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In this division there exists three separate, but equally important, utility systems.  The systems are the fire protections system, the plumbing system, and the heating, ventilation, and air conditioning (HVAC) system.  Each of these systems will be discussed briefly in this section.

Fire Protection  
The fire protection system is made up of a number of specialized systems designed to cover as many conditions of a fire environment as possible.  The first is the fire detection and alarm systems, which include the automatic smoke detection system and the audible alarm system.  Smoke detectors can be within designated room locations or within the HVAC ductwork.  

The second fire protection system is the smoke control system, which can use the smoke detection system as its initiator.  The smoke control system’s function is to shut off dampers in the HVAC ductwork to prevent the passing of smoke to an adjacent smoke compartment area.

The next system is the automatic sprinkler protection system, which is a requirement within all medical facilities.  Though there is a listed exception in MIL-HDBK-1191, paragraph 13.8, the push is still to include automatic sprinkler protection systems in all new builds and additions.

The last system is the electronic communications and automatic data processing (ADP) area systems.  These are the systems that exist in areas housing large electronic systems or equipment that provide control of critical medical equipment.  

All of these systems have a number of codes and standards that they are required to meet.  Compliance is strictly evaluated during system inspections and JCAHO surveys.  During construction efforts, new systems are evaluated to insure they are being installed properly and existing systems are inspected for possible interruptions in service.  Specific compliance with the requirements of the Interim Life Safety Measures (ILSM) outlined in the JCAHO Manual will insure all fire protection and life safety provisions are being met.

Plumbing
The CSI provides plumbing a simple one line reference, but in reality, this is a large, complex area in a medical facility.  What further complicates this area of responsibility is the recent addition of medical gas systems.  Civil Engineering experience in this area for construction, inspection and maintenance is very thin. 

The plumbing system can be separated into five functional areas; hot and cold domestic potable water supply, water treatment, sanitary drainage, storm water disposal, and industrial (acid) waste drainage.  Each has its own distinct responsibility within the overall plumbing system.  There are additional plumbing systems associated with HVAC systems, but can be explained better there.

The potable water system must be supplied from a minimum of two separate water services for continuity of service.  They must enter the building at separate locations to prevent common water main breaks.  Their design capacity must be capable of supplying water for potable uses as well as process and fire protection systems.  In the event two separate supplies are not available, on site water storage must be available.  

Water treatment and purification is provided by the base Civil Engineer, but periodic water analysis to insure the water provided meets the needs of the medical function is recommended.  

The sanitary drainage system from the medical facility is to be connected to the existing base sewer system.  The design of the system shall limit excessive backpressure and aspiration effects.  Cleanouts shall be located to avoid disruption of the medical mission. 

Storm water disposal shall be provided for the runoff of all roofs and paved areas.  All storm water systems shall empty into the base storm sewer, where possible.  If not possible, acceptable water retention systems shall be incorporated into the design.  All storm water runoff design applications shall comply with the base storm water management plan. 

Special purpose waste lines are to be provided for any acid or radioactive waste generated within the facility.  All acid waste systems shall use acid resistant materials and transport the acid to dilution tanks before depositing the waste into the building waste system. Radioactive waste will be disposed of in accordance with the prescribed methods of the material being handled.

Medical Gas Systems
Medical gas system are composed of a number of dedicated systems: (66)

· Compressed air for medical and dental patient and laboratory use.

· Vacuum for medical and dental patent use.

· Laboratory dust collection.

· Waste anesthesia gas disposal.

· Gases for patient, laboratory, and equipment use.

Mostly, the medical gas systems utilize centralized storage for the particular gases used, and a centralized compressor for the medical air used.  The system also includes distribution piping and termination connectors.  The connectors are required to be threaded in order to prevent confusion between different medical gases.  There are some systems that are not centralized and depend on independent point-of-use capabilities.

Medical gas systems are installed and tested in accordance with NFPA 99.  Also within this reference are the requirements for medical gas warning systems.  

This is an area covered heavily by codes and standards.  Further reading in the references listed can provide the explanation for more detailed questions.  

HVAC
The HVAC systems is also a complex system, and there are a number of CSI subdivisions dedicated to it.  In this review, we will briefly discuss what makes up environmental comfort, the design of a typical HVAC system, the design conditions of the medical facility HVAC system, and how a structural design adds to or subtracts from the load on the system

Comfort
As you soon find out in the role as facility manager, the majority of the trouble calls you receive are concerning the climate comfort within the facility.  This is especially true during the cold of winter and the heat of summer.  What is important to understand is that there are a number of factors that make up a comfortable environment, and that temperature is just one of them.  

The surprising thing about comfort is that it is not when a person feels the cool air on a hot day, or the warm heating on a cold day.  Comfort is defined as the condition of the environment when a person cannot tell the difference between themselves and the surrounding air.  In reality, the two examples given above would be defined as discomfort, because the person could tell a difference.  Comfort is made up of five elements: (67)

· Proper temperature

· Humidity

· Circulation 

· Filtration

· Ventilation

The body temperature is normally at 98.6 degrees Fahrenheit.  Due to the body’s temperature control system a person will feel comfortable at an air temperature of 75 degrees Fahrenheit when fully clothed.  Any air temperature above or below this will result in discomfort.

Humidity is the factor that indicates the amount of moisture in the air.  Relative humidity is the ratio of the amount of moisture in the air versus the amount of moisture in the air at the same temperature if it was saturated.  Comfort is felt when the relative humidity is 50%.  

Circulation is the movement of air within the interior areas.  There must be adequate circulation throughout a facility in order to have comfort.  Two situations exist if circulation is not adequate, and that is stagnant air and temperature stratification.  Stagnant air does not have the circulation of clean and fresh air that cleans out impurities and provides fresh oxygen.  When air does not circulate, the warm air rises and the cool air drops, creating layers of air with differing temperatures in all spaces within the building.  Both these conditions cause discomfort. (68)  The optimal circulation of air to provide the clean and fresh air for comfort is 40 feet per minute.  

Filtration is the factor that removes airborne particles from the air as it circulates.  The filters used can be of different sizes to remove different levels of particles.  The filter chosen depends on the application of the air space it filters.   

Ventilation is the process where fresh air is introduced into the circulation system.  The fresh air that is introduced aids in the circulation of fresh oxygen into the air space.  It also helps the filtration process to remove odors by diluting any that are passed through the circulation system.  In some situations, all of the air removed from an air space is too contaminated with particles or odors to be usable as return air.  In this situation, the outside air is used through ventilation as supply air for the system.  In this situation, it is indicated that the supply air is 100% makeup air. 

The important thing to remember about all these factors is that they are closely interrelated when it comes to effecting comfort.  For example, if the humidity is too low, a higher air temperature is required to feel comfortable.  Also, if the circulation rate is too high, evaporation of skin moisture makes the air seem cooler and requires a higher air temperature to feel comfortable.  So, to maintain comfort, all the factors must be kept in balance.  When trouble calls are received it is important to determine which of the factors, or combination of factors, is responsible before corrective action is planned.  

Typical HVAC System Design

The typical HVAC system depends a lot on the load that the system is expected to heat or cool.  For example, consider the task of cooling a facility space.  Figure 1 shows four different sizes and types of air conditioning systems.  Each is designed for a different cooling load.  The window air conditioning unit is capable of supplying .5 to 2 tons of cooling and is usually not adequate for cooling more than a room, or a very small residential dwelling.  The medium size unit, which is usually a standalone unit in a home or small commercial facility.  They are connected to the ductwork in the building and are capable of 2 to 7.5 tons of cooling.  Large size units are typical of the roof mounted package units and are capable of 20 to 60 tons of cooling.  

Since most hospitals require more cooling than these systems provide, the chilled air conditioner using a  water-cooled refrigeration system is a more practical.  These systems are capable of providing 500 to 750 tons of cooling and do it more efficiently than refrigeration system air conditioners that cool the air with refrigerant.  Also, Water is cheaper than refrigerants and a less hazardous to deal with. 
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Figure 1 (69)

sizes and types of air conditioning systems
Heating the facility is a bit simpler with the heat provided through the use of a boiler or a steam line provided by a central steam plant on base.  Simpler systems in the home use air as its heating element, but these systems have to pass this element over a distance before it can be used to heat the circulated air.  Super-heated steam performs this function better, and is used by both system types as the heating element.  

Figure 2 shows a simplified heating and cooling system working in the heating mode.  The working portion of the system is separate from the air handling units (AHUs) where the circulated air is actually heated or cooled.  The heater coil is known as the heat exchanger and can have either hot air or hot water as the heat transfer medium.  Heat exchanges are designed to increase the air temperature flowing through them by 80 to 100 degrees.  In this example, we will use 120 degrees as the temperature of the air as it leaves the heat exchanger.  Water heated to this temperature would lose a lot of it’s humidity.  So following the heat exchanger, water is injected to replenish the relative humidity of the air.  This air flows through the supply ducts to the interior spaces the air handler was designed to condition.  Within the space, the air is to be maintained at the ideal comfort levels of 75 degrees Fahrenheit and 50% relative humidity.  This is the condition of the air as it enters the return duct.  A portion of the air is exhausted and replaced with outside air prior to being passed through the filter and blower to again be heated by the heat exchanger.




Figure 2

simplified heating system
Figure 3 shows the AHU in its air cool, or summer mode.  The cooling coil uses either cold water or a refrigerant as its cooling element.  The cooling coils are designed to cool the air to approximately 55 degrees Fahrenheit as it leaves the cooling coils.  To accomplish this, the water or refrigerant must enter the cooling coils at 45 degrees Fahrenheit.  As the cooling process produces its own humidity by way of condensation, there is no need to use the humidifier.  Air enters the room at 55 degrees Fahrenheit, but again leaves at the ideal comfort conditions of 75 degree Fahrenheit and 50% relative humidity.  Some air is still exhausted and replenished with fresh outside air prior to passing through the filter and fan back to the cooling coils.  
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Figure 3

simplified cooling system
As previously stated, the heating process if fairly simple compared to that of cooling.  In the heating system the circulated supply air is heated by the heating coils.  The heating coils provide the heat through circulated hot air or steam in the windings.  It is a closed system where the air or steam is circulated back to the boiler to be reheated again.  

In the cooling system shown in figure 4, (A) the 75 degree return air loses its heat to the 45 degree cooling coils.  The water circulating through the coils is heated to 55 degrees and returns to the (B) cooler evaporator part of the chiller, where it loses its heat to the refrigerant evaporator coils.  The refrigerant circulates through the compressor to the (C) water-cooled condenser, where the refrigerant loses its heat to the circulating cooling water.  The cooling water is circulated through to the (D) water tower, where the heat is lost to the air as the water is sprayed in a mist down through the air flow.  
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Figure 4

chiller cooling system
Structural Design

In the design of the structure, materials are chosen to provide the best heat and/or cooling loads for the facility.  The heat is the amount of heat lost by a building and the cooling load is the amount of heat gained by a building.  If heat loss is a concern, which would be important in hotter climates, the cooling load is important.  If heat gain is an issue, which is the case in colder climates, the heat load is important.  In most cases, both are taken into consideration.  The materials are a contributing factor to the heat and cooling loads of the building. 

Heat transfers between materials from the warmer of the two to the colder.  The heat is transferred by either conduction, convention, or radiation.  Conduction occurs when heat is transferred by direct touch.  The rate of transfer is dependent on the materials involved.  Convection occurs when a movement of a material, usually a gaseous material, is used to transfer heat.  Radiation occurs when a material generates heat through an electromagnetic process.  A light bulb is an example of heat radiation. 

Every material has a resistance to the transfer of heat.  This characteristic is represented by an R factor.  Materials are chosen in the design of the envelope of a building to provide moisture and thermal protection.  The amount of thermal protection is dependent on the materials chosen and how they are placed.  A exterior wall design is a good example of this effort and is shown in figure 5. 

In all wall designs, there exists a thin film of air along the interior and exterior walls that contributes to the heat transfer resistance.  The R factors of both air films in this case are 0.68 for the inside and 0.17 for the outside.  Even the one inch air space in the wall has an R factor.  These values and the R factors for the building materials are as follows:
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Figure 5

exterior wall thermal design


Wall Material


R Factor


Inside air film


    0.68



Gypsum - 1/2 inch

    0.45



Insulation - 2 1/2 inch

    7.00



Air Space - 1 inch

    1.01



Plywood  -  3/8 inch

    0.47



Outside air film

    0.17

9.78  = Total R Factor of the wall

Additional calculations take place for the floor and ceiling construction.  There are other factors that must be taken into consideration when determining the heat and cooling loads of a building.  These at least include the climatic conditions of the area, the type of glass used in windows, which direction the long side of the building faces, how large the overhang is over windows, and the color of the roof. 

Finally, when the loads for the building have been determined an additional calculation must take place for the interior spaces of the building.  These calculations take into account the type of equipment being used in the building, the number of people working within the building, and the type of activity taking place by the people.  With all this information, the right type of heating and air conditioning design loads can be determined. 
Obviously, there is a lot of information that is not included in this explanation.  This general description of the typical HVAC system design should give Clinical Engineers a working knowledge for design as well as maintenance discussion.  If there is more detailed information required, the reference material can reviewed further.

This section provided helpful information as well as some sources to aid in interpreting the plumbing, medical gas, and HVAC parts of a construction design.  A good portion of the day-to-day trouble calls to the Facilities Office fall in these areas, so this information is useful in the approach and follow-up of these maintenance calls. Because of the nature and importance of the systems, it is suggested that further reading and study be applied to this area.  

CODES AND STANDARDS REQUIREMENTS (70)

· National Fire Protection Association (NFPA) 101, “Life Safety Code” - compliance standards for life safety and fire protection.
· MIL-HDBK-1008B, “Fire Protection” and Joint Commission on Accreditation of Healthcare Organizations (JCAHO) Manual - compliance standards for medical facility designs.
· NFPA 101M, “Fire Safety Evaluation Systems (FSES)” - used to asses existing facilities and for design concept development of Life Safety Code upgrade projects at existing facilities.  
· NFPA 99, “Health Care Facilities Handbook” and NFPA 90A, “Air Conditioning and Ventilation Systems” - compliance standards for fire detection and alarm systems.
· NFPA 72, “Signaling Systems” - installation requirements for fire detection and alarm systems.
· NFPA 92A, “Smoke Control Systems” and NFPA 92B, “Smoke Management System in Malls Atria and Large Areas” - compliance standards for smoke control systems.
· NFPA 13, “Sprinkler Systems Installation” - compliance standards for automatic sprinkler protection.
· NFPA 96, “Removal of Smoke and Grease Laden Vapors from Commercial Cooking Equipment” - compliance standards for extinguishing systems in food preparation areas and self-cleaning water wash ventilators with waterspray fire protection systems for cooking surfaces, ducts, grease removal devices and range hoods. 
· NFPA 75, “Protection of Electronic, Computer/Data Processing Equipment” - compliance standards for rooms and areas housing EPABX equipment or other electronic communications, large rooms containing ADP equipment, and electronic equipment providing control of critical medical equipment. 
· NBSIR85-3158, “Fire Performance of Interstitial Space Construction Systems” - compliance standards covering interstitial spaces.
· NFPA 70, “National Electric Code” - compliance standards covering all electrical portions of fire protection, plumbing, medical gas and HVAC systems. 
· National Standard Plumbing Code, National Association of Plumbing - Heating - Cooling Contractors - design guidance for all plumbing, water supply, backflow prevention, and drainage systems.
· National Association of Corrosion Engineers (NACE), “Book of Standards and Their Applicable Recommended Practices” - design guidance for plumbing corrosion protection.
· ASTM D 1193, Reagent Water - requirements for type III grade water.
· Federal Specification WW-P-541 Series for Plumbing Fixtures and Appurtenances, e.g. “Lavatories” - WW-PP-541/4B and “Plumbing Fixtures, Vitreous China” - WW-P-541/1B, 2B and American National Standards Institute, Series A112 and Z124, e.g. “Supports for Off-the-Floor Plumbing Fixtures for Public Use” - A112.6.1 and Plastic Shower Receptors and Shower Stalls” - Z124.2 - compliance standards for plumbing fixtures.
· MIL-STD-1691, “Construction and Material Schedule for Military Medical and Dental Facilities” - plumbing fixture schedule.
· Air Conditioning and Refrigeration Institute (ARI) Standard 1010, “Drinking-Fountains and Self-Contained, Mechanically-Refrigerated Drinking -Water Coolers” - standard rating and performance requirements for public drinking water coolers.
· NFPA 54, “National Fuel Gas Code” and NFPA 58, “Storage and Handling of Liquefied Petroleum Gases” - gas system design standards.
· NFPA 99, “Health Care Facilities” - compliance standards for medical gas systems. 
· Compressed Gas Association (CGA) Pamphlet C-9, “Standard Color-Marking of Compressed Gas Cylinders Intended for Medical Use in the United States” , NFPA 50, “Bulk Oxygen Systems” and Compressed Gas Association Pamphlet No. P-2.1 - compliance standards for medical gas system outlets, medical compressed air systems, vacuum systems, and bulk oxygen systems
· DoD Directive 6055.10, “Storage and Administration of Oxygen for Medical Use” - compliance standards for central oxygen delivery system design.
· American Society of Plumbing Engineers, Data Book, Volume 2, Special Plumbing Systems Design, Chapter 10 - system demand standards for nitrous oxide.
· Occupational Safety and Health Administration of the U.S. Department of Labor, 29 DFR 1910.1047(a), “Ethylene Oxide” and National Institute for Occupational Safety and Health, Current Intelligence Bulletin 52,”Ethylene Oxide Sterilizers in Health Care Facilities” - ethylene oxide precautions.
· American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc. (ASHRAE) HANDBOOK Series. Volumes (Subjects) in the ASHRAE HANDBOOK series (scheduled revisions every 4 years) are:
8a (1)
Fundamentals

8a (2)
Systems

8a (3)
Equipment

8a (4)
Applications

8a (5)
Refrigeration  ;
ACGIH, “Manual of Recommended Practices for Industrial Ventilation”  ;  “NFPA 99, “Standard for Health Care Facilities”  ;  NFPA 90A, “Standard for the Installation of Air Conditioning and Ventilation System”  ;  NFPA 96, “Cooking Equipment, Vapor Removal”  ;  “NFPA 801, “Facilities for Handling Radioactive Materials”  ;  NFPA 45, “Labs Using Chemicals”, and NFPA 101, “Life Safety Code” - minimum HVAC design criteria.
· Joint Services Manual TM 5-785, NAVFAC P-89, AFM 88-29, “Engineering Weather Data” - weather data to be used in HVAC design.
· ASHRAE 15, “Safety Code for Mechanical Refrigeration”, and ASHRAE 34, “Number Designation and Safety Classification of Refrigerants” - requirements for safety features, such as sensing devices, purge ventilation systems, etc., used for the particular refrigerant in a refrigeration room design.
· SMACNA, “HVAC Duct System Design” - requirements for duct system designs.
· NFPA 70, “National Electric Code” - requirements for minimum clearances between electrical and mechanical equipment.
· UL 181, “Standard for Safety, Factory-Made Air Ducts”, and “ASTM C 665, “Mineral-Fiber Blanket Thermal Insulation” - mold-growth test limitations for duct insulation lining.  
· MIL-STD-1008 - smoke generation and flame spread limitations for duct lining materials.  
· ASHRAE 62-89, “Ventilation For Acceptable Indoor Air Quality” - guidance for laboratory hood and exhaust design.
· OSHA - Part 1910, “Occupational Safety and Health Standards”  ;  CDC-NIH, “Biosafety in Microbiological and Biomedical Laboratories”, and Standard 49, “Class II (Laminar Flow) Biohazard Cabinetry”, National Sanitation Foundation - biological safety hood Class, Type, application, and exhaust requirements.  
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