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PROJECT TEAM ARCHITECTURE
Architects: Purpose: Command Headquarters for the U.S. Army housing
Perkins + Will & BCRA approximately 400 personnel.
Construction Manager: Includes: Administrative space, an emergency operations center, a
Suffolk Construction Co. data processing center, executive office suites, a sensitive
Landscape Architects: compartmented information facility, adjoining courtroom,
Studio 39 separate above grade parking garage.
MEP & Fire Protection: Features: Prefabricated brick on metal stud facade. Glazing with
Southland Industries aluminum panels. “Invisible” penthouse behind fourth floor facade.
Structural Engineer:

ODEH

Electrical Engineer:
M.C. Dean

Civil Engineer:
VHB

BUILDING STATISTICS MECHANICAL ELECTRICAL
Size: Ventilation: 480/277V Building Utilization
?7,000 Square Feet -Fan Powered Induction Units Voltage.
Project QSTZ -Variable Air Volume Units 150kVA UPS (15 minute backup
30 Million Dollars -100% Dedicated Outdoor capability) for all critical loads
Levels: Air System such as: Secure Networking
4 Above Ground Cold Water System: and IT storage.

Construction Dates:

-315 Ton Evaporative Emergency lighting powered by
S.ept. 2010-5ept. 2011 Condensing Chiller individual batteries
Delivery Method: Hot Water System: Occupancy Sensors in most
Design-Build -2 Gas-Fired 1,275 MBH Boilers spaces.
Sustainability: All luminaires utlize fluorescent

LEED Silver Certified

STRUCTU RAL sources.

Foundation: Concrete spread footings with 4 in. slab-on-grade. Load
bearing masonry foundation walls.

Administration: 10-1/2 in. reinforced concrete slabs with 24x32 in.
concrete columns.

Courthouse: Steel trusses supported by wide flange girders connected

to hollow structural steel columns.

http://www.engr.psu.edu/ae/thesis/portfolios/2012/AZQ5002/index.html
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Executive Summary

The Army Administration Facility is a new government office building located in the heart of the mid-
Atlantic region, serving as a Command Headquarters for the U.S. Army. The 97,000 square foot facility
will house approximately 400 personnel of the U.S. Army Legal Service Agency (USALSA) and JAG Corps.
The purpose of this report is to analyze alternative solutions to the mechanical systems in the Army
Administration Facility to assess possible benefits in first or annual utility costs, efficiencies, or energy
consumption. Additional investigations into two non-mechanical breadth topics were also conducted. A
Trane TRACE™ 700 Version 6.2 model was used to perform the energy load analysis and energy
consumption per the actual design values provided in the design documents submitted by the
mechanical engineers at Southland Industries. The model constructed of the existing systems was then
used as a means of comparison for the mechanical redesigns.

The alternative topics of study in this report include installing a geothermal heat pump to handle the
heating and cooling loads. The heating coils used throughout the Army Administration Facility are
supplied by (2) gas-fired boilers and the cooling coils are fed by an evaporative condensing chiller. The
replacement of the heating and cooling sources with a geothermal system decreased the annual energy
usage by 4% but increased the annual utility costs by 5% due to the additional costs of electricity over
natural gas. With an added initial investment of $41,170 to install the system, a ground-source heat
pump system would not be recommended for this facility.

An alternative depth study was also analyzed to test the benefits provided by a chilled water thermal
storage system. In conjunction with the evaporative condensing chiller, a thermal storage system could
be implemented to utilize a chiller that creates and stores chilled water in a storage tank during cheaper
off-peak hours to be used during peak loads. Both partial and full storage cycles were analyzed and
concluded that partial storage would provide the most benefits saving 672,055 kBtu/yr and thus roughly
$50,000 annually over the existing system. With an initial investment of $466,093, the partial storage
system can expect to see a payback after 7 years. The full storage system saved 259,474 kBtu/yr and
$39,263 annually over the existing system. With an initial investment of $527,693, the full storage
system would expect to see a payback after 10 years.

Among the geothermal system, full storage and partial storage thermal storage systems, the partial
storage yielded the most economical results and would be a valuable alternative.

The two breadths evaluated in this report include an acoustical and an architectural analysis. For the
acoustical breadth, sound attenuation calculations through the wall between the penthouse and the
adjacent offices were performed and determined that the noise criterions in the occupied spaces are
acceptable per industry standards. However, if there was a desire for lower sound levels, the use of
Green Glue or moving the penthouse to the roof are viable options. For the architectural breadth, the
penthouse was moved to the fourth floor roof and the area where the penthouse was located was
enclosed, gaining 2,700 SF of occupiable space. The ceiling heights were also raised to allow for more
plenum space and a screening device was designed to hide the now visible penthouse. The stratified
thermal storage tank was incorporated into the parking garage and is now an architectural feature.
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1.0 Building Overview

Located in the heart of the mid-Atlantic region, the Army Administration Facility is a government
administration building serving as a Command Headquarters for the U.S. Army. The 97,000 square foot
facility will house approximately 400 personnel of the U.S. Army Legal Service Agency (USALSA) and JAG
Corps. The building’s four stories include administrative space, an emergency operations center, a data
processing center, executive office suites, a sensitive compartmented information facility, and an
adjoining courtroom, as well as a separate above grade parking garage.

The project is actually comprised of two buildings. One, a 20 million dollar, 89,000 SF building
for the Office of the Chief, Army Reserve (OCAR) and the second, a 30 million dollar, 97,000 SF general
administration facility for USALSA. Both buildings have their own separate above ground parking
structures. This project will focus specifically on the second building for USALSA. The contract was
awarded in September 2010 and its expected completion was planned for September 11, 2011 to
commemorate the ten year anniversary of 9/11. With only one year to design and construct the facility,
the project was considered fast tracked and needed to be design-build to keep on schedule.

An interesting feature to the building is the attached courtroom. The facility houses what could
be considered the equivalent to the Supreme Court for the Army, so the majority of the main building
contains legal offices. With information sensitive spaces, the building’s private offices and conference
rooms require floor to ceiling walls to minimize sound dispersion. The end user also requested more
thermostatic control, so an RFP was written that specified that a maximum of three rooms can be
conditioned by any one unit. Since each room is a small enclosed office, this allowed for creative designs
of the mechanical systems.

The Army Administration Facility is composed mainly of a prefabricated brick and concrete
masonry unit facade. The attached courtroom and adjoining spaces are also prefabricated brick and
CMU, with a large percentage of double-paned glazing framed by aluminum panels. The penthouse
posed some particular problems; in accordance with height restrictions, the penthouse was placed in a

IM

“well” on the fourth floor of the building. This means that a portion of the floor space on the fourth floor
was designated for the penthouse, but the facade continues around the building, camouflaging the
rooftop units. Only a small area was designated for the penthouse, so it needed to be specially designed
as compact as possible.

The roof at this facility is composed of a reflective white roof membrane, adding to the
sustainability of the facility. The building was designed and built to achieve LEED Silver certification. Such
features lending to the sustainability of the design include a reflective white roof membrane, a
continuous air barrier at all exterior wall assemblies to prevent infiltration and exfiltration, lowering
energy consumption, and increased U-values of roof, walls, and windows past the ASHRAE 90.1 baseline

minimumes.
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2.0 ASHRAE Standards and LEED Evaluation

2.1 ASHRAE Standard 62.1 (2007) Analysis

Section 5- Systems and Equipment

Section 5.1 Natural Ventilation

This facility is engineered to meet the minimum ventilation requirements through the use of the
mechanical systems. Natural ventilation is not a method used in this building.

Section 5.2 Ventilation Air Distribution

Each FPIU has an ECM that can adjust the amount of air supplied to each space. They will be correctly
balanced to meet the ventilation requirements specified in Section 6 (discussed later in this report).
Also, each FPIU can adjust the amount of outside air it receives from the DOAU in the penthouse by
trending zone conditions and outdoor air rates.

Section 5.3 Exhaust Duct Location

The exhaust ducts in this building that convey potentially harmful contaminants are in the toilet areas.
These ducts have roof mounted exhaust fans that create a negative pressure inside the ducts and will be
calibrated to do so.

Section 5.4 Ventilation System Controls

Each FPIU and VAV shall be equipped with a factory-mounted stand-alone DDC controller and actuators
compatible with building Energy Management and Control System (EMCS). Both the FPIUs and VAVs
allow a reduction in airflow when their spaces are unoccupied and have been specified to do so. They
have been calibrated with a minimum airflow no less than those specified in Section 6.

Section 5.5 Airstream Surfaces

Materials used for internal insulation exposed to the air stream in ducts shall be as specified in Section
23 3113 and in accordance with UL 181 or ASTM C 1071 erosion tests. Air-side facing shall not promote
or support the growth of fungi or bacteria, in accordance with UL 181 and ASTM G21 and G22.

Section 5.6 Outdoor Air Intakes

All outdoor air intake locations comply with Table 5-1 in Standard 62.1 (Table 1 of this report). The
exhaust fans are located at a distance greater than 15 feet from the integral packaged equipment center
intake. The DOAU intake is located in the penthouse, far enough away from any ground source
contaminants. Outside air louvers shall be of a stormproof design and provided with a ¥-inch by %-inch
galvanized bird screen. A full-size hood shall be provided for further protection from rain and snow
entrainment.
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Table 1- Air Intake Minimum Separation Distance

Object Minimum Distance, ft (m)
Significantly contaminated exhaust (Note 1) 15(5)
Noxious or dangerous exhaust (Notes 2 and 3) 30 (10)
Vents, chimneys, and flues from combustion appliances and equipment (Note 4) 15(5)
Garage entry, automobile loading area, or drive-in queue (Note 5) 15(5)
Truck loading area or dock, bus parking/idling arca (Note 5) 25(1.5)
Driveway, street, or parking place (Note 5) 5(1.5)
Thoroughfare with high traffic volume 25(7.5)
Roof, landscaped grade, or other surface directly below intake (Notes 6 and 7) 1(0.30)
Garbage storage/pick-up area, dumpsters 15(5)
Cooling tower intake or basin ' 15(5)
Cooling tower exhaust 25 (7.5)

Note 1: Significantly contaminated exhaust is exhaust air with significant contaminant concentration, significant sensory-irritation intensity, or offensive odor.

Note 2: Laboratory fume hood exhaust air outlets shall be in compliance with NFPA 45-19913 and ANSI/AIHA 29.5-1992.%

Note 3: Noxious or dangerous exhaust is exhaust air with highly objectionable fumes or gases and/or exhaust air with potentially d particles, bi ls, or gases at concen-
trations high enough to be considered harmful, Information on separation criteria for industrial environments can be found in the ACGIH Industrial Ventitation Manual 3 and in
the ASHRAE Handbook—HVAC Applications.5 . . .

Note 4: Shorter separation distances are permitted when determined in accordance with (a) Chapter 7 of ANSI Z223.1/NFPA 54-20027 for fuel gas bumning appliances and equipment,
(b) Chapter 6 of NFPA 31-2001® for oil burning appliances and equipment, or (c) Chapter 7 of NFPA 211-2003° for other combustion appliances and equipment.

Note 5: Distance measured to closest place that vehicle exhaust is likely to be located.

Note 6: No minimum separation distance applies to surfaces that are sloped more than 45 degrees from horizontal or that are less than 1 in. (3 cm) wide.

Note 7: Where snow lation is expected, di listed shall be increased by the expected average snow depth.

Section 5.7 Local Capture of Contaminants

Building exhaust ducts are vented via exhaust fans mounted on the roof and exhaust exclusively to the
outdoors. Exhaust fans or ducts are equipped with backdraft dampers nearest to outside to prevent
contaminant re-entry.

Section 5.8 Combustion Air

Fuel-burning appliances, such as the gas-fired boilers, are supplied with adequate air for combustion
and follow combustion product removal guidelines specified by the manufacturer. All fuel-burning
equipment is located in the penthouse and has direct ventilation to the outdoors.

Section 5.9 Particulate Matter Removal

In the DOAS unit, filters shall be front loaded MERV 13, in accordance with ASHRAE Test Standard 51.1-
92, 4-inch pleated media type with 2-inch pleated MERV 8 pre-filters.

Each Air Terminal Unit (FPIUs and VAVs) will be supplied with 1-inch thick, minimum MERV 6, pleated
disposable media, in filter rack at inlet to coil section.

Section 5.10 Dehumidification Systems
Air Terminal and DOAU Units were designed using 50% relative humidity (RH). In spaces with higher

occupancies and thus a great latent heat gain, VAVs were used, rather than FPIUs, to accommodate the
necessary moisture removal.

The minimum outdoor air intake is designed to be 24,000 CFM, while the building’s two exhaust fans
only move 8,850 CFM total. Therefore, the facility meets the exfiltration requirements set forth in
Standard 62.1.
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Section 5.11 Drain Pans

All drain pans shall be fabricated of 14-gauge 304 stainless steel and sloped for positive drainage of
condensate.

A 1-1/4-inch diameter condensate drain connection shall be provided on one side of the unit for slab
coils and on both sides of the unit for V-bank coils and shall be field trapped by others.

Condensate drain pans shall be connected using full size piping with P-trap. P-trap outlet will extend to
nearest equipment or floor or hub drain or to roof. Deep seal P-trap shall be constructed as detailed on
drawings at connection to drain pan and cleanouts will be installed at changes in direction, if required.

Section 5.12 Finned-Tube Coils and Heat Exchangers

The chilled water coil shall be provided with a drain pan which shall be fabricated of 14-gauge, 304
stainless steel and sloped for positive drainage of condensate.

The water heaters and heat exchangers will be using non-finned coils, so this section does not apply:
The 114" (32mm) diameter internal tubular heat exchanger shall be designed with a large surface coil
area in the lower portion of the tank to allow rapid and uniform heating of the water in the tank with a
low pressure drop through the heat exchanger coil. The coil shall be designed so as to be both self-
draining and self-venting, be non-finned with space between passes, and be tapered to allow full output
from all passes of the coil.

Section 5.13 Humidifiers and Water-Spray Systems

No specification has been stated regarding humidifiers or water-spray systems so it may be assumed
that this building does not use either. However, for the water used in any of the HVAC equipment, an
analysis of supply water shall be performed to determine the type and quantities of chemical treatment
needed to maintain the water quality as specified in "Performance Requirements" Article.

Section 5.14 Access for Inspection, Cleaning, and Maintenance

All ventilation and air-distribution equipment have been installed with clearances that allow proper
access for inspection and maintenance. The penthouse, specifically, was prefabricated by Mammoth and
designed by the manufacturer to allow sufficient clearances.

A full-size hinged access door shall be provided for any section requiring service access. Removable
casing panels shall not be allowed. Access doors shall be thermally broken and be complete with
stainless steel hinges and multiple-point, single-handle compression-type latches to provide quick access
and a positive air seal. Service vestibule areas shall have minimum of (2) 24-by-24-inch service access
hatches in the floor. Access panels will be located on the bottoms of terminal units for ease of access.

Section 5.15 Building Envelope and Interior Surfaces

The building includes a reflective, thermoplastic polyolefin (TPO) white roof membrane to act as a
weather barrier to prevent moisture penetration into the envelope.

A continuous insulated thermal barrier will be installed to insulate the membrane roofing system. The
thickness of insulation required to achieve a minimum effective thermal R-value of 30; U value of 0.05
will be used. Additional insulation thickness will be provided to compensate for losses in insulation value
due to supports, configuration, gaps and tolerances within roof assemblies.

The building envelope shall include an air barrier capable of performing as a continuous vapor-retarding
air barrier and as a liquid-water drainage plane flashed to discharge to the exterior incidental
condensation or water penetration.
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Any exterior joints, seams, or penetrations in the building envelope shall be sealed using joint sealants
appropriate for size, depth, location, and fire rating (if any) of joint.

All cold water pipes and supply air and outside air duct insulation shall have a vapor barrier jacket. The
vapor barrier jacket shall cover the system with a continuous, unbroken vapor seal.

Section 5.16 Buildings with Attached Parking Garages
This building does have a parking garage, however it is not attached. This section therefore does not

apply.

Section 5.17 Air Classification and Recirculation

This facility does not contain any of the spaces specified in Table 5-2 in Standard 62.1. The majority of
the building’s air is classified as Class 1, and this air is recirculated through the plenum spaces directly
into the terminal units. The Class 2 air found in the toilets and janitor’s closets have their own
specialized exhaust systems that ventilate the air directly to the outdoors via the roof.

Section 5.18 Requirements for Buildings Containing ETS Areas and ETS-Free Areas
The building is expecting a LEED certification; therefore the facility includes Environmental Tobacco
Smoke (ETS) Control to satisfy a LEED prerequisite and satisfies all requirements for this section.

Section 6- Procedures
The requirements set forth in Section 6 of ASHRAE Standard 62.1 are required for all buildings without
natural ventilation systems. This building utilizes a Dedicated Outdoor Air System.

Section 6.2 Ventilation Rate Procedure
The following equations can be found in ASHRAE Standard 62.1 and will be necessary for ventilation
analysis:

Breathing Zone Outdoor Airflow (V)
Vi, =Ry * P, + R, * A, (Eq. 6-1)

where,
A, = zone floor area: the net occupiable floor area of the zone m? (ft?)
P, = zone population: the largest number of people expected to occupy the zone during typical usage.
R, = outdoor airflow rate required per person as determined from Table 6-1 in ASHRAE Standard 62.1.
R, = outdoor airflow rate required per unit area as determined from Table 6-1 in ASHRAE Standard
62.1.

Zone Outdoor Airflow (V,,)
Vor = Vi / E; (Eq. 6-2)
where,
E, = zone air distribution effectiveness: Ez=1 as determined by Table 6-2 in ASHRAE Standard 62.1.

Outdoor Air Intake Flow (V,;) for 100% Outdoor Air Systems
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Vot = Zall zonesVoz (Eq 6'4)

Primary Outdoor Air Fraction (Z,)
Zp =V, / sz (Eq 6'5)
where,
V. is the zone primary airflow from the air handler including outdoor air and recirculated return air.

Note: For the spaces where the expected zone population was known, the actual values were used
rather than those given in ASHRAE Standard 62.1 Table 6-1.

For this system, there is a single DOAS unit that serves the entire building. Each FPIU receives a certain
amount of outdoor air from the DOAS unit and the rooms each FPIU serve each get a proportion of that
outside air. The results of each room’s compliance with proper ventilation standards can be found in
Appendix A of this report.

Exhaust Ventilation

Exhaust airflow shall be provided in accordance with the requirements in Table 6-4 in Standard 62.1. For
this building, the toilets require a minimum of 70 CFM per water closet and/or urinal during periods of
heavy use and janitor’s closets require 1 CFM/ft’. Table 2 below shows that the Army Administration
Facility meets the exhaust airflow requirements set forth in Section 6 of ASHRAE Standard 62.1.

Table 2- Exhaust Airflow Analysis

Standard 62.1 Design
Exhaust Fan |# Units | CFM/Unit |Janitor [SF] | CFM/SF| Min Airflow [CFM] || Min Airflow [CFM][|Compliance
EF-1 40 70 164 1 2964 4260 Y
EF-2 1 70 0 1 70 100 Y

2.2 ASHRAE Standard 62.1 (2007) Summary
All systems and equipment used for the Army Administration Facility comply with the requirements set
forth in Section 5 of ASHRAE Standard 62.1, where applicable.

The minimum ventilation requirements set forth in Section 6 of ASHRAE Standard 62.1 have been met in
all occupied spaces. As can be seen in Appendix A, the only spaces where the ventilation rates were not
up to standard were storage rooms or hallways. The hall calculations could be flawed since the halls are
open to other spaces and hallways and in reality share a proportion of the outside air. For the storage
rooms, there could be a stipulation allowing less than the required ventilation rate since these room
types are for the most part unoccupied spaces.
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2.2 ASHRAE Standard 90.1 (2007) Analysis

Section 5- Building Envelope

Section 5.1 General

The Army Administration Facility is located in a 4A climate zone as determined by Table B-1 in Appendix
B of Standard 90.1 and Figure 1 below. A 4A climate zone is characterized by mixed weather and
humidity. The exact location of the building is being withheld per the building owner’s request.
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Figure 1- ASHRAE 90.1 (2007) Climate Zone Map

Section 5.2 Compliance Paths
There is no skylight fenestration in this building and the vertical fenestration area is approximately 26%,
less than the 40% specified in this section as seen in Table 3 below. Therefore, the Prescriptive Building
Envelope Option will be used.

Section 5.4 Mandatory Provisions

The fenestration products shall be determined by an accredited laboratory and labeled correctly.
Fenestration Standard: Comply with ANSI/AAMA/WDMA 101/1.S.2/NAFS-02, "North American
Fenestration Standard Voluntary Performance Specification for Windows, Skylights and Glass Doors," for
definitions and minimum standards of performance, materials, components, accessories, and
fabrication. Comply with more stringent requirements if indicated.

The building envelope shall be sealed and weather-stripped to minimize air leakage. Type H: Low-
Expansion Detailing Foam Insulation: Two-component urethane foam with low-expansion pressure, 10
percent flexibility, and 1.75 to 2.0 Ib/cu. ft. density, suitable for filling gaps and voids adjacent to doors,
fenestration, and louvers.

Glazed aluminum curtain walls and glazing shall have certified and labeled energy performance ratings
in accordance with NFRC 100. Glazed swinging entrance doors will not exceed an air leakage of 1.0
cfm/ft’.

There are three entrance vestibules in this building, all exceeding 7’ door to door.
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Section 5.5 Prescriptive Building Envelope Option
In order to use the prescriptive building envelope method, the building’s vertical fenestration must not

exceed 40% of the gross wall area. This was accomplished in this building as seen in Table 3.

Table 3- Vertical Fenestration Area

Total Total ASHRAE
Wall Area | Glazing Area |Fenestration | Standard 90.1
[ft]] [ft%] [%] Compliance
38,548 9713.3 25.2% Y

For a breakdown of each individual space’s fenestration percentage, reference Appendix B.

The Army Administration Facility is a nonresidential building in a 4A climate zone. Therefore, Table 5.5-4
in ASHRAE Standard 90.1 will be used to find appropriate U-values, R-values, C-values, F-values, and
SHGC. Table 4 summarizes the building’s material properties and compares them to those in Standard
90.1.

Table 4- Building Material Compliance

Required- Nonresidential Design- Nonresidential

Opaque Construction Assembly Insulation Assembly Insulation | Standard 90.1
Element Maximum Min. R-Value Maximum Minimum Compliance
Roof Insulation Entirely |, 5 54 R200ci. | U-00333 | R-30ci. Y
above Deck
Walls, . .
Mass U-0.104 R-9.5 c.i. U-0.0427 R-23.4 c.i. Y
Above-Grade
Walls,
Below-Grade Wall C-1.140 NR Unknown - -
Below-Grade
Floors Mass U-0.087 R-8.3 c.i. U-0.0427 R-23.4 C.I. Y
Slab-On-Grade Unheated F-0.730 NR Unknown - -
Floors
Required- Nonresidential Design- Nonresidential
Fenestration Construction Assembly Assembly Assembly Assembly [ Standard 90.1
Max. U Max. SHGC Max. U Max. SHGC Compliance
Vertical Glazing,| Metal Framing,
. U-0.50 SHGC-0.40 U-0.40 SHGC-0.28 Y
0-40% of Wall curtainwall
vertical Glazing, | - Metal Framing, U-0.55 SHGC-0.40 U-040 | SHGC-0.28 Y
0-40% of Wall other

As is shown by the table, the values that could be found in the design documents are compliant with
ASHRAE Standard 90.1.

Section 6- Heating, Ventilating, and Air Conditioning
Section 6.2 Compliance Paths
ASHRAE Standard 90.1 offers two methods to evaluate equipment efficiency, the Simplified Approach

Option for HVAC Systems and Mandatory Provisions with Prescriptive Path. The Simplified Approach
Option for HVAC Systems would not be an option since this building is taller than two stories and larger
than 25,000 ft*. Therefore, the Mandatory Provisions and Prescriptive Path method will be used.
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Section 6.3 Simplified Approach Option for HVAC Systems
This section does not apply to this building for the reasons mentioned in Section 6.2.

Section 6.4 Mandatory Provisions

Section 6.4.1 Equipment Efficiencies, Verification, and Labeling Requirements

This section of Standard 90.1 sets standards for equipment efficiencies that must be met. The
equipment found in this building that is relevant to these standards include an evaporative condensing
chiller, packaged terminal air conditioners (FPIUs and VAVs), hot water boilers, and an air-cooled
condensing unit. Since this facility is a government building, it must comply with The Energy Policy ACT
of 2005 (EPACT). EPACT 2005 requires all new federal buildings to meet or exceed ASHRAE Standard
90.1 by 30%. This 30% reduction is based on total building site energy use, excluding plug loads. The only
equipment where efficiencies could be found in the construction documents was the gas-fired boilers.
Table 5 summarizes the design efficiencies of the boilers and compares them to the minimum required
efficiencies found in Tables 6.8.1A through 6.8.1G in Standard 90.1. Any other equipment used in the
building that is not found in these tables are acceptable to use.

Table 5- Equipment Efficiencies

Equipment Type Size Category Minimum Efficiency D.es.lgn SENLE r.d 90.1
Efficiency Compliance
i >
(2) Boilers, Gas-fired >300,000 Btu/h and 80% 85% v
hot water <2,500,000 Btu/h

As is shown by Table 5, the boilers were designed with an 85% efficiency each, over the requirement set
by the standard.

For quality assurance, as specified by the building documents, all mechanical and electrical components,
devices, and accessories shall be clearly labeled. Nameplates must be metal or plastic laminated, with
data engraved or stamped, for permanent attachment on equipment.

Section 6.4.2 Load Calculations
All equipment was sized using modern, generally accepted engineering standards and handbooks
including IMC 2006 and ASHRAE Standards 2007.

Section 6.4.3 Controls

Each space in the Army Administration Facility is conditioned by either a VAV or FPIU terminal unit.
These units are controlled via zone thermostats. Per the owner’s request, a desire for more occupant
thermal control led designers to condition a maximum of three office spaces per terminal unit. Occupied
mode comfort settings include a space temperature high limit set point value of 75 °F (adjustable), a
space temperature low limit set point value 70 °F (adjustable), and the space dew point temperature is
at or below the sensible (55F) chilled water supply temperature.

Unoccupied Mode Comfort Settings include a space temperature high limit set point value of 80 °F
(adjustable), a space temperature low limit set point value of 65 °F (adjustable), and the space dew
point temperature is at or below the sensible (55F) chilled water supply temperature. Both space
temperature set-points have a 2 degree dead band to prevent unnecessary fan cycling.
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The boilers are designed to continually establish and maintain 180°F at temperature sensor TE-HWSS
located in the main Secondary Hot Water distribution supply piping and to also simultaneously maintain
a minimum of 150°F at temperature sensor TE-HWRP, located in the main Primary Hot Water circulation
return piping header, at all times. To support the 24/7 spaces within the building that require heating
hot water and domestic hot water, the heating hot water system is expected to operate continuously
once enabled by the BAS. An alarm will trip is sensor are more than 5°F (adjustable) outside tolerance.
The DOAS unit heating coils will be activated when the OSA temperature is below 46°F as measured at
temperature sensor TT-OSA, to maintain a leaving air temperature set-point of 48°F as sensed at
temperature sensor TE-PH. When the OSA temperature dew point or dry bulb temperature is greater
than 58°F (AHCM adjustable), the cooling coil control valve DOA-PCC will modulate to maintain a leaving
supply air temperature of 58°F (AHCM adjustable) as sensed at temperature sensor TT-TCC.

Elevator and stair vents shall be equipped with motorized dampers for pressurization and pressure relief
as required by fire and smoke detection systems.

Outdoor air supply ducts in the DOAU shall be equipped with motorized dampers that will automatically
close when the spaces served are not in use.

Damper leakage rate shall not exceed 3 cfm/sq. ft. at 1 inch wg. This is less than the prescribed 10
cfm/sq. ft. at 1 inch wg specified in Table 6.4.3.4.4 of Standard 90.1.

The building utilizes a DDC system, so any system shutdowns or humidification controls will operate as
specified by the software programming.

There is no space in this facility larger than 500 sq. ft. with occupancy greater than 40 people per 1000
sq. ft., so subsection 6.4.3.9 is not pertinent.

Section 6.4.4 HVAC System Construction and Insulation

The building envelope shall include an air barrier capable of performing as a continuous vapor-retarding
air barrier and as a liquid-water drainage plane flashed to discharge to the exterior incidental
condensation or water penetration. All cold water pipes and supply air and outside air duct insulation
shall have a vapor barrier jacket. The vapor barrier jacket shall cover the system with a continuous,
unbroken vapor seal.

Pipe Insulation shall comply with ASTM C 552, Type Il, and Class 2. Table 6 shows that the installed pipe
insulation thicknesses comply with ASHRAE 90.1 standards.

Table 6- Minimum Pipe Insulation Thickness

Fluid Design Insulation Conductivity Nom. Pipe Minimum Pipe| Design Pipe | Standard
Operating Temp. | Conductivity |Mean Rating Size (in) Insulation Insulation 90.1
Range (F) Btu-in./(h-ft2-F)| Temp. F Thickness (in.) [ Thickness (in.) | Compliance
Heating Systems
141-200 (180F) | 0.25-029 | 125  [1-1/2to<4] 1.0 | 1.0 | Y

Cooling Systems
40-60 (55F) | 0.22-028 | 100 [1-1/2to<4] 1.0 | 1.0 | Y
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All duct insulation, where applicable, shall comply with the Sheet Metal and Air Conditioning
Contractors’ National Association (SMACNA), which also meets the standards set forth in ASHRAE
Standard 90.1.

Section 6.5 Prescriptive Path

Section 6.5.1 Economizers

This section discusses requirements for including an economizer. However, according to Table 6.5.1
found in ASHRAE Standard 90.1, climate zone 4A has no economizer requirement.

Section 6.5.2 Simultaneous Heating and Cooling Limitation

Each FPIU takes in return air directly from the plenum space rather than exhaust duct circulating the air
back through an air handling unit. An FPIU has its own sensible chilled water cooling coil that modulates
to space conditions and can operate independently from the main air handler for sensible loads. The
volume of outdoor air supplied to these spaces has complied with ASHRAE Standard 62.1 Section 6.2.

The hot water loop is maintained with a dead band around 30°F. The supply water temperature to the
building is set for 180°F and the return is programmed for 150F.

The chilled water loop utilizes an evaporative condensing chiller to maintain a temperature dead band
around 12°F (55°F chilled water supply and 67°F chilled water return). The DOAS unit has an air cooled
condensing unit to regulate the chilled water supplied to the DOAS.

Air is conditioned inside each terminal unit via a heating or cooling coil. However, the DOAS unit also has
heating and cooling coils that will condition and dehumidify the outside air before it is circulated
throughout the building. Therefore, the dehumidification section is not relevant.

Section 6.5.3 Air System Design and Control

Each HVAC system having a total fan system motor nameplate hp exceeding 5 hp shall meet the
requirements addressed in section 6.5.3.1. Table 7 shows the results of the fan analysis. All fans are
included, whether or not they exceeded 5 hp. The only equipment over 5 hp that does not comply with
Standard 90.1 is the DOAS (DOAU-1) unit.
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Table 7- Fan Power Limitation

Fan System Motor Nameplate hp
. Allowable Constant Volume Standard 90.1
Unit Nameplate Motor .
o CFM CFMx 0.0011 | Compliance

DOAU-1 Supply 6.5 4,000 4.40 N
EF-RP 0.5 2050 2.26 Y
EF-1 3 4260 4.69 Y
EF-2 0.17 100 0.11 N
FPIU-1 0.5 800 0.88 Y
FPIU-2 0.5 800 0.88 Y
FPIU-3 0.75 1200 1.32 Y
FPIU-4 0.75 1200 1.32 Y
HFCU-1 0.33 670 0.74 Y
VFCU-1 0.17 600 0.66 Y
VFCU-2 0.25 730 0.80 Y
VFCU-3 0.5 1600 1.76 Y
VFCU-4 0.5 1200 1.32 Y

The VAVs are not fan controlled, so section 6.5.3.2 is not applicable.

Section 6.5.4 Hydronic System Design and Control
None of the pumps in the Army Administration Facility exceed 100 ft and have a motor exceeding 50 hp.
The pumps that do exceed 10 hp allow for variable flow capable of reducing pump flow rates to 50% or

less as can be seen in Table 8.

Table 8- Pump Schedule

Unit Service Head Motor Flow (gpm) Min. Flow Flow [[Standard 90.1
Size (hp) &p (gpm) [|[Reduction| Compliance
CHWP-1|Chilled Water | 90 15 334 80 24% Y
CHWP-2 | Chilled Water | 90 15 334 80 24% Y
CHWP-3 | Chilled Water | 90 15 334 80 24% Y

Section 6.5.5 Heat Rejection Equipment
This facility utilizes an air cooled condensing unit for the DOAS trim coils and an evaporative condensing
chiller. Neither unit, however, has a motor of 7.5 hp or larger. Therefore, this section is irrelevant.

Section 6.7 Submittals

A complete set of construction documents including drawings, performance data, sequence of operation
and maintenance manuals has been given to the building owner upon project completion in September
of 2011. The project is striving for LEED Silver certification, so every piece of equipment, including each
terminal unit, will be commissioned by the project’s mechanical engineers, Southland Industries, and
overseen by a third party, to operate as designed.
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Section 7- Service Water Heating

The Army Administration Facility utilizes water heating equipment for both domestic potable water and
conditioning applications. Relevant equipment includes (2) gas-fired hot water boilers and an electric
wall heater. Table 9 summarizes the compliance of this equipment to ASHRAE Standard 90.1 Section 7.

Table 9- Service Water Heater Efficiencies

. Standard
Unit T Size Cat Subcat Performance Design 901
n! ype 2¢ Lategory tbcategory Required |Performance )
Compliance
EWH-1 Electric <12 kW (4 kW) | Resistance >20 gal 80% 100% Y
>
BLR-1 | Hot-water, gas - 24000 (Btu/h)/gal 80% 85% Y
and 210 gal
>
BLR-2 | Hot-water, gas ; 24000 (Btu/h)/gal 80% 85% y
and 210 gal

EWH-1 is classified as an electric wall heater, but it is actually a solar hot water heater, with all of its
input a direct source from solar gain. This unit is the primary source of the domestic hot water and thus
can be seen as 100% efficient. The boilers are connected to a heat exchanger in the domestic hot water
heater and act as a back-up for the domestic water system.

Section 8- Power

The Army Administration facility complies with standards set by the National Electric Code (NEC) and
therefore all feeder conductors shall be sized for a maximum voltage drop of 2% at design load and
branch circuit conductors shall be sized for a maximum voltage drop of 3% at design load.

All electrical drawings will be provided by the electrical engineer to the owner upon project turnover.
Construction documents will include electrical floor plans and single line diagrams of the building
electrical distribution.

Section 9- Lighting

Section 9.2 Compliance Paths

This section offers two methods for determining the interior lighting power allowance. For this report,
the Space-by-Space Method will be used. The Space-by-Space Method involves finding the area of each
space and grouping the spaces based on their occupancy types. Allowable lighting power densities (LPD)
are specified in Table 9.6.1 in Standard 90.1 based on the occupancy types. Multiplying the area of each
space by the allowable LPD will result in a total allowable wattage to compare to the design.

Section 9.4 Mandatory Provisions

This facility utilizes occupancy sensors to automatically control the lighting when a space is unoccupied.
Since most of the private offices have full height partitions, every room has its own sensor that will shut
the lights off within 30 minutes of an occupant leaving the space. Each room also has its own switch for
the occupant to manually control the lighting.

Final Report 21



Army Administration Facility Alexander Quercetti

Section 9.6 Space-by-Space Method

Table 10 summarizes the results of the Space-by-Space Method. As shown, the Army Administration
Facility is compliant with the allowable power density levels as specified in ASHRAE Standard 90.1. The
design documents specify a 35% lighting power density reduction throughout the building prior to
incorporating day lighting controls.

Table 10- Lighting Power Densities

Section 10- Other Equipment
This facility’s equipment was analyzed previously in this report in Section 6.5 of Standard 90.1. There is

no other equipment that would be relevant to this section.

ASHRAE Standard 90.1 (2007) Summary
Through this analysis, it can be concluded that the Army Administration Facility is compliant with the

Fixture _ Building Area Input Total Area Allowable |f Allowable
Description 2 2
Type Type Watts (ft%) LPD (W/ft") Wattage
2'X4"' LENSED
Al DIRECT/INDIRECT Office 59 30,686 1.1 33754.6
FIXTURE
A2 | 2'xa’ LenseD TRoFFER | StOr28¢/ 58 6,034 13 7844.2
Break
2'X4' LENSED
A3 DIRECT/INDIRECT Office 96 13,261 1.1 14587.1
FIXTURE
Bl 1’X4' INDUSTRIAL MEP Rooms 59 1,779 1.2 2134.8
FIXTURE ! ’ )
D1 6" APERTURE Toilet/ 32 11,980 1.1 13178.0
DOWNLIGHT Vestibules ! ) )
D1D 6" APERTURE Conference 32 870 13 1131.0
DOWNLIGHT ) )
D4 6" DOWNLIGHT Shower 33 703 0.6 421.8
L1 1X4 DIRECT/INDIRECT Halls 73 15,541 0.5 7770.5
L1D 1X4 DIRECT/INDIRECT Training 73 2,250 1.4 3150.0
COURTROOM COVE
V3D Courtroom 146 890 1.9 1691.0
LIGHT
V3 COVE LIGHT Lobby 30 1,690 1.3 2197.0
Total Allowable Wattage 87860.0
Total Design Wattage 84967
Standard 90.1 Compliance Y

requirements set forth in ASHRAE Standard 90.1. The only sections of concern are the larger equipment

with the allowable nameplate motor hp, so these may need to be addressed. The building’s goal of

achieving LEED Silver has greatly impacted the energy usage designed throughout this facility.
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2.3 LEED Analysis

The Army Administration Facility was designed and built to achieve LEED Silver certification. Such
features lending to the sustainability of the design include a reflective white roof membrane, a
continuous air barrier at all exterior wall assemblies to prevent infiltration and exfiltration, lowering
energy consumption, and increased U-values of roof, walls, and windows past the ASHRAE 90.1 baseline
minimums.

Energy & Atmosphere

EA Prerequisite 1: Fundamental Commissioning of the Building Energy Systems (Complete)
Intent: Verify that the building’s energy related systems are installed, calibrated and perform according
to the owner’s project requirements, basis of design, and construction documents.

Designed: To achieve this prerequisite, a commissioning team has been established by a third party
commissioning agent, Flack & Kurtz, to lead, review and oversee the completion of the commissioning
process activities. The mechanical design team at Southland Industries has developed a Basis of Design
(BOD) that must be accomplished before completion of the facility.

EA Prerequisite 2: Minimum Energy Performance Required (Complete)
Intent: Establish the minimum level of energy efficiency for the proposed building and systems.

Designed: To achieve this prerequisite, the design team at Southland Industries performed an energy
simulation and concluded that the Army Administration Facility, as-designed, will see an annual cost
savings of 21.2% over the baseline building model. This exceeds the 14% reduction specified by the
mandatory provisions and the prescriptive requirements of ASHRAE/IESNA Standard 90.1-2004.

EA Prerequisite 3: Fundamental Refrigerant Management Required (Complete)
Intent: Reduce ozone depletion.

Designed: To achieve this prerequisite, the Army Administration Facility uses zero CFC based refrigerants
that could have harmful effects on the ozone.

EA Credit 1: Optimize Energy Performance (4 points)
Intent: Achieve increasing levels of energy performance above the baseline in the prerequisite standard
to reduce environmental and economic impacts associated with excessive energy use.

Designed: LEED v2.2 requires a 14% reduction in energy use beyond ASHRAE 90.1-2004. For every 3.5%
better than 14% reduction, one LEED point will be added to the scorecard. For LEED, the energy
reduction is based on total building site energy use, including plug loads. The savings percentage is
calculated using ASHRAE 90.1-2004 Appendix G by comparing the proposed building to one that meets
the minimum requirements of ASHRAE 90.1-2004 (baseline building). The baseline building was modeled
to have an annual energy cost of about $170,208.00. The Army Administration Facility as-designed is
estimated to require about $134,118.00 per year on energy costs. This is a 21.2% reduction from the
ASHRAE 90.1-2004 compliant baseline building and earns 4 LEED points.

EA Credit 2: On-Site Renewable Energy (0 points)
Intent: Encourage and recognize increasing levels of on-site renewable energy self-supply in order to
reduce environmental and economic impacts associated with fossil fuel energy use.
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Designed: While the design team recognized the advantages of on-site renewable energy sources, they
were unable to pursue this point. Attempts were taken with the use of a solar hot water heater, but the
minimum 2.5% renewable energy minimum was not reached to receive any points.

EA Credit 3: Enhanced Commissioning (1 point)
Intent: Begin the commissioning process early during the design process and execute additional
activities after systems performance verification is completed.

Designed: The Commissioning Agent, Flack & Kurtz, as part of the Design/Build Team, provided
enhanced commissioning services in addition to the services provide per prerequisite 1. These services
include a commissioning design review prior to mid-constructions documents and will execute
additional commissioning services within 10 months of substantial completion to comply with the RFP
and with LEED prerequisite 1 requirements. Since the design and construction of the building was fast-
tracked to be complete in one year, an enhanced commissioning process was necessary in order to stick
to schedule. Therefore, one point was awarded.

EA Credit 4: Enhanced Refrigerant Management (1 point)
Intent: Reduce ozone depletion and support early compliance with the Montreal Protocol while
minimizing direct contributions to global warming. The base building HVAC&R equipment shall comply
with the following formula, which sets a maximum threshold for the combined contributions to ozone
depletion and global warming potential:
[ 2 (LCGWP + LCODP x 105) x Qunit ] / Qtotal <100

Where:

LCODP: Lifecycle Ozone Depletion Potential (IbCFC11/Ton-Year)

LCGWP: Lifecycle Direct Global Warming Potential (IbCO2/Ton-Year)

Qunit = Cooling capacity of an individual HVAC or refrigeration unit (Tons)

Qtotal = Total cooling capacity of all HVAC or refrigeration

Designed: This credit is being met by selecting a refrigerant that minimizes or eliminates ozone depleting
compounds and that meets the prescriptive requirements of this credit. All of the equipment used in the
Army Administration Facility that utilizes a refrigerant uses R-410A, which keeps the combined
contributions to ozone depletion and global warming potential below the threshold of 100 and earns
one LEED point.

EA Credit 5: Measurement & Verification (0 points)
Intent: Provide for the ongoing accountability of building energy consumption over time.

Designed: This credit was not pursued by the design team. The Army Administration Facility is a
classified building and upon completion of the project, will be turned over completely to the owner, who
is responsible for continual maintenance.

EA Credit 6: Green Power (0 points)
Intent: Encourage the development and use of grid-source, renewable energy technologies on a net zero
pollution basis.

Designed: The design of the Army Administration Facility was unable to provide at least 35% of the
building’s electricity from renewable sources, so no points were awarded for this credit.
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Indoor Environmental Quality

EQ Prerequisite 1: Minimum IAQ Performance (Complete)
Intent: Establish minimum indoor air quality (IAQ) performance to enhance indoor air quality in
buildings, thus contributing to the comfort and well-being of the occupants.

Designed: The Army Administration Facility was designed to meet the standards set forth in Sections 4
through 7 of ASHRAE 62.1-2004, Ventilation for Acceptable Indoor Air Quality. Technical Report One
contains an in depth analysis of the requirements met by this facility.

EQ Prerequisite 2: Environmental Tobacco Smoke (ETS) Control (Complete)
Intent: Minimize exposure of building occupants, indoor surfaces, and ventilation air distribution
systems to Environmental Tobacco Smoke (ETS).

Designed: The Army Administration Facility is a nonsmoking facility and specifies any designated
smoking areas to be located at least 25 feet from any building openings. This prerequisite has been met.

EQ Credit 1: Outdoor Air Delivery Monitoring (1 point)
Intent: Provide capacity for ventilation system monitoring to help sustain occupant comfort and
wellbeing.

Designed: This credit is being met with CO2 monitoring systems in densely occupied spaces and outside
airflow monitoring in non-densely occupied spaces. The CO2 sensors will alarm if the conditions vary
10% or more from the setpoint, so this point is awarded.

EQ Credit 2: Increased Ventilation (0 points)
Intent: Provide additional outdoor air ventilation to improve indoor air quality for improved occupant
comfort, well-being and productivity.

Designed: Although the Army Administration Facility utilizes a dedicated outdoor air system, it was not
sized to increase the ventilation rates to 30% more than the ASHRAE Standard 62.1-2004 minimum.
Therefore, no points were awarded for this credit.

EQ Credit 3.1: Construction IAQ Management Plan: During Construction (1 point)
Intent: Reduce indoor air quality problems resulting from the construction/renovation process in order
to help sustain the comfort and well-being of construction workers and building occupants.

Designed: All control measures during construction, where applicable, shall comply with the Sheet Metal
and Air Conditioning Contractors’ National Association (SMACNA). Also, in the DOAS unit, filters shall be
front loaded MERV 13, in accordance with ASHRAE Standard 52.2-1999, 4-inch pleated media type with
2-inch pleated MERV 8 pre-filters. Therefore, one point was awarded for this credit.

EQ Credit 3.2: Construction IAQ Management Plan: Before Occupancy (1 point)
Intent: Reduce indoor air quality problems resulting from the construction/renovation process in order
to help sustain the comfort and well-being of construction workers and building occupants.

Designed: To achieve this credit, the contractor shall perform a building flush-out prior to building
occupancy by supplying a minimum air volume of 14,000 cu. ft. of outdoor air per sq. ft. of floor area.
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This flush-out will be performed in conjunction with the Indoor Air Quality (IAQ) management plan set
forth in EQ Credit 3.1, earning one point for this credit.

EQ Credit 4.1: Low-Emitting Materials: Adhesives & Sealants (1 point)
Intent: Reduce the quantity of indoor air contaminants that are odorous, irritating and/or harmful to the
comfort and well-being of installers and occupants.

Designed: According to building documents and specifications, Volatile Organic Content (VOC) levels of
adhesives and sealants used during construction inside the building envelope shall not exceed levels
specified in the LEED requirements, earning the point for this credit.

EQ Credit 4.2: Low-Emitting Materials: Paints & Coatings (1 point)
Intent: Reduce the quantity of indoor air contaminants that are odorous, irritating and/or harmful to the
comfort and well-being of installers and occupants.

Designed: As set forth by the building documents and specifications, “no adhesives, sealants or primers
containing VOC levels in excess of the allowable VOC levels shown in the Maximum VOC Level Chart
included in the LEED-NC v2.2 requirements shall be used inside the building envelope during
construction.”

EQ Credit 4.3: Low-Emitting Materials: Carpet Systems (1 point)
Intent: Reduce the quantity of indoor air contaminants that are odorous, irritating and/or harmful to the
comfort and well-being of installers and occupants.

Designed: As set forth by the building documents and specifications, the carpet and carpet systems
meet or exceed the requirements of the Carpet and Rug Institute’s Green Label Indoor Air Quality Test
Program, earning one point for this credit.

EQ Credit 4.4: Low-Emitting Materials: Composite Wood & Agrifiber Products (1 point)
Intent: Reduce the quantity of indoor air contaminants that are odorous, irritating and/or harmful to the
comfort and well-being of installers and occupants.

Designed: The design specifications clearly state that no finish carpentry materials, including plywood
products, medium density fiberboard (MDF) products, panel products, or casework materials, contain
no added urea-formaldehyde resins. The requirements of this credit have been met.

EQ Credit 5: Indoor Chemical & Pollutant Source Control (1 point)
Intent: Minimize exposure of building occupants to potentially hazardous particulates and chemical
pollutants.

Designed: This point is achieved by enclosing those spaces where chemicals are stored, such as janitor
closets, and providing negative pressurizations for these spaces. Additionally, the entire building’s
supply air will be filtered with MERV 13 filters. Compatible slotted recessed walk off mats specs and
slotted recessed walk off mat locations will be provided at primary entrances to achieve this credit.

EQ Credit 6.1: Controllability of Systems: Lighting (1 point)
Intent: Provide a high level of lighting system control by individual occupants or by specific groups in
multi-occupant spaces (i.e. classrooms or conference areas) to promote the productivity, comfort and
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well-being of building occupants.

Designed: To achieve this credit, the building is providing individual lighting controls for over 90% of the
building occupants to suit individual task needs and preferences. Also for shared multi-occupant spaces
the lighting is adjustable to meet group needs and preferences, meeting the requirements of this credit.

EQ Credit 6.2: Controllability of Systems: Thermal Comfort (0 points)

Intent: Provide a high level of thermal comfort system control by individual occupants or by specific
groups in multi-occupant spaces (i.e. classrooms or conference areas) to promote the productivity,
comfort and well-being of building occupants.

Designed: Per the owner’s request, a desire for more occupant thermal control led designers to
condition a maximum of three office spaces per terminal unit, controlled via zone thermostats.
However, this does not meet the requirement of 50% minimum occupant control, so this point was not
awarded.

EQ Credit 7.1: Thermal Comfort: Design (1 point)
Intent: Provide a comfortable thermal environment that supports the productivity and well-being of
building occupants.

Designed: The HVAC system and the building envelope will meet ASHREA 55-2004 by providing a highly
efficient building envelope that minimizes radiant heat gain and loss coupled with an air delivery system
that utilizes low velocity diffusers to minimize drafts and maintain comfort temperatures. A constant
supply of 55 deg ventilation air shall be supplied to the FPIUs that have their own heating and cooling
coils that can adjust the air temperature supplied to the space accordingly to maximize thermal comfort.

EQ Credit 7.2: Thermal Comfort: Verification (0 points)
Intent: Provide for the assessment of building thermal comfort over time.

Designed: The building owner chose not to conduct a survey to determine the overall satisfaction with
thermal performance and allow for a corrective plan to be developed if more than 20% of occupants are
dissatisfied. This credit was not awarded.

EQ Credit 8.1: Daylight & Views: Daylight 75% of Spaces (0 points)
Intent: Provide for the building occupants a connection between indoor spaces and the outdoors
through the introduction of daylight and views into the regularly occupied areas of the building.

Designed: The Army Administration Facility can achieve a minimum glazing factor of 2% in only 25% of
the building’s occupied spaces. This does not meet the 75% requirement set forth in this credit, so no
point was awarded.

EQ Credit 8.2: Daylight & Views: Views for 90% of Spaces (0 points)
Intent: Provide for the building occupants a connection between indoor spaces and the outdoors
through the introduction of daylight and views into the regularly occupied areas of the building.

Designed: Only about 50% of all occupied areas of the Army Administration Facility have direct line of
sight to the outdoor environment via glazing, so this point was not awarded.
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3.0 Existing Mechanical System Overview

3.1 Airside System

The Army Administration Facility is served by a Dedicated Outdoor Air Unit (DOAU), also known as a
Dedicated Outdoor Air System (DOAS), located on the south end of the fourth level. This DOAU is a
packaged unit that supplies 100% of the outside air to the building and can handle 24,000 CFM to the
building. The unit features pre-heating coils, 55F chilled water pre-cooling coils, 42F DX trim cooling
coils, and (6) 2,670 RPM fans. Even though each terminal unit has its own heating and cooling coils, the
outdoor air is preconditioned in the DOAS for two reasons. Firstly, the cooling coil in the DOAS needs
protection from freezing. The heating coil is used to raise the incoming DOAS air temperature above
freezing when the ambient condition exists. Secondly, and more importantly, a constant supply air
temperature of 50F is needed from the DOAS unit. Even in the dead of winter, some zones may be in
cooling mode, while others may need heating. For example, there could be an interior zone, with no
outside exposure and lots of computers, that needs to be cooled even in winter. At the same time, a
perimeter zone with lots of exterior wall/glass might need to be heated. Because of this, 50F air needs
to be provided at all times. Therefore, the heating coil can be used to raise the air temperature and then
the cooling coil can be used if dehumidification is necessary. Once delivered to the terminal units, each
FPIU has the ability to continue to cool using its cooling coil, or if the thermostat is calling for heat, it is
able to use its heating coil to provide heated air.

A detailed image of the building’s DOAS unit is shown below in Figure 2.

The DOAS supplies outside air that is ducted to Fan Powered Induction Units (FPIUs) that supply each
space with conditioned air. The FPIU was developed by the Mechanical Engineers at Southland
Industries and they serve to both cool and heat the space. This induction unit is similar to old induction
units from the 1970s, but this new version utilizes a series fan powered unit controlled by an
Electronically Commutated Motor (ECM) that includes an inlet control damper and an airflow ring. These
new induction units also include a sensible cooling coil, an optional heating coil, and a face loading filter.
The FPIU is able to produce a consistent supply of filtered dry ventilation air and requires 20% of the
duct distribution as compared to a VAV system. This is made possible because an FPIU takes in return air
directly from the plenum space rather than return duct circulating the air back through an air handling
unit. Each FPIU has its own sensible chilled water cooling coil that modulates to space conditions and
can operate independently from the main air handler for sensible loads.

There are also several Variable Air Volume (VAV) units in spaces that have a higher latent load and
require more primary air. An FPIU has a limit on the amount of primary air it can handle, so larger
spaces, such as the conference rooms and the courtroom require a VAV to provide more airflow.

To help increase occupant controlled thermal comfort, each FPIU serves no more than three rooms.
Each room has a CO, sensor and a thermostat, but each thermostat can be manually adjusted by the
occupant. The FPIUs are also capable of trending zone conditions and outdoor air rates to avoid issues
with indoor air quality.
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Figure 2- Dedicated Outdoor Air Unit
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3.2 Waterside System

Each FPIU has its own sensible chilled water cooling coil that modulates to space conditions and can
operate independently from the main air handler for sensible loads. They are fed by a 315 ton
evaporative condensing chiller supplying 55 degree water throughout the building. The bulk of air
conditioning capacity can be carried through small chilled water piping instead of ductwork, reducing
infrastructure space requirements by a factor of four.

To heat each space the FPIUs also have a heating coil that is served by two 1,500 MBH gas-fired boilers
in the penthouse. There is a solar hot water heater in the penthouse that provides 30% of the peak
domestic hot water load. The remaining 70% of the load is provided by the boilers. However, the
building will rarely reach its peak load, so the solar hot water heater should consistently provide a
majority of the domestic hot water. If the solar hot water heater were to fail, the boilers in the
penthouse are also connected to a heat exchanger in the domestic hot water heater as a back-up.

Drawn below are line diagrams clarifying the chilled and heating hot water systems. Figure 3 diagrams
the chilled water system from the chiller to the loads. Figure 4 diagrams the hot water loop between the
boilers and the space.
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3.3 Mechanical Equipment Breakdown

All equipment associated with the central plant including chillers, boilers, pumps, as well as the DOAS
unit are housed in a custom factory fabricated packaged unit located on the third floor roof. The DOAU
provides 100% of the ventilation air required throughout the building. Its characteristics are shown
below in Table 11.

Table 11- DOAU Schedule

Air Handling Unit
Pre-Heating Coil Pre-Cooling Caoil
Airflow | Ent. Air |Leaving Air|Capacity | Ent. DB |Leaving DB | Capacity
Name |(CFM) |Temp (F)| Temp. (F) | (MBH) [Temp (F)| Temp. (F) [ (MBH)
DOAU-1 [24,000 12 55 1,115 91 60.8 1,557

The outside air passing through the air handling unit is distributed throughout the building to terminal
units. The Army Administration Facility utilizes Fan Powered Induction Units (FPIUs) and Variable Air
Volume (VAV) units. Their characteristics are shown below in Table 12.

Table 12- Terminal Unit Schedule

Terminal Units
Fan Sensible Chilled Water Coil Hot Water Coll

Name Airflow |Motor Size| Ent. Air {Leaving Air|Ent. Water|Leaving Water|Capacity | Flow | Ent. Air |Leaving Air| Ent. Water |Leaving Water|Capacity [ Flow

(CEM) [ (HP) |Temp (F)| Temp. (F) | Temp (F) [ Temp. (F) [ (MBH) |(GPM)|Temp (F)| Temp. (F) | Temp (F) | Temp.(F) [ (MBH) |(GPM)
FPIU-1 | 800 12 75.0 57.3 55.0 64.2 138 | 30 - - - - - -
FPIU-2 | 800 1/2 75.0 57.3 55.0 64.2 13.8 3.0 68.0 914 180.0 106.0 18.2 0.5
FPIU-3 | 1,200 34 75.0 58.0 55.0 64.8 19.0 39 - - - - - -
FPIU-4 | 1,200 3/4 75.0 58.0 55.0 64.8 190 | 39 | 680 95.2 180.0 115.8 304 | 1.0
VAV-1| 450 - - - - - - - 52.0 174 180.0 151.8 124 0.9
VAV-2 | 1,300 - - - - - - - 52.0 74.1 180.0 155.5 311 2.6
VAV-3 | 600 - - - - - - - 52.0 77.0 180.0 152.3 162 | 12
VAV-4 | 400 - - - - - - - 52.0 78.5 180.0 150.6 115 0.8
VAV-5 | 1,400 - - - - - - - 52.0 734 180.0 156.3 R4 | 28

Although the terminal units have their own heating (and cooling) coils, the DOAU has its own pre-
conditioning coils to protect against freezing and then a separate DX coil to supply a constant air
temperature of 50F to each terminal unit. The chilled water coils in both the terminal units and the air
handling unit are supplied by an evaporative condensing chiller in the penthouse. The condenser section
of the assembly consists of a stainless steel sump, condenser fans connected to two variable frequency
drive (VFD) circuits, constant speed duplex (primary and back-up) condenser water pumps, and
complete chemical free water treatment. The condenser fan VFD circuits will vary the condenser fan
speed to match the connected load of the compressors. The compressor bank consists of three high
efficiency rotary screw type compressors.

The chilled water side of the assembly will be connected to the condenser side of the assembly via the
shell and tube heat exchanger. The compressor bank refrigerant circuits will be connected to the shell
side of the exchanger. The evaporator side of the exchanger is a multiple pass tube connected to
variable speed duplex (primary and back-up) primary pumping system that distributes the 55 degree
chilled water to the DOAU and building loads as required. A schedule for the chiller can be referenced
below in Table 13.
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Table 13- Evaporative Condensing Chiller Schedule

Evaporative Condensing Chiller

Evaporator Condenser
Capacity | Ent. Water|Leaving Water| Flow [ Ambient | Condensing|Spray Flow
Name | (Tons) [ Temp (F) Temp. (F) [(gpm)|Temp. (F)| Temp. (F) (gpm)
CHLR-1{ 315 66.5 55 668 78 105 735

The building hot water system utilizes two gas-fired boilers sized to meet the required capacity. The
plant operates at a maximum HW supply temperature of 180 deg F and a return water temperature of
150 deg F. Each boiler is provided with a primary inline circulating pump. The secondary pumping is
handled by a variable speed duplex (primary and back-up) pumping system to distribute hot water to
the building. Boiler characteristics can be referenced below in Table 14.

Table 14- Boiler Schedule

Boilers
Capacity
Input | Output | Efficiency [Ent. Water [Leaving Water| Flow
Name | (MBH) | (MBH) (%) Temp (F) Temp. (F) |(gpm)
BLR-1 | 1,500 | 1,275 85 150 180 80
BLR-2 | 1,500 | 1,275 85 150 180 80

A breakdown of the pumps used throughout the mechanical system can be found in Table 15.

Table 15- Pump Schedule

Pumps

Flow | Min. Flow [Head (ft. Pump Motor
Name Senice (gpm)| (gpm) wc) | Efficiency (%)| RPM [Size (Hp)
CWP-1 | Condenser Water | 735 - 20 74.6 1,750 7.5
CWP-2 | Condenser Water | 735 - 20 74.6 1,750 7.5
CHWP-1 Chilled Water 334 80 90 71.0 1,750 15.0
CHWP-2 Chilled Water 334 80 90 71.0 1,750 15.0
CHWP-3 Chilled Water 334 80 90 71.0 1,750 15.0
PHWP-1| Prim. Hot Water | 80 - 20 66.7 1,750 1.0
PHWP-2 | Prim. Hot Water | 80 - 20 66.7 1,750 1.0
PHWP-3| Prim. Hot Water | 80 - 20 66.7 1,750 1.0
PHWP-4| Prim. Hot Water | 80 - 20 66.7 1,750 1.0
SHWP-1| Sec. Hot Water | 160 50 48 66.0 1,750 5.0
SHWP-2 | Sec. Hot Water | 160 50 48 66.0 1,750 5.0
HWCP-1 | HW Caoil Circuator| 75 - 20 60.0 1,750 0.8

3.4 Energy Sources and Rates

The Army Administration Facility utilizes mainly gas and electric utilities for the annual heating and
cooling needs. The building is self-operating with boilers and chillers and therefore is not on a district
system. Local energy rates were not provided and the building has not been operational long enough to
have actual utility bills, so local rates were taken from the US Energy Information Administration (EIA)
website and shown in Table 16.
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Local Rates
Electricity Cost  $/kWh 0.0798
Natural Gas Cost S/therm 0.837

Table 16- Local Utility Rates

3.5 Outdoor and Indoor Design Conditions

Using the ASHRAE Handbook of Fundamentals 2009, the weather data for the Mid-Atlantic region of the
country was used (exact location not disclosed per owner’s request). The indoor air conditions were
taken directly from the design documents and are shown below in Table 17 and Table 18. Occupied
mode comfort settings include a space temperature high limit set point value of 75 °F (adjustable), a
space temperature low limit set point value 70 °F (adjustable), and the space dew point temperature is
at or below the sensible (55F) chilled water supply temperature. These values were used for the Trane
TRACE™ 700 energy simulation. A humidity ratio of 50% was also used as specified in the design
documents.

Table 17- Summer Design Weather Data
Summer (0.4%)

Indoor | Dry Bulb | Wet Bulb
Design (F) | Temp (F) | Temp (F)
Vestibules 95 93.2 75.1

All Other Spaces 75 93.2 75.1

Table 18- Winter Design Weather Data
Winter (99.6 %)

Indoor | Dry Bulb [Wet Bulb
Design (F) | Temp (F) | Temp (F)
Vestibules 60 9.6 -

All Other Spaces 70 9.6 -

3.6 Design Ventilation Requirements

A comprehensive ventilation analysis was conducted in Technical Report One referencing ASHRAE
Standards 62.1 and 90.1. For this system, there is a single DOAS unit that serves the entire building. Each
terminal unit receives a certain amount of outdoor air from the DOAS unit and is thus proportioned to
each space. The results of each room’s compliance with proper ventilation standards can be found in
Appendix A of this report. As is shown in Appendix A, the spaces require a total of 23,750 CFM of
outdoor air and the DOAU was sized up to supply 24,000 CFM. The minimum ventilation requirements
set forth in Section 6 of ASHRAE Standard 62.1 have been met in all occupied spaces. As can be seen in
Ap