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PART 1 - GENERAL

1.01 DESCRIPTION OF WORK

A. This specificaion, in conjunction with the design drawings and other contract
documents, specifies materias and operations for the ingtallation and acceptance
of ultra high purity gas didribution sysems including tubing, fittings vaves
regulators, welding equipment and al required QA/QC acceptance testing.

B. The term ultra high purity in this specification shal be defined as meeting the
acceptance criteria for particulate and resdud trace impurities within any system
or sysem components instaled under this specification as detalled in Section 3.04
- Qudity Contral.
1.02 REFERENCES

The following lig of referenced codes and/or standards are to be utilized in the
execution of this specification. All codes and standards shall be the most current issue.

A. Rdated Sections:
1.  Section 13085S — Seismic Protection.

B. American Society for Testing and Materias (ASTM)

A269 Seamless and Welded Augtenitic Stainless Sted Tubing for
Generd Service

A370 Standard Methods and Definitions for Mechanical Testing
of Steel Products

AB32 Seamless and Welded Augtenitic Stainless Sted Tubing

(Smdl Diameter) for Generd Service
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A-262 Standard Practices for Detecting Susceptibility to

Intergranular Attack in Austenitic Stainless Steels

E-112 Standard Test Method for Determining Average Grain Size

American Nationa Standards Ingtitute (ANS)

B31.1 Code for Pressure Piping, Chemicd Plant and Petroleum
Refinery Fiping
B46.1 Surface Texture, Surface Roughness, Wavinessand Lay

American Society of Mechanicd Engineers (ASME)

Section IX Weding Qudification

1.03 QUALITY ASSURANCE

A.

Weding Procedures. All welding procedures shall conform to ASME Code,
Section 1X.

Contractor Qudification: The contractor shdl have ingdled a minimum of three
gas digribution sysems of smilar purity levels within the lagt five years, with the
latest within the last twelve month period. Prior to the dtart of work, the
Contractor shall provide references verifying experience.

Wedder Qudification

1

Operators working on ultra high purity gas digribution sysems must be
qudified to ASME Section IX.

Operators working on ultra high purity gas didribution sysems shdl be
certified by the manufacturer of the automatic orbital Tungsten Inert Gas
(TIG) weding machine to be used during fabrication and assembly. The
operator shdl be certified for each tube Size to be fabricated, and in each
weld position.

Operators shdl have completed the Sandia National Laboratories Welding
Safety Class.
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4.

The operator shdl renew qudlification(s) if:
a  weder has not used smilar procedures within the last three months

b. wedder has been employed on a different process for sx months or
more

Cc.  current certification(s) are more than two years old

d. SNL Weding Safety Class completion is older than one year old.

D. Deviations. Any deviations from specified materids or procedures must be
secured in writing from the Sandia Delegated Representative (SDR) prior to
incorporating as part of work scope.

1.04 SUBMITTALS

A. Prior to acceptance as a supplier, each vendor must submit for gpprova by the
SDR the following information.

1

5.

Manufacturer's specifications for acquigtion of raw materia from sanless
sed tube mill.

Step by dep cleaning, handling, polishing and testing and acceptance
procedures. Include in the submittal al chemicals, cleaning agents, €c., as
well as the actud recipe for deaning. Also include materid and surface
finish specification as well as sample tube and fitting.

Manufacturer's QA/QC, ingpection, packaging and shipping procedures.
Vave and regulator cut sheets indicating materid of congtruction, inboard
and outboard lesk rates aong with testing procedures, cleaning procedures,
Cv, surface finish, and testing procedures.

Catdog information for autometic orbita butt welding machine,

B. Thefdllowing certificates shal accompany al shipments of tube and fittings.

1

Mill test report of the tubing, cross referenced to the tubing heat number
within each sze of tube and fittings. The ASTM Specifications, grade, and
heat number shal be stenciled in regular intervals on each length of tubing.
The heat number shal be stenciled on eech fitting.
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2.  Cetification shal be provided for each heat lot for each size of tube and
fittings that verifies that the interior roughness is no greater than 10 micro-
inches Ra (Ave) or 15 micro-inches Ra (Max) as measured in accordance
with ANSI/ASME B46.1.

3. Scanning Electron Microscope (SEM) photographs at magnifications of
1000X and 3600X shdl be provided for each mill heat of materia for each
tube size. No more than 40 pits, tears, or other surface anomalies shal be
disinguishable in the 3600X field of view.

4.  Electron Spectroscopy for Chemicad Analyss (ESCA) survey andysis data
shdl be provided for each mill heat of materid for each tube Sze to verify
the surface dementd compostion. Elementd compostion shdl be
expresed in a@omic percent units, and shdl verify surface chromium
enrichment. ESCA data shdl show a minimum chrome to iron ratio of 1.5:1,
and aminimum chrome oxide to iron oxide ratio of 3:1.

1.05 FACTORY OBSERVATION

A. Sandia may send a qudity control representative to the factory to observe
electropolishing, cleaning, packaging and shipping procedures of al vaves,
fittings, and tubing.

B. The Sandia representative shdl have access to dl aress as required to verify
compliance to specifications.
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PART 2 - PRODUCTS

201 TUBEAND FITTINGS

A. SngeWadl Sysems

1

Seamless tubing , 316L danless ded per ASTM A-269 and A-632,
factory cleaned for ultra-high purity gas service. Sulfur content shdl be
controlled asfollows:

1/4" < Tube O.D. < 2" = 0.005% to 0.017%
2'<TubeO.D. < 4" =0.003% to 0.017%

Weded and redrawn tubing is acceptable for tubing sizes 2" and larger.
Heat number shdl be stenciled on each length of tubing as detaled in
Section 1.04.B - Submittas.

Tubing hardness shdl be between 65 and 85 on the Rockwell B scale (or
equivaent) after any straightening procedures.

Grain dze shdl be ASTM E112 No. 6 or finer. The micro structure shal
be free from carbide precipitation per ASTM A-262.

Prior to dectropolishing, tubing shdl be anneded in a 100% hydrogen
amosphere, and cleaned to the manufacturer's specification. Tubing shal be
bright ingde and out, without discoloration, free from al foreign oxides, ail,
grease, lubricants, mill chips, and draw marks.

Tube and fittings shal meet the following dimensond tolerances:

OD. (inchey  Wal Thickness (+/- 5%) Ovality (+/- in)

14" .035" N/A
3/8" .035" N/A
12" .049" 0.0018
3/4" .065" 0.010
1" .065" 0.010
1-1/2" .065" 0.012
2" .065" 0.016
3" .065" 0.016
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6. Finished tube I.D. shdl match finished 1.D. of any fittings used in system.
Fittings which have heavier wal thickness than adjoining tubing shdl have
ends machined to equa the tube wall thickness.

7. All fittings that are fabricated usng welding, drawing, bending, machining, or
cold forming processes shdl be annealed in a 100% hydrogen atmosphere
prior to eectropolishing to remove residud dresses and carbide
precipitation.

8.  Tees fabricated using the drawn or pulled tee method are not acceptable.
Tees shdl be fabricated usng milling equipment to notch or drill the main tee
body. The branch shdl be joined to the main tee body usng automatic TIG
welding. No filler materias shdl be usad in this process. Welds shdl be
flush, and contain no vishle pits or crevices: A smooth radius shdl be
present at the welded joint on both the 1.D. and O.D. of te tee after
electropolishing.

9.  All changes in direction shdl be made with a fitting manufactured from
seamless tube stock. Changes in direction in 1/4” through 1/2” tubing used
in non-hazardous didtribution systems may be made with a field bend with a
minimum bend radius of 8 times the tube diameter. Written authorization
must be obtained from the SDR prior to making any field bends.

10. All manufactured tube stock fittings shdl be recleaned and eectropolished
at the factory after the bend is made. All processes shdl be documented
and reported as detailed in this section. Threaded or compression type
mechanica joint fittings are not acceptable. Use Cgon VCR type face sedl
fittings where servicing is required. Nickd or stainless stedl gaskets shall be
used. Gaskets shdl be replaced each timefitting sedl is broken.

11. All gaswetted surfaces of fittings and tubing shal be eectropolished to a 10
micro-inch Ra (Ave) or 15 micro-inch Ra (Max) finish. Prior to
electropolishing al gas wetted surfaces shdl have a minimum 20 micro-inch
Ramill finish.

12. Each tube and fitting shdl be flushed with 18 megohm deionized water until
the measured resdtivity of the effluent water reaches the following levels:

Tube O.D. < 2" = 17.5 megohm cm
Tube O.D. > 2" = 17.0 megohm cm
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Flow may vary per tube diameter and number of tubes being cleaned. Each
heet of tube shal be accompanied by a document that verifies compliance
with the above procedure, and each individud tube and fitting shall be
marked to identify compliance. The deionized water used for flushing tube
and fittings shal meet the following purity criteria

a  Hiltration- 0.2 micron a point of use

b. Bacteria- 10 per 200 ml. maximum

c. Paticles - 200 per liter greater than 1.0 micron before Point of Use
(POU) filter

d. Tota Organic Content (TOC)- 100 ppb maximum

Independent laboratory tests shall be provided to verify conformance to
above vaues.

13. Paticletesting shdl be performed usng a PMS modd Micro LPC-110 (or
equal) laser particle counter, a high pressure diffuser and/or an isokinetic
sampling device. Fixturing shdl indude filtration, flow metering device,
cryogenic nitrogen source, eectropolished 316L danless sed tubing
and/or anti-dtatic PFA (Teflon) tube from gas source to particle counter.
Flow shal remain turbulent throughout the test period (Re > 4000).
Acceptance criteria per 20 foot length of tube or individud fitting shall be as
follows

0 particles> 0.3 microns
< 5 paticles> 0.1 microns

Data sl be presented in print out from a series of 1 minute samples a a
sample rate of 1 scfm.

14. Moidure testing shdl be performed on tube and fittings usng a Meeco
NEP-1 Bravo Moisture Andyzer (or equd). Fixturing shal include filtration,
cryogenic nitrogen source, and anti-tatic PFA (Teflon) tubing from gas
source to moisture analyzer. How shal remain turbulent throughout the test
(Re > 4000). Acceptance criteria per 20 foot length of tube or individua
fitting shal be less than 1 ppm moisure content. Each heat of tube and
individud fittings shal be accompanied by a certificate dating results of
moisture testing. Each tube and fitting package shdl be marked to identify
certification.

15. Manufecturer's cleaning shdl be peformed in a Class 100 cleanroom
certified per Federd Standard 209 (latest edition). Submit written test
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results for al QA/QC procedures performed in the acceptance of al tube
and fittings.

16. Individud tube units shdl receive a postive nitrogen purge with 0.05 micron
filtered nitrogen immediately following the last cleaning projectile that has
been blown through the tube. At the end of the find purge cycle, the tube
ends shal be covered with a polyethylene bag over a 1.75 mil polyamide
(nylon) film. The bag shdl be sealed with polyethylene tape at least three
inches from the tube end. The bag is followed by a hard plastic cap and
another polyethylene bag on the outside of the cap. Thisbag is aso taped to
provide atriple sed againgt contamination. After seding, the individud tubes
shdl be ingpected for mill identification markings. If the origind mill markings
are not visghble, they shdl be replaced using a vibratool marker prior to fina
packaging. After marking, the entire length of each tube will be heat sedled
in polypropylene bags in an inert nitrogen atmosphere.

17. Each fitting shdl be packed in an inert nitrogen amosphere, in separate,
double polyethylene bags, with the open end double folded and heat sedled.

18. Fittings and tubing shdl be packed in an appropriate shipping container(s)
or box(es) in amanner o as to withstand rough handling.

19. All tubing shdl be furnished in 20 foot lengths +/- 1/8", unless otherwise
specified.
B. Dud Contanment Sysems
1.  Both process and containment tubing under 2" shal be seamless, 316L
dainless sted per ASTM A-269 and ASTM A-632. Welded and redrawn

tubing is permitted for Szes greater than 2". Sulfur content of both the
process and containment tubes shall be controlled asfollows:

1/4" < Tube O.D. < 2" = 0.005% to 0.017%
2'<TubeO.D. < 4" =0.003% to 0.017%

Heat number shdl be stenciled on each length of process and containment
tubing as detalled in Section 1.04B - Submittds.

2. Both process and containment tubing hardness shdl be between 65 and 85
on the Rockwell B scale (or equivaent) after any straightening procedures.
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3. Gran gze shdl be ASTM E112 No. 6 or finer. The micro structure shall
be free from carbide precipitation per ASTM A-262.

4. Process and containment tubing shal be anneded in a 100% hydrogen
amosphere, and cleaned to the manufacturer's specification. Tubing shal be
bright inside and out, without discoloration, free from dl foreign oxides, ail,
grease, lubricants, mill chips, and draw marks.

5. Contanment tube shal be separated from the process tube usng a system
of symmetricd mechanicd stand-offs to insure a congtant annular space
throughout the length of tubing. Mechanical stand-offs shall be provided a a
minimum of two feet in any length of tubing.

6. Contanment tubing shdl be joined in the field usng a series of seamless
316L danless sted deeves. Welded and redrawn deeves are acceptable
for 9zes 2" and larger. Seeves shdl be aminimum of 2" and maximum of 4"
in length, and shal meet the same specifications, including sulfur content, as
the containment tubing. Heat number shal be stenciled on each deeve as
detalled in Section 1.04B - Submittals.

7. All process gas wetted surfaces of tubing shal be eectropolished to a 10
micro-inch Ra (Ave) or 15 micro-inch Ra (Max) finish. Containment tubing
and deeves shdl be provided with a minimum 20 micro-inch Ra (Ave) mill
finish.

8. Dimendond tolerances of process and contanment tubing in dud
containment sysems shdl be equd to those for sngle wal sysems as
detalledin Section 2.01 A.5.

9.  Finished process and containment tube 1.D. shal match finished process
and contanment 1.D. of any fittings used in the system. Fttings having
heavier wdl thickness than adjoining tubing $wal have ends machined to
equa the tube wall thickness.

10. Processtubeondl dud containment fittings shal be fabricated as detailed in
Section 2.01A - Paragraphs 5 through 7. Threaded or compression type
mechanicd joint fittings are not acceptable. Use dud containment
termination fittings followed by a Cgon VCR type face sed fitting within an
exhausted enclosure where servicing is required. Provide adua containment
purge fitting with a VCR type face sed fitting a each end of tube runs to
allow pressure testing of containment tubing.
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11.

12.

All dud containment tubing and fittings shal be cleaned, tested, packaged
and shipped using the procedures for single wal tubing and fittings detailed
in Section 2.01.

All dud containment tubing $dl be furnished in 20 foot lengths +/- 1/8"
unless otherwise specified.

C.  Acceptable Manufacturers:

1

2.

202 VALVES

Tubing:

a.  Vaex Corporation, Ventura, CA
b.  Advanced Micro Finish, Inc., North Ridgeville, OH
c. Cadind UHP, Saint Louis, Missouri

Fttings

a.  Advanced Stainless Technologies, Inc., Augtin, TX
b. Cgon Co., Macedonia, OH
c.  Paker Hannifin Corporation, Huntsville, AL

A. Vaves1' and smdler shdl be packless, soringless digphragm type vaves. Vaves
shal have a screwed bonnet with metal to meta bonnet seet. Digphragm vaves
shdl meet the following specifications:

1.

Vdve bodies shdl be 316L danless sed, or Vacuum Induction
Mét/VVacuum Arc Re-mdt (VIM-VAR) materid.

Valve bodies may be drop forged, cast or fabricated from bar stock. Prior
to dectropolishing, vave bodies shdl be free of dl machining marks and
clean of dl foreign oxides, ail, grease, lubricants and mill chips. Gas wetted
surfaces shdl have a 30 micro-inch Ra (Ave) finish prior to eectropolishing.

All gas wetted surfaces of the valve shal be dectropolished to a 10 micro-
inch Ra (Ave) or 15 micro-inch Ra(Max) finish.

Vave digphragm shdl be fabricated from 316L Sainless sted or equd.

Vave seat shdl be Kd-F or equa. Valve dems, stem guides, and other
moving parts shal be removed from the process fluid flow stream.
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5. Vaves shdl be provided with 3" tube extensons suitable for automatic
orbitd TIG welding. Wall thickness of vave tube extensons shal match
those for tubing and fittings as detalled in Section 2.01. Sulfur content of the
valve tube extensions shdl be controlled to between 0.005% and 0.017%.
Manufacturer shal submit verification of dementa compostion of vave
tube extensions. One downstream purge port shdl be provided with dl
vaves.

6. Vaves shdl be pre-cleaned for use in semiconductor gas didribution
sysems. Find cleaning shdl be done using hot (100 - 150 degree F) 18
megohm deionized water. Vave shdl be dried using heated nitrogen filtered
to 0.05 microns.

7. Each vadve shdl be packed in an inert nitrogen amosphere, in separate
double polyethylene bags, with the end double folded and heet sealed. The
bags vave shdl be shipped in a suitable box or other container.

8. Vadves shdl betested for leakage and shall not exceed a lesk rate of 1.0 x
10-8 amos cc/sec helium between vave and ambient (inboard and
outboard) and have a maximum leakage across the seat of 1.0 x 10-7
amos cc/sec helium.

B. Vaves1-1/2" and larger shal be a packless, inverted belows type valve. Vaves
shdl have an "O" ring type bellows sedl, and ametd to metal bonnet sedl. Bellows
vaves shdl meet the following specifications:

1. Vadve bodies shdl be 316L danless ged, or Vacuum Induction
Mét/Vacuum Arc Re-mdt (VIM-VAR) materid.

2. Valve bodies may be drop forged, cast or fabricated from bar stock. Prior
to eectropalishing, vave bodies shdl be free of al machining marks and
clean of dl foregn oxides, ail, grease, lubricants and mill chips. Gas wetted
surfaces shdl have a 30 micro-inch Ra (Ave) finish prior to dectropolishing.

3. All gaswetted surfaces of the valve shal be dectropolished to a 10 micro-
inch Ra (Ave) or 15 micro-inch Ra(Max) finish.

4. Vadve bdlows shdl be condructed of 316L stainless stedl. Body to bellows
sed shdl be a 316L danless ged "O" ring. Vave sem tip shdl be Kd-F
or 316L danlesssted.
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5.  Vaves dhdl be provided with 3" tube extensons suitable for automatic
orbitd TIG weding. Wall thickness of vave tube extensons shdl match
those for tubing and fittings as detailed in Section 2.01. Sulfur content of the
vave tube extensions shall be controlled to between 0.005% and 0.017%.
Manufecturer shal submit verification of ementa compodtion of vave
tube extensons. One downstream purge port shal be provided with dl
valves.

6. Vaves shdl be pre-cleaned for use in semiconductor gas didribution
systems. Find cleaning shal be done using hot (100 - 150 degree F) 18
megohm delonized water. Vave shdl be dried using heated nitrogen filtered
to 0.05 microns.

7. Each vadve shdl be packed in an inert nitrogen amosphere, in separate
double polyethylene bags, with the end double folded and heat sedled. The
bags vave shdl be shipped in asuitable box or other container.

8. Each vave shdl be tested for leskage and shdl not exceed a lesk rate of
1.0 x 108 amos cc/sec helium between valve and ambient (inboard and
outboard) and have a maximum leskage across the seat of 1.0 x 10-7
atmos cc/sec hdlium.

C. All vavessndl berated for 250 ps pressure at 60 degrees F, with minimum flow
coefficients (Cv) asfallows

VaveSze Cv (Min.)
1/4" 0.240
3/8" 0.250
1/2" 2.8
3/4" 2.8
1" 10.0
1-1/2" 12.4
2" 32.0
2-1/2" 90.0
3" 90.0
4" 100

D. Acceptable Manufacturers:

1. Nupro Company, Willoughby, OH
2. Advanced Pressure Technology (APTech), San Rafael, CA
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3.
4.
5.

Carten Controls, Middlebury, CT
Veriflo Corporation, Richmond, CA
Tescom Corporation, EIk River, MN

2.03 SPECIAL APPLICATIONS

A. Regulators

1

Regulator bodies shdl be 316L danless gsed, or Vacuum Induction
Mét/VVacuum Arc Re-mdt (VIM-VAR) materid. Digphragm and dl wetted
surfaces shdl be 316L danless sted. Regulator seat shall be Kd-F or
goproved equd, and desgned for pogtive shut off unless otherwise

specified.

Regulator bodies may be drop forged, cast or fabricated from bar stock.
Prior to eectropolishing, regulaor bodies shdl be free of al machining
marks and clean of al foreign oxides, ail, grease, lubricants and mill chips.
Gas wetted surfaces shdl have a 30 micro-inch Ra (Ave) finish prior to
electropolishing.

All gas wetted surfaces of the regulator shdl be eectropolished to a 10
micro-inch Ra (Ave) or 15 micro-inch Ra(Max) finish.

Regulators shal be of a threadless design and provided with extended zero
clearance Cgon VCR type face sedl fittings for 1/4" tubing where required.

Regulators shdl have a screwed bonnet with metad to metd bonnet sedt.
Vented regulators shal be provided with a threaded port to pipe away
expdled gases.

Regulators shall be helium lesk checked to less than 1 x 10-8 atmos cc/sec.
All other cleaning, testing and packaging shdl be equa to vaves as detailed
in Section 2.02 - Vaves.

Acceptable Manufacturers
a.  Tescom Corporétion, Elk River, MN

b.  Advanced Pressure Technology (APTech), San Rafael, CA
c.  Veiflo Corporation, Richmond, CA

B. Pressure Gauges

Ultra High Purity Gas Didtribution Systems

Issue Date: December 9, 2002 15481S-14



Pressure gauges shdl be bourdon tube type gauges. Bourdon tube and
locket area shall be 316L dtainless stedl.

Case and remaining internd movement materid shal be a 300 series
danless sed. Bezd and lens shdl be one piece polycarbonate screwed on
to the gauge case. Gauge did shdl be white with black |ettering.

Gauges shdl be provided with Cgon VCR type face sed fittings. Gauge
accuracy must be certified to within 1% of scade and helium leak checked to
1 x 10-9 atmos cc/sec. Range shall be as shown on plans.

Acceptable Manufacturers:

a  Asheroft, Stratford, CT
b.  Tescom Corporation, EIk River, MN

C. Check Vaves

1

6.

Check vave bodies shdl be 316L dainless sted, or Vacuum Induction
Mét/VVacuum Arc Re-mdt (VIM-VAR) materid.

Vave bodies may be drop forged, cast or fabricated from bar stock. Prior
to eectropalishing, vave bodies shdl be free of al machining marks and
clean of dl foreign oxides, ail, grease, lubricants and mill chips. Gas wetted
surfaces shdl have a 30 micro-inch Ra (Ave) finish prior to dectropolishing.

All gas weted surfaces of the vave, induding sorings shdl be
electropolished to a 10 micro-inch Ra (Ave) or 15 micro-inch Ra (Max)
finish.

All factory welds on the valve body shal be automatic orbital TIG weds
and shal meet the requirements as st forth in Section 3.02 - Workmanship
of this specification.

Valves shdl be helium lesk checked to less than 1 x 10-9 atmos cc/sec. All
other cleaning, testing and packaging shal be equd to vaves as detaled in
Section 2.02 - Vaves.

Acceptable Manufacturers.  Nupro Company, Willoughby, OH

PART 3 - EXECUTION
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3.01 CLEANING

A. Eachbundle of tubing that arrives at the job Site shdl be ingpected in the following
manner:

1.  Immediately upon ariva a the job Ste, each and every length of tubing
ghdl be ingpected indde and out to verify compliance with Section 2.01 -
Tube and Fttings. Tube and fittings shdl be bright and clean ingde and out,
with tube interior exhibiting a mirror finish. There shal be no sains, oxides,
oils, mill chips or other visble impurities. There shdl be no uncapped, Folit
or otherwise damaged end caps. If any of these characterigtics is noted, the
tube shal be permanently marked, removed from the job site and returned
to the manufacturer for replacement.

2. Onetube out of each bundle, with not less than 2% and not more than 5%,
shdl have a 2" coupon cut off, labeled and given to the SDR for ingpection
and testing. The location on the length of tubing from which the coupon is
taken shdl be at the discretion of the SDR. If the coupon does not comply
with the specifications detailed in Section 2.01- Tube and Fittings, the entire
tube bundle shall be reected, lot number recorded, permanently marked,
and removed from the job Site for return to the manufacturer.

B. All tube and fittings to be inddled in fidd weld fabricated sysems shdl be
ingpected before assembly and ingtdlation. Inspection shal be carried out under
the following conditions

1. Ingpection shdl be performed in a minimum Class 1000 environment as
certified per Federd Standard 209 (latest edition).

2.  Areashdl be adequatdy ventilated and provided with air moving devices to
meet OSHA requirements for fume removal, but is not required to have
humidity control; tubing should not be exposed to excessive moisture once
end caps have been removed.

3. Personnd handling, ingpecting and cdeaning tubing shdl wear a minimum of
disposable cleanroom garments, including hair covering and latex gloves to
maintain a contamination free environmen.

4, Inspect each length of tubing as described below prior to assembly — and/or
ingdlation:

a  Fush with 18 megohm deionized water heated to between 100 - 150
degrees F for aminimum of three minutes. DI water flow rate shal be
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controlled to maintain a minimum velocity within the tube of 5 feet per
second (FPS).

b.  Upon completion of DI water flushing each tube shal be blown dry
using nitrogen or argon from a cryogenic source filtered to aminimum
of 0.01 microns. How shdl continue until moisture level in the tube is
lessthan 1 ppm above the measured level of the purge ges.

c. At the end of the find purge cycle, the tube ends shdl be covered
with a polyethylene bag over a 1.75 mil polyamide (nylon) film. The
bag shdl be seded with polyethylene tape a least three inches from
the tube end. The bag is followed by a hard plastic cap and another
polyethylene bag on the outside of the cap. The entire length of each
tube will then be heat seded in polyethylene bags in an inert nitrogen
aimosphere.

5. Eachlength of tubing accepted after ingpection shdl be stored in aminimum
of a Class 1000 cleanroom as certified by Federd Standard 209 (latest
edition).

6. Any ceviaions from these procedures must be secured in writing from the
SDR prior to incorporating as part of work scope.

C. The fdlowing is a minimum tube recleaning procedure for tubes requiring fied
cutting. Contractor shdl submit his own detailed cleaning procedure for approval
by the SDR. Contractor shdl be responsible for the cleanliness integrity of the
system as specified in Section 3.04 - Quality Control.

1.  Wddes, fitters, and apprentices required to ingtdl the ultra high purity
process piping shal wear cleanroom garments (to include gown, hair and
beard covers and foot covers) while indde cleanroom. Latex, non+
powdered gloves shdl beworn at dl times while handling any component of
the UHP system, whether insde or outsde cleanroom.

2. All cutting, facing, deburring and cleaning operations shdl be done in a
Separate temporary cleanroom or portable cleanroom trailer certified a a
minimum Class 10,000 level. Unless otherwise specified in the contract
documents or drawings, the Contractor shdl furnish and ingdl al equipment
and materids for the temporary cleanroom. The temporary cleanroom shall
be certified to the following requirements:
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a  Cleanroom certification shal be per Federd Standard 209 (latest
edition).

b.  Room shdl have aminimum 0.05" W.G. positive pressure a al times.

c.  Provide adequate ventilation at solvent cleaning stations to meet date
and Federd OSHA regulations.

3. All tools used within a deanroom environment for UHP cleaning and
inddlation shdl be kept separate from other tools, and shall be used
exclusvely for UHP systems. They shal be cleaned each and every time
prior to entry into the cleanroom with a solution of 25% isopropyl acohol
(IPA) and 75% 18 megohm deionized water, and blown dry with Q01
micron filtered nitrogen or argon from a cryogenic source.

4.  Once tube is cut and squared, fill the tube with a solution of 25% IPA and
75% 18 megohm deionized water, drain, and blow dry with 0.01 micron
filtered nitrogen or argon from a cryogenic source. Complete cleaning by
blowing alint free swab soaked in the solution described above through the
tube with 0.01 micron filtered nitrogen or argon from a cryogenic source.
Delivery pressure shdl be between 40-50 psig.

5. Cleaning solutions and nitrogen or argon shal be used only once and then
shal be disposed of in accordance with al applicable locd, state and
federd regulations.

6. FHnd deaning of tubing, spool pieces or system sub-assemblies as
described above shal be performed under a Class 100 laminar flow dation.

7. All deaned components shdl be protected againgt contamination as follows:

a  Smdl pats shdl be placed in cleen polyethylene bags and heet
Sedled.

b. Tube ends shdl be seded under a posgtive 0.01 micron filtered
nitrogen purge with polyethylene bags, seded and covered with
plastic caps.

c.  All tubing and fittings cut in the fidd and not immediatdy inddled shdl
be stored in a Class 100 environment.
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8.

Ends of sysems and components shdl not be left open to ambient
conditions when unattended or when work has been delayed.

D. Vave preparation shdl be per the following procedures.

1

Vaves to be purchased precleaned and bagged for ultra high purity service
asdetailed in Section 2.02 - Vaves.

Vaves montaminated during congruction or fabrication of subsystems shdl
be returned to the vendor for replacement or recleaning. Any vave whose
origina bag has been opened, torn, or in any other manner has logt its inert
aimosphere prior to entering the clearoom for inddlation shdl be
considered contaminated.

E.  All submicron filters used in the execution of this section shal be membrane type.

F.  Contractor shdl purchase and use only semiconductor grade isopropyl acohal for
usein dl deaning solutions detailed in this section.

G. Contractor shdl submit Materid Data Safety Sheets (MSDS) for al solvents,
chemicas and cdleaning solutions used in the execution of this specification.

3.02 WORKMANSHIP

A. TubePreparation

1. To cut tube scribe with whed type tube cutter, and complete cut with
whed cutter. Deburr and rinse with semiconductor grade isopropy! acohal,
and bag ends.

2. For butt welds, ends must be squared with a squaring tool such as Tri-Tooal,
rinsed with isopropyl acohol and bagged. Face tolerances of al butt weld
ends shal be no greater than 0.008 inches from a plane perpendicular to
centerline of tube or fitting.

B. Wadding
1.  Wdding Procedure

a  Sydems shdl be weded with an automatic orbitd TIG welding
mechine with a fully enclosed weld head. Welding process shdl utilize
Gas Tungsten Arc (GTA). Tungsten dectrodes shdl be replaced to
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the following schedule, and then a test coupon produced. Field
profiling of tungsten shdl not be permitted.

Tube Sze No. of Welds
14" - 3/8" 30
1/2" - 3/4" 25
1" - 1-1/2" 15
2" and up 10

The schedule of welds above ligts only the maximum number of welds
dlowed before replacing the tungsten dectrode. The tungsten
electrode may aso be replaced at any time if it is determined by the
SDR that the tungsten is showing sufficient wear as to produce
faulty welds. A test coupon shal be produced after  the new
eectrode isingalled.

b. Voltage a the power source for the welding machine shdl be
measured and recorded in the daily log before any welds may be
performed.

c. Anargon back purgeis required indde the tubing during welding. This
purge shdl be performed asfollows.

(1) A gasvendor guaranteed and certified analyss shal be required
on each purge source a the Contractor's expense. The
Contractor shal be respongble for additiona purification and
filtering required to ddliver the purge gas at 0.01 microns, with
less than 100 ppb moisture, 100 ppb oxygen, and 100 ppb
total hydrocarbons (TOC).

(20 Purge manifold shdl be fabricated to the same specification as
the UHP system being ingtalled.

(3) For continuous runs of tubing, welding shdl begin & the purge
port area and continue through the sysem. The purge
connection shal not be changed. Use purge restrictor at the end
of tubing runs. Stainless sted compression fittings with nylon
ferrules can be used for temporary restriction on tees and tube
ends.

(4) Whileweding, the minimum purge rate shal be 15 scfh for 1/4"
tubing, and 25 scfh for dl tubing 3/8" and larger.
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(5) Do not begin welding until oxygen and moisture content in the
tubing has been measured at less than 1 ppm. Allow a minimum
of 5 minutes purge time per 20 feet of tubing.

(6) Continue purge after completion of weld until joint is cool to
touch.

(7)  Minimum purge extenson of 12 inchesisrequired for dl joints.

d. At the completion of each work day, the Contractor shdl continue the
argon purge in any uncompleted tubing runs, or cap and sed the
tubing runs usng danless sed compresson fittings with nylon
ferrules. Any tubing run which has been bedded down using this
procedure shal be re-purged until the oxygen and moisture content
have been measured at less than 1 ppm before the resumption of
work on the system. The results of dl oxygen and moisture andyses
shdl be recorded in the daily log.

e. If contaminants (oxides, etc.) are discovered at any time ingde tubing,
the contaminated sections shdl be removed. All cut tubing ends must
be squared, deburred, faced and cleaned as described in Section
3.02A - Tube Preparation.

f.  Anargon purge is required around the weld head during the welding
process. This purge shall be performed asfollows:

(1) The purge gas shdl be of the same qudity asthat used to purge
the indde of the tubing.

(2 Purge rates shdl be per the welding machine manufacturer's
recommendations.

(3) The pre-wed purge shdl be of a duration as recommended by
the welding machine manufacturer.

(4) The post-weld purge shdl be mantained for a minimum period
of thirty (30) seconds after completion of the weld.

g Mantan dignment of tube and fittings during weding. No
misalignment is acceptable.
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h.  All welds shdl be exposed on ingdled tubing. Do not cover welds
with saddle, jacket, pad or supports. Welds performed on the
process tube of a dud contanment sysem shal have al teds
performed and the complete system gpproved as detailed for single
wadl sygemsin Section 3.04 - Qudity Control before deeves may be
welded on the containment tubing.

i.  All welding operations shdl be performed in a Class 100 or cleaner
environment. Welds made outside of a cleanroom shdl be made
ingde alocal clean environment such as the Process | solation Bubble,
manufactured by Scottmark, Inc.

2. Weder Reguirements.

a A qudification test for both the welding machine and the welder
operator shal be conducted in the presence of the manufacturer's
representative and approved by the SDR prior to assembly of any
work.

b. Each weder operator shal be certified and identified per ASME
Section IX and the welding machine manufacturer's ingructions.

c. A sample wed from each welder operator, for each sze of tubing
diameter required, for verticad and horizonta postions shal be
required, and given to the SDR for testing. Contractor shal bear the
cost of welder operator testing and certification.

d. Contractor to submit to the SDR a written copy of the welding
meachine manufacturer's operating ingructions.

3. Each weld shall be given a number, recorded on the project drawing with
the welding machine schedule used, and the welder operators identifying
mark or symbol.

4. Upon completion of dl testing and acceptance, tubing sysem shdl be
labeled in accordance with Sandia Standard Specification 15050, Generd
Materid & Work Requirement - Mechanica. The Contractor shall not paint
over or remove any mill markings or welder identification markings.

3.03 PRESSURE TEST PROCEDURE

A. System Protection
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1. Remove or disconnect from sysem dl:
a.  indruments and equipment which are not rated for test pressure
b. filterswhich are not rated for test pressure

c.  any other items subject to damage by test pressure as designated by
the SDR

2. Provide dl necessary fittings and spool pieces required to maintain system
integrity during pressure test

3. Protect tubing and equipment against over pressure

4. Do not subject closed valves left in system to pressures greater than their
pressure rating

B. Apply 250 PSIG pressure to system and record ambient temperature in the daily
log. Use semiconductor grade nitrogen or argon, filtered to 0.01 micron, and of
the same purity as the gas used to purge tubing during the welding process for
pressure testing of dl lines.

C. Sygem shdl be considered passed if the 250 PSIG pressure is maintained for 8
consecutive hours with no drop in pressure (temperature compensated).

D. Upon completion of 250 PSIG pressure test, replace dl valves, filters, regulators
and other fittings not rated for the 250 PSIG pressure test. A second pressure test
shall then be performed at the pressure of the lowest rated fitting in the system.
The procedure and acceptance criteria for this test shal be the same as the 250
PSIG test.

E.  Dud contanment systems shall be pressure tested in the following sequence:

1.  Pressure test process tube following the procedures for sngle wal systems
prior to welding deeves on containment tubing

2. Upon completion of resdud trace gas, particulate and helium lesk testing by
Sandia, the deeves on the containment tubing shal be welded into place
following the procedures detailed in Section 3.02B - Welding.
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3. The procedure and acceptance criteria for pressure testing of the
containment tubing shdl be the same as the 250 PSIG test for sngle wall
systems.

F. If pressure test falls, bubble test dl joints with ionic free agent to detect gross
leaks. Submit MSDS for approva of ionic free agent to be used. All joints failing
pressure test shal be marked for replacement.

G. All joints faling pressure test shal be cut out and replaced while under purge
following the procedures detailed in Section 3.02B - Welding.

H. All testsshdl be witnessed and verified by the SDR.

I.  Check dl pressure rdief vaves and regulators for pressure settings. Pressure relief
vaves shdl be reset and documented following procedures outlined in the Sandia
Pressure Safety Manudl.

J. Comply with al applicable codes and regulations to insure personnd safety during
pressure tests.

K. At the conduson of testing, the Contractor shall provide a certified statement
reporting the following:

1. brief test description;
2. extent of sysemstested;
3. testresultsand date(s) performed
4. notedl faledjoints, and al corrective action taken;
5. dgnaturesof dl personswitnessing the tests
L. Mantan sysem at pogtive pressure until system is placed in service. Pressure
shdl be maintained usng 0.01 micron filtered nitrogen or argon from a cryogenic
source. Gas shdl be of the same purity as that used to purge tubing during the

welding process.

M. Any deviations from approved testing procedures must be secured in writing
from the SDR prior to incorporating as part of work scope.

3.04 QUALITY CONTROL
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A. The Contractor shdl notify the SDR aminimum of three working days prior to the
completion of work to dlow scheduling of andytica testing. Andytica testing shall
not begin until the system has been pressure tested by the Contractor and
accepted by the SDR.

B. Contractor shall provide dl necessary equipment, materials and labor as required
to commence and complete al tests designated as Contractor responsibility.

C. Contractor shdl be responsible for performing and certifying pressure test per
Section 3.03 - Pressure Test Procedure & the completion of system ingtalation.

D. Contractor shdl verify the operation of emergency hydrogen and toxic gas shutoff
systems in the presence of the SDR.

E.  Contractor shal test welder, welding machine, and machine program on sze of
tubes to be joined and ingdled by preparing longitudinadly sectioned sample of
joints for review by the SDR. Samples shdl be bagged, dated and identified per
Section 3.02B - Wdding. Tests shdl be performed at:

1.  thebeginning of each hift;
2. theend of each shift;
3. each change of tubing Sze, or change of tube or fitting heaet number;

4. any change in welding procedure, materias, equipment or equipment
adjustments, interruption of power, or change of power source.

F. Samples shdl be examined for soundness of joints and weld contamination.
Contractor shal not clean or polish any welds prior to submitting to the SDR.
Joints shdl have 100% penetration.

G. Submit samples of welded joints, as required by Section 3.05 - Inspection, for
evauation and/or testing. If required by the SDR, up to 5% of the inddled
welded joints may be cut out for ingpection and testing. Failure to comply to the
specified requirements may require additiona samples or removd of instaled
welded joints or tubing. All cost associated with preparation, fabrication and
remova of samples will be a the expense of the Contractor. All joints and/or
tubing removed for failure to meet the specified requirements shdl be replaced a
the Contractor's expense.
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H. Any devidgions from specified procedures must be secured in writing from the
SDR prior to incorporating as part of work scope.

Sandia will perform a helium lesk test on al welded and mechanicd joints, and
miscellaneous components upon completion of the pressure test performed as
detailed in Section 3.02 - Pressure Test Procedure. The test shall be performed
asfollows.

1. Usng the turbo molecular pump on the helium lesk detector, the system
shdll be evacuated to amaximum pressure of 1 x 104 mbar.

2. The background level of the leak detector shall be measured and recorded
at lessthan 1 x 10-8 atmos cc/sec prior to beginning testing.

3. Each wdd, fitting, vave, and miscdlaneous component shdl be flooded
with helium gas. Allow a minimum of 1 minute per 100 feet of tubing from
the helium leak detector for leak detection. The joint, fitting, or component
shall be considered passed if there is no single lesk greater than 1 x 10-8
atmos cc/sec above the recorded background levd. All joints, fittings, or
components not passing the helium lesk test shal be repaired or replaced at
the Contractor's expense, and a second test performed.

4.  Theentire syslem shdl be consdered passed if the sum of dl recorded lesk
rates a individud joints, fittings, and mscellaneous components does not
exceed 3 x 10-8 atmos cc/sec.

J. Sandiashdl perform a paticulate andyss on dl UHP gas linesingdled under this
specification. All particulate testing shdl be performed in the following manner:

1. A background count shdl be determined by connecting the particle counter
inlet to a 0.1 micron absolute filter and observing the number of counts per
volume. Background counting shal begin &t least 8 hours prior to beginning
particulate anayss.

2. Samples shdl be withdrawn from each valved outlet in the system, as well
as the end point of al UHP gas lines. Samples shdl be taken by connecting
the particle counter to the system using a Cgjon VCR type face sedl fitting.
Sample gas flow rate shal be sufficient to produce and maintain turbulent
flow (Re > 4000).

3. Paticle counts shdl not exceed the following limits.
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0.01 micron < 50 per <cf

0.1 micron < 10 per cf
0.2 micron <5 per scf
0.3 micron 0

0.4 micron 0

0.5 micron 0

1.0 micron 0

4.  The duration of each individud test shal be such that a totd of 10 scf of
effluent is sampled by counter per test point, or effluent is sampled for a 10
minute period per point, whichever is greater. Each test shdl be terminated
upon conformance to the specification and approval by the SDR. A test
shdl be condgdered faled if the gas sample does not meet specification
within a 30 scf sample or a 30 minute period, whichever is greater. Failed
lines shdl be turred over to the ingaling Contractor for purging before a
retest is begun. All additiona purging required for retesting shdl be at the
Contractor's expense.

5. Each sysem shdl be documented as acceptable and certified as such in
accordance with specification at each outlet.

K. Sandia shdl perform a resdud impurity andyss on the UHP system to detect
resdud moisture, oxygen, and totd hydrocarbon content (THC) which may have
been physisorbed or chemisorbed by the interior walls of the distribution piping or
miscellaneous components. The tests shdl be done with nitrogen from a cryogenic
source filtered to 0.01 microns. The cryogenic source gas shal be certified by the
supplier as having no impurities in excess of 100 ppb. All resdud testing shall be
performed in the following manner:

1.  For comparative andyss, the nitrogen purge source shdl be tested before
trace gas andyss of the sysems. If the nitrogen purge source is from
dewars, these tests shall be repeated daily during the use of the dewar to
detect possible changes in contaminant levels. Nitrogen shall be used as the
purge gasfor dl tests unless otherwise specified in writing by the SDR.

2. Sample gas shdl flow continuoudy throughout the sampling period a arae
no greater than 10 scfh to diminate any dilution of sample contamination
due to excess flow.

3. The sysem shdl be certified as acceptable and documented as such if in
accordance with specification, the delta increase from source to sample
point of each impurity does not exceed the following levels.
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Oxygen <10 ppb
Moisture <10 ppb
Tota hydrocarbon content <10 ppb

4. A test shdl be condgdered faled if the sample gas does not meet
Specification within one hour. Failed lines will be turned over to the ingdling
Contractor for cycle purging before aretest is begun.

Instrument cdibration certification for dl test equipment shal be submitted in
writing to the SDR for gpprovad prior to beginning any testing.

All tests shdl be witnessed and documented by the SDR. Upon completion of
testing, al test documents shal be submitted to the SDR for gpproval.

At completion of tegting, dl systems and components shdl be restored to normal
operating conditions. All mechanicd joints and fittings shall be marked in a manner
which will provide a tamper-proof indicator tha the joint or fitting has been
checked and certified as helium lesk tight. The method for marking joints shdl be
approved in writing by the SDR prior to the start of testing.

The Contractor shdl incorporate the following minimum qudity control provisons
1.  Workersshdl check in daily with Sgnature

2. Provide aclean, controlled materid authorization point

3.  Mantan a daly log reflecting work performed and personnd assigned to
each task

The Contractor is reponsble for any and dl retesting, recleaning, or replacement
required to meet legk, particle, and resdua gastesting.

3.05 INSPECTION

A.

Sandia may retain an independent ingpector to monitor the indalation of the UHP
systems. His responghbilities and observation shal include:

1. Sdect samples of tubing joints which may be removed from ingaled
systems or fabricated samples 6" in length for quaity check;
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6.

7.

A duplication master plan shal be maintained by the specia inspector and
Contractor which identifies daily work progress, welds accomplished, and
name of welding machine operator;

Verify and document purge gas pressure and purity at source and run outs;

Verify and document that only gpproved materids are used,

Verify and document that ingtalation methods and technologies conform to
manufacturer's inddlation indructions,

Asaure cleanliness of conditions of work area;

Document workers daily attitude.

B. The specid inspector shall be authorized to stop work when non-conforming
work is observed or results of tests indicate improper execution of the ingtalation.
Additiona samples, testing procedures, or modifications required to restore the
system to specified requirements shdl be at the ingaling Contractor's expense.

END OF SECTION 15481-S
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