates T i - - . c
<2 - : . - S
- -] - - P
- ) - | C\ m 1 :ean.s.-i:rw& -
T ‘ BADDE HSPOAT, N
N Z.L . \\.//{ }\4 Trr. 10 PLAES
3 1 i
p3 IR T .
- Hl f - - iaxaai, KS-IIM - l—
3 - 1 i S D PP e -
T
- ’ u 1 . -
B <l H
= iR — i
- ‘ . -
f?"’ ~
g B
+2° . -
. - s i l
. - - . N i1
C e . e R S T el e e o . . {
Ll o A VIEW TT/BNT R L - -
) -~ B B R . . - . it —_
. - - owre viaiean ]
=T
R - == 1 THE RALPH K PARSONS COMPANY
- —= g .-;_..
R . R — 4
- - : . ——=aa 1 US. DORATMENT OF ENERGY
h - - - — g e OrtwaTONS OrvICE . A
- . DARO FaiLl, B8
: - KRYPIDN ENCAPSAATION
e . PRECONCEPTUAL DESHEN
T ZEDUITE ENCAPSULATION
- LAG STORAGE TANKS
—
i T G/54-3-HR-P-7 [z
l +f . | 3 I 2 1 e G543 {




e s . W s

EoEsrEATE

- i . ‘ ‘
- - - ] T i <
’ |
- - -i [
s AT -  E L —— -




s4‘0”

000"

colo ArtA

" WA AREA

O THWALLLECEND.

TS RMOKRCED COMCRETE

TZX CXDNCLETZ SOOCK T L

. Pamt BONLD -

.

R

P
D
- c
B
!
-~
T T 4 L t
T | SR —
v [ Yy 11
- et —vtroms i e T SIS
= THE RALPH M PARSONS COMPANY
——— & DA ARCRITECTI-{ W6 /XN
——id MRIADCRA, CAay 7 ORWIA
et WS, DEPMRTMENT OF ENERGY
== —_ BawG OPERATIONS OFFICE A
1Dan0 FMLE, IDANG
ERYFTON ENZALSJLATION
. PRECONCEITUAL 2EXSEN .
T ZEDLITE ENCAPSULATION
— " CROUND FLOOR PLAN
= T CpesarAd =
1 —— . !




B-1
B-2

APPENDIX B
MAJOR EQUIPMENT LISTS

ION IMPLANTATION/SPUTTERING
ZEOLITE ENCAPSULATION
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Equipment No.

KEF-II-TK1
KEF-II-TK101
KEF-II-TK2

KEF-II-TK3
KEF-II-TK4
KEF-II-TK5
KEF-II-AGI
KEF-II-AG101

KEF-II-COM1&2

KEF-II-P101
KEF~II-P1&2

KEF-II-VP1&2

KEF-1II-VP3&4
KEF-II-HE1
KEF-I1-HE2
KEF-II-F1

KEF-II-SC1-8

APPENDIX B-1

ION IMPLANTATION/SPUTTERING
MAJOR EQUIPMENT LIST

Name
Sump Catch Tank

Decontamination Solution Make-Up Tank

Pressurize Feed Gas Mixture Lag Storage

Tanks (8 required)

Pressurized Feed Gas Mixture Run Tank
Low Pressure Feed Gas Mixture Run Tank
Pressure Relief Accumulator
Sump Catch Tank Agitator

Decontamination Solution Make-Up Tank
Agitator

Feed Gas Compressor (2 required)
Decontamination Solution Pump

Closed Loop Cooling Water Pump (2
required) :

Sputtering Chamber Vacuum Pump (2
required)

Krypton Vacuum Pump (2 required)

Pressurized Feed Gas Cooler

Closed Loop Cooling Water Heat Exchanger

Pressurized Feed Gas Filter
Sump Liquid Sampler

Sump Catch Tank Liquid Sampler
Sump Eductor

Sump Catch Tank Eductor

Sputtering Chamber (8 required)
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APPENDIX B-1 (cont'd)

ION IMPLANTATION/SPUTTERING
MAJOR EQUIPMENT LIST

Equipment No. Name

- Mini-Trailer Robo-Carrier

-- 5T/2-1/2T Bridge Crane

- Automatic Welder

- Leak Detector

- Master-Slave Manipulator (4 required)

- 2T Monorail Hoist
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APPENDIX B-2

ZEOLITE ENCAPSULATION
MAJOR EQUIPMENT LIST

Equipment No.

KEF -HP-TK1
KEF-HP-TK101
KEF -HP-TK2

KEF -HP-TK3

KEF-HP-TK4
KEF -HP-TK 102

KEF -HP-TK5
KEF -HP-AG1
KEF-HP-AGIO1

KEF-HP-COM1&2

KEF -HP-COM384

KEF -HP-COM5&6

KEF-HP-P101
KEF -HP-P1&2

KEF-HP-VP1&2
KEF -HP-VP3%4
KEF-HP-HE1
KEF -HP-HE?2
KEF-HP-F1

Name
Sump Catch Tank
Decontamination Solution Make-Up Tank

Pressurized Feed Gas Mixture Lag
Storage Tanks (8 required)

Pressurized Feed Gas Mixture Run Tanks
(2 required)

Isostatic Gas Run Tanks (2 required)

Isostatic Gas Supply Cylinders (3
required)

Pressure Relief Accumulator

Sump Catch Tank Agitator

Decontamination Solution Make-Up Tank
Agitator

Feed Gas Mixture Compressors (2
required)

HIP Krypton Feed Compressor (2 required)

HIP Isostatic Gas Compressor (2
required)

Decontamination Solution Pump

Closed Loop Cooling Water Pump (2
required)

Krypton Vacuum Pump (2 required)
Helium Vacuum Pump (2 required)
Pressurized Feed Gas Cooler

Closed Loop Cooling Water Heat Exchanger

Pressurized Feed Gas Filter
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APPENDIX B-2 (cont'd)

ZEOLITE ENCAPSULATION
MAJOR EQUIPMENT LIST

Equipment No. Name

- Sump Liquid Sampler

- Sump Catch Tank Liquid Sampler
- Sump Eductor

- Sump Catch Tank Eductor

KEF -HP-AF 1&2 Substrate Activation Furnace (2
required)
KEF-HP-HIP1 Hot Isostatic Press

- Mini-Trailer Robo-Carrier (2 required)
-- 5T/2-1/2T Bridge Crane

- Automatic Welder

- | Leak Detector

- Master-Slave Manipulator (4 required)

- 2T Monorail Hoist
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APPENDIX C-1
ION IMPLANTATION/SPUTTERING
OUTLINE SPECIFICATIONS

1.0  EARTHWORK

Earthwork shall include the removal of all vegetation, trash and
debris, and excavation for foundations. Trash and debris shall be removed
to a sanitary land fill. Excavated material suitable for backfilling shall
be stock piled on site for later use. Cuts over 4 feet high shall be
shored or have side slopes a minimum of 1-1/2 to 1. Backfilling of .
excavated areas shall be compacted to 95 percent of maximum dry density in
accordance with ASTM D 1557, Method D.

2.0 STRUCTURAL
2.1 CONCRETE

2.1.1 Applicable Publications. Concrete shall conform to
ACI-318, "Building Code Requirements for Reinforced Concrete", and to the
requirements of the following publications of the American Concrete
Institute. These publications will be used to the extent they are
applicable:

ACI-304 "Recommended Practice for Measuring, Mixing and
Placing Concrete"

ACI-305 "Recommended Practice for Hot Weather
Concreting"

ACI-306 "Recommended Practice for Cold Weather
Concreting"

ACI-308 "Recommended Practice for Curing Concrete"

ACI-315 "Manual of Standard Practice for Detailing
Reinforced Concrete Structures”

ACI-347 “"Recommended Practice for Concrete Formwork"

2.1.2 Concrete Formwork. Forms shall be constructed to
conform, within the tolerances specified, to the required shapes,
dimensions, lines, elevations, and positions of the cast-in-place concrete
members as indicated. Forms shall be supported, braced, and maintained
sufficiently rigid to prevent deformation under load.

2.1.3 Cast-In-Place Concrete. Concrete shall be standard
density concrete (150 pounds per cubic foot) unless noted otherwise. The
minimum compressive strength of concrete will be 3000 psi at 28 days.
Portland Cement shall conform to ASTM C150. Reinforcing steel shall
conform to ASTM A615, Grade 60. Wire mesh for slabs shall conform to ASTM
A 185.
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2.1.4 Grout. Grout shall be sufficiently fluid to ensure
complete filling of all sections of units or areas requiring grout, but not
so thin as to allow segregation of aggregate. Al1 grouting shall be done
in accordance with manufacturer's printed instructions. Grout shall be a
non-shrink type.

2.2 METALS

2.2.17 Applicable Publications. The requirements of the
following publications shall be used to the extent they are applicable:

American Institute of Steel Construction (AISC)
"Specification for the Design, Fabrication and
Erection of Structural Steel for Buildings"

American Institute of Steel Construction (AISC)
"Specification for Structural Joints Using ASTM
A325 and A490 Bolts"

American Welding Society (AWS) "Structural Welding
Code" (AWS D1.1) v

2.2.2 Structural Steel. Structural steel shall conform to
ASTM A36. Fabrication and erection shall conform to AISC "Specification
for the Design, Fabrication and Erection of Structural Steel for Buildings".

2.2.3 Bolting. Structural steel connections shall conform to
"Specification for Structural Joints Using ASTM A325 or A490 Bolts".
Structural stainless steel connections shall be similar to structural steel
type connections, except that the mechanical properties of the bolts, nuts,
and washers shall conform to the latest revision of ASTM A193 for Class 2,
Grade B8, Type 304.

2.2.4 Welding. E308L electrode series shall be used to weld
304L stainless steel. Welding shall conform to the AWS Structural Welding
Code, AWS D1.1, for carbon steel, to the ASME Boiler and Pressure Vessel
Code for stainless steel, and to the requirements of the latest revisions
of the following publications to the extent they are applicable:

"Specification for Corrosion-Resisting Chromium and
Chromium-Nickel Steel Covered Welding Electrodes”, AWS
A5.9

"Specification for Corrosion-Resisting Chromium and
Chromium-Nickel Steel Welding Rods and Bare
Electrodes", AWS A5.9

"Specification for Flux-Cored Corrosion-Resisting
Chromium and Chromium-Nickel Steel Electrodes", AWS
A5.22

“Specification for Aluminum and Alumionum Alloy Welding
Rods and Bare Electrodes", AWS A5.10
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2.2.5 Masonry. Masonry units shall conform to ASTM C90,

AP~

Grade N, Type I for 8 inch or 12 inch block. Reinforcing steel for masonry

construction shall conform to ASTM A615, Grade 60 for deformed billet steel
bars.

3.0 ARCHITECTURAL

3.1 WOODS AND PLASTICS
3.1.17 Rough Carpentry

Rough carpentry shall be nailers, blocking, striping,
and miscellaneous. Any member in contact with concrete or masonry shall be
pressure preservative treated.

3.1.2 Finish Carpentry

Finish carpentry shall be bult-in wood shelving,
cabinets, hardwood shower seats, etc.

3.2 THERMAL AND MOISTURE PROTECTION
3.2.1 Preformed Metal Siding

Ribbed siding panels, 22 gauge, lap type joint with
insulation.

3.2.2 Building Insulation

Building insulation shall be U.L. listed with flame
spread under 25 and smoke developed and fuel contributed under 50.
Insulation shall be in thicknesses as indicated on the drawings.

3.2.3 Inverted Roof System

Dow Chemical Co., 3-1/2 inch thick styrofoam RM brand
insulation shall be placed directly over the roofing membrane.

a. Built up Roofing

Roofing shall be 3-ply, 20 year bondable type,
applied directly over substrate, John-Mansville or equal.

b. Polyester Formed Fabric

Dow Chemical Co. approved fabric shall be placed
loosely over the insulation.

c. Crushed Stone

A crushed stone ballast of 1-1/2 inch shall be
placed over the polyester formed fabric. Stone top covering shall be 3/4
inch to 1 inch in diameter.
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3.2.4 Sheet Metal

, Parapet flashing, counter flashing, base flashing, and
flashing at roof penetrations shall be 24 and 22 Ga galvanized steel.

3.2.5 Sealants and Caulking

Sealants and caulking shall be si]icone,lpo1ysu1phide
or polyurethane base, non-saf, gun-approved as pourable, selected as best
suitable for applicable conditions.

3.3 DOORS AND WINDOWS

3.3.1 Metal Doors and Frames

Doors and frames shall be standard commercial type,
conforming to the Steel Door Institute (SDI) standards as follows:

Doors: Flush panel, seamless; interior doors 18
gauge; exterior doors 16 gauge,
galvanized.

Frames: Full welded or knock down construction;
interior frames 16 gauge: exterior doors
14 gauge, galvanized.

Fire rated doors and frames, where required, shall
conform to the requirements of U.L. and shall bear the appropriate label.
A1l interior doors shall have 6 inch x 2 foot wire glass vision lites
except doors leading to toilets, lockers and janitor rooms.

Explosion proof doors shall be able to withstand 1-PSI.

3.3.2 Finish Hardware

Finish hardware shall include mortise-type latchsets,
locksets, exit devices, hinges, closers, thresholds, flushbolts, pulls,
push/kick plates, door holders, and shall be heavy duty as manufactured by
Sargent and Co. or equal. Exposed surfaces of hardware shall have a satin
finish or as selected. A1l building exits shall be provided with panic
exit devices.

3.4 FINISHES
3.4.1 Metal Studs
Except as otherwise noted all metal studs shall be 4

inches x 20 gauge, non-bearing screwable type, punched for utility lines,
complete with top and bottom runners.
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3.4.2 Gypsum Board

Gypsum board shall be 5/8 inch thick tapered edge
throughout. Water resistant gypsum board shall be used in toilet rooms and
janitors room. Type "X" shall be used in 1-hour fire rated areas.

3.4.3 Ceramic Tile

Ceramic tile work shall include regular Portland cement
sitting beds and ceramic tile floors, wainscots and walls. Tilework and
installation shall conform to the American National Standards Institute
(ANSI) and the Tile Council of America (TCA).

3.4.4 Acoustical Ceilings

Acoustical ceilings shall be suspended exposed metal
"T" grid system with lay-in acoustical units. Exposed "T" members shall be
aluminum or steel with applied matte white enamel finish. Acoustical units
shall be 24 inches x 48 inches x 5/8 inches. Acoustical material shall be
U.L. Tisted with flame spread under 25 and smoke developed and fuel
contributed under 50.

3.4.5 Cement Plaster

Cement plaster shall be installed on metal lath and
steel framing on walls and ceilings where scheduled, including all
necessary trim and accessories.

3.4.6 Resilient Flooring

a. Floor coverings in the Decon area, air lock and

- gallery shall be 200 vinyl chloride, 2 mm thick flooring as distributed by
Dynamit Nobel of America Inc., or approved equal. Material shall be

manuf actured as a homogenous polyvinyl chloride with the pattern and color
extending through the butt thickness and shall conform to Federal
Specifications SS-T-312, L-F475, and ASTM E84. Material shall have
chemical resistance to acids, bases, dye stuffs, and solvents and shall be
noncombustible or self-extinguishing. Installation shall be made as a
monolithic, seamless floor by heat welding and fusion, or by butt welding
edges of material sheets together. Flooring shall be butt welded directly
to 6" high Mipolam flexible vinyl cove.

b. A1l other areas such as offices and hallways shall
have vinyl asbestos tile flooring as manufactured by Armstrong Cork Co. or
equal. The tiles shall be 12 inches x 12 inches x 1/8 inch commercial
quality. The base shall be four inches high top set vinyl cove base with
pre-formed internal and external corners.
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3.4.7 Painting

Except as excluded herein, all surfaces of new work
shall be properly prepared, primed, and finished, including walls,
ceilings, miscellaneous exposed materials, equipment, piping, hangers,
conduits, grilles, etc., which normally require painting.

The following items shall not be painted:

Surfaces receiving a special protective coating
Concrete floors

Anodized aluminum, chromed, or stainless metals
Factory-finished items and equipment

The following items shall be primed or shop-coated
prior to delivery to job site:

- Metal doors and frames
- Structural steel
- Miscellaneous metal work

Paints, primers, and finishes shall be ready-mixed and
equal to first-line products as manufactured by:

Devoe and Reynolds, Inc.

Pratt and Lambert, Inc.

E. I. DuPont de Nemours and Co.
Rust-Oleum Corporation

Glidden Company

Benjamin Moore and Co.

a. Painting Schedule. A1l painting shall be two coats
applied over a primer coat. The primer coat shall be appropriate for the
surfaces to be painted and compatible with the types of finish coat used.

b. Interior Surfaces

Surf ace Finish

Concrete 1 coat masonry flock filler
2 coats interior alkyd
semigloss enamel

Galvanized Metal 1 coat zinc dust-zinc oxide
: primer
-1 coat interior enamel
undercoat

1 coat interior alkyd
semigloss enamel
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Ferrous Metal 1 coat zinc, iron oxide,
alkyd resin-type metal primer
1 coat enamel undercoat
1 coat alkyd semigloss enamel

c. Exterior Surfaces

Surface , Finish

Ferrous Metal 1 coat alkyd-oil resin-type
metal primer
2 coats semigloss enamel

Galvanized Metal 1 coat zinc dust-zinc oxide
primer
2 coats semigloss enamel

Special Coatings

Special coatings shall be Ameron system decontaminable

special protective coating for floors, walls, and ceilings, or equal.

Frames:

Concrete:

Concrete floors:

Prime sealer Nu-Klad 108
Intermediate coat Amercoat 66
Top coat Amercoat 66 (2 coats)

Concrete Walls:

Prime sealer Nu-Klad 108
Filler Nu-Klad 114
Intermediate coat Amercoat 66
Top coat Seal gloss Amercoat 66

Structural Steel, Decking, Carbon Steel Doors and

Primer Amercoat 77
Cleaner (for galvanized) Galvaprep

Intermdiate coat Amercoat 66
Top coat Amercoat 66

Protective Coating for Stainless Steel Embedded in

Double coating Thurmalox 70
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3.5 SPECIALTIES
3.56.1 Metal Toilet Partitions

Ceiling hung toilet partitions and wall hung urinal
screen shall be products of Sanymetal Products or equal, "Century Type"
with a baked enamel finish.

3.5.2 Toilet Accessories

Toilet accessories shall be products of Bobrick
Washroom Equipment Co., or equal, including:

Mirror

Soap dispenser

Towel dispenser and waste receptacle
Sanitary napkin dispenser

. Toilet tissue dispenser

Seat cover dispenser

o oo oo
. ] . * L]

3.5.3 Louvers

Louvers shall be products of Construction Specialties,
Inc., or equal, mullion type louvers Model 4100 standard blade or as
applicable and shall be constructed of extruded aluminum, 6063-T52 alloy,
furnished with 1/2 inch mesh birdscreen.

3.5.4 Signs and Directories

Signs shall be products of Vomar Products, Inc., or
equal.

3.5.5 Lockers and Benches

Lockers and benches shall be the products of Lyon Metal
Products, or equal.

a. Lockers. Lockers shall be single tier-type, 12
inches wide, 18 inches deep, 72 inches high with baked enamel finish.
Lockers shall be curb mounted.

b. Benches. Benches shall be constructed of hardwood
seats, finished with three coats of plastic sealer mounted on enameled
steel pedestals.
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4.0 EQUIPMENT
4,1 PROCESS EQUIPMENT
4.1.1 Sump Catch Tank

Equipment No. KEF-II-TK1. 42 in. diameter by 6 ft.-6
in. tall, constructed of ASME SA-240 Grade 304L stainless steel. Design
and fabrication per ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1 at 15 PSIG and 1000F. Capacity shall be 500 gallons.

Equipped with an electric motor driven agitator (Equip. No. KEF-II-AG1) and
an internal spray header for decontamination solutions with inlet, outlet,
vent, and instrumentation connections and agitator mount.

4.1.2 Decontamination Solution Make-Up Tank

Equipment No. KEF-II-TK101. 42 in. diameter by 4 ft.-0
in. tall, constructed of ASME SA-240 Grade 304L stainless steel. Design
and fabrication per ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1 at 15 PSIG and 2009F. Capacity shall be 300 gallons.

Equipped with an electric motor driven agitator (Equip. No. KEF-II-AG1O0T)
and a steam heating coil with inlet, outlet, vent, and instrumentation
connections and agitator mount.

4,1.3 Pressurized Feed Gas Mixture Lag Storage Vessels,
Pressurized Feed Gas Mixture Run Tank, Low Pressure Feed Gas Mixture Run
Tank

Equipment No. KEF-II-TK2 (eight required), KEF-II-TK3
(one required), and KEF-II-TK4 (one required). 12 in. nominal diameter
pipe (Sch. 80S) by 12 ft.-0 in. long, constructed of ASME SA-312 Grade
TP316L stainless steel. Design and fabrication per ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1 at 1270 PSIG and 300°F.
Capacity shall be 9.5 cubic feet. Equipped with inlet, outlet, and
instrumentation connections. The ten vessels shall be stacked two wide by
five high in a structural steel frame as shown on Drawing No. P-6.

4.1.4 Pressure Relief Accumulator

Equipment No. KEF-II-TK5. 18 in. nominal diameter pipe
(Sch. 40S) by 4 ft.-6 in. long, constructed of ASME SA-312 Grade TP316L
stainless steel. Design and fabrication per ASME Boiler and Pressure
Vessel Code, Section VIII, Division 1 at 500 PSIG and 2009F. Capacity
shall be 8 cubic feet. Equipped with inlet, outlet, and instrumentation
connections.

4.1.5 Feed Gas Mixture Compressor

Equipment No. KEF-II-COM1&2 (two required). Single
stage, diaphragm type with hydraulic fluid providing the pulsating motion
to compress Krypton-85 gas from an inlet pressure of 340 psig at 700F, to
a discharge pressure of 500 psig. Compressor displacement shall be 1 CFM
at 400 rpm. A triple diaphragm shall be used with a detection system to
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indicate either compressed gas or hydraulic fluid leakage through the
diaphragm. Parts in contact with krypton shall be Type 316 stainless
steel, other parts may be manufacturer's standard for the application. The
compressor shall be electric motor belt driven. Maximum compressor speed
shall be 400 rpm, electric motor speed shall be 1800 rpm. The electric
motor shall be 460V, 3 phase, 60 Hertz. Each compressor and drive shall be
assembled and mounted on a structural frame.

4.1.6 Decontamination Solution Pump

Equipment No. KEF-II-P101. Centrifugal, horizontal,
electric motor driven pump. Motor speed shall be 1800 rpm. Parts in
contact with decontamination solutions shall be Type 316 stainless steel.
Pump capacity shall be 50 gpm with 40 feet TDH.

4.1.7 Closed Loop Cooling Water Pump

' Equipment No. KEF-II-P1&2 (two required). Centrifugal,
horizontal, electric motor driven pump. Motor speed shall be 1800 rpm.
Pump material shall be ductile iron. Pump capacity shall be 100 gpm with
60 feet TDH.

4.1.8 Krypton Vacuum Pump

Equipment No. KEF-I1I-VP1&2 (two required). Cam and
piston, compound vacuum pump, capable of displacing 3 CFM minimum at 10-2
Torr. Metals in contact with the process shall be Type 316 stainless
steel. Other materials in contact with the process shall be compatible
with Krypton-85. Pump shall be motor driven, single or three phase,
230/460V, 60 hertz. Maximum motor speed shall be 1800 rpm.

4.1.9 Pressurized Feed Gas Cooler

Equipment No. KEF-II-HE1. Shell and tube type heat
exchanger with 20,000 BTU/hr. duty. Materials is contact with krypton gas
shall be Type 316 stainiess steel, other materials may be carbon steel.
Design and fabrication per ASME Boiler and Pressure Vessel Code, Section
VIII, Division 1, and TEMA R requirements. Design pressure for gas side
shall be 600 PSIG, with 2000F inlet temperature and 1100F maximum
outlet temperature. Design pressure for water side shall be 100 PSIG with

950f inlet temperature.

4.1.10 Closed Loop Cooling Water Heat Exchanger

Equipment No. KEF-II-HE2. Shell and tube type heat
exchanger with 2,000, OOO BTU/hr. duty. Materials shall be carbon steel
with admiralty tubes Design and fabrication per ASME Boiler and Pressure
Vessel Code, Section VIII, Division 1, and TEMA R requirements. Design
pressure shall be 100 PSIG, with closed loop water inlet temperature
TBgOF and outlet temperature 959F, and cooling water inlet temperature
85CF.
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4.1.11 Pressurized Feed Gas Filter:

Equipment No. KEF-II-F1. Inlet filter with removable
sintered metal element. Filter rating shall be 2 micron with 2 CFM flow
and 500 PSIG pressure, with no more than 10 PSI pressure drop. Materials
in contact with Krypton-85 shall be Type 316 stainless steel.

4.1.12 Sump Ligquid Sampler
Sump Cath Tank Liquid Sampler

' Manually initiated, isolating, plunger type, air
powered, solenoid valve actuated liquid sampler.

4.1.13 Sump Eductor
Sump Catch Tank Eductor

Air or steam operated liquid eductor, 30 gpm transfer
rate, Type 304L stainless steel.

4.1.14 Sputtering Heads

(Eight required). Pedestal mounted vertical connector
assembly, in groups of four, with guide pins, remotely operated, insulated
connectors for target, substrate, filament, and anode power, target and
jacket cooling water supply and return, and gas and air supply, constructed
of Type 316 stainless steel.

4.1.15 Shielded Cooling Jackets

(Eight required). Lead and Type 316 stainless
steel-clad cooling jacket assembly with guide pins, guide holes, and seals
to mate with target/substrate assembly and with sputtering head, and with
insulated connections for cooling water supply and return.

4.2 MECHANICAL EQUIPMENT

4,2.1 Mini-Trailer Robo-Carrier

(2 required). Remotely operated, automatically
controlled electric cart and platform 1ift assembly, with vertical and
horizontal canister cradles, with pneumatic push/pull piston, and with
pre-programmed positioning capablllty

4,2,2 In-Cell Bridge Crane

Remotely operated bridge crane with 12-ft. 0-in.- span
and 5-ton top mounted trolley and hoist, and with two 1/2-ton underslung
auxiliary trollies and hoist, as manufactured by Edder Corp. or Approved
Equal.
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4.2.3 Remote Welder

Fully remote automatic welding station as manufactured
by Astro-Arc or Dimetrics Corporation or Approved Equal.

4,2.4 Leak Detection System

Fully remote automatic leak detection system with
automatically calibrated helium detector.

4.2.5 Master-Slave Manipulators

(Four required). Model "F" type master-slave
manipulators, for assistance and maintenance of automatic welder and remote
leak detection system, as manufactured by Central Research or Approved
Equal.

5.0 HEATING, VENTILATING, AND AIR CONDITIONING SYSTEMS
5.1  SUPPLY FANS

Supply fans shall be single-width, single-inlet,
non-overloading centrifugal type with airfoil blades, V-belt drive and TEFC
motors, AMCA Class II construction, and variable inlet vortex vane damper
capacity control. Capacity shall be 5000 cfm at 3-inches wg static
pressure and 5-hp. Fans shall be Buffalo Forge Co. type BL-Aerofoil, size
400, or Approved Equal.

5.2  EXHAUST FANS

Exhaust fans shall be designed and constructed to operate
continuously prior to, after, but not necessarily during an Operating Basis
Earthquake (OBE). Fans shall be single-width, single-inlet non-loading
centrifugal type with airfoil blades, V-belt drive and TEFC motors, AMCA
Class III construction, and variable inlet vortex vane damper capacity
control. Capacity shall be 5000 cfm at 10-inches wg static pressure and 15
hp. Fans shall be Buffalo Forge Co. type BL-Aerofoil, size 365, or
Approved Equal.

5.3  VENT FANS

Vent fans shall be tubular in-line flow type having an airfoil
centrifugal wheel. The fans shall be V-belt driven by a TEFC motor mounted
on the tubular fan housing. Capacity shall be 18000 cfm at 1.0-inches wg
static pressure and 15 hp. One of the fans shall be provided with variable
inlet vortex vane damper capacity control. Fans shall be New York Blower
€o. Tubular Acoustafoil type, size T-309, or Approved Equal.

5.4 POWER ROOF VENTILATORS
Power roof ventilators shall be low silhouette, all aluminum

construction, spun housing type. Fans shall be centrifugal type with
direct drive. Capacity shall be 150 cfm at 0.38 inches wg static pressure.
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5.5  PREHEAT COILS
Preheat coils shall be 2-row, non-freeze, finned tube, low
pressure steam type. Coil capacity shall be 5000 cfm and 315,000 Btu/hr at
15 psig steam pressure, with -209F entering and +400F leaving air
temperatures. -

5.6  HEATING COILS

Heating coils shall be 1-row, finned tube type designed for
modulating control with steam at 15 psig pressure.

5.6.1 Contaminated Areas

Heating coil serving the Load-out, Gas Storage, and
Substrate areas shall have a capacity of 550 cfm and 25,000 Btu/hr with
+400F entering and 909F leaving air temperatures. Coil face area shall
be 1.0 square feet.

Heating coil serving the Process Cell shall have a
capacity of 3150 cfm and 85,000 Btu/hr with +40oF entering and 700F
leaving air temperatures. Coil face area shall be 5.0 square feet.

5.6.2 Non-Contaminated Areas

Heating coil serving the Office, Health/Physics,
Operating Gallery, and Vestibule shall have a capacity of 1170 cfm and
53,000 Btu/hr with +400F entering and +900F leaving air temperature.
Coil face area shall be 2.0 square feet.

5.7 COOLING COIL

Cooling coil shall be finned tube type for direct expansion
refrigerant service. Coil shall be provided with a liquid refrigerant
distributor. Coil capacity shall be 1170 cfm and 30,000 Btu/hr. Coil
shall have a face area of 2.5 square feet and be six rows deep.

5.8 SUPPLY AIR FILTER BOXES

Supply air filter boxes shall be the side loading type
containing a guide track for prefilters and a separate guide track for high.
efficiency filters. Prefilters shall have an efficiency of 30% per ASHRAE
Standard 52-76. High efficiency filters shall have an efficiency of 90%
per ASHRAE Standard 52-76. Filter boxes shall be Farr Co. side loading
model 3P Universal Glide/Pack with type 30/30 prefilters and type HP-200
high efficiency filters, or Approved Equal. Filter box capacity shall be
5000 cfm and shall have 4-24" x 24" x 4" prefilters and 4-24" x 24" x 12"
high efficiency filters.
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5.9  EXHAUST AIR HEPA FILTER PLENUMS

Filter plenums shall contain two stages of side loading,
bag-out HEPA filters and provisions for remote in-place DOP testing of each
HEPA filter. Filter plenums and filters shall be as manufactured by
Flanders Filter, Inc. Each plenum shall consist of the following:

1) Upstream first test section, T-I, including DOP injection
port, DOP diffusers, and upstream challenge aerosol concentration sample
port.

2) First stage of HEPA filters in a model E-4, side loading,
bag-out housing.

3) Center combination test section, T-C, including DOP
injection port, DOP diffusers, and sample port for measuring first stage
downstream sample concentration or second stage upstream sample
concentration.

4) Second stage of HEPA filters in a model E-4, side loading
bag-out housing.

5) Last test section, T-0, including DOP diffusers and sample
port for measuring second stage downstream concentration.

Capacity of each filter plenum shall be 6000 cfm. Each filter
shall be 24" x 24" x 11-1/2" and arranged in the plenum 2-wide by 3-high.

5.10 SPRAY COOLING CHAMBER

A spray water chamber shall be provided upstream of each
exhaust air HEPA filter plenum. Each spray chamber shall be of stainless
steel all welded construction.. One bank of spray nozzles shall be provided
together with moisture eliminators, and drain sump. Capacity shall be 5000
cfm with a face area of 10 square feet.

5.11 UNIT HEATERS

Unit heaters shall be horizontal suspended type with steam
heating coil, propeller fan, and adjustable discharge air louvers.
Capacity shall be 50,000 Btu/hr with 15 psig steam pressure. Unit heaters
shall be Trane Co. model 60-S, or approved egual. :

5.12 AIR COOLED CONDENSING UNIT

: Air cooled condensing unit shall be for split system service
and shall include an air cooled condenser, hermetic refrigerant compressor,
and automatic control system. The unit shall have a capacity of 30,000
Btu/hr with ¢50F ambient air. Unit shall be Carrier Corp. model 38GS042,
or zpproved equal.
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6.0 PLUMBING
6.1 SCOPE OF WORK

The Contractor shall provide all labor, materials, equipment,
and tools necessary for the installation of interior plumbing piping,
plumbing fixtures, and plumbing piping extending out to 5 ft from the
building where a break is made between plumbing and exterior sewage,
drainage, and water piping materials. .

The work shall include, but shall not be limited to the
following:

6.1.1 System
Furnishing and installing a complete plumbing system
consisting of soil, waste and vent lines and hot and cold water
distribution.

6.1.2 Fixtures, Trim, and Accessories

Furnishing and installing plumbing fixtures, trim and
accessories.

6.1.3 Sewer and Water Lines

Furnishing and installing sewer and water lines from
building to 5 ft-0 in. outside of building.

6.1.4 Flashing

Furnishing and installing flashing and counterflashing
for items of this system. '

6.2 MATERIALS OF CONSTRUCTION
6.2.1 Waste and Vent

Above ground 1-1/2 in. and smaller shall be Schedule 40
galvanized steel pipe with coated cast iron drainage type screwed
fittings. 2 in. and larger shall be service weight cast iron soil pipe and
fittings (Bell and Spigot Type or No-Hub). '

6.2.2 Sewer

Below grade or slab shall be Bell and Spigot service
weight cast iron soil pipe with neoprene compression gaskets to ASTM C
564. Above grade shall be standard weight cast iron Bell & Spigot or
No-Hub.
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6.2.3 Domestic Hot and Cold Water Piping

Materials shall be Schedule 40 galvanized carbon steel
pipe and fittings to ASTM A 120 with 300 1b rating. Hot water piping shall
be insulated.

6.2.4 Steel Pipe Unions

Galvanized 300 1b malleable iron, railroad ground joint
type.

6.2.5 Valves

Valves shall be gate valves 150 1b. Screwed bronze
ISRS, Crane No. 431 or Approved Equal, or ball valves 300 1b. Screwed
brass with TFE seals, Pacific No. 1-B or Approved Equal.

6.2.6 Partition Stops

Repcal B98 or Approved Equal, loose key type, hose
bibb, with flange.

6.2.7 Strainer
Sporlan or Approved Equal.
6.2.8 Sleeves

Sleeves shall be of 24 gauge galvanized iron or steel,
for use wherever pipes pass through concrete floors and foundations.

6.3 PLUMBING FIXTURES

6.3.1 Water Closet. American Standard No. 2502.011 white
vitreous china, siphon jet wall hung, Sloan Royal No. 110 flush valve,
white open front seat less cover. J. R. Smith No. 100 carrier.

6.3.2 Urinal (Mark - UR). American Standard No. 6500.011
white vitreous china, wall hung, Sloan Royal NO. 186-11 flush valve with
1-1/4 in. top spud, wall and spud flanges, vacuum breaker, with adjustable
floor support. :

6.3.3 Lavatory (Mark - L-1). American Standard No. 0350.132
20 by 18, wall hung, white vitreous china, No. 2248.284 faucet with pop-up
drain, No. 2303.063 loose key angle stop supply pipes, No. 4401.014
adjustable P-Trap. Adjustable type concealed lavatory, floor support
carrier, with four point locking.

6.3.4 Shower (SH). Sloan Royal No. AC-10 Ac-to-matic with 3
gom flow control. Stainless steel, built-in mixing valve with 1/2 in.
inlet ports. _
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6.3.5 Floor drain (FD-1). Josam 30000A cast iron body,
nickel bronze strainer.

6.3.6 Roof Drain (RD). Josam 21000 Series, large dome,
bottom outlet with standard clamp ring and gravel stop, gasket, dome, and
body and to include deck clamp, drain receiver, and stationary extension
collar.

6.3.7 Overflow Drain (0OD). Josam 21000-16 Series, large
dome, bottom outlet with standard clamp ring and gravel stop, gasket, dome,
and body and to include deck clamp, drain receiver, and stationary
extension collar.

6.3.8 Cleanouts (types)
(1) Ordinary: Zurn A-1305

(2) Floor Type: Zurn Z-1326-1 or Z-1326-10, for
setting with top flush and square with floor.

(3) Wall Type: Zurn with Z-1310 chrome plated cover
plate.

6.3.9 Water Hammer Arresters (WHA). Water hammer arresters
shall be Zurn Shocktrol 1700 Series, Smith 5000 Series, or Approved Equal.

6.3.10 Roof Drainage. Piping for the roof drainage system
will be carbon steel, hot-dipped galvanized, ASTM A53, Gr "B", Std. Wt.
threaded ends. F1tt1ngs will be 125# cast iron, ASTM A126, Grade B,
hot -dipped galvanized, threaded ends.

6.4  EQUIPMENT

6.4.1 Electric Water Coolers

The cooler capacity shall be in accordance with Sunroc
Model NSF-8-D or Approved Equal. The cabinet shall be constructed of 19-20
gauge welded stainless steel, with a removable front panel, a stainless
steel base, and a Type 300 series stainless steel top. A chrome plated
brass hand operated bubbler on a raised mount shall have a built-in
pressure regulator. The Contractor shall furnish a reciprocating type
hermetically sealed motor compressor with an air cooled condenser and a
tube type cooling unit for Type 12 refrigerant, an insulated power cable,
and an enclosed, adjustable thermostat. Electrical specifications are 1/4
hp, 115 V, 60 Hz, single phase. The cooler shall bear the Underwriters
Laboratory (UL) label. ,

6.4.2 Electrical Water Heaters

The heater shall bear the Underwriters Laboratory (UL)
label. Each heater shall have a steel glass lined tank with a magnesium
anode, 4 bolt flange, inconel sheathed, rod-type heating element with
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pre-wired terminal leads, and immersion type thermostat switching a
magnetic contactor(s). The heater shall have a minimum 3 inch glass fiber
insulation with a round steel shell. Each heater shall be provided with an
ASME rated temperature and pressure relief valve,

7.0  ELECTRICAL

This section applies to all electrical equipment and components,
which will be used on the Ion Implantation/Sputtering Facility. A1l items
are commercially available and shall comply with applicable codes and
standards. The power and services required are available from the existing
Site utilities. Conduit only will be stubbed out 5 ft from the building
for 13.8 kV normal and 480 volt standby power connections.

7.1, CONDUIT

A1l conduit systems shall be UL approved, rigid steel,
zinc-coated or 304L seamless stainless steel, Schedule 40 pipe. The
minimum conduit size shall be 3/4 in. for power, unless otherwise noted,
and 1/2 in. for exposed communication, control and instrumentation.
Insulated bushings shall be provided at all terminals, where hubs are not
used. Flexible metallic conduit shall be liquid tight. Expansion type
conduit fittings shall be used across building expansion joints.

7.2  WIREWAYS AND AUXILIARY GUTTERS

Wireways and auxiliary gutters used in dry locations shall be
preformed with screw type covers.

7.3  CABLES, 5 kV

The 5 kV dc target cables shall be No. 8 AWG, non-shielded,
single-conductor Class B, concentric-stranded copper conductors,
ethylene-propylene rubber insulation, Okonite Okoguard Okoseal, or equal.
Cross-1link polyethylene insulation is not acceptable. The 3000 Vdc target
system is solidly grounded.

7.4 BUILDING WIRE, 600 VOLT

Single conductors for power, lighting, and miscellaneous
control shall be 600 volt, code type, 90°C, RHH-RHW,USE,FP1 with
chlorosulfonated, polyethylene jacket for No. 2 AWG and larger, Okonite
Okolon, or equal. Type THHN-THWN shall be used for conductors smaller than
No. 2 AWG. The minimum control wire size shall be No. 14 AWG, and No. 12
AWG for all other wiring. A1l conductors shall be stranded copper except
that lighting and branch circuits with wiring No. 10 AWG and smaller may be
solid. Aluminum wire is not acceptable.
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7.5 HIGH RADIATION WIRE

A1l wiring, single or multi-conductor, within high radiation
areas and through shie]din9 walls shall be No. 12 AWG minimum, Class IE,
600 volt wire rated for 10/ R minimum total integrated dosage, as
manuf actured by American Insulated Wire Corp., Boston Insulated Wire and
Cable Co., PSC, Div. M.W. Riedel, or The Rockbestos Co. Wiring inside the
high radiation areas shall be multi-conductor with a special
chlorosulfonated, polyethylene overall jacket suitable for decontamination
with water, n1tr1c acid, oxalic acid, and Turco No. 4502.

7.6 UNIT SUBSTATION, 13.8 KV TO 480 VOLT

The indoor unit substation shall consist of a three-position,
manua]1y operated, 600 amp, 15 kV primary fused 1nterrupter switch, a
silicone insulating fluid transformer, a secondary main and feeder draw-out
air circuit breakers. The rating and the equipment quantity shall be as
shown on the Single Line Diagrams. The 480 volt breakers shall have static
long time (L), short time (S), and ground (G) tripping characteristics.
The buses shall be copper with silver plated joints and connections. A
manually operated overhead hoist shall be provided to remove the 480 volt
air circuit breakers.

7.7  DISTRIBUTION TRANSFORMERS

The quiet type distribution, three-phase transformers, rated
480-208Y/120 volt, shall be general purpose dry type in an indoor enclosure
and shall have 220°C insulation temperature classification and 1509C
winding temperature rise for 30 kVA and larger, and 185°C insulation
temperature and 1159C winding temperature rise for 25 kVA and smaller.

Full capacity NEMA standard taps shall be provided on the high voltage
winding.

7.8 MOTORS

Motors shall be of sufficient size for the duty to be
performed. A1l motors shall have full nameplate horsepower available with
a service factor of 1.0 at 3000 ft elevation and 1.15 at sea level. Unless
otherwise specified, all motors shall be totally enclosed, and shall have a
continuous duty classification based on a 400C, ambient temperature of
reference. Crane and monorail motors shall be rated for 30 minute
intermittant duty. Motors shall be the premium efficiency type. The
motors shall have the following factory guaranteed minimum efficiencies in
accordance with IEEE 112 Test Procedures and shall have the efficiency
index letter stamped on the motor nameplate:
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HP % Efficiency HP % Efficiency HP % Efficiency
1 78.5 10 88.9 50 92.0
11/2 81.5 15 89.8 60 92.0
2 81.5 20 90.6 75 93.3
3 84.0 25 90.6 100 93.3
5 84.0 30 91.4 125 93.3
7 1/2 88.9 40 92.0 150 94.3

The motor insulation shall be Class F minimum. Motors in high
radiation areas shall have Class H insulation and shall be rated for 2 x 107 R
total minimum gamma radiation dosage. The high radiation area motors shall be
suitably coated in the field with Crouse-Hinds "Corro-Free S-602" Cat. No. ETU2, or
equal. The motor voltage rating shall be selected as follows:

1/2 hp through 150 hp: 460 volt, 3 phase, 60 hertz
1/3 hp and smaller: 115 volt, single phase, 60 hertz

Motors 1/4 hp and 1/3 hp in a batch process shall be rated 460 volts, 3 phase, 60
hertz. Polyphase motors shall be NEMA Design B minimum, squirrel cage type, having
normal starting torque and Tow starting current; single-phase motors shall be
capacitor start type, except that motors rated 1/6 hp and less may be split phase
type. Gear motors shall be Class II or III, in accordance with the gear loading
requirements. Motors 5 hp and larger shall have full load power factor of 0.85
minimum. Motors 5 hp and larger with a full load power factor less than 0.85 shall
be corrected to at least 0.90, utilizing a power factor corrective device located
at the motor. Two-speed motors shall be the two-winding type. Motors connected to
the site standby power shall be capable of starting on a voltage reduction of 20 to
30 percent. A copper grounding lug shall be provided in terminal connection box of
all 460 volt, 3 phase motors.

7.9  STARTERS

Combination magnetic starters with 120 volt transformer and control
shall be provided for 460 volt, 3 phase motors that are 1/2 hp through 150 hp, and
manual starters shall be provided for all 115 volt, single phase motors smaller
than 1/2 hp.

7.10 MOTOR CONTROL CENTERS

The motor control center (MCC1) and split bus motor control center MCC2
shall be 277/480 V, 3 phase, 4 wire, 60 hertz, free-standing, dead-front,
dead-rear, copper bus only, NEMA Class II, Type B wiring consisting of vertical
sections containing phase busing, terminals, copper ground bus, wireways, and
housing modular plug-in type equipment drawers behind interlocked hinged doors
Westinghouse Type Five Star, or equal. The enclosures shall be NEMA 1. ATl
operating handles and controls shall be externally operable. An individual,
480-120 volt control transformer with secondary fuse shall be provided for each
motor starter. Each starter shall have a HAND-OFF-AUTO selector switch in the
cover. The motor control center shall be braced for a minimum of 22,000 ampere
symmetrical short circuit. The automatic transfer switch, with solid state control
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and located in the standby section of the motor control center MCC2, shall be rated
260 amp, 480 volt, 3 phase, 3 pole, 60 Hz, and suitable to withstand a 22,000 amp
short-circuit fault. Upon power failure, the transfer switch shall automatically
start the Site diesel generator system. The return to normal power shall be
manual. In the event the standby power fails and normal power is available, the
transfer switch shall have an override to transfer automatically to normal power.
Two each tandem pilot lights shall be provided to indicate the contact position.
The transfer switch shall be ASCO Model 940326099 with accessories 6C, 9A, 9B and
28, or egual.

7.11 PANELBOARDS

The panelboards shall be dead front, copper bus, 4 wire, circuit
breaker type. Circuit breakers shall be E Frame minimum and rated for ac or dc
operation. The circuit breakers shall have a minimum interrupting rating of 10,000
rms symetrical amperes for 208 volt panelboards and 14,000 rms symmetrical amperes
for 277/480 volt lighting panelboards. A ground bus with screw terminals shall be
provided. Neutral buses shall be isolated. Enclosures shall be NEMA 1, surface
mounted. Panelboards of sizes and ratings, as shown on the drawings, shall be
provided to serve the ventilating, lighting, and miscellaneous power 1oads. Ground
fault interrupter (GFI) breakers rated 120 Vac only shall be provided, as required
by National Electrical Code.

7.12 RECEPTACLES

Convenience outlets shall conform with NEMA Standard configuration
5-15R and shall be 3 wire, duplex, grounding type, 120 Vac, 15 amp, Hubbell Cat.
5262, or equal.

Receptaclies for 480 volt, 3 phase service shall be 60 amp, 4 pole, 3
wire type, with spring door and combined with a non-fused, heavy-duty, horsepower
rated disconnect switch, Crouse-Hinds WSRD 63542 or equal. The mating male plugs
shall be Crouse-Hinds APJ 6485, or equal, for 60 amp service.

7.13 HIGH RADIATION AREA CONNECTORS

The remote electromechanical manipulator operated, 304 stainless steel,
connectors shall be rated for 10/ R total integrated dosage minimum and 600
volts. The connector shall be suitably sealed for decontamination with nitric
acid, oxalic acid and Turco No. 4502. The receptacle and plug assembly shall be
Gulton Lormec Series 9588 and 9405 respectively, or equal.

7.14 SAFETY SWITCHES

Safety switches shall be the heavy-duty type, horsepower rated, 600
volt, 3 pole, with current rating and fusing, as shown on the drawings. The
enclosure shall be NEMA 1,
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7.15 TOGGLE SWITCHES -

Toggle switches installed for the control of incandescent, high
pressure sodium, and fluorescent lighting luminaires shall be heavy-duty, general
purpose, UL approved devices. Toggle switches shall be specification grade,
single-pole, Hubbell Cat No. 1221 or 1221-I, or equal.

7.16 LIMIT SWITCHES

The non-plug-in 1imit switches shall be heavy-duty type, 600 volts, 10
amp continuous rating contacts, single pole, double throw (SPDT) or electrically
independent doubie pole, double throw (DPDT). The limit switches shall be Micro
Switch Type HDLS Series, or equal.

7.17 BOXES AND FITTINGS

Outlet boxes shall be rust-resistant, cast-iron alloy boxes with
threaded hubs or bosses for conduit connection. Pullboxes and their covers shall
be constructed of galvanized steel.

7.18 RELAYS

Control relays shall be magnetically operated relays with 120 Vac
coils, and contacts rated for 10 amp inductive at 120 volt continuous duty. Timing
relays shall be magnetic relays with an adjustable pneumatic timing mechanism and a
minimum 5 amp continuous contact rating.

7.19 GENERAL LIGHTING

Commercial type recessed fluorescent luminaires with acrylic lenses and
high power factor and energy saving ETL, Class P ballasts and 4 ft, cool white,
rapid start fluorescent lamps with wattage not to exceed 35 watts shall be used in
offices, control room, toilet and similar areas. Ballasts shall not contain PCB
capacitors. Industrial type fluorescent luminaires with upward component and
porcelain enamel reflectors shall be utilized in other low bay areas. Lighting in
the high bay areas shall utilize high pressure sodium (HPS) luminaires. Exterior
HPS wall mounted luminaires shall be provided. Special cell HPS luminaires,
suitable for remote removal, shall be provided, as required.

The emergency lighting shall be provided by fully automatic 120/277 V
supply, lead calcium rechargeable batteries, Holophane Cat. No. M-12-2A-X, or equal.

7.20 LIGHTNING PROTECTION

Lightning protection, complete with UL Master "C" label, shall be
provided.

7.21 GROUNDING
A No. 4/0 AWG soft drawn bare copper ground loop with 3/4 in. by 10 ft.

copper-clad steel ground rods, shall be provided and connected to the Site duct
bank ground system. One insulated instrumentation ground bus plate and cable shall
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be furnished in the control room. The cable shall be connected to the facility
ground system at only one point. The maximum facility ground resistance shall be

five ohms. The lowest level of building reinforcing bar shall be grounded. The
shielding window liners shall be grounded.

7.22 CATHODIC PROTECTION

Cathodic protection shall be provided for all direct buried metallic
Tlines and underground tanks.

7.23 TERMINAL BOXES

Control terminal box enclosures shall be NEMA 1 sheet steel
construction with hinged door, lock and steel equipment mounting panel(s).
Barriers shall be steel, full depth and height, finished the same as the
enclosures. The interior of the enclosure shall be finished with white enamel.
The exterior shall be painted with color, as directed.

7.24 TERMINAL BLOCKS

A1l power and control wiring shall be terminated on accessible terminal
blocks. The 600 volt, melamine, rail mounted, terminal blocks shall be Weidmulier
Type SAK, or equal. A snap-in preprinted unique wire number marker shall be
provided. Hand lettered terminal identification is not acceptable. Terminal
connectors shall be the vibration proof, pressure clamp type.

7.25 TELEPHONE SYSTEM

Telephone cabinets shall be provided; as required. Conduit only shall
be installed in the building, as required. The telephone system wiring will be by
Others. '

7.26 CELL SPEAKER SYSTEM

A cell speaker system shall be provided for monitoring audio sounds
inside the cell. The system shall consist of a microphone with box mounted on a
remotely removable Gulton plug in the cell and connected to a speaker in the
control room. '

7.27 FIRE ALARM DETECTION SYSTEM

The fire detection system shall include control panels, annunciators,
initiating devices, signal conduits, and wire necessary for a complete and
operational system. The final connection to the Site fire alarm system will be by
Others. The system shall be Pyr-A-Larm System 3, or equal. The system shall
consist of a multiplexer and enclosed terminal board, thermal detectors, manual
stations, public address speakers, control panel audible devices, remote
annunciator and control panels. The detection devices shall be capable of being
interchanged without any changes required to the wiring, control panel or to the
mounting base. The supervision shall not require additional wires other than the
pair used for detection or alarm. The system shall be capable of being expanded at
any time up to the maximum capacity of the system. The system shall be capable of
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having ionization, thermal, and photoelectric detecting devices, control relays,
and manual stations connected across the same pair of wires. The system shall be
electrically supervised against both short and open wire faults in the detection
circuit, the manual station alarm circuit, and an open in the system alarm and
trouble relay coils. An open wiring fault occurring in these circuits shall cause
an audible and visual trouble indication at the control panel. A fire alarm signal
shall override trouble signals. In the event of a trouble signal resuiting from
trouble on an initiating zone, a fire signal from another zone shall appear on the
panel and remain until the panel is reset, at which time the trouble signal will
reappear. Alarm initiating zones shall be as shown on the drawings. A separate
switch monitor shall be provided to control waterflow alarms separately from other
alarm signals.

7.27.1 Alarm System

The system shall function as follows when any sprinkler flow
switch operates, or thermal detector in the HVAC fire protection system operates:

A. The main and remote annunciator panel alarm
devices shall annunciate audible and visual
indicators of a fire .alarm.

B. The visible indicator shall indicate the zone
location and the device initiating the fire
alarm. The audible indicator shall produce the
same sound for all fire alarms.

C. An alarm indicating lamp shall light in the base of
the HVAC detector initiating the alarm.

D. Panel locks into alarm until manually reset.

E. Exhaust duct detector circuits shall be provided to
energize the HVAC fire protection chamber fire
water system for HEPA filters. :

F. Supply duct detector circuits shall be provided to
shut down the supply fan(s).

G. The alarm shall be manually transmitted as a voice
alarm throughout the building over the fire alarm
PA speakers.

7.27.2 Fire Supervisory Signals.

: The supervisory alarm initiating devices shall include post
indicator valve (PIV) switches, 0S and Y valve switches, dry pipe system low air
pressure switches, trouble signals from each of the Halon and CO2 systems, and

the Pyr-A-Larm Panel system trouble indicators. The supervisory alarm system shall
function when any of these devices operate, as follows:
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A. The main control panel shall annunciate audible
and visual indicators of a supervisory alarm. The

audible indicator shall provide a different sound
than the fire alarm audible indicator.

B. The main panel locks the visual alarm indicator
on, until manually reset. The audible indicator
can be silenced by operating the alarm normal
switch.

C. The main panel relays the supervisory alarm-signal
via a separate transmitter to the Site fire
supervisory alarm system.

7.28 EVACUATION ALARM SYSTEM

The evacuation system shall be completely independent of any other
system. Speaker wiring may be installed in same conduit as fire alarm. No voice
communication is required. The evacuation alarm system shall include an evacuation
alarm panel, supervised public address speakers, initiating devices, a tone
generator, signal conduits, and wire necessary for a complete and operational
system. The system shall be Pyr-A-Larm System 3, or equal. No voice communication
is required.

The system shall be electrically supervised against both short and open
wire faults in the initiating circuit, the audible alarm circuit, and an open wire
fault in the system alarm and trouble relay coils. An open wiring fault occurring
in these circuits shall cause an audible and visual trouble indication at the
control panel. A short in the initiating circuit and the audible alarm circuit
shall cause an audible and visual trouble indicator at the control panel. The
evacuation alarm signal shall override the trouble signals. In the event of a
trouble signal resulting from trouble on an initiating zone, an evacuation signal
from another zone shall appear on the panel and remain until the circuit is reset,
at which time the trouble signal will reappear. If a second evacuation alarm
signal is initiated after a prior signal has been silenced, the selected evacuation
~signal shall sound even if the control circuit has not been reset. The evacuation
alarm system shall shut off automatically after 5 minutes.

The System 3 evacuation shall also provide the following functions:

A. Receive “ALERT" and "EVACUATION" signals from the Site evacu-
ation system.

B. Provide local building status on "EVACUATION" mode only to
.the Site evacuation system.

C. Provide alarm signal over two No. 14 AWG wires to the Health
Physic office.

D. Provide for remote monitoring of the building trouble status.
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7.28.1 Local Alarm

This system shall provide an "ALERT" signal, with the panel
mounted front cover switch in the "DOWN" position, consisting of continuous,
non-varying audible siren tone or an "EVACUATION" signal, with the switch in the
"UP" position, consisting of continuous cyclic audible siren tone the cycle to be
"ON" for 5 seconds and "off" for 5 seconds. Each signal shall be initiated by
operating any remote and one control room manual alarm switch. Any switch shall
initiate the signal, but if more than one is operated at the same time, the switch
turned to "EVACUATE" will take precedence over all other switches. Initiation of
an "ALERT" or "EVACUATION" signal from any control point within the building shall
be shown by an indicating light on the evacuation alarm panel. In addition, an
audible panel alarm buzzer shall be actuated. The audible alarm can be silenced by
operating the "ALARM-NORMAL" switch to the opposite position but the light shall
remain on until all switches or contacts are returned to normal position.

7.28.2 Site Wide Alarm.

A separately maintained toggle switch with "Lock-out" pin in
the "DOWN" position, located in the control room, shall provide the Site wide alarm
system an "ALERT" signal with the switch in the "DOWN" position or an "EVACUATION"
signal with the switch in the "UP" position over two No. 14 AWG wires to connection
in the Security Building.
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8.0 PIPING MATERIALS

8.1 SCOPE OF WORK

The Contractor shall provide labor, materials, equipment, and
tools necessary to fabricate, test, inspect, document, deliver to the site,
field fabricate and/or install, and field inspect and test all piping
materials in the quantities defined and as located by the drawings, and in
accordance with this specification.

8.2 OUTLINE SPECIFICATIONS

The Piping Service Classes to be used are

Class Service
D Process Equipment Waste
N High Pressure Steam, Low Pressure

Steam, Condensate, High Pressure
Air, Vacuum

P | Low Pressure Air
Q Cooling Water Supply And Return
v Pressurized Feed Gas
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SERVICE: Process Equipment Waste CLASS
PAGE ] OF §
RATING: 150# CORROSION ALLOWANCE —
:n:?::;u- Raised Face PRESSURE LIMIT - Per B16.5
' 304L Stainless Steel TEMPERATURE LIMIT — 1000F
CODE EN- SIZE DESCRIPTION Mo, IR
NUMBER CODER | FROM T0 | B
-------------------- PIPEc-memmracm e meem
2% and Stainless Steel, ASTM A312, Grade TP304L,
smaller Schedule 80S Threaded Ends
3" and Stainless Steel, ASTM A312, Grade TP304L,
larger Schedule 40S, Buttweld Ends
----------------- FITTINGS-~--e=ceccmaccceae
2" and 3000# 304L Stainless Steel, Threaded Ends,
smaller ASTM A182, Grade F304L, Schedule 80S
mmemmcmcmme e e FITTINGS - === e mmmmcem e
3" and Seamless Stainless Steel, ASTM A403,
larger Grade WP304L or ASTM A182 Grade F304L
Buttweld Ends, Schedule 40S Bore
---------------- THREADOLET»=cmmmmmcmmce e
2" and 3000# 304L Stainless Steel, Threaded,
smaller ASTM A182, Grade
------------------ WELDOLETS--=emmememm e
3" and Forged 304L Stainless Steel, ASTM Al182,
larger Grade F304L, Schedule 40 Bore
--------------- SWAGE NIPPLES--c-ceccmccaaa-
2" and 304L Stainless Steel, ASTM A403, Grade
smaller WP304L Schedule 80 Bore, Threaded Ends
------------------- UNIONS--~==cmmmc e
2" and 3000# 304L, Stainless Steel, ASTM A182,
smaller Grade F304L, Schedule 80 Bore, Ground Joint
Type, Integral Seats, Threaded Ends
L L TR, PLUGS-=eemmmccc e
2" and 304L Stainless Steel, ASTM A182, Grade
smaller F304L, Round Head Type Threaded End
-------------------- CAPS-=mcecmcmccccc e e
2" and 3000# 304L Stainless Steel, ASTM Al182,
smaller Grade F304L, Threaded End
------------------ FLANGES~===vmmomcccccceee
2" and 150# ANSI, Raised Face, Threaded Type,
smaller 304L Stainless Steel, ASTM A182, Grade
F304L Schedule 80S Bore
JOB NUMBER . DOCUMENT ND. REV.
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Anai

SERVICE

CODE $I2E
numser  JENCODER| cpom 10

DESCRIPTION

NOTEJH Ev

3" and
larger

1" and
larger

Header
2" and smaller
3" and larger

2" and
smaller

150# ANSI, Raised Face, Weld Neck Type
304L Stainless Steel ASTM A182 Grade F304L
Schedule 40S Bore

----------------- ORIFICE FLANGES-----------
300# ANSI Raised Face Weld Neck Type,

Forged Stainless Steel, ASTM A182 Grade
F304L, Schedule 40S Bore with 1/2" Scrd Taps

Branch Use

Full or Reducing Full or Reducing Tee

Full Size Full Size Tee or
Weldolet

2" and smaller Threadolet

--------- PIPING INSTRUMENT CONNECTIONS-----
Temperature Conn's 1-1/2" Flgd.

Pressure Conn's 1/2" Threaded
Orifice Tap Conmn's 1/2" Threaded

--------------- GASKETS-=memmmemm e e e
Spiral-Wound Metallic Type, T304L Stainless
Steel Spiral Windings with Grafold Filler
1/8" Thick 304 Stainless Steel Centering
Ring

-------- ~mmmeeeeecBOLTING-=mmmmemcmcm e ceem
Stud Bolt, 304 Stainless Steel, ASTM A193
Grade B7 with 2 Heavy Hex Nuts, ASTM A194
Grade 2H

----------------- PIPE BENDS-=---=====m=ueux
Bends (Minimum) 5 Times the Normal Diameter
may be used in place of Threaded Fittings

mmmmmmemeeem oo Y-STRAINERS----vcommnanaas
316 Stainless Steel Body, ASTM A351, Grade
CF8M, Threaded Ends, 316 or 304 Stainless
Steel Screen with .045 Diameter Perforations,
Threaded Blowoff Connection

Acceptable Model

Armstrong Fig. No. E7SC - 1/2" thru 1 1/4"
Armstrong Fig. No. E7SC - 1 1/2" thru 2"

JOB NUMBER DOCUMENT NO
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SERVICE

OF

CODE
NUMBER

ENCODER

$IZE

FROM TO

DESCRIPTION

NOTEQR EV

3" and
larger

]/2" - 3/4"

2" and
smaller

3" and
larger

------------------ Y-STRAINERS-=-wmmmmecmnnn
316 Stainless Steel Body, ASTM A351,

Grade CF8M, Flanged Ends, 316 or 304
Stainless Steel Screen with .045 Diameter
Performations, Threaded Blow-Off Connection
Acceptable Model

Armstrong Fig. No. E7FL-3" thru 10"

e STEAM TRAPS---=-occcccaaa—-
Steam Trap, Threaded Ends, Impulse Type,
1-1/4 CR - 1/2 Moly Body, Stainless Steel
Bonnet, Seat, and Disc, Integral Strainer
and Blow-0ff

Acceptable Model

Yarway Fig. No. 720

Use "Liquid O Ring" for Pipe Threads

e et GATE VALVES----=--vecea-
150# ANSI Threaded Ends 0S&Y, Bolted
Bonnet, Body & Bonnet - 316L Stainless
Steel, Casting - ASTM A351, Grade CF3M,
Forging ASTM 182, Grade F316L, Trim 316
Stainless Steel, Packing - Reinforced TFE,
Bonnet Gasket - Reinforced TFE, Trim 316
Stainless Steel

Acceptable Model

Aloyco Fig. No. 110

150# ANSI, Flanged Ends, 0S&Y, Bolted
Bonnet, Body and Bonnet 316 Stainless
Steel, Casting - ASTM A351, Grade CF8M,
Forging - ASTM Al182, Grade F316, Packing
Reinforced TFE, Bonnet Gasket, Reinforced
TFE, Trim 316 Stainless Steel

Acceptable Model

Aloyco Fig. No. 117
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SERVICE

OF

CODE
NUMBER

ENCODER

$I12E
FROM

T0

DESCRIPTION

NOTEJREV

2" and
smaller

3" and

larger

2" and

3" and 4"

2" and
smaller

----------------- GLOBE VALVE---+vceccemmeaa-
150# ANSI, Threaded Ends, 0S&Y, Bolted
Bonnet, Body and Bonnet 316L Stainless
Steel, Casting ASTM A351, Grade CF3M,
Forging ASTM A182, Grade F316L, Packing
Reinforced TFE, Bonnet Gasket - Reinforced
TFE, Trim 316 Stainless Steel

Acceptable Model

Aloyco Fig. No. 314

150# ANSI - Flanged Ends, RF, 0S&Y, Bolted
Bonnet, Body and Bonnet 316 Stainless
Steel Casting ASTM A351, Grade CF8M,
Forging ASTM A182, Grade F316 Packing
Reinforced TFE, Bonnet Gasket - Reinforced
TFE, Trim 316 Stainless Steel

Acceptable Model

Aloyco Fig. No. 317

------------------ BALL VALVES---c-c-ccaau--
150# ANSI, Threaded Ends, Handle Operated,
Body and Ends, 316L Stainless Steel,
Castings ASTM A351, Grade CF3M, Forgings
ASTM A182, Grade F316, Seats and Seals
Reinforced TFE, Trim 316 Stainless Steel
Acceptable Model

Worchester Controls

Fig. No. W5966TSES7

------------------ BALL VALVES--=-ccccccaca-
150# ANSI Flanged Ends, Handle Operated,
Body and Ends, 316 Stainless Steel,
Castings - ASTM A351, Grade CF8M, Forgings
ASTM A182, Grade F316, Seats and Seals -
Reinforced TFE, Trim 316 Stainless Steel
Acceptabie Model

Hi11s-McCanna Fig. No. S15156RS6

150# ANSI, Threaded Ends, Swing Type,

‘Bolted Bonnet, Body and Bonnet 316L

Stainless Steel Castings ASTM A351, Grade
CF3M, Forgings ASTM A182, Grade F316L,
Bonnet Gasket Reinforced TFE, Trim 316
Stainless Steel

Acceptable Model

Powell Fig. No. 2341
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SERVICE
PAGE O
812
e mov 10 DESCRIPTION REV
----------------- CHECK VALVES----=c=cc=m=e-
3" and 150# ANSI - Flanged Ends - RF Swing Type,
larger Bolted Bonnet, Body and Bonnet 316 Stain-
less Steel, Castings ASTM A351, Grade
CF8M, Forgings ASTM A182, Grade F316,
Bonnet Gasket - Reinforced TFE, Trim 316
Stainless Steel
Acceptable Model
Aloyco Fig. No. 377
JOB NUMBER DOCUMENT NO REV.
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SERVICE: High Pressure Steam, Low Pressure Steam, Condensate, CLASS
High Pressure Air, Vacuum PAGE | OF 4
RATING: 1504 CORROSION ALLOWANCE —
FACING: p PRESSURE LIMIT -
Raised Face Per B16.5
MATERIAL: Carbon Steel TEMPERATURE LIMIT — o o
CODE EN- SIZE DESCRIPTION e, e,
NUMBER CODER | FROM TO ke
------------------- PIPE-=cmcecmcmcmmcccceae
2" and Carbon Steel, ASTM A53 Grade B, Extra
smaller Strong Threaded Ends
3" and Carbon Steel, ASTM A53 Grade B, Standard
larger Weight Beveled Ends
----------------- FITTINGS-=~=eececmemcnccaaa
2" and 3000# Carbon Steel, Threaded Ends
smaller ASTM A105
------------------ FITTINGS-===mcececmcmacnn
3" and Seamless or Welded Carbon Steel, Buttweld
larger Ends, Standard Weight, ASTM A234 Grade
WPB
----------------- THREADOLETS---=-mccemcana-
2" and 3000# Forged Carbon Steel, ASTM A105,
smaller Schedule 80 Bore, Conforming to Bonney
Forge
------------------ WELDOLETS--mmwcmmmc e
3" and Forged Carbon Steel, Standard Weight,
larger ASTM A105, Schedule 40 Bore, Conforming
to Bonney Forge
--------------- -SWAGE NIPPLES----ccmeeeea--
2" and Carbon Steel, Threaded Ends, ASTM A234,
smaller Grade WPB, Extra Strong
------------------- UNIONS-==mmmemmmcmceee e
2" and 3000# Forged Carbon Steel, ASTM A105,
smaller Schedule 8Q Bore, Ground Joint Type with
Integral Seats, Threaded Ends
-------------------- PLUGS-=-mmmcccmmc e
2" and Forged Carbon Steel, Round Head Type,
smaller Threaded End
-------------------- 0}
2" and 3000# Forged Carbon Steel, ASTM A105,
smaller Schedule 80 Bore, Threaded
------------------- FLANGES==--mcmcmmcacmaa-
2" and 150# ANSI, Raised Face Ends, Carbon Steel,
smaller ASTM A105, Threaded XS Bore C
JOB NUMBER DOCUMENT NO REV.
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SERVICE CLASS N
PAGE 2 OF 4
uﬁﬁzin ENCODER| . ) B2 o DESCRIPTION oTeqRev
3" and 150# ANSI, Raised Face S1ip-On Type,
larger Carbon Steel, ASTM A105
1" and 150# ANSI, Raised Face Blind Flange,
larger Carbon Steel ASTM A105
[ [ ORIFICE FLANGES---======-
1" and 300# ANSI, Raised Face Weld-Neck Type,
larger Forged Carbon Steel, ASTM A105 Bore to
Match Pipe, with 1/2" Scrd Taps
------------- BRANCH CONNECTIONS-~--------~-
Header Branch Use
2" and smaller|FuTll or Reduced Size Full or Reducing Tee
3" and larger [Full Size Full Size Tee
2" and smaller Threadolet '
-------- PIPING INSTRUMENT CONNECTIONS------
Primary Instrument Conn's to Piping
Temperature Conn's 1-1/2" Fldg
Pressure Conn's 1/2" Threaded
Orifice Tap Conn's 1/2" Threaded
------------------- GASKETS-=~~cccccmmcccaaa
Grafoil Flange Gasket, Flat Ring, 1/16"
thick, John Crane or Approved Equal
-------- meeeeemeeeBOLTING----mcocmcenmmaen-
Alloy Stud Bolt, ASTM A193 Grade B7 with
2 Heavy Hex Nuts, ASTM A194 Grade 2H
----------------- Y~STRAINER--=mmmmmmmcmamae
2" and 600#, Carbon Steel Body, ASTM A216, Grade
smaller WCB, Threaded Ends, 304 Stainless Steam
Screen with 0.45 Diameter Perforations
Acceptable Model
{Armstrong Fig. No. B15C
------------------ Y-STRAINER-=-cccccccccnaa
3" and 150# ANSI, Raised Face Flanged Ends,
larger Carbon Steel Body, ASTM A216 Grade WCB,
304 Stainless Steel Screen with 0.045"
Diameter Perforations
Acceptable Model:
Armstrong Fig. No. BIFL
JOB NUMBER DOCUMENT NO REV.
m THE RALPH M. PARSONS COMPANY Page 36 of 48 6154-3 C-1

ENG-PM-18




SERVICE CLASS N
PAGE 3 of 4
st‘:iﬁ ENCODER FROM s1z¢ 10 DESCRIPTION NOTEJREV
R EEEEe e e e STEAM TRAPS--cmcmmcccccmeeee

172" - 3/4" Steam Trap, Screwed Ends, Impulse Type,

1-1/4 Cr-1/2 Moly Body, Stainless Steel

Bonnet, Seat and Disc, Integral Strainer

and Blow-off

Acceptable Model:

Yarway Fig. No. 720

--------------- THREAD COMPOUND---=cccecuaa-

Use "Liquid O Ring" for Pipe Threads

--------------- GATE VALVES---cccccccmaacae
2" and 800# Threaded Ends, 0S&Y Seal Welded
smaller Bonnet, Body and Bonnet, Carbon Steel,

Forgings - ASTM A105, Trim F6

Acceptable Model

Vogt Fig. No. 2801 thru 2808

--------------- GATE VALVES-cmemcccmcccceae
3" and 150# ANSI Flanged Ends, Raised Face 0S&Y
larger Bolted Bonnet, Body and Bonnet Carbon Steel,

Castings - ASTM A216, Grade WCB, Forgings

ASTM A105, Trim No. 4

Acceptable Model

Pacific Fig. No. 150-4

--------------- GLOBE VALVES---ccvemcmcna—m-
2" and 800# Threaded Ends, OS&Y Seal Welded
smaller Bonnet, Body and Bonnet, Carbon Steel,

Forgings - ASTM A105, Trim F6

Acceptable Model

Vogt Fig. No. 2821 thru 2828

--------------- GLOBE VALVES-=--ccmmccacaa—-
3" and 150# ANSI Flanged Ends, Raised Face 0S&Y
larger Bolted Bonnet, Body and Bonnet Carbon Steel,

Castings - ASTM A216, Grade WCB, Forg1ngs

ASTM A105, Trim No. 4

Acceptable Model

Pacific Fig. No. 160-4

--------------- CHECK VALVES-=---cmcecmcaa--
2" and 800# Threaded Ends, Bolted Bonnet
smalier Horizontal Piston Type, Body and Bonnet,

Carbon Steel, Forgings - ASTM A105, Trim F6

Acceptable Model

Vogt Fig. No. 701 thru 708
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SERVICE

OFf

CODE $i2t
numser  |ENCODER{ o

T0

DESCRIPTION

NDTEJR Ev

3" and
larger

2" and
smaller

2" and
smaller

150# ANSI Flanged Ends, Raised Face

Bolted Bonnet, Swing Type, Body and Bonnet
Carbon Steel, Castings - ASTM A216,

Grade WCB, Forgings ASTM A105, Trim No. 4
Acceptable Model

Pacific Fig. No. 180-4

---------------- BALL VALVES-=-----cecccaaa-
150# ANSI, Threaded Ends, Handle Operated,
Body and Ends, Carbon Steel, Castings,

ASTM A216, Grade WCB, SEats and Seals,
Reinforced TFE, Trim 316 Stainless Steel
Acceptable Model

Worcester Controls

Fig. No. W5944RSE

-------------- PLUG VALVES----ecmcccacccaca-
300# Threaded Ends Carbon Steel Body,

Cover, Plug, and Cover Bolts, Castings

ASTM A216, Grade WCB, Teflon or Approved
Equal Sleeve and Diaphragm, Wrench Operated,
Extra Strong Bore

Acceptable Model

Tufline Fig. No. 0366SE Non.

Lubricated

JOB NUMBER DOCUMENT NO
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SERVICE: : ‘CLASS
Low Pressure Air PAGE | & .
RATING: 1254 CORROSION ALLOWANCE —
FACING: ‘ PRESSURE LIMIT -
Flat Face Per B16.1
MATERIAL: o hSroal TEMPERATURE LIMIT 200 OF
CODE EN- SIZE DESCRIPTION "o, |R
NUMBER CODER | FROM TO be &
------------------ PIPE--c-mcocmccccnccceaee
2" and Carbon Steel, ASTM A53, Grade B, Schedule
smaller 40 Bore, Threaded Ends
3" and Carbon Steel, ASTM A53, Grade B, Standard
larger Weight, Beveled Ends
----------------- FITTINGS---wmecmmmaccecaem
2" and 150# Malleable Iron, ASTM A47, Threaded
smaller Ends
3" and Seamless Carbon Steel ASTM A234, Grade WPB
larger Standard Weight, Beveled Ends
---------------- THREADOLET ~=emme e e e
2" and 3000# Carbon Steel, ASTM A105, Conforming
smaller to Bonnet Forge
-------------- SWAGE NIPPLES---ce--ccmmaunaa-
2" and Carbon Steel, Thread Both Ends, ASTM A53,
smaller Grade B, Schedule 40 Bore
----------------- UNIONS-=mmecmc e cmcccceee
2" and 150# Malleable Iron, ASTM A197, Ground
smaller Joint Type with Integral Seats, Threaded
Ends
------------------ PLUGS-==-mmcmcmm e
2" and Carbon Steel, ATM A105 Round Head Type,
smaller Threaded
------------------ 0 e
2" and 3000# Forged Carbon Steel, ASTM A105,
smaller Schedule 40 Bore, Threaded
------------- THREAD COMPOUND--=ve=-=cmceeean
Use "Liquid 0 Ring" for Pipe Threads
----------- PIPE BENDS-=-=-mcmcmccccccccceae
Bend (Minimum 5 times the normal diameter)
may be used in place of Threaded Fittings
----------------- FLANGES-~mmemecmmmmccaee
2" and 150# ANSI, Flat Face, Threaded Ends,
smaller Carbon Steel, ASTM A105 Schedule 40 Bore
JOB NUMBER DOCUMENT ND REV.
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SERVICE CLASS P
pace 2 or 3
oot o encooer] 0w B 1o DESCRIPTION NOTES AV
3" and 150# ANSI, Flat Face, S1ip-On Type, Carbon
larger Steel, ASTM A105, Schedule 40 Bore
1/2" and 150# ANSI, Flat Face Blind Flange Carbon
larger Steel ASTM A105
--------------- ORIFICE FLANGES------vouuo--
1" and 300# ANSI, Raised Face, Weld-Neck Type,
larger Carbon Steel, ASTM A105, Schedule 40 Bore
with 1/2 Scrd Taps '
------------ BRANCH CONNECTIONS-==-e-vcacac—-
Branch Use
2" and smaller|FuTl or Reduced Size Full or Reducing Tee
3" and larger jFull Size Full size tee
2" and smaller Threadolet
----------- PIPING INSTRUMENT CONNECTIONS---
Primary Instr. Conn's to Piping
Temperature Conn's " Serd
Pressure Conn's 1/2" Serd
----------------- GASKETS====cccmcmmmcccaae
Grafoil Flange Gasket, Flat Ring, 1/16"
thick, John Crane or Approved Equal
------------------ BOLTING~---oomcemmecae-
Hex Head Machine Bolt with Hex Nut, ASTM
A307 Grade B
----------------- Y-STRAINER-~=mcmcccmm e
2" and 300" - Bronze Body ASTM B-62 Threaded
smaller Ends, 304 or 55 Screen with 0.045 Per
forations
Acceptable Model
Armstrong Fig. No. F7SC-300
3" and 150# ANSI, Flanged, Raised Face, Carbon
larger Steel Body, ASTM A216, Grade WCB, 304 S.S.
Screen with 0.045 Diameter Perforations
Acceptable Model
Armstrong Fig. No. BIFL
--------------- THREAD COMPOUND--~e-veemeam-
Thread Compound use "Liquid O Ring" for Pipe
Threads
JOB NUMBER DOCUMENT NI-D REvV.
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SERVICE ' CLASS ;
PAGE - OFf o
JS‘:ER encoDeR] oo, $ize o DESCRIPTION NOTES R E v
-------------- GATE VALVES--ecacammmcc e
2" and 150# Threaded Ends, Rising Stem, Integral
smaller Seat, Body and Bonnet - Bronze ASTM B62,

Trim Manufacturer's Standard
Acceptable Model
Crane Fig. No. 431

--------------- GATE VALVES---=mmmmmceecoan-
3" and 125# ANSI Flanged Ends, Flat Face, 0S&Y,

larger Bolted Bonnet Body and Bonnet Cast Iron,
_ ASTM A126, Class B, Trim Bronze
Acceptable Model

Crane Fig. No. 465 1/2

----------------- GLOBE VALVES--=-mecccnccna-
2" and 200# Threaded Ends, Rising Stem, Union
smaller Bonnet, Integral Seat, Body and Bonnet -

Bronze ASTM B61 - Trim Bronze
cceptable Model
Crané Fig. No. 70

---------------- GLOBE VALVES=msmmmmmeeean-

3" and 125# ANSI Flanged Ends, Flat Face, 0S&Y,
larger olted Bonnet Body and Bonnet Cast Iron,
STM A126, Class B, Trim Bronze
cceptable Model
rane Fig. No. 351
---------------- CHECK VALVES-wccmecmcaoaa
2" and 00# Threaded Ends, Swing Type, Screwed
smaller onnet, Body and Bonnet Bronze ASTM B61,
rim Bronze
cceptable Model
rane Fig. No. 36
----------------- CHECK VALVES-=mecemeccaao
3" and 25# ANSI, Flanged, Flat Face, Swing
larger ype, Bolted Bonnet, Body and Bonnet Cast
ron - ASTM A126, Class B, Trim Bronze
cceptable Model
rane Fig. No. 373
--------------- BALL VALVES-me-mcmamcccaaas
2" and 00# - Threaded Ends, Handle Operated
smaller ody Bronze ASTM B61, Ball Stem and Ex-
ernal Parts - Bronze, Seat and Body Seal
E R
cceptable Model
amesbury Fig. No. ANITT
JOB NUMBER DOCUMENT NO REV
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SERVICE: . : CLASS

Cooling Water Supply and Return PAGE of)
. 1254 : CORROSION ALLOWANCE — 0
::;::g Flat Face PRESSURE LIMIT — Per Bl6.1
’ Carbon Steel TEMPERATURE LIMIT — 2000F
MATERIAL:
CODE EN- $izE DESCRIPTION "c:,.‘L Re,
NUMBER CODER | FROM TO g
------------------- e o T
2" and Carbon Steel, Galvanized, ASTM A120,
smaller Extra Strong, Threaded and Coupled Ends
3" and Carbon Steel, ASTM A53, Grade B, Standard
larger Weight, Beveled Ends
---------------- FITTINGS=wemmecmcmmcc e
2" and 300# Galvanized Malleable Iron, Threaded
smaller Ends, ASTM A197
3" and Black, Seamliess or Welded Carbon Steel,
larger Buttweld Ends, Standard Weight, ASTM A284,
Grade WPB
---------------- SWAGE NIPPLES--=eeccccccua-
2" and 300# Galvanized Malleable Iron ASTM A197,
smaller Threaded Ends
------------------- UNIONS-cemcmcccmc e e
2" and 300# Galvanized Malleable Iron ASTM A197,
smaller Ground Joint Type with Bronze to Iron Seat,
Threaded Ends
------------------- PLUGS=mewcemcm e e c e
2" and B00# Galvanized Malleable Iron ASTM A197,
smaller Solid Square Head Type, Threaded End ‘
---------------------- FLANGES-====n-mmmmamm-
2" and FSO# ANSI, Flat Face Screwed Flange,
smaller balvanized Steel, ASTM A105
150# ANSI, Flat Face Blind Flange,
ua]vamzed Steel, ASTM A105
3" and 50# ANSI, Flat Face Slip-on Type, Carbon
larger Eteel, ASTM A105
' 50# ANSI, Flat Face Blind Flanges,
Larbon Steel ASTM A105
JOB NUMBER DOCUMENT NO. REV.
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SERVICE

Of

CODE s8Izt
numper  |ENCODER| cpou 10

DESCRIPTION

NOTEJQ EV

2" and smaller
3" and larger

2" and smaller
3" and larger

2" and
smaller

3" and
larger

------------------- ORIFICE FLANGES==~------
300# ANSI, Raised Face Weld-Neck Type,
Forged Carbon Steel, ASTM A105 with 1/2"
Scrd Taps

Extra Strong Bore

Standard Weight Bore

---------------- BRANCH CONNECTIONS---------
Branch Use

Full or Reduced Size Full or Reducing Tee
Full Size Full size tee

2" and smaller Threadolet

----------- PIPING INSTRUMENT CONNECTIONS---
Primary Instr. Conn's to Piping
Temperature Conn's 1" Serd

IPressure Comn's 1/2" Scrd

Secondary Piping Use this class

Grafoil Flange Gasket, Flat Ring, 1/16"
thick, John Crane or Approved Equal.

----------------- BOLTING----==mecmcccceeeae
Hex Head Machine Bolt with Hex Nut, ASTM
A307 Grade B

-------- ~=====THREAD COMPOUND---=cwecacaaax
Use "Liquid O Ring" for Pipe Threads

150# Threaded Ends, Rising Stem, Integral
Seat, Body and Bonnet - Bronze ASTM B62,
Trim Manuf actures Standard

Acceptable Model

Crane Fig. No. 431

125# ANSI - Flanged Ends, Flat Face, 0S&Y
Bolted Bonnet, Body and Bonnet Cast Iron
ASTM A126, Class B, Trim Bronze
Acceptable Model

Crane Fig. No. 465 1/2
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SERVICE ‘CLASS U
PAGE OFf 3
e i P DESCRIPTION joTegacy
---------------- GLOBE VALVE---=cmcccmmcen—
2" and 200# Threaded Ends, Rising Stem, Union
smaller Bonnet, Integral Seat, Body and Bonnet -
Bronze ASTM B61 - Trim Bronze
Acceptable Model
Crane Fig. No. 70
3" and 125# ANSI - Flanged Ends, Flat Face, 0S&Y
larger Bolted Bonnet, Body and Bonnet Cast Iron
ASTM A126, Class B, Trim Bronze
Acceptable Model
Crane Fig. No. 351
---------------- CHECK VALVES-==cceccmcccaa-
2" and 200# Threaded Ends, Swing Type, Screwed
smaller Bonnet, Body and Bonnet Bronze, ASTM B61,
Trim Bronze
Acceptable Model
Crane Fig. No. 36
---------------- CHECK VALVES---cc-commcca--
3" and 125# ANSI, Flanged, Flat Face, Swing Type,
larger Bolted Bonnet, Body and Bonnet Cast Iron,
ASTM A126, Class B, Trim Bronze
Acceptable Model
Crane Fig. No. 373
---------------- BALL VALVES----meccccannaa-
2" and 300# Threaded Ends, Handle Operated, Body
smaller Bronze, ASTM B61, Ball, Stem and External
Parts - Bronze, Seat and Body Seal TFE
Acceptable Model
Jamesbury Fig. No. ATITT
JOB NUMBER DOCUMENT NO REV.
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SERVICE: . CLASS
Pressurized Feed Gas PAGE , 61 2
RATING: goq# dF ‘ CORROSION ALLOWANCE ~ Per B16.5
FACING: aised "ace | PRESSURE LIMIT nop
MATERIAL: Stainless Steel TEMPERATURE LIMIT — 200
CODE EN- SIZE ' DESCRIPTION No, Ir
NUMBER CODER | FROM 10 | S
------------------ PIPE=mmmmmmcmmcmcmmcceea-
/72" - 10" Stainless Steel, ASTM A312 Grade
TP316L, Schedule 40S, Beveled Ends
---------------- 3 {1 —
1/2% - 10" Seamless Stainless Steel, ASTM A403

Grade WP316L, Buttwelding Ends
Schedule 40S

------------------- FLANGES==-==smmmmmcmean-
1/2" - 10" |300# ANSI, Raised Face Weld-Neck Type,
Forged Stainless Steel ASTM A182

Grade F316, Schedule 40S Bore

2" - 10" 300# ANSI, Raised Face Weld-Neck Type,
Forged Stainless Steel ASTM A182 Grade
F316, Schedule 40S Bore, with 1/2"
Socketwe]d Taps

-------------- BRANCH CONNECTIONS----ecounu-
Header Branch Use
1/72% -~ 10" Full or Reducing Full or Reducing Tees

Primary Instrument Connections to Piping
Temperature Conn's 1-1/2" Flgd
Pressure Conn's 1/2" BW
Orifice Tap Connections 1/2" SW

1/2" - 10" Grafoil Flange Gasket, Flat Ring,
1/16" Thick, John Crane or Approved Equal

Alloy Stud Bolts, ASTM A193 Grade B7, with
2 Heavy Hex Nuts, ASTM A194 Grade 2H

JOB NUMBER DOCUMENT NO REV.
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SERVICE

v
o °

CODE
NUMBER

ENCODER

SIZE
FROM T0

DESCRIPTION

NOTEJR Ev

]/2“ - 6Il

]/2" - 6Il

1/2" - 4"

6" only

]/2" - 3"

4n - 10"

]/2“ - 10"

300# ANSI, Buttweld Ends, 0S&Y, Bolted
Bonnet, 316 Stainless Steel Body, 316
Stainless Steel Trim, Grafoil Packing,
Sch 40S Bore

Acceptable Model:

Aloyco Fig. No. 2316A or 2316

300# ANSI, Raised Face Flanged Ends, 0S&Y
Bolted Bonnet, 316 Stainless Steel Body
and Trim, Grafoil Packing

Acceptable Model

Aloyco Fig. No. 2317A or 2317

------------------- BALL VALVES----=cccmc——-
300 ANSI, Buttweld Ends, 316 S.S. Body,
Ball, Stem, and External Parts, Polyfill or
Approved Equal Seat, Metal "S" Gasket or
Approved Equal Body Seal, Lever Operated
Schedule 40S Bore

Schedule 40S Bore

Acceptable Model: Worcester Controls

Fig. No. W5966PMBWS7 (1/2" - 4")

Fig. No. WA566PMBWS7 (6" only)

--------------- PLUG VALVE--=cmemcccccaana-
300# ANSI, Butt-Weld Ends, 316 Stainless
Steel Body, Cover, and Plug, Stainless
Steel Cover Bolts, UHMW Polyethylene or
Approved Equal Sleeve and Dijaphragm, Wrench
Operated, Sch 40S Bore

Ditto, except Enclosed Gear Operated
Acceptable Model:
Tufline Fig. No. 1366BW, Non-lubricated

300# ANSI, Buttweld Ends, Swing Type,
Bolted Cover, 316 Stainless Steel Body,
316 Stainless Steel Trim, Sch 40S Bore
Acceptable Model:

Aloyco Fig. No. 2376

JOB NUMBER DOCUMENT ND
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9.0 COATING AND WRAPPING

9.1 SCOPE OF WORK
The Contractor shall provide all material, labor, equipment, and tools
necessary for the preparation and application of corrosion resistant coatings for
exterior surfaces of carbon and stainless steel pipe, flanges, valves, and fittings
in direct buried service.
9.2 MATERIALS OF CONSTRUCTION
The following materials or Approved Equal are acceptable:

MATERIALS MANUFACTURER MFR's CODE SERVICE TEMPERATURE

Tape Primer Polyken Div No. 927 -309F to 200°F

Primary Tape of the No. 980 -300F to 2000F

Filler Tap Kendall Co., No. 931 -300F to 2000F

Joint Tape Boston, No. 930 -309F to 2000F
Mass.

9.3 EQUIPMENT

The pipe wrapping shall be electrically inspected with a Tinker
& Rasor Model AP or APW or Approved Equal holiday detector set at a minimum
dc voltage of 150 times the mil thickness of the coating to detect any
wrapping flaws.

10.0 FIRE PROTECTION

10.1 SCOPE OF WORK

This Specification establishes the requirements for the design,
fabrication, and installation including furnishing labor, materials, tools,
and equipment, and performing operations necessary for engineering, '
detailing, inspection, testing, documentation, delivery to jobsite and
installing Underwriters Laboratories (UL) and/or Factory Mutual (FM)
approved automatic fire sprinkler systems, fire hose cabinets, and fire
hose racks.

10.2 MATERIALS OF CONSTRUCTION

Sprinkler heads for offices and other finished areas shall be
UL and/or FM approved, pendant type with ceiling plate, a temperature
rating of 212 deg F, and a standard 1/2-inch orifice size. Sprinkler heads
for all other areas shall be UL and/or FM approved brass upright type, with
a standard 1/2-inch orifice size and a temperature rating of 212 deg F
except near heat sources where the temperature rating shall be in
accordance with NFPA Standard No. 13, Table 3-16.6.4.
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Water flow detectors shall be provided and installed according
to NFPA Standard No. 72A. Wiring and conduits shall be provided and
installed by the Contractor.

Piping shall comply with the ANSI and ASTM standards. Pipe
hangers shall be in accordance with requirements of the Underwr1ters'
Laboratories, Inc., for use in sprinkler systems.

Pipe: ' Carbon Steel, ASTM A 53, Grade B, Standard
Weight
Screwed Fittings: Cast Iron ASTM A 126 conforming to ANSI B16.4 &

B16.1 or Malleable Iron, ASTM A 197 conforming
to ANSI B16.3

Flanges: Cast Iron ASTM A 126 conforming to ANSI B16.1
Couplings and Unions: As per NFPA Standard No. 13
Valves: (1) Class 175 WWP Iron Body, Bronze Mounted,

0S&Y Gate Valves for all sizes larger
than 2 inches

(2) Class 175 WWP Iron Body Swing Alarm
Check Valve

(3) Class 175 WWP Iron Body Dry Pipe Valve
10.3 EQUIPMENT
10.3.1 Alarm Check Valves

The alarm check valves shall be Viking Model F-1 Alarm
Check Valve with retarding chambers and complete trim packages, or Approved
Equal. A water motor gong local alarm shall be included with each wet pipe
system,

10.3.2 Fire Hose Racks, Fire Hose and Extinguisher Cabinets

Fire hose racks and fire hose cabinets shall be of the
surface mounted type and shall be provided and installed at the approximate
locations shown on the drawings. A1l fire hose racks and cabinets shall be
installed in compliance with NFPA Standard No. 14 for Class II service and
NFPA Standard No. 13 for combined systems. A1l fire hose cabinets shall be
sized to house a 2-1/2 gallon water-type fire extinguisher in addition to
the hose and appurtenances.
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APPENDIX C-2
ZEOLITE ENCAPSULATION
OUTLINE SPECIFICATIONS

1.0  EARTHWORK

Earthwork shall include the removal of all vegetation, trash and
debris, and excavation for foundations. Trash and debris shall be removed
to a sanitary land fill. Excavated material suitable for backfilling shall
be stock piled on site for later use. Cuts over 4 feet high shall be
shored or have side slopes a minimum of 1-1/2 to 1. Backfilling of
excavated areas shall be compacted to 95 percent of maximum dry density in
accordance with ASTM D 1557, Method D.

2.0 STRUCTURAL
2.1  CONCRETE

2.1.1 Applicable Publications. Concrete shall conform to
ACI-318, "Building Code Requirements for Reinforced Concrete”, and to the
requirements of the following publications of the American Concrete
Institute. These publications will be used to the extent they are
applicabie:

ACI-304 "Recommended Practice for Measuring, Mixing and
Placing Concrete”

ACI-305 "Recommended Pract1ce for Hot Weather
Concreting"

ACI-306 "Recommended Practice for Cold Weather
Concreting”

ACI-308 "Recommended Practice for Curing Concrete"

ACI-315 "Manual of Standard Practice for Detailing
Reinforced Concrete Structures"

ACI-347 "Recommended Practice for Concrete Formwork"

2.1.2 Concrete Formwork. Forms shall be constructed to
conform, within the tolerances specified, to the required shapes,
dimensions, lines, elevations, and positions of the cast-in-place concrete
members as indicated. Forms shall be supported, braced, and maintained
sufficiently rigid to prevent deformation under load.

2.1.3 Cast-In-Place Concrete. Concrete shall be standard

density concrete (150 pounds per cubic foot) unless noted otherwise. The
minimum compressive strength of concrete will be 3000 psi at 28 days.
Portland Cement shall conform to ASTM C150. Reinforcing steel shall
conform to ASTM A615, Grade 60. Wire mesh for slabs shall conform to ASTM
A 185.
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2.1.4 Grout. Grout shall be sufficiently fluid to ensure
complete filling of all sections of units or areas requiring grout, but not
so thin as to allow segregation of aggregate. A1l grouting shall be done

in accordance with manufacturer's printed instructions. Grout shall be a
non-shrink type.

2.2 METALS

2.2.1 Applicable Publications. The requirements of the
following publications shall be used to the extent they are applicable:

American Institute of Steel Construction (AISC)
"Specification for the Design, Fabrication and
Erection of Structural Steel for Buildings"

American Institute of Steel Construction (AISC)
“Specification for Structural Joints Using ASTM
A325 and A490 Bolts"

American Welding Society (AWS) "Structural Welding
Code (AWS D1.1) :

2.2.2  Structural Steel. Structural steel shall conform to
ASTM A36. Fabrication and erection shall conform to AISC “"Specification
for the Design, Fabrication and Erection of Structural Steel for Buildings".

2.2.3 Bolting. Structural steel connections shall conform to
"Specification for Structural Joints Using ASTM A325 or A490 Bolts".
Structural stainless steel connections shall be similar to structural steel
type connections, except that the mechanical properties of the bolts, nuts,
and washers shall conform to the latest revision of ASTM A193 for Class 2,
Grade B8, Type 304.

2.2.4 Welding. E308L electrode series shall be used to weld
304L stainless steel. Welding shall conform to the AWS Structural Welding
Code, AWS D1.1, for carbon steel, to the ASME Boiler and Pressure Vessel
Code for stainless steel, and to the requirements of the latest revisions
of the following publications to the extent they are applicable:

"Specification for Corrosion-Resisting Chromium and
Chromium-Nickel Steel Covered Welding Electrodes”, AWS
A5.9

"Specification for Corrosion-Resisting Chromium and
Chromium-Nickel Steel Welding Rods and Bare
Electrodes", AWS A5.9

"Specification for Flux-Cored Corrosibn-Resisting
Chromium and Chromium-Nickel Steel Electrodes", AWS
A5.22

"Specification for Aluminum and Alumionum Alloy Welding
Rods and Bare Electrodes", AWS A5.10
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2.2.5 Masonry. Masonry units shall conform to ASTM C90,
Grade N, Type I for 8 inch or 12 inch block. Reinforcing steel for masonry
construction shall conform to ASTM A615, Grade 60 for deformed biliet steel
bars.

3.0 ARCHITECTURAL

3.1 WOODS AND PLASTICS
3.1.1 Rough Carpentry

Rough carpentry shall be nailers, blocking, striping,
and miscellaneous. Any member in contact with concrete or masonry shall be
pressure preservative treated.

3.1.2 Finish Carpentry

Finish carpentry shall be bult-in wood shelving,
cabinets, hardwood shower seats, etc.

3.2 THERMAL AND MOISTURE PROTECTION
3.2.1 Preformed Metal Siding

Ribbed siding panels, 22 gauge, lap type joint with
insulation.

3.2.2 Building Insulation

Building insulation shall be U.L. Tisted with flame
spread under 25 and smoke developed and fuel contributed under 50.
Insulation shall be in thicknesses as indicated on the drawings.

3.2.3 Inverted Roof System

Dow Chemical Co., 3-1/2 inch thick styrofoam RM brand
insulation shall be placed directly over the roofing membrane.

a. Built up Roofing

Roofing shall be 3-ply, 20 year bondable type,
applied directly over substrate, John-Mansville or equal.

b. Polyester Formed Fabric

Dow Chemical Co. approved fabric shall be placed
l1oosely over the insulation.

c. Crushed Stone

A crushed stone ballast of 1-1/2 inch shall be
placed over the polyester formed fabric. Stone top covering shall be 3/4
inch to 1 inch in diameter.
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3.2.4 Sheet Metal

Parapet flashing, counter flashing, base flashing, and
flashing at roof penetrations shall be 24 and 22 Ga galvanized steel.

3.2.5 Sealants and Caulking

‘Sealants and caulking shall be silicone, polysulphide
or polyurethane base, non-saf, gun-approved as pourable, selected as best
suitable for applicable conditions.

3.3 DOORS AND WINDOWS

3.3.1 Metal Doors and Frames

Doors and frames shall be standard commercial type,
conforming to the Steel Door Institute (SDI) standards as follows:

Doors: Flush panel, seamless; interior doors 18
gauge; exterior doors 16 gauge,
galvanized.

Frames: Full welded or knock down construction;
interior frames 16 gauge: exterior doors
14 gauge, galvanized.

Fire rated doors and frames, where required, shall
conform to the requirements of U.L. and shall bear the appropriate label.
A1l interior doors shall have 6 inch x 2 foot wire glass vision lites .
except doors leading to toilets, lockers and janitor rooms.

Explosion proof doors.shall be able to withstand 1-PSI.

3.3.2 Finish Hardware

Finish hardware shall include mortise-type latchsets,
locksets, exit devices, hinges, closers, thresholds, flushbolts, pulls,
push/kick plates, door holders, and shall be heavy duty as manufactured by
Sargent and Co. or equal. Exposed surfaces of hardware shall have a satin
finish or as selected. A1l building exits shall be provided with panic
exit devices. .

3.4  FINISHES
3.4.1 Metal Studs
| Except as otherwise noted all metal studs shall be 4

inches x 20 gauge, non-bearing screwable type, punched for utility lines,
complete with top and bottom runners.
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3.4.2 Gypsum Board

Gypsum board shall be 5/8 inch thick tapered edge
throughout. Water resistant gypsum board shall be used in toilet rooms and
janitors room. Type "X" shall be used in 1-hour fire rated areas.

3.4.3 Ceramic Tile

Ceramic tile work shall include regular Portland cement
sitting beds and ceramic tile floors, wainscots and walls. Tilework and
installation shall conform to the American National Standards Inst1tute
(ANSI) and the Tile Council of America (TCA).

3.4.4 Acoustical Ceilings

Acoustical ceilings shall be suspended exposed metal
"T" grid system with lay-in acoustical units. Exposed "T" members shall be
aluminum or steel with applied matte white enamel finish. Acoustical units
shall be 24 inches x 48 inches x 5/8 inches. Acoustical material shall be
U.L. listed with flame spread under 25 and smoke developed and fuel
contributed under 50.

3.4.5 Cement Plaster

Cement plaster shall be installed on metal lath and
steel framing on walls and ceilings where scheduled, including all
necessary trim and accessories.

3.4.6 Resilient Flooring

a. Floor coverings in the Decon area, air lock and
gallery shall be 200 vinyl chloride, 2 mm thick flooring as distributed by
Dynamit Nobel of America Inc., or approved equal. Material shall be
manufactured as a homogenous polyvinyl chloride with the pattern and color
extending through the butt thickness and shall conform to Federal
Specifications SS-T-312, L-F475, and ASTM E84., Material shall have
chemical resistance to acids, bases, dye stuffs, and solvents and shall be
noncombustible or self-extinguishing. Installation shall be made as a
monolithic, seamless floor by heat welding and fusion, or by butt welding
edges of material sheets together. Flooring shall be butt we]ded d1rect1y
to 6" high Mipolam flexible vinyl cove.

b. A1l other areas such as offices and hallways shall
have vinyl asbestos tile flooring as manufactured by Armstrong Cork Co. or .
equal. The tiles shall be 12 inches x 12 inches x 1/8 inch commercial
quality. The base shall be four inches high top set vinyl cove base with
pre-formed internal and external corners.
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3.4.7

HIP-
Painting

Except as excluded herein, all surfaces of new work

shall be properly prepared, primed, and finished, including walls,
ceilings, miscellaneous exposed materials, equipment, piping, hangers,
conduits, grilles, etc., which normally require painting.

~The following items shall not be painted:

Surfaces receiving a special protective coating
Concrete floors

Anodized aluminum, chromed, or stainless metals
Factory-finished items and equipment

The following items shall be primed or shop-coated

prior to delivery to job site:

equal to first-line

- Metal doors and frames
- Structural steel
- Miscellaneous metal work

Paints, primers, and finishes shall be ready-mixed and
products as manufactured by:

Devoe and Reynolds, Inc.

Pratt and Lambert, Inc.

E. I. DuPont de Nemours and Co.
Rust-Oleum Corporation

Glidden Company

Benjamin Moore and Co.

a. Painting Schedule. A1l painting shall be two coats

applied over a primer coat. The primer coat shall be appropriate for the
surfaces to be painted and compatible with the types of finish coat used.

b. Interior Surfaces

Surf ace Finish

Concrete 1 coat masonry flock filler
2 coats interior alkyd
semigloss enamel

Galvanized Metal 1 coat zinc dust-zinc oxide
primer
1 coat interior enamel
undercoat
1 coat interior alkyd
semigloss enamel
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Ferrous Metal 1 coat zinc, iron oxide,
alkyd resin-type metal primer

1 coat enamel undercoat
1 coat alkyd semigloss enamel

Exterior Surfaces

Surface Finish

Ferrous Metal 1 coat alkyd-oil resin-type
metal primer
2 coats semigloss enamel

Galvanized Metal 1 coat zinc dust-zinc oxide
primer
2 coats semigloss enamel

3.4.8 Special Coatings

Special coatings shall be Ameron system decontaminable

special protective coating for floors, walls, and ceilings, or equal.

Concrete:

Concrete floors:

Prime sealer - Nu-Klad 108
Intermediate coat Amercoat 66

Top coat Amercoat 66 (2 coats)
Concrete Walls:

Prime sealer Nu-Klad 108

Filler Nu-Klad 114
Intermediate coat Amercoat 66

Top coat Seal gloss Amercoat 66
Structural Steel, Decking, Carbon Steel Doors and
Primer Amercoat 77

Cleaner (for galvanized) Galvaprep

Intermdiate coat Amercoat 66

Top coat Amercoat 66

Protective Coating for Stainless Steel Embedded in

Double coating Thurmalox 70
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3.5 SPECIALTIES
3.5.1 Metal Toilet Partitions

Ceiling hung toilet partitions and wall hung urinal
screen shall be products of Sanymetal Products or equal, "Century Type"
with a baked enamel finish.

3.5.2 Toilet Accessories

Toilet accessories shall be products of Bobrick
Washroom Equipment Co., or equal, including:

a. Mirror

b. Soap dispenser

c. Towel dispenser and waste receptacle
d. Sanitary napkin dispenser

e. Toilet tissue dispenser

f. Seat cover dispenser

3.5.3 Louvers

Louvers shall be products of Construction Specialties,
Inc., or equal, mullion type louvers Model 4100 standard blade or as
applicable and shall be constructed of extruded aluminum, 6063-T52 alloy,
furnished with 1/2 inch mesh birdscreen.

3.5.4 Signs and Directories

Signs shall be products of Vomar Products, Inc., or
equal.

3.5.5 Lockers and Benches

Lockers and benches shall be the products of Lyon Metal
Products, or equal.

a. Lockers. Lockers shall be single tier-type, 12
inches wide, 18 inches deep, 72 inches high with baked enamel finish.
Lockers shall be curb mounted.

b. Benches. Benches shall be constructed of hardwood
seats, finished with three coats of plastic sealer mounted on enameled
steel pedestals.
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4.0 EQUIPMENT
4.1  PROCESS EQUIPMENT
4.1.1 Sump Catch Tank

Equipment No. KEF-HP-TK1. 42 in. diameter by 6 ft.-6
in. tall, constructed of ASME SA-240 Grade 304L stainless steel. Design
and fabr1cat1on per ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1 at 15 PSIG and 1009F. Capacity shall be 500 gallons.

Equipped with an electric motor driven agitator (Equip. No. KEF-HP-AG1) and
an internal spray header for decontamination solutions with inlet, outlet,
vent, and instrumentation connections and agitator mount.

4,1.2 Decontamination Solution Make-Up Tank

Equipment No. KEF-HP-TK101. 42 in. diameter by 4 ft.-0
in. tall, constructed of ASME SA-240 Grade 304L stainless steel. Design
and fabrication per ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1 at 15 PSIG and 2000F. Capacity shall be 300 gallons.

Equipped with an electric motor driven agitator (Equip. No. KEF-HP-AG101)
and a steam heating coil with inlet, outlet, vent and instrumentation
connections and agitator mount.

4,1.3 Pressurized Feed Gas Mixture Lag Storage Vessels,
Pressurized Feed Gas Mixture Run Tank, Isostatic Run Tank

Equipment No. KEF-HP-TK2 (eight required), KEF-HP-TK3
(two required), and KEF-HP-TK4 (two required). 12 in. nominal diameter
pipe (Sch. 80S) by 12 ft.-0 in. long, constructed of ASME SA-312 Grade
TP316L stainless steel. Design and fabrication per ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1 at 1270 PSIG and 300CF.
Capacity shall be 9.5 cubic feet. Equipped with inlet, outlet, and
instrumentation connections. The ten vessels shall be stacked two wide by
five high in a structural steel frame as shown on Drawing No. P-6.

4.1.4 Fresh Isostatic Gas Supply Cylinders

Equipment No. KEF-HP-TK101, (three required) 9 in.
nominal diameter by 4 ft. 4 in. tall, constructed of carbon steel. Design
pressure 2490 PSIG at 1000F. Capacity shall be 1.54 cubic feet each.
Assembled with manifold, individual shut-off valves, pressure reducing
station, and inlet and outlet pressure indicators.

4.1.5 Pressure Relief Accumulator

Equipment No. KEF-HP-TK5. 18 in. nominal diameter pipe
(Sch. 80S) by 4 ft.-6 in. long, constructed of ASME SA-312 Grade TP316L
stainless steel. Design and fabrication per ASME Boiler and Pressure
Vessel Code, Section VIII, Division 1 at 900 PSIG and 2000F, Capacity
shall be 8 cubic feet. Equipped with inlet, outlet, and instrumentation
connections. :
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4,1.6 Feed Gas Mixture Compressor

Equipment No. KEF-HP-COM1&2 (two required). Single
stage, diaphragm type with hydraulic fluid providing the pulsating motion
to compress Krypton-85 gas from an inlet pressure of 340 psig at 709F, to
a discharge pressure of 500 psig. Compressor displacement shall be 1 CFM
at 400 rpm. A triple diaphragm shall be used with a detection system to
indicate either compressed gas or hydraulic fluid leakage through the
diaphragm. Parts in contact with krypton shall be Type 316 stainless
steel, other parts may be manufacturer's standard for the application. The
compressor shall be electric motor belt driven. Maximum compressor speed
shall be 400 rpm, electric motor speed shall be 1800 rpm. The electric
motor shall be 460V, 3 phase, 60 Hertz. Each compressor and drive shall be
assembled and mounted on a structural frame.

4.1.7 Decontamination Solution Pump

Equipment No. KEF-HP-P101. Centrifugal, horizontal,
electric motor driven pump. Motor speed shall be 1800 rpm. Parts in
contact with decontamination solutions shall be Type 316 stainless steel.
Pump capacity shall be 50 gpm with 40 feet TDH.

4,1.8 Closed Loop Cooling Water Pump

Equipment No. KEF-HP-P1&2 (two required). Centrifugal,
horizontal, electric motor driven pump. Motor speed shall be 1800 rpm.
Pump material shall be ductile iron. Pump capacity shall be 100 gpm with
60 feet TDH.

4.1.9 Krypton Vacuum Pump
Helijum Vacuum Pump

Equipment No. KEF-HP-VP 1 & 2 (two required), and
Equipment No. KEF-HP- VP 3 & 4 (two required). Cam and piston, compound
vacuum pump, capable of displacing 3 CFM minimum at 10-2 Torr. Metals in
contact with the process shall be Type 316 stainiess steel. Other
materials in contact with the process shall be compatible with radioactive
Krypton-85. Pump shall be motor driven, single or three phase, 230/460V,
60 hertz. Maximum motor speed shall be 1800 rpm.

4.1.10 Pressurized Feed Gas Cooler

Equipment No. KEF-HP-HE1. Shell and tube type heat
exchanger with 20,000 BTU/hr. duty. Materials is contact with krypton gas
shall be Type 316 stainless steel, other materials may be carbon steel.
Design and fabrication per ASME Boiler and Pressure Vessel Code, Section
VIII, Division 1, and TEMA R requirements. Design pressure for gas side
shall be 600 PSIG, with 2000F inlet temperature and 1109F maximum
outlet temperature. Design pressure for water side shall be 100 PSIG, with
950F inlet temperature.
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4.1.11 Closed Loop Cooling Water Heat Exchanger

Equipment No. KEF-HP-HE2. Shell and tube type heat
exchanger with 200,000 BTU/hr. duty. Materials shall be carbon steel with
admiralty tubes. Design and fabrication per ASME Boiler and Pressure
Vessel Code, Section VIII, Division 1, and TEMA R requirements. Design
pressure shall be 100 PSIG, with closed Toop water inlet temperature
]3%°F and outlet temperature 959F, and cooling water inlet temperature
850F,

4.1.12 Pressurized Feed Gas Filter

Equipment No. KEF-HP-F1. 1Inlet filter with removable
sintered metal element. Filter rating shall be 2 micron with 2 CFM flow
and 500 PSIG pressure, with no more than 10 PSI pressure drop. Materials
in contact with Krypton-85 shall be Type 316 stainless steel.

4,1.13 Sump Liquid Sampler
Sump Catch Tank Liquid Sampler

Manually initiated, isolating, plunger type, air
powered, solenoid valve actuated liquid sampler.

4.1.14 Sump Eductor
Sump Catch Tank Eductor

Air or steam operated liquid eductor, 30 gpm transfer
rate, Type 304L stainless steel.

- 4.1.15 Hot Isostatic Press

Equipment No. KEF-HP-HIP1. Top loading, single level,
graphite, natural convection style hot isostatic pressing furnace with
isolated dual gas differential pressure control capability, 30 liter vessel
capacity, 8.8 Tliter container capacity, with electric internal furnace and
water cooled pressure vessel shell. Includes top vessel plug, movable
plug yoke, pressure control gas system, feed compressors KEF-HP-COM 3 & 4
and KEF-HP-COM 5 & 6, and vacuum pump. Operating pressure 14,700 PSIG at
7000C, 50 kW maximum power, 41,000 BTU/hr heat input, design per ASME
Boiler and Pressure Vessel Code, Section VIII, Division 1.

4,1.16 Substrate Activation Furnace

Equipment No. KEF-HP-AF1 (two required). Electric
resistance heated furnace with capacity for 8.8 liter substrate container,
40 kW heat input.
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4,2 MECHANICAL EQUIPMENT ‘

4.2.1 Mini-Trailer Robo-Carrier

(2 required). Remotely operated, automatically
controlled electric cart and platform 1ift assembly, with vertical and
horizontal canister cradles, pneumatic push/pull piston, and pre-programmed
positioning capability.

4,2.2 In-Cell Bridge Crane

Remotely operated bridge crane with 12-ft. 0-in. span
and 5-ton top mounted trolley and hoist, and with two 1/2-ton underslung
auxiliary trollies and hoist, as manufactured by Edder Corp. or Approved
Equal.

4,2.3 Remote Welder

Fully remote automatic welding station as manufactured
by Astro-Arc or Dimetrics Corporation or Approved Equal.

4,2.4 Leak Detection System

Fully remote automatic leak detection system with
automatically calibrated helium detector.

4.2.5 Master-Slave Manipulators

(Four required). Model "F" type master-slave
manipulators, for assistance and maintenance of automatic welder and remote
leak detection system, as manufactured by Central Research or Approved
Equal.

5.0 HEATING, VENTILATING, AND AIR CONDITIONING SYSTEMS
5.1  SUPPLY FANS

Supply fans shall be single-width, single-inlet,
non-overloading centrifugal type with airfoil blades, V-belt drive and TEFC
motors, AMCA Class II construction, and variable inlet vortex vane damper
capacity control. Capacity shall be 2670 cfm at 3.0 inches wg static
pressure and 3-hp. Fans shall be Buffalo Forge Co. type BL-Aerofoil, size
270, or Approved Equal.

5.2 EXHAUST FANS

Exhaust fans shall be designed and constructed to operate
continuously prior to, after, but not necessarily during an Operating Basis
Earthquake (OBE). Fans shall be single-width, enclosed radial blade
centrifugal type, V-belt drive and TEFC motors, AMCA Industrial Exhauster
class. Capacity shall be 2800 cfm at 10-inches wg static pressure and 10
hp. Fans shall be Buffalo Forge Co. Industrial Exhaust model, size 30 MV,
or Approved Equal.
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5.3  VENT FANS

Vent fans shall be single-width, single-inlet non-overloading
centrifugal type with airfoil blades, V-belt drive and TEFC motors, AMCA
class III construction, and variable inlet vortex vane damper capacity
control. Capacity shall be 4000 cfm at 1-inch wg static pressure and
1-hp. Fan shall be Buffalo Forge Co. type BL-Aerofoil size 270, or
approved equal. :

5.4  POWER ROOF VENTILATORS

Power roof ventilators shall be low silhouette, all aluminum
construction, spun housing type. Fans shall be centrifugal type with
direct drive. Capacity shall be 100 cfm at 3/8 inches wg static pressure.

5.5  PREHEAT COILS

Preheat coils shall be 2-row, non-freeze, finned tube, low
pressure steam type. Coil capacity shall be 2670 cfm and 168,000 Btu/hr at
15 psig steam pressure, with -200F entering and +400F leaving air
temperatures.

5.6 HEATING COIL

Heating coils shall be the 1-row, finned tube type designed for
modulating control with steam at 15 psig pressure.

5.6.1 Contaminated Areas

Heating coil serving the Load-out, Gas Storage, and
Substrate areas shall have a capacity of 570 cfm and 26,000 Btu/hr with
+400F entering and 900F leaving air temperatures. Coil face area shall
be 1.0 square feet.

Heating coil serving the Assembly area shall have a
capacity of 1180 cfm and 32,000 Btu/hr with +409F entering and 700F
leaving air temperatures. Coil face area shall be 2.0 square feet.

5.6.2 Non-Contaminated Areas

Heating coil serving the Office, Health/Physics,
Operating Gallery, and Vestibule shall have a capacity of 920 cfm and
41,400 Btu/hr with +400F entering and +909F leaving air temperature.
Coil face area shall be 1.5 square feet.

5.7 COOLING COIL
Cooling coil shall be finned tube type for direct expansion
refrigerant service. Coil shall be provided with a liquid refrigerant

distributor. Coil capacity shall be 920 cfm and 24,000 Btu/hr. Coil shall
have a face area of 2.0 square feet and be six rows deep.
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5.8 SUPPLY AIR FILTER BOXES

- Supply air filter boxes shall be the side loading type
containing a guide track for prefilters and a separate guide track for high
efficiency filters. Prefilters shall have an efficiency of 30% per ASHRAE
Standard 52-76. High efficiency filters shall have an efficiency of 90%
per ASHRAE Standard 52-76. Filter boxes shall be Farr Co. side loading
model 3P Universal Glide/Pack with type 30/30 prefilters and type HP-200
high efficiency filters, or approved equal. Filter box capacity shall be
2670 cfm and shall have 2-24" x 24" x 4" prefilters and 2-24" x 24" x 12"
high efficiency filters.

5.9  EXHAUST AIR HEPA FILTER PLENUMS

Filter plenums shall contain two stages of side loading,
bag-out HEPA filters and provisions for remote in-place DOP testing of each
HEPA filter. Filter plenums and filters shall be as manufactured by
Flanders Filter, Inc. Each plenum shall consist of the following:

1) Upstream first test section, T-1, including DOP injection
port, DOP diffusers, and upstream challenge aerosol concentration sample
port. :

2) First stage of HEPA filters in a model E-4, side loading,
bag-out housing.

3) Center combination test section, T-C, including DOP
injection port, DOP diffusers, and sample port for measuring first stage
downstream sample concentration or second stage upstream sample
concentration.

4) Second stage of HEPA filters in a model E-4, side loading
bag-out housing.

5) Last test section, T-0, including DOP diffusers and sample
port for measuring second stage downstream concentration.

Capacity of each filter plenum shall be 3000 cfm. Each filter
shall be 24" x 24" x 11-1/2" and arranged in the plenum 3-wide by 1-high.

5.10 SPRAY COOLING CHAMBER

A spray water chamber shall be provided upstream of each
exhaust air HEPA filter plenum. Each spray chamber shall be of stainless
steel all welded construction. One bank of spray nozzles shall be provided
together with moisture eliminators, and drain sump. Capacity shall be 2800
cfm with a face area of 5.6 square feet.

5.11 UNIT HEATERS
Unit heaters shall be horizontal suspended type with steam
heating coil, propeller fan, and adjustable discharge air louvers.

Capacity shall be 50,000 Btu/hr with 15 psig steam pressure. Unit heaters
shall be Trane Co. model 60-S, or approved equal.
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5.12 AIR COOLED CONDENSING UNIT

Air cooled condensing unit shall be for split system service
and shall include an air cooled condenser, hermetic refrigerant compressor,
and automatic control system. The unit shall have a capacity of 24,000
Btu/hr with 950F ambient air. Unit shall be Carrier Corp. model 38GS024,
or approved equal.

6.0 PLUMBING
6.1 SCOPE OF WORK

The Contractor shall provide all labor, materials, equipment,
and tools necessary for the installation of interior plumbing piping,
plumbing fixtures, and plumbing piping extending out to 5 ft from the
building where a break is made between plumbing and exterior sewage,
drainage, and water piping materials.

The work shall include, but shall not be limited to the
following:

6.1.1 System

Furnishing and installing a complete plumbing system
consisting of soil, waste and vent lines and hot and cold water
distribution.

6.1.2 Fixtures, Trim, and Accessories

Furnishing and installing plumbing fixtures, trim and
accessories.

6.1.3 Sewer and Water Lines

Furnishing and installing sewer and water lines from
building to 5 ft-0 in. outside of building.

6.1.4 Flashing

Furnishing and installing flashing and counterflashing
for items of this system.

6.2  MATERIALS OF CONSTRUCTION

6.2.1 Waste and Vent

Above ground 1-1/2 in. and smaller shall be Schedule 40
galvanized steel pipe with coated cast iron drainage type screwed
fittings. 2 in. and larger shall be service weight cast iron soil pipe and
fittings (Bell and Spigot Type or No-Hub).
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6.2.2  Sewer

Below grade or slab shall be Bell and Spigot service
weight cast iron soil pipe with neoprene compression gaskets to ASTM C
564. Above grade shall be standard weight cast iron Bell & Spigot or
No-Hub. :

6.2.3 Domestic Hot and Cold Water Piping

Materials shall be Schedule 40 galvanized carbon steel
pipe and fittings to ASTM A 120 with 300 1b rating.

6.2.4 Steel Pipe Unions

Galvanized 300 1b malleable iron, raiiroad ground joint
type.

6.2.5 Valves

Valves shall be gate valves 150 1b. Screwed bronze
ISRS, Crane No. 431 or Approved Equal, or ball valves 300 1b. Screwed
brass with TFE seals, Pacific No. 1-B or Approved Equa],

6.2.6 Partition Stops

Repcal B98 or Approved Equal, loose key type, hose
bibb, with flange.

6.2.7 Strainer
Sporlan or Approved Equal.
6.2.8 Sleeves

Sleeves shall be of 24 gauge galvanized iron or steel,
for use wherever pipes pass through concrete floors and foundations.

6.3 PLUMBING FIXTURES
6.3.1 Water Closet. American Standard No. 2502.011 white

vitreous china, siphon jet wall hung, Sloan Royal No. 110 flush valve,
white open front seat less cover. J. R. Smith No. 100 carrier.

6.3.2 Urinal (Mark - UR). American Standard No. 6500.011
white vitreous china, wall hung, Sloan Royal NO. 186-11 flush valve with
1-1/4 in. top spud, wall and spud flanges, vacuum breaker, with adjustable
floor support.
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6.3.3 Lavatory (Mark - L-1). American Standard No. 0350.132
20 by 18, wall hung, white vitreous china, No. 2248.284 faucet with pop-up
drain, No. 2303.063 loose key angle stop supply pipes, No. 4401.014

adjustable P-Trap. Adjustable type concealed lavatory, floor support
carrier, with four point locking.

6.3.4 Shower (SH). Sloan Royal No. AC-10 Ac-to-matic with 3
gom flow control. Stainless steel, built-in mixing valve with 1/2 in.
inlet ports.

6.3.5 Floor drain (FD-1). Josam 30000A cast iron body,
nickel bronze strainer.

6.3.6 Roof Drain (RD). Josam 21000 Series, large dome,
bottom outlet with standard clamp ring and gravel stop, gasket, dome, and
body and to include deck clamp, drain receiver, and stationary extension
collar.

6.3.7 Overflow Drain (0D). Josam 21000-16 Series, large
dome, bottom outlet with standard clamp ring and gravel stop, gasket, dome,
and body and to include deck clamp, drain receiver, and stationary
extension collar.

6.3.8 .Cleanouts (types)

(1) Ordinary: Zurn A-1305

(2) Floor Type: Zurn Z-1326-1 or Z-1326-10, for
setting with top flush and square with floor.

(3) Wall Type: Zurn with Z-1310 chrome plated cover
plate.

‘ 6.3.9 Water Hammer Arresters (WHA). Water hammer arresters
shall be Zurn Shocktrol 1700 Series, Smith 5000 Series, or Approved Equal.

6.3.10 Roof Drainage. Piping for the roof drainage system
will be carbon steel, hot-dipped galvanized, ASTM A53, Gr "B", Std. Wt.
threaded ends. Fittings will be 1256# cast iron, ASTM A126, Grade B,
hot-dipped galvanized, threaded ends.

6.4  EQUIPMENT

6.4.1 Electric Water Coolers

The cooler capacity shall be in accordance with Sunroc
Model NSF-8-D-or Approved Equal. The cabinet shall be constructed of 19-20
gauge welded stainless steel, with a removable front panel, a stainless
steel base, and a Type 300 series stainless steel top. A chrome plated
brass hand operated bubbler on a raised mount shall have a built-in _
pressure regulator. The Contractor shall furnish a reciprocating type
hermetically sealed motor compressor with an air cooled condenser and a
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tube type cooling unit for Type 12 refrigerant, an insulated power cable,
and an enclosed, adjustable thermostat. Electrical specifications are 1/4

hp, 115 V, 60 Hz, single phase. The cooler shall bear the Underwriters
Laboratory (UL) Tabel. '

6.4.2 Electrical Water Heaters

‘The heater shall bear the Underwriters Laboratory (UL)
label. Each heater shall have a steel glass lined tank with a magnesium
anode, 4 bolt flange, inconel sheathed, rod-type heating element with
pre-wired terminal leads, and immersion type thermostat switching a
magnetic contactor(s). The heater shall have a minimum 3 inch glass fiber
insulation with a round steel shell. Each heater shall be provided with an
ASME rated temperature and pressure relief valve.

7.0  ELECTRICAL

This section applies to all electrical equipment and components,
which will be used on the Ion Implantation/Sputtering Facility. A1l items
are commercially available and shall comply with applicable codes and
standards. The power and services required are available from the existing
Site utilities. Conduit only will be stubbed out 5 ft from the building
for 13.8 kV normal and 480 volt standby power connections.

7.1 CONDUIT

A1l conduit systems shall be UL approved, rigid steel,
zinc-coated or 304L seamless stainless steel, Schedule 40 pipe. The
minimum conduit size shall be 3/4 in. for power, unless otherwise noted,
and 1/2 in. for exposed communication, control and instrumentation.
Insulated bushings shall be provided at all terminals, where hubs are not
used. Flexible metallic conduit shall be liquid tight. Expansion type
conduit fittings shall be used across building expansion joints.

7.2  WIREWAYS AND AUXILIARY GUTTERS

Wireways and auxiliary gutters used in dry locations shall be
preformed with screw type covers.

7.3  BUILDING WIRE, 600 VOLT

Single conductors for power, lighting, and miscellaneous
control shall be 600 volt, code type, 900C, RHH-RHW,USE,FP1 with
chlorosulfonated, polyethylene jacket for No. 2 AWG and larger, Okonite
Okolon, or equal. Type THHN-THWN shall be used for conductors smaller than
No. 2 AWG. The minimum control wire size shall be No. 14 AWG, and No. 12
AWG for all other wiring. A1l conductors shall be stranded copper except
that lighting and branch circuits with wiring No. 10 AWG and smaller may be
solid. Aluminum wire is not acceptable.
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7.4  HIGH RADIATION WIRE

A1l wiring, single or multi-conductor, within high radiation
areas and through shie]ding walls shall be No. 12 AWG minimum, Class IE,
600 volt wire rated for 10/ R minimum total integrated dosage, as
manuf actured by American Insulated Wire Corp., Boston Insulated Wire and
Cable Co., PSC, Div. M.W. Riedel, or The Rockbestos Co. Wiring inside the
high radiation areas shall be multi-conductor with a special
chlorosulfonated, polyethylene overall jacket suitable for decontamination
with water, nitric acid, oxalic acid, and Turco No. 4502.

7.5 UNIT SUBSTATION, 13.8 KV TO 480 VOLT

The indoor unit substation shall consist of a three-position,
manually operated, 600 amp, 15 kV primary fused interrupter switch, a
silicone insulating fluid transformer, a secondary main and feeder draw-out
air circuit breakers. The rating and the equipment quantity shall be as
shown on the Single Line Diagrams. The 480 volt breakers shall have static
Tong time (L), short time (S), and ground (G) tripping characteristics.
The buses shall be copper with silver plated joints and connections. A
manually operated overhead hoist shall be provided to remove the 480 volt
air circuit breakers.

7.6  DISTRIBUTION TRANSFORMERS

The quiet type distribution, three-phase transformers, rated
480-208Y/120 volt, shall be general purpose dry type in an indoor enclosure
and shall have 220°C insulation temperature classification and 1500C
winding temperature rise for 30 kVA and larger, and 1859C insulation
temperature and 1159C winding temperature rise for 25 kVA and smaller.

Full capacity NEMA standard taps shall be provided on the high voltage
winding. :

7.7  MOTORS

Motors shall be of sufficient size for the duty to be
performed. A1l motors shall have full nameplate horsepower available with
a service factor of 1.0 at 3000 ft elevation and 1.15 at sea level. Unless
otherwise specified, all motors shall be totally enclosed, and shall have a
continuous duty classification based on a 40°C, ambient temperature of
reference. Crane and monorail motors shall be rated for 30 minute
intermittant duty. Motors shall be the premium efficiency type. The
motors shall have the following factory guaranteed minimum efficiencies in
accordance with IEEE 112 Test Procedures and shall have the efficiency
index letter stamped on the motor nameplate:

HP % Efficiency HP % Efficiency HP % Efficiency
1 78.5 10 88.9 50 92.0
11/2 81.5 15 89.8 60 92.0
2 81.5 20 90.6 75 93.3

3 84.0 25 90.6 100 93.3

5 84.0 30 91.4 125 93.3

7 1/2 88.9 40 92.0 150 94.3

Page 20 of 50




HIFP-

The motor insulation shall be Class F minimum. Motors in high
radiation areas shall have Class H insulation and shall be rated for 2 x 107 R
total minimum gamma radiation dosage. The high radiation area motors shall be
suitably coated in the field with Crouse-Hinds "Corro-Free S-602" Cat. No. ETU2, or
equal. The motor voltage rating shall be selected as follows:

1/2 hp through 150 hp: 460 volt, 3 phase, 60 hertz
1/3 hp and smaller: 115 volt, single phase, 60 hertz

Motors 1/4 hp and 1/3 hp in a batch process shall be rated 460 volts, 3 phase, 60
hertz. Polyphase motors shall be NEMA Design B minimum, squirrel cage type, having
normal starting torque and low starting current; single-phase motors shall be
capacitor start type, except that motors rated 1/6 hp and less may be split phase
type. Gear motors shall be Class II or III, in accordance with the gear loading
requirements. Motors 5 hp and larger shall have full load power factor of 0.85
minimum. Motors 5 hp and larger with a full load power factor less than 0.85 shall
be corrected to at least 0.90, utilizing a power factor corrective device located
at the motor. Two-speed motors shall be the two-winding type. Motors connected to
the site standby power shall be capable of starting on a voltage reduction of 20 to
30 percent. A copper grounding lug shall be provided in terminal connection box of
all 460 volt, 3 phase motors.

7.8  STARTERS

Combination magnetic starters with 120 volt transformer and control
shall be provided for 460 volt, 3 phase motors that are 1/2 hp through 150 hp, and
manual starters shall be provided for all 115 volt, single phase motors smaller
than 1/2 hp.

7.9 MOTOR CONTROL CENTERS

The motor control center (MCC1) and split bus motor control center MCC2
sha11 be 277/480 V, 3 phase, 4 wire, 60 hertz, free- stand1ng, dead-front,
. dead-rear, copper bus only, NEMA Class II, Type B wiring consisting of vertica1
sections containing phase busing, terminals, copper ground bus, wireways, and
housing modular plug-in type equipment drawers behind interlocked hinged doors
Westinghouse Type Five Star, or equal. The enclosures shall be NEMA 1., A1l
operating handles and controls shall be externally operable. An individual,
480-120 volt control transformer with secondary fuse shall be provided for each
motor starter. Each starter shall have a HAND-OFF-AUTO selector switch in the
cover. The motor control center shall be braced for a minimum of 22,000 ampere
symetrical short circuit. The automatic transfer switch, with solid state control
and located in the standby section of the motor control center MCC2, shall be rated
260 amp, 480 volt, 3 phase, 3 pole, 60 Hz, and suitable to withstand a 22,000 amp
short-circuit fault. Upon power failure, the transfer switch shall automatically
start the Site diesel generator system. The return to normal power shall be
manual. In the event the standby power fails and normal power is available, the
transfer switch shall have an override to transfer automatically to normal power.
Two each tandem pilot lights shall be provided to indicate the contact position.
The transfer switch shall be ASCO Model 940326099 with accessories 6C, 9A, 98 and
28, or equal. '
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7.10 PANELBOARDS

The panelboards shall be dead front, copper bus, 4 wire, circuit
breaker type. Circuit breakers shall be E Frame minimum and rated for ac or dc
operation. The circuit breakers shall have a minimum interrupting rating of 10,000
- rms symmetrical amperes for 208 volt panelboards and 14,000 rms symmetrical amperes
for 277/480 volt lighting panelboards. A ground bus with screw terminals shall be
provided. Neutral buses shall be isolated. Enclosures shall be NEMA 1, surface
mounted. Panelboards of sizes and ratings, as shown on the drawings, shall be
provided to serve the ventilating, lighting, and miscellaneous power lcads. Ground
fault interrupter (GFI) breakers rated 120 Vac only shall be prov1ded as required
by National Electrical Code.

7.11 RECEPTACLES

Convenience outlets shall conform with NEMA Standard configuration
5-15R and shall be 3 wire, duplex, grounding type, 120 Vac, 15 amp, Hubbell Cat.
5262, or equal.

v Receptacles for 480 volt, 3 phase service shall be 60 amp, 4 pole, 3
wire type, with spring door and combined with a non-fused, heavy-duty, horsepower
rated disconnect switch, Crouse-Hinds WSRD 63542 or equal. The mating male plugs
shall be Crouse-Hinds APJ 6485, or equal, for 60 amp service.

7.12 HIGH RADIATION AREA CONNECTORS

The remote electromechan1ca1 manipulator operated, 304 stainless steel,
connectors shall be rated for 10/ R total integrated dosage minimum and 600
volts. The connector shall be suitably sealed for decontamination with nitric
acid, oxalic acid and Turco No. 4502. The receptacle and plug assembly shall be
Gulton Lormec Series 9588 and 9405 respectively, or equal.

7.13 SAFETY SWITCHES

Safety switches shall be the heavy-duty type, horsepower rated, 600
volt, 3 pole, with current rating and fusing, as shown on the drawings. The
enclosure shall be NEMA 1.

7.14 TOGGLE SWITCHES

Toggle switches installed for the control of incandescent, high
pressure sodium, and fluorescent lighting luminaires shall be heavy-duty, general
purpose, UL approved devices. Toggle switches shall be specification grade,
single-pole, Hubbell Cat No. 1221 or 1221-1, or equal.

7.15 LIMIT SWITCHES
The non-plug-in limit switches shall be heavy-duty type, 600 volts, 10
amp continuous rating contacts, single pole, double throw (SPDT) or electrically

independent double pole, double throw (DPDT). The limit switches shall be Micro
Switch Type HDLS Series, or equal.
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7.16 BOXES AND FITTINGS

Outlet boxes shall be rust-resistant, cast-iron alloy boxes with
threaded hubs or bosses for conduit connection. Pullboxes and their covers shall
be constructed of galvanized steel.

7.17 RELAYS

Control relays shall be magnetically operated relays with 120 Vac
coils, and contacts rated for 10 amp inductive at 120 volt continuous duty. Timing
relays shall be magnetic relays with an adjustable pneumatic timing mechanism and a
minimum 5 amp continuous contact rating.

7.18 GENERAL LIGHTING

Commercial type recessed fluorescent luminaires with acrylic lenses and
high power factor and energy saving ETL, Class P ballasts and 4 ft, cool white,
rapid start fluorescent lamps with wattage not to exceed 35 watts shall be used in
offices, control room, toilet and similar areas. Ballasts shall not contain PCB
capacitors. Industrial type fluorescent luminaires with upward component and
porcelain enamel reflectors shall be utilized in other low bay areas. Lighting in
the high bay areas shall utilize high pressure sodium (HPS) luminaires. Exterior
HPS wall mounted luminaires shall be provided. Special cell HPS luminaires,
suitable for remote removal, shall be provided, as required.

The emergency lighting shall be provided by fully automatic 120/277 V
supply, lead calcium rechargeable batteries, Holophane Cat. No. M-12-2A-X, or equal.

7.19 LIGHTNING PROTECTION

Lightning protection, complete with UL Master "C" label, shall be
provided. ‘

7.20 GROUNDING

A No. 4/0 AWG soft drawn bare copper ground loop with 3/4 in. by 10 ft.
copper-clad steel ground rods, shall be provided and connected to the Site duct
bank ground system. One insulated instrumentation ground bus plate and cable shall
be furnished in the control room. The cable shall be connected to the facility
ground system at only one point. The maximum facility ground resistance shall be
five ohms. The lowest level of building reinforcing bar shall be grounded. The
shielding window liners shall be grounded.

7.21 CATHODIC PROTECTION

Cathodic protection shall be provided for all direct buried metallic
lines and underground tanks. _
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7.22 TERMINAL BOXES

Control terminal box encliosures shall be NEMA 1 sheet steel
construction with hinged door, lock and steel equipment mounting panel(s).
Barriers shall be steel, full depth and height, finished the same as the
enclosures. The interior of the enclosure shall be finished with white enamel.
The exterior shall be painted with color, as directed.

7.23 TERMINAL BLOCKS

A1l power and control wiring shall be terminated on accessible terminal
blocks. The 600 volt, melamine, rail mounted, terminal blocks shall be Weidmulier
Type SAK, or equal. A snap-in preprinted unique wire number marker shall be
provided. Hand lettered terminal identification is not acceptable. Terminal
connectors shall be the vibration proof, pressure clamp type.

7.24 TELEPHONE SYSTEM

Telephone cabinets shall be provided, as required. Conduit only shall
be installed in the building, as required. The telephone system wiring will be by
Others.

7.25 CELL SPEAKER SYSTEM

A cell speaker system shall be provided for monitoring audio sounds
inside the cell. The system shall consist of a microphone with box mounted on a
remotely removable Gulton plug in the cell and connected to a speaker in the
-control room.

7.26 FIRE ALARM DETECTION SYSTEM

The fire detection system shall include control panels, annunciators,
initiating devices, signal conduits, and wire necessary for a complete and
operational system. The final connection to the Site fire alarm system will be by
Others. The system shall be Pyr-A-Larm System 3, or equal. The system shall
consist of a multiplexer and enclosed terminal board, thermal detectors, manual
stations, public address speakers, control panel audible devices, remote
annunciator and control panels. The detection devices shall be capable of being
interchanged without any changes required to the wiring, control panel or to the
mounting base. The supervision shall not require additional wires other than the
pair used for detection or alarm. The system shall be capable of being expanded at
any time up to the maximum capacity of the system. The system shall be capable of
having ionization, thermal, and photoelectric detecting devices, control relays,
and manual stations connected across the same pair of wires. The system shall be
electrically supervised against both short and open wire faults in the detection
circuit, the manual station alarm circuit, and an open in the system alarm and
trouble relay coils. An open wiring fault occurring in these circuits shall cause
an audible and visual trouble indication at the control panel. A fire alarm signal
shall override trouble signals. In the event of a trouble signal resulting from
trouble on an initiating zone, a fire signal from another zone shall appear on the
panel and remain until the panel is reset, at which time the trouble signal will
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reappear. Alarm initiating zones shall be as shown on the drawings. A separate
switch monitor shall be provided to control waterflow alarms separately from other
alarm signals.

7.26.1 Alarm System

The system shall function as follows when any sprinkler flow
switch operates, or thermal detector in the HVAC fire protection system operates:

A. The main and remote annunciator panel alarm
devices shall annunciate audible and visual
indicators of a fire alarm.

B. The visible indicator shall indicate the zone
Tocation and the device initiating the fire
alarm. The audible indicator shall produce the
same sound for all fire alarms.

C. An alarm indicating lamp shall light in the base of
the HVAC detector initiating the alarm. ,

D. Panel locks into alarm until manually reset.

E. Exhaust duct detector circuits shall be provided to
energize the HVAC fire protection chamber fire
water system for HEPA filters.

'F. Supply duct detector circuits shall be provided to
shut down the supply fan(s).

G. The alarm shall be manually transmitted as a voice
alarm throughout the building over the fire alarm
PA speakers.

7.26.2 Fire Supervisory Signals.

The supervisory alarm initiating devices shall include post
indicator valve (PIV) switches, 0S and Y valve switches, dry pipe system low air
pressure switches, trouble signals from each of the Halon and CO2 systems, and
the Pyr-A-Larm Panel system trouble indicators. The supervisory alarm system shall
function when any of these devices operate, as follows:

A. The main control panel shall annunciate audible
and visual indicators of a supervisory alarm. The
audible indicator shall provide a different sound
than the fire alarm audible indicator.

B. The main panel locks the visual alarm indicator
on, until manually reset. The audible indicator
can be silenced by operating the alarm normal
switch,
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C. The main panel relays the supervisory alarm signal
via a separate transmitter to the Site fire
supervisory alarm system.

7.27 EVACUATION ALARM SYSTEM

The evacuation system shall be completely independent of any other
system. Speaker wiring may be installed in same conduit as fire alarm. No voice
communication is required. The evacuation alarm system shall include an evacuation
alarm panel, supervised public address speakers, initiating devices, a tone
generator, signal conduits, and wire necessary for a complete and operational
system. The system shall be Pyr-A-Larm System 3, or equal. No voice communication
is required.

The system shall be electrically supervised against both short and open
wire faults in the initiating circuit, the audible alarm circuit, and an open wire
fault in the system alarm and trouble relay coils. An open wiring fault occurring
in these circuits shall cause an audible and visual trouble indication at the
control panel. A short in the initiating circuit and the audible alarm circuit
shall cause an audible and visual trouble indicator at the control panel. The
evacuation alarm signal shall override the trouble signals. In the event of a
trouble signal resulting from trouble on an initiating zone, an evacuation signal
from another zone shall appear on the panel and remain until the circuit is reset,
at which time the trouble signal will reappear. If a second evacuation alarm
signal is initiated after a prior signal has been silenced, the selected evacuation
signal shall sound even if the control circuit has not been reset. The evacuation
alarm system shall shut off automatically after 5 minutes.

The System 3 evacuation shall also provide the following functions:

A. Receive "ALERT" and "EVACUATION" signals from the Site evacu-
ation system.

B. Provide local building status on "EVACUATION" mode only to
the Site evacuation system.

C. Provide alarm signal over two No. 14 AWG wires to the Health
Physic office. :

D. Provide for remote monitoring of the building trouble status.

7.27.1 Local Alarm

This system shall provide an "ALERT" signal, with the panel
mounted front cover switch in the "DOWN" position, consisting of continuous,
non-varying audible siren tone or an "EVACUATION" signal, with the switch in the
"UP" position, consisting of continuous cyclic audible siren tone the cycle to be
"ON" for 5 seconds and "off" for 5 seconds. Each signal shall be initiated by
operating any remote and one control room manual alarm switch. Any switch shall
initiate the signal, but if more than one is operated at the same time, the switch
turned to "EVACUATE" will take precedence over all other switches. Initiation of
an "ALERT" or "EVACUATION" signal from any control point within the building shall
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be shown by an indicating 1ight on the evacuation alarm panel. In addition, an
audible panel alarm buzzer shall be actuated. The audible alarm can be silenced by
operating the "ALARM-NORMAL" switch to the opposite position but the Tlight shall
remain on until all switches or contacts are returned to normal position.

7.27.2 Site Wide Alarm,

A separately maintained toggle switch with "Lock-out" pin in
the "DOWN" position, located in the control room, shall provide the Site wide alarm
system an "ALERT" signal with the switch in the "DOWN" position or an "EVACUATION"
signal with the switch in the "UP" position over two No. 14 AWG wires to connection
in the Security Building.
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8.0 PIPING MATERIALS

8.1 SCOPE OF WORK

The Contractor shall provide labor, materials, equipment, and
tools necessary to fabricate, test, inspect, document, deliver to the site,
field fabricate and/or install, and field inspect and test all piping
materials in the quantities defined and as located by the drawings, and in
accordance with this specification.

8.2 OUTLINE SPECIFICATIONS

The Piping Service Classes to be used are

Class Service
D Process Equipment Waste
N High Pressure Steam, Low Pressure

Steam, Condensate, High Pressure
Air, Vacuum

P Low Pressure Air

Q Cooling Water Supply And Return
U High Pressure Gas

v Pressurized Feed Gas

Page 28 of 50
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. ‘CLASS
SERVICE: Process Equipment Waste PAGE or .
, 1504 CORROSION ALLOWANCE —
::g'lNNg Raised Face PRESSURE LIMIT - Per B16.5
: d oF
MATERIAL: 304L Stainless Steel TEMPERATURE LimiT — 100
CODE EN- 3743 DESCRIPTION G, REV
NUMBER coDeR | FROM TO te
-------------------- PIPE-ccemcmmmcmmccce e
2" and Stainless Steel, ASTM A312, Grade TP304L,
smaller Schedule 80S Threaded Ends
‘3“ and Stainless Steel, ASTM A312, Grade TP304L,
Targer Schedule 40S, Buttweld Ends
----------------- FITTINGS=-==cecccemcmaaaaa
2" and 3000# 304L Stainless Steel, Threaded Ends,
smaller ASTM A182, Grade F304L, Schedule 80S
----------------- FITTINGS--==cmmecccccaeaan
3" and Seamless Stainless Steel, ASTM A403,
larger Grade WP304L or ASTM A182 Grade F304L
Buttweld Ends, Schedule 40S Bore
---------------- THREADOLET-==eemmcmcmcccmee
2" and 3000# 304L Stainless Steel, Threaded,
smaller ASTM A182, Grade
------------------ WELDOLETS==v-cmcccecanaa-
3" and Forged 304L Stainless Steel, ASTM A182,
larger Grade F304L, Schedule 40 Bore
--------------- SWAGE NIPPLES----=eececcaaaa
2" and 304L Stainless Steel, ASTM A403, Grade
smaller [WP304L Schedule 80 Bore, Threaded Ends
------------------- UNIONS-==cmmmmccccee e
2" and 3000# 304L, Stainless Steel, ASTM A182,
smaller Grade F304L, Schedule 80 Bore, Ground Joint
Type, Integral Seats, Threaded Ends
et TR S PLUGS-==ememmmcmccccaeea
2" and 304L Stainless Steel, ASTM Al182, Grade
smaller F304L, Round Head Type Threaded End
-------------------- 0 T
2" and 3000# 304L Stainless Steel, ASTM A182,
smaller Grade F304L, Threaded End
------------------ FLANGES-==ceccmcmccancaa-
2" and 150# ANSI, Raised Face, Threaded Type,
smaller BO4L Stainless Steel, ASTM A182, Grade
F304L Schedule 80S Bore
JOB NUMBER DOCUMENT NO. REV.
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SERVICE CLASS D -
2 5

PAGE OF

CODE $I1ZE
Numger  JENCODER| . pom Yo DESCRIPTION NOTESREY

3" and 150# ANSI, Raised Face, Weld Neck Type
larger 304L Stainless Steel ASTM A182 Grade F304L
Schedule 40S Bore

1" and 300# ANSI Raised Face Weld Neck Type,
larger Forged Stainless Steel, ASTM A182 Grade
F304L Schedule 40S Bore, with 1/2" Scrd
Taps

--------------- BRANCH CONNECTIONS----------

Header Branch Use

2" and smaller|Full or Reducing Full or Reducing Tee

3" and larger [Full Size Full Size Tee or
Weldolet

2" and smaller Threadolet

--------- PIPING INSTRUMENT CONNECTIONS-----
Temperature Comn's 1-1/2" Flgd.

Pressure Conn's 1/2" Threaded
Orifice Tap Conn's 1/2" Threaded

Spiral-Wound Metallic Type, T304L Stainless
Steel Spiral Windings with Grafold Filler
1/8" Thick 304 Stainless Steel Centering
Ring

------------------ BOLTING====ccemmeemmcmaae
Stud Bolt, 304 Stainless Steel, ASTM A193
Grade B7 with 2 Heavy Hex Nuts, ASTM A194
Grade 2H

----------------- PIPE BENDS-eeeccccmccccaa-
Bends (Minimum) 5 Times the Normal Diameter
may be used in place of Threaded Fittings

----------------- Y-STRAINERS~=mmcmccccceeme
2" and 316 Stainless Steel Body, ASTM A351, Grade
smaller CF8M, Threaded Ends, 316 or 304 Stainless
Steel Screen with .045 Diameter Perforations,
Threaded Blowoff Connection

Acceptable Model

Armstrong Fig. No. E7CS-1/2 thru 1 1/4
Armstrong Fig. No. E7SC 1 1/2" thru 2"

JOB NUMBER DOCUMENT NO REV
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SERVICE

D

of O

CODE
NUMBER

ENCODER

DESCRIPTION

NOTQR& Y

]/zu - 3/4n

2" and
smaller

------------------ Y-STRAINERS

316 Stainless Steel Body, ASTM A351,

Grade CF8M, Flanged Ends, 316 or 304
Stainless Steel Screen with .045 Diameter
Performations, Threaded Blow-0ff Connection
Acceptable Model

Armstrong Fig. No. E7FL-3" thru 10"

STEAM TRAPS
Steam Trap, Threaded Ends, Impulse Type,
1-1/4 CR - 1/2 Moly Body, Stainless Steel
Bonnet, Seat, and Disc, Integral Strainer
and Blow-0ff
Acceptable Model
Yarway Fig. No. 720

THREAD COMPOUND
Use "Liquid O Ring" for Pipe Threads

150# ANSI Threaded Ends 0S&Y, Bolted
Bonnet, Body & Bonnet - 316L Stainless
Steel, Casting - ASTM A351, Grade CF3M,
Forging ASTM 182, Grade F316L, Trim 316
Stainless Steel, Packing - Reinforced TFE,
Bonnet Gasket - Reinforced TFE, Trim 316
Stainless Steel

Acceptable Model

Aloyco Fig. No. 110

150# ANSI, Flanged Ends, 0S&Y, Bolted
Bonnet, Body and Bonnet 316 Stainless
Steel, Casting - ASTM A351, Grade CF8M,
Forging - ASTM A182, Grade F316, Packing
Reinforced TFE, Bonnet Gasket, Reinforced
TFE, Trim 316 Stainless Steel

Acceptable Model

Aloyco Fig. No. 117

m THE RALPH M. PARSONS COMPANY Page 32 of 50 6154-3
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SERVICE

CLASS
race 4

of 5

CODE ENCODER S$IZE

NUMBER FROM TO .

DESCRIPTION

NOTQQ Ev

2" and
smaller

3" and
larger

2" and

3" and 4"

2" and
smaller

150# ANSI, Threaded Ends, 0S&Y, Bo1ted
Bonnet, Body and Bonnet 316L Sta1n1ess
Steel, Casting ASTM A351, Grade CF3M,
Forging ASTM A182, Grade F316L, Packing
Reinforced TFE, Bonnet Gasket - Reinforced
TFE, Trim 316 Stainliess Steel

Acceptable Model

Aloyco Fig. No. 314

150# ANSI - Flanged Ends, RF, 0S&Y, Bolted
Bonnet, Body and Bonnet 316 Stainless
Steel Casting ASTM A351, Grade CF8M,
Forging ASTM A182, Grade F316 Packing
Reinforced TFE, Bonnet Gasket - Reinforced
TFE, Trim 316 Stainless Steel

Acceptable Model

Aloyco Fig. No. 317

------------------ BALL VALVES---cecccccce-a-
150# ANSI, Threaded Ends, Handle Operated,
Body and Ends, 316L Stainless Steel,
Castings ASTM A351, Grade CF3M, Forgings
ASTM A182, Grade F316, Seats and Seals
Reinforced TFE, Trim 316 Stainless Steel
Acceptable Model

Worchester Controls

Fig. No. W5966TSES7

------------------ BALL VALVES---cccccacaaa-
150# ANSI Flanged Ends, Handle Operated,
Body and Ends, 316 Stainless Steel,
Castings - ASTM A351, Grade CF8M, Forgings
ASTM A182, Grade F316, Seats and Seals -
Reinforced TFE, Trim 316 Stainless Steel
Acceptable Model

Hills-McCanna Fig. No. S15156RS6

150# ANSI, Threaded Ends, Swing Type,
Bolted Bonnet, Body and Bonnet 316L
Stainless Steel Castings ASTM A351, Grade
CF3M, Forgings ASTM A182, Grade F316L,
Bonnet Gasket Reinforced TFE, Trim 316
Stainless Steel

Acceptable Model

Powell Fig. No. 2341

m THE RALPH M. PARSONS COMPANY Page 33 of 50 6154-3
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SERVICE CLASS D
PAGE 5 [«13 5
NS&DA:ER ENCODER EROM size 10 DESCRIPTION NOYEJREV
----------------- CHECK VALVES---c-ccoccuaa.
3" and 150# ANSI - Flanged Ends - RF Swing Type,
larger Bolted Bonnet, Body and Bonnet 316 Stain-
less Steel, Castings ASTM A351, Grade
CF8M, Forgings ASTM A182, Grade F316,
! Bonnet Gasket - Reinforced TFE, Trim 316
Stainless Steel
Acceptable Model
Aloyco Fig. No. 377
JOB NUMBER DOCUMENT NO REV
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SERVICE: High Pressure Steam, Low Pressure Steam, Condensate, CLASS N
High Pressure Air, Vacuum PAGE }  OF 4
. 150# ,
PATINS:  Raised Face CORROSION ALLOWANCE — pey. g1g.5
' Carbon Steel PRESSURE LIMIT =~ — 3550F
MATERIAL: TEMPERATURE LIMIT —
CODE EN- SIZE DESCRIPTION Mo, |w
NUMBER CODER | FROM T0 el Y
------------------- PIPE-wemocccccccccceene
2" -and Carbon Steel, ASTM A53 Grade B, Extra
smaller Strong Threaded Ends
3" and Carbon Steel, ASTM A53 Grade B, Standard
larger Weight Beveled Ends
----------------- FITTINGS--~cmmmcccmcmccaam
2" and 3000# Carbon Steel, Threaded Ends
smaller ASTM A105
------------------ FITTINGS==-mmmcmmmccmeann
3" and Seamless or Welded Carbon Steel, Buttweld
larger Ends, Standard Weight, ASTM A234 Grade
WPB
----------------- THREADOLETSe=ecemmcacanaa-
2" and 3000# Forged Carbon Steel, ASTM Al105,
smaller Schedule 80 Bore, Conforming to Bonney
Forge
------------------ WELDOLETS~---ccmmmamceeee
3" and Forged Carbon Steel, Standard Weight,
larger ASTM A105, Schedule 40 Bore, Conforming
to Bonney Forge
---------------- SWAGE NIPPLES-=--cw-—cmcaa-
2" and Carbon Steel, Threaded Ends, ASTM A234,
smaller Grade WPB, Extra Strong
------------------- UNIONS=-cemmmccmc e eeee
2" and 3000# Forged Carbon Steel, ASTM A105,
smaller Schedule 80 Bore, Ground Joint Type with
Integral Seats, Threaded Ends
-------------------- PLUGS--=-memecmcccccnean
2" and Forged Carbon Steel, Round Head Type,
smaller Threaded End
-------------------- CAPS=ccccccc e e e
2" and 3000# Forged Carbon Steel, ASTM A105,
smaller Schedule 80 Bore, Threaded
------------------- FLANGES-==cccmcmamacaeae
2" and 150# ANSI, Raised Face Ends, Carbon Steel,
smaller ASTM A105, Threaded XS Bore
JOB NUMBER DOCUMENT NC REV.
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SERVICE ' N
or 4

ENCODER : DESCRIPTION NOTEJRE v

3" and 150# ANSI, Rajsed Face S1ip-On Type,
larger Carbon Steel, ASTM A105

1" and 150# ANSI, Raised Face Blind Flange,
larger Carbon Steel ASTM A105

ORIFICE FLANGES

1" and 300# ANSI, Raised Face Weld-Neck Type,
larger Forged Carbon Steel, ASTM A105 Bore to
Match Pipe, with 1/2" Scrd Taps

Header Use

2" and smaller| Full or Reduced Size Full or Reducing Tee
3" and larger | Full Size Full Size Tee

2" and smaller Threadolet

PIPING INSTRUMENT CONNECTIONS
Primary Instrument Conn's to Piping
Temperature Conn's 1-1/2" Fldg
Pressure Conn's 1/2" Threaded
Orifice Tap Conn's 1/2" Threaded

Grafoil Flange Gasket, Flat Ring, 1/16"
thick, John Crane or Approved Equal

BOLTING
Alloy Stud Bolt, ASTM A1393 Grade B7 with
2 Heavy Hex Nuts, ASTM A194 Grade 2H

----------------- Y-STRAINER

2" and 600#, Carbon Steel Body, ASTM A216, Grade
smaller WCB, Threaded Ends, 304 Stainless Steam
Screen with 0.45 Diameter Perforations
Acceptable Model

Armstrong Fig. No. B15C

------------------ Y-STRAINER

150# ANSI, Raised Face Flanged Ends,
Carbon Steel Body, ASTM A216 Grade WCB,
304 Stainless Steel Screen with 0.045"
Diameter Perforations

Acceptable Model:

Armstrong Fig. No. BIFL

JOB NUMBER DOCUMENT NO
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SERVICE CLASS N
PAGE 3 ofF 4
NS?A':; ENCODER| oo size T0 DESCRIPTION NOTES R EV
--------------- STEAM TRAPS«eaccccccccnaan
172" - 3/4" Steam Trap, Screwed Ends, Impulse Type,
1-1/4 Cr-1/2 Moly Body, Stainless Steel
Bonnet, Seat and Disc, Integral Strainer
and Blow-off
Acceptable Model:
Yarway Fig. No. 720
--------------- THREAD COMPOUND-----=~eewe--
Use "Liquid 0 Ring" for Pipe Threads
--------------- GATE VALVES~-cceccecmmaanan-
2" and 800# Threaded Ends, 0S&Y Seal Welded
smaller Bonnet, Body and Bonnet, Carbon Steel,
Forgings - ASTM A105, Trim F6
Acceptable Model
Vogt Fig. No. 2801 thru 2808
--------------- GATE VALVES~---cemmccacae—-
3" and 150# ANSI Flanged Ends, Raised Face 0S&Y
larger Bolted Bonnet, Body and Bonnet Carbon Steel,
Castings - ASTM A216, Grade WCB, Forgings
ASTM A105, Trim No. 4 ,
Acceptable Model
Pacific Fig. No. 150-4
--------------- GLOBE VALVES-=--cecmccacaaa-
2" and 800# Threaded Ends, 0S&Y Seal Welded
smaller Bonnet, Body and Bonnet, Carbon Steel,
Forgings - ASTM A105, Trim F6
Acceptable Model
Vogt Fig. No. 2821 thru 2828
et GLOBE VALVES-=--eececccaca-a-
3" and 150# ANSI Flanged Ends, Raised Face 0S&Y
larger Bolted Bonnet, Body and Bonnet Carbon Steel,
Castings - ASTM A216, Grade WCB, Forgings
ASTM A105, Trim No. 4
Acceptable Model
Pacific Fig. No. 160-4
I e e T CHECK VALVES-===ccccmcanaaa-
2" and 800# Threaded Ends, Bolted Bonnet
smalier Horizontal Piston Type, Body and Bonnet,
Carbon Steel, Forgings - ASTM A105, Trim F6
Acceptable Model
Vogt Fig. No. 701 thru 708
JOB NUMBER DOCUMENT NO REvV.
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SERVICE

CLASS

race 4

or 4

CODE
NUMBER

ENCODER

SIZE
FROM

Y0

DESCRIPTION

NOTEJQ EV

3" and
larger

2" and
smaller

2" and
smaIIer

150# ANSI Flanged Ends, Raised Face

Bolted Bonnet, Swing Type, Body and Bonnet
Carbon Steel, Castings - ASTM A216,

Grade WCB, Forgings ASTM A105, Trim No. 4
Acceptable Model

Pacific Fig. No. 180-4

---------------- BALL VALVES-=---cccmmccaaa-
150# ANSI, Threaded Ends, Handle Operated,
Body and Ends, Carbon Steel, Castings,

ASTM A216, Grade WCB, SEats and Seals,
Re1nforced TFE, Trim 316 Sta1n1ess Steel
Acceptable Model

Worcester Controls

Fig. No. W5944RSE

300# Threaded Ends Carbon Steel Body,
Cover, Plug, and Cover Bolts, Castings
ASTM A216, Grade WCB, Teflon or Approved

Equal Sleeve and Diaphragm, Wrench Operated,

Extra Strong Bore
Acceptable Model

Tufline Fig. No. 0366SE Nom.
Lubricated

JOB NUMBER DOCUMENT NO
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SERVICE: Low Pressure Air E::.GAESS of
] 3
RATING: 125 CORROSION ALLOWANCE —
FACING: Flat Face PRESSURE LimiT  — Ler B16.1
y Carbon Steel 2000F
MATERIAL: TEMPERATURE LIMIT —
CODE EN- S1ZE DESCRIPTION Mo, e,
NUMBER CODER | FROM T0 ke
------------------ L R
2" and Carbon Steel, ASTM A53, Grade B, Schedule
smallier 40 Bore, Threaded Ends
3" and Carbon Steel, ASTM A53, Grade B, Standard
Targer Weight, Beveled Ends
----------------- FITTINGS--==-cmcmcmmccaaa
2" and 150# Malleable Iron, ASTM A47, Threaded
smaller Ends ' »
3" and Seamless Carbon Steel ASTM A234, Grade WPB
larger Standard Weight, Beveled Ends
---------------- THREADOLET-=m=mmcmcmccceeee
2" and 3000# Carbon Steel, ASTM A105, Conforming
smaller to Bonnet Forge
-------------- SWAGE NIPPLES-=-c-ceccmmceaeo
2" and Carbon Steel, Thread Both Ends, ASTM A53,
smaller Grade B, Schedule 40 Bore
----------------- UNIONS-=ccmmcmmc e
2" and 150# Malleable Iron, ASTM A197, Ground
smaller Joint Type with Integral Seats, Threaded
Ends
e PLUGS-=wmemmmcmc e mmmcee e
2" and Carbon Steel, ATM A105 Round Head Type,
smaller Threaded
------------------ CAPS-ecocccmmmccm e
2" and 3000# Forged Carbon Steel, ASTM A105,
smaller Schedule 40 Bore, Threaded
------------- THREAD COMPOUND----==-c=eeumu-
1Use "Liquid O Ring" for Pipe Threads
----------- PIPE BENDS--=-memmcmccccccccaeee
Bend (Minimum 5 times the normal diameter)
rmay be used in place of Threaded Fittings
----------------- FLANGES------mceccmcmucann
2" and 150# ANSI, Flat Face, Threaded Ends,
smaller ICarbon Steel, ASTM A105 Schedule 40 Bore
JOB NUMBER DOCUMENT NO. REV.
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CLASS

2" and smallen

3" and larger

2" and
smaller

3" and
larger

with 1/2 Scrd Taps

Use
Full or Reducing Tee
Full size tee
Threadolet

Branch

Full or Reduced Size
Full Size

2" and smaller

----------- PIPING INSTRUMENT CONNECTIONS---
Primary Instr. Conn's to Piping
Temperature Conn's

Pressure Conn's

1* Scrd
1/2" Scrd

Grafoil Flange Gasket, Flat Ring, 1/16"
thick, John Crane or Approved Equal

Hex Head Machine Bolt with Hex Nut, ASTM
A307 Grade B

----------------- Y-STRAINER===mecm e
300" - Bronze Body ASTM B-62 Threaded

Ends, 304 or 55 Screen with 0.045 Per-
forations ‘

Acceptable Model

Armstrong Fig. No. F7SC-300

150# ANSI, Flanged, Raised Face, Carbon
Steel Body, ASTM A216, Grade WCB, 304 S.S.
Screen with 0.045 Diameter Perforations
Acceptable Model

Armstrong Fig. No. BIFL

------------- THREAD COMPOUND- === - mmmcmmmme
Thread Compound use "Liquid O Ring" for Pipe
Threads

SERVICE p
PAGE 2 ofF 3
NS:I:;H ENCODER FROM izt T0 DESCRIPTION No‘rs%asv
3" and 150# ANSI, Flat Face, S1ip-On Type, Carbon
larger Steel, ASTM A105, Schedule 40 Bore
1/2" and 150# ANSI, Flat Face Blind Flange Carbon
. larger Steel ASTM A105

--------------- ORIFICE FLANGES-----c=veeuu-
1" and 300# ANSI, Raised Face, Weld-Neck Type,
larger Carbon Steel, ASTM A105, Schedule 40 Bore

m THE RALPH M. PARSONS cOMPANY Page 40 of 50
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SERVICE CLASS p
PAGE 3 OF 3
Nﬁ?ﬂggﬁ ENCODER FROM size 10 DESCRIPTION NOTE]REV

-------------- GATE VALVES---=-em—cme—cemm—-
2" and 150# Threaded Ends, Rising Stem, Integral
smaller Seat, Body and Bonnet - Bronze ASTM B62,

Trim Manufacturer's Standard

Acceptable Model

Crane Fig. No. 431

--------------- GATE VALVES=---uccvcconcanns
3" and 125# ANSI Flanged Ends, Flat Face, 0S&Y,
larger Bolted Bonnet Body and Bonnet Cast Iron,

ASTM A126, Class B, Trim Bronze

Acceptable Model

Crane Fig. No. 465 1/2

----------------- GLOBE VALVES-=-cweccccaan-
2" and 200# Threaded Ends, Rising Stem, Union
smaller Bonnet, Integral Seat, Body and Bonnet -

Bronze ASTM B61 - Trim Bronze

Acceptable Model

‘Crane Fig. No. 70

----------------- GLOBE VALVES--=---eceeen-u
3" and 125# ANSI Flanged Ends, Flat Face, 0S&Y,
larger Bolted Bonnet Body and Bonnet Cast Iron,

ASTM A126, Class B, Trim Bronze

Acceptable Mode]

Crane Fig. No. 351

----------------- CHECK VALVES---cccmcecaa--
2" and 200# Threaded Ends, Swing Type, Screwed
smaller Bonnet, Body and Bonnet Bronze ASTM B61,

Trim Bronze

Acceptable Model

Crane Fig. No. 36

------------------ CHECK VALVES--=c-cecemcen-
3" and 125# ANSI, Flanged, Flat Face, Swing
larger Type, Bolted Bonnet, Body and Bonnet Cast

Iron - ASTM Al126, Class B, Trim Bronze

Acceptable Model

Crane Fig. No. 373

---------------- BALL VALVES--mmmm=mmmmmman-n
2" and 300# - Threaded Ends, Handle Operated
smalier Body Bronze ASTM B61, Ball Stem and Ex-

ternal Parts - Bronze, Seat and Body Seal

TFE

Acceptable Model

Jamesbury Fig. No. A11TT

JOB NUMBER DOCUMENT NO REV
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SERVICE:

Cooling Water Supply and Return

CLASS
PAGE ,

of

RATING:
FACING: 1254
MATERIAL:

Flat Face
Carbon Steel

CORROSION ALLOWANCE ~
PRESSURE LIMIT

TEMPERATURE LIMIT — — Per 316 1

2000F

CODE EN-
NUMBER CODER

$IZE
FROM TO

DESCRIPTION

2" and
smaller

3" and
larger

2" and
smaller

3" and
larger

2" and
smaller

2" and
smaller

2" and
smaller

2" and
smaller

Carbon Steel, Galvanized, ASTM A120,
Extra Strong, Threaded and Coupled Ends

Carbon Steel, ASTM A53, Grade B, Standard
Weight, Beveled Ends

FITTINGS
300# Galvanized Malleable Iron, Threaded
Ends, ASTM A197

Black, Seamless or Welded Carbon Steel,
Buttweld Ends, Standard Weight, ASTM A284,
Grade WPB

SWAGE NIPPLES
300# Galvanized Malleable Iron ASTM A197,
Threaded Ends

UNIONS

300# Galvanized Malieable Iron ASTM A197,
{Ground Joint Type with Bronze to Iron Seat,
Threaded Ends

300# Galvanized Malleable Iron ASTM A197,
Solid Square Head Type, Threaded End

FLANGES
150# ANSI, Flat Face Screwed Flange,
Galvanized Steel, ASTM A105

150# ANSI, Flat Face Blind Flange,
Galvanized Steel, ASTM A105

150# ANSI, Flat Face Slip-on Type, Carbon
Steel, ASTM A105

150# ANSI, Flat Face Blind Flanges,
Carbon Steel ASTM A105

JOB NUMBER DOCUMENT NO.
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SERVICE

CLASS

PaGE 2

Q

or 3

CODE
NUMBER

ENCODER

$IZE
FROM T0

DESCRIPTION

NOYEJQE v

2" and smaller
3" and larger

2" and smaller
3" and larger

2" and
smaller

3" and
larger

300# ANSI, Raised Face Weld-Neck Type,
Forged Carbon Steel, ASTM A105, with 1/2"
Scrd Taps

Extra Strong Bore

Standard Weight Bore

---------------- BRANCH CONNECTIONS-----<-=-
Branch Use

Full or Reduced Size Full or Reducing Tee
Full Size Full size tee

2" and smaller Threadolet

----------- PIPING INSTRUMENT CONNECTIONS---
Primary Instr. Conn's to Piping
Temperature Conn's 1" Serd
Pressure Conn's 1/2" Scrd
Secondary Piping Use this class

Grafoil Flange Gasket, Flat Ring, 1/16"
thick, John Crane or Approved Equal.

-------------- ===BOLTING--====rmmcccccmmun
Hex Head Machine Bolt with Hex Nut, ASTM
A307 Grade B

emccmeeee THREAD COMPOUND= === ==mmmcmm
Use "Liquid O Ring" for Pipe Threads

150# Threaded Ends, Rising Stem, Integral
Seat, Body and Bonnet - Bronze ASTM B62,
Trim Manufactures Standard

Acceptable Model

Crane Fig. No. 431

125# ANSI - Flanged Ends, Flat Face, O0S&Y
Bolted Bonnet, Body and Bonnet Cast Iron
ASTM A126, Class B, Trim Bronze
Acceptable Model

Crane Fig. No. 465 1/2

JOB NUMBER DOCUMENT NO
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CLASS

SERVICE Q
PAGE 3 of 3
nooote  |encooen] BZE o DESCRIPTION NOTEQ REV
---------------- GLOBE VALVE--===-ncnmececcau-
2" and 200# Threaded Ends, Rising Stem, Union
smaller Bonnet, Integral Seat, Body and Bonnet -
Bronze ASTM B61 - Trim Bronze
. Acceptable Model
Crane Fig. No. 70
3" and 125# ANSI - Flanged Ends, Flat Face, 0S&Y
larger Bolted Bonnet, Body and Bonnet Cast Iron
ASTM A126, Class B, Trim Bronze
Acceptable Model
Crane Fig. No. 351
---------------- CHECK VALVES--=-mececmramaax
2" and 200# Threaded Ends, Swing Type, Screwed
smaller Bonnet, Body and Bonnet Bronze, ASTM B61,
Trim Bronze
Acceptable Model
Crane Fig. No. 36
---------------- CHECK VALVES-mewmcccacccaaa
3" and 125# ANSI, Flanged, Flat Face, Swing Type,
Targer Bolted Bonnet, Body and Bonnet Cast Iron,
ASTM A126, Class B, Trim Bronze
Acceptable Model
Crane Fig. No. 373
-------- w—-=-=--BALL VALVES---eccmccccacn--
2" and 300# Threaded Ends, Handle Operated, Body
smaller Bronze, ASTM B61, Ball, Stem and External
Parts - Bronze, Seat and Body Seal TFE
Acceptable Model
Jamesbury Fig. No. AT1TT
JOB NUMBER ) DOCUMENT NO REV
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aTETaTETTTaTaS—S—S———

. . : 13
SERVICE: High Pressure Gas Ef:: o¥
] 2
) 15, 000# NCE —
::;':GG] Coned and Threaded con:::';&:":;:?: -
: . oF
MATERIAL:  S16L Stainless Steel TEMPERATURE LIMIT — 300
CODE EN- $izE - DESCRIPTION Moy e,
NUMBER CODER | FROM T0 te
I TUBING==-==ce=memccncnne
9/16" Stainless Steel, ASTM A312 Grade TP
316L .125 Wall
---------------- FITTINGS---meccacmcccccaanas
9/16" Stainless Steel, ASTM A312 Grade TP316L
-------------- UNION TEES--=emmmcmmccameeaoo
9/16" Acceptable Part No.
SNO-TRIK SS-940-3
-------------- UNIONS===commmcmmmcmcccmceeae
9/16" Acceptable Part No.
SNO-TRIK SS-940-6
--------------- BULKHEAD UNIONS---=-emecceua-
a/16" Acceptable Part No.
SNO-TRIK SS-940-61
-------------- UNION ELBOWS---ceeeemcacacaa-
9/16" Acceptable Part No.
SNO-TRIK SS-940-9
----------- CONED TUBE STUB ADAPTER-====wewu-
9/16" Acceptable Part No.
SNO-TRIK SS-94M-A-941
------------------- 0
9/16" Acceptable Part No. -
SNO-TRIK SS-940-C
------------------- PLUG-~==ccmcccccmcccaes
9/16" Acceptable Part No.
SNO-TRIK SS-940-P
---------- FEMALE THREAD CONNECTOR-===v=me--
/16" Acceptable Part No.
SNO-TRIK SS-940-7-94F
---------- CONED TUBE STUB REDUCER==~===aea-
9/16" Acceptable Part No.
SNO-TRIK SS-940-R-641
JOB NUMBER DOCUMENT NO REV.
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SERVICE

CLASS
race 2

U
of 2

CODE
NUMBER

ENCODER

1 143
FROM J0

DESCRIPTION

NOYEJRE v

9/16"

9/16"

9/16"

------------ PRE-CONED TUBING-----=-==m=mm=-
Stainless Steel, ASTM A312 Grade TP316L
.125 Wall Acceptable Part No. SNO-TRIK
SS-912-4, "SS-912-8, & SS-912-12"

FP Series (Straight Pattern)
45,000#, Threaded Body

316 Stainless Steel, Stem 400 Series
Stainless Steel, Packing, TFE
Acceptable Part No.

SNO-TRIK SS-945-FP

FPAR Series (Angle Pattern)
Acceptable Part No.

SNOP-TRIK SS-945-FPAR

JOB NUMBER DOCUMENT NO
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SERVICE: . CLASS
Pressurized Feed Gas PAGE | OF ,
RATING: 300# CORROSION ALLOWANCE —
FACING: Raised Face PRESSURE LIMIT _ Per B16.5
j Stainless Steel 2000°F
MATERIAL: TEMPERATURE LIMIT —
CODE EN- SIZE DESCRIPTION Mo, |R
NUMBER CODER | FROM 70 e | B
------------------ L o S
/2" - 10" Stainless Steel, ASTM A312 Grade
TP316L, Schedule 40S, Beveled Ends
---------------- FITTINGS-~e==mm~mmcccccaeae
172" - 10" Seamless Stainless Steel, ASTM A403
Grade WP316L, Buttwelding Ends
Schedule 405
------------------- FLANGES---=-~cccccmmaaa-
/2" - 10" 300# ANSI, Raised Face Weld-Neck Type,
Forged Stainless Steel ASTM A182
Grade F316, Schedule 40S Bore
---------------- ORIFICE FLANGES~==eeomeme--
2" - 10" 300# ANSI, Raised Face Weld-Neck Type,
Forged Stainless Steel ASTM A182 Grade
F316, Schedule 40S Bore, with 1/2"
Socketweld Taps
-------------- BRANCH CONNECTIONS-----------
Header Branch Use
1/2" - 10" Full or Reducing Full or Reducing Tees
--------- PIPING INSTRUMENT CONNECTIONS-----
Primary Instrument Connections to Piping
Temperature Conn's 1-1/2" Flgd
Pressure Conn's 1/2" BW
Orifice Tap Connections 1/2" SW
----------------- GASKETS=wmemmcomccccaceee
1/2" - 10" Grafoil Flange Gasket, Flat Ring,
1/16" Thick, John Crane or Approved Equal
------------------ BOLTS--mmecorecc e
Alloy Stud Bolts, ASTM A193 Grade B7, with
2 Heavy Hex Nuts, ASTM A194, Grade 2H
JOB NUMBER DOCUMENT NC. REV.
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SERVICE CLASS v

2
PAGE of

CODE $iZE RIPTION N T;Jﬂiv
NUMBER ENCODER FROM Yo DESC (o] o

1/2" - 6" 300# ANSI, Buttweld Ends, 0S&Y, Bolted
Bonnet, 316 Stainless Steel Body, 316
Stainless Steel Trim, Grafoil Packing,
Sch 40S Bore

N Acceptable Model:

Aloyco Fig. No. 2316A or 2316

1/2" - 6" 300# ANSI, Raised Face Flanged Ends, OS&Y
Bolted Bonnet, 316 Stainless Steel Body
and Trim, Grafoil Packing

Acceptable Model

Aloyco Fig. No. 2317A or 2317

------------------- BALL VALVES-~-=cecmcanaa
300 ANSI, Buttweld Ends, 316 S.S. Body,
Ball, Stem, and External Parts, Polyfill or
Approved Equal Seat, Metal "S" Gasket or
Approved Equal Body Seal, Lever Operated
1/2" - 4" Schedule 40S Bore

6" only Schedule 40S Bore

Acceptable Model: Worcester Controls

Fig. No. W5966PMBWS7 (1/2" - 4")

Fig. No. W4566PMBWS7 (6" only)

--------------- PLUG VALVE---ccccmccccccaae
1/2" - 3" 300# ANSI, Butt-Weld Ends, 316 Stainless
Steel Body, Cover, and Plug, Stainless
Steel Cover Bolts, UHMW Polyethylene or
Approved Equal Sleeve and Diaphragm, Wrench
Operated, Sch 40S Bore

4" - 10" Ditto, except Enclosed Gear Operated
Acceptable Model:
Tufline Fig. No. 1366BW, Non-lubricated

172" - 10" 1300# ANSI, Buttweld Ends, Swing Type,
Bolted Cover, 316 Stainless Steel Body,
316 Stainless Steel Trim, Sch 40S Bore
Acceptable Model:

Aloyco Fig. No. 2376

JOB NUMBER DOCUMENT NO REV
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9.0 COATING AND WRAPPING

9.1 SCOPE OF WORK
The Contractor shall provide all material, labor, equipment, and tools
necessary for the preparation and application of corrosion resistant coatings for
exterior surfaces of carbon and stainless steel pipe, flanges, valves, and fittings
in direct buried service.
9.2  MATERIALS OF CONSTRUCTION

The following materials or Approved Equal are acceptable:

MATERIALS MANUFACTURER MFR's CODE SERVICE TEMPERATURE

Tape Primer Polyken Div No. 927 ~ -300F to 2000F

Primary Tape of the No. 980 -300F to 2000F

Filler Tap Kendall Co., No. 931 -309F to 2000F

Joint Tape Boston, No. 930 -300F to 200°F
Mass.

9.3 EQUIPMENT
The pipe wrapping shall be electrically inspected with a Tinker
& Rasor Model AP or APW or Approved Equal holiday detector set at a minimum
dc voltage of 150 times the mil thickness of the coating to detect any
wrapping flaws.
10.0 FIRE PROTECTION

10.1 SCOPE OF WORK

This Specification establishes the requirements for the design,
fabrication, and installation including furnishing labor, materials, tools,
and equipment, and performing operations necessary for engineering,
detailing, inspection, testing, documentation, delivery to jobsite and
installing Underwriters Laboratories (UL) and/or Factory Mutual (FM)
approved automatic fire sprinkler systems, fire hose cabinets, and f1re
hose racks. _

10.2 MATERIALS OF CONSTRUCTION

Sprinkler heads for offices and other finished areas shall be
UL and/or FM approved, pendant type with ceiling plate, a temperature
rating of 212 deg F, and a standard 1/2-inch orifice size. Sprinkler heads
for all other areas shall be UL and/or FM approved brass upright type, with
a standard 1/2-inch orifice size and a temperature rating of 212 deg F
except near heat sources where the temperature rating shall be in
accordance with NFPA Standard No. 13, Table 3-16.6.4.
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AP~

Water flow detectors shall be provided and installed according
to NFPA Standard No. 72A. Wiring and conduits shall be provided and
installed by the Contractor.

Piping shall comply with the ANSI and ASTM standards. Pipe
hangers shall be in accordance with requirements of the Underwriters’
Laboratories, Inc., for use in sprinkler systems.

Pipe: Carbon Steel, ASTM A 53, Grade B, Standafd
Weight
Screwed Fittings: Cast Iron ASTM A 126 conforming to ANSI B16.4 &

B16.1 or Malleable Iron, ASTM A 197 conforming
to ANSI B16.3 '

Flanges: Cast Iron ASTM A 126 conforming to ANSI B16.1
Couplings and Unions: As per NFPA Standard No. 13
Valves: (1) Class 175 WWP Iron Body, Bronze Mounted,

0SRY Gate Valves for all sizes larger
than 2 inches

(2) Class 175 WWP Iron Body Swing Alarm
Check Valve

(3) Class 175 WWP Iron Body Dry Pipe Valve
10.3 EQUIPMENT
10.3.1 Alarm Check Va1ves

The alarm check valves shall be Viking Model F-1 Alarm
Check Valve with retarding chambers and complete trim packages, or Approved
Equal. A water motor gong local alarm shall be included with each wet pipe
system.

10.3.2 Fire Hose Racks, Fire Hose and Extinguisher Cabinets

Fire hose racks and fire hose cabinets shall be of the
surface mounted type and shall be provided and installed at the approximate
locations shown on the drawings. A1l fire hose racks and cabinets shall be
installed in compliance with NFPA Standard No. 14 for Class II service and
NFPA Standard No. 13 for combined systems. A1l fire hose cabinets shall be
sized to house a 2-1/2 gallon water-type fire extinguisher in addition to
the hose and appurtenances.

Page 50 of 50




APPENDIX D
CALCULATIONS

GENERAL

D-1 Krypton-85 Radiolytic Heat Generation

D-2 Rubidium Oxidation

D-3 Lag Feed Storage

ION IMPLANTATION/SPUTTERING

D-4 Equipment Sizing

D-5 One-Year Product Storage

D-6 Electric Power Costs

ZEOLITE ENCAPSULATION

D-7 Equipment Sizing

D-8 One-Year Product Storage

D-9 Substrate Costs

D-10 Vessel Rupture
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TITLE JOH P LRNTR T/O/t/ SHEET NO. Jor __2___
JOB NO é/5¢ bl 3 DEPARTMENT AUTHOR ,g@/&t‘/&'.s::/\/ DATEM

REV CHECKER DATE “ REV CHECKER DATE REV CHECKER DATE

ION IMPLANTATION / SPUTTERING EQUIPMIENT SIZING

DESIGN PARAMETERS

Use 10-10CH PIPE, COmPATIBLE wiTh SURF STORAGE
3000 Cm 2 INITIRL SUBSTRATE AREA

[ em THICK DEPOSIT

792 Ni, 217 La. By wWeIGHT

12.7 % KRYPTON /N DEPOSIT BY WEIGHT

SPUTTER/ING RATE : 7.95 9/A-wR.%x 0.009 A/ cm?
= 0.07155 2 /Cm?- HR BASED OWN INIT/AL TARGET
SURFACE AREA.

DES /6L THROUSHPUT : 232.6 m 2 eAas Ar SIP
DEPOSIT DENSITY ¢ &.0 q/cm 3

SBAGN

®

SUBSTRATE S/Z2E

(0-inen STD. woT. Pipe (10,02 . 1.D.) w7 car

CAP SURFACE AREA = /.Oé4Dz= [, 084 (/0.02»2.54)2'
= 702.)5cm®

STRAIGHT LENGTH

_ (3000-702.15

- - ¢ ”
L= Txiooz~z5g - 2874cm = 11.215°, Use /2

ACTUAL SUBSTRATE AREA = 3139 cm?®

B. DEPoSIT VoLume

DEPOSIT O.D.= 10,02*»2.54= 25,45 cm
DeEPOSIT 1.D.= 22.45 cm |

452 2 /2645223452
pe (2285722458, ) 5, 4 T245°2E0 ). 281 em?
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DEPOS/7 LWE/GHT = 2811 < 8,0= 224889 (Clo.22 t8)
EMNTRAPPED GRS s 224&8& = 0.|27= 25‘5@3 /

MicKeL (22488-2856)0.77= 15509

LANTHANUM (22488-285¢G) 0.2I = q/123g

D. TARGET VoLUmE

NICKEC DENSITY = B9 9 /em3
LANTHRNOM DENSITY = é./5? /cm3

_ /5509 | 4l23 _ 5
Votvme = 3.5 * 2/ ° 2413 cm

E. TARGET SI2&

& INCH STO. WT. PIPe. ((6.625" 0.D,) w7 CAP
USe L= /11287 TO mRILTAIN TARGET TO SUBSTRATE GAP

e_ 2 3 3
2ais » TLRE-10:6275 ) 25 2595+ (O, éi.azws)

BY TR/IAL AND ERROR, USe Do=19.4275¢cm, 0R A
TARGET THICKNESS OF [.20 cm.

ACTUARL TARGET VoLume = 24286 cm3

F. PROCESS/NG TImE : JN/TIAC TARGET ARER = 2134 cm®

+. 22488-785G .
© 007/55% 2i24
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vse B uors

AVE., UTILIZRTION = £.57 ¢ 70 7%
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1 |
\OV/AMPLANTATION ELECTRIC. POWER. COST
DEMAND — Duclnny each 150 bour dqucsﬁ’
bitedn  run: / |
PREET (2500w 20n) = BDOOO va = 0.0 T b
ANODE  (BOV)(SOw) =  BooOva = 2O tw e

FILAMENT (10V)Ba)m—= 400 wa = DA Kw  4c

=vesTRATE @5ov)Zan) = 7500 va 7.5 Go oe
0Aa W

Rwer C\e.mi %ram E.D. MLC\W\M,)

?CI'SOM\ C’OW\MM;C—OC"VRQ"\ ‘4/(’/&i
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!
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TVA uses worthly peall demaid o and
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\OOO Kw \?ca,\Q AWJ'\ 3‘”— Q_pnc,e,FJTan
730,000 Cuwh fme use—aéc_ NFRP =ife
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LD
7

e V/"’
%,

(L
d

v

RMP.307 {2/78)

’ [P . PAGE NUMBER




D-7

' IZ/V’ THE RALPH M. PARSONS COMPANY : CALCULATION SHEE'
e XRYPTON 85 MSDLAT@Q o 2o 14
o' SA-3 DEPARTMENT AWQ@Q&@QS_;; “é.éﬁ[é
REV CHECKER DATE REV CHECKER oaTe | mEv CHECKER Coare
1
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ez MG ¢ [ MG

_ Ci 59X
( EDV batctae S _ = 312410 st '
A ;
(€7 MG/ YO CfMC\ | 4 o5k
3;: bardhes = (23%10 L\Z:FJT_—
=
HEAT GENERATION PER BATCH .
= w
|ASDX0 Z8se
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| |
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ZBZ.S—T}' 3 & ' 9 (oc, l,.{.m
A UC &) = 3615 za, didan)
Sy . 9
ZRoE (0 -t wn Oy
a |

VOLOME GAS SUPPLIED PER
EANCAPSULATION BATCH

00 J\w/ - \ooo ik TOOC
N
O 30 ém&mﬁ su/ff{ uQ 19 e.nuu‘:sws);k c&\

ATTRACHMEDT 4 MUWTES OF MEET (=
KRYPTON 85 ENCAPSOLATION PRECOVCEFTOAL

DEMIGN JI0B N0 1S4-3, APRIL 6,198
O30S = 381D -\;%':a‘_ |

S = \2tdm,
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0553 = 'Z?S—\;%qu_

S = L4090 Bg(j:’
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Sala cacim \2.0\\.'{—;.%(&‘_
- 25TS
4.2 C_ \
‘ C( ‘E?E (o A
4 o hee
20 A e _\4-0"(.]:3@:
| - -
324\ b—i_l-‘:[\

N m— ey
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1 |
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| | WORX ZONE

(QOO C\ES | l2."l29~ o :f'\ » wot‘t OonL_.
acte/y a 5
(Setdm codibion)  wtad,

&ou.lk wnj\cr‘ i”‘C!‘J'\L\C,-
o;.wredc_g, r‘c\ea.ae_ ;f\‘\m
bl d:

=00 clw \4\O§ as wor \C_ ne
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\ e L\l
te\easSe._. ~lo A VD
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= o S . i B\l

REV CHECKER oaTe [ mev CHECKER oate | mev

1 |
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- VoI D VOLOME_
Tt"‘& (BN éa«i u-)\"‘b('\ ?rculie/S '\so's"_\b&'ic__
Prassu.ra_

(aQO zao\e/s/c..s =48 au ' Vo:i'
volurme_ (O°C.‘\a&m w«zﬁi\-'w\\
Car_rcﬁ"\akc- occucrrence.

\"C»\C.a-a e ‘\r\*o \o@lﬁié

CHECKER DATE!

volimme (OC, ladon condikisn)
whadh ol wnder

‘mcrc_ﬁ.n\o\c. oCCurfence_

300 ca:ic-é 00 Qém_jﬂ \/o‘ng\
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TOTAL POTENTIAL RELEASE
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T\40 {

200 taches | \4{01
A\104
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|
H\GH PRESSURE

BOILDING - OVERPRESSURE  wHcH
WOULD RESULT FROM INCREDIBLE
OCCURRENCE OF GAS RELEASE

FRoM HIP
ASSUMING IDEAL GAS BEHAVIOR.
PV =nKT |
P = Y\\Y';T \?c(}ofg FrcSSuu‘&
) ’ wWCreasSe
p.l.éP;lP"A”SQT a}\‘ﬁ:— r-e._\e.a./_':i. (o\j
\4 on oS g—%
PV
n"ERT, )
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Ay >- 41 }M_, . 3\‘( ama <
Q i _
N &
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NOMINAL

ENCAP -

- |ENCAP-

YOKE

YOKE

- SURSTRATE . , NOMBER
._S ; WORK Z0E [SILATION |SULATION [CYCLES  |HEIGHT | WIDTH
‘ [SASIRATE [PRESSURE | SOAK  [PER '
" KONTAINER) " |TEMPER- | YEAR
- [VOLUME. ATURE
ZEOL\TE | O IOO0AT™ | FT00°C | 600 \2FT 5FT
B5A (3e58) (1D24)
"THIRSTY | 454 | S00ATM| 900°C | 300 | \AFT | SerT
VYCOR @207) |0178)

]

' CPRESSURE VESSEL INSIDE DIMENS
CAPSLLE, FURNACE, HEAT SHIELD

C SUCH THAT NOMINAL TOTAL VOLUOME
FILLED WITH &S







YOKE YOKE | WORK | VOLOUME | FrRACTION| VOLUME. | VoLUME. |PRESSRE. ‘
IDTH | TRAVEL |ZONE  |ENCAP- | SUPPLIED PUMPED- [GAS N VESSEL. |GAS M
DIMED-  |[SOLATED | ENCAP- |BACK. - [WORK  [INSICE  |IMOM R
SIONS  [PER BATKH SULATED |PER BAIKH | 30RE | [DIMEN- ISOSTATE
S (e IOR V(Y| (OC,1ATM |(OC, 1ATM|SIONS® P&SSO:
COQDW\GB) (ONDITION) [CONDTON)| (OC, 1410
] : -jCD.LDWmé
5FT B3FT | TINDIA| 28151 | 0.30 0425 | \2928 |15 INDA|SeAs [
1524) [(2340) |[14INHI : . T yzemy v 7
(e DA (295 DAY :
256 HI) 439 Rl .
ao) 204 }
SB8FT | \GFT |I2INDIA| 758 | OES | 6241) | 14104 [/c.510DN 7700}
\78) | (3048) [24AINH | x28SWHL| .
| (3o DAL (420 DA
610 HI) 722 ¥\W) |

4451 1004
] .

DIMERSIONS ARE OCLUPIED BY
IELD & WSTERMVAL FEATORES
OLUME 1S OOLY PARTIALLY

' VOLUME GAS wrm\t\) HIP WHICH POT
3 VOLUME GAS WITHIN HIP WHICH 1S
“WORK. J0NE PLUS VCID VOLUME. GAS
5\/OLUME OF BUILDING WHICH WooLt

14.7 PSIA TO 157 PSIA 1IN EMVE
© M FEED EXPRESSED KT Oc, \







ZSSORE [VOLOME: [ VOLUME. | BN DING | SUBSTRATE | SWRSTRATE | SOBSTRATE|C1 BS KR | HEAT
ST |GAS MA- |GAS - [VOLUME | BOLK | yoID  |FEEDGAS |PER GENER-
JADE [IMOM RR[TOTAL  [1PS14AP | CEASITY |FRACTION |LOADING? | BATCH | ATION
ATN- tSOSTAT\c; POTENTIAY OVER. |IFER.
MNSF  [PRESURE| RELEASEY | PRESSIRE BATCH
SR (e SRV VY (e /oM ¥-N1Y: » ~
- {CODTIONY | CONDITION);
SINDAl Seasl | T1eo L | 120M3 [1o6m®| oS 00S0 [|Buzx«0 |an4
51 HI (4L0OTT?)| VIBRAT-  (ofe-ama | feare W/BATe
5 DIAY IONAL @300C
9 K1) COMPACTED
O
(CASGom® {
FREE
POURED)
sDW 7100} | atto ) [eM® [136/cM®] 013 |0027  |L2z«0T [Roa |
SN HL| (s0cF)) CM-ATM | /RATCH | W/BATCH
P2 1)
)0 4

HIP WHICH PO\E}Q:\'\AL\:( COUD RELEASE FROM WORK ZONE
HIP WHICH [S PROVIDING \SOSTATIC PRESSDRE |
1D VOLUME. GAS WHICH POTENTIALLY COULD RELEASE
WHICH WOOLD INCREASE |\) STATIC PRESSURE FROM
PSIA 1N E\/f.rJT OF HIP TOTAL POTENTIAL RELEASE
SED AT oc {ATM cpmomor\\ .

DES\GN PARAMETERS

PRECONCEPTUAL DESIGN
&5 KRYPTON ENCAPSULA
| PRESSURE

(e

HIGH
CSTB oD
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RIHEAT [MOLOME |MASS | S0OAK (MAXIMUM e
CERNER:  |SUESTRATLSBSTRATC| TIME | TOTAL | '
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PER BATCH  JBATCH | |PRESSE
BATCH ZNERGY
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v W/BATCH ]
BB
FOR FREE
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o @ 300%F K= o.0r9 Bnyﬁ_,,q--,r
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g e e
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e s
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77 _
200 4t x /44 BR S

- F
D= 7.89% 4.337# x /foxiz P
; 72 FEoF -

.t = 0'7&Il

. Q. /55 / p -
- e T = LL.0
47, R 26l x 0.9 F

“#"’?“‘"‘”T”‘?‘ . 7/ Sea™ = 572°%F
o 0in @ 120% | bl iy OT = 452 ; o fael
-fo-a—aﬁ-e-uﬂ. 1ITF = M73/a.£&w~£»&..«.-£-o&

AW WAY 9 7PEY




D-8

) m THE RALPH M. PARSONS COMPANY " CALCULATION SHEE
/ ) .
¢ HeeTNO.__ D5 oOF 7
1 MDATEM ‘
- |

REV CHECKER " DATE

=z ]

- aYayajayayal
OOCOOD
| ~—a! 1

A on oo o dhischargec) Fon
S a&,o"x—‘ﬂ.
/ﬂ".‘",_. Mj&umw—fo{'m&u&:

VX7 X/3 = 637 trots

...akhcg Drmenlsons Wi 18.87s% | a"| ! l

e 2.5

) &¥II
g

Q sck 720 - 8”,57&4 of .Sofss. @ 200°F Foo AWR = 3745@'0:4: |

Bach oo mocircphmcs 7w -
'fwc‘,&a. - ;&.: 3(73- 7= Lsfl

- e - o omemt




O
THE RALPH M. PARSONS COMPANY CALCULATION SKE

reos tul aixo, 100°F 2o 140 F 74. Tao= /20°F

& = 322 (-“6 )( 5'“"5_)3(0308)" 9
: Z’&o 7 12.0 )a. ’ = ,06/X/0O
' Lo0/83 /) /488

Nu= p.47 (90.78) = 37.9¢6

Fre

.09 X 3794 = too36
2625 /12

Concen £>£(m-_‘-¢!‘), o.o»uecf 7s-Te0 :64’ fcc AT'yf

% -
Z/ .
(Ta) X leoSl = O.955
AT = 66.3 7

]

K= 09T AT=¢r

USFDoUT SEE Howd T4 cewld be > S72°F

Sr=2a 4 B | 51F o7 7£./£uh, Cawaas %
\ . | a-faﬂ 4714«4.4.;07 Caan .

%a-.... AAM A il Ko = 155007 W fom *K
o | = eory B = o enilie

L o 3.3:¢ = ’-5'5-'/-2.9::3_—. 7¢.C Brfl. f*
A 4 | et
e 2.325 = 553
#2.7 o-
e 135 = 3!.2.} 199 ; 128
€ o.375 r s f
#z )

128 °F 6T uagma/&‘f base o Mo bacl o &Y.




D-8

' W THE RALPH M. PARSONS COMPANY ' CALCULATION SHEE
Lol AR ek T B . w y Ch rd-» B .

CHECKER paTe ] mev CHECKER DATE i REV CHECKER DATE

|

o <00 ot oy of iy’
?Mx,w aq /2-"9{X 21‘44-76.'

— b

13 ‘?“‘M“/‘rfﬁ”“‘?#“‘{

- 12'¢ —

o Bl o /MWW A
va—aﬁ»@m /2 .00 — lc-%-': ///{”

Q4% 00> - /a-’/x = 2-3“78 Lonj

Vel =.(//'%2177' < 234" = 2507.545" - 41090 4
M reod) 3cox 44,64 7/ )7%.«.,46&@11.‘0&«,@
crceed alact 330 viosaela . o 3
| Use 12.5°¢ as wed v’é. nDrein = 12.80— = 12.125"
| Vol = 2727.94° = #4701 L. just abreut AA’TML
% “4./6L vyoen ¥ SO oot .

}wmfwﬁ._u‘p_ )4(”"4' 307“7“" (ra.g0’ ro)7£«/




D-&

CALCULATION SHEET

m THE RALPH M. PARSONE COMPANY

sHEET NO.__ & oF j

TiITLE__L) A<l o - P y ’ y ” :
JO8 NO vy \ P _ OATE nygA?/
REV CHECKER DATE l nEV CHECKER DATE 1 REV CHECKER DATE

W-/e” W,S’xs ' X /2
o tontoa , SXE ownoy X 12 deep

”II

oy lap

For 200 wnits /ﬁooe, 2(155.4) < 3/0.2 5744/&

A= TTOL = 7r(/4.37s’)(/3.z7s> Jrsst = 6. 44o ™ ; ‘%: H8.1 hs>
T W,ﬁ: 1551 fo.10 = 733511%@ o taee 1
s~ all AT,:» A M,atmaz,ﬁé, Mﬁ%
Foufla L mw/&mza:,{ _

Qbbw A L/ ~AThian
Q/ﬂ e £.062S 3/0.2 L. 446 &8/ }44,4 T=e

£.062€ Ho.125 '
o4 062C saagc J 863
8 o2l - 24 .37 } 13.2%
2-0625 . 16.37 5 2%
/.0628 ' z43 } 12.-4o

o625 B

2: 15C°F

Mawauaj;%.&o—&%«an ﬁfwm,cz,
#5.4, f& mg( Aﬁ@.&

RAAP WY nm1




. m ' . THE RALPH M. PARSONS COMPANY ’ CALCULATION SHEE'

TTL - . Y HEE uo._z__ OF
JO8 NO &/ Sﬁéosnnwem_w_wmon o 53" ;8

DATE
-REV CHECKER DATE REV CHECKER DATE l REV CHECKER DATE

1
sf 7%. wajz&ﬁ jwm%fué»‘“%
,eéw?w?waiﬂ A ormac Muzmjﬁt
bt 165 Us A /ﬁwﬁ aboct Yools.
,#AMQ:{:& |

.ﬂwk»é&pw %up %ep,t.rmz’:.w

e W= & _  x/ses

= - = 2.5% 3723 /b/8n
Go 8T (0.2s)#2)

= /920 c_fhv..







D-7

ﬁ(g\(f?rom = E;w:,nc?sg\_.a:‘\ocl oo Lo  4\
108 o VS =D ocranrment e T S DATEEE[}bléx
REV |  CHECKER pate | ReEv |  cHECKER DATE REV |  CHECKER ATE
|
NIGH PRESSURE SOBSTRATE. (OSTS
O baéﬁ‘jf% /
G %so-}:@(\ o2:)(1S —%{w '—5 4SO -5—
o
LB%S \(22. \@«;33%3 _3%200
= _
e SA
<SURSTRATE (500% a
8
Rt
1.3% é}

(<, w—ﬂw e R AR

-wxcﬁ‘\ &A. X Bo- ﬂ(L\ OM :pr é\M$ \"O}\
\S== 50;—0;\-

= )L\ Sea)

| Tl
\Doo_

=

= 0.0424 g

RMP.307 (2/78)




THE RALPH M. PARSONS COMPANY

0-7

"~ CALCULATION SHEET

AP
T KRYPTON 65 ERCAPEILATION (M 2 L i 2., 4

OF d .
 sos o2l D DEPARTMENT AU At X3 DATE@Q/&\
' REV CHECKER DATE REV CHECKER DATE REV CHECKER boatk
Stk . _ =,
O.0434 ES T8
— :

8

—_— ey

Q?\z'z.’z_%—)(\\szé\ = \f\&ﬁ@o@i“

(&= c,om.QB

\/ cot "\?B\MS

=23 '\%’ . \‘Arc, SA
= ;t%: \/(«fio(‘ é\u&% \"Q;l
-évv\o{kro;rc. OOS—&'B ? geJON c}\ﬁ—i \o-w

Fuso\no& comw;m\c.«;(\‘oﬁ AR
sls(e |

C:*e/\s en

AMP-307 {2/78)




2-9
r THE RALPH M. PARSONS COMPANY CALCULATION SHEET
L KRYETON ENCAPSILATON () P 4
JOB NOE\% 3 DEPARTMENT AUTHQ‘Q @\) %DATE 5}2916\

REV CHECKER DATE REV CHECKER DATE EV CHECKER DATE

COST OF OJERFACLKL CONTAINERS

00 \oaércjk«e.s/u\ |
'4-iﬂ0&\ \W*\'\- soL\ \20 &indh dia P ft.

cacbon s'\'e,e,\d 37_9—
26 <37 250 g
Y—éuuc, B wnits it Treem 2O pipe
\c«a*\h_ : |
(zc}t)@zy b?i\“’%* = 822,00 PIPE

?.40(3 ENDCARY

B 25000 C. <.
—f—za_,_____ (90643/3

| OO v &
(ZO\)‘\’)(Z‘SO;{:i (a\:zuﬂ-l,\.\ S' = 8\F IOOO P\?E
9,000 EDLAPS

F1 85000 31T
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300 etcher /o

24—‘mo(r\ \&\34‘('\ 5;&«@3 \4’*\‘/\(&\ cﬂla& \D;Ve.
C,ax\ooﬂ s)“e.ci‘ SSS‘F
s‘l'a)m ess s‘ke,e& Bl 300‘\?{-

F_éwfu- \O ux\‘\"S c,wAV Jroan 20 '* Y;.Yc_

g,

BN\200unts _ A

(205*3(5‘59&\ Towe 23,000 PIPE
| 5000 ENDLARS

“30000 C.3
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e VESSEL RUPTURE shesno___ ! oF
soeno. @154-3 DEPARTMENT AUTHOR L WILK WSO oate &30 -8

REV CHECKER DATE REV CHECKER DATE REV CHECKER DATE

BASED OMN PRELIMINARY ASSESSMENTS , AND ON THE
CONFIGURATION USED FOR THE FRECONCEPTUARL DESIGM,
THE 270S7 SERIOVS CREDRIBLE ACGIDENT FOR TNE

MHOT ISOSTATIC PRESS LIOULD BE BRITILE FA/LURE
OF THE YOKE UWMDER FPRESSURE , AND LAVNCHING OF
THE JOP PLUG AS A /mMISSILE. e CALEUWATION
L0/l DETERNIIE THE NIAXIMUM VELOCITY OF THE TOFP
FPLUG , AND THE REPUIRED THICKMVESS OF CONCRETE
TO CONIRIN THE /772/SS/LE,

CAaccucrnTions ARE BASED ONTHE PROCEDURES USED /N
EN/CO JOSE, “Fewmmary SAFETY EvaLuATion oF A
@mmaecmz_- ScaLe ARYrToN - E5 ENCAPSULATION

Faceerry * Serremrer, |980 . For wWorRsT CASE
CALCULR //O/U, ENERSY VALUES ARE BASED OM ARGOM

GAS PROFPEETIES,

P, = PRESSURE FRIOR TO RUPTURE = |OOO AT .

7= TEMPERATURE. PRIOR TO RUPTURE = 700 °C = 973 °K
V= eAS yorume. = 7140 4L / 0C, /A7m)

¥ = SPECIFIC INITIAL vowme (PER FepLick- Kwoe equATION)

/03 cm¥moce

i

Vo= 162.5 m>
PZ (esTimaTeED) = [,055 ATm,
T2 (esumaTeD) = SO°K

Y2 = 6250 Cmg/mocé'
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e VESSEL EUPTLRE seerno___ L or__ &
JOB NO G/54 -2  ocerantment AUTHOR}ZW/(’QA)sOL] DATEM‘_&/

REV

CHECKER DATE REV CHECKER DATE REV CHECKER DATE

AU= (2192 /L
TOTAL ENERGY = §70,540J
THE ESTImIATED PLUG DIMENSIONS ARE 1.5 IN. DIAMETER
EY (O, THK., ESTIMATED WEIBHT = BOO LR = 3G Ky
KE= 0.cal= 06x 870,5490= 522,300
Vp = (ZK.E/Wp) % . 87.64 m/S

THE. THICKIVESS OF COMCRETE REDUIRED TD STOP THE PLUG
=

-4
&xI0 " Wp -
+ = Ao Loey (14507 vp )
We = 130 Ko

Ap= 0.067 m<
t= o0.172m= &8 IN.
THEREFOZE , THE |8 1. TNICK COVCRETE
CELL CENING IS /770RE THAL ADEQUATE,
THe EQUIVALENT EXPLOSIVE EVERBY 1S
o.193 K? TMT
0.426 L TMNT
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THE RALPH M. PARSONS COMPANY
KRyPTON ENCAPSULATION FRECcomncEPTUAL DEsiod :
srosecr name. OM IMPLANTATION / SPUTTERING FACILITY oare Juiy (98I
' ‘ ESTIMATE OF COST________ PAGE oF
PRCJECT NO. _ O/IS4 - SUMMARY 8y
ACCT LABOR | MATERIAL | TOTAL
. DESCRIPTION cosT cosT COST
NO. _ s . N
DIRECT COST :
400 | IMPROVEMENTS TO LAND 23,000 2,000 25,000 |
500 | BUILDING & OTHER STRUCTURES 1,620000 | ),525000 3145,0c0
600 | UTILITIES (AJOT /NCLUDED) —
700 | EQUIPMENT : 215,0c0 | 480000 1,695,000
80O | DEMOLITION & REMoOvALS (NONE ) — —
TOTAL DIRECT COST 858000 | 3007000 | 4865020
CONTRACTOR /INDIRECTS @ 0% 487,000
TOTAL_CONSTRUCTION COST 5352000
TITLE I € 6% 321,000
TITLE T @194% - 750,000
TITLE I @& % 428000
A = FIELD INSPECTION
B - SHOP INSPECTION
PROJECT ADMINISTRATION @ 0% 535000
SUB-TOTAL ENGINEERING 2034000
SUB-TOTAL 7.386 000
ESCALATION (NoT JNCLuDED)
SUB- TOTAL 7.386,000
COMNTINGENCY € 40% 2954000
TOTAL JOB COST I ]©,340000
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THE RALPN M. PARSONS COMPANY
KRYPTON ENCAPSULATION FreconcerTuaL DESIGN :
crosecr name. ZEOLITE ENCAPSULATION FACILITY _sare Mo, 1981
' o ESTIMATE OF COST PAGE oF
PROJVECT NO. @/54-3 SUMMARY 8y
ACCT LABOR | MATERIAL | TOTAL
' DESCRIPTION COST cosT CoST
NO. . $ $ $
DIRECT COST i
400 | IMPROVEMENTS TO LAND 22 000 2000 24,000
500 | BUILDING & OTHER STRUCTURES /,325000 | 1,292,0c0 26l5000
600 | UTILITIES (NOT /N CLUDED) —
700 | EQUIPMENT : 230000 | 1895000 | 2 125000 |
800 | DEMOLITION & REMOVALS (A/ONE) e —
TOTAL DIRECT COST 1577000 | 8187000 | 4764000
CONTRACTOR INDIRECTS @ 0% 476000
l
i —_ ——
TOTAL CONSTRUCTION COST 5,240000
TiTLE I @ s% 315C20
TITLE = @ 14% 734000
TITLE XX € &% 421000
A = FIELD INSPECTION
8 - SHOP INSPECTION
PROJECT ADMINISTRATION & /0 Yo 5250c0 |
l
SUB-TOTAL ENGINEERING l 1,995.0c0
SUB-TOTAL 7,235.000 |
ESCALATION (NOT INCLUDED)
— ~.
SUB-TOTAL 7.235.000 |
|
| CONTINGENCY @ 40% 2895000
| TOTAL JOB COST | 10,1 30000 |
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