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Executive Summary: 

 
This purpose of this report is to examine South Jefferson High School, a two 

story 230,000 s.f. facility, to verify its compliance with ASHRAE Standard 6.21-

2004 minimum ventilation requirements at design conditions. 

 
Supply air is delivered to the school by 14 roof top units (RTU), which range in 

size from 4,500 cfm to 25,500 cfm. The amount of minimum outside air to the 14 

RTU’s varies between 1,200 cfm and 14,000 cfm. The ventilation effectiveness is 

1.0 based on the air distribution configuration with ceiling supply of cool air. A 

comprehensive summary of the building’s HVAC systems’ design is located in the 

Systems and Equipment Summary section. 

 

As described in the Conclusions section, all 14 roof top units comply with 

Standard 62.1-2004. RTU-5 exceeds the minimum outdoor air quantity 

significantly by requiring the unit to supply 100% outside air. The remaining 13 

roof top units closely follow the calculated outdoor air rates for ASHRAE 

Standard 62.1-2004.
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Introduction: 
The intended purpose of ASHRAE 62.1-2004 is to reduce potential for 

unfavorable health effects arise from poorly designed mechanical systems by 

specifying minimum ventilation rates and indoor air quality for occupied indoor or 

enclosed space. This standard is pertinent to all new building construction and 

renovations consisting of occupied indoor or enclosed space. 

 

Systems and Equipment: 
South Jefferson High School is broken into 8 separate zones. These areas are 

noted zone A through H. A list of what zones are served by its corresponding 

roof top unit is included in Appendix A.  

 

The HVAC system serving classroom areas for South Jefferson High School 

consists primarily of variable air volume roof top units serving series-style fan 

powered boxes at classrooms. The classroom wings have a total of 5 rooftop 

units with ductwork chased down through rated shafts for outside air to a fan 

powered box located in the plenum space above the corridor outside of each 

classroom.  The fan powered boxes are in serve ceiling mounted diffusers.  A 

return plenum is used to building return air to the roof top units. The 

administrative offices are also served in this same method by RTU-3. 

 

The science Rooms on the 2nd floor Zone G are served by RTU-5. This roof top 

unit supplies all of its 14,000 cfm as 100% OA in order to reduce the risk of 

volatile lab chemicals getting into the air. 4. Air distribution systems serving the 

Sciences Rooms are designed to maintain a negative pressure in the room with 

respect to the adjacent areas. 

 

The locker room/athletic department of the school are located on the 1st floor 

Zone C. This are is served by RTU-12 a 12,000 cfm 100% outside air unit. The 

locker room areas are fully exhausted to maintain a negative pressure to 

adjacent spaces. This roof top unit serves as a make-up for 90% of the 

exhausted air. 

 

The Gymnasium, Auditorium and Cafeteria are served with single-zone air 

handling units located on the roof.  The Gymnasium and Auditorium both utilize 2 

roof top units each, while the Cafeteria only requires a single RTU. All 5 roof top 

units incorporate demand-based ventilation controls in the form of CO2 sensors. 

 
All sequences of controls for the entire building are performed by direct digital 

controls (DDC). This DDC system monitors all the sensors, and it is able to adjust 

all the set points and time delays for the equipment. The DDC system also 

provides start/stop, speed control, monitoring, and alarms for the variable 

frequency drives (VFD). 
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Assumptions: 
• Every space was assumed to have perfect mixing for the purposes of these 

calculations. 

• Contaminant concentrations were treated as uniform as well because there 

was no data to suggest otherwise. 

• Regional outdoor air quality and Local outdoor air quality in the Charles Town 

area shall be assumed acceptable for ventilation during occupied hours. 

Documentation will be assumed to be taken care of. 

• Exhaust stacks are sufficiently far from outdoor air intake to ensure 

acceptable ventilation air. 

• Smoking is not permitted in South Jefferson High School. 

 

Unlisted occupancies: 
Note 6 from Table 6.1 

 Any space without specific ventilation rates was calculated using values of 

a similar functionality. 

 

Spaces that are not considered for ventilation include, but are not limited to: 

 Most mechanical equipment rooms. 

 Elevator shafts. 

 All stairwells. 

 Janitor closets and small storage closets. 

 

Note: Transfer air from adjacent spaces will provide enough ventilation for these 

spaces. 

 

Ventilation effectiveness: 
Assuming cooling is the predominant conditioning of South Jefferson High School 

for most of the year and due to the prevailing weather in Charles Town and the 

function of the building. 

 Ventilation effectiveness (Ez) = 1 for ceiling distribution of cool air. 

 

Other Standard 62.1 Compliance Issues: 
• The HVAC system does not utilize any natural ventilation.  

• The ventilation system includes balancing capabilities.  

• A plenum return is used for many of the roof top units.  

• Design documents specified minimum requirements for air balance testing. 

• The design documentation stated assumptions that were made in the design 

with respect to ventilation rates and air distribution. 
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Part I – Multiple-Zone Calculation: 

 

Note: During the mechanical system design of South Jefferson High 

School, West Virginia code required the ventilation calculations be done 

using ASHRAE Standard 62.1 Addendum n - 2001 Appendix G Multiple-

Zone Systems Procedure in order to benefit from potential reduction in 

outdoor air intake by taking advantage of recirculated unused outdoor air 

in the plenum space. In order to make a fair comparison of the design 

documents in this report, all multiple space ventilation calculations were 

done using the equivalent ASHRAE Standard 62.1-2004 Appendix A 

Multiple-Zone Systems Procedure. This procedure eliminates the zone 

primary outdoor air fraction (Zp) variable and replaces it with a more 

complex zone ventilation efficiency (Evz) variable. 

 

Step One: 
Determine the breathing zone outdoor airflow (Vbz) from the following equation: 

 

Vbz = RpPz + RaAz (Equation 6.1) 

 

The outdoor airflow rate (Rp) required per person and outdoor airflow rate (Ra) 

required per zone floor area (Az) as determined from Table 6.1. The zone 

populations (Pz) for South Jefferson High School and are located in Appendix B.  

 

Step Two: 
Determine the primary airflow (Vpz) to zone from air handler (intake plus 

recirculated air, but not local recirculation such as at mixing boxes). In VAV 

systems, use the design value.  

 

Step Three: 
Determine the supply/discharge (Vdz) to zone including primary air (Vpz) and 

locally recirculated air. In VAV systems, use the design value. 

 

Note: Zone supply air flows were increased during the design process, 

particularly to the critical zones requiring the highest fraction of outdoor air, and 

thereby reduced the system outdoor air intake requirement determined in the 

calculation. 

 

Step Four: 
Determine the minimum supply/discharge (Vdzm) to zone used to calculate (Ev).  

In CAV systems, Vdzm = Vdz.  

In VAV systems, Vdzm is the minimum expected value of Vdz. 
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Step Five: 
Determine the outdoor air fraction required in air discharged to zone. 

Zd = Voz/Vdzm 

 

Step Six: 
Determine the primary air fraction to zone (Ep),  

Ep = Vpz/Vdz 

 

Step Seven: 
Determine the fraction of secondary recirculation to zone (Er) representative of 

system average, this variable only applies if Ep<1.  

For plenum return Er <=1. 

For duct return with local secondary recirc Er = 0. 

For constant volume boxes Er = 0 

 

Note: This variable was determined by assuming a percentage of system average 

of potentially usable unused outdoor air able to be recirculated by the spaces 

local VAV box. VAV boxes closer to the return duct opening in the plenum were 

assumed to have higher potential for unused outdoor air. While VAV boxes 

located farther from the return duct opening in the plenum were assumed to have 

no potential benefit from locally recirculated unused outdoor air. 

 

Step Eight: 
Determine the zone air distribution effectiveness (Ez) using Table 6.2.  

For ceiling supply of cool air: Ez = 1. 

 

Step Nine: 
Determine the design zone outdoor airflow (Voz), i.e., the amount of outdoor air 

that must be provided. 

Voz = Vbz/Ez (Equation 6.2) 

 

Step Ten: 
Determine the fraction of supply air to zone from sources outside zone (Fa). 

Fa = Ep + (1-Ep) * Er 

 

Step Eleven: 
Determine the fraction of supply air to zone from full mixed primary air (Fb). 

Fb = Ep = Vpz/Vdz 

 

Step Twelve: 
Determine the fraction of outdoor air to zone from sources outside zone (Fc). 

Fc = 1 - (1-Ez) * (1-Er) * (1-Ep) 
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Step Thirteen: 
Determine the uncorrected outdoor air intake (Vou) from the following equation: 

 

Vou = D Σall zones RpPz + Σall zones RaAz (Equation 6.6) 

 
The occupant diversity factor (D) takes variations in occupancy into 

consideration within the system. 

D = Ps / Σall zones Pz 

 

The system population (Ps) is the maximum simultaneous number of occupants in 

the area served by the system. The occupancy diversity (D) varies for each roof 

top unit. Differences between the system population (Ps) and the zone population 

(Pz) during operation were given by mechanical system designer. See Appendix 

B for diversity factor values. 

 

Step Thirteen: 
Determine the mixing ratio at primary air handler of uncorrected outdoor air 

intake to system primary flow (Xs). 

Xs = Vou/Vps 

 

Step Fourteen: 
Determine the zone ventilation efficiency (Evz). 

Evz = (Fa +Xs*Fb - Zd*Fc)/Fa 

 
Note: The general case equation was used because of the systems use of fan-

powered mixing boxes. 

 

Step Fifteen: 
Determine the system ventilation efficiency (Ev). 

Using Appendix A: Ev = (Evz)min 

 

Step Sixteen: 
Determine the design outdoor air intake flow (Vot). 

 

Vot = Vou/Ev 
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Discussion of Ventilation Rate versus Indoor Air Quality Procedures: 
 

The procedure outlined in Section 6 of Standard 62.1, known as the Ventilation 

Rate Procedure. The purpose of the Ventilation Rate Procedure is “to specify 

minimum ventilation rates and indoor air quality that will be acceptable to human 

occupants and are intended to minimize for adverse health effects.” According to 

ASHRAE Standard 62.1 – 2004 (ASHRAE 2004), all buildings must provide the 

required ventilation rate to each space considering its type and occupancy. The 

required ventilation rates are based on general contaminant levels and 

requirements for cfm/person in spaces of that type. These ventilation rates also 

ensure the amount of ventilation air required to keep a majority of the occupants 

satisfied with a particular spaces air quality. This procedure uses a large number 

of equations and tables to determine the critical space in a building and the 

necessary outdoor air based on effectiveness of the system and size and 

occupancy of the room. It is a relatively fast method to calculate and does not 

require extensive knowledge of the space requirements. This allows the basic 

system to be designed before specific use and occupancy is ever determined 

allowing the design process to take less time. The major drawback is that the 

designed system may not be tailored to the specific need of all spaces. This 

could mean over - or under - heating or cooling, wasted energy, or contaminant 

levels exceeding recommended limits. 

 

The first alternative procedure to the Ventilation Rate Procedure was introduced 

in 1981. The Indoor Air Quality Procedure is a performance-based procedure. 

Rather than prescribing rates based on occupancy category, rates are calculated 

based on contaminant source strengths and desired indoor concentrations. This 

procedure required the engineer to know the specific function of every space in 

the building. A design of this precision could be necessary in critical spaces or 

spaces with specialized functions such as hospital rooms, scientific research 

facilities, museums, or other spaces where there is a threat of contamination 

from known sources. Also, if outdoor air is found to be unacceptable for general 

ventilation, the IAQ Procedure should be considered instead of the Ventilation 

Rate Procedure. This could lessen the impact of outdoor air contaminants on 

building occupants and may reduce both the amount of ventilation air required 

and the concentration of contaminants by use of an appropriate air cleaning 

device. Still, contaminant information is not always known and in these situations 

ventilation design based on this procedure seems impossible. The Indoor Air 

Quality Procedure also eliminates flexibility in the design. The system is specific 

for each space therefore any alterations would require the system to be 

modified. In comparison, the Ventilation Rate Procedure is able to absorb some 

changes in space characteristics as the procedure only uses generalized 

requirements.  
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Conclusion: 
 

After following the multiple zone calculation procedure outlined in ASHRAE 

Standard 62.1-2004 section 6.2.2 and Appendix A, it was determined that all roof 

top units at South Jefferson High School are compliant with ASHRAE 62.1-2004 

ventilation requirements. In total they require approximately 89,555 cfm and 

have a capacity of 101,770 cfm. The difference can be accounted for by the 

desire to be conservative, varying assumptions, rounding to reasonable balancing 

values, and other design considerations.  

 

Roof top units 1, 2, 3, 4, 6, 7, 8, and 10 supply ventilation rates that closely 

resemble the values acquired from the ASHRAE Standard 62.1-2004 

calculations. The difference between design outdoor air cfm and calculated 

Standard 62.1 values differ by a total of only 1,241 cfm.  

 

The use of RTU’s 5 and 12 as 100% outdoor air/ make-up units is completely 

acceptable considering that code requires full exhaust of these areas. 

 

Roof top units 13 and 14 are used for the gymnasium. Two separate units were 

used because of the use of a roll-away divider separating the gymnasium into 

two zones. The design outdoor air value for these units is more than double that 

required for one zone of the gymnasium. This will provide the capability for only 

one RTU to supply the entire gymnasium when the divider is retracted and the 

heat loads are not too high in the space. 

 
Roof top unit 9 supplying the auditorium has a design value greater than the 

required minimum. This is most likely to improve indoor air quality in such a 

densely populated area. 

 

Roof top unit 11 is used for Kitchen area supply and make-up. The design 

outdoor air rate is higher for this system in order to account for outdoor air lost 

from exhausting these spaces. 
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APPENDIX A: 
 

ROOF TOP UNIT SUMMARY 

 

Symbol 
Supply Air 

(CFM) 

Design 
Outdoor Air 

(CFM) 

Variable 
or 

Constant 
Volume Serves 

Standard 
62.1 

Ventilation 
Values (CFM)

RTU-1 22,000 9,600 VV Zone A - 1st and Second Floor 9,563 
RTU-2 25,500 10,600 VV Zone B - 1st and Second Floor 10,485 
RTU-3 13,000 3,600 VV Administration 3,515 
RTU-4 24,000 10,500 VV Zone G - 1st Floor 10,432 
RTU-5 14,000 14,000 CV Zone G - 2nd Floor 14,000 
RTU-6 12,000 2,700 VV Zone H - 1st Floor 2,380 
RTU-7 15,000 6,400 VV Zone F - 1st Floor 6,342 
RTU-8 4,500 1,200 CV Auditorium Stage 957 
RTU-9 9,000 8,000 CV Auditorium 6,844 
RTU-10 13,000 7,500 CV Cafeteria 7,155 
RTU-11 6,000 4,670 CV Zone E - 1st Floor 1,554 
RTU-12 12,000 12,000 CV Zone C - 1st Floor 12,000 
RTU-13 9,500 5,500 CV Gymnasium 2,164 
RTU-14 9,500 5,500 CV Gymnasium 2,164 

      
Totals: 189,000 101,770   89,555 
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 APPENDIX B: 
  

RTU-1 
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APPENDIX B: 
  

RTU-1 (Continued) 
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APPENDIX B: 
  

RTU-2 
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APPENDIX B: 
  

RTU-2 (Continued) 
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APPENDIX B: 
  

RTU-3 
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APPENDIX B: 
  

RTU-3 (Continued) 
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