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How to Use This Section

The following section is organized such that the medical vacuum system for a project may be developed and
executed in a logical and simple progression. Examples are given whenever possible.

The basic milestones in designing the medical vacuum system are as follows:

Definitions — Definitions are provided as a general guide that contains terminologies which may be
frequently utilized within the Medical Vacuum Systems section. These terms may also be helpful in both
understanding & identifying the appropriate medical vacuum system for your medical facility.

Design — General outline pertaining to procedural involvement in designing your Medical Vacuum System:s.

Sizing and Selecting the Medical Vacuum System — How to calculate the Peak Calculated Load (PCL)
requirements for the medical facility.

Installation — Steps to building your medical vacuum systems.

Introduction

Medical Vacuum Systems

Medical vacuum in comparison to other medical gas source systems is quite straightforward. The most intricate
part of the course comes in the selection of the technology to be used because there exists many competing
technologies, each of which has their own appeal and it must be said, their own downfall. NFPA standards have
relatively few requirements of which are readily met, thus the decision becomes a balancing of the client's concerns
for risk, initial cost vs. life cycle cost and maintenance requirements.

Engineers use the term “vacuum’, but clinicians refer to them as “suction”and if you have had the opportunity to
speak with the clinicians, you'll find the terminology subtlety different. In addition, although the average clinician
cannot articulate it, their major concern is flow. It is quite common to have a maintenance worker, having been
called in because of “poor suction’, plug in a vacuum gauge and quite accurately tell the complaining nurse “you got
all I got”. He's right in terms of vacuum level, but the nurse is really referring to the fact that there is a lack of flow.

If we are to design a successful blueprint, we must grapple this problem all the way through the system. Giving a
higher ultimate vacuum may be helpful, but it rarely solves the flow problem because only fat pipes are capable of
achieving that. Seeking a high vacuum level may actually squander our client’s financial resources yet provide no
solution to their real problem.

The methods for sizing vacuum sources are always a surprise to new engineers because there are so many methods
and because the most commonly used are so poorly documented. The CGA P-2.1 has been withdrawn by its
publisher, the Compressed Gas Association. It was essentially unchanged since the 1970's but there is almost nothing
but the patina of age to authenticate the numbers it contains. The method we will be using in this design guide
follows the latest edition of The National Fire Protection Association Standard (NFPA).

The NFPA method was removed from the NFPA 99 because it was considered out of date. Fortunately, it at least
has a research history. We continue to use these two in the US because we have used them for so long that we
understand their restrictions and we know from experience that they do work.

The HTM method is published in the HTM 2022 standard, and is the method used in the UK We have included it here
as an additional method for comparison.

WWW.amico.com
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Steps to Implementing the Medical Vacuum (Suction) System

DISCOVERY

1. Should existing equipment be incorporated along with the Medical Vacuum Systems, determine the
dimensions, type, capacity and current loading of the existing equipment. Ensure the existing equipment is
compatible with the current standard.

2. Determine the number type and inlet count of all occupancies in the facility which will receive medical
vacuum inlets.

3. Determine if there are unusual circumstances which may increase vacuum use. One classic example is within
the long term care facility in which wheelchair bound ventilator patients are taught to suction their own
airway. Suction demand is enormous as they leave the suction lines open constantly. A system sized using
traditional criteria would burn itself out in a matter of months under such a load.

4. Examine the location intended for the exhaust. NFPA mandates the exhaust of the vacuum pump be located
outdoor to avoid possible contamination of the intake system (e.g., the medical air intake system). The exhaust
shall be located a minimum of 10 ft (3 m) from any other door or openings, 50 ft (15 m) from any mechanical
air intake and a minimum of 10 ft (3 m) above grade. The end of the exhaust shall be turned downward and
screened. The exhaust piping for a medical vacuum system shall be connected only to the medical vacuum
system and not used for any other purpose. Note: consideration should be given to the effects of prevailing
winds or accumulated snow on the exhaust(s).

5. Determine a routing for the exhaust piping and note it on the building drawings. Piping for medical vacuum
systems shall be routed in such a way that it is not subjected to temperature lower than 40°F (4°C). The exhaust
shall be free of loops and dips in order to eliminate the potential of trapping condensate or oil.

6. Ensure the intended location for the vacuum plant is adequately ventilated or is at minimum air conditioned.
The plant will emancipate considerable amount of heat into the surrounding. Hence, it must be factored in
when selecting a vacuum pump site; determining the adequacy of ventilation; or BTU requirements for air
conditioning. (BTU data is furnished in the equipment data sheet).

7. Determine the availability of electrical service.

8. If the vacuum system is not already piped to the intended location, determine the routing for the piping and
note it on the building drawings.

DESIGN

1. Follow directions for laying out piped medical gases. This will provide the count of inlets and occupancies
which are necessary for the next steps.

PLANT SIZING

There are several methods available for sizing medical vacuum. For the purpose of this design guide, only
The National Fire Protection Association (NFPA 99) Method will be discussed.

1. Review the NFPA 99 Standard before sizing a medical vacuum system.

2. Medical-surgical vacuum sources shall consist of two or more vacuum pumps sufficient to serve the peak
calculated demand with the largest single vacuum pump out of service.

3. Using the information in Table 1, follow these steps to determine the PCL requirements for the medical facility.
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Table 1: The National Fire Protection Association (NFPA) Method for Vacuum Plant Sizing

Available online at www.amico.com

Vacuum
Free Air Allowance, .
Number SCEM Simultaneous  Number of Units  Vacuum
of Outlets Beds, Rooms,

Location of Outlets Required gj(; Rgirm oszet Use Factor (%) Outlets SCFM
Anesthetizing Locations
Operating Room 3/Room 35 100 0 0.00
Cystocscopy 3/Room 2 100 0 0.00
Delivery 3/Room 1 100 0 0.00
oot vanepltes et || Yoo ! 100 ’ 000
E?Cfr;gency / Major Trauma 3/Room 3 100 0 0.00
?;?aet: OA:SaeSthet'z' ng 2/Room i 50 0 0.00
Evacuation Vacuum 2/Room 1 100 0 0.00
Acute Care Locations (Non-Anesthetizing Locations)
Recovery Room 3/Bed 1.5 50 0 0.00
Icr;trzri:ge Care Units (except 3/Bed ) 75 0 0.00
Cardiac I.C.U. 2/Bed 1 50 10 5.00
Emergency Rooms 2/Bed 1 100 0 0.00
(Sx?facﬂj Iparl‘; zifj:trce) 2/Room 15 30 0 0.00
Catherization Lab 2/Room 1 10 0 0.00
Surgical Excision Rooms 1/Room 1 10 0 0.00
Neonatal I.C.U. 2/Bed 1 50 0 0.00
Sub-Acute Care Areas (Non-Anesthetizing Locations)
Patient Room - Surgical 1/Bed 1.5 15 0 0.00
Patient Room - Medical 1/Bed 1 10 0 0.00
Exam & Treatment Rooms 1/Room 1 10 0 0.00
Nursery 1/4 Bassinets 1 10 0 0.00
Nursery Premature 1/4 Bassinets 1 25 0 0.00
Other Patient Rooms 0.00
Respiratory Care Dept 1/Room 1.5 10 0 0.00
Central Supply, Equipment 0.00
Repair/Calibration 0.00
Teaching 1/Room 1.5 10 0 0.00
Autopsy 1/Table 1.5 10 0 0.00
Future Expansion 0.00

PEAK CALCULATED DEMAND IN SCFM: 5.00

Altitude above sea level, feet: 0.00

PEAK CALCULATED DEMAND IN SCFM, ALTITUDE ADJUSTED: 5.00
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Note on Sizing Methods:

All sizing methods are only approximations and should be used judiciously. If an existing vacuum plant is being
replaced, the operating characteristics of that vacuum pump can be an important gauge of likely future use. For
example, if an existing 5 HP pump provides an ample amount of medical suction, but the sizing table yields much
larger requirements, it may be suitable to use a smaller compromise unit in preference rather than to simply rely on
the results from the Amico Sizing Guide.

ALTITUDE ADJUSTMENT

If a pump is to be operated at higher elevations, the peak calculated demand from Table 1 should be multiplied
by the appropriate correction factor. This method of correction assumes upsizing the pump to hold as close to
the standard vacuum level (19 inHgV) as possible and represents the ratio of ACFM at sea level vs. the ACFM at the

altitude. (See Table 2).

Note A: Do this calculation after calculating for any future expansion. Pumps may have to be oversized to
compensate for altitude.

Note B: This table is provided for informational purposes only. It is not a mandatory part of this standard. The health
care facility should determine its own requirements in consultation with its technical and clinical staff,

consulting engineer and equipment supplier.

Table 2: Altitude Adjustment Chart

Altitude

Sea Level

500 ft. (152 m)
1,000 ft. (305 m)
1,500 ft. (457 m)
2,000 ft. (609 m)
2,500 ft. (762 m)
3,000 ft. (900 m)
3,500 ft. (1,067 m)
4,000 ft. (1,219 m)
5,000 ft. (1,525 m)
6,000 ft. (1,828 m)
7,000 ft. (2,133 m)
8,000 ft. (2,438 m)
9,000 ft. (2,743 m)
10,000 ft. (3,048 m)
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Normal Barometric Pressure

760 mmHg (29.92")
747 mmHg (29.39"
733 mmHg (28.86"
720 mmHg (28.33"
707 mmHg (27.82"
694 mmHg (27.32"
681 mmHg (26.82"
669 mmHg (26.33"
656 mmHg (25.84"
633 mmHg (24.90"
609 mmHg (23.98"
587 mmHg (23.09"
565 mmHg (22.23"
543 mmHg (21.93"

(

)
)
)
)
)
)
)
)
)
)
)
)
)
523 mmHg (20.58")

Multiplier Used for Required SCFM (Hg)
1.00
1.02
1.04
1.06
108
1.10
112
1.14
1.16
120
1.25
1.30
135
140
145




COMPENSATING FOR FUTURE EXPANSION

The notion of adding capacity now for any future requirements is wise but extreme caution is also advised. It is
common to see very badly oversized vacuum systems which were initially sized to accommodate an expansion that
never occurred or that was scaled back and was not compulsory after all. In addition to the waste of investment, it
generates problems associated with the operation of the system. The best method in preparing for an anticipated
expansion is to opt for a plant which is adequate for the present need in a duplex or triplex system but can also be
upsized for future need by simply adding additional pumps as required.

When specifying the unit, require the system to be purchased with provision for the additional pump(s). A
representative specification would read: “provide duplex vacuum plant with triplex controls ready for a future
third pump”. Such a system provides an effective method of expanding system capacity, is more capital-efficient
and ensures better operating characteristics and reliability. Nevertheless, it is essentially important that the intake,
electrical services and system piping are correctly sized for the entire expected capacity, so these larger values
should be used in all calculations.

PLANT SELECTION

Select a preferred technology (see Technology Comparison Chart on Page 6). More specific assistance in selecting a
technology may be obtained by contacting your local Amico Source Corporation representative.

Choose a horsepower from the preferred technology with the capacity nearest to (but typically greater than) the
Peak Calculated Demand (PCD).

Note that for some technologies, there is more than one plant architecture. Should one or more architecture be
available for selection, choose the one best suited to the site condition. If in doubt as to which arrangement is most
suitable for a particular situation, contact your local Amico Source Corporation representative for assistance.

Reference the Technology Comparison Chart for the particular system selected. This chart lists all of the essential
information regarding the system and should be utilized as a quick reference in the following steps.

GENERAL LAYOUT

1. Place the plantin scale on the plan drawings in the designated location. Ensure that the plant has sufficient
space on all sides for maintenance access and proper ventilation. In front, the control cabinet must have 3 ft
(0.92 m) clearance, and Amico Source Corporation recommends 2 ft (0.61 m) minimum clearance all around.
It is sometimes possible to reduce this clearance with exact knowledge of maintenance access requirements.
Consult with your local Amico Source Corporation representative if circumstances allow less space.

2. Place the equipment in elevation views as appropriate.

3. Onthe plans, finalize the routing for the exhaust.

4. Size the exhaust piping. The sizing process is iterative:
a. Start with the total actual length of piping and make an estimate for the line size.
b. By using your estimated size, add equivalent lengths for the fittings employed.

c. Checkthat the size of the intake piping is still acceptable at the new equivalent length. If not,
re-estimate the next larger size and repeat the steps above. The line may also be more accurately
sized by actual calculation. Intake piping must be sized to induce no more than 4 inches (100 mm)
water column backpressure at the pump outlet when all pumps are running. (Use total capacity for
this calculation NOT NFPA capacity). For unusual lengths or other circumstances, contact your local
Amico Source Corporation representative for assistance.

5. Finalize the connection to the distribution piping and size the system piping.

WWW.amico.com
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SPECIFICATION

1. Select the sections appropriate to the desired technology and system architecture.

2. Write into the specification any exceptional requirements that are necessary (soft starters, etc.).

3. Schedule on the drawings the vacuum plant selected.

Schedule at least:

a. The capacity per pump (per NFPA) and total system capacity.

b. Horsepower per pump or Kilowatt.

c. Voltage, Hz and phase desired.

TECHNOLOGY COMPARISON CHART

Amico Source Corporation offers several technologies for medical vacuums, each of which has its own advantages
and drawbacks. This chart summarizes the features of these technologies as an aid in the selection of the correct
technology for your specific application. Please refer to Table 3 for glossary of terms.

Characteristics

Reliability When
Maintained

Longevity of Pump

Operating Cost for
150 ACFM at 24 inHg

Altitude
Maintenance
Efficiency
VFD Capability
Advantages

Disadvantages

Sizing Error Tolerance

Suitability for
Dedicated WAGD

Ambient Temperature
dBat 10 hp
Top Vacuum
Manufacturer

Contact-Less Claw
Good
Good
Low

Poor (1)
Low, Easy *
Very High
Very High
- Low operating cost

- Excellent choice
for dedicated
anaesthesia
evacuation system

+ Low maintenance

- High initial cost

- Higher noise level
compared to other
systems

- Higher heat load
or higher running
temperature

Good
Excellent (4)

Limit of 100°F
83
22 inHgV**

Busch, Elmo Rietschle

Liquid Ring — Water Sealed

Excellent
Excellent
High

Excellent
Low, Can be Complex
Low
Low

Pump life, ambient
temperature indifferent

Excellent choice for a
dedicated anaesthesia
system

- Dependence on a reliable

supply of water

Good water quality is crucial
to avoid premature failures

due to scale build-up

Excellent

Excellent

No Limit if Water is Cool

76
26 inHgV

Travaini

*Indicates the Pump is highly recommended where this characteristic is desired.

** AL20 hp

(1) Pumps can be operated at higher elevations if a lower ultimate vacuum is accepted or life of

vanes is reduced.

- High maintenance

.

Lubricated Rotary Vane  Oil Free Rotary Vane Rotary Screw
Good Moderate Good
Good Moderate Good
Moderate High High
No Limit Poor (1) Poor (1)

High, Can be Complex Moderate, Easy High, Can be Complex

High Moderate Low
No Low Low

High vacuum + Low maintenance -+ Good for high hp
application

Long vane life « Low run temperature

No water and sewage + Enclosed unit
costs

Low noise level

Air cooled design

No rust and scale
problems

Low operating cost

+ Much shorter vane
life than lubricated
pumps

+ Requires a large

Unsuitable for a footprint

dedicated anaesthesia - No customization

evacuation system - Lower capacity per allowed
- Cannot take a slug of hohrse%ovx{er than
— other designs
Poor (2) Good Good
DO NOT USE Poor (3) DO NOT USE
Limit of 100°F Limit of 100°F Limit of 110°F
76 81 89**
29 inHgV 23 inHgV 29 inHgV
Becker, Busch, Becker, Busch Quincy

ElImo Rietschle

(2) Lubricated rotary vane machines may not easily tolerate being undersized.

(3) Qil free rotary vanes use graphite vanes which are not generally suitable with elevated oxidizer
concentrations. Some manufacturers claim they can be rendered.

(4) In the O, assured version.
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Notes on the Source Sizing Guide
These tables represent standard systems and configurations and do not represent all configurations.
In particular:

Envelope dimensions do not include maintenance space. Amico Source Corporation recommends 36" (92 cm) on
all sides but less space may be possible with an understanding of the system maintenance requirements. In all cases
the National Electrical Code requires a minimum clearance of 36" (92 cm) in front of the control cabinet.

Contact your local Amico Source Corporation representative should you require fitting the systems in smaller spaces.

All systems listed have the standard receivers. Larger receivers usually change the envelope dimensions.

The modular system's envelope dimensions shown represent a typical arrangement for minimum floor space.
However, modular systems are easily located wherever appropriate, which will change the dimensional
requirements. Envelope dimensions for modular systems should be used only for informational purposes.

More details on all dimensions will be found on the spec sheets for the system selected and the spec sheet should
be consulted when doing final layout.

WWW.amico.com
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Definitions
ACFM

Continuous Duty

Continuous Duty Rated

Displacement

Duplex System

Intermittent Duty

LPM
NTP

Peak Calculated
Load (PCL)

SCEM

Simultaneous Demand

Source End Vacuum

Timed Alternation

Triplex Systems

Quadruplex System

Medical Vacuum Systems Glossary and Specifications

Table 3: Medical Vacuum Systems Glossary

Actual Cubic Feet per Minute is an expression of actual air volume, generally
corrected for and reference to a particular pressure.

Operational reference to compressors operating 24 hours a day,
continuously.

Vacuum systems which can operate continuously (24 hours per day) if
necessary but normally only operate on demand.

Theoretical physical volume of the air in the pump chamber based upon
100% pumping efficiency, with no allowances made for heat, friction,
clearances or other losses in the compression cycle.

Systems comprised of two (2) pumps, each rated for 100% Peak Calculated
Load (PCL) pipeline system.

Reference to pumps not capable of operating continuously (e.g., pump
design requires periodic shut-down for cooling or oil transfer).

Abbreviation for Liters Per Minute; a measure of the flow rate of a gas.

Normal Temperature and Pressure - generally accepted as 70°F (20°C), 14.969
psi/29.92 inHg barometric pressure, and 36% relative humidity.

The maximum estimated demand a medical facility will require of a medical
vacuum system.

Calculated at SCFM at 483 mmHg (20 inHg).
Standard Cubic Feet per Minute is an expression of air at NTP.

Operating reference to a condition where all pumps (lead and lag pumps)
run simultaneously to satisfy demand in excess of lead pump(s) capability

The vacuum (negative pressure) level required at the vacuum system source
in order to provide the vacuum level at terminal units (outlets) required by
the specific suction regulators utilized in the facility.

Lead and lag pumps alternate on a timed basis. In medical vacuum
applications, all systems should be able to operate on a timed alternation
bases to ensure equal wear of the vacuum pumps.

Medical vacuum system with three compressors (3), each sized for 509 PCL.

Medical vacuum system with four compressors (4), each sized for 33% PCL.
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SUMMARY OF NFPA 99 SPECIFICATION (VACUUM SYSTEM)

PART 1 - GENERAL (Medical Vacuum)

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including general and supplementary
conditions and Division | specification section, apply to this section.

SUMMARY EXTENT OF WORK

1.

This section pertains to all labor, equipment and services necessary for and incidental to the installation of
piped medical gas and vacuum systems (PMGVS) including: oxygen, medical air, medical vacuum, waste
anaesthesia gas disposal (WAGD), nitrogen, instrument air, nitrous oxide, helium, carbon monoxide, argon,

dental air, dental vacuum, laboratory air and mixed gas systems as shown on the drawings and/specified
herein.

a. Oxygen systems shall be complete to the source valve, ready for connection to the bulk gas supply
system.

b. Medical Vacuum and WAGD systems shall be complete, started, tested and ready for use.

c. Nitrous oxide, nitrogen, carbon dioxide, helium, argon and mixed gas systems shall be complete,
tested and ready for use.

PERFORMANCE REQUIREMENTS

1.

All materials used shall be new and of the best grade and quality obtainable and workmanship shall be first
class in every respect. Contractor shall be responsible for compliance with all local, state or federal codes.

Provide all elements and accessories required for complete systems per NFPA 99 most recent edition.

3. Contractor shall make all necessary connections to owner furnished equipment.

Install all piping as shown on Drawings described herein and as described in Section 15050, “Basic Materials

and Methods": using methods of fabrication, grading, testing, repairing, cleaning and other procedures as
described.

Electrical power wiring for vacuum pump(s), WAGD producer(s), ceiling columns, alarms, and modular
accessories associated with the system(s) shall be part of the electrical contract. Any equipment supplied by
this contractor that requires additional electrical services shall be the responsibility of this contractor to provde
these services.

Perform installer pressure testing, cross connection testing and final testing per NFPA 99's most recent edition
and using procedures as specified.

Specifiers; if CONTRACTOR will retain Verifier, use this paragraph;

7.

Retain a qualified third party verifier acceptable to the engineer and owner to perform and attest to final
verification of the systems. Make corrections as needed, including additional testing in order to prevent full and
unqualified certification.

Or, if OWNER will retain Verifier, use this paragraph;

7. Coordinate with owner retained verifier for final verification of the systems. Make corrections as needed,

including additional testing if necessary to attain full certification.

WWW.amico.com



COORDINATION
1. Medical Gas Contractor shall coordinate with other trades to ensure timely installations and evade conflicts
and interference.

2. Work with metal stud partition installer and/or mason to ensure anchors, sleeves and similar items are
provided in sufficient time to avoid delays; chases and openings are properly sized and prepared.

3. Coordinate with owner to ensure medical gas outlets, whether owner supplied or contractor supplied, in
walls, ceilings and all equipments are provided by the same Medical Gas Equipment Manufacturer (MGEM) are
satisfactory to the owner.

4. Coordinate with bulk cryogenic gas supplier for installation, connection and verification of bulk gas supply
systems.

5. Medical Gas Contractor shall supply and install the master alarm system (including the signal wiring). The
electrical contractor shall provide power wiring to each alarm panel. Medical Gas Contractor is responsible
for proper termination, testing and marking of alarm panels. Termination shall be done by or under the
supervision of manufacturer of the alarm panels.

6. Coordinate with Medical Gas Verifier to deliver a complete, tested medical gas installation ready for owner’s
use.

SUBMITTALS

A. Furnish the following as one package:

1. Medical Gas Equipment Manufacturer (MGEM) submittals shall include a minimum of at least one of the
following:

a. Complete specifications for the product intended to be installed, dimensional drawings and wiring
schematics where appropriate.

b. For Medical Vacuum and WAGD plants include:

- Package drawing indicating package style, dimensions when complete, method of disassembly
and sizes of subsections for rigging and installation.

« Vacuum System and package capacity expressed with CFM.
- Lubrication method (if any).
- Drive detail including adjustment method.
- Motor including frame type, service factor, horsepower, current draw and RPM.
- Air filters including type and replacement element.
- Vacuum regulators including type and manufacturer.
- Sound pressure in dB(A) when operated within the capacity as stated in the NFPA 99 Standard.
- Heat output in BTU for the equipment.
c. For other medical gas products include:
- Outlet keying system.
- Alarms networking instructions.
d. Complete installation instructions for the use of the installer.

e. Statement of specific compliance with paragraphs of NFPA 99 Standards most recent edition as
relevant to the equipment and as listed in those sections.

f. Complete maintenance schedules.
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g. Warranty statement which must encompass all system components. Warranties covering only specific
components or containing exclusions are not acceptable.

h. Name and contact information for installation assistance, start up, warranty and service.
i. Description of available preventative maintenance programs for owner’s review.

j. Information on training programs available to maintenance personnel for owner’s review.

B. Medical Gas Verifier Submittals shall include:

1. Name, contact information and reference list. Reference list should include no less than three references on
projects of similar size and complexity.

2. A notarized confirmation from the verifier stating that the verifier undertakes to verify this project and thus
agrees to disqualify themselves from supplying any equipment which will be included in the scope of their
verification. No verifier who supplies equipment shall be permitted to verify that equipment.

3. Statement declaring that the MGEM has no fiduciary interest in the verifier and that the verifier is not an agent
or representative of the MGEM.

4. Statement declaring that the installing contractor has no fiduciary interest in the verifier and that the verifier
has no fiduciary interest in the contractor.

C. Pre-approval

1. Written pre-approval is required for equipment not exactly matching specifications. Submit the information
required under submittals above, attaching a cover letter stating the exact areas of deviation.

2. Arequest for pre-approval of equipment must be received by the engineer no less than three days (72 hours)
prior to bid.

QUALITY ASSURANCE

A. Regulatory Requirements

1. Electrical Control systems and Medical Gas Alarms are to be UL listed as assemblies with label affixed.
2. Medical air, instrument air, medical vacuum and WAGD controls are to be wired in accordance with NEC.

3. MGEM will include with submittals an affidavit attesting to compliance with all relevant paragraphs of NFPA
99's most recent edition including 'D - Verification' on next page.

4. MGEM personnel assembling medical air, instrument air, vacuum and WAGD plant shall meet the latest edition
of NFPA 99 section titled “Qualification of Installers”and hold medical gas endorsements as under ASSE 6010.

5. The Contractor shall furnish documentation attesting that all installed piping materials were purchased
cleaned and complied with the requirements of NFPA 99 5.1.10.1 and 5.1.10.2.

6. The Contractor shall furnish copies of ASSE 6010 qualifications for all workers installing medical gas piping.

B. Installation and Start-up

1. The MGEM will provide authorized representatives to review installation and perform initial start up of system.
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C. Warranty

1. Warranty will be expressly complete, include all components of the system and be the responsibility of the
MGEM for record only. Warranties limiting the responsibility of the MGEM for any system component or which
pass through the MGEM to another manufacturer are not acceptable.

2. All source medical gas components shall be warranted by the MGEM of record for a minimum of 30 months
from date of shipment.

3. Warranties shall include on site repairs including travel, labour and parts.

4. Shipping and installation costs after the first 12 months will be borne by the customer.

D. Verification

1. Medical Gas Contractor shall deliver to the owner a complete system certification.

PART 2 - PRODUCTS
QUALIFICATION OF MANUFACTURER(S)
1. The manufacturer shall supply all of the medical gas systems and equipments to include outlets, valves and

gauges, valve boxes, alarm panels, manifolds, medical air, instrument air, vacuum and WAGD sources.

2. The MGEM shall have a product specialist available to periodically check with the contractor during installation
of the pipeline systems equipment. MGEM shall provide service support to the hospital after turnover.

3. Approved MGEM of Piping Systems Components and Medical Gas Alarms:
a. Amico Source Corporation.
b. Alternate by with pre-approval.

4. MGEM shall have a minimum of 5 years of experience manufacturing medical air and vacuum systems.

@

Written pre-approval is required for all equipment from other manufacturers.

ALL VACUUM TUBING SHALL INCLUDE:

1. Type "L’ "M’ or ASTM B-280 ACR copper.
2. Brazed with BCuP-5 Brazing alloy or equivalent alloy with at least 1000°F (538°C) melting point.

MEDICAL VACUUM PUMPS

Specifier: Determine the size of vacuum plant required and place on the medical gas schedule

1. Provide a complete medical vacuum source, complying with all relevant requirements of the latest edition
of NFPA 99 and supplying medical vacuum continuously for the life of the equipment. The unit shall be
manufactured by Amico Source Corporation or pre-approved equal.

2. All components shall be at least duplexed and valved (or check valved as provided in NFPA 99) to allow
servicing to any components devoid of interruption of vacuum supply to the facility during any maintenance
operation or any condition of single fault failure. Each pump exhaust shall be isolated by a union fitting
permitting capping for service removal.

3. Furnish a complete plant consisting of pumps, receiver and controls capable of providing the scheduled
capacity with one pump out of service. All capacities will be indicated in SCFM at 20 inHG.

Amico Source Corporation




4. System is modular or field separable, allowing for ease of shipment and handling on site. System is completely
factory assembled, requiring only interconnection between modules on site. Systems requiring on site
assembly other than interconnection are not acceptable. Remounting of components removed for shipping is
permitted.

5. Each pump will be direct or close coupled to a NEMA rated High Efficiency TEFC motor with a service factor of
1.15.

6. Each pump will include inlet and outlet flex connectors supplied by the MGEM.

A. Pumps

Vacuum pumps shall be provided as follows:

Specifier: select the paragraph below reflecting the preferred technology:

OIL-LESS CONTACTLESS CLAW:

1. Provide non-contacting claw style rotary pumps. Internal construction is friction free and rotors are non-
contacting. Air end is oil free and requires no sealants. Fach pump is air cooled and continuous duty rated.
Pump is provided with a single lubricated gearbox requiring oil change at minimum 20,000 hour intervals.
Pump is provided with exhaust silencer. Pumps are provided by Amico Source Corporation or pre-approved
equal.

LUBRICATED ROTARY VANE:

1. Provide oil lubricated rotary vane pumps, dynamically balanced heavy-duty multi vane design. Minimum
vane life is 30,000 operation hours. Oil recirculation differential pressure with full recirculation and multistage
exhaust oil separation rated at no less than 99.998% efficiency. Each pump is provided with an oil non-
return valve, filter change indicator for exhaust oil separation filters. Service to the oil filters does not require
disconnection of the exhaust piping. The oil lubrication system shall all be enclosed in one module to
minimize oil leaks. Systems with external piping for oil lubrication are not acceptable. Systems requiring
separate additional external electric motors for oil cooling are not acceptable. Rubber hose flex connectors
and hose clamps are not acceptable for assembling package. Pumps are provided by Amico Source
Corporation or pre-approved equal.

OIL-LESS ROTARY VANE:

1. Provide completely dry pumps equipped with self-lubricating carbon/graphite vanes. Bearings shall be
lubricated and sealed. No oil is permitted in the pump. Each pump is completely air-cooled and has absolutely
no water requirement. Each pump is fitted with a 5 micron inlet filter and is equipped with a vacuum relief
valve, check valve to prevent backflow through off-cycle units, flexible connector, isolation valve and vibration
isolators at each mounting location. Pumps are provided by Amico or pre-approved equal.

WATER-SEALED LIQUID RING:

1. Provide oil-free, single-stage positive displacement and non-pulsating liquid ring type pumps. The pump will
be fitted with mechanical seals. Each pump will be of all iron construction with a bronze or stainless rotor and
carbon steel shaft. Maintenance intervals are calendar based and no hours based maintenance are required.
Under normal operation, system shall minimize usage of fresh seal water. The system shall include a minimum
of 50% water re-circulation. System is self contained. Pumps are provided by Amico Source Corporation or pre-
approved equal.

WWW.amico.com



APPLICABLE TO ALL PUMPS:

1. Each pump shall have a built-in anti-suck-back valve mounted at the pump inlet. Each pump shall be
equipped with one pump isolation ball valve, one inlet check valve and one inlet stainless steel flex connector.
(Option: one bacterial removal inlet filter. The bacterial filter shall meet the requirements of the D.H.S.S. for
infectious disease units with complete bacterial removal to 0.0001% penetration.)

2. Each vacuum pump shall be direct-driven through a shaft coupling by a NEMA C-face motor, TEFC, NFPA
approved electric motor wired for operation on a volt, hertz, 3 phase power supply. Belt drives shall
not be permitted.

B. Receiver

The receiver is to be made of ferrous and/or non-ferrous materials, be capable of withstanding a gauge pressure of
200 psi and 29.9" gauge HgV. The receiver shall be epoxy-lined sized in accordance with the requirements of the
medical vacuum system and in compliance with all the requirements with Section VIII, unfired pressure vessels of the
ASME Boiler and Pressure Vessel Code. The receiver shall also include:

1. The inside of the receiver consists of a two-part epoxy coating providing rust protection equal or better than
that achieved by galvanizing.

Manual drain valves.
Liquid level indicator.

Source shut off valve.

i o> W N

Equipped with a means for bypassing the receiver to allow repair and maintenance.

C. Piping and Control Components

The piping control components for each vacuum pump shall include:

1. Flexible inlet and outlet couplings.

2. Inlet and outlet shut-off valves.

3. Exhaust drip leg.

4. A means of removing the vacuum pump for service or replacement without interruption to the system.

Piping and control components shall have corrosion resistance at least equivalent to that of brass or copper and
have a rating consistent with the pressure and flow requirements of the system. Exhaust piping from the vacuum
pump to the outlet shall be made of non-flammable, corrosion-resistant materials.

The exhaust of the vacuum pumps shall be outdoors to avoid possible contamination of the intake system (e.g., the
medical air intake system) and the exhaust shall be:

1. Located at least 10 ft (3 m) away from any door or operable window, door, air intake or other openings in
buildings.
2. Ata level different from air intake.

3. Where prevailing winds, adjacent buildings, topography, or other influences that would not divert the exhaust
into occupied areas or prevent dispersion of the exhaust.

4. The end of the exhaust shall be turned downward, screened, and otherwise be protected against the entry of
vermin, debris, or precipitation by screening fabricated or composed of a non-corroding material.

5. Each pump can be isolated by manual or check valve, blind flange, or tube cap to prevent open exhaust
piping when pump(s) are removed for service and consequent flow of exhaust air into the room.

14 Amico Source Corporation



D. Control Panel and Alarm Sensors

The control system is UL labeled. The control system provides automatic lead/lag sequencing and automatic
alternation of pumps based on first-on/first-off principle with provision for simultaneous operation if required.
Automatic activation of reserve unit, if required, will activate an audible alarm as well as a visual alarm on the display
screen.

1. Control Panel Features:

Only panel components that are commercially available and not of propriety design will be considered.

a. NEMA 12 control panel enclosure.

b. Full voltage motor starter shall be UL 508 E self-protected combination starters with overload
protection and external operators.

Door interlock disconnect switch.

90 dB alarm buzzer.

Visible indicator of “power on”and “oump running” for each pump.
Two control transformers with secondary circuit breaker.

Hand, Off and Auto selector switches for each pump.

@ ™o a0

Transducer and RTD based controls.

The RTD will digitally display the running temperature of each discharge port and shall be field set to
standard manufacturer's operating parameters.

j. The calibration of the pressure transducer can be set so a non-standard transducer can be used.

2. Touch screen displays and functions include:

a. UL listed control panel has a NEMA 12 enclosure.

b. Externally operable circuit breakers with door interlocks, control circuit transformers with fused
primary and secondary circuits, H-O-A switches and magnetic starters with three leg thermal overload
protection.

¢. Monochrome touch screen monitor with red background during fault displays the hours of operation
of each pump, settings of the system and indicates any faults.

d. Optional 3.5" (8.9 cm), 5.7"(14.48 cm) or 7.5" (19 cm) multicolor touch screen monitor displays the
hours of operation of each pump, settings of the system and indicates any faults.

Lighting on the H-O-A switches indicates which pump is running.
Audible and visual local alarms are included for all alarm conditions.

Manual reset for thermal malfunction shutdown.

> @ ™o

All control and alarm functions shall remain energized while any compressor or vacuum in the system
remains electrically online.

The lag compressor shall be able to start automatically if the lead compressor fails to operate.

j. Digital dew point and CO readout integrated on screen, with alarm contacts.
k. Digital display of the dew point (either in °F or °C) and CO in ppm on the monitor.
. Alarm contacts are provided for remote annunciation for all alarm conditions.

m. Ethernet connection for remote access to panel interface through the use of a web browser.
(Multicolor touch screen only)

n. Language selection: English, French or Spanish.

0. Available for Duplex systems and above.

www.amico.com 15



3. Options (Multicolor touch screen only):

Alarm logging.

o o

Alarm emailing.

BACNET connection.

Extra alarm points monitoring.

Internet remote panel control via 3G cellular network (Monthly connection fee applies).
Variable Speed Drive (VFD).

- o a0

g.
4. Panel designed with selectable options to fully match applications

a. All system settings shall be user adjustable and accessible with the system in operation and the
control panel door closed (password protected).

b. Adjustments can be made to pressure settings to match the customer’s requirements.
c. Allalarms to require manual reset.

5. Standard alarms shall open on failure with local audible and visual alarms with dry contacts for the following
conditions:

Specifier: select the section below reflecting the preferred technology:

OIL-LESS CLAW PUMP
a. Lagpumpin use
b. Main transformer failure
c. Motor overload
d. High discharge air temperature

e. Highinlet vacuum

LUBRICATED ROTARY VANE PUMP
Lag pump in use

Main transformer failure
Motor overload

High discharge air temperature

© o n T o

Low oil level

DRY ROTARY VANE PUMP
a. Lagpumpin use
b. Main transformer failure
c. Motor overload

d. High discharge air temperature

WATER-SEALED LIQUID RING VACUUM PUMP
a. Lagpumpin use
b. Main transformer failure

Motor overload

N

o

. High water temperature
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Quick Guide to Configurations

MODULAR STACKING CONFIGURATION

Modular stacking configurations have two pump assemblies
stacked on a single stack that are separable for shipping. Vacuum
pump assemblies include at least one pump and one motor.

SPACE-SAVER CONFIGURATION

Vertical configurations have two pumps stacked on a single
vertical tank. This configuration is only suitable for smaller
vacuum pumps or pumps with very little inherent vibration such
as Contact-less Claws. It is the most space-efficient of all medical
vacuum configurations.

HORIZONTAL TANK MOUNT

The vacuum pumps are mounted on a horizontal tank which is
large enough to accommodate bigger pumps and accessories
than the Space-Saver. The system is factory piped and wired to a
single inlet, outlet and electrical connection.

SKID MOUNT

These systems are mounted on separate skids. This configuration
is suitable for larger vacuum pumps. This type of vacuum system
is also designed for ease of transportation.

WWW.amico.com



Notes:

The location and number of vacuum terminal units in a system must be determined by consultation with the
medical and hospital staff having knowledge of the requirements for and the utilization of vacuum in each space or
patient location. Often individual state requirements will dictate specific numbers and locations for vacuum outlets.

The usage factor is a function of the anticipated procedure(s) and apparatus which could be encountered
simultaneously and may vary from one facility to another.

* see NFPA 99 Standard

Medical Vacuum System Exhaust

Below is a summary of the requirements for the medical vacuum system exhaust locations.

1. Locate the medical vacuum exhaust outdoors in a manner that will minimize the hazards of noise and
contamination to the hospital and its environment. The exhaust shall be located remote from any door,
window, air intake or other openings in buildings with particular attention given to separate levels of intake
and discharge. Care shall also be exercised to avoid discharge locations contraindicated by prevailing winds,
adjacent buildings, topography and other influences. Outdoor exhausts shall be protected against entry of
insects, vermin, debris or precipitation. Exhaust lines shall be sized to minimize back pressure. Discharge piping
shall be free of dips or loops that might trap condensate or oil. If such discharge piping is unavoidable, a
trapping drip leg shall be installed to keep the piping free of fluid buildup. The exhaust shall be located at least
30 ft (10 m) from any door or operable window, 50 ft (15 m) from any mechanical air intake and a minimum of
10 ft (3 m) above grade.

2. Medical vacuum exhausts for separate pumps shall be permitted to be joined together to one common
exhaust, provided such intake is appropriately sized.

3. Discharge of pumps utilizing a common exhaust pipe shall be fitted with a check valve, or a manual value
(locked open) or arranged to permit capping of the active pipe when removing or servicing the pump.

4. Install a drip leg at the base of each pump exhaust line riser.

Minimum exhaust pipe sizing required based on the medical vacuum system horsepower, configuration and
the total pipe length (including elbows) in the medical vacuum exhaust line (see Table 4).

a. The medical vacuum exhausts are joined together to one common exhaust.
b. Minimum pipe size must be maintained for the total length of exhaust pipe.

c. Use the next larger size pipe in the event the minimum size is not available.
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Table 4: Exhaust Pipe Sizing

Available online at www.amico.com

Nominal Pipe Size: 15" 2.0" 2.5" 3.0" 4.0" 5.0" 6.0" 8.0"

Duplex 2 Hp

Duplex 5 Hp 74 16 = 65 = 200 475

Duplex 10 Hp 178 45 100 425 1,00

Duplex 20 Hp 272 45 180 = 525 1300

Triplex 5 Hp 113 30 50 225 900

Triplex 10 Hp 267 45 | 180 = 550 1,400

Triplex 20 Hp 409 80 250 600

Quad 7.5 Hp 275 45 190 550 1,400

Quad 15 Hp 478 65 190 = 450

Quad 25 Hp 670 35 170 425

. I www.amicocom 19



Lubricated
Rotary Vane Vacuum System

i 1m|co

Control Panel Specifications

- UL listed control panel has a NEMA 12 enclosure.

- Externally operable circuit breakers with door
interlocks, control circuit transformers with fused
primary and secondary circuits, H-O-A switches and
magnetic starters with three leg overload protection.

- Touch screen monitor displays the hours of operation
of each pump, settings of the system and indicates
any faults.

- Lighting on the H-O-A switches indicates which
pump is running.

+ Audible and visual local alarms are included for all
required alarms and manufacturer recommended
alarms.

20 Amico Source Corporation

- All control and alarm functions shall remain energized

while any compressor in the system remains electrically
online.

- The lag compressor shall be able to start automatically if

the lead compressor fails to operate.

- Alarm contacts are provided for remote annunciation for

all alarm points.

- Alarm logging within the control panel PLC

(premium only).

- Ethernet connection for remote panel control

(premium only).




Lubricated
Rotary Vane Vacuum System

mMICO

Specifications

+ Meets or exceeds the requirements of NFPA 99,

- Package contains: lubricated rotary vane vacuum
pumps, associated piping and valves, one ASME air
receiver and one control panel.

- System intake, exhaust and power connection at the
control panel are the only field connections required.

« Airinlet and electrical shall be completely pre-piped
and pre-wired to a single point service connection.

- Allinterconnecting piping and wiring are completed
and operationally tested prior to shipment.

« Liquid tight conduit, fittings and junction boxes for all
control and power wiring are provided.

Vacuum Pump
« The medical vacuum pump shall be of the
rotary vane air-cooled design with integral, fully
recirculating oil supply with sight glass to indicate oil
level.

- The oil separation system shall be integral and shall
consist of no less than three stages of internally
installed oil and smoke eliminators.

- This system shall be capable of removing 99.9+
percent of all oil and smoke particles from the
exhaust. Each pump shall include a built-in, anti-suck-
back valve mounted at the pump inlet and each
pump shall be equipped with three non-asbestos
vanes.

Vacuum Pump Drive

The vacuum pump shall be direct driven. Torque is
transmitted from the motor to the pump through a shaft
coupling.

Vibration Isolation System
The pumps and motor are fully isolated from the package
base by means of rubber mounts.

Vacuum System Accessories

Inlet and discharge flexible connectors, inlet check valves,
inlet isolation valves, gauge exhaust tee with drip-leg and
drain cock valve as well as poly tubing with DISS fitting for
vacuum transducer.

Intake Piping
Each vacuum pump shall have a factory piped intake
with integral flex connector, isolation valve and check
valve.

« Interconnecting piping shall consist of iron/galvanized
pipe and fittings.

Vacuum Receiver
- ASME construction.

- The receiver shall be rated for full vacuum service and
shall be equipped with a manual valve drain.

« Rated for a minimum 200 psig design pressure.

Furnish and install, where shown on the drawing, a prefabricated desiccant air treatment system as manufactured by Amico Source Corporation.

The service of a factory trained representative shall be made available at job site to check installation and start up as well as train operating personnel in
proper operation and maintenance procedures. A start-up form shall be completed at the time of start-up by a factory trained representative.

www.amico.com 21
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Oil Less
Dry Rotary Vane Vacuum System

Aﬁlco

Control Panel Specifications

- UL listed control panel has a NEMA 12 enclosure.

- Externally operable circuit breakers with door
interlocks, control circuit transformers with fused
primary and secondary circuits, H-O-A switches and
magnetic starters with three leg overload protection.

- Touch screen monitor displays the hours of operation
of each pump, setting of the system and indicates
any faults.

- Lighting on the H-O-A switches indicates which
pump is running.

- Audible and visual local alarms are included for
compressor temperature malfunction and reserve
compressor in use.

« All control and alarm functions shall remain energized

+ The lag compressor shall be able to start automatically if

- Alarm contacts are provided for remote annunciation for

« Alarm logging within the control panel PLC

- Ethernet connection for remote panel control

while any compressor in the system remains electrically
online.

the lead compressor fails to operate.

all alarm points.

(premium only)

(premium only)

www.amico.com 27



Oil Less
Dry Rotary Vane Vacuum System

%ﬁlco

Vacuum System Specifications

«+ Meets or exceeds the requirements of NFPA 99,

+ Package contains: lubricated rotary vane vacuum
pumps, associated equipment, one ASME air receiver
and one control panel

- System intake, exhaust and power connection at the
control panel are the only field connections required.

« Airinlet and electrical shall be completely pre-piped
and pre-wired to a single point service connection.

- Allinterconnecting piping and wiring shall be
completed and operationally tested prior to
shipment.

« Liquid tight conduit, fittings and junction boxes for all
control and power wiring are provided.

Vacuum Pump
- Dry rotary vane, air-cooled design with integral, fully
re-circulating oil supply with sight glass to indicate oil
level.

« Bearing shall be permanently lubricated and sealed.

Vacuum Pump Drive

The vacuum pump shall be direct driven. Torque is
transmitted from the motor to the pump through a shaft
coupling.

Vibration Isolation System
The pumps and motor are fully isolated from the package
base by means of rubber mounts.

Vacuum System Accessories

Inlet and discharge flexible connectors, inlet check valves,
inlet isolation valves, exhaust tee with drip-leg and drain
cock valve as well as poly tubing with DISS fitting for
vacuum switches and gauge are provided.

Intake Piping
« Each vacuum pump shall have a factory piped intake
with integral flex connector, isolation valve and check
valve.

« Interconnecting piping shall consist of iron/galvanized
pipe and fittings.

Vacuum Receiver
« ASME construction

« The receiver shall be rated for full vacuum service and
shall be equipped with a manual valve drain.

+ Rated for a minimum 200 psig design pressure.

The service of a factory trained representative shall be made available at job site to check installation and start up as well as train operating personnel in
proper operation and maintenance procedures.

28  Amico Source Corporation
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Oil Less

A’ﬁco

Contact-Less Claw vacuum System

Control Panel Specifications

« UL listed control panel has a NEMA 12 enclosure.

- Externally operable circuit breakers with door
interlocks, control circuit transformers with fused
primary and secondary circuits, H-O-A switches and
magnetic starters with three leg overload protection.

- Touch screen monitor displays the hours of operation
of each pump, setting of the system and indicates
any faults.

- Lighting on the H-O-A switches indicates which
pump is running.

« Audible and visual local alarms are included for
compressor temperature malfunction and reserve
compressor in use.

34 Amico Source Corporation

- Manual reset for thermal malfunction shutdown is

available.

+All control and alarm functions shall remain energized

while any compressor in the system remains electrically
online.

- The lag compressor shall be able to start automatically if

the lead compressor fails to operate.

- Alarm contacts are provided for remote annunciation for

all alarm points.

- Alarm logging within the control panel PLC

(premium only)

- Ethernet connection for remote panel control

(premium only)




Oil Less
Contact-Less Claw vacuum System

%ﬁlco

Vacuum System Specifications

«+ Meets or exceeds the requirements of NFPA 99,

- Package contains: contact-less claw vacuum pumps,
associated equipment, one ASME air receiver and one
control panel.

- System intake, exhaust and power connection at the
control panel are the only field connections required.

« All components shall be completely pre-piped and
pre-wired to a single point service connection.

- Allinterconnecting piping and wiring shall be
completed and operationally tested prior to
shipment.

« Liquid tight conduit, fittings and junction boxes for all
control and power wiring are provided.

Vacuum Pump
- Continuous duty, high efficiency, oil less and
frictionless contact-less claw type.

«Air cooled with no water requirements, pumping
chamber is oil free.

- Maintenance shall be limited to changing the gear
box oil as needed.

Vacuum Pump Drive

The vacuum pump shall be direct driven. Torque is
transmitted from the motor to the pump through a shaft
coupling.

Vacuum Pump Motor
- TEFC NEMA Cface

+ 3600 RPM, continuous duty

-+ 208V or230-460 V, 60 Hz, 3 phase electrical service

Vibration Isolation System
The pumps and motor are fully isolated from the package
base by means of rubber mounts.

Vacuum System Accessories

System is equipped with vacuum relief valves, check valves,

inlet and discharge flexible connectors, isolation valves, high
discharge temperature switches, vacuum switches, vacuum

gauge and oil sight glass.

Intake Piping
- Factory piped intake with integral flex connector,
isolation valve and check valve.

- Interconnecting piping shall consist of iron pipe and
fittings painted white.

Vacuum Receiver
ASME construction, epoxy lined

+ Rated for a minimum 200 psig design pressure

- Rated for full vacuum service

- Manual valve drain included

The service of a factory trained representative shall be made available at job site to check installation and start up as well as train operating personnel in
proper operation and maintenance procedures.

www.amico.com 35
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