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2.0 Executive Summary: 

 
This report develops a detailed existing mechanical systems evaluation of South 

Jefferson High School. The analysis of the existing systems shows specific areas 

in which the building can be improved with possible re-design or modification. 

 

In order to provide orientation and makeup of the building, a short summary of 

the general building background is provided at the beginning of the report. 

Followed by, information on the original mechanical systems design objectives 

and requirements. Next, the report shows a thorough evaluation of the existing 

mechanical systems including quantities and specific cut sheet values of the 

buildings airside and waterside equipment, and a general analysis of the 

mechanical systems control logic.  

 

In the design ventilation requirements and design heating and cooling sections 

design requirements from which equipment was selected can be seen. The 

following sections of the report, lays out the economic cost data including 

mechanical system first cost and annual energy consumption and cost. Next, an 

evaluation of the buildings emissions and environmental impact is derived. The 

final section of this report, discusses the findings and potential improvement 

areas discovered in the mechanical systems existing conditions evaluation. 
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3.0 Building Background: 
South Jefferson High School is a two story 232,705 s.f. secondary school utilized 

by 1200 students during the day, and a number of adult learners in the evening. 

The total capacity of the school is designed to accommodate up to 1500 students. 

The building is located in Charles Town, WV off of Route 1. 

 

South Jefferson High School is broken into 8 separate zones named A thru H. 

The second floor is also broken into similar zones A, B, and G. The designation 

of each of these areas can be seen in Figure 1. The school has academic wings 

(1st Flr A & B, and 2nd Flr A), administration area (1st Flr A & B), and common 

facilities (1st Flr C thru H) for use by all students.  Common facilities such as the 

Learning Resource Center (1st Flr G), dining (E), physical education (C & D), and 

creative arts (F) are accessible from the main corridors.  The school’s 

administrative offices and Student Services are located near the main entrance.  

 

Figure 1 – South Jefferson High School Zone Designations 

 
 

The Science (2nd Flr G) and Technology Center (2nd Flr B) is partially funded by a 

separate grant, this portion of the building includes the School's Science 

Department along with various technology oriented subject areas such as 

technology training labs, technology education, engineering, agricultural 

technology, and video conferencing.  During regular school hours, the center 

supports the academic curriculum.  In the evenings, the facilities will be available 

for continuing education classes open to the community at large.  

 

The South Jefferson School District also plans to make the Learning Resource 

Center and computer facilities available to the community after normal school 

hours as well.  Thus the community at large will have access to up-to-date 

facilities for instruction, research, and application that are not currently available 

in the School District. 
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4.0 Mechanical Systems Design Objectives and Requirements: 
H. F, Lenz Company was the mechanical design engineer for South Jefferson 

High School. The influencing factors in their decision to select variable air 

volume roof top units and two electric boilers were first cost and ease of 

maintenance for the facilities staff. The amount of rooftop HVAC equipment is 

minimized as much as possible to ensure good access for maintenance and to 

maximize equipment life. The mechanical systems were also made as energy 

efficient as practical. All HVAC system components were designed to meet the 

requirements of the following codes and standards: 

 

• International Building Code 2000 

• International Mechanical Code 2003 

• NFPA 101 Life Safety Code  

• ASHRAE Standard 62.1-2001n   

• ASHRAE Standard 90.1 

• Americans with Disabilities Act 

• West Virginia State Fire Code 

 

Several energy conservation methods were incorporated by the mechanical 

engineer on South Jefferson High School. Savings coming in the forms of air-side 

economizer “free cooling”, variable volume pumping and fans, and minimizing 

necessary ventilation air through the use of demand based control. The design 

engineer also proposed energy recovery ventilators, in an alternate bid, in order 

to recover heat energy. The idea was negated because of other cost concerns. 

The architectural costs came in over budget resulting in price cuts in the 

mechanical design. Part of the reason that costs were coming in over budget 

resulted from the price increases of steel and copper at the time. These prices 

increase by 20 to 30 percent because of the demand for these materials in China 

and Indonesia. The state of West Virginia allotted cost per square foot, which is 

already lower than most states, was not altered to allow for higher costs even 

though these essential material prices were increasing. 

 

4.1 Design Indoor and Outdoor Conditions: 
ASHRAE design conditions for West Virginia are as follows: 

 

• Cooling OA Conditions: 87 DB/75 WB 

• Cooling RA Conditions: 75 DB/64 WB

    

• Design Heating OA Conditions: 0 DB 

• Design Heating RA Conditions: 70 DB

The return air design temperatures are 70 /75 DB, heating and cooling shown 

consecutively, in all conditioned spaces while semi-conditioned spaces are 

allowed to drift 10 degrees to 60 /85 DB. This drift allows for energy savings.  
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The humidity levels in the Charles Town area are relatively high. No additional 

means of removing humidity was taken incorporated into the systems design. 

Only the rooftop units cooling coils provide dehumidification of the air. A 

desiccant or enthalpy wheel can be incorporated to help control humidity in the 

supply air. Controlling humidity would improve thermal comfort and indoor air 

quality with in the building. It has been show in studies that improving these two 

areas can increase performance of students and lower absenteeism. Table 1 

shows humidity profile data for a variety of spaces. There are a number of rooms 

in need of humidity control, most being the densely populated spaces. 

 

Table 1 - System Humidity Profile 
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5.0 Mechanical Systems Summary: 
The HVAC system primarily consists of multi-zone variable air volume rooftop 

units (RTU) serving series-style fan powered boxes at classrooms.  The 

classroom wings have rooftop units with ductwork chased down through rated 

shafts for outside air to a fan powered box at each classroom.  The fan powered 

box serve ceiling mounted diffusers.   

 

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

handling units located on the roof.  These units incorporate demand-based 

ventilation controls controls in the form of CO2 sensors. 

 

All heating-only equipment such as cabinet unit heaters and horizontal unit 

heaters are installed in mechanical spaces, entry vestibules, and similar areas. 

The heating-only equipment, rooftop unit heating coils, and auxiliary heating 

coils are served by hot water generated by two electric boilers. 

 

5.1 Air Side Mechanical Systems: 
Cooling of South Jefferson high school is done by the school’s 14 packaged roof 

top units (RTU) with condensing units, ranging in size from 4,500 cfm to 25,500 

cfm. All refrigeration coils are direct-expansion instead of chilled water. This 

eliminates the need for chillers in the plant and chilled water piping throughout 

the building. Design airflow quantities for all roof top units can be seen below in 

Table 2. 

 

Symbol 

Variable or 
Constant 
Volume 

Supply 
Air 

(CFM) 

Design 
Outdoor Air 

(CFM) 

OA 
Percent 

(%) 

Cooling 
Airflow 
(CFM) 

Heating 
Airflow  
(CFM) 

Return 
Airflow 
(CFM) 

RTU-8 CV 4,500 1,200 26.7 3,337 3,337 3,337 
RTU-2 VV 25,500 10,600 41.6 20,877 22,605 22,605 
RTU-3 VV 13,000 3,600 27.7 10,231 3,069 10,231 
RTU-4 VV 24,000 10,500 43.8 18,776 18,840 18,840 
RTU-5 CV 14,000 14,000 100.0 11,273 11,276 11,276 
RTU-6 VV 12,000 2,700 22.5 6,993 7,156 7,156 
RTU-7 VV 15,000 6,400 42.7 12,521 12,979 12,979 
RTU-1 VV 22,000 9,600 43.6 1,951 19,741 19,741 
RTU-9 CV 9,000 8,000 88.9 7,950 7,950 7,950 
RTU-10 CV 13,000 7,500 57.7 9,963 9,963 9,963 
RTU-11 CV 6,000 4,670 77.8 3,581 3,581 3,581 
RTU-12 CV 12,000 12,000 100.0 7,448 7,448 7,448 
RTU-13 CV 9,500 5,500 57.9 9,375 9,375 9,375 
RTU-14 CV 9,500 5,500 57.9 9,662 9,662 9,662 
Totals:  184,500 100,570  130,601 143,645 150,807 
 

Table 2 - Design Airflow Quantities 



Jonathon Gridley   South Jefferson High School 
Mechanical Option  Huyett Road  
Faculty Consultant: Dr. Srebric  Charles Town, WV 25414 
▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 

▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 
Mechanical Systems Existing Conditions Report 7 

 

A central cooling plant could be useful for South Jefferson High School. If two 

300 ton chillers were installed to replace the existing condensing units, the 

reduction in kW/ton would help save energy, reducing annual energy 

consumption and cost. 

 

5.2 Boilers and Hot Water Systems: 
Heating-only equipment, hot water coils in the RTU’s, plus auxiliary heating coils 

scattered throughout South Jefferson High School are heated hydronically by two 

identical hot water boilers. These boilers are designed for heating by electric 

resistance. Electric boiler data can be seen in Table 3. 

 

Symbol Total KW 
Input 

Total 
Load 
Amps 

MBH 
Output 

Steps 
of 

Control
Elect Char EWT 

ºF 
LWT 

ºF 

BLR-1 1,440 1,742 4,717 16 460V/3PH/60HZ 150 180 
BLR-2 1,440 1,742 4,717 16 460V/3PH/60HZ 150 180 

 

Table 3 – Electric Boiler Data 

 

The heating system also incorporates a primary-secondary pumping system.  

Two primary and two secondary (building loop) system water pumps were 

installed.  The pumps are provided with variable frequency controllers to offer an 

energy-saving variable flow system. Pump data can be seen in Table 4 below. 

 

Symbol Type System GPM FT 
HD Efficiency Motor 

HP 
Impellar 

Dia. VFD Operation 

P-1 In Line HWS/R 310 30 74.6 5 6.875" No Primary Duty 
P-2 In Line HWS/R 310 30 74.6 5 6.875" No Primary Duty 
P-3 Flr Mtd HWS/R 750 80 78.8 25 10.750" Yes Secondary Duty 
P-4 Flr Mtd HWS/R 750 80 78.8 25 10.750" Yes Secondary Standby 

 

Table 4 – Pump Data 

 

5.3 Mechanical Systems Controls: 
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). A few controls can be seen in the flow diagrams in 

Appendix 
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6.0 Design Ventilation Requirements: 
After following the multiple zone calculation procedure outlined in ASHRAE 

Standard 62.1-2004 section 6.2.2, 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. Ventilation values can be seen in Table 1 in section 5.1 Air Side 

Mechanical Systems. 

 

7.0 Design Heating and Cooling: 

Calculated HEATING capacities of the 14 roof top units were developed in the 

Trane TRACE 700 software and can be seen in Table 4. 

 

 
Table 4 – Design Heating Loads 

 

The total building peak heating load is for the air handling units is 5,910.9 MBh. 

this heating load is handled by two 4,717 MBh boilers totaling 9,434 Mbh. This is 

approximately 63 percent of the total boiler capacity. Additional loads of the 

auxiliary heating coils and heating-only equipment are not incorporated in the 

table above, but the boiler capacity is large enough to handle these loads. The 

boilers could be simulated and optimized to provide more energy efficient 

equipment.



Jonathon Gridley   South Jefferson High School 
Mechanical Option  Huyett Road  
Faculty Consultant: Dr. Srebric  Charles Town, WV 25414 
▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 

▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 
Mechanical Systems Existing Conditions Report 9 

Calculated cooling capacities of the packaged DX roof top units were developed 

in the Trane TRACE 700 software and can be seen in Figure 2. 

 

 

 
Table 5 – Design Cooling Load  

 

The total peak load cooling tonnage is 590.4 tons. This load is handled 

completely by the roof top units condensing units. Potential for a central plant 

exists in which the condensing units could be replaced by two 300 ton chillers. 

This would result in a significant annual energy savings, but would also reduce 

rentable space of the building. 
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8.0 Mechanical System First Cost: 
The data and information required for the mechanical system first cost was 

provided by Turner Construction Company, who is the construction manager for 

the South Jefferson High School project. 

 

The data shows the results of four independent cost estimates, three being 

mechanical contractor bids and one from the construction manager. The initial 

mechanical system costs range from $4.78 million to the low bid of $4.22 million. 

 

These total first cost were then calculated into the price per square foot. The 

cost per square foot was found to be $20.98/sf for the lowest mechanical 

contractor bid, as is shown in Figure 2.  

 

Figure 2 – HVAC System First Cost 

 

 

 

 

 

 

 

 
These values fall within the allotted limit to mechanical systems of the project’s 

budget of the. Here it can also be seen that the mechanical cost is approximately 

13% of the total $33 million cost.  

 

A breakdown of all the various components in the construction manager’s 

mechanical cost estimate has also been included in Appendix C.  

 

In a redesign or modification of South Jefferson High School a thorough cost 

estimate of alternate or modified systems must be calculated. More energy 

efficient systems typically cost more initially but will save the owner money in 

the long run, 

Mechanical System First Cost 
Company Bid $/SF 
CM Estimate $4,324,601.00 $21.49 
Bid 1 $4,780,000.00 $23.76 
Bid 2 $4,245,000.00 $21.10 
Bid 3 $4,222,200.00 $20.98 
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9.0 Annual Energy Consumption: 
Since South Jefferson High School is currently under construction utility values 

from the site are not available. All energy consumption values will be obtained 

from an energy model. 

 

H.F. Lenz Co. did not perform an energy analysis on South Jefferson High School. 

Instead the design engineer reviewed possible systems with the owner, showing 

energy data from other similar projects.  The mechanical system was selected on 

the basis that it was familiar to the maintenance staff. 

 

To perform the energy analysis calculations, Trane Trace 700 was used to model 

South Jefferson High School. Weather data was taken from ASHRAE Handbook of 

Fundamentals – 2005, with the nearest city to Charles Town, WV being 

Martinsburg, WV. All conditioned spaces, equipment, and systems, were entered 

into the Trane TRACE model in accordance to design. 

 

Results of the annual energy consumption calculations can be seen in Figure 3. 

 

Figure 3 -HVAC Annual Energy Cost Estimation (Btu) 

 

  
Fuel 

Energy 
10^6 

Btu/yr 
Cost         
$/yr 

Cost 
Percent 

% 
Peak 
kBtuh

Lighting -Conditioned Elect. 1520.1 $53,087.52 25 672 
Space Heating Elect. 723.2 $25,255.66 12 3255 
Space Cooling Elect. 952.3 $33,257.84 16 2071 
Pumps Elect. 45.3 $1,582.04 1 11 
Heat Rejection Elect. 131.0 $4,575.00 2 844 
Fans - Conditioned Elect. 1702.0 $59,440.14 28 844 
Receptacles - Conditioned Elect. 917.8 $32,052.97 15 466 

Total Building - Consumption 5991.7 $209,251.17 100.00  
 

Annual Cooling Cost per SF: $0.15/yr/sf 

 
A significant amount (25%) of the annual energy consumption is conditioning of 

lighting. If a lower watt per square foot values were maintained for lighting the 

energy savings would considerably help annual energy costs. A summary of the 

total lighting fixture wattage calculation is provided in Appendix B.  

 

Although it was proposed, no energy recovery was used for South Jefferson High 

School. Energy recovery would impact the annual energy costs and should be 

considered for possible redesign or modification of the system.
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10.0 Emissions: 
South Jefferson High School will have no on-site energy emissions because of all 

electric utility usage. Emissions will be located back at the utility source’s site. 

Emissions were found by using the Environmental Protection Agency’s Energy 

Star Target Finder tool. Annual energy values were approximated resulting in 

emission rates that are also approximate. Figure 4 show results for source 

energy usage using the Energy Star analysis software. 

  
Figure 4 – Source energy usage for various Energy Star targets 

 

 
Method to improve the environmental impact of South Jefferson High School 

should be considered in redesign or modification. CO2 emissions could be 

reduced by lowering kW per ton values of equipment. Fuel-oil could also be 

taken into consideration as an alternate fuel source. It would be more efficient 

than running electricity but would cause on-site emissions. Other alternative fuel 

sources are not currently available to the site.
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11.0 Discussion: 
There are many areas in which redesign or modification of the South Jefferson 

High School mechanical systems reduce cost, energy, thermal comfort, indoor air 

quality, or emissions.  The current trend in the industry is to make buildings 

sustainable and as green as possible. Taking this into consideration the most 

feasible route in potential redesign or modification of the buildings mechanical 

systems is reducing annual energy costs. This approach will most likely result in 

a higher first cost of the mechanical system, but payback from energy savings 

will help future costs and provide the school district with additional money to 

improve other aspects of concern. If the energy consumption is reduced the 

building and source emissions should come down. After energy savings, the 

improvement of thermal comfort and indoor air quality should be looked at in 

redesign or modification. If this is done, enhanced performance by students will 

ensure the schools longevity and possibly allow for additional government 

funding, 



Jonathon Gridley   South Jefferson High School 
Mechanical Option  Huyett Road  
Faculty Consultant: Dr. Srebric  Charles Town, WV 25414 
▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 

▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 
Mechanical Systems Existing Conditions Report 14 

12.0 References: 

 

2005 ASHRAE Handbook – Fundamentals. Inch-Pound Edition. ASHRAE, 

Inc. Atlanta, GA. 2001. 

 

ANSI/ASHRAE, Standard 62.1 – 2004, Ventilation for Acceptable Indoor 

Air Quality. American Society of Heating Refrigeration and Air 

Conditioning Engineers, Inc., Atlanta, GA. 2004. 

 

ANSI/ASHRAE/IESNA Standard 90.1-2004 – Energy Standard for 

Buildings Except Low-Rise Residential Buildings. American Society of 

Heating Refrigeration and Air Conditioning Engineers, Inc. Atlanta, GA. 

2004. 

 

Alpha Associates, Incorporated. 2004, Educational Specifications. Alpha 

Associates, Incorporated Morgantown, WV. 2004.  

 

Environmental Protection Agency’s Energy Star Target Finder tool. 

Environmental Protection Agency. 2006 

 

H.F. Lenz Company. 2005, Mechanical Construction Documents. H.F. Lenz 

Company, Johnstown, PA. 2005. 

 

Gridley, Jonathon. Technical Assignment #1: ASHRAE Standard 62.1-2004 
Ventilation Report. October 5, 2006. 

 

Gridley, Jonathon. Technical Assignment #2: Building and Plant Energy 
Analysis Report. October 27, 2006.  

 

Trane TRACE 700 Comprehensive Building Analysis Software Version 

4.1.11. Trane. 2005.



Jonathon Gridley   South Jefferson High School 
Mechanical Option  Huyett Road  
Faculty Consultant: Dr. Srebric  Charles Town, WV 25414 
▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 

▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 
Mechanical Systems Existing Conditions Report 15 

APPENDIX A: Energy Model Data 
 

Schedules: 

• Regular school hours were assumed to be 7am to 5pm and between the 

months of August to June 

• Administrative offices and classrooms follow regular school hours 

• Cafeteria was assumed to be fully occupied between 11am and 1pm 

• Gymnasium and Technology/Adult learning areas were assumed to have 

extended hours until 8pm and occupancy year round 

 

Note: Utilization schedules were designed with the designer’s best judgment, 

because no utilization data was provided. 

 
Electricity Cost: 

Demand Charge 

 First 3,000 kVA …………………………………… $7.923 per kVA 

 Next 14,000 kVA ………………………………… $7.456 per kVA 

 Additional kVA …………………………………… $7.104 per kVA  
Energy Charge 

 All kW ……………………………………………… $0.02198 per kW 

 
Loads: 
 People: Varies depending on activity level 
 Computers 
 Kitchen Equipment 
 Receptacle 
 Lighting 
 Miscellaneous Loads 
 
HVAC Annual Energy Cost Estimation (kW) 
 

  
Fuel Energy 

10^6 Btu/yr
Lighting -Conditioned Elect. 445515.83 
Space Heating Elect. 211948.03 
Space Cooling Elect. 279103.17 
Pumps Elect. 13276.671 
Heat Rejection Elect. 38393.904 
Fans - Conditioned Elect. 498827.67 
Receptacles - Conditioned Elect. 268991.79 

Total Building - Consumption 1756057.1 
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APPENDIX B: Lighting Power Calculations 
 

 
 
Note: Calculated using the COMcheck Software Version 3.3.1 Lighting Application Worksheet
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APPENDIX C: Breakdown - Mechanical First Cost 
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APPENDIX C: Breakdown - Mechanical First Cost (Cont’d) 
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APPENDIX C: Breakdown - Mechanical First Cost (Cont’d) 

  



Jonathon Gridley   South Jefferson High School 
Mechanical Option  Huyett Road  
Faculty Consultant: Dr. Srebric  Charles Town, WV 25414 
▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 

▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬▬ 
Mechanical Systems Existing Conditions Report 20 

APPENDIX D: Heating Plant Flow Diagram 
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APPENDIX E: Air Side Flow Diagram 

 


