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I. Heating, Ventilating, Refrigeration and Air-Conditioning:

A. Criteria and reference sources:

i. Criteria used:

a. Project Book

b. U.S. Army Corps of Engineers Technical Literature:

1. Design Criteria, TI 800-01, dated 20 July 1998.

2. Mechanical Design – Heating, Ventilating and Air-Conditioning, TI 810-10, dated 01 February 1999.

3. Heating, Ventilating and Air-Conditioning HVAC) Control Systems, TI 810-11, dated 30 November 1998.

ii. References used:

a. Engineering Weather Data, AFH (I) 32-1163/NAVFAC P-89, dated 01 July 2000.

b. American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) publications:

1. ASHRAE Handbook of Fundamentals, 2001.

2. ASHRAE Refrigeration Handbook, 1998.

3. ASHRAE HVAC Applications Handbook, 1999.

4. ASHRAE HVAC Systems and Equipment Handbook, 2000.

5. Thermal Environmental Conditions for Human Occupancy, ASHRAE Standard 55a-1995.

6. Ventilation for Acceptable Indoor Air Quality, ASHRAE Standard 62-1999.

7. Energy Standard for Buildings Except Low-Rise Residential Buildings, ASHRAE Standard 90.1-1999.

8. The HVAC Commissioning Process, ASHRAE Guideline 1-1996.

c. Sheet Metal and Air-Conditioning Contractors’ National Association (SMACNA) publications:

1. HVAC Systems Duct Design – Third Edition, 1990.

2. HVAC Duct Construction Standards – Metal and Flexible, Second Edition, 1995.

d. International Mechanical Code, 2000.

B. Functional and technical requirements:

User requirements
:

i. Available energy systems:

a. Electricity: See Chapter 6 of this analysis.

Outdoor design temperatures

b. Summer:









X(Cdb/X(Cwb.

c. Winter:









X(Cdb.

d. Heating degree days:



X

e. Cooling degree days:



X

f. ASHRAE 90.1 Weather Zone
:

B-5

g. U-values for building construction elements (W/K m2):

1. See the appendix at the end of this chapter for calculations.

	Building Element
	Maximum U-value per ASHRAE 90.1

	Actual U-value

	Roof
	x
	X

	Wall
	x
	x

	Glass
	x
	x


Indoor design conditions:

h. Administrative, detention and communication areas:

1. Summer:

25(Cdb/50%RH.

2. Winter:

20(Cdb

i. Mechanical and electrical rooms:

1. Summer:

40(Cdb

2. Winter:

5(Cdb

ii. Equipment heat release data:

a. The administrative portion of the facility will have typical office equipment.  The heat release data for this area is based on the ASHRAE recommended values and is approximately 11 W/m2.

iii. General HVAC zone and personnel loads:

a. The building population and time of use data was obtained ….
The sensible and latent heat released by the building personnel was taken from the ASHRAE Handbook of Fundamentals.

b. Administrative Area:

1. Population:



x people.

2. Time of occupancy:
0700-1800 hours – 5 days per week, closed for holidays.

3. Degree of activity:
Moderately active office work

(a) Sensible load:
75 W

(b) Latent load:

55 W

c. Detention Area:

1. Population:



x people.

2. Time of occupancy:
24 hours – 7 days per week, no holidays.

3. Degree of activity:
Seated, very light work

(a) Sensible load:
70 W

(b) Latent load:

45 W

iv. HVAC system control requirements:

a. The introduction of outside air into the building will be controlled as required by ASHRAE 62-1999.  However, since this facility uses constant volume systems, this will primarily consist of ensuring the outside air dampers are open when the facility is occupied.

v. Mechanical ventilation, exhaust and filtration:

a. There are no toxic or airborne polluting substances present.

C. Design objectives and provisions:

i. System Selection:

a. Economic Justification:  See paragraph II, Energy Conservation and Life Cycle Cost Analysis:.

b. Plant:

1. Heating:  Natural gas is not available at this location.  As a result, electric resistance heat was found to be the most economical means of providing heat.

2. Cooling: Direct expansion refrigeration with air-cooled condensers were selected to serve this facility due to the low maintenance requirements required by this type of system.

c. Air Distribution:

1. Systems considered:

(a) Multi-Zone

· Advantages:

· All equipment is located in the mechanical room to facilitate maintenance.

· The use of a duct mounted heating coil will allow the system to use the hot deck to blend unconditioned air with the cooled air.  This will help minimize the use of electric heating when conditions are mild.

· Fewer condensing units located around the facility.  This enhances both the security and the aesthetics of the facility.

· Disadvantages:

· Higher first cost than fan-coil units.

· When system is not operational, larger area is not served.

(b) Fan Coil Units

· Advantages:

· Lower first cost than multi-zone.

· Modular layout allows HVAC operation in other areas when one system is inoperable.

· Disadvantages:

· Maintenance staff must enter the occupied space to access unit.

· Many more condensing units will be scattered around the facility perimeter.

· Relatively short life expectancy.

· Requires chiller and boiler system installation.

· Requires a separate air-handling unit to precondition the outdoor air required by ASHRAE 62-1999.

(c) Packaged Split System:

· Advantages:

· Lower first cost than multi-zone.

· Modular layout allows HVAC operation in other areas when one system is inoperable.

· Disadvantages:

· Maintenance staff must enter the occupied space to access unit.

· Many more condensing units will be scattered around the facility perimeter.

· Relatively short life expectancy.

· Requires a separate air-handling unit to precondition the outdoor air required by ASHRAE 62-1999.

(d) Bypass VAV

· Advantages:

· All equipment is located in the mechanical room to facilitate maintenance.

· Extremely versatile zoning capability.

· Fewer condensing units located around the facility.  This enhances both the security and the aesthetics of the facility.

· Disadvantages:

· Significantly higher first cost than fan-coil units.

· When system is not operational, larger area is not served.

· Controls are more complicated and require more operating and maintenance expense.

· Variable airflow would make it difficult to maintain tuberculosis containment.

2. Administration Area: A multi-zone system with duct mounted heating and no economizer was selected for this area.  Due to the high outdoor air load required for normal operation an economizer will provide minimal benefit.

3. Detention Area:  A multi-zone system with duct mounted heating and no economizer was selected for this area.  Due to the 100% outdoor air load required for normal operation an economizer cannot be installed.

4. RVS and Dispatch equipment load:  Due to the high concentration of the load and the requirement for a raised floor, a computer room unit will be installed to offset the high equipment load in this area to avoid over cooling the space when the equipment is not operating.

ii. Ventilation, exhaust and filtration

a. The calculations required for compliance with the requirements of the ASHRAE Standard 62-1999 Ventilation Rate Procedure are included in the appendix of this document.

b. The building will be positively pressurized with respect to the outdoor conditions to minimize infiltration.

c. The occupancy of the administrative and detention areas fit system type B1, average general office, as defined by Table 2 in Chapter 24 of the ASHRAE HVAC Systems and Equipment Handbook, 2000.  As a result, 35% dust spot efficient filters will provide adequate filtration for the facility.

d. The toilet and locker areas will be exhausted as required by Table 2 of ASHRAE Standard 62-1999.

1. Toilet areas: minimum 25 Lps per water closet or urinal.

2. Locker room: minimum 2.5 Lps per m2.

iii. Air distribution:

a. All ducted systems will be constructed in accordance with the SMACNA Duct Construction Standards.  

b. Duct sizing method used:

1. Supply duct: equal friction.

2. Return duct: equal friction.

3. Exhaust duct: equal friction.

4. See the appendix of this chapter for all duct-sizing calculations.  

iv. HVAC piping systems

a. The only HVAC piping in this facility will be used for refrigerant transmission.

b. Refrigerant piping will be insulated to minimize heat gain.

c. The refrigerant piping will be buried inside 200 mm PVC DWV piping on the outside of the facility.  However, once it enters the building perimeter, it will be brought above ground for ease of maintenance.

v. Psychrometrics:

a. A psychrometric analysis of all systems will be performed for all systems.

vi. System expansion and feasibility:

a. There are no provisions in the HVAC system for future expansion.

b. It was decided at the design charette meeting that any future expansion of the facility will include and additional mechanical room to serve this additional building area.

vii. Vibration and noise isolation:

a. All mechanical equipment will be isolated from the building structure in accordance with Table 45 on page 46.39 of the ASHRAE HVAC Applications Handbook, 1999.

viii. Energy distribution system:

a. All systems are self-contained using electrical power.

ix. Controls

a. Direct digital controls (DDC) will be specified to maintain the indoor conditions indicated above.  There is no existing system for remote monitoring of the facility.  As a result, a generic DDC specification will be used to maximize competition during the bid process.

b. Control will consist of zone thermostats with dead bands and no night set back.  

c. Direct expansion refrigeration and electric heating will use package controls.  

d. There is no requirement for an energy monitoring or maintenance monitoring system.

e. Differential pressure sensors will monitor the air filters.  The data from these sensors will be used to indicate when the filters have reached the end of their useful life and need to be changed.

f. Since this facility uses constant volume systems, there is no diversity in the fan motors.

x. Enhancements for operation and maintenance:

a. The building will be commissioned to ensure proper operation of the systems prior to turnover.  Commissioning also ensures that the building maintenance staff has seen all parts of the system in operation and has had a chance to ask any questions they may have about operation or maintenance prior to acceptance.

b. The multi-zone systems will allow the maintenance personnel to perform nearly all maintenance in the mechanical room.

II. Energy Conservation and Life Cycle Cost Analysis:

A. Criteria and reference sources:

i. Criteria used:

a. Energy Performance Standards, 10 CFR Part 435

b. Federal Energy Management and Planning Programs, 10 CFR Part 436

c. Energy Standard for Buildings Except Low-Rise Residential Buildings, ASHRAE Standard 90.1-1999.

ii. References used:

a. ASHRAE HVAC Applications Handbook, 1999.

b. R.S. Means Mechanical Cost Data, 1999.

B. Functional and technical requirements:

i. User requirements

a. ..

ii. Energy Use Budget Target: 

iii. Design conditions:  

a. Outdoor design temperature: See section I of this chapter for the design conditions used.

b. Indoor design temperature:  See section I of this chapter for the design conditions used.

c. Personnel loads: Since it is not required to meet an energy use budget figure, the data listed in section I of this chapter was used.

d. Equipment loads: The data listed in section I of this chapter was used.

e. Ventilation and exhaust:  See section I of this chapter for the design conditions used.

f. Building construction:  See section I of this chapter for the design conditions used.

C. Alternatives studied:

i. Multi-Zone using DX cooling, electric resistance heating and no economizer.

ii. Fan Coil Unit using DX cooling, electric resistance heating, separate outdoor air unit and no economizer.

iii. Packaged Split system using DX cooling, electric resistance heating, separate outdoor air unit and no economizer.

iv. Bypass VAV using DX cooling, electric resistance heating and no economizer.

D. Results of analysis:

	System
	Annual Energy Use (MJ/m2-year)
	Life Cycle Cost for 30 year period

	Multi-Zone
	2,231
	$642,133

	4-Pipe Fan Coil
	2,153
	$658,421

	Packaged Split System
	2,153
	$662,494

	Bypass VAV
	2,144
	$646,613


III. Plumbing:

A. Criteria and reference sources:

i. Criteria used:

a. UFC 3-420-01 Plumbing.

ii. Reference sources:

a. International Plumbing Code, 2000

B. Functional and technical requirements

i. User requirements:  There were no specific user requirements.

ii. Fixture allocation:  Refer to Table 403.1 of International Plumbing Code, 2000 for classification data and minimum requirements.

a. Administrative personnel:  

1. Total Daily Population: x people.  

(a) 125% of the total is used for diversity.

· Male = 
75% = x people.

· Female = 
50% = x people.

2. Classification:  Business.

3. Plumbing fixtures required:

	Fixture
	Male
	Female
	General Use

	Water Closet/Urinal
	X
	X
	-

	Lavatories
	X
	X
	-

	Showers
	X
	X
	-

	Service Sinks
	-
	-
	X

	Drinking Fountains
	-
	-
	X


iii. Domestic water supply available:

a. Static:

x kPa.

b. Residual:
x kPa at x Lps.

C. Design objectives and provisions

i. See the calculations in the appendix for the building domestic water demand.

a. The water pressure available will be sufficient for plumbing requirements including flush valves.

b. The water pressure available is not adequate for fire protection.  As a result, a fire pump will be installed.

ii. Sanitary waste system:

a. See the calculations for the building sanitary waste flow.

b. The building sanitary vent system has not been calculated yet.

c. The sanitary waste system will exit the building where indicated on the drawings and continue as indicated on the site plans.

d. The sanitary waste vent system will combine piping to the greatest extent possible to minimize the number of roof penetrations.

iii. See chapter VII, Fire Protection and Life Safety, of this document for the fire protection water demand.

IV. Special systems:

A. Criteria and reference sources:

i. Criteria used:

a. Design Criteria, TI 800-01, dated 20 July 1998.
ii. Reference sources:

a. International Plumbing Code, 2000
B. Functional and technical requirements

i. Vehicle wash area:  The user requires an area to wash the government owned vehicles.

C. Design objectives and provisions

i. A packaged automobile wash system will be installed.  Since there is no structure provided for this area, the package will have to be able to withstand outdoor conditions.

V. Environmental considerations:

A. Functional and technical requirements

i. Oil-Water Separator:  

a. An oil water separator will be required at the wash bay.

b. See the site plans for the location.

ii. Sand separator:

a. A sand separator will be required at the wash bay.

b. See the site plans for the location

VI. Fire Protection:

A. Criteria and reference sources:

i. Criteria used:

a. National Fire Protection Association Publications

1. Standard for the Installation of Air-Conditioning and Ventilating Systems, NFPA 90A-1999.

B. Functional and technical requirements

i. User requirements: None

C. Design objectives and provisions

i. The security barrier in the detention area is a 2-hour firewall.  As a result, fire dampers will be installed as required to comply with NFPA 90A-1999.

ii. See chapter VII, Fire Protection and Life Safety, of this document for the fire protection water demand.

VII. Information needed from the User

A.  Building population:

i. Note that this information is required prior to starting work for the next submittal.

a. Verify population data is correct.

B. HVAC Controls:

i. Note that this information is required prior to starting work for the next submittal.

a. Verify that no remote utility or system monitoring is required.

C. System Commissioning:

i. Note that this information is required prior to starting work for the next submittal.

a. Will a User representative be present for the system commissioning?

D. Vehicle wash:

i. Note that this information is required prior to starting work for the next submittal.

a. Will trucks be the only vehicles washed?  Will busses be washed also?

b. Is a covered area required?
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�PAGE \# "'Page: '#'�'"  ��Insert TI 800-01 Weather Region for military projects.
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