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8345 Lenexa Dr. 521 S. Razorback Road
Lenexa, KS 66214 Fayetteville, Arkansas 72701

NOTICE TO ALL BIDDERS FOR THE
UA Chemical Vapor Deposition Laboratory Reactor Installation
Fayetteville, AR

You are instructed to read and to note the following described changes, corrections, clarifications, omissions,
deletions, additions, approvals, and statements pertinent to the Contract Bid and Construction Documents.

This addendum is part of the Contract Bid and Construction Documents and shall govern in the performance of
the Work.

PROJECT MANUAL

1. 221300 Sanitary Drainage and Vent Piping and Specialties
a. Added PVC piping as an approved material for Under floor drainage application.

2. 226310 Gas Systems for Laboratories Facilities
a. Corrected a typo on paragraph 2.3 TUBE MATERIALS, to indicate 10 pyin Ra
b. Added Coaxial Tubing Helium leak test information on page 14.
c. Applied Energy Systems is an approved subcontractor for the gas piping installation. (Narrative
Only)

3. 263353 Static Uninterruptible Power Supplies
a. Added Riello and Xtreme Power Conversion as approved manufacturers.

DRAWINGS

STRUCTURAL

1. S-101 — ROOF PLAN (Narrative Only)
a. HSS guy wire support frame is required for each guy wire, (3) guy wires per mechanical unit
where required.

MECHANICAL

1. M-102 - MECHANICAL PIPING PLAN
a. Revised PCHWS/R piping size to/from reactor to 1-1/2”.
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PLUMBING

1. P001 - PLUMBING NOTES
a. Changed notes 13. 19 & 20.

2. P101 - PLUMBING PARTIAL FIRST FLOOR PLAN — WASTE AND VENT PIPING
a. Changes pipe sizes for PRV lines from 1/2” to 3/8”
b. Changed Plumbing Note 10.

3. P102 - PLUMBING PARTIAL FIRST FLOOR PLAN — WATER AND GAS PIPING
a. Changed pipe size to from 1/2” to 1/4” on supply lines from gas cylinder cabinets to Reactor.

b. Rerouted 1/4” H2 piping from generator to acid benches.
c. Changed Plumbing Note 17.

4. P103 - PLUMBING ROOF
a. Added a VTR for hydrogen generator.

ELECTRICAL
1. E-101 — ELECTRICAL PLANS
a. Revised utility service plan.

2. E-401 - PARTIAL ONE-LINE DIAGRAM
a. Revised one line diagram.

b. Revised detail 3.
c. Revised short-circuit and voltage drop calculation and load summary.

FIRE PROTECTION

1. FS-101 — FIRE SPRINKLER FLOOR PLAN
a. Revised note FS2 to remove reference to FM Global.

OTHER ATTACHMENTS

1. Attendance List
a. Attendance List from Prebid meeting is attached to this Addendum.

2. Owner Furnished Equipment Cutsheets
a. Cutsheets for some of the owner furnished equipment is attached to this Addendum.

3. Owner Furnished Stainless Steel Gas Piping Table
a. Attached is an updated table that shows quantities of stainless steel 316L gas piping, fittings
and valves that will be furnished by the University. Contractor shall verify exact length of tubing
and quantities of fittings and valves ordered by the University.
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SECTION 221300

SANITARY DRAINAGE AND VENT PIPING AND SPECIALTIES

PART 1 - GENERAL REQUIREMENTS

1.1 SUMMARY

A. This Section includes building sanitary drainage and vent piping systems, including drains and
drainage specialties.

B. Related Sections: The following sections contain requirements that relate to this Section:

1. Division 22 Section "General Plumbing Requirements," for trenching and backfilling
materials and methods for underground piping installations.

2. Division 7 Section "Joint Sealers," for materials and methods for sealing pipe
penetrations through basement and foundation walls, and fire and smoke barriers.

3. Division 12 Section “Laboratory Casework and Fixtures,” for laboratory drains and trim
furnished with the casework.

4. Division 22 Section "Plumbing Identification,” for labeling and identification of drainage
and vent piping.

5. Division 22 Section "Common Work Results for Plumbing," for materials and methods
for fire barrier penetrations, wall and floor penetrations and equipment pads

6. Division 22 Section "Basic Piping Material and Methods," for materials and methods for
mechanical sleeve seals.

7. Division 22 Section "Hangers and Supports for Plumbing Piping," for materials and
methods for hanging and supporting drainage and vent piping.

8. Division 22 Section "Plumbing Insulation,” for materials and methods for insulating
drainage piping.

9. Division 22 Section “Water Distribution Piping and Specialties,” for material and

methods for trap primers and trap primer inlet piping.

1.2 DEFINITIONS

A. Drainage System: Includes all the piping within a public or private premises which conveys
sewage or other liquid wastes to a point of disposal. It does not include the mains of public
sewer systems or a private or public sewage treatment or disposal plant.

B. Vent System: A pipe or pipes installed to provide a flow of air to or from a drainage system,
or to provide a circulation of air within such system to protect trap seals from siphonage and
back pressure.

1.3 SUBMITTALS

A. General: Submit the following in accordance with Conditions of Contract and Division 1
Specifications Sections.
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B. Product data for the following products:
1. Drainage piping
2. Drainage piping specialties
3. Floor drains
4, No-hub fitting restraints

C. Test reports specified in Part 3 of this Section.

1.4 QUALITY ASSURANCE

A. Comply with the installation requirements for CPVC pipe and CPVC CTS tube per the Lubrizol
“FlowGuard Gold and CORZAN Design and Installation Manual” and the installed
manufacturer’s installation manual.

B. Regulatory Requirements: Comply with the provisions of the following codes:

1. 2018 International Plumbing Code

PART 2 - PRODUCTS AND MATERIALS

2.1 MANUFACTURERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Drainage Piping Specialties, including backwater valves, expansion joints, cleanouts,
floor drains, cast-iron trench drains and vandal-proof vent caps:

a. Jay R. Smith Mfg. Co.

b. Josam Mfg. Co.

C. Mifab Manufacturing Co.

d. Sioux Chief Manufacturing Co. Inc.

e. Tyler Pipe/Wade Div.; Subs. of Tyler Corp.

f. Watts Industries, Inc.

g. Zurn Industries, Inc.; Hydromechanics Div.
2. Cast Iron Soil Pipe and Fittings

a. AB & | Foundry

b. Charlotte Pipe and Foundry Company

C. Tyler Pipe / Soil Pipe Division
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3. Shielded Transition Couplings

a. FERNCO, “Proflex 3000 Series”

b. Mission Rubber Company, “Band Seal Specialty Couplings”
4. Underground Shielded Adapter Couplings

a. FERNCO, “1056 Series with SR73 Shear Ring”

b. Mission Rubber Company, “MR56 Series”
5. Trap Seals

a. Green Drain, Inc.

b. Jay R. Smith Mfg. Co.

C. Mifab Manufacturing, Inc.

d. Proset Systems “Trap Guard”

e. Rector Seal, Inc.

f. Zurn Industries, Inc.; Hydromechanics Div.
6. Hubless Couplings:

a. Anaco

b. Ideal Tridon

C. Mission Rubber Company

d. ProFlo “PFNH”

e. Tyler Pipe / Soil Pipe Division
7. No-Hub Fitting Restraints

a. Holdrite
8. PVC DWYV Expansion Joints

a. Charlotte Pipe and Foundry Company #133

b. Spears Manufacturing Company #S119
9. Heavy Duty Hubless Couplings for Below Slab

a. Anaco Husky HD-4000

b. Clamp-All 125in. Ib.
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2.2 ABOVE GROUND DRAINAGE AND VENT PIPE AND FITTINGS

A.

Cast-lron Soil Pipe: CISPI 301 and ASTM A888, no-hub pipe and fittings and bearing the
trademark of CISPI and NSF.

1. Couplings and compression gaskets, NSF certified: ASTM C564 and CISPI 310.
2. Heavy duty couplings and compression gaskets: ASTM C1540 and meeting FM 1680.
3. Solder Filler Materials: ASTM B32, 95-5 tin-antimony solder.

Copper Tube: ASTM B88, Type M, hard drawn for pipe and wrought copper fittings with
soldered joints.

1. Solder Filler Materials: ASTM B32, 95-5 tin-antimony solder.

PVC DWV Pipe and Fittings: Schedule 40 pipe meeting ASTM D1785 and ASTM D2665 with
“solid wall” PVC meeting ASTM D1784 with cell class 12454-B.

1. Fittings: DWV pattern meeting ASTM D2665 with solvent cement socket joints.

2. Solvent: ASTM D2564.

PVDF Process Piping and fittings: PVDF meeting ASTM D3222 with pipe size and piping
dimensions meeting ASTM D2447 with fusion joints.

1. Fittings: Meeting ASTM D3222 with fusion joints.

Shielded Transition Couplings: ASTM C1460 with neoprene adapter gasket with stainless
steel Shield and hose clamps.

2.3 UNDERGROUND BUILDING DRAIN AND VENT PIPE AND FITTINGS

A.

PVC Pressure Pipe and Fittings: Schedule 40 pipe meeting ASTM D1785 with “solid wall”
PVC meeting ASTM D1784 with cell class 12454,

1. Solvent: ASTM D2564.
2. Fittings: Schedule 40 meeting ASTM D2467 with solvent cement socket joints.

Underground Shielded Adapter Couplings: ASTM C1173 with neoprene adapter gasket with
stainless steel shield and stainless steel hose clamps.

2.4 DRAINAGE PIPING SPECIALTIES

A.

B.

Floor Cleanouts: As specified on the drawings.

Wall Cleanouts: As specified on the drawings.

Floor Drains: As specified on the drawings.

Trap seals: Provide trap seals meeting either description below:

1. Smooth, soft, flexible, elastomeric PVC material molded into shape of duck’s bill, open
on top with curl closure at bottom. The flow of wastewater allows duck’s bill to open
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and adequately discharge to floor drain through its interior. The duck’s bill closes and
returns to original molded shape after wastewater discharge is complete. Or, smooth,
soft, flexible, elastomeric PVC material with a flapper closure. The flow of wastewater
allows flapper to open and adequately discharge to floor drain through its interior. The
flapper closes and returns to original molded shape after wastewater discharge is
complete.

25 PVC DWV EXPANSION JOINTS

A. Schedule 40 PVC DWV meeting ASTM D2665 with socket connections and telescoping
expansion joint with EPDM O-ring seal.

2.6 NO-HUB FITTING RESTRAINTS

A. Pre-engineered kits of galvanized steel pipe straps with stainless steel band clamps and tee
bolts, meeting requirements of the CISPI Installation Handbook.

PART 3 - EXECUTION

3.1 INSTALLATION, GENERAL

A. Install pipe and specialties in accordance with manufacturer’s installation instructions.
3.2 PREPARATION FOUNDATION FOR UNDERGROUND SANITARY BUILDING DRAINS

A. Pipe Beds:

1. PVC Pipe: Support pipe in trench with sand bags level and true to prevent sand, gravel
or debris from interfering with the solvent cement process. After pressure testing is
complete, gradually install bedding to maintain continuous pipe slope and prevent pipe
deflection and then install subbase. Refer to Section “General Plumbing Requirements”
for bedding and subbase materials, excavation, trenching, backfill and compaction
requirements and refer to ASTM D2321 “Underground Installation of Thermoplastic
Pipe for Sewers and Gravity-flow Applications” for additional requirements.

2. Cast Iron Soil Pipe: Shape bottom of trench to fit bottom of pipe for 90-degrees (bottom
1/4 of the circumference). Fill unevenness with tamped sand bedding. At each pipe
joint dig bell holes to relieve the bell of the pipe of all loads, and to ensure continuous
bearing of the pipe barrel on the foundation and maintain continuous pipe slope. For
piping with rock trench bottoms, provide sand pipe bed 6” underneath and around sides
of pipe, including fittings. After pressure testing is complete, install subbase. Refer to
Section "General Plumbing Requirements” for bedding and subbase materials,
excavation, trenching, backfill and compaction requirements.

3.3 PIPE APPLICATIONS - ABOVE GROUND, WITHIN BUILDING
A. Install hubless, cast-iron soil pipe and fittings for 15” and smaller soil, waste, and vent pipe.
B. Install Type DWV copper tube with cast copper alloy solder joint drainage fittings (DWV)
fittings, copper sweat X screwed with solder joints, for waste connections from urinals,

lavatories, sinks, water coolers, and kitchen equipment to cast iron drainage piping.

C. Install Type M copper tube with wrought copper fittings with solder joints, 1” and smaller, with
%" minimum size and install Type DWV copper tube with cast copper alloy solder joint
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drainage fittings (DWV) fittings for 1-1/4” and larger for waste connections from kitchen
equipment and terminate over floor receptors with air gap.

Condensate drain piping and pumped condensate drain piping inside the building: Provide %"
minimum size or as indicated on the drawings. Slope gravity drainage condensate piping from
mechanical equipment at 1/8” per foot minimum slope. Discharge to floor receptor with air gap.

1. Install galvanized schedule 40 steel pipe and malleable iron fittings.

2. Install Type M copper tube with wrought copper fittings with solder joints, 1” and smaller
and install Type DWV copper tube with cast copper alloy solder joint drainage fittings
(DWV) fittings for 1-1/4” and larger. Provide galvanic isolators as specified in Division
22 “Basic Piping Materials and Methods”.

3. Install PVC pressure pipe and fittings for 1” and smaller and install “solid wall” PVC
Type DWV pipe and fittings for 1-1/4” and larger. Except no plastic pipe shall be
installed in return air plenums.

4. Install CPVC CTS pipe and fittings, 2” and smaller.

Condensate drain piping outside the building: Provide 3/4” minimum size or as indicated on

the drawings. Slope condensate piping at 1/8” per foot minimum slope to discharge point.

Discharge to roof receptors or roof drains with air gap.

1. Install galvanized schedule 40 steel pipe and malleable iron fittings.

2. Install Type M copper tube with wrought copper fittings with solder joints, 1” and smaller,
and install Type DWV copper tube with cast copper alloy solder joint drainage fittings
(DWV) fittings for 1-1/4” and larger. Provide galvanic isolators as specified in Division
22 “Basic Piping Material and Methods”.

3. Install PVC pressure pipe and fittings for 1” and smaller and install “solid wall” PVC
Type DWYV pipe and fittings for 1-1/4” and larger.

Install PVC Type DWV Plastic pipe and fittings for drainage and vent pipe, except install no
plastic pipe in return air plenums.

Install PVC pressure pipe and fittings for sump pump discharge, except install no plastic pipe
in return air plenums.

Install type "L” copper tube with wrought copper fittings with solder joints for sump pump
discharge pipe.

Install 1/2” type L copper tube for trap primer outlet piping.

3.4 PIPE APPLICATIONS - BELOW GROUND, WITHIN BUILDING

A.

Install hub-and-spigot, service weight, cast-iron, soil pipe and fittings with gasketed joints for
15 inch and smaller for soil, waste, and vent pipe.

Install PVC Type DWYV Plastic pipe and fittings for drainage and vent pipe for 24” and smaller.
Install fabricated fittings for 16 inch and larger.

Install PVC pressure pipe and fittings for sump pump discharge.
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Install type "K” soft copper tube with wrought copper fittings with solder joints for sump pump
discharge pipe, 2” and smaller.

Install 1/2” type K soft copper tube for trap primer outlet piping.

3.5 PIPE AND TUBE JOINT CONSTRUCTION

A.

Copper Tubing: Solder joints in accordance with the procedures specified in AWS "Soldering
Manual."

Cast-Iron Soil Pipe: Make hubless joints in accordance with the Cast-Iron Soil Pipe & Fittings
Handbook, Chapter IV. Install Couplings as followings:

1. Install hubless couplings complying with CISPI 310 on soil, waste and vent piping.

2. Install hubless couplings complying with CISPI 310 on and soil and waste piping 3” and
smaller and all vent piping.

3. Install heavy duty hubless couplings on soil or waste stacks, soil and waste piping
connections to soil or waste stacks and all soil and waste piping 4” and larger.

4. Install No-Hub fitting restraints on joints 5” and larger at:
a. Changes of direction from vertical to horizontal
b. 4” branch connections, including tees, wyes and wye combination fittings to soil

and waste piping 5” and larger
C. Horizontal changes of direction 22-1/2 degrees and greater
d. Changes in diameter of two pipe sizes or greater.

PVC DWV Pipe: Joining and installation of PVC drainage pipe and fittings shall conform to
ASTM D2665.

Cast Iron to PVC Above Grade: Join cast iron to PVC with shielded transition couplings.

Cast Iron to PVC Below Grade: Join cast iron to PVC with underground shielded adapter
couplings.

3.6 INSTALLATION

A.

General Locations and Arrangements: Drawings (plans, schematics, and diagrams) indicate
the general location and arrangement of the piping systems. Location and arrangement of
piping layout take into consideration pipe sizing, slope, expansion, and other design
considerations. So far as practical, install piping as indicated.

Use fittings for all changes in direction and all branch connections.

Install piping at right angles or parallel to building walls. Diagonal runs are not permitted,
unless expressly indicated.

Install piping free of sags or bends and with ample space between piping to permit proper
insulation applications.
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E. Conceal all pipe installations in walls, pipe chases, utility spaces, above ceilings, below grade
or floors, unless indicated to be exposed to view.

F. Install horizontal piping as high as possible allowing for proper slope and coordination with
other components. Install vertical piping tight to columns or walls. Provide space to permit
insulation applications, with 1-inch clearance outside the insulation. Allow sufficient space
above removable ceiling panels to allow for panel removal.

G. Paint exposed copper drain lines serving kitchen equipment with a minimum of two coats of
chromium-based paint.

H. Exterior Wall Penetrations: Seal pipe penetrations through exterior walls using sleeves and
sealer. Refer to Division 22 Section " Basic Piping Material and Methods” for special sealers
and materials.

l. Underground Exterior Wall Penetrations: Seal pipe penetrations through underground exterior
walls using sleeves and mechanical sleeve sealers. Refer to Division 22 Section “Basic Piping
Material and Methods” for additional information.

J. Fire Barrier Penetrations: Where pipes pass through fire rated walls, partitions, ceilings and
floors, maintain the fire rated integrity. Refer to Division 22 Section " Basic Piping Material
and Methods” for special sealers and materials.

K. Foundation Penetrations: Where pipes pass through foundation walls above strip footings or
under strip footings, protect pipes from building load with cast iron soil pipe sleeves two pipe
sizes larger than the pipe. Sleeves installed under the strip footing shall be encased in
concrete.

L. Elevated Floor Penetrations of Waterproof Membrane, Interior Penetrations of Non-Fire Rated
Walls and Concrete Slab on Grade Penetrations: Provide sleeves and seal pipes that pass
through waterproof floors, non-fire rated walls, partitions and ceilings or concrete slab on
grade. Refer to Division 22 Section "Common Work Results for Plumbing” for special sealers
and materials.

M. Make changes in direction for drainage and vent piping using appropriate 45 degree wyes,
combination wye and eighth bend, or long sweep, quarter, sixth, eighth, or sixteenth bends.
Sanitary tees or quarter bends may be used on vertical stacks of drainage lines where the
change in direction of flow is from horizontal to vertical, except use long-turn pattern
combination wye and eighth bends where two fixtures are installed back to back and have a
common drain. Straight tees, elbows, and crosses may be used on vent lines. Double wyes
or double wye combinations shall not be used in the horizontal. No change in direction of flow
greater than 90 degrees shall be made. Where different sizes of drainage pipes and fittings
are connected, use proper sized standard increasers and reducers. Reduction of the size of
drainage piping in the direction of flow is prohibited.

N. Install underground building drains to conform with the plumbing code, and in accordance with
the Cast Iron Soil Pipe Institute Engineering Manual. Lay underground building drains
beginning at low point of systems, true to grades and alignment indicated with unbroken
continuity of invert. Place bell ends of piping facing upstream. Install required gaskets in
accordance with manufacturer's recommendations for use of lubricants, cements, and other
special installation requirements. Maintain swab or drag in line and pull past each joint as it
is completed.
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Install drainage piping pitched down at a minimum slope of 1/4 inch per foot (2 percent) for
piping 3 inch and smaller, and 1/8 inch per foot (1 percent) for piping 4 inch and larger. Install
vent piping pitched to drain back by gravity to the sanitary drainage piping system.

Install condensate drains pitched down at a minimum slope of 1 to 10 for piping 3 inches and
smaller.

Extend building drain to connect to service piping, of size and in location indicated for service
entrance to building. Sewer service piping is specified in a separate section of Division 2.

Install 1 inch thick extruded polystyrene over underground building drain piping not under
building. Width of insulation shall extend minimum of 12" beyond each side of pipe. Install
directly over, and center on pipe center line.

HANGERS AND SUPPORTS

A.

General: Hanger, support, insulation protection shields, and anchor components and

installation procedures conforming to MSS SP-58 and SP-69 are specified in Division 22

Section "Hangers and Supports for Plumbing Piping”. Conform to the table below for

maximum spacing of supports.

Install the following pipe attachments:

1. Adjustable clevis hangers, MSS SP-69 Type 1, for individual horizontal runs.

2. Riser clamps, MSS SP-69 Type 8, for individual vertical runs.

3. Provide 304 stainless steel rods, nuts, washers and pipe clamps for sway bracing, for
piping under slab as detailed on the drawings. Connect rods with rebar tie wires to
reinforcing bars in top layer of slab.

a. Pipe clamps for sway bracing: B-Line Fig 4B or approved equal.

4, Insulation protection shields and high density insulation at each hanger for insulated
pipe as specified in Division 22 Sections “Hangers and Supports for Plumbing Piping”
and “Plumbing Insulation”.

a. Install high density insulation on insulated pipe.

5. Provide vinyl coated hangers and riser clamps for use with PVC pipe and CPVC CTS
tube.

Provide roll hangers for individual horizontal runs 100 feet or longer.

Provide ceiling flanges attached to the floor, all thread rod and split ring pipe clamps for
indirect drains and condensate drains supported from the floor 2” and smaller.

Install hangers with maximum horizontal spacing and minimum rod diameters, to comply with
MSS-58, locally enforced codes, this specification, and authorities having jurisdiction
requirements, whichever are most stringent. Install hangers for horizontal piping with the
following maximum spacing and minimum rod diameters:

Nom. Pipe Steel Pipe Copper Tube Min. Rod

Size — In. Max. Span — Ft. Max. Span — Ft. Dia. - In.
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Up to 1-1/4 12 6 3/8
1-1/2t0 2 12 10 3/8
2-1/2t0 4 12 10 3/8
5 12 10 1/2
6 12 10 1/2
8 12 10 1/2
10to 12 12 10 5/8
14 to15 12 N/A 3/4
Nom. Pipe CTS CPVC Tube CPVC Tube
Size Min. Rod
In Inches. Max. Span - Ft. Dia. - In.
1/2 3 3/8
3/4 3 3/8
1 3 3/8
1-1/4 4 3/8
1-1/2 4 3/8
2 4 3/8
1. Support all sizes of horizontal cast iron piping every five feet, except up to ten feet where

ten foot sections are installed. Support all sizes of hubless horizontal cast iron piping

every other joint, unless over four feet, then support each joint.

Provide support

adjacent to joint, not to exceed 18”. Provide support at each horizontal branch.

2. Support all sizes of vertical cast iron piping every ten feet.

3. Support all sizes of horizontal of PVC piping every four feet.
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4, Support all sizes of vertical of PVC / CPVC piping every floor, but not to exceed ten
feet. For sizes 2 inches and smaller, provide guide midway between required vertical
supports.

5. Support vertical PVC / CPVC pipe and tube every six feet, at base of each floor, and
provide mid-story guides.

6. Support piping within 12” of each elbow or tee.

7. Support each P-trap.

Support condensate piping located on roof with pre-engineered roof supports, pre-engineered
roof supports are specified in Division 22 Section "Hangers and Supports for Plumbing Piping”.

Conform to the table above for maximum spacing of supports. Adjust pipe support to maintain
minimum pipe slope.

3.8 INSTALLATION OF PIPING SPECIALTIES

A.

Install backwater valves in sanitary building drain piping as indicated, and as required by the
plumbing code. For interior installation, provide cleanout cover flush to floor centered over
backwater valve cover and of adequate size to remove valve cover for service.

Provide PVC DWYV expansion joints every 30’ on straight vertical PVC waste or sanitary stacks
receiving hot water waste. Install expansion joint at middle travel for equal expansion and
contraction travel. Provide riser clamps within 18” of each end of expansion joint. Install
expansion joint per manufacturer’s installation instructions.

Above Ground Cleanouts: Install in above ground piping and building drain piping as
indicated, and:

1. as required by plumbing code;

2. at each change in direction of piping greater than 45 degrees;

3. at minimum intervals of 50 for piping 4" and smaller and 100’ for larger piping;
4, at base of each vertical soil and waste stack.

Cleanout Covers: Install floor and wall cleanout covers for concealed piping, types as
indicated.

Floor Cleanouts: Install in below floor building drain piping as indicated, and:

1. as required by plumbing code;
2. at each change in direction of piping greater than 45 degrees;
3. Install in below floor building drain piping at minimum intervals of 50' for piping 4" and

smaller and 75' for larger piping;

4. Install floor cleanouts in waterproof floors with waterproof membrane securely flashed
with cleanout body flashing clamp so that no leakage occurs between cleanout body
and adjoining flooring. Maintain integrity of waterproof membranes, where penetrated.
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Exterior Cleanouts: Install exterior cleanouts embedded in a 18" x 18" x 8" block of concrete,
flush with finished grade.

Frost-Proof Vent Caps: Install frost-proof vent caps on each vent pipe passing through roof.
Maintain 1 inch clearance between vent pipe and roof substrate.

3.9 INSTALLATION OF FLOOR DRAINS/FLOOR SINKS

A.

B.

F.

Install floor drains, in locations indicated.

Install floor drains, at low points of surface areas to be drained, or as indicated. Set tops of
drains flush with finished floor. Set floor sinks and floor troughs flush with the level finish floor.

Refer to architectural documents for floor slope requirements and set floor drain elevation to
match. Where architectural documents do not indicate the requirements, set the floor drain
elevation depressed below the finished slab elevation as listed below to provide proper slope
to drain:

DEPRESSION IN INCHES RADIUS OF AREA DRAINED - FEET
1/2 5
3/4 10
1 15
1-1/4 20
1-1/2 25

Provide P-traps for drains connected to the sanitary sewer.

Install floor drains, floor sinks, in waterproof floors with waterproof membrane securely flashed
with drain flashing clamp so that no leakage occurs between drain and adjoining flooring.
Maintain integrity of waterproof membranes, where penetrated.

Position drains so that they are level, accessible and easy to maintain.

3.10 INSTALLATION TRAP SEALS:

A.

Install trap seals in accordance with manufacturer's written instructions and in locations
indicated.

Make watertight seal using an adhesive type caulk along bottom of trap seal, if required by the
manufacturer.

Employ a test plug for testing and remove before normal floor drain use. Clean inside of drain
tailpiece and install trap seal after testing.

Do not touch elastomeric plug or allow contact with primer or solvent cement.

SANITARY DRAINAGE AND VENT PIPING AND SPECIALTIES Page 12 of 14



Chemical Vapor Deposition Laboratory Reactor Installation
March 2023

3.11 CONNECTIONS

A. Piping Runouts to Fixtures: Provide drainage and vent piping runouts to plumbing fixtures and
drains, with approved trap, of sizes indicated; but in no case smaller than required by the
plumbing code.

B. Locate piping runouts as close as possible to bottom of floor slab supporting fixtures or drains.

3.12 FIELD QUALITY CONTROL

A. Inspections

1.

Do not enclose, cover, or put into operation drainage and vent piping system until it has
been inspected and approved by the authority having jurisdiction.

2. During the progress of the installation, notify the plumbing official having jurisdiction, at
least 24 hours prior to the time such inspection must be made. Perform tests specified
below in the presence of the plumbing official.

a. Rough-in Inspection: Arrange for inspection of the piping system before
concealed or closed-in after system is roughed-in, and prior to setting fixtures.

b. Final Inspection: Arrange for a final inspection by the plumbing official to observe
the tests specified below and to insure compliance with the requirements of the
plumbing code.

C. Reinspections: Whenever the piping system fails to pass the test or inspection,
make the required corrections, and arrange for reinspected by the plumbing
official.

d. Reports: Prepare inspection reports, signed by the plumbing official.

B. Piping System Test: Test drainage and vent system in accordance with the procedures of the

authority having jurisdiction, or in the absence of a published procedure, as follows:

1.

Test for leaks and defects all new drainage and vent piping systems and parts of
existing systems, which have been altered, extended or repaired. If testing is performed
in segments, submit a separate report for each test, complete with a diagram of the
portion of the system tested.

Leave uncovered and unconcealed all new, altered, extended, or replaced drainage
and vent piping until it has been tested and approved. Expose all such work for testing,
that has been covered or concealed before it has been tested and approved.

Rough Plumbing Test Procedure: Except for outside leaders and perforated or open
jointed drain tile, test the piping of plumbing drainage and venting systems upon
completion of the rough piping installation. Tightly close all openings in the piping
system, and fill with water to the point of overflow, but not less than 10 feet head of
water. Water level shall not drop during the period from 15 minutes before the
inspection starts, through completion of the inspection. Inspect all joints for leaks.

Final Plumbing Test Procedure: After the plumbing fixtures have been set and their
traps filled with water, their connections shall be tested and proved gas and water-tight.
Tightly close all openings, initially except vents thru the roof, in the system and fill the
system with smoke from one or more smoke machines designed for smoke testing of
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plumbing systems. When smoke appears at a vent thru the roof, seal the vent thru roof
with a test plug. Pressurize the system with 1” water column of smoke for 15 minutes.
Use a "U" tube or manometer inserted in the trap of a water closet to measure this
pressure. Visually verify all joints for leaks.

5. Repair all leaks and defects using new materials and retest system or portion thereof
until satisfactory results are obtained.

6. Reports: Prepare inspection reports and required corrective action signed by the
plumbing official and turn over to the Architect upon completion of the project.

3.13 ADJUSTING AND CLEANING
A. Clean interior of piping system. Remove dirt and debris as work progresses.
B. Clean drain strainers, domes, and traps. Remove dirt and debris.

3.14 PROTECTION

A. Protect drains during remainder of construction period, to avoid clogging with dirt and debris,
and to prevent damage from traffic and construction work.

B. Place plugs in ends of uncompleted piping at end of day or whenever work stops.

C. Exposed PVC Piping: Protect plumbing vents exposed to sunlight with 2 coats of a water
based latex paint.

END OF SECTION 221300
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SECTION 226310

GAS SYSTEMS FOR LABORATORIES

PART 1 - GENERAL REQUIREMENTS

1.1 SUMMARY

A. This Section includes the following systems:

1. Diborane system including valves, supports, and piping to all outlets requiring
diborane. Manifolds and alarms are owner provided.

2. Disilane (in argon) system including valves, supports, and piping to all outlets
requiring disilane. Manifolds and alarms are owner provided.

3. Dichlorosilane system including valves, supports, and piping to all outlets requiring
dichlorosilane. Manifolds and alarms are owner provided.

4, Germane system including valves, supports, and piping to all outlets requiring
germane. Manifolds and alarms are owner provided.

5. Hydrogen system including valves, supports, and piping to all outlets requiring
hydrogen. Hydrogen generator and alarms are owner provided.

6. HCI system including valves, supports, and piping to all outlets requiring HCI.
Manifolds and alarms are owner provided.

7. HCICI2 system including valves, supports, and piping to all outlets requiring HCICI2.
Manifolds and alarms are owner provided.

8. Methane system including valves, supports, and piping to all outlets requiring
methane. Hydrogen generator and alarms are owner provided.

9. Nitrogen system including valves, supports, and piping to all outlets requiring nitrogen.
Manifolds and alarms are owner provided.

10. Phosphine system including valves, supports, and piping to all outlets requiring
phosphine. Manifolds and alarms are owner provided.

11. Silane system including valves, supports, and piping to all outlets requiring silane.
Manifolds and alarms are owner provided.

B. Related Sections: The following sections contain requirements that relate to this Section:

1. Division 7 Section "Joint Sealers" for materials and methods for sealing pipe
penetrations through basement and foundation walls, and fire and smoke barriers.

2. Division 11 Section "Laboratory Equipment", “Laboratory Fume Hoods”, and
“Biological Safety Cabinets” for equipment provided by other.

3. Division 12 Section “Laboratory Casework and Fixtures,” for laboratory trim installed in
the casework.

4, Division 22 Section “Coordination” for basic requirements for electrical components
that are an integral part of packaged system components.

5. Division 22 Section "ldentification, for Plumbing Piping and Equipment" for labeling
and identification of laboratory gas piping.

6. Division 22 Section "Common Work Results for Plumbing," for materials and methods

for fire barrier penetrations, wall and floor penetrations and equipment pads.
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Division 22 Section "Basic Piping Material and Methods," for materials and methods
for mechanical sleeve seals.

Division 22 Section "Hangers and Supports for Plumbing Piping," for materials and
methods for hanging and supporting laboratory gas piping.

Division 23 Section “Laboratory Gas Alarm System Wiring” for alarm wiring and alarm
interlock with the Owner provided lab gas alarm system.

Division 26 Section “Common Work Results for Electrical” required electrical devices.

Division 26 Sections "Enclosed Switches and Circuit Breakers" for field-installed
disconnects.

1.2 DEFINITIONS

A. Laboratory Gas System: The complete system to convey laboratory gases for direct use
from central supply systems, including bulk tanks and manifolds with pressure and operating
controls, related components, and piping networks extending to gas cocks at laboratory use

points.
B. Laboratory gas purity level indicated in this specification shall be at minimum:
1. Level 6 (Ultra High Purity Applications) — 99.9999% purity

C. GTAW: Gas tungsten arc welding

D. VCR Fitting: Vacuum coupling radiation type with metal gasket face seal
1.3 SUBMITTALS

A. General: Submit the following in accordance with Conditions of Contract and Division 1
Specifications Sections.

1.

7.

Product data for the following products:

a. Valves

b. Laboratory gas system accessories

C. Laboratory gas piping and fittings

d. Hangers and supports

Inspection and test reports specified in “Field Quality Control” in this Section.

Certificates of inspections and tests from independent testing agency specified in
“Field Quality Control” in this Section.

Certificates indicating that Laboratory gas tubing, fittings, valves, and other pipeline
components are cleaned for high pressure gase service and are marked and sealed
per ASTM G93.

Maintenance data for inclusion in Operating and Maintenance Manuals.

Prior to start of installation, furnish to the Engineer photocopies of the Record of
Continuity of Welding Qualifications for each welder.

Submit UHP Materials and Components list for approval by Owner.

1.4 QUALITY ASSURANCE

A. Installing contractor shall have five years experience installing such systems and shall have
prior Owner approval to bid. Preferred lab gas piping contractor:

Benjamin Starnes
District Manager — Mid South Region | Airgas, An Air Liquide Company
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1404 S Pleasant St. | Springdale, AR 72764 | (479) 601-4356
benjamin.starnes@airgas.com
B. Installing contractor shall include in his bid an additional 30% more valves, fittings, tubing

and appurtenances than shown required in the takeoff, because of very long lead time
issues. Upon completion of the project, furnish all unused valves, fittings, tubing and
appurtenances to the owner bagged and sealed.

C. Installation of the laboratory gas systems shall comply with the following:

1. ASTM G93 “Standard Practice for Cleaning Process and Cleanliness Levels for
Materials and Equipment in high pressure gas-Enriched Environments”. Comply with
the following specifications:

a. Stainless Steel Valves and VCR Fittings: Comply with manufacturer’s
specification Swagelok SC-01 “Ultrahigh-Purity Process specification”

b. Single and Coaxial Stainless Steel Tubing and Fittings: Comply with
manufacturer’s specification Cardinal Tech 50 or Wintech WT10.

C. Copper Tube and Fittings: Comply with CGA standard G-4.1 “Cleaning
Equipment for Oxygen Service”

NFPA 45 “Laboratories”.

NFPA 55 “Compressed Gases and Cryogenic Fluids Code”
ASME Section IX Welding, Brazing, and Fusing Qualifications
Owner’s Insurance Underwriter

Authority Having Jurisdiction (AHJ)

N o o b~ wDd

Applicable editions of Compressed Gas Association (CGA) standards:
a. G-5.3 “Commaodity Specification for Hydrogen”

b. G-9.1 “Commodity Specification for Helium”

C. G-10.1 “Commodity Specification for Nitrogen”

d. G-13 "Storage and Handling of Silane and Silane Mixtures”

8. Chlorine Institute Pamphlet: “Piping Systems for Dry Chlorine”
Laboratory gas system shall be installed by Airgas or Owner approved equal

E. Electrical wiring of equipment and alarm systems shall comply with the local governing
edition of NFPA 70 “National Electrical Code.”

F. Equipment shall be listed and labeled by the Nationally Recognized Testing Laboratory. The
terms “Listed” and “Labeled” shall be as defined in the “National Electrical Code,” Article
100.

G. Laboratory Gas System Orbital Welders

1. The installation of laboratory gas systems shall be made by qualified, competent
welders who are experienced in making such installations, each with a minimum of
two years of experience installing laboratory gas systems. Welding shall be
performed only by welders qualified under ASME Section IX qualifications.

2. Welding procedures and welder performance for the installation of laboratory gas
piping shall be qualified in accordance with the orbital welding equipment
manufacturer’s operating instructions and either Section IX, “Welding and Brazing
Qualifications,” of the ASME Boiler and Pressure Vessel Code or AWS B2.2.
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Install UHP gas system indoors within ambient temperature of 70F to 90F.
DELIVERY, STORAGE, AND HANDLING

Deliver and store large Laboratory gas accessories on factory-installed shipping skids,
tubing with sealing plugs in ends or with end protection, and small accessories in factory-
fabricated fiberboard containers.

1.

Store precleaned and sealed Laboratory gas tube, fittings, valves, and accessories
with sealing plugs and sealing packaging intact.

Label Laboratory gas tube, fittings, valves, and accessories that have not been
precleaned, and that have been precleaned but have seal or packaging that is not
intact, with temporary labels indicating that cleaning is required before installation.

Material that has become contaminated and is no longer suitable for oxygen or high
pressure gas service shall not be installed.

Provide a separate designated storage area for all laboratory gas equipment, piping,
outlets, etc. The designated storage area shall be protected, dry, have no
construction debris or traffic, and shall be utilized only for the storage of Laboratory
clean piping and equipment; shall not be utilized to store any non-laboratory gas
piping or equipment. The designated separate storage area shall be labeled as such
to prevent non-Laboratory gas piping and equipment from being accidently stored
there and potentially being mistaken for Laboratory gas piping and equipment.

PART 2 - PRODUCTS AND MATERIALS

21

2.2

MANUFACTURERS

A.

The manufacturer’s products listed herein and provided shall be compatible with the facility’s
existing Laboratory gas equipment, components, and devices and shall be approved by the
Owner.

One manufacturer, unless otherwise specified herein or on the Drawings, shall supply the
Laboratory gas equipment, components, and devices as listed below. Refer to the Drawings
for model numbers.

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1.

2.

Stainless steel tube and fittings:
a. CARDINAL UHP

b. Swagelok.

C. Parker Hannifin Corp.

d. Winter Technologies
Coaxial Tubing

a. CARDINAL UHP

b. Winter Technologies

COMPONENTS, GENERAL

A.

Stainless steel tube, fittings, valves, and other piping components shall be precleaned for
high pressure gas service by the manufacturer in accordance with ASTM G93 prior to
installation and shall be delivered plugged, capped, or sealed and permanently labeled or
marked per ASTM G93.
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On-site cleaning of the interior surfaces of tubes, valves, fittings, and other piping
components prior to orbital welding shall be limited. Refer to Part 3, Article “Preparation.”

Stainless steel tube and fitting sizes are nominal inside diameter.

2.3 TUBE MATERIALS

A.

B.

D.

Refer to Part 3, Article “Tube Applications”, for identification of systems where the materials
listed below are used

Single Wall Stainless Steel Tube: ASTM A-269 18-8, 316L stainless steel tubing, precleaned
and sealed for high pressure gas service, electropolished to 10 pin Ra_or less, bright
annealed 1/2 inch OD wall thickness (.065), 3/8 inch OD wall thickness (.049), 1/4 inch OD
wall thickness (.035).

1. Cleaned to Cardinal Tech 50 or Wintech WT10.

Coaxial Tube Stainless Steel Tube: ASTM A-269 18-8, 316L stainless steel tubing,
precleaned and sealed for high pressure gas service, electropolished to 10 pin Ra or less,
bright annealed 1/2 inch OD wall thickness (.065), 3/8 inch OD wall thickness (.049), 1/4 inch
OD wall thickness (.035). With outer containment tube of two tubing sizes larger than inner
carrier tube.

1. Cleaned to Cardinal Tech 50 or Wintech WT10.

Copper Tube: ASTM B819, Type L, hard drawn temper, seamless tubing, precleaned and
sealed for oxygen service.

2.4 TUBE FITTINGS

A.

B.

D.

E.

Refer to Part 3, Article “Tube Applications”, for identification of systems where the materials
listed below are used.

Single Wall Stainless Steel Tube: ASTM A-269 18-8, 316L stainless steel orbital welding
tubing fittings, precleaned and sealed for high pressure gas service, electropolished to RB
10 or less, bright annealed 1/2 inch OD wall thickness (.065), 3/8 inch OD wall thickness
(.049), 1/4 inch OD wall thickness (.035).

1. Cleaned to Cardinal Tech 50 or Wintech WT10.

Coaxial Tube Stainless Steel Tube Fittings: ASTM A-269 18-8, 316L stainless steel tubing,
precleaned and sealed for high pressure gas service, electropolished to RB 10 or less, bright
annealed 1/2 inch OD wall thickness (.065), 3/8 inch OD wall thickness (.049), 1/4 inch OD
wall thickness (.035). With outer containment tube of two tubing sizes larger than inner
carrier tube.

1. Cleaned to Cardinal Tech 50 or Wintech WT10.

Wrought Copper Solder-Joint Fittings: ANSI B16.22, solder-joint, pressure type designed for
brazed joints, precleaned and sealed for oxygen service.

VCR Stainless Steel Tube Fittings: 316 stainless steel body, cleaned and bagged to SC-01
and VCR compression connections of nut with two piece ferrule.

2.5 TUBE AND FITTING JOINING MATERIALS

A.
B.

Screwed Joint Pipe Tape: Polytetrafluoroethylene (PTFE) plastic.

Gasket Material: ANSI B16.21, nonmetallic, flat, asbestos-free, and suitable for high
pressure gas use.

Orbital welding: Utilize automatic orbital welding for the fabrication of tubing. Each orbital
welding machine shall be connected to a separate dedicated circuit. A dedicated circuit is
one which is separately fused at the main electrical panel so that the operation of no other
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electrical device will affect the smooth and uninterrupted delivery of power to the welding
machine.

1. Manual GTAW welding shall be permitted for all fabrications where orbital welding is
not possible.

D. Brazing Filler Metals: ANSI/AWS A5.8, BCuP-5, with a minimum silver content of 15%. Flux
is prohibited.

2.6 FLEXIBLE CONNECTORS:

A. Teflon smooth inner tube with outer 304 stainless steel braid, stainless steel crimped on end
connections, -100°F to 450°F continuous temperature rating, 500 psig maximum working
pressure, cleaned and capped for high pressure gas service.

B. Saint-Gobain TS series
2.7 UNIONS

A. Precleaned and Sealed For high pressure gas Service for Stainless Steel Tube: 316
stainless steel body and VCR compression connections of nut with two piece ferrule.

2.8 VALVES

A. Laboratory Gas Instrumentation Diaphragm Valves 2" and smaller: One-piece 316L
stainless steel body and bonnet nut, PCTFE seat, cobalt-based super alloy diaphragm 300
PSI working pressure at maximum temperature of 150F, cleaned and bagged to SC-01 with
ends of VCR compression connections of nut with two piece ferrule.

1. Parker Hannifin Corp series F9
2. Swagelok series DF

Check Valves 1/2 Inches and Smaller: 316L stainless steel all welded body with fluorocarbon FKM
poppet, alloy X-750 guidance wafer and 316L poppet stop, cleaned and bagged to SC-01,
and with ends of VCR compression connections of nut with two piece ferrule.

3. Parker Hannifin Corp 930
4, Swagelok series CW
2.9 STAINLESS STEEL TUBE HANGERS AND SUPPORTS:

A. Manufacturer’s clamps, pipe insulators, brackets and hangers designed specifically for
support of stainless steel tube, manufactured by:

1. Parker Hannifin Corp.
2. Swagelok

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install piping, fittings, regulators and gas manifold in accordance with manufacturer’s
installation instructions.

3.2 PREPARATION

A. On-site cleaning of the interior surfaces of tubes, valves, fittings, and other piping
components shall be limited to recleaning surfaces in the immediate vicinity of the joints that
have become contaminated prior to brazing.

B. When precleaned laboratory gas piping components must be recleaned due to
contamination, perform the following procedures:
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Clean interior surfaces at the joints of piping components free of oil, grease, and other
readily oxidizable materials as required for oxygen and / or high pressure gas service.

Wash surfaces of components at the joints in a clean, hot water/alkaline solution of
sodium carbonate or trisodium phosphate in proportion of one pound of chemical to
three gallons of potable water.

a. Thoroughly scrub to ensure complete cleaning.

b. Rinse with clean, hot potable water after washing to remove cleaning solution.

3.3 TUBE APPLICATIONS

A. Above Slab: Install single wall 316L, precleaned and sealed for high pressure gas, stainless
steel tube and fittings with orbital weld GTAW fittings for gasses below: Install VCR fittings
at manifold connections and at equipment connections, except all VCR fittings shall be
exposed.

1
2
3
4,
5
6

Germane
Hydrogen
HCI
HCICI2
Methane

Nitrogen

B. Above Slab: Install coaxial tube, precleaned and sealed for high pressure gas, stainless
steel tube and fittings with orbital weld GTAW fittings for gasses below: Install VCR fittings
at manifold connections and at equipment connections, except all VCR fittings shall be
exposed.

1
2
3.
4
5

Diborane
Disilane
Dichlorosilane
Silane

Phosphine

C. Lab Manifold Cabinet Exhaust Vent tubing:

1.

Install copper tube cleaned and sealed for oxygen service for the following gasses:
a. Germane

b. Methane

C. Nitrogen

d. Phosphine

Install single wall stainless steel tube cleaned and sealed for high pressure gas
service for the following gasses:

a. HCI
b. HCICI2
C. Hydrogen

Install coaxial tube, precleaned and sealed, stainless steel tube and fittings with orbital
weld GTAW fittings for gasses below:
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a Diborane
b. Disilane
c Dichlorosilane

d. Silane

PIPING INSTALLATION, GENERAL

A.

B.

Install gas tubing per requirements of applicable CGA pamphlets and as shown on the
drawings.

Identify gas services during installation so that the chance for cross over of one gas service
to a different terminal unit is avoided. Do not depend on test procedure listed herein to
identify cross connections.

Install gas manifold relief valves piped to exterior or other appropriate points. Avoid
discharging close to windows, doors and air intake louvers.

Install concentric reducers where pipe is reduced in size in the direction of flow, with bottoms
of both pipes and reducer flush.

Install horizontal piping as high as possible. Install vertical piping tight to columns or walls.
Allow sufficient space above removable ceiling panels to allow for panel removal.

Piping exposed to physical damage shall be adequately protected.

Install all gas piping level. Install all branch takeoffs or runouts above the centerline of the
main or branch pipe and rise vertically or at an angle of not less than 45 degrees from the
vertical.

Fire Barrier Penetrations: Where pipes pass though fire-rated walls, partitions, ceilings, and
floors, maintain the fire-rated integrity. Refer to Division 22 Section “Common Work Results
for Plumbing” for special sealers and materials.

Elevated Floor Penetrations of Waterproof Membrane, Interior Penetrations of Non-Fire
Rated Walls and Concrete Slab on Grade Penetrations: Provide sleeves and seal pipes that
pass through waterproof floors, non-fire rated walls, partitions and ceilings or concrete slab
on grade. Refer to Division 22 Section "Common Work Results for Plumbing” for special
sealers and materials.

Provide sleeve coupling at coaxial tubing terminations at manifolds and equipment
connections.

Provide coaxial purge tee with VCR fitting at tubing system vent and leak detector
connection where indicated on the drawings. Terminate system vent at scrubber where
indicated on the drawings.

TUBING JOINT CONSTRUCTION

A.

Particular care shall be exercised in the storage and handling of tube and fittings which shall
be capped or plugged to prevent contamination before final assembly. Tools used in cutting
or reaming shall be kept free from oil or grease. Contaminated material that is no longer
suitable for high pressure gas service shall not be installed, but shall be replaced with new.

Bends: Changes in direction requiring turns or offsets shall be made by orbital weld or VCR
fittings; Tube bent fittings are only acceptable for sizes 1/2-inch and smaller. The radius of
the bent fitting shall be 10 times the pipe diameter for the tubing. Swagelok VCR type fittings
or orbital weld shall be used for sizes 3/4” and larger. Tubing shall be bent using tubing
manufacturer’s approved tube bender, specifically for tube type and material being used.
Gaugeable Swagelok type joints shall be used at valves..

Unions shall not be permitted in the laboratory gas piping distribution system.
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Threaded Joints: Thread pipe with tapered pipe threads in accordance with ASME B1.20.1.
Cut threads full and clean using sharp dies. Ream threaded ends to remove burrs and
restore full inside diameter. Apply pipe tape, suitable for the service for which the pipe is
intended, on the male threads at each joint. Tighten joint to leave not more than 3 threads
exposed. Leave first thread clean if possible.

Openings in the piping system shall be kept capped or plugged during and after installation
to prevent loss of purge gas while brazing and to prevent debris or other contaminants from
entering the system.

Welding and Joining:

1. Welding joints shall meet ASME B31.3 and orbital welding installation shall comply
with ASME Section IX. Perform all welding with automatic orbital arc welding machine
utilizing tungsten inert gas (TIG) process.

2. Joint Preparation:

a. Cut tubing with a wheel cutter and faced using a portable facing tool (Tri-tool or
equal) and no cutting fluid shall be used. Cut tubing in a horizontal position.
Deburr tubing without scratching the tubing interior. Abrasive wheel shall not
be used.

b. Purge tubing while cutting with dry argon gas.
C. Blow particles out of the tube from the end opposite of that being cut.

3. Prior to and during the welding of sections of tubing, provide a continuous, regulated
dry argon purge at a minimum velocity of five feet per second to eliminate
contamination with products of oxidation or welding flux. The dry argon purge shall
commence 2-minutes prior to welding operations and continue until the welded joint is
at ambient temperature (72F). Use 1/8 inch OD chromatograph grade 316L stainless
steel tubing for temporary connecting of purge gas. Use VCR caps with nylon ferrules
issuing 1/2 inch OD “polyflo” tubing of a minimum length of 6 inches to discharge weld
gas from end of tube being welded.

4, Perform a sample weld for each series of welding procedures for each tube size. The
sample weld shall be performed at the start of each work day and thereafter at any
time any weld parameters is changed.

5. Cap open ends of finished subassemblies with VCR caplugs to keep a positive argon
pressure in the assembly. Cap incomplete tubing runs at the end of each day.

VCR Fitting Joints: Install VCR fitting joints per the fitting manufacturer’s installation
instructions.

1. When VCR fittings are used, they shall be listed for the type of materials to be joined
and rated for the maximum pressure of the system. When VCR fittings are used, prior
approval by the fire department must be obtained.

3.6 INSTALLATION OF VALVES

A.

Valve Applications:

1. Provide laboratory gas instrumentation diaphragm valves specified herein for shutoff
duties at the laboratory gas source, main line, base-of-risers, and where indicated on
the Drawings.

2. Provide check valves specified herein at connections to Owner provided equipment
where indicated on the drawings.

3. Provide a pressure relief valve set at 50 percent above normal line pressure operation
downstream of shut-off or check valve required at each pressure regulator.
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Provide laboratory gas instrumentation diaphragm valves at lab equipment and gas
outlet connections.

3.7 HANGERS AND SUPPORTS

A. General: Hanger, support, and anchor components and installation procedures conforming
to MSS SP-58 and SP-69 are specified in Division 22 Section "Hangers and Supports for
Plumbing Piping”. Conform to the table below for maximum spacing of supports.

B. Pipe Attachments: Install the following:

1.

Stainless steel adjustable band swivel ring type hangers, MSS SP-69 Type 10, for
copper tube for individual horizontal runs.

2. Stainless steel riser clamps, MSS SP-69 Type 8, for individual vertical runs.

3. Stainless steel split ring pipe clamp, MSS SP-69 Type 12, for individual vertical
exposed runs of stainless steel tube 2” and smaller on walls, or for securing stainless
steel tube inside walls and chases, or for supporting stainless steel tube above the
floor with pipe supports attached to the floor with anchor bolts. Secure clamp to the
stainless steel tube.

4, Engineered strut support system may be provided, at the contractor’s option, in lieu of
individual hangers for horizontal pipes as specified in Division 22 “Hangers and
Supports for Plumbing Piping”. Provide two piece straps secured to the bare pipe and
provide plastic galvanic isolators for bare stainless steel tube.

Manufacturer’s clamps, designed specifically for use with stainless steel tubing.

6. Manufacturer’'s pipe insulators, designed specifically for use with stainless steel

tubing.
C. Install hangers for horizontal tubping with the following maximum spacing and minimum rod
sizes:
Stainless
Nom. Pipe Steel Tube Min. Rod
Size - In. Max. Span - Ft. Dia. - In.
1/4 5 3/8
3/8 6 3/8
1/2 6 3/8
3/4 7 3/8
1 8 3/8
1-1/4 9 3/8
1-1/2 10 3/8
2 10 3/8
2-1/2 10 1/2
3 10 1/2
3-1/2 10 1/2
4 10 1/2
5 10 5/8
6 10 5/8

1. Support vertical stainless steel tube at each floor and at intervals not to exceed 15
feet.

D. Support stainless steel tubing within 12” of each elbow or tee and for tubing 2-1/2” and larger

at each valve.
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3.8 CONNECTIONS

A.
B.
C.

General: Install valves that are same size as the piping connecting the equipment.
Connect laboratory gas tubing to equipment and accessories without unions.

Electrical wiring: Install devices furnished by the manufacturer, but, not specified to be
factory installed. Furnish a copy of wiring diagram submittal to the Electrical Contractor.
Verify that electrical wiring installation is in accordance with the manufacturer's submittal
requirements. Do not proceed with equipment start-up until wiring installation is acceptable
to the equipment manufacturer’s representative.

Coordinate interlock of manifold alarms and emergency shutdown solenoid valves inside the
manifold cabinets with the Owner provided lab gas alarm system. Alarm wiring and alarm
interlock with the building automation system are specified in Division 23 Section “Direct-
Digital Control for Lab Gas Alarms”.

3.9 COAXIAL TUBING

A.
B.

C.

Install containment piping, fittings and centralizers per manufacturer’s recommendations.

Manufacturer’s representative shall provide training on proper installation techniques for
containment pipe and provide certification to Owner that instruction has been given and
proficiency has been demonstrated by Contractor in installation of piping systems.

Containment pipe shall terminate 12” above finished grade and finished floor with water tight
end connection.

3.10 LABELING AND IDENTIFICATION

A.

Install labeling on tubing, valves, and laboratory gas manifolds per NFPA 55. Refer to
Division 22 Section “Identification for Plumbing Piping and Equipment” for piping within
building, tubing, valves, and accessories.

Captions and Color Coding: Use the following or similar laboratory gas captions and color
coding for piping:

1. Diborane Black letters on yellow background
2. Disilane Black letters on yellow background
3. Dichlorosilane Black letters on orange background
4, Germane Black letters on orange background
5. HCI Black letters on orange background
6. HCICI2 Black letters on orange background
7. Hydrogen: Black letters on yellow background.
8. Methane Black letters on yellow background
9. Nitrogen: Yellow letters on black background.
10. Phosphine Black letters on orange background
11. Silane Black letters on yellow background

3.11 PURITY GAS QUALITY CERTIFICATION

A.

System Clearing: Purge laboratory gas system tubing using UHP nitrogen after installation
of tubing but before installation of service outlet valves and gauges.
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B. Coaxial Tubing Containment Tube Leak Test: Pressurize containment tubing with oil free
compressed air to a pressure of 10 psig for 2 hours. Carrier piping shall not be pressure
tested until containment pipe has passed pressure testing.

C. Pressure Test: Subject each section of each system to test pressure from 150 psig to 200
psig with UHP nitrogen before attachment of system components, after installation of station
outlets with test caps (when supplied) in place, and before concealing piping system.
Maintain test until joints are examined for leaks by means of VCR fitting manufacturer’s leak
detection fluid, such as Swagelok “Snoop” or equal.

D. Standing-Pressure Test: Install assembled system components after testing individual
systems as specified above. Subject systems to 24-hour standing-pressure test at 20
percent above normal line pressure but not less than 120 psig with UHP Helium. Source
pressure shall be shut off and record pipe temperature at beginning and end of test.
Pressure changes, other than that caused by temperature change, will not be permitted

E. Shock Purge Test:

1. After completion of the standing purge test, provide the shock purge test consisting of
pressurizing the system to 100 PSIG with UHP nitrogen and provide 10-cycle (one
minute pur cycle ) purge flow, starting from the valve closets to the source and
proceeding downstream to branch lines and equipment isolation valves.

2. Maintain a minimum purge pressure of 5 psig. Do not allow the pressure to drop to
atmospheric pressure when cycle purgig the line.

F. Repair leaks and defects with new materials and retest system until satisfactory results are
obtained.

G. Repair laboratory gas systems and replace components that fail tests specified.

H. Independent Testing Agency Services: Obtain and pay for services provided by an
independent testing agency.

1. Inspect, test, and certify complete laboratory gas systems. Inspect, test, and certify
each laboratory gas system, including each tubing system, accessories, safety
devices, laboratory gas sources, and equipment.

a. Perform cross over testing for each laboratory gas system.

b. Confirm each laboratory gas system is connected to appropriate laboratory
source equipment and equipment connection.

C. Test, actuate and check all alarms for proper setting and wiring to alarm panels.

d. Submit certification test report to the Architect and Engineer for review prior to

use of special gas systems. Systems shall not be considered in service until
satisfactory test results are submitted and approved.

e. Upon completion of test, fill system with UHP nitrogen to a line pressure of 10
psig. Close all valves starting at farthest point from nitrogen source.

2. Provide laboratory gases required for systems testing.
Prepare written reports of tests results including corrective action.

4, Certify that laboratory gas systems comply with requirements specified, that tests
were properly performed, and that test results were satisfactory.

5. Phase | Tests: Perform the following tests using UHP helium after installation of gas
systems is complete and before connection of new systems to existing gas sources.

a. Outlet and Inlet Cross-Connection Test: Pressurize one laboratory gas system
to 120 psig, with other systems at atmospheric pressure, and access each
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outlet with an appropriate adapter and test gauge. Repeat procedure for each

system.
b. Pressure Test: Test systems at operational pressure with system components
installed. No leaks allowed. Conduct tests by zone.
6. Particulate Testing
a. Establish background count by connecting particle counter to 0.1 pm(micron)

filter and record number of counts per volume. Background counting shall
begin at least 8 h prior to final particulate analysis.

b. Test system by withdrawing sample from each terminal point in system.
Samples shall be taken by connecting particle counter to system using VCR
type face seal fitting. Sample gas flow shall be sufficient to produce and
maintain turbulent flow, i.e., maintain a Reynolds number greater than 4000.

C. Duration of test at each terminal point shall be such that 10 scf of gas or 10
minutes of time elapses, whichever is greater. Test shall be considered failed if
sampled gas does not fall within limits within 30 scf of gas or 30 minutes,
whichever is greater.

d. Failed lines shall be purged and testing defined herein shall be repeated until
acceptable results are obtained.
e. Acceptable particle test results:
0.01 micron <50 per 1 scf
0.1 micron <10 per 1 scf
0.2 micron <5 per 1 scf
0.3 micron and larger 0
f. Moisture: Test positive pressure terminal outlets for dew point to verify

absence of moisture in piping. Dew point of gas dispensed from terminal
outlets shall not exceed dew point of source test gas by more than 4°F.

g. Gas Purity Testing: Test each terminal outlet and test gas source for
contaminant levels as defined below with UHP nitrogen at a flow rate of 10
scfh.

1) Duration of test at each test point shall be such that 10 scf of nitrogen is
flowed or 10 minutes time elapses, whichever is greater.

2) Test shall be considered failed if sample does not fall within limits within
30 scf of nitrogen or 30 minutes, whichever is greater. Purge failed lines
and retest as defined herein and repeat until acceptable results are
obtained.

3) Calibrate test analyzer prior to use. Provide certification of calibration to
the architect and maintain a copy to be retained with analyzer at all
times.

4) Excessive contaminant levels will require additional purging to outlets
within a specific zone until levels are within the following limits.

Total Hydrocarbons as Methane: 10 part per billion.
Halogenated Hydrocarbons: 10 parts per billion.

7. Coaxial Tubing Helium Leak Test

a. A Helium Leak test shall be performed by the Owner before materials and work
can be accepted as certified.
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Prior to beginning the Helium Leak testing, the Owner shall verify that piping
and components have passed the particle test and that pipe identification
markings are properly installed

Helium Leak test shall be performed with UHP helium.
Locate all leaks with helium detector per detectors operation instructions.

The installer shall repair all leaks. If lines require cutting, insertions and re-
welding, the line must again be shock purged and all testing repeated.

Upon succesful completion of the Helium Leak test, recharge each line to 10psi
with UHP argon; close all valves, starting at the farthest point from the argon
source. When the line is sealed, maintain the system in this condition until the
Purity Test is performed.

8. Phase Il Tests: After Phase | testing has been completed, test competed laboratory
gas systems using applicable laboratory gas for each system. Completed systems
have outlets and inlets, alarms, and gauges installed; and gas supply systems
installed and ready for operation.

a. Where specially gases are provided by a tenant end user, the tenant end user
shall perform the phase Il test.

b. Final Purging: Introduce applicable laboratory gas for each system into
respective piping systems. Purge installed outlet valves to remove nitrogen test
gas present from Phase | testing.

C. Outflow Analysis: Analyze laboratory gas at positive pressure outlets to confirm
delivery of proper laboratory gas at proper concentration level. Minimum
allowable concentration levels are defined by the U.S. Pharmacopoeia
XXII/National Formulary XVII (USP/NF) and the following CGA Commodity
Specifications. The U.S. Pharmacopoeia XXIll/National Formulary XVII is
available from the U.S. Pharmacopoeia, 12601 Twinbrook Pkwy., Rockville, MD
20852.

1) G-5.3 “Commodity Specification for Hydrogen”

2) G-10.1 “Commodity Specification for Nitrogen”

3) G-13 "Storage and Handling of Silane and Silane Mixtures”

4) Chlorine Institute Pamphlet: “Piping Systems for Dry Chlorine”

d. Systems Delivery Pressures: Test Pressure piping systems to confirm supply
sources are set to deliver gas at nominal pressure levels of 100psig at
maximum flow.

e. Upon completion of phase Il testing, leave each laboratory gas system with
appropriate gas at 100 psig operating pressure will all valve closed ready for
turnover to the Owner.

9. Testing Agency Certification: Certify that specified inspection, tests, and procedures
have been performed and report results. Include the following:

a. Inspections performed.

b Procedures, materials, and gases used.

C. Tests methods used.

d Provide the architect the results of tests.
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COMMISSIONING
A.

Provide the services of a factory-authorized service representative to inspect alarm system
installation and to provide start-up service.

Operate and adjust operating and safety controls. Replace damaged and malfunctioning
controls and equipment discovered by the service representative.

Checks Before Start-up: Perform the following final checks before start-up:
1. Verify that specified tests of piping systems are complete.

2. Check that safety (pressure-relief) valves have correct setting that is greater than
laboratory air compressor discharge pressure, but not greater than pressure rating of
system components.

DEMONSTRATION
A.

Provide the services of a factory-authorized service representative to demonstrate alarm
system start-up and shut-down procedures, preventative maintenance and servicing
procedures, and troubleshooting procedures. Review operating and maintenance
information.

Provide 7-day written notice in advance of demonstration.

END OF SECTION 226310
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SECTION 263353
STATIC UNINTERRUPTIBLE POWER SUPPLIES
PART 1 - GENERAL
1.1 SUMMARY
A. Section Includes:

1. Three-phase, on-line, double-conversion, static-type, UPS units with the following
features:

2. Surge suppression.

3. External maintenance bypass/isolation switch.

1.2 SUBMITTALS
A. Product Data: For each type of product indicated. Include data on features, components,
ratings, and performance.
B. Shop Drawings: For UPS. Include plans, elevations, sections, details, and attachments to
other work.

1. Detail equipment assemblies and indicate dimensions, weights, components, and
location and identification of each field connection. Show access, workspace, and
clearance requirements; details of control panels; and battery arrangement.

2. Wiring Diagrams: For power, signal, and control wiring.

C. Qualification Data: For qualified power quality specialist
D. Seismic Qualification Certificates: For UPS equipment, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test
of assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate
and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.

E. Manufacturer Certificates: For each product, from manufacturer.
F. Factory Test Reports: Comply with specified requirements.
G. Field quality-control reports.
H. Performance Test Reports: Indicate test results compared with specified performance
requirements, and provide justification and resolution of differences if values do not agree.
l. Operation and Maintenance Data: For UPS units to include in emergency, operation, and
maintenance manuals.
a. Manufacturer's written instructions for testing central battery equipment.
b. Manufacturer's written instructions for testing, adjusting, and reprogramming
microprocessor control modules.
C. Manufacturer's written instructions for selecting and setting field-adjustable
controls and status and alarm points
J. Warranties: Sample of special warranties.
1.3 DEFINITIONS

A. EMI: Electromagnetic interference.
B. LCD: Liquid-crystal display.

C. LED: Light-emitting diode.

D PC: Personal computer.
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THD: Total harmonic distortion.
UPS: Uninterruptible power supply.

1.4 QUALITY ASSURANCE

A

B.

C.
D.

Installer Qualifications: An entity that employs installers and supervisors who are trained and
approved by manufacturer.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for intended location and application.
UL Compliance: Listed and labeled under UL 1778 by an NRTL.

NFPA Compliance: Mark UPS components as suitable for installation in computer rooms
according to NFPA 75.

1.5 FIELD CONDITIONS

A

Environmental Limitations: Rate equipment for continuous operation under the following
conditions unless otherwise indicated:

1. Ambient Temperature: Less than 0 deg F (minus 18 deg C) or exceeding 104 deg F (40
deg C), with an average value exceeding 95 deg F (35 deg C) over a 24-hour period.

2. Ambient Storage Temperature: Not less than minus 4 deg F (minus 20 deg C) and not
exceeding 140 deg F (60 deg C).

3. Humidity: More than 95 percent (condensing).

4. Altitude: Exceeding 3300 feet (1000 m).

Interruption of Existing Electric Service: Do not interrupt electric service to occupied facilities.

Refer to Division 26 Section “General Electrical Requirements” for allowable outages.

Product Selection for Restricted Space: Drawings indicate maximum dimensions for central
battery equipment, including clearances between central battery equipment and adjacent
surfaces and other items.

1.6 WARRANTY

A

Special Battery Warranties: Specified form in which manufacturer and Installer agree to repair
or replace UPS system storage batteries that fail in materials or workmanship within specified
warranty period.

1. Warranted Cycle Life for Valve-Regulated, Lead-Calcium Batteries: Equal to or greater
than that represented in manufacturer's published table, including figures
corresponding to the following, based on annual average battery temperature of 77
deg F (25 deg C):

Discharge Rate Discharge Duration Discharge End Voltage  Cycle Life
8 hours 8 hours 1.67 6 cycles
30 minutes 30 minutes 1.67 20 cycles
15 minutes 45 seconds 1.67 120 cycles
2. Warranted Cycle Life for Premium Valve-Regulated, Lead-calcium Batteries: Equal to

or greater than that represented in manufacturer's published table, including figures
corresponding to the following, based on annual average battery temperature of 77
deg F (25 deg C):

Discharge Rate Discharge Duration Discharge End Voltage  Cycle Life
8 hours 8 hours 1.67 40 cycles

30 minutes 30 minutes 1.67 125 cycles
15 minutes 1.5 minutes 1.67 750 cycles
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3. Warranted Cycle Life for Flooded Batteries: Equal to or greater than that represented
in manufacturer's published table, including figures corresponding to the following,
based on annual average battery temperature of 77 deg F (25 deg C):

Discharge Rate Discharge Duration Discharge End Voltage Cycle Life
8 hours 8 hours 1.75 40 cycles
1 hour 1 hour 1.75 80 cycles
15 minutes 45 seconds 1.67 2700 cycles
B. Special UPS Warranties: Specified form in which manufacturer and Installer agree to repair
or replace components that fail in materials or workmanship within special warranty period.
1. Special Warranty Period: Two > years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 OPERATIONAL REQUIREMENTS
A. Automatic operation includes the following:

1. Normal Conditions: Load is supplied with power flowing from the normal power input
terminals, through the rectifier-charger and inverter, with the battery connected in
parallel with the rectifier-charger output.

2. Abnormal Supply Conditions: If normal supply deviates from specified and adjustable

voltage, voltage waveform, or frequency limits, the battery supplies energy to maintain
constant, regulated inverter power output to the load without switching or disturbance.

3. If normal power fails, energy supplied by the battery through the inverter continues
supply-regulated power to the load without switching or disturbance.
4. When power is restored at the normal supply terminals of the system, controls

automatically synchronize the inverter with the external source before transferring the
load. The rectifier-charger then supplies power to the load through the inverter and
simultaneously recharges the battery.

5. If the battery becomes discharged and normal supply is available, the rectifier-charger
charges the battery. On reaching full charge, the rectifier-charger automatically shifts
to float-charge mode.

6. If any element of the UPS system fails and power is available at the normal supply
terminals of the system, the static bypass transfer switch switches the load to the normal
ac supply circuit without disturbance or interruption.

7. If a fault occurs in the system supplied by the UPS, and current flows in excess of the
overload rating of the UPS system, the static bypass transfer switch operates to bypass
the fault current to the normal ac supply circuit for fault clearing.

8. When the fault has cleared, the static bypass transfer switch returns the load to the UPS
system.
9. If the battery is disconnected, the UPS continues to supply power to the load with no
degradation of its regulation of voltage and frequency of the output bus.
B. Manual operation includes the following:
1. Turning the inverter off causes the static bypass transfer switch to transfer the load
directly

C. Maintenance Bypass/Isolation Switch Operation: Switch is interlocked so it cannot be
operated unless the static bypass transfer switch is in the bypass mode. Device provides
manual selection among the three conditions in subparagraphs below without interrupting
supply to the load during switching:
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1. Full Isolation: Load is supplied, bypassing the UPS. Normal UPS ac input circuit, static
bypass transfer switch, and UPS load terminals are completely disconnected from
external circuits.

2. Maintenance Bypass: Load is supplied, bypassing the UPS. UPS AC supply terminals
are energized to permit operational checking, but system load terminals are isolated
from the load.

3. Normal: Normal UPS AC supply terminals are energized and the load is supplied
through either the static bypass transfer switch and the UPS rectifier-charger and
inverter, or the battery and the inverter.

Environmental Conditions: The UPS shall be capable of operating continuously (non-derated)

in the following environmental conditions without mechanical or electrical damage or

degradation of operating capability, except battery performance.

1. Ambient Temperature for Electronic Components: 32 to 104 deg F (0 to 40 deg C).

2. Ambient Temperature for Battery: 41 to 95 deg F (5 to 35 deg C).

3. Relative Humidity: 0 to 95 percent, noncondensing.

4, Altitude: Sea level to 4000 feet (1220 m).

2.2 PERFORMANCE REQUIREMENTS

A

The UPS shall perform as specified in this article while supplying rated full-load current,
composed of any combination of linear and nonlinear load, up to 100 percent nonlinear load
with a load crest factor of 3.0, under the following conditions or combinations of the following
conditions:

1. Inverter is switched to battery source.

2. Steady-state ac input voltage deviates up to plus or minus 10 percent from nominal
voltage.

3. Steady-state input frequency deviates up to plus or minus 5 percent from nominal
frequency.

4, THD of input voltage is 15 percent or more with a minimum crest factor of 3.0, and the
largest single harmonic component is a minimum of 5 percent of the fundamental value.

5. Load is 30 percent unbalanced continuously.

Minimum Duration of Supply: [f battery is sole energy source supplying rated full UPS load
current at 80 percent power factor, duration of supply is 30 minutes.

Input Voltage Tolerance: System steady-state and transient output performance remains
within specified tolerances when steady-state ac input voltage varies plus 10, minus [15] [20]
[30] percent from nominal voltage.

Overall UPS Efficiency: Equal to or greater than 96.4 percent at 100 percent load, 96.5
percent at 75 percent load, and 96.9 percent at 50 percent load.

Maximum Acoustical Noise: 75 dBA "A" weighting, emanating from any UPS component
under any condition of normal operation, measured 5 feet from nearest surface of component
enclosure.

Maximum Energizing Inrush Current: Five times the normal full-load current.

Maximum AC Output-Voltage Regulation for Loads up to 50 Percent Unbalanced: Plus or
minus 2 percent over the full range of battery voltage.

Power Walk-In: Configurable from 20% to 100% over 15 seconds

Output Frequency: 60 Hz, plus or minus 0.5 percent over the full range of input voltage, load,
and battery voltage.

Limitation of harmonic distortion of input current to the UPS shall be as follows:

1. Description: Either a tuned harmonic filter or an arrangement of rectifier-charger circuits
shall limit THD to 5 percent, maximum, at rated full UPS load current, for power sources
with X/R ratio between 2 and 30.
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2. Description: THD is limited to a maximum of 32 percent, at rated full UPS load current,
for power sources with X/R ratio between 2 and 30.

Maximum Harmonic Content of Output-Voltage Waveform: 5 percent rms total and 3 percent
rms for any single harmonic, for 100 percent rated nonlinear load current with a load crest
factor of 3.0.

Maximum Harmonic Content of Output-Voltage Waveform: 5 percent rms total and 3 percent
rms for any single harmonic, for rated full load with THD up to 50 percent, with a load crest
factor of 3.0.

Minimum Overload Capacity of UPS at Rated Voltage: 125 percent of rated full load for 10
minutes, and 150 percent for 30 seconds in all operating modes.

Maximum Output-Voltage Transient Excursions from Rated Value: For the following
instantaneous load changes, stated as percentages of rated full UPS load, voltage shall
remain within stated percentages of rated value and recover to, and remain within, plus or
minus 2 percent of that value within 100 ms:

1 50 Percent: Plus or minus 3 percent.

2 100 Percent: Plus or minus 5 percent.

3. Loss of AC Input Power: Plus or minus 1 percent.

4 Restoration of AC Input Power: Plus or minus 1 percent.
5 Manual Return of Load to UPS: Plus or minus 3 percent.

Input Power Factor: A minimum of 0.85 lagging when supply voltage and current are at
nominal rated values and the UPS is supplying rated full-load current without input filter.

EMI Emissions: Comply with FCC Rules and Regulations and with 47 CFR 15 for Class A
equipment.

Fault Clearing Current: Up to 1000% for 16 milliseconds or up to 500% for 40 milliseconds.

Output Phase Balance: 120 degrees plus or minus 1 degree for balanced loads, 120 degrees
plus or minus 3 degrees for 50% unbalanced load.

Overload: 125% of full load for 5 minutes. 150% of full load for 20 seconds.
Load Power Factor: Unity to rated lagging power factor with no derating.

23 UPS SYSTEMS

A

o

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product by one of the following:

1. Eaton Corporation Inc.
2. Riello
3. Xtreme Power Conversion

Electronic Equipment:  Solid-state devices using hermetically sealed, semiconductor
elements. Devices include rectifier-charger, inverter, static bypass transfer switch, and system
controls.

Enclosures: Comply with NEMA 250, Type 1, unless otherwise indicated.
Control Assemblies: Mount on modular plug-ins, readily accessible for maintenance.

Surge Suppression: Protect internal UPS components from surges that enter at each ac
power input connection including main disconnect switch, static bypass transfer switch, and
maintenance bypass/isolation switch. Protect rectifier-charger, inverter, controls, and output
components.

1. Use factory-installed surge suppressors tested according to IEEE C62.41.1 and
IEEE C62.41.2, Category B.
2. Additional Surge Protection: Protect internal UPS components from low-frequency,

high-energy voltage surges described in IEEE C62.41.1 and IEEE C62.41.2. Design
the circuits connecting with external power sources and select circuit elements,
conductors, conventional surge suppressors, and rectifier components and controls so
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input assemblies will have adequate mechanical strength and thermal and current-
carrying capacity to withstand stresses imposed by 40-Hz, 180 percent voltage surges
described in IEEE C62.41.1 and IEEE C62.41.2.

F. Maintainability Features: Mount rectifier-charger and inverter sections and the static bypass
transfer switch on modular plug-ins, readily accessible for maintenance.

G. Capacity Upgrade Capability: Arrange wiring, controls, and modular component plug-in
provisions to permit future 25 percent increase in UPS capacity.

H. Seismic-Restraint Design: UPS assemblies, subassemblies, and components (and fastenings
and supports, mounting, and anchorage devices for them) shall be designed and fabricated to
withstand static and seismic forces.

l. UPS Cabinet Ventilation: Redundant fans or blowers draw in ambient air near the bottom of
cabinet and discharge it near the top rear.

J. Output Circuit Neutral Bus, Conductor, and Terminal Ampacity: Rated phase current times a
multiple of 1.73, minimum.

RECTIFIER-CHARGER

A. Capacity: Adequate to supply the inverter during rated full output load conditions and
simultaneously recharge the battery from fully discharged condition to 95 percent of full charge
within 10 times the rated discharge time for duration of supply under battery power at full load.

B. Output Ripple: Limited by output filtration to less than 0.5 percent of rated current, peak to
peak.

C. Control Circuits: Immune to frequency variations within rated frequency ranges of normal and
emergency power sources.

1. Response Time: Field adjustable for maximum compatibility with local generator-set
power source.

D. Battery Float-Charging Conditions: Comply with battery manufacturer's written instructions for
battery terminal voltage and charging current required for maximum battery life.

INVERTER
A. Description: Pulse-width modulated, with sinusoidal output.

B. Description:  Pulse-width modulated, with sinusoidal output. Include a bypass phase
synchronization window adjustment to optimize compatibility with local engine-generator-set
power source.

STATIC BYPASS TRANSFER SWITCH

A. Description: Solid-state switching device providing uninterrupted transfer. A contactor or
electrically operated circuit breaker automatically provides electrical isolation for the switch.

B. Switch Rating: Continuous duty at the rated full UPS load current, minimum.
BATTERY

A. Description: Valve-regulated, recombinant, lead-calcium units, factory assembled in an
isolated compartment of UPS cabinet, complete with battery disconnect switch.

1. Arrange for drawout removal of battery assembly from cabinet for testing and
inspecting.
B. Description: Valve-regulated, premium, heavy-duty, recombinant, lead-calcium units; factory

assembled in an isolated compartment or in a separate matching cabinet, complete with
battery disconnect switch.

1. Arrange for drawout removal of battery assembly from cabinet for testing and
inspecting.

C. Description: Flooded, lead-calcium, heavy-duty industrial units in styrene acrylonitrile
containers mounted on three-tier, acid-resistant, painted steel racks. Assembly includes
battery disconnect switch, intercell connectors, hydrometer syringe, and thermometer with
specific gravity-correction scales.
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Manufacturers: Subject to compliance with requirements, provide products by one of the
following

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product by one of the following:

1. Eaton Corporation; Powerware Division.

Seismic-Restraint Design: Battery racks, cabinets, assemblies, subassemblies, and
components (and fastenings and supports, mounting, and anchorage devices for them) shall
be designed and fabricated to withstand static and seismic forces.

2.8 CONTROLS AND INDICATIONS

A

B.

Description: Group displays, indications, and basic system controls on a common control
panel on front of UPS enclosure.

Minimum displays, indicating devices, and controls include those in lists below. Provide
sensors, transducers, terminals, relays, and wiring required to support listed items. Alarms
include audible signals and visual displays.

Indications: Plain-language messages on a digital LCD or LED.
1. Quantitative indications shall include the following:
Input voltage, each phase, line to line.
Input current, each phase, line to line.
Bypass input voltage, each phase, line to line.
Bypass input frequency.
System output voltage, each phase, line to line.
System output current, each phase.
System output frequency.
DC bus voltage.
Battery current and direction (charge/discharge).
j. Elapsed time discharging battery.
2. Basic status condition indications shall include the following:

ST@ "o a0 o0y

a Normal operation.
b Load-on bypass.
C. Load-on battery.
d Inverter off.
e Alarm condition.
3. Alarm indications shall include the following:
a. Bypass ac input overvoltage or undervoltage.
b. Bypass ac input overfrequency or underfrequency.
C. Bypass ac input and inverter out of synchronization.
d. Bypass ac input wrong-phase rotation.
e. Bypass ac input single-phase condition.
f. Bypass ac input filter fuse blown.
g. Internal frequency standard in use.
h. Battery system alarm.
i. Control power failure.
j. Fan failure.
k. UPS overload.

l. Battery-charging control faulty.
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m. Input overvoltage or undervoltage.
n. Input transformer overtemperature.
0. Input circuit breaker tripped.
p. Input wrong-phase rotation.
q. Input single-phase condition.
r. Approaching end of battery operation.
S. Battery undervoltage shutdown.
t. Maximum battery voltage.
u. Inverter fuse blown.
V. Inverter transformer overtemperature.
w. Inverter overtemperature.
X. Static bypass transfer switch overtemperature.
y. Inverter power supply fault.
z. Inverter transistors out of saturation.
aa. Identification of faulty inverter section/leg.
bb. Inverter output overvoltage or undervoltage.
cc. UPS overload shutdown.
dd. Inverter current sensor fault.
ee. Inverter output contactor open.
ff. Inverter current limit.
4, Controls shall include the following:
a. Inverter on-off.
b. UPS start.
o} Battery test.
d. Alarm silence/reset.
e. Output-voltage adjustment.

Dry-form "C" contacts shall be available for remote indication of the following conditions:
1 UPS on battery.

2. UPS on-line.

3. UPS load-on bypass.

4 UPS in alarm condition.

5 UPS off (maintenance bypass closed).

Emergency Power Off Switch: Capable of local operation and operation by means of
activation by external dry contacts.

29 MAINTENANCE BYPASS/ISOLATION SWITCH

A

o

Description: Manually operated switch or arrangement of switching devices with mechanically
actuated contact mechanism arranged to route the flow of power to the load around the
rectifier-charger, inverter, and static bypass transfer switch.

1. Switch shall be electrically and mechanically interlocked to prevent interrupting power
to the load when switching to bypass mode.
2. Switch shall electrically isolate other UPS components to permit safe servicing.

Comply with NEMA PB 2 and UL 891.
Switch Rating: Continuous duty at rated full UPS load current.
Mounting Provisions: Separate wall- or floor-mounted unit.
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E. Key interlock requires unlocking maintenance bypass/isolation switch before switching from
normal position with key that is released only when the UPS is bypassed by the static bypass
transfer switch. Lock is designed specifically for mechanical and electrical component
interlocking.

PART 3 - EXECUTION

3.1

3.2

3.3

3.4

3.5

3.6

INSTALLATION

A. Install in accordance with manufacturer’s instructions.

B. Equipment Mounting: Install UPS on concrete base. Comply with requirements for concrete
base specified in Division 03 Section.
1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise

indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of
concrete base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through
concrete base and anchor into structural concrete floor.
3. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.
4. Install anchor bolts to elevations required for proper attachment to supported
equipment.
C. Maintain minimum clearances and workspace at equipment according to manufacturer's

written instructions and NFPA 70.

D. Connections: Interconnect system components. Make connections to supply and load circuits
according to manufacturer's wiring diagrams unless otherwise indicated.

EXAMINATION

A Examine areas and conditions, with Installer present, for compliance with requirements for
conditions affecting performance of the UPS.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

GROUNDING

A. Separately Derived Systems: If not part of a listed power supply for a data-processing room,
comply with NFPA 70 requirements for connecting to grounding electrodes and for bonding to
metallic piping near isolation transformer.

IDENTIFICATION

A. Identify components and wiring according to Division 26 Section "ldentification for Electrical
Systems."
1. Identify each battery cell individually.

BATTERY EQUALIZATION

A. Equalize charging of battery cells according to manufacturer's written instructions. Record
individual-cell voltages.

FIELD QUALITY CONTROL
A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.

B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.

C. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections,
and to assist in testing.

D. Tests and Inspections:
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1. Comply with manufacturer's written instructions.
2. Inspect interiors of enclosures, including the following:
a. Integrity of mechanical and electrical connections.
b. Component type and labeling verification.
C. Ratings of installed components.
3. Inspect batteries and chargers according to requirements in NETA Acceptance Testing
Specifications.
4. Test manual and automatic operational features and system protective and alarm
functions.
5. Test communication of status and alarms to remote monitoring equipment.
6. Load the system using a variable-load bank to simulate kilovolt amperes, kilowatts, and

power factor of loads for unit's rating. Use instruments calibrated within the previous
six months according to NIST standards.

a. Simulate malfunctions to verify protective device operation.

b. Test duration of supply on emergency, low-battery voltage shutdown, and
transfers and restoration due to normal source failure.

C. Test harmonic content of input and output current less than 25, 50, and 100
percent of rated loads.

d. Test output voltage under specified transient-load conditions.

e. Test efficiency at 50, 75, and 100 percent of rated loads.
Seismic-restraint tests and inspections shall include the following:

1. Inspect type, size, quantity, arrangement, and proper installation of mounting or
anchorage devices.
2. Test mounting and anchorage devices according to requirements in Division 26 Section

"Seismic Controls for Electrical Systems."
The UPS system will be considered defective if it does not pass tests and inspections.

Record of Tests and Inspections: Maintain and submit documentation of tests and
inspections, including references to manufacturers' written instructions and other test and
inspection criteria. Include results of tests, inspections, and retests.

Prepare test and inspection reports.
ORMANCE TESTING

Engage the services of a qualified power quality specialist to perform tests and activities
indicated[ for each UPS system.

Monitoring and Testing Schedule: Perform monitoring and testing in a single 10-day period.

1. Schedule monitoring and testing activity with Owner, through Architect, with at least 14
days' advance notice.
2. Schedule monitoring and testing after Substantial Completion, when the UPS is

supplying power to its intended load.

Monitoring and Testing Instruments: Three-phase, recording, power monitors. Instruments
shall provide continuous simultaneous monitoring of electrical parameters at UPS input
terminals and at input terminals of loads served by the UPS. Instruments shall monitor,
measure, and graph voltage current and frequency simultaneously and provide full-graphic
recordings of the values of those parameters before and during power-line disturbances that
cause the values to deviate from normal beyond the adjustable threshold values. Instruments
shall be capable of recording either on paper or on magnetic media and have a minimum
accuracy of plus or minus 2 percent for electrical parameters. Parameters to be monitored
include the following:

1. Current: Each phase and neutral and grounding conductors.
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Voltage: Phase to phase, phase to neutral, phase to ground, and neutral to ground.
Frequency transients.
Voltage swells and sags.

Voltage Impulses: Phase to phase, phase to neutral, phase to ground, and neutral to
ground.

High-frequency noise.

Radio-frequency interference.

THD of the above currents and voltages.

. Harmonic content of currents and voltages above.
D. Monitoring and Testing Procedures

1. Exploratory Period: For the first two days of the first scheduled monitoring and testing
period, make recordings at various circuit locations and with various parameter-
threshold and sampling-interval settings. Make these measurements with the objective
of identifying optimum UPS, power system, load, and instrumentation setup conditions
for subsequent test and monitoring operations.

2. Remainder of Test Period: Perform continuous monitoring of at least two circuit
locations selected on the basis of data obtained during exploratory period.

a. Set thresholds and sampling intervals for recording data at values selected to
optimize data on performance of the UPS for values indicated, and to highlight
the need to adjust, repair, or modify the UPS, distribution system, or load
component that may influence its performance or that may require better power
quality.

b. Perform load and UPS power source switching and operate the UPS on
generator power during portions of test period according to directions of Owner's
power quality specialist.

C. Operate the UPS and its loads in each mode of operation permitted by UPS
controls and by the power distribution system design.

d. Using loads and devices available as part of the facility's installed systems and
equipment[ and a temporarily connected portable generator set], create and
simulate unusual operating conditions, including outages, voltage swells and
sags, and voltage, current, and frequency transients. Maintain normal operating
loads in operation on system to maximum extent possible during tests.

e. Using temporarily connected resistive/inductive load banks[ and a temporarily
connected portable generator set], create and simulate unusual operating
conditions, including outages, voltage swells and sags, and voltage, current, and
frequency transients. Maintain normal operating loads in operation on system to
maximum extent possible during tests.

f. Make adjustments and repairs to UPS, distribution, and load equipment to correct
deficiencies disclosed by monitoring and testing and repeat appropriate
monitoring and testing to verify success of corrective action.

E. Coordination with Specified UPS Monitoring Functions: Obtain printouts of built-in monitoring
functions specified for the UPS and its components in this Section that are simultaneously
recorded with portable instruments in this article.

1. Provide the temporary use of an appropriate PC and printer equipped with required
connections and software for recording and printing if such units are not available on-
site.

2. Coordinate printouts with recordings for monitoring performed according to this article,
and resolve and report any anomalies in and discrepancies between the two sets of
records.

F. Monitoring and Testing Assistance by Contractor:

ok wDd

© © N
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1. Open UPS and electrical distribution and load equipment and wiring enclosures to make
monitoring and testing points accessible for temporary monitoring probe and sensor
placement and removal as requested.

2. Observe monitoring and testing operations; ensure that UPS and distribution and load
equipment warranties are not compromised.
3. Perform switching and control of various UPS units, electrical distribution systems, and

load components as directed by power quality specialist. Specialist shall design this
portion of monitoring and testing operations to expose the UPS to various operating
environments, conditions, and events while response is observed, electrical parameters
are monitored, and system and equipment deficiencies are identified.

4. Make repairs and adjustments to the UPS and to electrical distribution system and load
components, and retest and repeat monitoring as needed to verify validity of results and
correction of deficiencies.

5. Engage the services of the UPS manufacturer's factory-authorized service
representative periodically during performance testing operations for repairs,
adjustments, and consultations.

G. Documentation: Record test point and sensor locations, instrument settings, and circuit and

load conditions for each monitoring summary and power disturbance recording. Coordinate
simultaneous recordings made on UPS input and load circuits.

H. Analysis of Recorded Data and Report: Review and analyze test observations and recorded
data and submit a detailed written report. Include the following in each report:

1. Description of corrective actions performed during monitoring and survey work and their
results.
2. Recommendations for further action to provide optimum performance by the UPS and

appropriate power quality for non-UPS loads. Include a statement of priority ranking
and a cost estimate for each recommendation that involves system or equipment

revisions.

3. Copies of monitoring summary graphics and graphics illustrating harmonic content of
significant voltages and currents.

4. Copies of graphics of power disturbance recordings that illustrate findings, conclusions,
and recommendations.

5. Recommendations for operating, adjusting, or revising UPS controls.

6. Recommendation for alterations to the UPS installation.

7. Recommendations for adjusting or revising generator-set or automatic transfer switch
installations or their controls.

8. Recommendations for power distribution system revisions.

9. Recommendations for adjusting or revising electrical loads, their connections, or
controls.

l. Interim and Final Reports: Provide an interim report at the end of each test period and a final
comprehensive report at the end of final test and analysis period.

END OF SECTION 263353
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APPLICABLE ELECTRICAL CODES:
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CODES. THIS IS NOT AN EXHAUSTIVE LIST. PROJECT SHALL COMPLY
WITH ALL APPLICABLE CODES, STANDARDS AND LOCAL
REQUIREMENTS. REFER TO THE SPECIFICATIONS FOR ADDITIONAL
REQUIREMENTS.

ELECTRICAL CODE: 2017 NATIONAL ELECTRICAL CODE, (NFPA 70)
BUILDING CODE: 2012 INTERNATIONAL BUILDING CODE
ENERGY CODE: 2009 INTERNATIONAL ENERGY CONSERVATION CODE
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EXISTING CONDITIONS WERE TAKEN FROM ORIGINAL
DRAWINGS AND SITE VISITS AND MAY NOT REFLECT ACTUAL
"AS-BUILT" CONDITIONS. VERIFY EXISTING CONDITIONS PRIOR
TO SUBMITTING FINAL BID. COORDINATE NEW AND DEMOLITION
WORK WITH ALL OTHER TRADES AND EXISTING CONDITIONS.

NOTIFY ARCHITECT, ENGINEER AND OWNER, AS APPLICABLE,
IF ANY DANGEROUS CONDITIONS EXIST ON JOB SITE BEFORE
ANY DEMOLITION OR REMODEL WORK BEGINS.

COORDINATE ANY NECESSARY POWER OUTAGES WITH THE
LANDLORD AND OWNER AND MAKE EVERY ATTEMPT TO
SCHEDULE DURING NON-BUSINESS OR OFF-PEAK BUSINESS
HOURS TO MINIMIZE DISRUPTION TO BUSINESS OPERATIONS.
REQUESTS FOR ELECTRICAL SHUTDOWNS OF THE
LANDLORD'S EQUIPMENT SHALL BE BROUGHT IN WRITING TO
THE ATTENTION OF THE LANDLORD AT LEAST 7 DAYS IN
ADVANCE. SHUTDOWNS SHALL NOT BE PERFORMED WITHOUT
WRITTEN APPROVAL FROM THE LANDLORD.

ALL ROOF PENETRATIONS, FLOOR CHASING OR CORE
DRILLING SHALL REQUIRE THE SPECIFIC APPROVAL OF THE
LANDLORD AND OWNER. ALL WORK IN COMMON AREAS,
SHAFTS OR OTHER OWNER SPACES MUST BE SPECIFICALLY
REVIEWED AND APPROVED BY THE LANDLORD PRIOR TO ANY
WORK BEING PERFORMED. MINIMIZE DISTURBANCE TO OTHER
BUILDING TENANTS.

FOR AREAS AND EQUIPMENT WITHIN THE SCOPE OF THIS
REMODEL: EXISTING ELECTRICAL EQUIPMENT AND CIRCUITRY
MAY BE REUSED IF IN GOOD CONDITION AND NEW DESIGN
REQUIREMENTS CAN BE MET; OTHERWISE REPLACE

FOR AREAS AND EQUIPMENT WITHIN THE SCOPE OF THIS
REMODEL: REPAIR OR REPLACE ANY EXISTING DAMAGED OR
RECALLED ELECTRICAL EQUIPMENT, LIGHT FIXTURES, WIRING
DEVICES AND RELATED CIRCUITRY AND RESTORE ALL
ELECTRICAL SYSTEMS TO PROPER WORKING ORDER. THE
FINAL ELECTRICAL INSTALLATION SHALL BE FREE FROM
ELECTRICAL DEFECTS TO THE SATISFACTION OF THE AHJ,
OWNER, ARCHITECT AND ENGINEER.

FOR AREAS AND EQUIPMENT WITHIN THE SCOPE OF THIS
REMODEL: VERIFY CONDITION AND AGE OF EXISTING REUSED
ELECTRICAL EQUIPMENT, LIGHT FIXTURES, CIRCUIT
BREAKERS, FUSES, CONDUIT, SWITCHES AND RELATED
WIRING. NOTIFY OWNER OF ANY ELECTRICAL EQUIPMENT,
LIGHT FIXTURES AND WIRING AGED BEYOND ITS USEFUL LIFE
AND REPLACE AS DIRECTED. THE MAXIMUM EXPECTED
USEFUL LIFE SHALL NOT EXCEED THE FOLLOWING, (AS DATED
FROM THE POINT OF MANUFACTURE), UNLESS APPROVED BY
THE ENGINEER, MANUFACTURER AND OWNER: 20 YEARS FOR
CIRCUIT BREAKERS, GENERATOR/UPS SYSTEMS AND LIGHT
FIXTURES, 30 YEARS FOR TRANSFORMERS AND
PANELBOARDS, 40 YEARS FOR SWITCHBOARDS AND OTHER
ELECTRICAL EQUIPMENT.

FOR AREAS AND EQUIPMENT WITHIN THE SCOPE OF THIS
REMODEL: ELECTRICAL EQUIPMENT SHALL BE LOCATED SO
THAT THE CODE REQUIRED MINIMUM WORKING CLEARANCE
AND DEDICATED ELECTRICAL SPACE ARE MAINTAINED.
EXISTING EQUIPMENT NOT MEETING CURRENT CODE
CLEARANCE REQUIREMENTS MAY REMAIN IF ALLOWED TO
REMAIN BY THE AHJ, ENGINEER AND OWNER.

ELECTRICAL PLAN NOTES:

PROVIDE DISCONNECT WITH AUX CONTACTS FOR USE ON
SECONDARY OF VFD CONTROLLED LOAD. PROVIDE 2#12 AUX
WIRING IN 1/2" CONDUIT BETWEEN VFD AND LOCAL
DISCONNECTING MEANS. RE: MECHANICAL VFD SCHEDULE
FOR FINAL VFD/EQUIPMENT PAIRINGS
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The following calculations are based on the "Point-by-Point" method where:

Short-Circuit and Voltage Drop Calculations

Distances are for calculation purposes only and shall not be used for contractor takeoffs nor bidding - Contractor shall notify Engineer of any field condition that results in a change of 10% or greater circuit distance

VOLTAGE DROP (39):

Version
212

ISC (2) = ISC(1) x M(1) M= 1/(1+f) Feeder: f(390)= 1.732 x L xIsc XFMR: f(39) = IP(sca)x Vp x 1.73 x %Z IS(sca)= Vp x M x IP(sca) %VD = ((R x cos(arccos(pf)) + X x sin (arccos(pf))) x L/#x 1 x 1.73) / E
ISC (1) = short circuit current at fault point 1 CxE 100,000 x KVA Vs VOLTAGE DROP (19):
ISC (2) = short circuit current at fault point 2 Feeder: f(19)= 2xL xIsc XFMR: f (19)= [P(sca)x Vp x %Z %VD = ((R x cos(arccos(pf)) + X x sin(arccos(pf))) x 2x Li# x 1)/ E
CxE 100,000 x KVA
E = Line to line volts
IP = Primary short circuit current
Vp = Primary voltage
IS= Secondary short circuit current %VD CUM = Cumulative Voltage Drop from Fault Point 1 to Fault Point #
Vs= Secondary voltage R = resistance in ohms per LF
L= Length of circuit X = reactances in ohms per LF
C = "C" Factor from Bussman table where "C" = 1/impedance per linear foot
Feeder Types: NM - Non Magnetic Conduit, M - Magnetic Conduit, FB - Feeder Busway, PB - Plug-in Busway, TX - Transformer
System Voltage: 480Y/277V - 3 phase Date of Calculations: 02/13/2023
Fault Source Source Isc Feeder Conductor | Busway 'C’ L-L Circuit Load Power | Circuit Load Conductor Transformer Fault Voltage Cumulative Fault
Point Bus/Feeder Description (Fault | Phase Conduit . | Quantity of Parallel Sets and Bus/ | ¢ Voltage | Length Resistance | Reactance | Arccos (pf) Degree New Xfmr| Existing | Secondary i f M Current 0 Voltage Drop | Point
(F#) Point) @mPs) | TyperTx | Material Phase & Neutral Size C'Value | Value | Tyg)T | Ty | Fctor(Pf) | (Amperage) | T g X) (Radians) | ™P¢ | Rise | XA |77 Xfmrz | Voltage |12 Setting (amps) | PP VD) " ovp) | (Fay
1 Utility Service Point 15,689 at the secondary of the utility transformer Source Isc + 6X Motor Contribution = 17,129 1
2 MDP 1 3 17,129 NM CuU 4 Set(s)of 300 kemil 20868 -- 480 10 0.9 640 0.000044 0.000041 0.451027 0.007 0.99 17,003 -0.03% -0.03% 2
6 TO PANEL H1 2 3 17,003 M Cu 2 Set(s)of 3/0 AWG 12844 -- 480 110 0.9 240 0.000079 0.000052 0.451027 0.263 0.79 13,465 -0.45% -0.48% 6
7 TO 480V UPS 6 3 13,465 M Cu 1 Set(s)of 2/0 AWG 10755 -- 480 10 0.9 140 0.000100 0.000054 0.451027 0.045 0.96 12,883 -0.06% -0.54% 7
8 TO PANEL HU 7 3 12,883 M CuU 1 Set(s)of 2/0 AWG 10755 -- 480 200 0.9 140 0.000100 0.000054 0.451027 0.865 0.54 6,910 -1.15% -1.68% 8
9 TO TX-TLU 6 3 13,465 M Cu 1 Set(s)of 4 AWG 3806 -- 480 15 0.9 40 0.000310 0.000060 0.451027 0.191 0.84 11,301 -0.07% -0.55% 9
10 TX-TLU 9 3 11,301 TX 480 DOE 150 30 2.44 208 7.642 0.12 3,018 -0.55% 10
11 TO 208V UPS 10 3 3,018 M CuU 1 Set(s)of 2/0 AWG 10755 -- 208 5 0.9 140 0.000100 0.000054 0.451027 0.012 0.99 2,983 -0.07% -0.61% 11
12 TO PANEL LU 11 3 2,983 M CuU 1 Set(s)of 2/0 AWG 10755 -- 208 5 0.9 140 0.000100 0.000054 0.451027 0.012 0.99 2,949 -0.07% -0.68% 12
-~ DEMO PAD MOUNTED S NEW PAD MOUNTED | NEW TRANSFORMER
[ A  TuTILTY xFMR C o], Tummy xeur TO BE MOUNTED ON
Tyl 1480wy 3o aw | Tk S04 [ EXSTNG PAD
W=
ONE-LINE CIRCUIT SCHEDULE
PNLBD LOAD SUMMARY LOADSUM 480Y/277V, 3PH F1X FEEDER TAG |FEEDER DESCRIPTION
DEMO EXISTING 300KVA 3 (34, (1)#8 G, 1" C
h'e
LOAD DESCRIPTION Connected Demand Demand UTILITY TRANSEORMER E 174 (44210, (1/#6 G, 2" C
KVA FACTOR KVA AND REPLACE WITH NEW 2\ TN AVOAERC AN 1)#3 G
EXISTING PEAK DEMAND LOAD @ 0.9 pf * 184.67|  125% 230.83 %a%\\l/sp‘%gug F2 X . EIR,_ [EXISTING TOREMAIN, )
B COPPER SROONG T
HVAC - SUMMER 3899 0% 0.00 M D P EXTERIOR NEMA 3R G i , 94" C
HVAC - WINTER 86.20|  100% 86.20 T = S WWWW
LIGHTING 0.00 1259 0.00 I ATATAFAFA A A A A A
o : 1200A SCCR: FCA +10%, MINIMUM I
RECEPTACLES 0.00| 100%:;50% 0.00 < 1200A W
KITCHEN EQUIPMENT 0.00 100% 0.00 | 3P < ggOA < ggOA < ggOA ( ggOA !
|
MOTOR LOADS 46.48 100% 46.48 | ETR ETR ETR NEW \ REPLACE EXISTING 300A
LARGEST MOTOR LOAD (5HP) 6.31 125% 7.88 | | CIRCUIT BREAKER WITH
SUPPLEMENTAL ELECTRIC HEAT 0.00 100% 0.00 | I NEW 400A CIRCUIT
MISCELLANEOUS EQUIPMENT 129.23]  100% 129.23 ! ! BREAKER AS SHOWN.
| N SPARE SPARE | MATCH AIC RATING OF
REFRIGERATION EQUIPMENT 26.42 100% 26.42 EXISTING CIRCUIT
SIGNAGE 0.00 125% 0.00 : G : BREAKER.
SHOW WINDOW & TRACK LTG 0.00| PERNEC 0.00 - 1 e
EXTERIOR LIGHTING 0.00 125% 0.00
EXISTING LOAD TO BE DELETED 9.00 100% 9.00 é
TOTAL LOAD 509.30 KVA 518.05
TOTAL AMPACITY 2R AMES A~ 3 =
OVERCURRENT DEVICE AMPACITY { 1200| , AMPS . 1200.00
SPARE CAPACITY = ] TAMPS [T T T 577
*PER METERING REPORT WITH PEAK DEMAND OF: 166.2 KW Aug-2021 [Ei| |:§i|
APASANASANA AN A A
F6 X
METER SOCKET
— (BY CONTRACTOR)
EXISTING MAIN METER (<'E) E I
DISTRIBUTION (BY UTILITY) S i - CONTACT MIKE HEINE (mike@n1critical.com) WITH
PANEL MDP METERING = Z o N z EATON UPS SYSTEMS AT (855) 665-3829 x712 FOR
L 1
CONDUCTORS [_[ZJ w ol a UPS ORDERING INFORMATION.
(BY UTILITY) E
SERVICE TRANSFORMER
CT'S (BY UTILITY) BYPASS SWITCH BYPASS SWITCH
/ SERVICE POINT SECONDARY & 175A/3P F7 X 175A/3P
METERING CONDUCTOR | Y ] Y i
TERMINATIONS AT TRANSFORMER l) l)
Et (BY CONTRACTOR) 2 175A/13P ) 175A/3P 175A/3P )175A/3P <
/— PRIMARY TERMINATIONS AT £8 X
— _— TRANSFORMER (BY UTILITY) . XF12
—4 Tt | NEEE RN S| [ups ][R
\ )) \ 65KVA 40KVA
EXISTING SECONDARY CONCRETE PAD 58KW 36KW
CONDUITS/CONDUCTORS (ETR) 480Y/ 208Y/
TO REMAIN ) 208V 120V )
/2\ o o
[m)]
2 3 3 3
pa © o =
o o

3 UTILITY COORDINATION DETAIL

N.T.S.

PARTIAL ONE-LINE DIAGRAM

1

NTS

ONE-LINE DIAGRAM GENERAL NOTES:

1. THE INFORMATION SHOWN IN THE SHORT-CIRCUIT AND VOLTAGE DROP
CALCULATIONS SCHEDULE IS SHOWN FOR CALCULATION PURPOSES
ONLY. CONTRACTOR SHALL NOT USE THE CONDUIT TYPES, CONDUCTOR
TYPES, SIZES, QUANTITIES OR LENGTHS FOR TAKEOFFS OR BIDDING
PURPOSES. CONTRACTOR SHALL NOTIFY ENGINEER OF ANY CONFLICTS
BETWEEN THIS SCHEDULE AND OTHER PORTIONS OF THE
CONSTRUCTION DOCUMENTS. CONTRACTOR SHALL NOTIFY ENGINEER OF
AS-BUILT CONDITIONS THAT CONSTITUTE A CHANGE FROM WHAT IS
SHOWN BELOW; THIS INCLUDES CONDUCTOR LENGTHS DIFFERING BY
MORE THAN 10%.

2. REFER TO THE SHORT-CIRCUIT AND VOLTAGE DROP CALCULATIONS
TABLE ON THIS SHEET. AVAILABLE FAULT CURRENT INFORMATION IS
LISTED UNDER THE "FAULT CURRENT" COLUMN. VOLTAGE DROP VALUES
ARE LISTED UNDER THE "CUMULATIVE VOLTAGE DROP" COLUMN. THE
AIC/SCCR RATING OF THE EQUIPMENT SHALL NOT BE LESS THAN THE
AVAILABLE 3-PHASE SYMMETRICAL FAULT CURRENT. ALL SERIES RATED
EQUIPMENT SHALL BE PROPERLY LISTED AND LABELED PER CODE.

3. FEEDER NUMBER DESIGNATIONS PRECEDED BY "V" INDICATE THAT THE
CONDUCTORS ARE UP-SIZED DUE TO VOLT-DROP CONSIDERATIONS.
PROVIDE LUG ADAPTERS AS NEEDED IN ORDER TO PROPERLY LAND
CONDUCTORS AT TERMINATION(S).

4. FEEDER SIZES ARE BASED ON COPPER (CU) THHN/THWN-2 INSULATION,
UNLESS NOTED OTHERWISE. CONDUIT SIZES SHOWN ARE APPROPRIATE
FOR SCHEDULE 40 PVC, EMT, GRS, IMC AND RMC; ADJUST SIZE AS
NEEDED FOR OTHER RACEWAY TYPES. NUMBER DESIGNATIONS
PRECEDED BY "A" INDICATE THAT THE SIZE IS BASED ON ALUMINUM (AL)
WIRE. AL CONDUCTOR SIZES ARE BASED ON XHHW-2 INSULATION,
UNLESS NOTED OTHERWISE. AL WIRE MAY BE SUBSTITUTED FOR CU
FEEDERS AS ALLOWED BY CODE, SPECIFICATIONS AND OWNER, UNLESS
NOTED OTHERWISE. AT CONTRACTOR'S OPTION, CU WIRE MAY BE
SUBSTITUTED FOR AL, UNLESS NOTED OTHERWISE. ALL CONDUCTOR
SIZES ARE BASED ON 75 DEG C RATED TERMINATIONS, UNLESS NOTED
OTHERWISE. FOR ANY OTHER CONDITIONS MODIFY SIZES PER CODE.
REFER TO SPECIFICATIONS FOR ADDITIONAL INFORMATION.

5. BRANCH CIRCUIT SIZES ARE BASED ON COPPER (CU) THHN/THWN-2
INSULATION, UNLESS NOTED OTHERWISE. CONDUIT SIZES SHOWN ARE
APPROPRIATE FOR SCHEDULE 40 PVC, EMT, GRS, IMC AND RMC; ADJUST
SIZE AS NEEDED FOR OTHER RACEWAY TYPES. ALL CONDUCTOR SIZES
ARE BASED ON 60 DEG C RATED TERMINATIONS, UNLESS NOTED
OTHERWISE. FOR ANY OTHER CONDITIONS MODIFY SIZES PER CODE.
REFER TO SPECIFICATIONS FOR ADDITIONAL INFORMATION.

6. INSTALL FEEDERS OVERHEAD AS HIGH AS PRACTICABLE AND
ORTHOGONALLY ALONG BUILDING STRUCTURE, UNLESS NOTED
OTHERWISE. COORDINATE FINAL ROUTING WITH OTHER TRADES.

7. PROVIDE A PERMANENT LABEL ON FRONT OF EQUIPMENT ENCLOSURE;
REFER TO SPECIFICATIONS FOR LABEL REQUIREMENTS. LABEL SHALL
READ AS FOLLOWS (INCLUDE RESPECTIVE NAMES IN BLANKS):

SERVICE EQUIPMENT LABEL:

EXAMPLE:
208Y/120V, 60HZ
800A
SCCR = 65,000A
MAX AVAILABLE FAULT CURRENT = 58,815A
CALCULATED: 01/01/2018

PANELBOARD/SWITCHBOARD LABEL:
LINE 1: PANELBOARD * ” SUPPLIED BY UPSTREAM
LINE 2: PANELBOARD/SWITCHBOARD * 5
LINE 3: LOCATED IN ¢ "
LINE 4: PANELBOARD * ” SUPPLIES DOWNSTREAM
LINE 5: PANELBOARD(S) " "

TRANSFORMERS LABEL:
LINE 1: TRANSFORMER * ” SUPPLIED BY UPSTREAM
LINE 2: PANELBOARD/SWITCHBOARD * 5
LINE 3: LOCATED IN © "
LINE 4: TRANSFORMER * " SUPPLIES DOWNSTREAM
LINE 5: PANELBOARD(S) " "

ELECTRICAL UTILITY CONTACT NOTE:

UTILITY COMPANY: SWEPCO
UTILITY CONTACT: CHRISTIAN DICKEY
EMAIL: cddickey@aep.com

FAULT CURRENT GENERAL NOTE (ESTIMATED VALUE):

THE MAXIMUM AVAILABLE 3-PHASE SYMMETRICAL FAULT CURRENT
VALUE AT THE UTILITY TRANSFORMER SECONDARY/POINT OF SERVICE
COULD NOT BE DETERMINED AT THE TIME OF THIS SUBMITTAL. THE
ESTIMATED WORST CASE VALUE OF 15,689A IS BASED ON AN INFINITE
BUS CALCULATION AT THE UTILITY TRANSFORMER. CONTRACTOR
SHALL VERIFY ACTUAL AVAILABLE FAULT CURRENT VALUE WITH
UTILITY. NOTIFY ENGINEER IF ACTUAL VALUE EXCEEDS ESTIMATED
CALCULATED VALUE. ESTIMATED DESIGN VALUE IS BASED ON THE
FOLLOWING:

UTILITY TRANSFORMER SECONDARY VOLTAGE: 480Y/277V, 30, 4W
UTILITY TRANSFORMER SIZE: 750KVA, Z=5.75%

ONE-LINE DIAGRAM SUPPLEMENTAL SPECIFICATIONS:

1. GROUNDING ELECTRODE SYSTEM SHALL BE PER LOCAL
REQUIREMENTS AND SHALL NOT BE LESS STRINGENT THAN THAT
SPECIFIED IN THE CONSTRUCTION DOCUMENTS.

2. PROVIDE PROPERLY SIZED LUGS FOR ALL EQUIPMENT, CIRCUIT
BREAKERS, AND OTHER ELECTRICAL DEVICES TO ACCOMMODATE
INSTALLED CONDUCTORS. A LARGER FRAME, OVERSIZED LUGS OR
NON-STANDARD PRODUCT MAY BE REQUIRED IN SOME INSTANCES.
UTILIZE PIN ADAPTERS ONLY IF NECESSARY AND ONLY AS ALLOWED
BY MANUFACTURER AND AHJ.

3. PROVIDE ANY AVAILABLE SPACE IN SWITCHBOARDS/PANELBOARDS
WITH BUSSING.

4. PROVIDE TYPED FINAL CIRCUIT DIRECTORY FOR ALL PANELBOARDS
TO REFLECT ACTUAL AS-BUILT CONDITIONS. COORDINATE FINAL
ROOM NAMES, NUMBERS AND DESCRIPTIONS WITH OWNER PRIOR
TO COMPLETION. CIRCUIT DESCRIPTIONS SHALL BE PER CODE AND
SHALL BE DISTINGUISHABLE FROM ALL OTHERS.

[e]
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() FIRE PROTECTION PLAN NOTES: S C M

FS1  COORDINATE FIRE SPRINKLER IMPAIRMENTS WITH OWNER PRIOR TO ARGCHITECGCTS P L L o
COMMENCEMENT OF WORK. ALL WORK SHALL BE PERFORMED SO AS

TO NOT INTERRUPT SERVICE. PROVIDE ALL TEMPORARY DESIGN 28 East Center Street, Suite 220

AND/OR CONFIGURATIONS THAT MEET APPLICABLE CODE Fayetteville, Arkansas 72701
REQUIREMENTS AS NECESSARY TO CONFORM TO THE REQUIRED (479) 966-4777 LR Office:(501) 224-3055
FOWST RV HON PRGNS S I ROYWEH www.scmarchitects.com

FS2 ADD, DEMOLISH, AND/OR RELOCATE SPRINKLERS IN OUTLINED AREA TO
PROVIDE AUTOMATIC SPRINKLER PROTECTION IN ACCORDANCE WITH
FPA 13

FS3  CONNECT SPRINKLER PIPING TO EXISTING SYSTEM AND ROUTE NEW
PIPING AND SPRINKLER HEADS TO NEW GAS CABINETS.

rf HENDERSON
ENGINEERS
8345 LENEXA DRIVE, SUITE 300

LENEXA, KS 66214
TEL 913.742.5000 FAX 913.742.5001

—
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(Fs2)Fst) ;3 1 9 %‘ | 2250001600
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ENTRY

1

OWNER FURNISHED, CONTRACTOR
INSTALLED SCRUBBERS

9

OWNER FURNISHED, CONTRACTOR
INSTALLED PROCESS CHILLERS

(Y 0

(n'0]

ﬂ CHEMICAL POT FEEDER n

\v-201/ m/— em-zm

| délm\s
CORRIDOR > 7 SERVICE
4701 —/ —/ 4500B
%
V]
2 £¢
T T = (';’ —
O O I T
o o O 5]
A |
~ ~— N :\l
LAB n LAB
48028 \V-202/ 4505
Vss'aA%NYL%OL.NG
CONNECTION
N
l— 2" CHWS/R DN TO H2 GENERATOR
LAB
4501
LAB CORRIDOR
4808 4500
DATA UTILITY
LAB 4806 4808A
4802A

PIPING FINISH FLOOR PLAN -

CORRIDOR

LAB

MEN

WOMEN

CORRIDOR

3/16" = 1'-0"

() MECHANICAL PLAN NOTES:

M12 ROUTE REFRIGERANT LINES TO/FROM INDOOR UNIT. SIZE
PER MANUFACTURER RECOMMENDATIONS. INSULATE PER
SPECIFICATIONS.

KEY PLAN

58
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PLUMBING SYMBOLS

THIS IS A MASTER LEGEND AND NOT ALL SYMBOLS OR ABBREVIATIONS ARE USED.

V2.02

STANDARD MOUNTING HEIGHTS

PIPING SYMBOLS

PIPING LINETYPES

CLINIC SERVICE SINKS (RIM) 30"
HOSE BIBB (CENTERLINE) 36"
ICE MAKER OUTLET BOX (CENTER OF BOX) 24"
JANITOR'S SINK FAUCET FITTINGS (CENTERLINE) 42"
LAVATORY OR SINK

STANDARD HEIGHT (RIM) 31"

ADA ACCESSIBLE (RIM) 34"

CHILD HEIGHT (RIM) 24"
NON FREEZE WALL HYDRANT (AFG TO CENTERLINE) 18"
SHOWER HEAD

MEN (CENTERLINE) 78"

WOMEN (CENTERLINE) 72"
SHOWER VALVE

STANDARD HEIGHT - MEN (CENTERLINE) 48"

STANDARD HEIGHT - WOMEN (CENTERLINE) 42"

ADA ACCESSIBLE (CENTERLINE) 38" TO 48"
SURGEON'S SCRUB-UP SINK (FRONT RIM) 35"
TUB VALVE

STANDARD HEIGHT (CENTERLINE) 32"

ADA ACCESSIBLE

URINAL
STANDARD HEIGHT (RIM)
ADA ACCESSIBLE (RIM)
CHILD HEIGHT (RIM)

WASHING MACHINE OUTLET BOX (RIM)

WATER CLOSET
STANDARD HEIGHT (RIM)
ADA ACCESSIBLE (TOP OF SEAT)
CHILD HEIGHT (RIM)

17" TO

WATER COOLER OR DRINKING FOUNTAIN
STANDARD HEIGHT (SPOUT)
ADA ACCESSIBLE (SPOUT)
CHILD HEIGHT (SPOUT)

CENTER BETWEEN GRAB BAR AND TUB RIM

24"
1 7"
14"

42"

1 5"
1 9"
1 Oll

41"
36"
30"

OXYGEN OUTLET

INSTALL PLUMBING FIXTURES AT THE MOUNTING HEIGHTS SHOWN ABOVE
UNO IN THE ARCHITECTURAL DRAWINGS OR ELSEWHERE IN THE
CONSTRUCTION DOCUMENTS. FINAL APPROVAL OF LOCATIONS BY
ARCHITECT. MOUNTING HEIGHTS LISTED ABOVE, OR ELSEWHERE IN THE
CONSTRUCTION DOCUMENTS, ARE AFF, UNO. ALL DEVICES SHALL BE
INSTALLED IN COMPLIANCE WITH CURRENT ADA AND LOCAL
REQUIREMENTS.

ANNOTATION

DDe® B Jo

PLUMBING PLAN NOTE CALLOUT

SECTION CUT DESIGNATION

PLUMBING EQUIPMENT DESIGNATION. (CONTRACTOR
FURNISHED AND INSTALLED). REFER TO PLUMBING FIXTURE
OR EQUIPMENT SCHEDULES

EQUIPMENT DESIGNATION (OWNER FURNISHED,
CONTRACTOR INSTALLED)

MECHANICAL EQUIPMENT DESIGNATION (CONTRACTOR
FURNISHED AND INSTALLED UNLESS NOTED OTHERWISE)

CONNECTION POINT OF NEW WORK TO EXISTING

DETAIL REFERENCE UPPER NUMBER INDICATES DETAIL
NUMBER LOWER NUMBER INDICATES SHEET NUMBER

ABBREVIATIONS

ADA AMERICANS WITH MIN MINIMUM
DISABILITIES ACT N/C NORMALLY CLOSED
AFF ABOVE FINISHED FLOOR N/O NORMALLY OPEN
AFG ABOVE FINISHED GRADE NIC NOT IN CONTRACT
AHU AIR HANDLING UNIT ORD OVERFLOW ROOF DRAIN
AP ACCESS PANEL PDI PLUMBING DRAINAGE
BAS BUILDING AUTOMATION INSTITUTE
SYSTEM PH/Q@ PHASE
BFF BELOW FINISHED FLOOR PRV PRESSURE REDUCING
BFG BELOW FINISHED GRADE VALVE
BOP BOTTOM OF PIPE PVC POLYVINYL CHLORIDE
BOS BOTTOM OF STRUCTURE RCP REINFORCED CONCRETE
BTU BRITISH THERMAL UNIT PIPE
CP CONDENSATE PUMP RD ROOF DRAIN
CPVC  CHLORINATED POLYVINYL RPM REVOLUTIONS PER
CHLORIDE MINUTE
Cu COPPER RTU ROOFTOP UNIT
DI DUCTILE IRON SF SQUARE FEET
DN DOWN SP SUMP
DFU DRAINAGE FIXTURE UNIT S§S STAINLESS STEEL
DS DOWNSPOUT SANITARY SEWER, SOIL
(E) EXISTING STACK
EMS ENERGY MANAGEMENT TDH TOTAL DYNAMIC HEAD
SYSTEM TFA TO FLOOR ABOVE
ETR EXISTING TO REMAIN TFB TO FLOOR BELOW
EWC ELECTRIC WATER COOLER TYP TYPICAL
FD FLOOR DRAIN UL UNDERWRITERS
FFA FROM FLOOR ABOVE LABORATORIES, INC.
FFB FROM FLOOR BELOW UNO UNLESS NOTED
FF FINISHED FLOOR OTHERWISE
FL FLOW LINE UPS UNINTERRUPTIBLE
FLA FULL LOAD AMPS POWER SUPPLY
FLR FLOOR VCP VITRIFIED CLAY PIPE
GPM GALLONS PER MINUTE VFD VARIABLE FREQUENCY
HD HEAD, HUB DRAIN DRIVE
HZ HERTZ VS VENT STACK
IE INVERT ELEVATION VTR VENT THROUGH ROOF
INWC  INCHES OF WATER COLUMN| W/ WITH
JB JUNCTION BOX W/O WITHOUT
J-BOX  JUNCTION BOX wcC WATER COLUMN
KW KILOWATT WS WASTE STACK
MAU MAKE-UP AIR UNIT WSFU  WATER SUPPLY FIXTURE
MAX MAXIMUM UNIT
MBH 1000 BTU PER HOUR WVS WASTE VENT STACK
MH MANHOLE

— NITROUS OXIDE OUTLET
_ MEDICAL AIR OUTLET
—e NITROGEN OUTLET
MEDICAL VACUUM INLET
E © FLOOR SINK (FS), SIZE & TYPE
H & FLOOR DRAIN (FD), SIZE & TYPE
(o) ROOF DRAIN (RD), SIZE & TYPE
o BALL VALVE
o CONTROL VALVE
D>< SHUTOFF VALVE
—————— CHECK VALVE
5% BALANCING VALVE WITH PRESSURE PORTS
O WATER METER
ot STRAINER
Y STRAINER WITH BLOWOFF
F RELIEF/SAFETY VALVE
o SOLENOID VALVE
& PRESSURE REDUCING VALVE
ok GAS PRESSURE REGULATOR
5 THERMOSTATIC MIXING VALVE
ViLa PIPE ANCHOR
= EXPANSION JOINT
DIAPADY BACKFLOW PREVENTER
2 PRESSURE GAUGE
l THERMOMETER
i UNION
! FLANGE CONNECTION
— HOSE BIBB (HB)
—t NON-FREEZING WALL HYDRANT (NW)
n MANUAL / AUTOMATIC AIR VENT OR VACUUM RELIEF
VALVE
0 PRESSURE / VACUUM SWITCH
_ CLEANOUT
CAP

o

B

o

B

IIA"

®

¥
HH

A
rAy

Al

ARy

WALL CLEANOUT (WCO)

FLOOR CLEANOUT (FCO)

EXTERIOR CLEANOUT (ECO)

ELBOW UP

ELBOW DOWN

TEE UP

TEE DOWN

ELBOW UP WITH SHUT-OFF VALVE (SOV)
ELBOW DOWN WITH SHUT-OFF VALVE (SOV)
TEE UP WITH SHUT-OFF VALVE (SOV)
TEE DOWN WITH SHUT OFF VALVE (SOV)

WATER HAMMER ARRESTER (WHA) WITH PDI SIZES,
(A, B, C, D, & E)

RECIRCULATION PUMP
P-TRAP

GAS COCK

TRAP PRIMER

TRAP PRIMER WITH DISTRIBUTION UNIT

LINETYPE LEGEND

THROUGHOUT THE DRAWINGS DIFFERENT LINETYPES ARE USED IN
COMBINATION WITH THE SYMBOLS TO INDICATE THE STATUS OF ITEMS AS
EXISTING, TO BE DEMOLISHED, TO BE INCLUDED AS PART OF NEW WORK
AND/OR ITEMS WHICH ARE ANTICIPATED TO BE PROVIDED IN THE FUTURE.
THE STATUS OF ITEMS USING THESE LINETYPES ARE RELATIVE TO THE
VIEW IN WHICH THEY APPEAR. PHASING SHOWN IN DRAWINGS IS NOT
INTENDED TO FULLY DESCRIBE ALL NECESSARY CONSTRUCTION PHASING,
WHICH IS DETERMINED BY THE CONTRACTOR AS PART OF THEIR
RESPONSIBILITIES. ANY SUCH PHASES DESCRIBED IN THE CONSTRUCTION
DOCUMENTS ARE GENERAL AND ONLY INTENDED TO INDICATE A BROAD
ORDER FOR THE SAKE OF DESCRIBING THE PROJECT. THE FOLLOWING
LINETYPES MAY BE USED ON ANY DEVICE, EQUIPMENT, NOTE, LINE, SHAPE,

ETC.
EXISTING NEW
DEMOLISH— — — — — FUTURE -————-—————————~

CGWV

CWV

ST

OST

— —VBG— —

DA

ROR
B2H6
HCLCL2

SiH4
Si2H6
—SiH2CI2
LMV
TW

DOMESTIC COLD WATER (CW)
SOFTENED COLD WATER (SCW)

DOMESTIC HOT WATER (HW)

DOMESTIC HOT WATER RECIRC. (HWR)
DOMESTIC HOT WATER (140°)

TRAP PRIMER LINE (T)

SOIL PIPING - ABOVE FLOOR (S)

SOIL PIPING - BELOW FLOOR (S)

WASTE PIPING - ABOVE FLOOR (W)

WASTE PIPING - BELOW FLOOR (W)

GREASE WASTE - ABOVE FLOOR (GW)
GREASE WASTE - BELOW FLOOR (GW)
COMBINATION GREASE WASTE AND VENT (CGWV)
COMBINATION WASTE AND VENT (CWV)
STORM DRAIN - ABOVE FLOOR (ST)

STORM DRAIN - BELOW FLOOR (ST)
OVERFLOW STORM DRAIN - ABOVE FLOOR (OST)
VENT BELOW GRADE (VBG)

VENT BELOW FLOOR (VBF)

CONDENSATE DRAIN - HIGH EFFICIENCY RTU (CDH)
CONDENSATE DRAIN (CD)

AUXILIARY CONDENSATE DRAIN (ACD)

SUMP OR SEWAGE PUMP DISCHARGE (SPD)
NATURAL GAS (G)

NATURAL GAS ON ROOF (G)

MEDIUM PRESSURE NATURAL GAS (MPG)
MEDIUM PRESSURE NATURAL GAS ON ROOF (MPG)
NON-POTABLE WATER (NPW)

LIQUEFIED PETROLEUM GAS (LPG)

WATER SERVICE (WS)

FIRE PROTECTION (FP)

CONDENSATE PUMP DISCHARGE (PD)

VENT PIPING (V)

ACID WASTE - ABOVE FLOOR (AW)

ACID WASTE - BELOW FLOOR (AW)

ACID VENT (AV)

GRAY WATER (GWS)

COMPRESSED AIR (CA)

HELIUM (HE)

INSTRUMENT AIR (IA)

INSTRUMENT VACUUM (IV)

NITROGEN (N2)

NITROUS OXIDE (N20)

OXYGEN (02)

EVAC/WAGD (EV)

CARBON DIOXIDE (CO2)

AIR INTAKE (Al)

VACUUM EXHAUST (VE)

DIONIZED WATER SUPPLY (DIS)

DIONIZED WATER RETURN (DIR)

FILTERED WATER (FW1)

FILTERED WATER W/ SCALE INHIBITOR (FW2)
REVERSE OSMOSIS (RO)

REVERSE OSMOSIS REMINERALIZATION (ROR)
DIBORANE
HYDROCHLORIC - CHLORINE GAS

METHANE
GERMANE

HYDROGEN

HYDROCHLORIDRIC GAS

NITROGEN

PHOSPHORUS

SILANE(IN ARGON)

DISILANE

DICHLOROSILANE

LABORATORY GAS MANIFOLD CABINET GAS VENT
TEMPERED WATER

GENERAL NOTES:

1. PROVIDE A CONSTRUCTION RECORD SET OF “AS-BUILT” DOCUMENTS TO THE ARCHITECT REFLECTING ANY VARIANCES OF INSTALLED PIPING
LOCATIONS OR EQUIPMENT CONTRARY TO THE CONSTRUCTION DOCUMENTS, REFER TO SPECIFICATIONS.

SCM

A RCMH I TECT S P. L. L C.

28 East Center Street, Suite 220

2. DRAWINGS ARE DIAGRAMMATIC ONLY AND REPRESENT THE GENERAL SCOPE OF THE WORK. REVIEW THE GENERAL NOTES, SPECIFICATIONS AND
PLANS FOR ADDITIONAL REQUIREMENTS THAT MAY NOT BE SPECIFICALLY CALLED OUT IN THIS PORTION OF THE CONSTRUCTION DOCUMENTS. NOTIFY
THE ARCHITECT OF ANY CONFLICTS OR DISCREPANCIES PRIOR TO SUBMISSION OF BID.

Fayetteville, Arkansas 72701
(479) 966-4777 LR Office:(501) 224-3055
www.scmarchitects.com

3. PROVIDE TO THE ARCHITECT A COPY OF INSPECTION REPORTS AND APPROVAL CERTIFICATES FROM LOCAL AND STATE INSPECTIONS, REFER TO
SPECIFICATIONS.

4. INSTALLATION SHALL COMPLY WITH LEGALLY CONSTITUTED CODES AND THE REQUIREMENTS OF AUTHORITIES HAVING JURISDICTION AND ALSO MEET
ALL REQUIREMENTS OF THE LANDLORD. OBTAIN A COPY OF THE LANDLORD’S REQUIREMENTS AND REVIEW PRIOR TO SUBMITTING BID.

5. PLANS AND SPECIFICATIONS GOVERN WHERE THEY EXCEED CODE REQUIREMENTS.

6. VERIFY LOCATION AND DEPTH OF UTILITIES AT POINTS OF CONNECTION BEFORE START OF PIPING INSTALLATION.
7. REFER TO ARCHITECTURAL PLANS FOR EXACT LOCATION AND MOUNTING HEIGHTS OF PLUMBING EQUIPMENT.

8. DO NOT SCALE FLOOR PLANS FOR EXACT HORIZONTAL LOCATION OF PIPE ROUTING.

9. INSTALL CONCEALED PIPING TIGHT TO THE STRUCTURE AND AS HIGH AS POSSIBLE.

10. VALVES SHALL BE LINE SIZE UNLESS OTHERWISE NOTED.

11. INSTALL EXPOSED PIPING, WHERE NECESSARY, IN FINISHED AREAS TIGHT TO THE STRUCTURE, WALL OR CEILING AND AS HIGH AS POSSIBLE. INSTALL
PIPING PARALLEL AND / OR PERPENDICULAR TO WALLS.

12. INSTALL VALVES AND APPURTENANCES A MAXIMUM OF 24” ABOVE CEILING IN ACCESSIBLE LOCATION WITHIN 24" OF ACCESS DOORS OR ACCESSIBLE
CEILING TILES. PROVIDE PIPE AND FITTINGS TO INSTALL VALVES AND APPURTENANCES AT REQUIRED HEIGHT AND WITHIN 24" OF ACCESS DOORS OR
ACCESSIBLE CEILING TILES. ii

13. PVC SHALL BE ALLOWED TO BE INSTALLED FOR DRAINAGE INSIDE THE BUILDING. INSTALL NO PLASTIC PIPE IN THE CEILING RETURN AIR PLENUM.

14. COORDINATE ALL WORK WITH OTHER TRADES AND CONTRACTORS.

15. COORDINATE PIPING INSTALLATION WITH STRUCTURAL GRADE BEAMS, FOOTINGS, COLUMN PIERS, ETC. SLEEVE PIPING THROUGH GRADE BEAMS,
FOOTING, ETC. WHERE REQUIRED AND AS NOTED ON PLANS. COORDINATE SLEEVE INSTALLATIONS WITH THE ARCHITECT, STRUCTURAL ENGINEER,
STRUCTURAL CONTRACTOR AND GENERAL CONTRACTOR BEFORE CONCRETE IS INSTALLED.

16. CLEAN PIPE STRAINERS PRIOR TO TURNING PROJECT OVER TO THE OWNER.

. COORDINATE PIPE ROUTING AWAY FROM ELECTRICAL PANELS. DO NOT INSTALL PIPING OVER ELECTRICAL PANELS.

. COORDINATE ALL ROOF PENETRATIONS WITH OTHER TRADES. MAINTAIN 10 MINIMUM CLEARANCE FROM ALL AIR INTAKES. MAINTAIN 2" CLEARANCE
FROM ALL OTHER EQUIPMENT.

. PROVIDE TRANSITION ADAPTER COUPLINGS FOR CONNECTION OF PVC DWYV TO CAST IRON PIPING. SEE DIVISION 22 SPECIFICATION FOR MORE
INFORMATION.

20. PROVIDE TRANSITION ADAPTER COUPLINGS FOR CONNECTION OF PVC DWV TO CAST IRON SANITARY, WASTE AND VENT PIPE BEFORE ENTERING A AIR-
PLENUM SPACE. SEE DIVISION 22 SPECIFICATION SECTION “SANITARY DRAINAGE AND VENT PIPING AND SPECIALTIES” FOR MORE INFORMATION.

32. VERIFY EXISTING EQUIPMENT, INCLUDING ACCESSORIES, IS NOT DAMAGED AND IS IN GOOD WORKING ORDER. REPORT ANY DEFICIENCIES TO THE
ARCHITECT.
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STAINLESS STEEL 316L HIGH PRESSURE GAS COMPONENTS OWNER-PROVIDED (LABORATORY GAS MATERIALS)

COMPONENT ESTIMATED LENGHTS IN FEET FOR 1/4" TOTAL ESTIMATED LENGTHS IN FEET FOR 3/8" TOTALS
Si2H6 | PH3 | B2H6 | GeH4 H2 SiH4 HCL N2 PH3 | GeH4 N2 H2 Si2H6 | B2H6 [ SiH4 HCL
SINGLE WALL PIPE IN FEET 340 100 440 120 60 180
COAXIAL PIPE IN FEET 130 130 130 120 150 150 810 =
COAXIAL VENT PIPE IN FEET - 120 120 120 120 200 120 800
VALVE 1 1 1 1 12 2 4 4 26 10 10
CHECK VALVE 1 1 1 1 o) 2 4 2 17 6 6
SINGLE WALL ELBOWS 38 24 62 12 12
COAXIAL WALL ELBOWS 7 7 7 7 14 7 49 -
SINGLE WALL TEES 6 2 8 4 4
COAXIAL VENT PIPE ELBOWS - 3 3 3 3 3 3 18

HYDROGEN GENERATOR RELIEF VENT
. Vent H2 & N2 cabinets to atmosphere. ESTIMATED LENGTHS IN FEET FOR

Notes:

1

2. Additional 20% extra stock accounted for in straight length piping and fittings (not valves). 1/2" STAINLESS STEEL 316L

3. Contractor shall maximize usage of lab gas materials to minimize waste. VALVE 1

4. Contractor shall report the amount of piping components used, and return all unused to the owner. PIPE 20
5. Contractor shall verify exact length of tubing and quantities of fittings and valves ordered by the University. ELBOWS 3
6

. Contractor is responsible for all costs of additional piping, fittings or valves required for final installation.




	Chemical Vapor Deposition Laboratory Reactor Installation - Addendum 2 Drawings.pdf
	E-101 - ELECTRICAL PLANS
	E-401 - PARTIAL ONE-LINE DIAGRAM
	FS-101 - FIRE SPRINKLER FLOOR PLAN
	M-102 - MECHANICAL PIPING PLAN
	P-001 - PLUMBING GENERAL NOTES
	P-101 - PLUMBING DRAINAGE AND VENT
	P-102 - PLUMBIG WATER AND GAS
	P-103 - PLUMBING ROOF PLAN




