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About the Lecturer:

>

>

Bachelor's Degree in Mechanical Engineering, Helwan University, El-Mattaria,
Cairo, Egypt - May 2010.
Working as Mechanical design Engineet'in "DMG" Design and Project
Management MEP Consultant Group ( ) since 2010 till 2012. and
Mechanical Design engineer_team leader since 2012 till now.
Working as Mechanical Design engineer Team leader in HOWEEDY Consultant
office ( ) since Feb 2016-till now.
Responsible for :
= Preparing Design and work shop drawings, Bill of quantities, Technical
schedule, Specifications and all. ¢aleculations
= Prepare design or workshop MEP coordination drawings, calculations, Piping
and Instrumentation diagrams, technical specifications, suppliers and vendors
list.
= Review all mechanical materials and equipment submittals.
= Participated in planning, cost development'and management. In addition,
prepare project schedule line and erisure that the project was completed on
time
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About the Lecturer:

» Responsible for :

» Team leader for mechanical engineers . and-provide technical support to meet
project goals.

* Performed MEP commissioning visits on the site and Progress meetings to
follow and solve all problems or conflicts between contractors, vendors and
consultant offices and make sure that all MEP works are'coordinated.

* Prepare & submit billing breakdown for the project-and manage the billing
process for the project

For more information about the lecturer, Kindly visit my LinkedIn
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1. Pipe type will be used:

Medical Gas Piping System (MGPS)
—

Compressed air .
Oxygen Nitrogen
system
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Types of Medical Gas:

1.0xygen: Oxygen is used when patients require supplemental oxygenation due to hypoxemia and hypoxia
(insufficient oxygen in the blood). This system consists of a latge storage system of liquid oxygen, which is then
evaporated into a concentrated oxygen supply. Pressurés'are kept around 380 kPa or 55 psi. This arrangement is
described as a vacuum insulated evaporator or VIE.'For medical centers with a low patient capacity, oxygen is
supplied by multiple standard cylinders, as'opposed to evaporated liquid oxygen.

2.Nitrous Oxide: Nitrous Oxide, ordatughing gas, is used as an analgesic, and as an anesthetic for pre-operative
procedures. Nitrous oxide is delivered to the hospital in standard tanks and is supplied through the medical gas
system at around 345 kPa, or 50 psi.

3.Nitrogen: Nitrogen is often used to power up surgical equipment during various procedures, and to measure a
person’s response to a simulated aircraft cabin environiment in pre-flight lung testing. This is known as hypoxic
challenge testing. Nitrogen is also used as a cryogen.to freeze and preserve blood, tissue, and other biological
specimens, and to freeze and destroy diseased tissue in dermatology and cryosurgery.

4.Carbon Dioxide: Carbon dioxide isused to suspend or inflate various tissues and 1s used in laser surgeries.
Most commonly, carbon dioxide is used in abdominal and thoracic surgeries;where the surgeon may need to
move various organs to get to one particular area of the body. Carbon dioxide can also be combined with
oxygen or air for respiratory simulation and treatment of various respiratory disorders. System pressures are
maintained at about 345 kPa, or 50 psi.
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Types of Medical Gas:

1. Helium/Heliox: Helium is often used to treat fixed partial upper airway obstructions or increased air
resistance. This will help patients breathe easier. It is\also used in liquefied form to help MRI machines to
reach a superconducting state. This allows the MRIito’produce high-resolution body images without exposing
the patient to radiation.

2. Carbon Monoxide: This gas is only used in very trace amounts as an ingredient in lung diffusion testing. This
test helps medical staff to detexmine’how well a patient’s lungs are exchanging gases. In addition to these
main gases, there are a number of medical gas mixtures. These are often used for patient diagnostics such as
lung function, or blood-gas analysis. Test gases are also used to ‘calibrate and maintain medical devices that
are employed in the delivery of anaesthetic gases. Medical 'gases are also used in a laboratory environment,
where bacterial cultures may be grown in controlled aerobic or anaerobic incubator atmospheres. Biological
cell cultures or tissue growth can be controlled by aerobic conditions that use mixtures rich in oxygen.
Conversely, anaerobic conditions are created using mixtures rich in hydrogen orcarbon dioxide.

MC-02 PLUMBING SYSTEM @

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com



MEDICAL GAS SYSTEM DESIGN CHECKLIST:

1. Determine terminals units required (Schedule of provision of terminal units — Future Extensions)
2. Design flow rates and pressure requirements at each terminal unit
3. Using diversity factor equations for piping system sizing

* Piping design

* Zone valves

* lIsolation valves

* Master alarms

* Areaalarms
4. Determine the total flow (Peak load) and pressure required at plant room
5. Plant room design:

e Select and sizing various equipment

*  Bulk oxygen (02)

* High-pressure cylinder manifolds (02-N20-N2)

*  Vacuum pumps (VAC)

* Medical air compressor (MA)
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Table 7 Quality specification for medical air

(for the requirement for dental compressed air refer to the relevant

supplement) 1.
2.

Parameter Specification 3.
4

Oxygen 20.9 +/-1.0%

Nitrogen 78% by inferencs

Particulate contamination

Water content
— see paragraph 2.13

CO

Co,

Qil content (droplet or mist)

Odour
- see paragraph 2.11

Practically free”from visible
particles in a 75 Isample

115 vpm (0.095 mg/l)
(equivalent to dewpoint
-40°C at atmospheric
pressure)

5 ppm v/v
500 ppm Vi
<0.5 mg/m3

none

Note: Similar values apply to other medical gases; see relevant paragraph(s) in

appropriate Ph Eur monograph.

* Health Technical Memorandum 2022
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Some abbreviations:

MA4 (Medical air)

SA7 (Surgical air/Nitrogen)
VAC (Vacuum)

AGSS (2?)
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A. Determine terminals units required (Schedule of provision of terminal units — Future Extensions):

| Terminal Units a=lz< gyoe )

TS\

Department 0, [ N0 N,0i0, [ MA4 [ 84T (JWAC | AGSS [ HelO, AVSU Alarm
Accident and Emergency I set (1 1 set hp/lp &
Resuscitation moom, per trolley space 2 2 - 2 - 2 2 - 2 sets”
Mote: One set either side of the trolley space, if installed in

D e 1 " fixed location, ep trunking; or both sets in an articulated supply

- f“‘"j pendant that can be positivned either side of the bed space._”

Major treatment/plaster room per trolley space 1 1 Ip 1 Ip 1 1 - 1 set/8 TUs
Post-anaesthesia recovery per trolley space 2 - - 2 - 2 - - 2 sets
Mote: One set either side of the trolley space, if installed in
fixed location, ep trunking; or both sets in an articulated supply
pendant that can be positioned either side of the bed space.
Trearment roomd/cubicle l - E - - 1 3 E I set/B TUs
Operating department I set (1
Anaesthetic rooms (all) l 1 E 1 - 1 1 E

Operating room, orthopaedic:

For anaestherist 2 1 - 2 - I set per suite | set per suite
ey hp/lp (19)

For surgeon - = - - “

=]
|

=]
|
|

"_::,_.?.'h MNote Grth!:rpn:di[: surgery is normally performed in operari

mooms provided with ultra-clean systems. Such systems are m

it .L].J:.jj]j more effective in terms of airflow when provided with partial

=, " - walls. These walls may be effectively wsed to include terminal
astll Al units that can be supplicd by rigid pipework. Such installations

do not suffer from excessive pressure loss when surgical air is

required at high flows.
\ Olperating room, neurosurgery

Anacsthenst 2 1 - 2 -

-3
|

I set per suite | set per suite
oty

(i hF"'II'F' [ i}

[

Surgeon - - - £
Mote: If multi-purpose pendants are used, there may be some
loss of perfformance of surgical tools because of bore restrictions

and convolution of the flexible connecting assemblies at the
articulated joints.

PA

7207 WNPUBIOWIA [B2TUYI T, YI[CIH .
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2- Determine medical gas inlet/outlet terminals required (type, location, style and future expansion)

Table 2-4 Inlet /Qutlet Station Data

Room O, VAC_N,O " Air N, EVAC  Typical Uses

Anesthesia workroom 1 1 a 1 Equipment repair testing

Animal oper. (research surgery) 1 1 a Animal anesthesia and surgery
Animal research lab 1 1 1 Routine animal care

Autopsy 1 1 Suction waste materials from body
Bed holding 1 1 Cardiac arrest, O, therapy
Biochemistry b 1 1 Standard lab use®

Biochem. lab b 1 1 Standard lab use?

Biophysics / biochemical b 1 1 Standard lab use?

Blood processing 1 1 Standard-lab use?

Blood receiving (blood donors) 1 1 1 Emergency use

Cardiac catheterization room 1 2 Cardiac arrest and other emergencies
Chem analysis lab (sm. lab in hosp.) 1 1 Standard lab use®

Chemical lab 1 1 Standard lab use®

Cystoscopy 1 3 1 Emergency use

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Table 2-5 Medical-Air Peak-Demand Chart

Freé-AirDesign Flow, scfm (L/min) Simultaneous
Use Factor
Area Rer Reom Per Bed Per Outlet (%)
Anesthetizing locations®
Special surgery 0.5 (15) — — 100
Major surgery 0.5 (15) — — 100
Minor surgery 0.5 (15) - — 75
Emergency surgery 0.5 (15) — — 50
Radiology 05 (15) — — 25
Cardiac catheterization 0.5 (195 — — 50
Acute-care locations
Recovery room — 2 (60) — 50
ICU/CCU — 2 _(60) — 50
Emergency room —_ 2 (60) — 50
Neonatal ICU — 1.5 (40) — 75
Dialysis unit — — 0.5 (15) 10

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Table 2-6 Outlet Rating Chart for Medical-Vacuum Piping Systems

Free-Air Allowance, Zone Allowances—
cfm (L/min) Corridors, Risers, Main
at 1 atmosphere Supply Line, Valves
Simultaneous Air to Be
Location of Medical-Surgical Per Per Usage Factor Transported,
Vacuum Outlets Room Outlet (%) cfm (L/min)?
Operating rooms:
Major “A”  (Radical, open heart; organ
transplant; radical thoracic) 3.5 (100) — 100 3.5 (100)
Major “B”  (All other major ORs) 2.0 (60) . 100 2.0 (60)
Minor 1.0 (30) — 100 1.0 (30)
Delivery rooms 1.0 (30) — 100 1.0 (30)
Recovery room (post anesthesia) and
intensive-care units (a minimum-of 2
outlets per bed in each such department):
1st outlet at each bed — 3 (85 50 1.5 (40)
2nd outlet at each bed — 1.0430) 50 0.5 (15
3rd outlet at each bed — 1:0 (30) 10 0.1 (3
All others at each bed — 1.0 (30) 10 0.1 (3

* ASPE code “health care facilities and 'medical gas and vacuum systems”

MC-02 PLUMBING SYSTEM @

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com



Table 2-7 Medical-Vacuum Peak-Demands Chart (Medical-Surgical Vacuum System)

Free-Air-Design Flow, scfm (L/min) Simultaneous

Use Factor
Area Per Room Per Bed Per Outlet (%)
Anesthetizing locations:
Specialized surgeries (open heart,
organ transplant, etc.) 4 (115) — 1.5 (40) 100
Major operating rooms 3.5 (100) — — 100
Cystoscopy 2 (60) — - 100
Delivery room 1 (30) — — 100
Emergency operating room 3 (89 — — 100
Other anesthetizing areas (minor O.R.,
orthopedic O.R., cardiac catheterization,
radiology, induction rooms, etc.) 1 (30) — — 50
Waste anesthetic gas evacuation 1 (30) — — 100
Acute care (non-anesthetizing locations):
Post-operative recovery room — 3 (89 — 50
O.B. recovery room — 2. )(60) — 50
Intensive care units (except cardiac) — 2 (60) — 75
Emergency room — 1 (30) — 100
Cardiac intensive care — 2 (60) — 50

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Table 4 Gas flow - flows required at terminal units

Service Location Nominal Flows litres/min
pressure kPa © Design flow Typical flow
required

Oxygen Theatres 400 100 @ 20
All other areas 400 10¢ 6

Nitrous oxide All areas 400 15 o}

Nitrous oxide/ Delivery rooms min 275 20

oxygen mixture All other areas 3100 20 15

400

Medical air Theatres 400 40°¢ 40

400 kPa ITU/neonatal 400 80¢ 80
CCU 400 80° 80
Other 400 20 10¢

Surgical air/ Theatres 700 350 ¢ 350

nitrogen

Vacuum Theatres 40 40 40
Recovery (300 40 40
Ccu mm Hg) 40 40
Ward areas below 40 40

atmospheric

Nitric oxide ITU, neonatal 400 15 6
theatres

Oxygen/carbon Cardio-thoracic 400 100 40

dioxide mixture

theatres, oncology

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com

MC-02 PLUMBING SYSTEM

a. During oxygen flush in operating and anaesthetic rooms.

b. Minimum pressure at 275 I/min.
These flows are for certain types of gas-driven ventilators under specific
operdting-conditions, and nebulisers etc.

d. Surdical tools/tourniquets.

5 Pressure required at terminal unit, not in pipeline.

B. Design flow, rates and pressure requirements at each
terminal unit

* Health Technical Memorandum 2022
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C. Using diversity factor equations for piping system sizing
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Table 6 Oxygen diversified flows

Department Design flow for each  Diversified flow
terminal unit ’min Q I/min

In-patient acute

Ward units - single

and multi-bedrooms 10 OW = 10 4 (n=1)6

Treatment rooms 3

Each ward unit

Departments comprising 10 QD = QW ﬁ +(w=1 J

several ward units 2

ITU and CCU 10 Ql =10 + (NB-1)6

Adult acute day care

Major treatment room 100 QT = 100 + 20(T-1)

Endoscopy room 10 QR =10 + (n-1)6

Recovery room 10 QR =10 + (n-1)6

Maternity department

Delivery suite 10 QM= 10 + (n=1)6

2

Normal delivery room 100 QM =100 + (n-1)6

Abnormal delivery room 2

Neonatdlunit 10 ON =10 + (n-1)6

Operating-department

Operating reem 100 QT = 100 + 20(T-1)

Anaesthetic room 10 QA =10 + (A-N86

Legend for all tables

n = number ofAerminal units

nB = number of+Bed spaces

wW = number of ‘ward units

T = number of operating rooms or major treatment rooms

A = number of anaesthetic rooms

S = number of operating suites (1 operating room + 1 anaesthetic
room)

Q = diversified flow

QW = diversified flow to ward units

QD = diversified flow to a department

Ql = diversified flow to ITU or CCU

QT = diversified flow to operating room or major treatment room

QA = diversified flow to anaesthetic rooms

QR = diversified flow to recovery rooms

QM = diversified flow to maternity suite

QN = diversified flow to neonatal unit

QB = diversified flow to baby bed space

QDent = diversified flow to dental department

QWS = diversified flow to equipment workshop

QP = diversified flow to plaster room

* Health Technical Memorandum 2022
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Nitrous oxide

4.40 Nitrous oxide is provided mainly for anaesthetic purposes and maybe
provided occasionally for analgesic purposes. In all cases each terminat tnit
should be capable of passing 15 I/min, but in practice the f@wtis unlikely to
exceed 6 I/min.

4.41 Therefore, for operating rooms and ahaesthetic rooms allow 15 I/min
for the first room and 6 I/min for the remainder.

4.42 |t must be assumed that where nitrous oxide terminal units are
provided, they may all be in use simultaneously. Design and diversified flows

for nitrous oxide are given in Table 7.

Table 7 Nitrous oxide diversified flows

Department Design flow for each  Diversified flow Q I/min
terminal unit /min

All departments 15 Q = 15 4cfB21)6

nB = number of bed spaces or number of rooms as-appropriate

MC-02 PLUMBING SYSTEM
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Nitrous oxide/oxygen mixture

4.43 All terminal units should be capable of passing 275 I/min for a very
short period to supply inhalationary gasps by the patient, and a continuous
flow of 20 I/min. The actual flow would not normally exceed 20 //min.

4.44 The diversified flow in intensive therapy units and coronaryrcare units is
based on 20 I/min for the first bed space and 15 I'min_foz-¢ach-of the
remainder, since it is possible that nitrous oxide/oxyger mixtures could be
administered at all bed spaces where provided.

4.45 The diversified flow in delivery rooms is based on 275 I/min for the first
bed space and 20 I/min for each of the remainder, of which only 50% will be

in use simultaneously.

4.46 Design and diversified flows for nitrous oxide/oxygen mixtuheS-are
given in Table 8.

* Health Technical Memorandum 2022

Table 8 Nitrous oxide/oxygen mixtures design and diversified flows

Department Desigp=floyv¥or each
tertinal unit /min

Diversified flow Q I/min

Delivery rooms 275

Other areas 20

QM = 275 + 20(nB-1)
2

Ql = 20 + 15(nB-1)

MC-02 PLUMBING SYSTEM
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Medical air

General

4.47 Medical air is used to provide power for severakiyfes-of equipment BS 4272:Pt 3:1988 provides for
including surgical tools, ventilators and nebulisers (@xyden should be auxiliary outlets on anaesthetic
avoided as a power source because of fire risk-andcost, and should not be machines for both air and oxygen
used where medical air is available, unless specifically recommended by the

device manufacturer.

4.48 Medical air should be provided at two different pressures:

a. a pressure of 400 kPa is required to drive ventilatorg and for other
respiratory applications;

b. a higher pressure of 700 kPa is requiree to drive surgical tools. In this
document, medical air at 700 kPa is referred to as surgical air to avoid
confusion.

* Health Technical Memorandum 2022
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« The supply system for medical air 400 kPa may be a manifold system, a compressor system or a
proportioning system (synthetic air) and includes an emergency/reserve manifold. A compressor plant
should always be specified where air-powered ventilators-are to be used.

* One of the major uses of medical air is for patient ventilators. Patient ventilators fall into two main categories
— those used during an aesthesia .and®those used during intensive therapy. Pneumatically powered
ventilators can use up to 80 l/min\ free air continuously. The exact flow requirements will depend on the
design of the ventilator. The flow and pressure requirements for some typical ventilators are given in Table 9.

* 4.53 Current models of an aesthetic ventilators are very similar to intensive therapy models, and may require
peak flows of up to 80 I/min and average flows of 20-1/min. Almost all such units are pneumatically driven
and electronically controlled.

 Medical air 400 kPa is also used foriother equipment such as an aesthétic¢’ gas mixers, humidifiers and

nebulisers. The flow rates normally required would not exceed 10 l/min,-and this flow is always in excess of
the actual volume respired.

* Health Technical Memorandum 2022
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 The minimum pressure required at terminal units for respiratory use is 355 kPa and all terminal units should be
tested to ensure that the pressure does not fall below 355 kPa at flows of: 80 1/min in intensive therapy units and
coronary care units; 40 1/min in special care bay units and‘operating suites; 20 I/min in ward areas.

Table 9 Typical pressure and flow requirements for ventilators angbnebulisers

Ventilator type Pressure kPa

aw I'min free air

Anaesthesia, typically gas driven, 300-700 '

electronically controlled nominal 400
Intensive therapy 300-700 "
Electronically controlled nominal 400

Gas powered

Neonatal — electronically 300-700!
controlled nominal 400
(Gas driven

Nebulisers 400

Pneumatically driven
ventilators use up to
80 I/min

20 I/min continuous

180 peaky?
8encontinuous

80 peak ?
40 continuous

10

* Health Technical Memorandum 2022

Notes:

1. It is strongly recommended that ventilators are not connected to the 700 kPa
system since the blenders only work satisfactorily with a tolerance of about 10% on the
differential pressure for air and oxygen, and incorrect mixtures could be obtained.

2. These flows-gan be achieved under certain clinical conditions. The peak flows
are usually of yemAshort duration.
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Table 10 Medical air 400 kPa design and diversified flows

Department Design flow for each  Diversifieg\flow

terminal unit /min Q /min
In-patient acute
Ward units - single
and multi-bedrooms 20 OW = 20 + (n=1)10
Treatment rooms 3
Each ward unit
Departments comprising 20 Qb= QW [1+(w-1 )}
several ward units 2
ITU and CCU 80 Ql = nB-1*80

2

Adult acute day care
Major treatment room 40 QT /40 ¥ (T-1)*40

Endoscopy room

MC-02 PLUMBING SYSTEM
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Table 17 Typical pressure and flow requirements for surgical tools

Type of tool Pressure kPa Flow I/min
Small air drill 600-700 200
Medullary reaming machijme 600-700 350
Oscillating bone saw 600-700 300
Universaldrilt 600-700 300
Craniotore 620-750 300

Table 12 Surgical air 700 kPa design and djversified flows

Department Design flow for Diversified flow Q I/min
eachztecminal unit
J/imin
Operating room 350 QT = 350 % (33 M350
4
SDU, ODA 350 QWS = 350

workshop etc

* Health Technical Memorandum 2022
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Table 13 Vacuum design and diversified flow

Department Design flow for each  Diversified flow
terminal unit /min Q I/min

In-patient acute
Ward units - single

and multi-bedrooms 40 QW = 40
Treatment rooms 40 OT = 40 + (nB-1)*40

4
Departments — ward areas 40 QD = 80 + (NBA1)EA
Operating department
Operating room 40 QREB0
Anaesthetic room 40 QA =40
Operating suite
1 operating room 40 QS = (120*2) + (S=2)*120

2
Recovery room 40 QR = 40 + (nB-1)3d0

4

ITU and CCU 40 Ql =d0,+(NB-1)*40

4
* Health Technical Memorandum 2022
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Table 2-22 Data for Sizing Oxygen and Nitrous Oxide Supply Piping

Nominal Pipe Size, in. (mm)

::z;’"d Y2 (12.7) % (19.1) 1(25.4) 1% (31.8).~"1"2(38.1) 22 (63.5) 4 (101.6)
cfm (L/min) Pressure Drop per 100 Ft (30.48 m) of Pipe, psi (kPa)

1.76 (50) | 0.04 (0.28)

3.53  (100) | 0.16 (1.1)

441 (125)] 025 (1.72)

5.3 (150) | 0.33 (2.27)]| 0.04 (0.28)

6.18  (175)| 0.48 (3.31)| 0.06 (0.41)

7.06  (200)| 0.63 (4.34)| 0.07_.(0-48)

883 (250)| 0.99 (6.83)| 0.11 (0.76)

10.89  (300)| 1.41 (9.72)| 0.16 (1.1) | 0.04 (0.28)

1412 (400)| 2,51 (17.31)] 0.29 (2.0) | 0.07 (0.48)

17.66  (500) | 3.92 (27.03)| 0.45 (3.1) | 0.11 (0.76)

2648 (750 1.02 (7,03)|\0.24 (1.65)

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com
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Table 2-23 Data for Sizing Nitrogen Supply Piping

Nominal Pipe Size, in. (mm)

cfm (L/min) Y2 (12.7) % (19.1) 1V(25.4) 1%s (31.8) 1% (38.1) 2 (50.8)
Pressure Loss, psi per100 ft (kPa per 3.48 m) of 160 psi (1103.2 kPa) Piping

5 (145) 0.11 (0.76) 0:0M\\(0.07)

10 (284) 0.43 (2.96) 0.07 (0.48) 0.02 (0.14) 0.01 _(007)

15 (425) 0.96 (6.62) 0.12 (0.83) 0.04 (0.28) 0.01 (0.07)

20 (567) 1.70 (11.72) 0.26 (1.79) 0.07 , (0.48) 0.02 (0.14) 0.01 (0.07)

25 (708) 2.66 (18.34) 0.42 (2.90) 0.11 (0.76) 0.03 (0.21) 0.01 (0.07)

30 (850) 0.59 (4:0%) 0.17 (1.17) 0.04 (0.28) 0.0240.14)

35 (992) 081 (5.58) 0.22 (1.52) 0.05 (0.34) 0.02 (0.14)

40 (1133) 1.06 (7.31) 0.29 (2.00) 0,07'.(0.48) 0.03 (0.21)

45 (1275) 1.34 (9.24) 0.37 (2,55) 0:09 (0.62) 0.04 (0.28) 0.01 (0.07)

50 (1416) 1.65 (11.38) 0.46|(3:17) 0.11 (0.76) 0.05 (0.34) 0.01 (0.07)

60 (1700) 2.37 (16.34) 0.66 (4.55) 0.15 (1.03) 0.07 (0.48) 0.02 (0.14)

70 (1984) 0.90 (6.21) 0.21 (1.45) 0.09 (0.62) 0.02 (0.14)

MC-02 PLUMBING SYSTEM
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Table 2-24 Pressure Loss, psi per 100 ft (kPa per 30.48 m) in 50 psi (344.74 kPa)
Compressed-Air Piping

Nominal Pipe Size, in. (mm)

cfm (Lls) | %(127) | % (19.1) | 1 (25.4)-. (1% (31.8) | 1% (38.1) | 2(50.8) | 2% (63.5)| 3(76.2) | 4 (101.6)
5 (2.36) | 0.30 (2.07)] 0.03 (024){ 001 (0.07)
10 (472)| 115 (7.93)| 0.18 (1.24)| 0.05 (0.34)| 0.01 (0.07)
15 (7.08) 040 (2.76)| 0.1 (0.76)] 0.03 (0.21)
20 (9.44) 0.69 (4.76)| 0.20 (1.38)| 0.05 (0.34)| 0.02\(0:14)
25 (11.80) 114 (7.86)| 0.31 (2.14)| 0.07 (0.48)] 003 (0.21)
30 (14.16) 0.44 (3.03 ] 0,10.N0:69)| 0.05 (0.34)
35 (16.52) 0.61.(421)0114 (0.97)| 0.06 (0.41)
40  (18.88) 0.80 \(5.52)| 0.18 (1.24)| 0.08 (0.55)
45 (21.24) 1.00 (6.89)] 023 (159)] 0.10 (0.69)] 0.03 (0:21)
50  (23.60) 0.29 (2.00)| 0.13 (0.90)] (0.04" (0.28)
60  (28.32) 042 (2.90)| 0.18-(124)| 0.05 (0.34)
70 (33.04) 056 (3.86) 026 (172)| 0.07 (0.48)| 0.03 (0.21)
80  (37.76) 0.74(5%90)] 0.33 (2.28)| 0.09 (0.62)| 0.03 (0.21)
0 (42.48) 0:93 ' (6.41)| 041 (2.83)| 0.1 (0.76)| 0.04 (0.28)
100 (47.20) 115 (7.93)] 0.51 (352)| 0.14 (0.97)| 0.05 (0.34)
110 (51.92) 0.62 (4.27) 047 (1.17)] 0.06 (0.41)

MC-02 PLUMBING SYSTEM @
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Table 2-25 Data for Sizing Vacuum Piping Systems

Nominal-Ripe Size, inches (mm)

Air Flow, ¥ (19.1) 1(25.4) 1% (31.8),\ 172 (38.1) 2 (50.8) 22 (63.5) 3 (76.2) 4 (101.6)
cfm (L/s) Pressure Drop per 100 Ft (30.48 m) of Pipe, in. Hg (kPa)

1 (0.9 0.15 (0.51)

2 (0.9 0.39 (1.32) | 0.10 (0.34)

3 (1.4) 0.77 (2.60) | 0.19 (0.64)

4 (1.9) 1.24 (4.19) | 0.31 (1.05)(\_0:10 (0.34)

5 (24) 1.78 (6.01) | 0.44 (1.49) | 0.14 (0.47)

6 (2.8) 240 (8.10) | 0.60 (203) | 0.19 (0.64)

7 (3.3) 0.77 (2.60) | 0.24 (0.811.420.12 (0.41)

MC-02 PLUMBING SYSTEM
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Minimum recommended pipe sizes, in. (mm)
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* NFPA-99 “Health Care Facilities Code”

Table 5.1.10.11.4.5 Maximum Pipe Support Spacing

Hanger Spacing

Pipe Size mm ft

DNS8 (NPS ¥4) (3% in. O.D.) 1520 5
DNI10 (NPS 34) (% in. O.D.) 1830 6
DN15 (NPS %) (% in. O.D.) 1830 6
DN20 (NPS #4) (% in. O.D.) 2130 T
DN25 (NPS 1) (1% in. O.D.) 244() 8
DN32 (NPS 1%4) (13%&in. O.D.) 2740 9
DN40 (NPS 1%) (1% in. O.D.) 3050 10

and larger
Vertical risers, all

sizes, every floor, 4570

but not to exceed

15

Table 5.3.10.1.3 Maximum Copper Tube Support Spacing

Hanger Spacing

Pipe Size mm ft
DNS8 (NPS 4) (34 in. O.D.) 1520 5
DNI10 (NPS %%) (2 in. O.D.) 1830 6
DNI15 (NPS %) (%% in. O.D.) 1830 6
DN20 (NPS %) (7% in. O.D.) 2130 7
DN25 (NPS'1) (1% in. O.D.) 2440 8
DN32 (NPS 1'4) (13 in. O.D.) 2740 9
DN40 (NPS 1'%%2) (15 in. O.D.) and larger 3050 10
Vertical risers, all sizes, every floor, but 4570 15

not to exceed

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com

5.3.10.1.4 Plastic Pipe Support. The maximum support spac-

ing for plastic pipe shall be in accordance with Table 5.3.10.1.4.

Table 5.3.10.1.4 Maximum Plastic Pipe Support Spacing

Hanger Spacing
Pipe Size mm ft
DIN15H (NPS ¥4) (%6 in. O.D.) 1220 4.00
DN20 (NPS #4) (7 in. O.D.) 1220 4.00
DN25 (NPS1) (1% in. O.D.) 1320 4.33
DN32 (NPS 1%4) (1% in. O.D.) 1320 4.33
DN40 (NPS 1'4) (136 in. O.D.) 1420 4.66
DN50 (NPS 2) (2% in. O.D.) 1420 4.66
DNG65 (NPS 21%) (27 in. O.Ds) and latger 1520 5.00
Vertical risers, all sizes, every{loor, but not 3040 10.00

to exceed

Table\> /ntervals between copper pipe supports

Outside dia mm

Maximum interval
for vertical runs m

Maximum interval for
horizantal rdps m

12
15
22
28
35
42
54
76

1.2
1.8
24
2.4
3.0
3.0
3.0
3.6

1.0
1.2
1.8
1.8
2.4
2.4
2.7
3.0

* Health Technical Memorandum 2022
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A OOE55 WHITE PRIMROSE 10E53

Notes: 6 \ / 9 5 6
1. Base colours as follows: s ’ - e
o

A = yellow ochre 08C35 N
B = light blue 20E51 A ( GREEN 14E53 A

20D45 FRENCH BLUE i e
2. All colours in this - ﬁ
, N S_—
diagram should be & : ) 7 ? NO (nitric oxide)

taken to be e(\g ¢ " Proposed”

representative rather

@

9 Medical vacuum

than exactly accurate.

0OE55 20D45 O(Q 20D45 10E53
3. Reference numbers in '\\ ‘G
colour codes conform to g Iz 0./N.0 (50% mixtur a { q AGSS
BS 4800:1972 , g @g :
FRENCH GREY_12B21 00E55 N B BLACK 00E53

get-
6 _ i % g &&%02 <5%) (L -/ q N,
B\ BLACK O0ES3 Figure 19 %QQ@I entification for medical gas terminal outlets and pipe installations
{ : —{ 9 Medical air GOQ“
4ed
el

o, \©
*‘I\@iﬁ’n Technical Memorandum 2022
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Table 2-8 Color Coding for Piped Medical Gases

Gas Intended for Medical Use United States Color Canada Color
Oxygen Green Green oh white®
Carbon dioxide Gray Black on gray
Nitrous oxide Blue Silver on blue
an|
Cyclopropane Orange Silver on orange o s
e ~|‘.h..?| o Sahall « sly sl
Helium Brown Silver on brown
sy
Nitrogen Black Silver on black 3310
FPown
Air Yellow™ White and black-on black and white -
Vacuum White Silveron yellow?
Gas mixtures (other than mixtures White |
of oxygen and nitrogen) Color marking of mixtures shall be a combination of colors _
corresponding‘toreach component gas. Black 3 guu!
Gas mixtures of oxygen and nitrogen Yellow Aol
19.5 to 23.5% oxygen Yellow? Black and white Blue i
All other oxygen concentrations Black and green Pink e ad

Source: Compressed Gas Association, Inc.

@ Historically, white has been used in the United States and yellow has been used in Canada-td(identify vacuum systems. Therefore, it is
recommended that white not be used in the United States and yellow not be used in Canada’as a marking to identify containers for use with
any medical gas. Other countries may have differing specific requirements.

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Table 5.1.11 Standard Designation Colors and Operating Pressures for Gas and Vacuum

Systems
Standard Gauge
Colors Pressure
(Background/

Gas Service Abbreviated Name Text) kPa psi
Medical air Med air Yellow/black 345-380 5055
Carbon dioxide CO, Gray/black or 345-380 5065

gray/white
Helium He Brown/white 345380 50-5H
Nitrogen N, Black/white 1100=1275  160-185
Nitrous oxide N,O Blue/white 345-380 50-bbH
Oxygen O, Green/white or 345-380 50-b5
white/green
Oxygen/carbon dioxide 0O,/CO,n% Green/white 345-380 50-55
mixtures (n=% of CO,)

Medical-surgical Med vac White /black 380 mm to 760 mm
vacuum (15 in. to 30 in.) HgV
Waste anesthetic gas WAGD Violet/white Varies with system type

disposal
Other mixtures Gas A%/ Gas B% Colors as above None
Major gas for
background/minor
gas for text
Nonmedical air Yellow and white None
(Category 3 diagonal
gas-powered device) stripe/black
Nonmedical and White and black None
Category 3 vacuum diagonal
stripe/black boxed
Laboratory air Yellow and white None
checkerboard/black
Laboratory vacuum White and black None
checkerboard/black
boxed
Instrument air Red/white 1100-1275% 160-185

Table 5.1.12.3.3.2(B) Alternate Test Pressures

Medical Gas

Pressure (Gauge)

Gas mixtures

Nitrogen/instrument air

Nitrous oxide
Oxygen
Medical air

Systems at nonstandard

pressures

Vacuum
WAGD

140 kPa (20 psi)

210 kPa (30 psi)

275 kPa (40 psi)

345 kPa (50 psi)

415 kPa (60 psi)

70 kPa (10 psi) greater or less
than any other system

HgV vacuum

510 mm (20 in.) HgV

380 mm (15 in.) HgV (if so
designed)

MC-02 PLUMBING SYSTEM
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D. Plant room design
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* ASPE'code “health care facilities and medical gas and vacuum systems”
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Note: See NFPA 99
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Compressor No. 1 Compressor No. 2 P Automatic Dryer Dryer
Drains (alternate)

Figure 2-7 Typical Duplex Medical Air-Compressor System (Type 1 Gas System)

Medical-air compressors must draw
outside air from above the roof level, remote from
any doors, windows, and exhaust or vent open-
ings. Where the outside atmospheric air is
polluted, special filters can be attached to the
compressor’s intake to remove carbon monoxide
and other contaminants. Refer to NFPA 99

Where more than two units are provided for
the facility, any two units must be capable of sup-
plying the peak calculated demands (see Table
2-5). Provide automatic alternators (duty-cycling
controls) to ensure even wear in normal usage.
Alternator controls incorporate a positive means
of automatically activating the additional unit (or
units) should the in-service pump fail to main-
tain the minim@m reauired pressure.

Table 2-15) Minimum Pipe Sizes for Medical
Air-Compressor Intake Risers

Ripe size, in. (mm) Flow rate, cfm (L/min)
25 (63.5) 50 (1416)
3 (76.2) 70 (1985)
4 (101.6) 210 (5950)
5 (127.0) 400 (11 330)

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Each vacuum pump of a duplex system must
be sized for 100% of the estimated peak demand.
When a triplex or quadruplex system is speci-
fied, each pump shall be sized so that in the
event of one pump failing, the remaining pumps
are capable of maintaining the required vacuum
at 100% of the peak calculated demand. Provide
automatic alternators (duty-cycling controls) to
ensure even wear in normal usage. Alternator
controls incorporate a positive means of auto-
matically activating the additional unit (or units)
should the in-service pump fail to maintain the
minimum required vacuum.

Individual exhaust stacks should be straight
and as short as possible. The collection of the
duplex stacks to a single stack is permissible if
it is assured that back pressure will not be a
potential problem for the system in the future.
The exhaust system should be piped to the
outside environment, have a gooseneck termi-
nation, and be properly screened to prevent
insects, leaves, and debris from entering. The
exhaust vents should be a minimum distance of
25 ft (7.6 m) from any door, window, outside air
intakes, or other opening and a minimum dis-
tance of 20 ft (6.1 m) above the ground. The
prevailing wind currents and the proximity of
the power vents and intake louvers are very im-
portant factors to be considered when locating
the outdoor vacuum-pump exhaust.

'Ven(t dlshtar%e N
. - . . ine(s) outside
Note: dotted lines indicate optional items. of bunldmg
Master alarm Vacuum VA, .
vacuum Gauge (Normally J+1 Muffler » :
From —e_ switch N / closed) | ~°°°° !
medical i’;&f{—l— . T
p|p|ng - A T ~=— \/ent lines T
system | A Drip leg(s) as
| bt -———c')\‘s-— required (one as
m—— I I V\‘:l 4 ;:loﬂs_‘e as po?smle
§ 7
- PI=-1 o the pump
d 1_5_1_-_‘_ VN . ~=—- Manual valves
From
laboratory FAN
piping system Receiver -=—1 Check valves
# Flexible connectors
BV = Bypass valving '
(optionah)
Vacuum Vacuum
kT = Fluid trap — pump pump
I % I~ 1 |
To,drain
TN

Figure 2-8 Schematic of a Typical, Duplex, Medical-Surgical, Vacuum-Pump System

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Laboratories should be served by a dedicated
vacuum line that is separate from the medical
vacuum system; be equipped with drainable fluid
traps; and be connected by separate laterals, ris-
ers, and mains to the receiver.

Table 2-19 Minimum Pipe Sizes for Vacuum
Exhaust Risers

Note: dotted lines indicate optional items.

Pipe Size, in. (mm) Flow Rate, cfm (L/min)

1%  (31.75) 12 (340)
1%  (38.1) 23 (655)
2 (50.8) 40 (1 140)
2%  (63.5) 70 (1 990)
3 (76.2) 130 (3 685)
4 (101.8) 160 (4 535)
5  (127.0) 350 (9 915)
6  (152.4) 525 (14 875)

Master alarm Vacuum Fo o
vacuum Gauge (Normally JHi Muffler
switch / closed) Y+ - )
;rgg?cal e —
piping - "iz" T —=— Vent lines
system ! A
= : N :\" il
/'i FT - -1 VN
Erom == N o ~=—1 Manual valves
laboratory .}‘7
piping system Receiver -=—1 Check valves

BV = Bypass valving

¢

Vent-disharge
hne(s} outside
of building

Drip leg(s) as
required (one as
close as possible
to the pump)

r, Flexible connectors

(optionah)
Vacuum Vacuum
kT = Fluid trap — pump pump
I % I~ 1 |
To,drain
L~

Figure 2-8 Schematic of a Typical, Duplex, Medical-Surgical, Vacuum-Pump System

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Distribution == == = == —< Supply cf;c;m Exhaust -el— — —_” T —— =@ System Supply

]

Exhaust Supply Connection
Relief Valve Supply lIsolation
Valve

- Non Return Valve

!

|
[l
I
|
|
|

|
|
]
]

"J’size cylinders 1520mm approx

——H
I
|
|
(
|
|
|
|

2
|
|
|
|
|
|
|
|

H
S

2ot 310 Dimension A Dimension B

Figure 2 Emergency supply manifiold (reproduced by kind permission of MEDAS)
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BN
The point at which the diagram 2
transitions to the next portion 4
of the system.
g The wall of the source enclosure.
A pressure indicator. A gauge type .
is shown, but other types are permitted. )
D.C. A demand check to allow s
disconnection of the device without
'>> shutting down of the system. A check valve.The valve flows in the direction

of thé'point.

A quarter turn ball valve. The type
ﬁ shown is used for ease of recognition,

but other configurations are permissible.

A high-pressure valve. The technology of the
valve is not specified.

L Iltems shown in dashed format
'H"ﬂ' indicate alternative arrangements or A “pigtail” for connecting cylinders to the header.
y==in

components required only conditionally. Can be rigid or flexible, depending on the gas

and pressure.
V- \ A relief valve vent piped to outside.

~
W_ A relief valve.
A liquid vesselfor'centaining cryogenic liquefied gas.
Nava\

A pressure regulator.

A vaporizer for converting cryogenic liquefied
gas from liquid to gas state.

Either of two valve types: a ball valve
or a check valve.

A switch or sensor connected to the
alarm panel(s).

1

1

Either

A union or other means to disassemble
components. (Note: These are not illustrated
in every location where they can be required.)

FIGURE A.5.1.3 Legend for Typical Category 1 Source Drawings.

A filter.

* NFPA-99 “Health Care Facilities Code”
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Isolating valve D:G:

Bice

Line pressure
alarm switch/sensor

Source valve N

Line
pressure
Indicator

D.C.

<@

prr )
S

W
- o e S— 1 —
ke

V <, > | Main line shutoff

Sl - | cases

ERXN ." .. - N

7 Pressures text.)
o’ indicator gy

Line pressure
regulators [:]:Ill[g]

Isolation valve %ﬂ

FIGURE A.5.1.3.5 Typical Arrangement for Line Controls at

Pressure Sources.

valve

«| (not required in some

Wall of source enclosure

)
« | (Note: Location of items
) ~] downstream of the source
valve can vary. Refer to the —

ity .
500 Pressure relief valve(s)

Header pressure |nd|cator

Fllter ‘

Vﬁ

Header

Header
check valve

(:}& Header valve

pressure relief

Cylinder leads

Cylinders

FIGURE A.5.1.3,5.10(b) Header for Cryogenic Gas in Con-

tainers.

Gas -specific
< cylinder connection

&=

* NFPA-99 “Health Care Facilities Code”
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Héadercontents indicator @_ d
\

Header check valve 'J

Header pressure tegulator

Gas-specific

cylinder lead connector
contains a check valve (:H}

\ Header valve

A

Intermediate

pressure

gauge

e Jl;::;
Wit

P

Filter

|x"| . ..~ \g g/ E ‘-‘;.--.i\“'ﬂ‘----v

5y
i, _ ™ 5
Abcye, 2

o
R R 1 o3 Cylinder lead
¢ A t % J connection
1 I R ; b/ (CGA fitting
: ! N Cylinder leads ~ . perCGA V-1)
1 1
i i Cylinder valve
1 1 \
1 : \
' 1 \
'===" Cylinders \\
\

Cylinder pressure relief

FIGURE A,5:1,8.5.Y0(a) Header for Gas in Cylinders.

MC-02 PLUMBING SYSTEM

A.5.1.3.5.14 For bulk oxygen systems, see NFPA 55, Compressed
Gases and Cryogenic Fluids Code. See Figure A.5.1.3.5.14(a) and Fig-
ure A.5.1.3.5.14(b). Two possible choices of reserves are illus-
trated. Both are not required.

A.5.1.3.5.14.4 The local signal arose from the simple need of
a maintenance person to know what is going on with any given
piece of source equipment. Note that it is not an alarm in the
sense of a local or master alarm. Itis simply an indicator, which
might be a gauge, a flag, a light, or some other possible mani-
festation that allows a maintenance person to stand at the
equipment and know what conditions are present (e.g., which
header of cylinders is in service). The elements to be displayed
are typically those that will also be monitored at the master
alarm, but the local signal is visible at the equipment rather
than remotely.

A.5.1.3.5A% YeyItgure A.5.1.3.5.15.

Hthe nelief valve on the emergency oxygen supply connec-
tionis/moved downstream from the check valve in the emer-
gency oxygen line, it should be connected to the system with a
demand check fitting.

The emergency oxygen supply connection (EOSC) can be
used as a part of the emergency operation plan (EOP) for an
unplanned loss of oxygen supply. However, a risk assessment
should be conducted by the facility to determine the contin-
gency plan for vital life support and critical care areas. There
might need to be interim measures for dealing with the loss of
oxygen (e.g., high-pressure oxygen cylinders available for

back feeding critical care areas).

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com



relief valve

\% (—\
Intermediate ?

Changeevet alarm switch/sensor Automating
control(s)

Reserve in use

alarm switch/sensor V 4—\
Intermediate _/
relief valve

Header ! Alternating !
control(s) Changeover alarm !
switch/sensor I

|
| I
I L >
\ m : : >»\/
: Primary/secondary headers | :
I | I
: | g =iz | \% \ ! Sitm - g |
[ ! -;L'%-?*':'- | | ""'"‘"5?;:' !
1 | B P KU |
' 1 g ! ! P
| G | | o
: Primary/secondary headers : i E | | E i :
! [ Lot
: 'l Header : : Header :
I
: FIGURE A.5.1.3.5.11 Manifold for Gas Cylinders.
I
I
* « 211 ¢+ 9
FIGURE A.5.1.3.5.12 Typical Source of Supply for Cryogenic Gas in Containers. NFPA—9 9 Health Care F aCllltles COde
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’ Reserve tank pressure :
I’ switch/sensor | Place of Wood frame
Bulk liquid reserve ! public structure
P I assembly
e - ‘
P P I
Reserve contents [ \ : T ~
indicator and switch/sensor : 15m 15m S o
- I 50 ft) ~
I ' Parked (5ot 11m ~ -
| | vehicles ~ Clearance for ventilation
| ‘ (35 1t) ~.  (in courtyards and confined areas)
1 | *.3.0m i S~
l | (101ft) s
I Reserve | 1.5m | ™ Oxygen 23 m T~
Ivaporizer I (51) E‘H bulk (75 ft) >
i | .0m unit \
! \ , A0 —— a0 m 15m
\ } sidewalk : (%.131{1)1_ (1‘0 ) (50 ft)
|
. . 1 T (A ——
| Economizer ‘ 'z | ! " Nearest
. I 'g Nearestopening in wall ! nonambulatory
N [ o or other structure ' patient
o
L

I
: ’ Shiit All classes of flammable and combustible
) I_ | _ Check valve rapid-burning material — liquids above ground
Reserve in use alarm paper, excelsior, etc
switch/sensor ¢ L
v FRNRNCRN R
Intermediate ! j_ o N )
relief valve Either 18 41-3800 L (1 gal-1000 gal): Can Beeduced to
(50 ';t’) 7.6 m (25 ft) 48 m{151t) for
Main Chezik_valve Primary/secondary supplies over 3800 L (1000 gal): 15 m 5@ ft) [\Class Il1B combustible liquids
vaporizer /
2 4 1-3800 L (T ggil—1 000 gal) liquefied
Liquefied (7% 'f"t‘}_,. Oxygen gas Or 25,000 t° nonliquefied gas,
f hydrogen unit 7.6 m (25 ft) y
Main contents storage Where greater than these quantities,
indicator and 7.6m 15 m (50 ft)
switch/sensor (25 f) \
7.6m
Solid (2511) 4.6m
slow-burning material — (15 ft)
coal, lumber, etc.
NI i
L Vent or fill S71 Y7 IESSZ\
] opening '\ ST " All classes of flammable
N X T _and combustible
) PN oo Gas cylinder reserve Vo= liquids below ground
R e N
FIGURE A.5.1.3.5.14 Dist: Betw: Bulk O Syst dE 3
FIGURE A.5.1.3.5.14(b) Typical Source of Supply for Cryogenic Gas in Bulk. (a) Distance Between Bulk Oxygen Systems and Exposures
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Relief valve and vent

Inlet isolation valve

15—

Connection point

Check valves

Line
pressure
indicdtor

Yo

S i 2 2

*| Main line valve

Line pressure

’ alarm switch/sensor

FIGURE A.5.1.3.5.15 Emergency"Oxygen Supply Connection.

Turned down
~+_.and screened

-~

Note: An intake™filter
is required (nof'shiown)

Intake(s)

ognammoa_

Automatic indicators
trap and

i Charcoal
grain adsorber H

/ Imom_,..mq_

Filter ’ Qutlet
isolation

g%-ﬂm o valve or check
Aftercooler/ & control —
airdryer |~ _...__03_8:8_
Source
valve
isolation Pressure
means Compressors \ Ao indicator,
(valve shown) s |
Inlet | Outlét
; . isolation!_
N valve(s) |
mkl e mo.“am
Inlet valve gystem
isolation Dryer(s) Ewmmca

valve(s)

Automatic
trap and drain

Automatic
& Ball valve _.EL trap and

< .
N  Check valve drain

_.D Pressure
@  Pressure relief
indicator valve
+ Demand check p.p. Dew point
Pressure Pressure switch
= regulator

.I_HEQ E:._._. l<mU$=o:mmo_m5ﬂ
E change indicator

Compressor that adds
no oil to the air

switch/sensor

[¢]e]
ppm

D.P.

Carbon
monoxide
and »
dew point
monitors

Ya NPT
sample port

Note 1: See also Figure A.5.1.3.6.3.10(F) for
arrangement of control components.

Note 2: Unions or other disconnect means can be
required for maintenance and/or replacement of
each component.

FIGURE A.5.1.3.6 Elements of a Typical Duplex Medical Air Compressor Source System (Cat-

egory 1 Gas Systems).
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=1
(_

v,
5P
Bypass operation using
3 two-port valves

7

W=

Ay

Bypass operation using
1 two-port valve
1 three-port valve

FIGURE A.5.1.3.6.3.9(D) Receiver Valving Arrangement.

MC-02 PLUMBING SYSTEM

Dryers

S

Either

Dryers

Filters Regulators

Either

Filters

Either

Either

haTj

Either

FIGURE A.5.1.3.6.3.9(F) Alternate Valving Sequences for Line Controls in Medical Air.
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Turne& down

Vacuum and screened
exhausts ‘ , ~ p T
Ay
N Indicator (@) / Eithar \\
Note: A drip leg and muffler Vacyum ASME i bypass |
can be required (not shown). receivers gjgp; \ arrangement ;
glass N P \\ /

Manual
valve
v

Discharge(s)
Pump(s)
Receiver Vacuum
indicator @ System
Source vacuum
valve T Tswitch/sensor
<« O <<
Source

Vacuum valve

Vacuumiline.

Ball valve

Check valve
(point in direction of flow)

Isolation

valve Vacuum

indicator

Qutlet
isolation
means
(valve shown)

Demand check

— ® @ O

Note: Unions or other disconnect means can be
required for maintenance and/or replacement of

- Vibration isolation
each component.

FIGURE A.5.1.3.7 Elements of Typical Duplex Vacuum Source System (Category 1 Vacuuni, Systems).

MC-02 PLUMBING SYSTEM

Standard terminal

Terminals in manufactured assemblies

D.LS.S.

Secondary primary
check ﬁ check

1
|
| 1 : §
Primary | %-
check | :
13
R 15
P4y (=%
{User} ﬁ : 2
gds-specific 1€
adapter 12
! jub]
w
w
(0]
'3
| o
=3
Flexible hose L _
assembly Primary
check

{User}

.III_IL].

gas-specific

adapter
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Braze
coupling

|qUIBSSE painjoenueLw Jo JoLalu| |

- ____1
A

=

AN

Primary
check

{User}
gas-specific
adapter

Copper pipe

Secondary
check

FIGURE A.5.1.6 Terminals in Manufactured Assemblies.
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Area alarm

switch/sensor

(See Note 2.)

Future valve (See 5.1.9.3)
(See 5.1.4.10)

Note: Single service valves are shown,
but multiple zones can branch off a
single service valve.

Service valve
(See 5.1.4.7)

- % Y D.C.

Outlet(s)/inlet(s)

Service valve
(See 5.1.4.7))

Qutlet(s)/inlet(s)

1. Drawing is representational, demonstrating a possible arrangement of components
required by the text. The diagram is not intended to imply a method, materials of
construction, or more than one of many possible and equally compliant arrangements.
Alternative arrangements are permitted if they meet the intent of the text.

2. Area alarms are required in critical care locations (examples might include intensive care units,
coronary care units, angiography laboratories, cardiac catheterization laboratories, post-anesthesia
recovery rooms, and emergency rooms) and anesthetizing locations (examples might include
operating rooms and delivery rooms). Refer to definitions for these areas.

3. Locations for switches/sensors are not affected by the presence of service or in-line valves.

FIGURE A.5.1.4 Arrangement of Pipeline Components.

Zone Zofie
valve valve
(See 5.1.4.8) | (See 5.1.4.8)
Critical areas (such as intensive care) Noncritical areas (such as general patient rooms)
[ I ]
Riser
Master alarm Line
switch/sensor pressure Area alarm
(See 5.1.9.2) indicator switch/sensor{See\Note.3.)
) (See 5.1.8.) Riser valve(s) (See 5.1.9.8.)
! See 5.1.4.6.
| DC. y (See ) DG
N ?z Main line ?E
Source or Service-valve
main valve -
(See 5.1.4.4 (See 5.1.4.7.)
and 5.1.4.5.) Indicates a valve that must be secured
Zone valve Qutlet(s)/
(See 5.1.4.8) inlet(s)
No}es: ) Anesthetizing areas

* NFPA-99 “Health Care FacilitiegscCode”
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Pressure
relief valve

drain

Automatic

Intake(s)

Cylinder reserve
header

- — >

- \’___r -
Inlet Isolation
isolation -7 alve

means Compressor(s)
(valve shown)

Inlet
isolation

Aftercoolers

)
Demand check

_[Ja_ Pressure regulator D.P.

(5 Ball valve \LE'_'

N Check valve

@ Pressure I‘Q
indicator

t

Automatic
trap and
drain

Pressure
relief
valve

Filter with
change
indicator

Dew point

Change
indicators

Charcoal
adsorber Regulator

- D LD .
n
QoLr X<
1Inlet

»» - isolation

valves g

[ ==}
P s>
=a_r X

Eilter Qutlet
isolation
valve or check

i

Compressor(s)
Receiver
Air
treatment
Aftercooler/ & control
air dryer Monitoring
Source
valve

s Prossus sysom
Outlet 1 Relief switch/sensor
»— isolation L ->> valve @i Demand
Do R Va"’e%) ! check
| et »LQ—( ;—l——T—»
Inlet Non

\
isolation =>=%!

FIGURE A.5.1.13.3.5 Elements of Typical Instrument Air Source.

valve(s) Dryer(s)

Saurce.
valfe

Dew point Demand

monitor check
> j— >

Note: Unions or other disconnect means can be

required for maintenance and/or replacementof
each component.

, compressed air
manifold system

I

I

I

! /

‘: /’/’,—// T

/ .

| K /1o IFM_
1 g b=
1 ¢/
1 [
| !y X
) o
i / / oy

! 1 H><H

1 Shown with regulators il L

i (pigtails and high-pressure ,/ /
\ manifold acceptable) __-~."
\ el -7

; relief valve \ L
| El

|
Compressor head Lot
pressure relief ==
valve F

I

1

1

I

| i

! 4

1

: Inlet .
i O
! Gauge
H Dryer

I

|

! 2 Flex

1 connection

I -

|

i e
! =1 -
} { F :——N—O
! i
} Air
! compressor
\

Notes:

1. Dotted lines indiate, optional items.

Receiver \

Manual, automatic,
or drain plug is
acceptable.

EE-

2. Either the(nittogen/compressed air manifold system or the
air compressor system can be primary, and the other can

be optienal.
E Moisture indicator

[¥] Fitter(s)

$¢ Check valve

(5 Drain plug
Utility center

$ Automatic drain * Shutoff valve

Service outlet

FIGURE A.5.3.3.6 Category 3 Drive Gas Supply System.
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A

r== sy ] Vent(;o
— V] (9] ——— I \ outside
— | SS !"*‘“Qf_ H Muffler b— !
| L=—==1 o L. nJAlvftiquid i
i LSS | iseparator:
LIQUId I . e 7
collector S| | Tl r
l 1= To drain*
|
| fVacuum
i H20 W< Isolators
___________________________ |
V| Vacuum relief valve Zi Check valve SS| Solids separator
QO] Inlet station ‘ Pipe isolators H>©” \Water supply
S| Service inlet Q Vacuum-gauge U.C.[ Utility center

Note: Dotted lines indicate optional items.
*Does not have to be below floor.

FIGURE A.5.3.3.10.1.3(a) Typical Category 3 Wet or Dry \Piping System with Single Vacuum
Pump Source.
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N
r—-—————— 1 ~—— -"'J'—“-- - === 1
! il Yore |
Muffler (34 AN Muffler [
—— ' VAir/liquid | Lo '
Z; iseparator
L

Liquid
collector

V| Vacuum relief valve Zl Check valve SS| ‘Solids separator
O]l Inlet station ‘ Pipe isolators H,O Water supply
S| Service inlet Q Vacuurmi.gauge uC.| Utility center

Note: Dotted lines indicate optional items.
*Does not have to be below floor.

FIGURE A.5.3.3.10.1.3(b) Typical Category 3 Wet-or Dry Piping System with Duplex Vacuum
Source with Air/Liquid Separator.
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i Separator

=

|

1 flush S —

“td_device i_j IL_ )| Gauge = : []
\, T Muffler I

r‘“‘“l“i L | Ventto
! | outside
T 1 Waste |
| | holding !
_ 1 tank O _
holding L i r=— y<— Flexible
i | | v connectors
| [solators
| 1
________________________ To drain*
UC.| Utility center Ol Inlet station ZJ. Check valve ‘ Pipe isolators

V| Vacuum relief valve S| Service inlet Q Vacuum gauge

Note: Dotted lines indicate optional items.
*Does not have to be below floor.

FIGURE A.5.3.3.10.1.3(c) Typical Category 3 Wet or DBry Piping System with Single Vacuum
Source.
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Separator | | P]

:F"’. flush H Muffler
| __I'device r--* PN b -
Le? D0V ey | el s
MO e ]
[ A Muffler
A —— 1 Vent(s) to
! | Check . 7, outside
T 1 Waste | valves 1
I I X I
! 1 holding
Waste 1 tank
holding Lo I == y<— Flexible
tank i ! ! connectofs
: L'/'"|"\'I Vacuum
! [solators
| |
““““““““““““““ To drain*
UC.| Utility center O Inlet station Zl Check valve z Pipe isolators
V| Vacuum relief valve S| Service inlet Q Vacuum gauge

Note: Dotted lines indicate optional items.
*Does not have to be below floor.

FIGURE A.5.3.3.10.1.3(d) Typical Category 3 Wet or Dry RBiping System with Duplex Vacuum
Source with Waste Holding Tank.
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To the vacuum

pump(s)
Tank flushing
device Vent to the plumbing system
Water PTTTTTTToTpTTTmTmomoToTmemos > quhaustto
inlet outside
-
Vent to the
From the plumbing system

operatories %
b

Waste
holding
tank
Typieal
Exhaust from I
vacuumpump !
\l—__l/ m

Air/waste
separator

. O 1= Check valve

Drainage system

' _E Optional locations <~ Optional drain piog

N\ Drain check valve

% Optignal separator Drainage system

E 3 Optional separator Note: ‘Dotted lines indicate optional items.
FIGURE A.5.3.3.10.1.3(4) (a) Drainage from Gravity Drained FIGURE A.5.3.3.10.1.3(4)(b) Drainage from Positive Dis-
Liquid Collector Tank. charge Vacuum Pump Through Air/Liquid Separator.

MC-02 PLUMBING SYSTEM

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com

QPO sanIe] a1e)) YIedH, 66— VAIN -

(2



SAFETY DISTANCES FOR LIQUID OXYGEN STORAGE UP TO 20 TONNES NET LIQUID
CAPACITY (DISTANCES IN METRES)

v

AREAS WHERE OPEN MV & HV LARGE WOODEN SMALL STOCKS OF FUEL GAS
FLAMES, SMOKING suB STRUCTURES, COMBUSTIBLE VENT PIPES
ARE PERMITTED STATIONS TIMBER YARDS MATERIAL,SITE HUTS,

ETC. WORK SHEDS ETC.

FLAMMABLE GAS
VEHICLE PARKING AREAS CYLINDER STORAGE

(OTHER THAN AUTHORISED)

PROCESS EQUIPMENT &
MACHINERY WHICH IS
PUBLIC ROADS, LOX NOT PART OF THE

RAILWAY LINE. TORAGE INSTALLATION

S
B See .fmmm;\
(& | /1] %] LP.C.

jatlng
Y ) L.P.G. STORAGE
Ny
PROPERTY BOUNDARIES N
y (o)
. 5

CONJINUOQUS SECTIONS OF
PIBELINES CONTAINING
FLAMMABLE GASES OR -

LIQUIDS® NOT INTERRUPTED
BY_BITTINGS eg. VALVES
UNIGNS, FLANGES ETC.

BOUK FLAMMABLE
LIQUIBC'STORAGE ¢

w
~__ SEE Tagg 3

- a5:d W

10 |

NEAn

H
PITS, DUCTS COMPRESSOR/  FLANGES, UNMOMS, OFFICES,CANTEENS PLACES OR
SURFACE WATER VENTILATOR IN PIPELINES & AREAS WHERE PUBLIC
DRAINS (UNTRAPPES) AIR INTAKES CONTAINING EMPLOYEES/ ASSEMBLY
OPENINGS OF SYSTEME FLAMMABLE YSITORS ARE LIKELY
BELOW GROUND LEWPE GASES OR LIQUIDS —_,TC CONGREGATE
NOTE: (1) The safety distances are measured from the exposure to

a) any point on thestGhage system where in normal operations@xygen leakage or spillage can occur or
b) the tank outer jacket.
c) or the vessel nozgles, whichever gives the greater distance.

NOTE: (2) Assumed maximum liquid\phase pipework diameter 40mm (1'/2") lominal bore, for the liquid oxygen
piping.

NOTE:  (3) For buildings, the distances are measured to the nearest opening in the building e.g. doors, windows,
ventilation openings.

NOTE: (4) Fortables 1, 2 & 3 see Tech Data Sheet No. G4309

Figure 7 Safety distances for cryogenic storage vessels (reproduced by kind permission of BOC and BCGA)

* Health Technical Memorandum 2022

MC-02 PLUMBING SYSTEM

, Team leader), Eng.NaderW@gmail.Com

ign engineer

Eng. Nader wadie (Mechanical des



SAFETY DISTANCES FOR LIQUID OXYGEN STORAGE 20 TONNES TO 200 TONNES NET
LIQUID CAPACITY (DISTANCES IN METRES)

v

AREAS WHERE OPEN MV & HV LARGE WOODEN SMALL STOCKS OF FUEL GAS
FLAMES, SMOKING SuB STRUCTURES, COMBUSTIBLE VENT PIPES
ARE PERMITTED / STATIONS TIMBER YARDS MATERIAL,SITE HUTS,

£TC. WORK SHEDS ETC.
FLAMMABLE GAS
VEHICLE PARKING AREAS \ CYLINDER STORAGE
(OTHER THAN AUTHORISED) 8
Ra % . °
8

» PROCESS EQUIPMENT &
RoaAp MACHINERY WHICH IS
PUBLIC ROADS, LOX NOT PART OF THE
RAILWAY LINE. STORAGE INSTALLATION

Sg,
y> Hh.wﬁ.m )
& _N B
17
} | L.P.G. STORAGE
PROPERTY BOUNDARIES »
> "
\/4.
& o
——— < b
<<
—
8 g conTrfleus SECTIONS OF
° 8 PIPELINES CONTAINING
[ FLAMMASLE GASES OR
| = somta—

LIQUIDS NOT INTERRUPTED
BY FITTINGS\eg. VALVES
UNIONS, \ELANGES ETC.

Bl e 5 W

@

UK _FLAMMABLE
LIQUIDSTORAGE
—

PITS, DUCTS: COMPRESSOR/  FLANGES, UNIONS\ ) OFFICES,CANTEENS PLACES OR
SURFACE WATER VENTILATOR IN PIPELINES & AREAS WHERE PUBLIC
DRAINS (UNTRAPRED) AIR INTAKES CONTAINING EMPLOYEES/ ASSEMBLY
OPENINGS OF SYSTEMS FLAMMABLE VISITORS ARE LIKELY
BELOW GROUND LEVEL GCASES OR LIQUIDS 1O CONGREGATE

NOTE: (1) The safety distafie€S are measured from the exposure to

a) any point on the storage system where in normal operation oxygen=leakage or spillage can occur or
b) the tank outer jagken,
¢) or the vessel nozzle$, whichever gives the greater distance.

NOTE: (2) Assumed maximum liquid-phase pipework diameter 50mm (2"} nomingl ore, for the liquid oxygen
piping.

NOTE:  (3) For buildings, the distancgs“are measured to the nearest opening in theWsuilding e.g. doors, windows,
ventilation openings.

NOTE:  (4) Foriables I, 2 & 3 see Tech Data Sheet No. G4309

* Health Technical Memorandum 2022
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Table 2-10 Exterior Bulk Oxygen-Storage Installation Criteria

Bulk Tank
Separation Distances, Item
ft (m)
1 (0.30) Building structure (except wood frame)
5 (1.52) Property line

10 (3.05) Parked vehicles, sidewalk, structure openings

15 (4.57) All classes of flammable and combustible liquids stored below ground. Class |li B
liquid, 1000 gal (3785 L) or less, above-ground storage.

25 (7.62) Solid slow-burning material, coal, lumber, etc., undergrounditank vent or fill openings.
Above-ground flammable and combustible liquids, 1000.gat(3785 L) or less,
except Class Il B liquids.

35 (10.67) Clearance for ventilation one side,

50 (15.24) Public assembly area, open-or enclosed. Wood-frame structure. Non-ambulatory
patient area.

75 (22.86) Liguefied hydrogen storage above ground. Clearance for ventilation one side:

25 (7.62) 1000 gal (3785 L) liquefied gas or 25,000 ft* (700 m®) non-liquefied gas.

50 (15.24) Over 1000 gal (3785 L) of liquefied gas or over 25,000 ft* (700" m?3) of

non-liquefied gas.

Source: NFPA no. 50.

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Table 2-11

Cryogenic Storage Tank Capacities

Gross Net Liquid Capacity Approximate Weight Approximate Weéight Table 2-13 SIZIng Chart for Nitrous Oxide
Volume, Capacity, Oxygen, Empty Vessel, Vessel Loaded with H H
gal (L) gal (L) ft3(105L) Ib (kg) Oxygen,-b (kg) Cylmder Manifolds
Duplex Manifold Size
330 314 36,200 4,000 7,000
(1249.1) (1188.5) (1.02) (1818) (3178) Number of Indoor Outdoor
575 535 61.500 5\800 10,900 Operating Total  Cylinders Total  Cylinders
(2176.4) (2025) (1.74) (2633.2) (4948.6) Rooms Cylinders per Side Cylinders per Side
975 920 105,700 9,300 18,100
(3690.4) (3482.2) (2.99) (4222.2) (8217.4) 4 4 ., 4 2
1,625 1,533 176,100 10,400 25,000 8 8 4 10 5]
6150.6 5802.4 4.99 4721.6 11 350
( ) ( ) (4.99) ( ) t ) 10 10 5 12 5
3,400 3,250 374,000 18,500 49,400
(1286.9) (12 301.3) (10.59) (8399) (22 427 6) 12 12 6 14 7
6,075 5,935 684,999 27,999 83,500 16 18 8 20 10
(22 993.9) (22 463.9) (19.40) (12 711'5) (37 909)
Note:Based onluseé of 489 ft3 (13.85 X 103 L) K-cylinders.
9,200 8,766 1,009,000 34,000 117,500
(34 822) (33 179.3) (28.57) (15 436) (53 345)
11,000 10,500 1,215,000 40,000 139,750
(41 635) (39 742.5) (34.41) (18 160) (63 446.5)

Note: Consult local supplier for available tank capacities.

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Table A.11.3.1 Typ

Volumes at 21.1°C (70°F) and 101.325 kPa (14.696 psi)]

ical Medical Gas Cylinders’ Volume and Weight of Available Contents [All

Nominal

Name of Gas

Mixtures of Oxygen

Cthl)l.d °r St_yle and Volume  Contents Air C_ar b_on Helium Nitrogen Nltr.ous Oxygen
imensions (L (in.g)] Dioxide Oxide Helium co,
B 1.43 kPa 5778 13,100
(87) (psig) (838) (1900)
8.89 x 33 cm L (ft%) 370 (13) 200 (7)
(3% in. O.D. x 13 in.)
kg (1b-oz) 0.68
(1-8)
D 2.88 kPa 13,100 5778 11,032 13,100 5137 13,100 * *
(176) (psig) (1900) (838) (1600) (1900) (745) (1900)
10.8 x 43 cm L (ft*) 376, (1) 940 (33) 300 (11) 370 (13) 940 (33) 400 (l=K)"\ 800 (11) 400 (14)
(4V41in. O.D. x 17 in.)
1.73 1.73
kg (Ib-oz) — — — — * o
(3-13) (8=193)
E 4.80 kPa 13100 5778 11,032 16,100 5137 13,100 * *
(293) (psig) (1900) (838) (1600Y ¢1900) (745) (1900)
10.8 x 66 cm L (ft%) 625 (22) 1590 500-C1I8) 610 (22) 1590 (b6) 660 (23) 500 (18) 660 (23)
(56)
(4% in. O.D. x 26 in.)
2.92 2.92
kg (Ib-oz) — — — — * *
(6-7) (6-7)
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M 21.9 kPa 13,100 5778 11,032 15,169 5137 15,169

(1337) (psig) (1900)  (838) (1600) (2200) (745) (2200)
17.8 x 109 cm L (ft%) 2850 7570 2260 (80y >, 3200 7570 3450 2260 (80) 3000 (106)
(7 in. O.D. x 43 in.) (101) (267) (113) (267) (122)
kg (Ib-oz) 13.9 13.9 s s
830210) (30-10)
G 38.8 kPa 13,100 5778 11,032 15,169 5137 15,169 g s
(2370) (psig) (1900)  (838) (1600) (2200) (745) (2200)
21.6 x 130 cm L (ft%) 5050 12,300 4000 5000 13,8Q0, 6000 4000 5330 (188)
(8% in. O.D. x 51 in.) (178) (434) (141) (176) (487) (211) (141)
kg (Ib-oz) 227 25.4 — 5 *
(50-0) (56-0)
H or K 43.6 kPa 15,169 BAR 15,169 15,169 5137 15,169+ * s
(2660) (psig) (220Q)\ A838) (2200) (2200) (745) (22001)
23.5 x 130 cm L (ft%) 6550 15,840 6000 6400 15,800 6900 6000 15,840
(9% in. O.D. x 51 in.) (231) (559) (212) (226) (558) (244) (212) (559)
kg (Ib-oz) . 29.1 L . 29164 5 5
(64)

Notes:

These are computed contents based on nominal cylinder volumes and rounddé to’ho greater variance than
+] percent.

* The pressure and weight of mixed gases will vary according to ¢He’coemposition of the mixture.

1275 £t?/7800 L cylinders at 2490 psig are available on requést

Source: Compressed Gas Association, Inc.
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Table 14 Capacities of medical gas cylinders used on manifolds

Gas Nominal capacity (litres) **Usable capacity
at 137 bar g (litres)
Oxygen J size 6,800 6,540
Nitrous oxide J size 18,000
G size 9,000 8,900
Nitrous oxide/oxygen 5,000 4,740
mixtures G size
Medical aitV'size 6,400 6,220
5,550
Oxygen/carbon dioxide 6,800 6,540

mixture (5% CO,) J size

Nitric oxide AU size 1,500% -
Nitric oxide AK gize 4,000* —

This may be subject to change.
The usable figures are for discharges down to a gauge pressure of
7 bar g. Two sets of figures are provided for air — for 400 kPa systems

* Health Technical Memorandum 2020 and 700 kPa systems - the latter is for discharge down to 15 bar g.
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TO OUTSIDE OF BUILDING

LINE PRESSURE
REGULATOR

PRESSURE

~«— RELIEF VALVE

(set at 50 percent above
normal line pressure)

<)
B ) A\l s I-N'..'l 5010 55 PSIG (345-379 kPa)
ARk é SHUTOFF VALVE ?
X A/" VALVE T ACTUATING SOURCE
; ; SWITCH SHUTOFF
. ) e VALVE
---------------- o4 \‘L-.--__-..~.---.4\ !
Table2<12 ~«——PRESSURE REGULATING VARVE -—»ﬁ e e
Selection Chart for Oxygen Manifolds el A Yot (backpressure)
: _ _ ACTUATING e ——
Hospital Usage Duplex Manifold Size —."‘-/ SWITCH e ACTUATING
Cu. Ft. (10% L) Total  Cylinders Mantined o . T SWITCH
per month Cylinders per Side \S,,t:,l\‘,tefA BHEGISVALYE :
b
Y
5856 (165.8) 6 3 CYLINDER o ao... ... Y
Gasortiquo | vawve ) [} [l Wl LIIIT 595 O
imogee ks e T
17568 (4975 T il ks Devce | QEoRMoRE:
21,472 (608.0) 22 11 OPERATING SUPPLY A
25,376 (718.6) 26 13 | { e }
29,280 (829.1) 30 15 NOTES:
*Pipi t inued.
SEpan e 34 i Dégg‘g “sny:se::ec: I?gpn:etes. Shutoff valve or check valve.

Note: Based on use of 244 ft3 (6909.35 L) H-cylinders.
Figure 2-5 Typical Bulk Supply System (Schematic)

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Table 2-12
Selection Chart for Oxygen Manifolds

Hospital Usage

Duplex Manifold Size

Cu. Ft. (103 L) Total Cylinders

per month Cylinders per Side
5856 (165.8) 6 3
9,760 (276.4) 10 5
13,664 (386.9) 14 7
17,568 (497.5) 18 9
21,472 (608.0) 22 11
25376 (718.6) 26 13
29,280 (829.1) 30 15
33,154 (938.8) 34 17

Note: Based on use of 244 ft3 (6909.35 L) H-cylinders.

50 to 55 psig (345 — 379 kPa) TO PIPING SYSTEM

>
SOURCE
SHUTOFF VALVE -""""{(
TO OUTSIDE OF BUILDING
>
LINE PRESSURE PRESSURE
REGULATOR RELIEF VALVE

CHANGEOVER X X

ACTUATING
PRESSURE SWITCH

PRESSURE
REGULATOR \
REGULATOR
CHECK VALVE ”
HIGH PRESSURE HEADER HIGH PRESSURE HEADER
SHUTOFF VALVE
- CYLINDER VALVE ——————
PRESSURE'RELIEF
DEVIGE

CYLINDERS NO.1 BANK CYLINDERS NO.2 BANK

NOTES:
For Sl Units\ 1, psig = 6.895 kPa guage.

Shutoff valve or check valve.

Figure 2-6 Typical Cylinder Supply System without Reserve Supply (Schematic)

Note: Supply systems with different arrangements of valves and regulators are permissible if they provide equivalent safeguards
(Level 1 gas system).

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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Medical compressed air system:

1. Medical air compressors shall be designed to prevent MEDICAL COMPRESSED AIR SYSTEM
the introduction of contaminants or liquid into the
pipeline by one of the two methods: T
* Air compressor eliminate oil anywhere in the /J\ /—|\
compressor (using liquid ring, Rotary screw and A high pressure Air compressor system
permanently sealed bearing compreéssor) cylinder system using in medical system
 Separate the oil-containing section from the ~— 7 \I_/
compression chamber (Compressor have /J\ /J\
extended heads)
2. Medical compressors must be manufactured medical Dynamic Positive displacement

purposes as a reliable source of oil free, moisture free

and low temperature compressed air. Acceptable ~
compressors types include oil-free, ail-less)yand liquid _

e Compressor types Centrifugal Reciprocating
7.10 There are many different types of compressor currently available in the N S N S
market. Three types which are most commonly available are:

a. reciprocating piston compressors;
b. rotary vane compressors; Rotary screw
C. rotary screw compressors. N
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Compressor noise Pump noise

6.102 The noise level produced by the compressors will increase with the 9.13 The noise level produced by the pumps will increase with the capacity
capacity of the supply system. The maximum free field noise level for of the supply system. For larger systems this can result in an unacceptable
unsilenced compressed air plant, at 1 m from the plant, varies with thegtype noise level at the pump. The maximum free field noise level at 1T m from the

and power of the plant but should not normally exceed the fallewing-¥alues:  unsilenced pump should not exceed the following values for individual pumps:

Reciprocating Screw Vane Power Power Noise Level
85 dBA 76 dBA 76 dBA 7.5 kW 5 kw 75 dBA

89 dBA 78 dBA 76 dBA 7.6-15 kW 5.1-15 kK\W 82 dBA

93 dBA 80 dBA 79 dBA 15.1-22 kW A kW 89 dBA.
97 dBA 92 dBA 90 dBA 22.1-60 kW

Table 2 Compressor plant noise levels

Power (kW)  Maximum free field noise MaximuniTred fietd noise
level at 1 m - unsilenced level at 1 nY"- silenced plant
plant (dBA) or in acoustic cabinet (dBA)

1.5 67.5 58

1.8 73.5 59

2x1.5 75

2 x 2.2 80

* Health Technical Memorandum 2022
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A positive-displacement compressor is nor-
mally rated in actual cubic feet per minute (acfm).
This is the amount of air taken from atmospheric
conditions that the unit will deliver at its dis-

To convert from acfm to scfm, the following
equation is used.

Equation 2-1

Equation 2-1a

eq s .. P — (P x %RH) T This equation is derived from the Perfect Gas
Charge. Within a broad range, changgs in inlet (o0 = Sofm x i pi % St law, which is:
air temperature, pressure, and humidity do not P..—~BN."%x%RH_) T

. . 4 std p ‘std std i

change the acfm rating of either the reciprocat- her PV, _ P,V,
ing or the rotary screw compressor. The wilds - T, T,
centrifugal compressor’s capacity, however, is P, \="Initial pressure or:
affected slightly by the inlet air conditions due P, = Partial initial pressure of water '
to the nature of the compression process. For vapor in 100% humid air at the V.=V x Py . T,
example, as the air temperature decreases, the temperature in question 27 "1 P, T,
capacity of the dynamic compressor will increase. RH = Relative humidity "
The capacity of a centrifugal compressor is nor- wnere
mally defined in inlet cubic feet per minute (icfm) Paa =P re(s;gre under standard P, = Initial pressure
. In an effort to obtain an “apples to apples” com- con .1t10ns V, = Initial volume
parison of various compressors, many P = Partial\standard pressure of water T. = Initial temperature
manufacturers specify their capacity require- vaperint 100% humid air at the o P
ments in standard cubic feet per minute (scfm). tenperature in question P, = Finglpressure
This sometimes causes much confusion because RH_ = Relative humidity at standard V3 = Final volume
many people do not fully understand how to con- conditions TS'= Final temperature
vert_ from acfm or icfm to scfm. . The des.ign T_, = Temperature at standard
engineer spequmg scfm mgs‘F deﬁ.ne a typlc:—:ll conditions, °F (°C)
inlet air condition at the building site and their T, = Inlet temperature, °F (]

set of “standard” conditions (normally 14.7 psia
[101.4 kPa], 60°F [15.6°C], and 0% relative hu-
midity). Typically, the warmest normal condition
is specified because as the temperature goes up
scfm will go down.

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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For a reciprocating or rotary-screw compres-
sor, the conversion from acfm to scfm is simple.
The inlet air conditions and standard conditions
are inserted into the above formula and multi-
plied by the acfm capacity of the unit. It makes
no difference what the design conditions are for
that compressor, as these do not figure into the
formula. In the case of a dynamic compressor,
the icfm air flow at the given inlet conditions. is
inserted in place of the acfm in the formula. ‘An=*
other design issue that the engineer should be
aware of is how altitude affects the output of the
compressor. At altitudes above sea level, all medi-
cal-air systems have reduced flow. In these cases,
the required sizing will need to be adjusted to
compensate. To do this, multiply the scfm re-
quirements by the correction factor in Table 2-14.

Table 2-14 Altitude Correction Factors
for Medical-Air Systems

Normal Barometric Correction
Altitude, Pressure, Factor for
ft (m) in. Hg (mm Hg) SCFM (L/min)
Sea level 29.92 (759.97) 1.0 (28.31)
1,000 (304.8) 28.86 (733.04) 1.01 (28.6)
2,000 (609.6) 27.82 (706.63) 1.03 (29.16)
3,000 (914.4) 26.82 (681.23) 1.05 (29.73)
4,000 (1219.2) 25.84 (656.33) 1.06 (30.01)
5,000 (1524) 24.90 (632.46) 1.08 (30.58)
6,000 (1828.8) 2398 (609709) 1.10 (31.14)
7,000 (2133.6) 23:09 (586.48) 1.12 (31.71)
8,000 (24384) 22.23 (564.64) 1.15 (32.56)
9,000 (274372) 21.39 (543.3) 1.17 (33.13)
10,000 (3048) 20.58 (522.7) 1.19 (33.69)

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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High-pressure gas (nitrogen) systems Surgi-
cal instruments are used to drill or cut bones
and metals. Surgical applications include neurol-
ogy, where instruments are used to cut the
cranium; in orthopedic service for bone work and
joint replacement; for facial reconstruction; and
during open-heart surgery.

There is currently available a series_of
instruments with the highest pressure\re*
quirements and the greatest flow rates of all
instruments: 200 psig (1379 kPa) at the instru-
ment and a maximum flow rate of 15 scfm (7.08
L/s) to operate effectively. Recent developments
have resulted in a new series of tools that re-
quires only 120 psig (827.4 kPa) with a maximum
flow rate of 12 scfm (5.66 L/s) to achieve the
same effectiveness as the older, higher-pressure
line of tools. Other manufacturers of pneumati
cally operated instruments commonly use-a
pressure of 160 psig (1103.2 kPa) and a maxi-
mum flow rate of 15 scfm (7.08 L/s). For the
foreseeable future, there will be a mixture of in-
struments in use by various facilities.

Revisions in NFPA 99 made provisions for
pressures up to 300 psig (2068.4 kPa), up from
a maximum of 200 psig (1379 kPa) previously
allowed. Care mustbe taken to ensure that all
components of a\preposed distribution system,
including cennectors, hose, etc., are rated and
approved/for the higher pressures.

The following should be considered when
selecting and sizing nitrogen manifolds and de-
termining the number of cylinders_required:

1. The size of the cylinder; 224 3 (6343 L) H-
cylinder (see Table 2c16)-

2. The number \of-operating rooms served by
the nitregen gas.

3.« Provide 1 cylinder per operating room for in-
service and reserve supplies.

4. Determine the flow rate and pressure require-
ments of utilized instruments.

* ASPE code “health care facilities and 'medical gas and vacuum systems”

Table 2-16 Selection Chart for Nitrogen
Cylinder Manifolds

Duplex Manifold Size

Total Cylinders
Cylinders per Side

Number of
Operating Rooms
Piped with Nitrogen

1 1

2-4 4 2
5-8 8 4
9-12 12 6
13-16 16 8
17-20 20 10
21-24 24 12
25-28 28 14

Note: Based on use of 224 ft3 (6343.35 L) H-cylinders.

MC-02 PLUMBING SYSTEM
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Vacuum Systems

“Vacuum” is a negative pressure created by the
vacuum pumps within the piping system. The
evacuation of the air from the piping system al-
lows ambient air to be pulled from station inlets
and exhausted to the outside. The volume of air,
in cubic feet per minute (cfm) (liters per minute
[L/min]), in the piping is greater than the vel;
ume of the ambient air (cfm) (L/s) at atmospheric
pressure entering the system, due to expansion
under vacuum. In a vacuum system acfm is the
air that has been expanded in a vacuum volu-
metric flow. Values of acfm are much greater than
values of scfm. To convert acfm to scfm at 19 in.
Hg (482.6 mm Hg), divide acfm by 2.73. For the
ratio of scfm to acfm at other pressures, refer to
Table 2-17.

At altitudes above sea level, all vacuum sys-
tems have reduced flow. In these cases, the
required sizing will need to be adjusted to com-
pensate. To do this, multiply the total demand
in scfm by the appropriate multiplier shown in
Table 2-18.

In other words, to size the medical vacuum
system correctly in aecéerdance with NFPA 99
recommendations/ef.scfm at 19 in. Hg (482.6
mm Hg), apply\the correction factor listed in
Table 24{18-to the peak calculated demand in
scfarat’'19 in. Hg (482.6 mm Hg).

Table 2-17 ACFM to SCFM
Conversion Table

Vacuum Level Ratio at Sea Level

(in. Hg) (scfm:acfm)
0 11
15 1:2
18 1:2.5
19 1:2.73
20 1:3
21 1:3.33
22 1:3.75
23 1:4.28
24 1:5
25 1.6
26 1:75
27 1:10
28 1:15
29 1:30
29.5 1:60

* ASPE code “health care facilities and 'medical gas and vacuum systems”

MC-02 PLUMBING SYSTEM

Table 2-18 Altitude Correction Factors for

Vacuum Systems

Normal Multiplier
Altitude, Barometric used for
ft (m) Pressure required SCFM
0 (0) 29.92" Hg 1.0

500 (152.4) 29.39" Hg 1.02
1,000 (304.8) 28.86" Hg 1.04
1,500 (457.2) 28.33" Hg 1.06
2,000 (609.6) 27.82" Hg 1.08
2,500 (762) 27.32" Hyg 1.10
3,000 (914.4) 26.82" Hg 1.12
3,500 (1066.8) 26.33" Hg 1.14
4,000 (1219.2) 25.84" Hg 1.16
5,000, (1524) 24.90" Hg 1.20
6,000 (1828.8) 23.98" Hg 1.25
7,000 (2133.6) 23.09" Hg 1.30
8,000 (2438.4) 22.23" Hg 1.35
9,000 (2743.2) 21.39" Hg 1.40
10,000 (3048) 20.58" Hg 1.45

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com
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Example 2-3

A facility total demand is 27.5 scfm to produce a
19 in. Hg (482.6 mm Hg) vacuum at sea level. If
this facility is located at 5000 ft (1524 m) above
sea level, you take the 27.5 scfm and multiply it
by 1.20 (the correction factor from Table 2-18)
to get the adjusted total requirement of 33.3 scfm
at 5000 ft (1524 m) above sea level.

Be sure to use actual cubic feet per minute
(acfm) (actual liters per minute [aL/min]) to size
vacuum pumps. The patient vacuum system is
intended to be a dry vacuum system. However,
occasionally fluids enter the piping system acci-
dentally. This should not affect the operations of
the vacuum pumps, but it will eventually restrict
flow, as the pipes’ inner walls become coated with
dry body fluids, dust, and debris. Some facilities
use the vacuum system to remove airborne smoke
particles from electrosurgical or laser-surgery at-
eas. This is not a recommended application for
the vacuum system. The smoke contains particu-
lates, hydrocarbons, and water, which, if
captured, will condense on the pipes’ inner walls,
producing a tar-like substance that will eventually
restrict flow.

* ASPE code “health care facilities and 'medical gas and vacuum systems”
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E. System controlhand warning system

MC-02 PLUMBING SYSTEM @

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com




Based upon the lat-
est recommendations of the NFPA, zone valves
that are accessible to other than authorized per-
sonnel should be installed inside of valve boxes
that are provided with breakable or removable
windows. This valve is to be readily operable from
a standing position in the corridor on the same
floor it serves.

Shut-off valves should be located in medi-
cal-gas systems at the following locations:

1. Source equipment outlet shut-off valves.
2. The main supply line entering the building.

3. The base of each medical-gas riser adjacent
to the riser connection.

4. Each floor distribution zone serving patient
areas.

5. Each anesthetizing locations.

Each critical (intensive) care area, emergency
room, and recovery room.

System control valves

—

Source shut-off

valves
\/

Valves, fittings, and other components The
valve(s) and box assemblies should be full-port
ball valve(s) with 90° from the open to the closed
position. The size of the valves should be based
upon the size of pipe they serve so as ot to-pro-
vide a reduction (or restriction)in the/\flow of the
pipeline system.

A gauge, installéd downstream of the zone
valve, is requiréd ‘in'the patient room.

The(locations cited above are the minimum
recommendations; local plumbing codes, NFPA
stahdards, and site conditions should prevail in
the final determination of the valve placement.
All piping, except control-line tubing, shall.be
identified. All service-main, branch-main,, and
riser valves shall be tagged, and a valve'sched-
ule shall be provided to the facility owner for
permanent record and reference.

Valves and fitfings and other components
shall be_cleafied for oxygen service.

Main shut-off

valves
N

Zone valve-box

assemblies
\/

In-line shut-
off valves
N
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AVSU i—'alyj-iér-.

— — —— |'|_ S Department . O, |N;O | NO/O, | MA4 | SA7 | VAC | AGSS | He/O, AVSU Alarm
Ij_ I|||_ IJ_ v _IJ Accident and Emergéncy l ser!l) 1 set hp/lp 2!
- Terminal - Rl m—— Resusciftibnoom, per trolley space 2 2 - 2 - 2 2 - 2 sets”
Bed 1 HniE Bed 2 Bed 3 Bed 4 B ardy One set either side of the trolley space, if installed in

fixed location, eg trunking; or both sets in an articulated supply
pendant that can be positioned either side of the bed space.

QY

Major treatment/plaster room per trolley space 1 1 Ip 1 Ip 1 1 - 1 set/8 TUs

(]
(]

Post-anaesthesia recovery per trolley space 2 - - - - 2 sets™

Note: One set either side of the trolley space, if installed in
4 Bed BE!::,-' 1 fixed location, eg trunking; or both sets in an articulated supply
pendant that can be positioned either side of the bed space.

T_T \ / Treatment room/cubicle 1 - - - - 1 - - | set/8 TUs
( K su Operating department | set (1)

Anaesthetic rooms (all) 1 1 - 1 - 1 1 -

Operating room, orthopaediey

—i
A4S

(5]
(]
|

For anaesthesist 2 1 - | set per suite 1 set per suite

(2)(3) hpilp 19

(=]

switch D ua I - C ircu I-ts 1 Nbte: Orthopaedic surgery is normally performed in operating

rooms provided with ultra-clean systems. Such systems are much
h J more effective in terms of airflow when provided with partial

\ 4

/ !
4 Fonsirgdon _ _ _ _ 4
Presure \

walls. These walls may be effectively used to include terminal
[ m [ ﬁ:j-g L\ B Yl units that can be supplied by rigid pipework. Such installations
=

do not suffer from excessive pressure loss when surgical air is
I \ :v;"_ required at high flows.

Operating room, neurosurgery

(]
|

(]
|

Anaesthetist r4 1 - | set per suite 1 set per suite
4 Bed Bay 2 rl:.;\;P ol Fo
p/lp
Surgeon - _ _ _ 2

(=]

Isolation Unit
Note: If multi-purpose pendants agedased, thége mayeb€ some
loss of performance of surgicaltgdls because of bore restricrions
and convolution of the fI&ihle chnRECting assemblies at the
articulated joings.

)@ G ) coles P ) Cale 2 P A _1eP

« Y\\LAS

MC-02 PLUMBING SYSTEM

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.NaderW@gmail.Com



Warning systems:

1. To give warn about any pressure fluctuation by using

line-pressure sensing switches

Master alarms NFPA requires that two master-
alarm panels be provided, located (1) in the
engineer’s office and (2) in an area where a 24-
hour surveillance is maintained. The master
alarm provides its signals by a pressure switch
(vacuum switch) located immediately down-
stream from the source’s main shut-off valve or
at the site of the source. For example, with a
liquid-oxygen system, various pressure switches
are located at the bulk site, which provide sig*
nals to main of reserve changeover, reserve in
use, reserve failure, and low reserve. Additional
oxygen signals needed for the master alarm are
line pressure high and line pressure low.

Typical manifold gases, such as nitrous ox-
ide, require signals to the master alarm to
indicate line pressure high, line pressure low,
and reserve supply in use.

Warning systems

—

or

Master alarms
v

Area alarms Area alarms are local alarms usus-
ally provided with a self-contained pgessure
switch and a gauge located in the panel.\These
area alarms monitor the line préssure in areas
in order to indicate if the/ptéssiire increases or
decreases from thewnbrmal’operating pressure.
Except in the opérating or delivery area, loca-
tions whereeach operating or delivery room is
valved, thé'area alarm signals are from the spe-
cific line supplying the area, with the individual
room shut-off valve being the only one between
the actuating switch and the room outlets.

Care should be taken by the engineer to,lo-
cate the area alarm in convenient view, of, the
nursing personnel who normally workyin the area
covered. In case of a stoppage of the medical gas
or any other alarm condition; the proper per-
sonnel must take prompt-and precise corrective
actions. Area @lafm' signals for critical zones
should be interfaced with the master-alarm pan-
els,

N

Area alarms
S

Interface controls In order to advise total build-
ing maintenance systems of any malfunctions
in the medical-gas systems, most manufactur-
ers usually provide a relay interface control so
that easy and compatible signals can be pro-
vided by the total building maintenance and
control system.

InterfaceﬁnLths (Relays)

provided in computerized
signal equipment

: ylaid | ol - 1/
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* ASPE code “health care facilities and 'medical gas and vacuum systems”
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CENTRAL ALARM PANEL REPEATER ALARM
IN TELEPHONE ROOM , REPEATER ALARM
OR PORTER’S LODGE INFORTER'S LODGE IN ENGINEER’S OFFIC

MULTICORE COMMUNICATION CABLE

TRANSMITTER

ALARM SIGNAL
STATUS UNIT

END OF LINE
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D END OF LINE I—_—" |___'__
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UNIT
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* Health Technical Memorandum 2022
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MC-02 PLUMBING SYSTEM

() SUPPLY
PIPEWORK

[

AVSU

AREA ALARM
PANEL

Figure 17 Typical area alarm panel (reproduced by kind permission of Shire Controls)
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Manifold indicator unit:
There should be indicators to show the following conditions:
1. for each automatic manifold:
* agreen “running” indicator for each bank. This should display when the bank is supplying gas,
irrespective of the pressure;
* avyellow “empty” indicator for each\bank when the running bank is empty and changeover has
occurred;
* avyellow “low pressure” indicator for each bank to be illuminated after changeover, when the pressure
in the bank now running falls to the low pressure setting;
2. for each emergency/reserve bank a yellow indicator to-be illuminated when the pressure in the bank falls
below 14 bar g for nitrous oxide or below 68 bar, g for other gases;
3. for the pipeline distribution system a red “low pressure” and a red “high pressure” indicator to be
illuminated when the respective conditions occur.
Alarm signal status unit: The following)indication of manifold conditions shénld be provided:

Indication Legend
1. green “normal” normal
2. yellow “duty bank empty, standby running” change cylinders
3. yellow “duty bank empty, standby low” change cylinders immediately
4. yellow “emergency/reserve banks low” reserve low
5. e.red “pipeline pressure fault” pressure fault
* Health Technical Memorandum 2022
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F. Terminal Units
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HTM2022: Mounting heights for terminal units should be
between 900 mm and 1400 mm above finished floor level (FFL)
when installed on walls or similar vertical surfaces.

33y Ul Adta 15,0 o bslazel con 7oL 510y JIST Y/ Y/

I Sl 30 3555 g 8 i 3l e 3le S e e ST

cdaidy — bghian o [ = 3,5 deaS T — ST JW s DU g}

Where, in some ward areas, terminal
units are installed in recesses behind
covers/decorative panels etc, allow an
additional 100 mm on each side of
the outermost terminal units and 200
mm from centre to top of recess and
300 mm from centre to bottom of
recess. The depth of the recess should
be 150 mm.

CIRCULAR (eg pendant) - Viewed from below @ (o)

3.17 Terminal units whichyaré Wall mounted should be located as follows:

a.

distance betwe€en centres of adjacent horizontal terminal units:
() 35+ 2.5 mm for three or more terminal units;

(i) 150 + 2.5 mm for two terminal units only;

This should be sufficient for double flow meters tQ be uSed _for

example between an oxygen terminal unit and-a Zacuum terminal unit
serving two bed spaces;

the distance between the centre’0f Theterminal unit and a potential
obstruction on either sidedfor example when installed in a corner)
should be a minimdm of*200 mm on either side.

WALL MOUNTED TERMINALS - Horizontal array

LEFT RIGHT
© © © ©© © @ © ©
0, NO O,/N,O MA  SA AGS He/O,

WALL MOUNTED TERMINALS - Vertical array

TOP TOP

©¢ e O]
o © O &

- omo® @
© " @[
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Terminal unit mounting heights

T

400 mm
TU separation
135 mm = 2.5 mm
between centres,
Terminal unit mounting for 3 or more TU§
height range
200-1600 mm

{Recommended range
900-1400 mm
above FFL)

TU separation
150 mm + 2.5 mm
between centres,

for 2 TUs-aflly

900 mm

FIMISHED FLOOR LEVEL

'
-

pove P @@@@
e 700 mm DTN

- D)
u\(@_”

PENDANTS
{For rigid units, distance
is measured in fully
retracted position)

_ TU centreline
~~.200 mm (min)
" from side walls

—
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* Notes:

Fire detection system

Jolas Galas 5 1o pell] o L3N] E oAl Je aliban Y] Jolas Gk sie 21y -
A S)‘,..LUUL: LJL.»\’C)LAJ!U).L .I.Lsu:_."ﬂ

2.32 Smoke or heat detector heads should be installed in the plantrooms,

W ¢ gl e 350 Lisis o lusa ! Jolae jLceYl 3 S sue cou =
medical gases manifold rooms and (when internal) medical gases cylinder & "&J i e »El S | AL
stores in any hospital having a fire detection system in accordance with HTM O PR T TR 1 L ) s | (RN I VI o

82 'Firecode alarm and detection systems’. = -
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Any Questions ?N




