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ABSTRACT

The Architectural Impact of Using Ground-Source Heat Pumps 
in Commercial Buildings in Las Vegas

by

George Bergman

Dr. Adil Sharag-EIdin, Examination Committee Chair 
Assistant Professor o f Architecture 
University of Nevada, Las Vegas

Ground-source heat pump systems represent one possible solution toward making 

buildings more energy efficient since a significant portion of the energy consumed by 

these systems comes from a renewable energy source. Ground-coupled heat pump 

systems are a subset o f ground-source heat pump systems that utilize a closed ground-loop 

made of polyethylene pipe as a heat exchanger to transfer heat between the ground and a 

series of water-source heat pumps located inside a building. In terms of architectural 

design, these systems are efficient in terms of space utilization both on the building 

interior and on the site.

Ground-coupled heat pump systems perform well when there is a reasonable balance 

between annual cooling and heating energy requirements. These systems, in a 

commercial building in the cooling dominated climate o f Las Vegas, transfer 

substantially more heat to the ground than they remove on an annual basis. This 

imbalance affects the system causing increased initial costs due to larger ground-loop

iii
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sizing requirements and poorer long term performance. While no conclusive data is 

available, the potential for ecological disruption caused by increased ground temperatures 

is also a possibility. The architectural impacts of these systems is also evaluated in this 

context

A series of parametric studies evaluate the architectural impacts on the design and 

long term performance of ground-coupled heat pump systems over a fixed period of time. 

The results are applied to a commercial office building in order to assess the net impact of 

combining various energy efficiency strategies. The conclusion of the comprehensive 

study is that energy efficient design strongly contributes to a reduction in the required size 

of a ground-coupled heat pump system. A comparative life-cycle cost analysis validates 

these results by using the same commercial office building design to evaluate a ground- 

coupled heat pump system against two other commonly used HVAC systems for 

commercial building applications.

The analysis indicates that ground-coupled heat pump systems perform competitively 

against other systems in terms of life-cycle costs. The impact on the ground temperature 

at the ground-loop in such a system rises significantly over the simulation period of 25 

years. This condition strongly suggests that ground-coupled heat pump systems that do 

not incorporate a secondary means o f heat disposal such as a cooling tower or absorption 

chiller may not be the most suitable HVAC system type for commercial office buildings in 

Las Vegas.

IV
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CHAPTER I 

INTRODUCTION

In the year 2000,4.6 million commercial buildings in the United States accounted for 

16 quadrillion BTUs of energy or approximately 32% of the country’s electricity 

consumption (DOE, 2001 ). This is double the amount of energy consumed by 

commercial buildings in 1982. Growth in commercial energy demand is predicted to 

increase at a rate of 1.7% annually through the year 2020 (DOE, 2000).

In this context, architectural designs that focus on energy efficiency and the use of 

renewable energy technologies are becoming increasingly important in the face o f rising 

demand, energy costs and pollution levels. Building energy codes, such as ASHRAE 

Standard 90.1-1999, establish requirements for building energy efficiency. They do not, 

however, regulate or prescribe how much energy must be obtained from nonrenewable 

sources.

An important task of the architect is to integrate both passive and active energy 

efficiency strategies into the myriad of design considerations that are required for the 

design of a building. These considerations include programmatic requirements, budgetary 

constraints, aesthetics and adherence to numerous building codes. By including passive 

and active energy efficiency strategies as design considerations, architects can design 

buildings that are both energy efficient and derive a significant portion of their energy 

requirement from nonrenewable sources.
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Typical architectural design solutions for commercial building types treat the building 

envelope as a thermal barrier to the natural environment to the extent dictated by the 

ASHRAE 90.1-1999 standard and by local building codes. Mechanical systems powered 

by nonrenewable energy are then designed to carry the burden of maintaining a 

comfortable environment in a building regardless of outside climatic conditions (Hyde 

2000). This approach may cause the designer and the bui'ding owner to lose out on the 

long-term cost benefits of optimizing a building design according to prevailing climatic 

and site conditions. These benefits include long-term cost savings generated by improved 

energy efficiency as well as initial cost savings due to a reduction in the required capacity 

of HVAC equipment to maintain thermal comfort.

Climate responsive design is a set of principles that are concerned with the way a 

building "moderates" climate. (Hyde 2000). In hot-arid climates with hot summers and 

mild winters, passive design strategies focus on reducing cooling load requirements and 

heat gain caused by solar loads and conduction through the building envelope (Givoni 

1994). Under such conditions, it may be difficult for passive strategies alone to maintain a 

level of comfort that will be acceptable to people who are used to the conditions that 

mechanical systems are able to provide. In some office environments, higher required 

clothing levels may exacerbate this condition. A climate responsive design approach 

allows architects to prioritize design solutions so as to increase the portion of a building's 

total energy requirements derived from renewable energy sources and still maintain 

comfortable conditions (Hyde 2000).

Ground Source Heat Pump (GSHP) systems offer the possibility o f significantly 

reducing the quantity of nonrenewable energy required to maintain thermal comfort
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during periods o f extreme outside temperatures through the use o f the earth's thermal 

stability as both a source and a sink of heat. Systems are available in a variety of sizes and 

are easily adaptable to a variety of zoning requirements. They are potentially more 

efficient than other types of mechanical systems since the compressor-condenser unit 

found in water-to-air and air-to-air heat pumps is replaced by a ground source such as a 

lake, aquifer or the ground (Kavanaugh and Rafferty 1997).

This work focuses on a subset of GSHP systems known as Ground Coupled Heat 

Pump (GCHP) systems. GCHP systems utilize a ground-loop made of polyethylene pipe 

as a heat exchanger to transfer heat between the ground and a series of water-source heat 

pumps located in a building. GCHP systems are more flexible than other types of GSHP 

systems in terms of application in the Las Vegas Valley since they are not dependent on 

the availability of ground water and surface water sources.

This objective of this work is to evaluate the architectural impacts of GCHP systems in 

an overall climate responsive design of a commercial office building in Las Vegas. In 

cooling dominated climates like Las Vegas, there is a  potential for the ground heat 

exchanger to alter the ambient temperature of the soil or body o f water over time due to 

long-term imbalances caused by more heat being added to the ground source than is 

removed. Permanent changes in temperature could adversely affect the long-term 

performance of the GSHP system and have unforeseen environmental impacts (ASHRAE 

1999). The degree to which architecture is able to reduce cooling loads through energy 

efficient design and thereby reduce the net amount of heat transferred to the ground 

source, is a central theme of this work.
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Throughout this study, I use the DOE-2 based eQUEST energy simulation software to 

conduct a series of parametric studies that evaluate the relationship between individual 

energy efficient architectural design strategies and the design and long-term performance 

of GCHP systems. 1 then integrate these results into the design of a commercial office 

building in order to evaluate the benefits of applying a climate responsive design approach 

to a building that already achieves minimum compliance with the ASHRAE 90.1-1989 

standard. A comparison will also be made in the context o f evaluating the long term 

performance of GCHP systems in Las Vegas and the long term effects of using these 

systems on the ambient ground temperature around the ground-loop heat exchanger.

The study concludes with a life-cycle cost analysis of the GCHP system designed for 

the integrated commercial office building. This analysis compares how GCHP systems 

perform in terms of energy efficiency and cost to two other HVAC systems commonly 

used in commercial office building applications in Las Vegas.
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Diagram (Kavanaugh and Rafferty 1997)

CHAPTER 2

LITERATURE REVIEW

2.1 Ground Source Heat Pumps

Heat pumps are systems that 

reverse the flow of heat from its 

natural course o f flowing from a 

warmer medium to a cooler 

medium by concentrating heat so 

that it can be transferred from a 

cold material to a warmer one. In 

cooling mode, heat is extracted 

from the cool air of a building

-  A IR -  T O -  9EF5IC 'jjiL

. R A T E R . t o -  
REFRICEPAN7
•:oi

—  COMPRESSOP

interior and rejected to the warmer outside air or some other heat sink. Heating mode 

works in the reverse. Heat is removed from a cool source such as outside air and transfers 

that heat to the warmer air inside a building.

GSHP systems consist of a family of heat pump based systems that share the common 

feature of utilizing the ground, ground water or surface water as a heat sink or source 

(ASHRAE 1999). The three most common types of systems are Ground Coupled Heat 

Pump (GCHP) systems, Groimd Water Heat Pump (GWHP) systems, and Surface Water 

Heat Pumps (SWHP) systems (ASHRAE 1999). These systems typically use water-
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source heat pumps as their primary equipment (FEMP 1999). GSHPs utilize the stability 

of the ground, groundwater or surface water as an efficient heat source or sink. They are 

more efficient than air-to-air heat pump systems since they do not directly rely on outdoor 

air temperatures. Air-to-air heat pump systems become less efficient at times of very low 

temperatures when in heating mode and high temperatures when in cooling mode. Water 

is inherently a more efficient medium than air due to its higher thermal mass (FEMP

1999). Conventional water-source heat pump systems utilize a boiler as a heat source and 

a cooling tower to maintain very stable water-loop temperatures. While the ground or 

ground water sources experience far less severe temperature fluctuations than air, 

manufacturers have developed extended range heat pump systems to deal with the an 

extended range of fluid temperatures during times of extreme climatic conditions.

2.1.1 Ground Water Heat Pumps 

GWHP systems are open-loop systems that utilize a consistent source of ground water 

as a heat exchanger. High volume wells are connected through a water-to-water heat 

exchanger or are directly pumped through a hydronic distribution system to individual 

water-source heat pump systems located throughout a building. In both configurations, 

water that is circulated through the system is returned to the environment through 

injection wells or into a nearby surface body of water (Kavanaugh and Rafferty 1997). In 

an ideal situation, this water is reintroduced to the aquifer so as to not disrupt the existing 

natural flows of the groundwater. The availability of adequate ground water sources is a 

major constraint to their wider use and a reason why the closed-loop GCHP systems are 

the more widely adopted system. Other constraints include local regulations involving the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2.2: Ground Water Heat Pump System Schematic Diagram (adapted from 
Kavanaugh and Rafferty 1997)

injection of water back into the aquifer. These regulations can cause the design of these 

systems to become prohibitively expensive or even restrict their use altogether. However, 

when sufficient conditions do exist, these systems require very little land area, are highly 

efficient and have lower initial costs than GCHP systems (ASHRAE 1999).

A common GWHP system configuration consists of a centralized system that utilizes a 

water-to-water plate heat exchanger between the ground-loop and a closed water-loop that 

circulates water to water-source heat pumps located throughout a building. Other systems 

circulate ground water directly to the heat pumps in a single loop. In this type of system, 

poor water quality can cause erosion and equipment problems with the heat pumps. 

Another system configuration circulates ground-water through a central chiller that 

utilizes a pipe distribution system to transfer and remove heat from individual HVAC 

equipment located throughout a building.
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Figure 2.3: Surface Water Heat Pump System Schematic Diagram (adapted from 
Kavanaugh and Rafferty 1997)

2.1.2 Surface Water Heat Pumps 

SWHP systems utilize surface water as a heat exchanger. In a closed-loop 

configuration, heat is transferred by means of water-to-air or water-to-water heat pumps 

that circulate water or an anti-freeze solution through a piping network submerged in an 

open body of water that is directly coimected to the heat pumps in a building. In an open- 

loop configuration, the system utilizes a body of water as a cooling tower. Surface water 

can either be pumped directly to water-to-air or water-to-water heat pumps or to an 

intermediate heat exchanger. SWHP systems are generally less expensive than GCHP 

systems and require lower pumping energy. They perform reliably when water 

temperatures are stable and have low maintenance and operating costs (Kavanaugh and
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Rafferty 1997). In warm climates, lake water can also be utilized as a source of heat 

during the winter heating period (ASHRAE 1999).

2.1.3 Ground Coupled Heat Pumps

Ground Coupled Heat Pump systems are closed loop systems that utilize the earth as 

both the source and the sink for heat that is either supplied to or removed from a building. 

These systems use a reversible vapor compression cycle linked to a closed-loop ground 

heat exchanger buried in the earth. Water-source heat pumps circulate water or a water 

anti-freeze solution between a liquid-to-refrigerant heat exchanger in the heat pump units 

and a buried network of thermoplastic piping known as the ground-loop heat exchanger 

(Kavanaugh and Rafferty 1997).

There area several GCHP system configurations in use. The most common 

configuration is one in which the ground-loop heat exchanger is attached to a centralized 

circulation loop that has all the water-source heat pumps attached to it for an entire 

building. An alternative configuration is one in which different heat pumps either 

individually or in groups have their own dedicated ground-loop heat exchangers.

In the dry climate o f Las Vegas, GCHP systems may be advantageous over other types 

of GSHP systems since they are not dependent on the availability of surface water or 

ground water. These systems only depend on the availability of land area and the thermal 

properties of the soil to conduct heat to and from the individual boreholes of a ground- 

loop heat exchanger.

GCHP systems tend to be more efficient than systems that rely on air as a source and 

sink of heat since they are able to take advantage of the Earth’s natural thermal stability.
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Figure 2.4: Ground Coupled Heat Pump System with a Horizontal Ground-loop Heat 
Exchanger (adapted from Kavanaugh and Rafferty 1997)

Air-based systems, especially HVAC equipment mounted on building rooftops must 

transfer heat in the face of severe seasonal temperature fluctuations.

A significant concern with the use o f GCHP systems are the potentially high costs 

associated with the design and installation of the ground-loop heat exchanger. Proper 

design of the ground-loop heat exchanger requires site specific soil and rock testing 

(Kavanaugh and Rafferty 1997). Drilling of test bores coupled with laboratory 

evaluations by skilled contractors and engineers that specialize in GCHP systems are 

required for proper design and engineering. Alternative methods for estimating ground 

thermal properties for the conceptual design of the ground-loop heat exchanger are 

discussed in Section 3.6.

10
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There are two basic types of closed-loop ground heat exchangers for GCHPs; 

Horizontal and vertical. Each of these configurations have advantages and disadvantages. 

Detailed discussion of each these systems is provided in sections 2.1.3.1 and 2.1.3 .2.

2.1.3.1 Horizontal Ground-loop Heat Exchangers 

Horizontal ground-loop heat exchangers are always closed-loop systems. Single pipe 

ground-loops are placed approximately 4 feet beneath the ground as shown in Figure 2.4. 

Horizontal ground-loops require the availability o f a large land area due to the long 

lengths of buried piping required for sufficient heat transfer between the water solution 

and the ground. Placing 2 to 4 pipes in a single trench can reduce the overall trench 

length. However, a longer overall pipe length is required due to the thermal interference 

caused by the close proximity of multiple pipes. Coil type horizontal heat exchangers 

further reduce the amount of required trenching with the trade-off of requiring even more 

pipe for comparable performance (ASHRAE 1999). Potentially higher ground 

temperatures in the hot summer season in Las Vegas combined with the limited 

availability of land make the wide use of a horizontal ground-loop systems problematic.

2.1.3.2 Vertical Ground-loop Heat Exchangers 

A vertical closed-loop ground heat exchanger consists of an array of loops in series 

and/or in parallel that are set in a grid pattern as shown in Figure 2.2. Each bore contains 

two small diameter polyethylene pipes ranging in diameter fi*om Vz" to 2”. These two 

pipes are fused at the bottom of the borehole into a closed U-tube. Bore hole depths can 

range from 50 feet to 600 feet depending on the thermal properties o f the soil, the building

II
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Figure 2.5: Ground Coupled Heat Pump System with a Vertical Ground-loop Heat 
Exchanger (adapted from Kavanaugh and Rafferty 1997)

loads, and desired system efficiency (ASHRAE 1999). Distances between boreholes 

should be far enough apart to minimize thermal interference caused by imbalances 

between annual cooling and heating loads (Kavanaugh 1998).

Vertical ground-loop heat exchangers are more commonly used than horizontal 

ground-loops since they require much smaller land are. Besides compactness, the vertical 

ground-loop takes advantage of the small temperature variation that is found at depths 

beyond 20' below grade in many locations. Vertical ground-loop heat exchangers use less 

piping than horizontal ground-loop heat exchanges and, therefore, require less pumping 

energy to circulate water through the system.

12
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Figure 2.6: U-tube Schematic Diagram (Kavanaugh and Rafferty, 1997)

2.2 Integration of GSHP Systems with Climate Responsive Design Principles 

Climate responsive design is concerned with the interaction between buildings and 

their surroundings. In this approach, the elements of a building are divided into a 3-tier 

hierarchy according to how they modify the natural environment (Hyde 2000). Elements 

in the first tier modify the macro-environment in order to improve the micro-environment 

around the building. These elements include the building orientation, landscaping and the 

location of the building on a site. The second tier is concerned with the elements of the 

building skin that act to filter the natural environment such as the form of the building and 

the materials used in the building’s envelope. The last tier deals with the mechanical 

systems of the building. These systems do not modify the natural environment, but rather.

13
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utilize active systems to create an artificial environment at the building interior (Hyde

2000).

This hierarchy can also be evaluated in terms of energy sources. The first two tiers 

utilize energy from the natural environment Hence, all passive design strategies fall 

under one of these two tiers. The final tier relies on mechanical equipment that is 

dependent on non-renewable energy sources.

Table 2.1 : Climate Responsive Design Model Comparison

ENERGY EFFICIENCY 
STRATEGIES

ENERGY EFFICIENCY 
STRATEGIES

(Hyde Model) (Modified Hyde Model)

First Order Solar Orientation 
Landscape
Building Location on Site

Solar Orientation 
Landscape
Building Location on Site

Second Order Building Form 
Building Envelope 
Thermal Mass 
Glazing (Type, Size, Loca­
tion, Shading)
Insulation 
Natural Ventilation 
Infiltration Control

Building Form 
Building Envelope 
Thermal Mass
Glazing (Type, Size, Location, 
Shading)
Insulation 
Natural Ventilation 
Infiltration Control 
GSHP Systems

Third Order HVAC Systems

HVAC equipment in commercial buildings typically does not make direct use of the 

natural environment as an energy economizer. Rather, HVAC creates and maintains an 

isolated environment regulating temperature and humidity by using a series of devices that 

are exclusively powered by energy that is generated by non-renewable energy sources at 

remote locations (Stein and Reynolds 1992). In this context, GSHP systems take on a

14
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different role than traditional HVAC systems since they utilize the thermal stability of the 

earth to provide thermal comfort in buildings.

This model differs from the model described in Richard Hyde’s book. Climate 

Responsive Design. Unlike HVAC systems, the ground heat exchangers of GSHP 

systems possess a passive component that utilizes heat from the ground or a body of water. 

Therefore, the implementation of a GSHP system must be regarded as second tier design 

strategy. A comparison of Hyde’s model and the modified version is shown in Table 2.1. 

Since GSHP systems transfer heat between a building and a ground source, it follows that 

the building’s heating and cooling loads could impact the ground in the vicinity of the 

ground-loop heat exchanger. Changing the temperature of the ground could, in turn, 

impact the performance of the GSHP system. The degree of that impact in terms of the 

design of a GCHP system is a topic that is dealt with extensively throughout this study.

15
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CHAPTER 3

ENVIRONMENTAL FACTORS

Heating and cooling loads generated by buildings are the result of climactic conditions 

and internal gains. While the design of any HVAC system must take environmental 

factors into account. Section 2.2 made the case that the inclusion of a GCHP system in the 

design of a building is a higher order design decision since these systems directly couple 

the building to the natural environment. For this reason, an understanding of climatic and 

ground conditions are crucial to the successful design of a climate responsive design that 

includes a GCHP system. This chapter provides the background information and data 

sources that are used to conduct the energy simulations in Chapter 4 and Chapter 5.

3.1 Site Impacts

The site is a crucial element in the design of GCHP systems. The site must have land 

area large enough to support a ground-loop heat exchanger of sufficient size to handle the 

peak cooling and heating load conditions of the building. The thermal characteristics of 

the ground are also a key factor in site selection. Small variations in the thermal properties 

of the ground can have a significant effect on the sizing of the ground heat exchanger and 

on the long-term performance of the overall GCHP system.

In other types of HVAC systems, architects must be concerned with allocating space 

for system components throughout a building, on its roof, or on the site. Similarly, the

16
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Figure 3. la: Las Vegas Annual Average Temperatures
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Figure 3.1b: Las Vegas Annual Relative Humidity

design of GCHP systems requires a small mechanical room for circulation pumps and 

either closet size spaces or sufficient space above a ceiling for the heat pump units. The 

main difference with GCHP systems lies in the design of the ground-loop heat exchanger. 

The borefield type chosen must fit with in the confines of the property where the building

17
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is located and still be able to handle peak load conditions. The size of the site can directly 

affect the efficiency of the system as well as the cost of its installation. This is because the 

farther apart the boreholes, the less thermal interference will occur. Ground-loops with 

low thermal interference will perform better and require less piping than systems that must 

be designed to handle long-term thermal interference.

3.2 Climate

Climate is a crucial design element in any building design. Temperature variation in 

Las Vegas is extreme with average maximum temperatures reaching 104°F in the summer 

and 34°F in the winter (NCDC 2001). Temperature and humidity data for Las Vegas are 

shown in Figures 3. la-b. The overheating period in which maximum average 

temperatures exceed 80°F lasts from May to October. Average relative humidity remains 

in the 20%~34% range throughout this season. Under such conditions, energy efficient 

design is driven by summer climatic conditions (Givoni 1994).

In cooling load dominated climates like that of Las Vegas, there is a potential for the 

ground-loop heat exchanger to alter the undisturbed temperature of the ground in the long­

term due to imbalances in the amount of heat transferred to the ground relative to the 

amount being removed (ASHRAE 1997). Such imbalances could eventually lead to a 

degradation in system performance due to the additional work required by the heat pumps 

given higher entering water temperatures. In the case of commercial buildings, this 

condition is made worse by the high internal heat gains generated by occupants, lighting 

and equipment.

18
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3.3 Climatic Variables and Data Sources 

Climate analysis and energy use simulations will use hourly climate data in TMY2 

format for Las Vegas developed by the National Energy Research Laboratory (NREL 

1995). A summary of that data is shown in Figure 3.2.

Latitude: 36.1 
Longitude: 115 2
Elevation: 2178 ft
Design Dty Dry Bulb (Winter 99.0%): 25.0 °F
Design Day Diy Bulb (Winter 97.5%): 28.0 °F
Design D^' Dry Bulb (Summer 2.5%): 106.0 “F
Design Diy Wet Bulb (Summer 2.5%): 65.0 “F

Month TAA TMXA TMNA TMX TMN TWBA RH WSA HS HDD CDD

January 44.5 56.9 34.0 70.0 24.0 35.2 41.0 73 969 605 0
February 52.3 63.4 41.5 73.0 33.0 40.9 39.7 7.9 1295 351 0
March 53.3 64.5 42.8 79.0 31.0 40.8 34.9 8.8 1693 351 0
April 67.0 78.1 54.2 92.0 45.0 47.5 22.6 13.4 2205 64 100
May 72.8 84.0 60.5 99.0 43.0 50.5 20.7 9.4 2529 40 265
June 86.1 97.2 72.3 1120 57.0 56.7 162 11.9 2663 0 594
July 90.4 101.6 79.5 110.0 68.0 623 21.9 9.6 2585 0 792
August 88.8 101.0 75.6 108.0 66.0 623 23.7 9.8 2312 0 723
September 81.5 94.9 67.8 105.0 61.0 56.5 21.5 8.0 1989 0 491
October 67.1 79.8 54.9 92.0 47.0 49.8 31.0 9.1 1502 32 104
November 54.4 64.9 44.8 73.0 33.0 427 39.9 7.7 1110 305 0
December 46.9 58.9 35.9 74.0 29.0 35.9 34.0 7.5 890 546 0

Year 67.1 78.8 55.3 1120 24.0 48.4 28.9 9.2 1812 2293 3067

TAA Avenge Dry Bulb Temperature, “F
TMXA Average Daily Maximtan Dry Bulb Temperature, “F
TMNA Average Daily Minimum Dry Bulb Temperature. °F
TMX Maximum Dry Bulb Temperatiue, °F
TMN Minimum Dry Bulb Temperatiue. °F
TWBA Average Wet Bulb Temperature, °F
WSA Average Wind Speed, MPH
HS Average Daily Horizontal Solar Radiation. Btu/fF
RH Relative Humidity, %
HDD Heating Degree Dsys, Base 65.0 “F
(TDD Cooling D%ree Dsÿs, Base 65.0 °F

Figure 3.2: Summary of TMY2 data for Las Vegas (NREL, 1995)
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3.4 Geology

In GCHP systems, ground heat exchanger performance is strongly affected by the 

geology of the site (ASHRAE 1999). The thermal properties of the soil and rock must be 

carefully analyzed as part of the ground-loop heat exchanger design. The key to a suc­

cessful ground-loop heat exchanger is the ability o f the soil to dissipate heat from the pip­

ing network. This property is dominated by the thermal conductivity of the soil and 

secondarily by its thermal diffusivity (STS Consultants 1989)^ Groundwater is also a key 

element in the removal o f heat from a site and can reduce the potential for long term heat 

build-up.

The geology of the Las Vegas Valley basin consists of silt and clay beds that came 

from alluvial deposits caused by the intermittent rain typical o f desert climates. The val­

ley is surrounded by mountain ranges that possess sedimentary formations that are prima­

rily made up of limestone mixed with sandstone, shale, dolomite, gypsum and quartzite. 

These materials have been carried into the valley by means of drainage channels. Lakes 

formed twice in the valley further resulting in the valley filling in with silts and clay. The 

soil surveys conducted by the United States Department o f  Apiculture's. Soil Conserva­

tion Service indicate that at the heart of the city of Las Vegas, soils are deep and moder­

ately well drained. 1 hey are made up of clay loam, silt loam and silty clay loam on 

alluvial flats. Clay content ranges from 25 to 35 percent (U.S. Dept, of Agriculture 1985).

The size of the particles in the soil will strongly influence the soil’s ability to conduct 

and dissipate heat from the ground exchanger. Part o f this phenomenon is determined by

I. Thermal conductivity is defined as the amount o f  heat transferred through a unit area o f soil in 
unit time under a unit temperature. Thermal diffusivity is defined as the change in temperature 
produced in a unit volume by the quantity o f heat flowing through the volume in unit time under 
a unit temperature.
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the ability of the ground water to move through the site. High amounts of clay inhibit the 

free movement of ground water and thus can lead to long-term heat build up. Such condi­

tions could adversely affect the long-term performance of the ground heat exchanger 

(ASHRAE 2001).

3.5 Ground Water

The use of GWHP and SWHP systems is severely limited by the consistent availabil­

ity of quality ground and surface water. Quality in this case refers to ground water that is 

not too acidic and that does not contain corrosive pollutants such as salt and iron 

(ASHRAE 2001).

Ground water conditions across the Las Vegas Valley vary considerably. In the north­

western part o f the valley, aquifers allow for consistent flows of high quality water. Geo­

logic conditions prevent an abundance of aquifer water from making its way to the 

Southern parts of the Valley barely allowing enough water for residential grade water 

wells. In the downtown region, the water table can be has high as 2 feet below grade but 

the water that exists in this area is o f a poor quality with high salt content and high levels 

of acidity. Installation of water treatment equipment would be required to improve perfor­

mance and reduce the long-term maintenance problems associated with low quality 

water."

2. Detailed information on the ground water conditions in Las Vegas are not well documented. I 
obtained the information in this section through an interview with Tom Morris, a senior hydron- 
ics engineer with the Southern Nevada Water District.
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3.6 Geological Data and Sources 

In practice, a site-specific survey and analysis of geologic and hydrologie conditions 

are required in order for engineers to finalize a GSHP system design (STS Consultants 

1989). The most accurate method for obtaining site specific values of these variables is 

done through an elaborate process of field testing, bore sampling and laboratory work.

For the conceptual design of the ground-loop heat exchanger, the recommended method 

suggests using Water Well Completion Reports combined with regional geological and 

ground water information available from the United States Geological Survey and the 

Department of Agriculture (Rafferty 2000). Water Well Completion Reports are filed 

with the Nevada Bureau of Water Resources upon completion of a water well by a 

licensed drilling contractor. These reports contain information about the type o f well, the 

drilling method and the type of materials encountered throughout the drilling process 

(Rafferty, 2000). Examination of these reports on or near a specific site can provide infor­

mation so that the designer can calculate an estimate of the ground thermal properties.

In order to estimate the average thermal conductivity and diffusivity of the ground 

in the Las Vegas Valley, I surveyed Water Well Completion Reports from three areas of 

the Las Vegas Valley. The location of these areas is shown in Figure 3.3. In order to 

estimate ground thermal properties in Las Vegas, I use a sample of six Water Well 

Completion Reports for each a of these areas. I chose the six reports out of the many 

reports on file at the Nevada Water Resources Agency according to the detail and clarity 

of the information contained in the lithographic chart on each o f the reports. An example 

of one of the water well reports is shown in Appendix A. Since soil conditions at the
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Figure 3.3: Map of Las Vegas with Water Well Completion Report Locations

surface do not necessarily reflect the soil conditions beneath the surface, I compiled the 

information shown in Figure A.2a-c. by estimating the content of the ground materials in 

50’ intervals using a weighted average calculation of the materials noted in each report for 

a particular interval. This method allows the estimates to take into account the variations 

that occur at different depths and uses weighted average techniques for estimating soil 

properties as is recommended in GroimdSoiirce heat Pumps, Design o f  Geothermal 

Systems for Commercial and Institutional Buildings by S. Kavanaugh and K. Rafferty. 

This publication also contains predicted ranges of thermal conductivity and diffusivity for 

sands, clays and rocks. The specific data ranges from this publication are shown in Table

3.1. I assume an average dry density of 100 pounds per cubic-foot for all sands, clays and
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Table 3.1: Thermal Conductivity and Diffusivity of Sands, Clays and Rocks (Kavanaugh 
and Rafferty, 1997)

Soil/Rock®
Type Characteristics

Conductivity 
(k) Range 

(Btu/h-°F-ft)

Conductivity 
(k) Value in 

Study 
(Btu/h-°F-ft)

Diffusivity 
(a) Range 
(ft /̂day)

Diffusivity 
(a) Value 
in Study 
fBtu/ff̂ /̂ 

day)

Fine Grain 
Clay

Dry Density: 
100 Ib/ft^, 
5% Moist

0.5-0.6 .55 0.48-0.58 0.53

Fine Grain 
Clay

Dry Density: 
100

10% Moist

0.5-0.6 .55 0.37-0.48 0.43

Course
Sand/Gravel

Dry Density 
100 Ib/ff, 
5% Moist

0.8-1.4 1.2 0.77-1.3 1.0

Course
Sand/Gravel

Dry Density 
100 Ib/ft^, 

15% Moist

1.3-1.6 1.5 0.89-1.1 1.0

Sandstone 1.2-2.0 1.6 0.7-1.2 0.95

Limestone 1.4-2.2 1.7 1.0-1.4 1.2

Caliche 1.65 1.1

a. Detailed information on the type or composition of rocks is not described in the 
water well completion reports. Where possible, [ use the data provided in Ground- 
Source heat Pumps, Design o f Geothermal Systems for Commercial and 
Institutional Buildings by S. Kavanaugh and K. Rafferty. In the case of Caliche, I 
took an average of the other rocks specifically called out in the reports.

gravel. For moisture content, 1 assume a moisture content of 15% when water is indicated 

in the water well completion report and a moisture content of 5% when the report does not 

indicate the presence of water. The results of the estimates made in Figures A2a-c are 

summarized in Table 3.2.

The GLHEPRO software that I use to design the GCHP systems in Chapters 4 and 5 

requires volumetric heat capacity (V) rather than the diffusivity data provided by Table
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Table 3.2: Summary of Water Well Completion Report Data

Conductivity
(Btu/h-°F-ft)

Diffusivity
(ft^/day)

Volumetric 
Heat Capacity 
(Btu/ftf/day)

Downtown Las Vegas 0.88 0.72 29.18

Northwestern Las Vegas 0.99 0.78 30.48

Henderson 0.86 0.71 28.93

Las Vegas Valley Averages 0.91 0,74 29.66

3.1. Volumetric heat capacity can be derived from conductivity and diffusivity with the 

formula V=k a * 24. The data derived from the water well completion reports is 

summarized in Table A.2. The data contained in this table is used for the sizing of all the 

ground-loop heat exchangers in this study.
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CHAPTER 4

THE ARCHITECTURAL IMPACT OF GROUND COUPLED HEAT PUMP SYSTEMS

4.1 Architecture and GCHP System Design 

A prerequisite for the study of the architectural impact of GSHP systems begins with 

the analysis of the availability of water at a particular site. Among the different GSHP 

systems discussed in Chapter 2, Ground Coupled Heat Pump (GCHP) systems are the 

subset of GSHP systems that are not dependent on the availability of large bodies of 

ground or surface water. GCFIP systems rely on the thermal characteristics of the ground 

at a particular site to transfer heat to and from a building by means of a ground-loop heat 

exchanger. This chapter focuses on the relationship between architecture and GCHP 

systems since these systems are appropriate for most locations in Las Vegas (FEMP1999).

An important task in the design of a GCHP system is the sizing of the ground-loop 

heat exchanger so that it is able to handle the peak heating and cooling energy 

requirements of a building. A building’s energy requirements are a function of the 

building’s internal loads and the heat gains and losses associated with solar radiation. 

Internal loads are produced by building occupants, equipment and lighting. All of these 

heat sources are a function of the building’s use. Loads resulting from solar gains and 

losses are determined by the way the building responds to environmental conditions. 

Lighting loads are a function of both building use and the way the architectural design 

permits daylight to penetrate into a building’s interior. The architectural impact on GCHP
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Table 4 .1 : Architectural Elements

Variable Element

Solar Orientation Window Placement 
Shading
Solar Orientation 
Building Form

Building Envelope Glazing Materials
Exterior Wall Systems and Materials 
Roofing Systems and Materials

systems can therefore be determined by examining the effect of architectural design 

decisions on the heating and cooling loads of a building.

Table 4 .1 lists the architectural components that are evaluated in this study in terms of 

their impact on the design and long-term performance of a GCHP system for a 

commercial building in Las Vegas. The variables being examined in this study broadly 

fall under two categories: solar radiation and building envelope. The quantity of solar 

radiation that strikes the building envelope is a function of the building’s solar orientation, 

latitude, the time of day, the date, surface color, the inclination relative to the sun, shading 

and form. The choice of envelope materials determine the quantity of radiant energy that 

reaches the building’s interior. Translucent and transparent elements such as windows 

and glass doors allow a portion of the solar radiation to directly penetrate the building skin 

with little or no delay. The energy that strikes opaque surfaces is delayed according to the 

mass and insulation characteristics of the envelope materials. This chapter evaluates each 

of these components in order to establish a relationship between architectural design and 

the design of GCHP systems.

GCHP systems are flexible in their design. Heat pump units are available in a variety 

of sizes and capacities. Depending on the size of the thermal zones, units can be

27

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



concealed above ceilings and furred into a wall without taking up much physical space. 

Larger centralized systems are also available. These systems may be placed on rooftops 

or in mechanical rooms.

When zoning is broken down into sufficiently small zones, GCHP systems require less 

space than conventional HVAC since there are no boilers, cooling towers, furnaces or 

outdoor compressors. Space in mechanical rooms need only to be o f sufficient size to 

house circulation pumps and related equipment. One immediate benefit to the architect in 

using this system is the freedom to utilize all sides of the building. These systems also 

allow for more efficient use of the site since there are no exterior spaces required for 

mechanical equipment outside the building footprint.

4.2 Building Energy Simulation 

Building energy simulation software is used to obtain heating and cooling load data 

for different building configurations that emphasize each of these architectural elements. 

This data is then input into a second program that sizes the ground-loop heat exchanger 

and predicts the long-term performance of the system.

The building system information I chose for this study is the eQUEST energy

simulation software program. ̂  This software allows for the detailed specification of 

building materials and construction methods, occupancy loads and schedules, lighting 

loads and schedules and equipment loads and schedules. This information, in 

combination with hourly weather files, determines the heating and cooling loads of each

I. eQUEST v5.5 uses the DOE2.2 simulation engine. The program is freeware available at 
www.doe2.com. The software is being developed by J. Hirsh and Associatees in conjunction with the 
United States Department o f Energy and the Lawrence Livermore Laboratory.
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conditioned space throughout the building. Detailed information about weather data and 

sources is explained in Section 3.6

The program also allows for lighting strategies involving daylighting controls. These 

controls assume the presence of sensors in each of the perimeter zones that dim or shut off 

electrical lighting according to the amount of daylight that is entering the space in any 

given hour such that adequate lighting levels are met.

The eQUEST program calculates data on an hourly basis for a period o f one year for 

each one of the air-conditioned zones." The program breaks loads down into their 

sensible and latent components. For the purposes of this study, total heating and cooling 

loads are the sum of these components. Building loads are the summation o f all individual 

zone loads.

4.3 Ground Loop Heat Exchanger Design and Simulation 

The impact of Eirchitectural design on GCHP systems is determined by running 

building energy simulations, analyzing the effects of different parametric changes on the 

building heating and cooling loads and inputting that load data into the Professional 

Ground Loop Heat Exchanger design software, GLHEPRO, for analysis on the effects of

the sizing and long-term performance of a GCHP system.^.

GLHEPRO consists of two program modules. The first module, GLHESIZE, sizes the 

required length of the ground-loop heat exchanger in order to meet a user input maximum

2. DOE 2.2 defines three types o f  zones: conditioned zones, plenum zones and unconditioned 
zones. Heating and cooling loads are only calculated for conditioned zones.

3. GLHEPRO v3.0 for windows. Developed by the School o f Mechanical and Aerospace 
Engineering, Oklahoma State University. Distributed by the International Ground Source Heat Pump 
Association. 1999

29

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 4.2: GLHEPRO Required Input Parameters-1

GLHESIZE

Input Output

Ground thermal properties
• Conductivity
• Volumetric heat capacity
• Undisturbed ground temperature

Ground-loop heat exchanger sizing data
• Total length of borefield required to 

maintain fluid temperatures within user 
defined parameters

• Individual borehole lengthDescription of the ground-loop heat 
exchanger
• Borefield configuration
• Borehole spacing
• Borehole radius
• Borehole thermal resistance
• Fluid properties

Volumetric heat capacity of the fluid 
Density o f the fluid 
Flow rate of the fluid

Description of the heat pump

Monthly heating and cooling loads on the 
heat pump
• Monthly Cooling Energy (kBtu)
• Monthly Heating Energy (kBtu)
• Monthly Peak Cooling Demand (Btu/ 
Hr)
• Monthly Peak Heating Demand (Btu/ 
Hr)
• Duration of Peak Loads

and minimum fluid temperature entering the heat pump for a given borefield 

configuration. The second module, GLHESIM, simulates the performance of the ground- 

loop heat exchanger for a period of up to 1200 months using the sizing information 

obtained from GLHESIZE (Oklahoma State University 1999). The GLHESIZE program 

provides borehole depths for a given borefield configuration. Another important variable 

in designing the system is the simulation period. The simulation period is important 

because a prolonged imbalance between heat removed from the ground and heat deposited
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Table 4.3: GLHEPRO Required Input Parameters-2

GLHESIM

Input Output

Ground thermal properties
• Volumetric heat capacity of the ground
• Undisturbed ground temperature

Long-term temperature data
• Average monthly long term ground 

temperatures
• Average entering water temperature to 

heat pump
• Average exiting water temperature to 

heat pump

Description of the ground-loop heat 
exchanger
• Borefield configuration
• Borehole spacing
• Borehole radius
• Borehole thermal resistance
• Fluid properties

Volumetric heat capacity of the fluid 
Density of the fluid 
Flow rate of the fluid 
ACTIVE BOREHOLE DEPTH 
(derived from GLHESIZE)

Description of the heat pump

Monthly heating and cooling loads on the 
heat pump
• Monthly Cooling Energy (kBtu)
• Monthly Heating Energy (kBtu)
• Monthly Peak Cooling Demand (Btu/ 
Hr)
• Monthly Peak Heating Demand (Btu/ 
Hr)
• Duration of Peak Loads

into the ground may lead to a change in the ground temperature. This change will affect 

the ability of the ground-loop heat exchanger to remove and/or add heat to the transfer 

fluid that circulates between the ground-loop and the heat pumps (Kavanaugh and 

Rafferty 1997).

The simulation results presented in the remainder of this Chapter and in Chapter 5 

evaluate and compare sizing scenarios that involve simulations of 10 year and 25 year
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duration. Examining two periods allows for the analysis of the long term effects o f heat 

differentials in terms of the ratio of cooling to heating loads. The GLHESIM module 

allows the user to input the depth o f the borehole provided by the GLHESIZE module. 

This program generates an output file that contains the monthly data concerning the 

ground temperature around the borefield and the temperature of the fluid as it enters the 

heat pump.

Table 4.4: Ground Thermal Property Estimates Using Water Well Completion Reports

Conductivity
(Btu/h-°F-ft)

Volumetric Heat 
Capacity 

(Btu/°F-ft^)

Undisturbed 
Ground 

Temperature (°F)®

Las Vegas Valley 0.91 29.66 69

a. Undisturbed ground temperature data for multiple U.S. cities is listed in the Closed- 
Loopi Ground-Source Heat Pump Systems Installation Guide published by 
International Ground Source Heat Pump Association.

Tables 4.2 and 4.3 contain a list of variables that must be input into the GLHEPRO 

software in order to design the ground-loop heat exchanger. The the ground thermal 

property variables required by the software are the ground conductivity, the volumetric 

heat capacity and the undisturbed ground temperature. Table 4.4 summarizes the 

estimation results of these variables. Section 3.6 contains detailed explanation of the 

estimation methods and data sources.

The next category of data input lies in the determination of the borehole thermal 

resistance. The borehole thermal resistance is the resistance between the fluid in the U- 

tube and the borehole wall (Spitler 1999). The components that make up this term consist 

of the convective resistance between the working fluid and the wall of the tube, the
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Table 4.5: Parameters for Determining the Thermal Resistance of the Borehole

Element Description

Pipe Type SDR-11

Nominal Pipe Size 1-1/4”

Spacing Two tubes, equally spaced 
between the edges of the borehole 
(refer to Figure 4.1)

Borehole Diameter 6”

Flow Rate per tube 3 gpm

Grout Thermal Conductivity 0.85 (thermally enhanced 
bentonite)

conductive resistance caused by the U-tube material and the resistance caused by the 

grouting material. Table 4.5 shows the components of the borehole and U-tube used 

throughout this study. Circulating fluid is assumed to be pure water.

GCHP systems utilize a special type 

of heat pump developed specifically for 

ground-source applications. These heat 

pump systems are known as Extended 

Range Water- source Heat Pumps. 

These systems are available from a 

variety o f manufacturers. The main

Figure 4.1: Typical Borehole Piping 
Configuration

advantage of these units over conventional heat pumps is their ability to work with water 

temperatures that range from as high as 110°F to as low as 20°F.

The last o f these categories is the building heating and cooling energy data generated 

by the eQUEST building energy simulation program. The building load data required for
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the sizing of the ground-loop heat exchanger is monthly heating and cooling energy 

(KBtu) and hourly peak heating and cooling loads for each month (Btu/Hour). These 

variables are also used to predict the long-term performance of the GCHP system. 

Monthly data is input into GLHEPRO. Heating and cooling peak demand loads are the 

hourly peak for each month throughout the year. The duration of peak loading is a number 

that GLHEPRO uses to determine the duration of time that the system must be able to 

respond to peak load conditions. This user input is set to the recommended value of 3 

hours."*

4.4 Specifying the Minimum Compliance Case 

The first step in the process of evaluating the impacts of the architectural 

components listed in Table 4.1 on the design of a GCHP is the specification o f a baseline 

case building. For this portion of the study, I chose a 10,000 square foot commercial 

office building that meets minimal compliance with the ASHRAE 90.1-1989 Standard as 

my baseline case. 1 chose a commercial application since non-residential building types 

tend to be larger in size and are in operation during peak daytime hours, allowing for the 

evaluation and validation of a GCHP system that is larger in size and that must cope with 

more severe load conditions. Using the ASHRAE 90.1-1989 Standard allows for the 

specification of a baseline case building that satisfies a combination of minimal criteria for 

building energy efficiency. The results of each parametric study in Section 4.5 utilize this 

building case in order to evaluate the performance of alternative materials, systems and

4. The GLHEPRO Users Guide recommends setting the Duration o f Peak Loads variable input at 3 
hours when peak loads are specified.
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designs toward the development o f a series of energy efficiency strategies for the climate 

of Las Vegas. Figures 4.2a-c shows a floor plan, a sectional view and three-dimensional 

view of this Minimum Compliance Case building. The building is square in shape and 

consists of two identical floors of 5000 square feet each. Each floor consists of five air- 

conditioned spaces and five plenum spaces. The height of these spaces is 9’-0” and 3'-0”, 

respectively, for each floor.

This configuration is useful since it allows for the differentiation between perimeter 

and core spaces. The four perimeter spaces are 15 feet deep and receive daylight from all 

exterior windows and glass doors in that space according to the window size, shading, and 

solar orientation. The program allows for the definition of day lighting controls in the 

form of sensors located in each o f the perimeter spaces. These sensors control the 

quantity of light provided by the electrical lighting to maintain the specified lighting level 

within each space. Another assumption associated with daylighting concerns glare on the.
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Figure 4.3: Annual Cumulative Load Transfer of Heat
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Table 4.6: Minimum Compliance Case Data

Element Information R-value

Area 10,000 sf(7 0 .? rx  70.71’)

Height 12’ Floor-to-floor with 9’ ceilings

Zoning 5 Conditioned Zones and 5 Plenum Zones per Floor. 
Refer to Figures 4.2a and 4.2b

Floor Slab-on-grade with fiber pad and carpet 3.3

Exterior Walls 8” CMU with perlite insulation, stucco exterior (light 
color) and interior furring with R-19 batt insulation 
and 1/2” gypsum board facing

14.3

Glazing Double Clear Glazing (2004) - SHGC: .78, Tv: .70 
N-S Sides: 25% of Ext. Wall Area of Cond. Spaces 
E-W Sides: 28% of Ext. Wall Area of Cond. Spaces

2.1

Doors 3’x7’ Storefront Type (Aluminum Frame) with 
Double Clear Glazing (2004) - SHGC: .78, Tv: .70

2.1

Shading None

Roof Built-up Roof with Rigid Insulation (light color) 23.8

Occupancy
Schedule

Working Days: M-F 8am - 5pm 
Non-working Days: Sat-Sun

Occupancy Loads Ground Floor 
Perimeter: 209 ft / person 
Core: 94 ft / person 
Top Floor
Perimeter: 225 ft / person 
Core: 75 ft / person

Lighting Loads Ground Floor 
Perimeter 127 W/ft 
Core: 92 W/ft 
Top Floor 
Perimeter. 130 W/ft 
Core: 99 W/ft

Equipment Loads Ground Floor 
Perimeter 1.350 W/ft 
Core: 0.705 W/ft 
Top Floor
Perimeter 1.500 W/ft 
Core: 0.865 W/ft
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task surface. The program automatically assumes that the building occupants close 

interior blinds when direct light is calculated to be striking the task surface. At such times, 

electrical lighting levels are adjusted so as to maintain the preset lighting levels

Comcheck-Plus^ is a program that determines the compliance level of different 

combinations of building components according to the ASHRAE 90.1-1989 Standard.

This software, based on the whole building performance approach,^ calculates a building 

energy simulation over a period of one year in order to determine the performance of a 

building relative to a reference case. This approach takes the overall energy performance 

of a building into consideration and allows for much more flexibility in design than the 

"‘Prescriptive Approach” that evaluates each building component according to its

individual R-value.^

Table 4.6 summarizes the specifications of the Minimum Compliance Case building. 

The R-values noted in this table are calculated results from the Comcheck-Plus software. 

Since the building model developed in Comcheck-Plus is only usable for compliance 

determination, modeling the actual baseline case is done using the eQUEST energy 

simulation software based on the specifications determined in the Comcheck software. 

The results are graphically shown in Figure 4.3 and is represented by the “cumulative 

difference” line.

Table 4.7 shows the annual heating and cooling energy requirements estimated for the 

Minimum Compliance Building with the eQUEST software. The results include the

5. This program was developed by the Department o f  Energr Office o f Building Technology.
6. ‘Comcheck Plus Software.” U.S. Dept o f Energy, Office o f Building Technology. Updated Jan 

2002. Retrieved 3 Feb 2002 <http :/Avww.energycodes.gov/comcheck/>.
7. “Commercial Compliance FAQs.” U.S. Dept, of Ener^, Office o f Building Technology. 

Updated Jan 2002. Retrieved 3 Feb 2002. <http://www.energycodes.gov/support/ 
com_compIiance_faq.stm#3>
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Table 4.7: Minimum Compliance Case - eQUEST Simulation Results

eQUEST/PowerDOE GLHESIZE

10 Year Run 25 Yeai Run

Annual
Heating
Energy

3.7
KBtu/SF

Borehole
Geometry^

Rectangular
5 x 6

Borehole
Geometry^

Rectangular
5 x 6

Annual
Cooling
Energy

48.2
KBtu/SF

Borehole
Depth
(Each)

402
Lineal Ft

Borehole
Depth
(Each)

532
Lineal Ft

Max
Heating
Load

4.1
RBtu/Hr/SF

Total
Borehole
Depth

12,064 
Lineal Ft

Total
Borehole
Depth

15,984 
Lineal Ft

Max
Cooling
Load

17.1
K.Btu/Hr/SF

a. Borehole geometry is a user defined input into GLHEPRO. It has been included in 
this table for clarity. Refer to Section 2.1.3.2 for additional information regarding 
borehole geometry.

annual heating and cooling energy requirements and the annual peak loads data. The 

energy required to cool the building over a one year period is more than 12 times higher 

than the energy required for heating.

In terms of the GCHP systems, this means that more than 12 times the heat is 

transferred to the ground than is removed on an annual basis. The result of this continuous 

imbalance may have permanent effects on the ground temperature around the boreholes 

(ASHRAE 1999). To reduce the effect of this imbalance, the ground-loop heat exchanger 

must be of sufficient length to remove heat transferred to the fluid from the heat pumps 

during peak conditions. Since the ability of the heat exchanger to remove heat is 

dependent on the temperature differential between the ground and the fluid, an increase in 

the groimd temperature around the boreholes will cause the efficiency of the ground-loop
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heat-exchanger to decrease (FEMP 1999). These conditions require an increase in the 

length of the ground-loop heat exchanger required to handle peak load conditions.

Another means of offsetting potential effects from heat build-up in the ground is to 

reduce the cooling loads o f the building through architectural design. The analysis in 

Section 4.5 of the impacts of architectural design decisions are integrated into a 

comprehensive building design in Chapter 5. This applied building case will show the 

degree of impact architectural design decisions can have on the performance o f a GCFIP 

system in Las Vegas.

GLHEPRO estimates changes in ground temperature and designs the ground-loop heat 

exchanger so that fluid temperatures that do not exceed the maximum and minimum alarm 

temperatures defined for the water source heat pumps. Table 4.7 shows that in order to

keep the fluid temperatures entering the heat pumps from rising over the 90°F alarm level 

requires a ground-loop length of 12,064 lineal feet over a 10 year simulation period and 

15,984 lineal feet over a 25 year period. This means that a 3,920 lineal foot or 24.5% 

increase in total borehole length between the 10 year and 25 year simulations is required 

for the heat exchanger to be of sufficient size to cope with the peak load demand put on 

the system in the face of increasing ground temperatures. These results are the benchmark 

for evaluating the parametric studies in the following sections.

4.5 Strategy Development

In the following sections, 1 have conducted a number of parametric studies in order to 

assess the impact of architectural design on GCHP systems. Each study tests parameters 

that involve an architectural component listed in Table 4.1. The results of each study are
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evaluated by analyzing the changes in the building’s annual heating and cooling energy 

requirements compared to those of the Minimum Compliance Case described in Section 

4.4. In addition to a direct quantitative comparison, energy requirement and peak load 

data are input into GLHEPRO in order to determine the magnitude of the effects on the 

sizing of the ground-loop heat exchanger and the long-term performance of the GCHP 

system.

4.5.1 Solar Orientation 

The orientation of a building’s exterior surfaces affects the way a building interacts 

with air movement and incident solar radiation at a particular site (Marsh 2002). This 

study examines three strategies that are affected by solar orientation for designing energy 

efficient buildings. These strategies are window placement (with respect to solar 

orientation), shading and building form.

4.5.1.1 Window Placement 

A building’s exterior skin is made of up of opaque, translucent and transparent 

materials. Opaque materials such as stucco or brick absorb, reflect, and conduct solar 

radiation that strikes the surface of a building’s exterior walls. Translucent materials such 

as glass windows and doors also absorb, reflect, transmit and conduct solar radiation. The 

windows used to achieve compliance with the ASHRAE 90.1-1989 Standard are Double 

pane clear glazing. Table 4.8 shows the window area is 25% of the surface area of the 

exterior walls of the conditioned spaces on the North and South sides of the building and 

28% on the East and West sides including the storefront doors. No shading is provided in
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Table 4.8: Window Placement Simulation Legend

North South East West

M-Case 25% 25% 28% 28%

A-Case 40% 35% 15.5% 15.5%

B-Case 40% 25% 20.5% 20.5%

C-Case 50% 35% 10.5% 10.5%

D-Case 50% 25% 15.5% 15.5%

these scenarios. Assumptions regarding daylighting are the same as with the Minimum 

Compliance Case building. All buildings are oriented in the direction of true North.

Figure 4.4 shows the amount of solar radiation transmitted into the building through 

the glazing areas of the Minimum Compliance Case building. The transmission pattern of 

solar radiation on the South side of the building is high during the winter and low during 

the hot summer. This is ideal for buildings in hot-arid climates (Lechner 2001). The 

North side o f the building is the next best side for glazing placement since the incident

i
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Figure 4.4: Solar Energy Transmitted into Minimum Compliance Building
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Figure 4.5: Window Placement - eQUEST Simulation Results

solar radiation level is low in the summer. Windows on the East and West sides are the 

least desirable since they transmit a great amount of solar radiation into the building 

during the summer

This study compares the different window configurations to that of the Minimum 

Compliance Case. The idea is to reduce the size of window area on the East and West 

facing walls and redistribute it to the North and South facing walls in order to assess the 

effectiveness of different distribution patterns. Table 4.9 shows the Minimum 

Compliance Case (‘M’ Case) and four other cases in which the total window area on each 

side of the building is redistributed, such that the total glazing area is the same for the
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Table 4.9; GCHP Sizing Results -Window Placement Study

N
Side

S
Side

E/W
Sides

10 Year

%
Change
(vs. Min. 
Compl. 
Cose)

25 Year

%
Change
(vs. Min. 
Compl. 
Case)

‘M’ Case 25% 25% 28% 12,064
UnfL

15,984
lin.ft.

‘A’ Case 40% 35% 15.5% 11,325 lin.ft -6.1% 14,891 lin.ft -6.8%

‘B’ Case 40% 25% 20.5% 11,157 lin.ft -7.5% 14,605 lin ft -8.6%

‘C’ Case 50% 35% 10.5% 11,053 lin.ft -8.4% 14,384 lin.ft -10.0%

‘D’ Case 50% 25% 15.5% 10,960 lin.ft -9.2% 14,200 lin.ft -11.2%

entire building. For example, windows in building case ‘B’ are redistributed so that the 

total area of the windows on the North wall are 40% of the surface area at the conditioned 

space, 25% of the total wall area of the South facing exterior wall and 20.5% each of the 

East and West exterior walls. The other scenarios follow in like manner. The results of 

these simulations are summarized in Figure 4.5.

In the building case ‘A,’ window area on the East and West sides of the building is 

reduced by 12.5% on each side. Window area is increased on the North side by 15% and 

the South Side by 10%. The result is a reduction in cooling energy requirements of 1.7% 

and an additional heating energy requirement of 1.5%. Table 4.9 shows the difference in 

the required length of the ground-loop heat exchanger to be 6.1% shorter than the 

Minimum Compliance Case for a 10 year interval and 6.8% for a 25 year interval. The 

effect in the reduction in cooling energy demand and an increase in the ratio between 

cooling energy and heating energy contribute to the shortened ground-loop requirement.

Compared to the previous case, the area of the windows on the South face of the 'B ’ 

Case building are the same as the Minimum Compliance Case building and that of the
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East and West faces are only reduced by 7.5%. The data in Figure 4.5 indicates that there 

is less solar heat gain per square foot on the South facing windows than that of either the 

East or West facing windows on a per square foot basis. In this scenario, the annual 

cooling load created by the total heat gain through the windows on the South, East and 

West faces of the building is 18.2 KBtu/SF versus 19.9 KBtu/SF for the previous scenario. 

This comparison indicates that increasing South facing glazing over East or West glazing 

does not always reduce solar heat gain in building designs over a one year period. This is 

due to the annual quantity of solar radiation that penetrates through the South glazing 

being 14% higher at 21.0 KBtu/SF than the 18.4 KBtu/SF for the East and West glazing. 

The same pattern exists in the comparison of building cases ‘C’ and ‘D.’

In building case 'D ,’ window area on the East and West sides is reduced by 12.5% on 

each side, the South side is left unchanged and the area of the North facing windows is 

doubled. With a 6.0% reduction in total energy requirements, this scenario requires 9.2% 

less piping in the ground-loop than the Minimum Compliance Case for a 10 year 

simulation and 11.2% less in a 25 year simulation indicating once again some contribution 

from the reduction in the ratio of cooling energy to heating energy. The conclusion is 

twofold. The first part is that the most efficient designs for the climate of Las Vegas are 

those that use more glazing on the North face and less glazing on the other orientations. 

The second part is that increasing the amount of glazing on the South side of a building is 

less efficient than placing the same total amount of glazing on the East and West sides.

45

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4.5.1.2 Shading

Shading is an important strategy that prevents short-wave infrared radiation from 

penetrating into a building though windows and other transparent surfaces (Lechner 

2001 ). In the Minimum Compliance Case building, windows account for 25% o f the total 

wall area of the building’s conditioned spaces. Glass Aluminum-framed doors on the East 

and West sides of the building account for 3% each. Unshaded, 40% of the total annual 

cooling load comes tfom direct heat gain from solar radiation and 16% from heat 

conductance through these windows and doors. This portion of the study examines the 

benefits of shading using the Minimum Compliance Building as a baseline in order to 

determine the order of magnitude of energy reduction that shading may provide.

Shading design is dependent on window orientation, building use and climate (Marsh, 

2002). Shading devices provide shading for windows in the summer and allow for solar 

gains in the winter. This study will define the upper boundary of the overheat period for

Las Vegas to be a dry bulb temperature o f 80°F. This temperature is consistent with an 

approximation of the effective temperature that defines the upper boundary of the thermal 

comfort zone at relative humidity levels that are below 30%. Figure 3. la shows that the 

overheat period for Las Vegas begins in May and lasts until October. During this period, 

the average maximum temperature and the average temperature fall above and below the 

80°F dry bulb temperature level (NCDC 2000). Based on these definitions, 1 have defined 

the overheating period for this shading study to be from May 1 to October 1.

Shading devices come in a variety of forms and configurations. They generally 

consist of a combination of horizontal overhangs and vertical fins. Shading can also be 

detached from the surface on which the opening is located. Walls, landscape features,
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berms and adjacent structures are some examples of detached shading. This study 

examines the use of horizontal and vertical shading elements as well as detached shading 

in the form of deciduous and evergreen trees. Exterior overhangs and fins can be designed 

for each window according to size, orientation, the occupancy schedule of the space where 

the window is located and the period of desired shading for that space.

The use of trees as shading devices is advantages not only for their shading 

capabilities but for their aesthetic properties as well. Deciduous trees work well in 

climates with cold winters since by loosing their leaves, they allow nearly full daylight to 

reach the windows. Evergreen trees do not loose their leaves and therefore provide shade 

year round. Again, in colder climates this may lead to higher heating costs due to the 

blockage of sunlight by these trees during the winter season. This section examines the 

impacts of these shading devices on the cooling and heating loads of a building and how 

these changes impact the design and performance of GCHP systems.

The eQUEST software is only capable of simulating a shading device that has one 

horizontal overhang and two vertical fins. Overhangs and fins for the different window

sizes and orientations are designed using the SUNTECT shading design program.®

Shading device design requires the determination of an overheated period that requires 

full shading. In an office building, the occupancy schedule, 8am to 5pm, should define 

this period. However, it is difficult to provide shading for the low angle inclination o f 

early morning and late afternoon summer sunlight without severely diminishing the 

amount of winter sunlight that is able to penetrate into the building interior. Table 4.10 

defines the time periods calculated for fiill shading when the building is orientated toward

8. Marsh, Andrew. Suntect v2.50 Sun Shading and Solar Penetration Analysis. ESCAPE 
Consulting. The University of Western Australia. 1993-98
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Table 4.10: Daily Shading Schedule

Side

Fin and 
Overhang 

Depth Time Interval

South Side 3’-10” 9am-5pm

North Side r -1 ” 9am-5pm

East Side 4’-3” 9am-12pm

West Side 4’-3” 12pm-3pm

true North. These time periods allow for the analysis of window shading 100% of the 

occupancy schedule on the South side of the building and 75% on the East and West sides.

This study also simulates detached shading that approximates the characteristics of 

both deciduous and evergreen trees placed 10 feet from the building. These scenarios are 

modeled as detached walls that are twenty feet in height, 80 feet in length and suspended 

10 feet in the air. In order to approximate the characteristics of deciduous trees, an annual

Figure 4.6: No Shading Case Building
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“tree shading schedule” is required. This fractional schedule defines the opacity of these 

walls to be 10% from May 15 to September 15 and 90% throughout the remainder of the 

year. The 10% opacity models the diffused lighting caused by trees with full canopies and 

the 90% opacity the diffused light of trees that have lost their leaves and have only their 

branches and trunk. Evergreen trees are modeled with the same dimensional 

characteristics as the deciduous trees. The difference lies in the annual “tree shading 

schedule.” In the case of evergreen trees, the opacity is set to 10% for the entire year 

representing a full canopy year round.

The “No Shading Case” building for the shading studies is shown in Figure 4.6. This 

model uses the same material specifications as the Minimum Compliance Case. The

K Btu/SF K B tu/S F K B tu/S F .Btu/H r/SF Btu/H r/SF
H eating E nergy i C oo ling  E n ergy  i T otal E n ergy  M ax. Htg. Load M ax. C Ig. Load

B  No S h a d in g  i 3 .6 4 7 .3 5 0 .9 4.1 1 6 .7
B North S id e 4 .0 4 7 .3 5 1 .3 4 .2 1 6 .8
B E a s t  S id e 4.1 4 3 .7 4 7 .8 4 .2 1 6 .5

I  □  W e s t  S id e 4 .2 4 3 .9 4 8 .1 4 .2 1 4 .5
□  S o u th  S id e 4 .3 4 2 .4 4 6 .7 4 .3 1 6 .5

Figure 4.7a: “Fin & Overhang” Shading System Analysis - eQUEST Simulation Results
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30.0 4

10.0 t

KBtu/SF KBtu/SF i  KBtu/SF ■Btu/Hi/SF iBtu/Hi/SF
Heating Eneigy Cooling Energy Total Energy Max. Htg. Load Max. CIg. Load

■ No Shade 3.6 47.3 ! 50.9 4.1 16.7
;■ North Side j 4.0 47.7 51.7 1 4.2 16.9
ja South Side 4.0 46.0 50.0 4.2 16.8
□ East Side 4.0 45.6 49.6 4.2 16.9
□ W est Side 4.0 45.6 49.6 i A f 16.9

Figure 4.7b: “Deciduous Tree” Shading Device Analysis - eQUEST Simulation Results

60.0

50.0

40.0 +

30.0

20.0 f

10.0

KBtu/SF KBtuÆF KBtu/SF Btu/Hr/SF Btu/Hr/SF
Heating Energy Cooling Energy Total Energy Max. Htg. Load Max. CIg. Load

a  No Shade , 3.6 47 3 50.9 4.1 16.7

■ North Side 4.0 47.7 51.7 4.2 16.9
□ East Side 4.1 44.4 48.5 4.2 16.9
a  W est Side . 4.1 44.8 48.9 4.2 14.7

□ South Side 4.3 43.5 47.8 4,3 16.7

Figure 4.7c: “Evergreen Tree” Shading System Analysis - eQUEST Simulation Results
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6Q0

5Q0

40.0

30.0

200

10.0

Heating Eneigy I Oxiing Energy ! Tatd Energy Mék. Htg Load | Mac Q g  Load

'DNoShadng 06 47.3 509 4.1 187
j ■ Rns & Oahangs - All ades 1 4.7 336 ! 38.3 4.2 131
!# Deciduous Trees-All ades I 4.7 32.4 ! 37.1 4.2 126
ioBagreenTrees-Allades ; 4.9 31.5 384 42 126 !

Figure 4.7d: Shading System Performance Comparison - eQUEST Simulation Results

O'--------
KBtu/SF

Heating
Enetgy

KBtuÆF
Cooling
Energy

KBtu/SF 
; Total Energy

BtuW/SF
MbxHg.

Load

;Btu/H-/SF
Max Qg. 

Load

ENoShadng 3.6 47.3 50.9 4.1 16.7
■ Add East Shadng 4.2 43.0 472 4.2 16.7
■ Add Wëst Shading 4.5 38.0 425 4.2 13.5
□ Add South Shadng; 4.9 321 37.0 4.3 128
□ Add Narth Shadng 4.9 . 31.5 38.4 4.3 126

Figure 4.7e: Additive Analysis of Shading Systems (Using Evergreen Trees) - eQUEST 
Simulation Results
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difference between the two is that the window shape is changed to 4’ x 4.5’ from the 

single strip windows shown in Figure 4.2a and the doors on the East and West sides of the 

building are replaced with glazing. The change to the windows is required in order to be 

able to effectively model shading devices that utilize vertical fins.

A description of the shading simulation case buildings and the simulation results are 

shown in Figures 4.7a-e. Figures 4.7a, 4.7b and 4.7c respectively show the annual cooling 

and heating loads of using attached fins and overhangs, deciduous trees and evergreen 

trees on each side of the “No Shading” Case building. The results indicate that horizontal 

overhangs and vertical fins on the South, East and West sides of the model building reduce 

annual energy requirements by 6%-8%. This is the largest reduction across all types of 

shading evaluated in this study. Evergreen and deciduous shading applied to the same 

sides of the building reduces energy requirements by 4%~6% and 2%-3%, respectively. 

Attached and detached shading devices applied to the North side of the building increases 

total energy use due to the increase in heating energy requirements and has an 

insignificant effect on cooling energy requirements.

Figure 4.7d compares the results of using only fins and overhangs with those of using 

fins and overhangs in combination with deciduous trees and evergreen trees on all sides of 

the building. The results indicate that the use of fins and overhangs on all sides of the 

building reduces building cooling energy requirements by 29% compared to that of the 

“No Shading” Case building. Adding deciduous or evergreen trees increases that 

reduction by 3.6% and 6.3%, respectively. Heating energy increases from 3.6% to 4.7% 

with the use of fins and overhangs and to 4.9% with the use of evergreen shading. The 

increase in heating energy requirements is caused by a decrease in direct solar gain during
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Table 4 .1 la: GCHP Sizing Results - Shading Devices Located on all Sides of a 
Building

10 Year %
Change 25 Year %

Change

No Shading 11,490 iin. ft. 15,195 lin. ft.

Fins & Overhangs - 
All Sides

8,192 lin. ft. -28.7% 10,304 lin. ft. -32.2%

Fins & Overhangs 
w/ Deciduous T rees 
- All Sides

7,782 lin. ft. -32.3% 9,777 lin. ft. -35.7%

Fins & Overhangs 
w/ Evergreen Trees 
- All Sides

7,171 lin. ft. -37.6% 8,875 lin. ft. -41.6%

Table 4 .1 lb: GCHP Sizing Results - Contribution By Side of Building

10 Year %
Change 25 Year %

Change

No Shading 11,490 lin. ft. 15,195 lin. ft.

Fins & Overhangs 
w/ Evergreen Trees 
- East Side Only

10,705 lin. ft. -6.8% 13,597 lin. ft. -10.5%

Fins & Overhangs 
w/ Evergreen Trees 
- East+West

9,066 lin. ft. -21.1% 11,348 lin. ft. -25.3%

Fins & Overhangs 
w/ Evergreen Trees 
- East+West+South

7,789 lin. ft. -32.2% 9,758 lin. ft. -35.8%

Fins & Overhangs 
w/ Evergreen Trees 
- All Sides

7,171 lin. ft. -37.6% 8,875 lin. ft. -41.6%

the winter months. While the percentage increase is high, the absolute increase in the 

heating energy requirement is only 8% of the decrease in the cooling energy requirement. 

Deciduous trees do not increase the heating energy requirement over that o f fins and
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overhangs since, during the winter months, these trees shed their leaves allowing solar 

radiation to strike the windows and building surfaces.

Figure 4.7e shows the cumulative results o f adding fins, overhangs and evergreen 

shade trees to each side of the building. The graph shows that shading on the East, West 

and South sides o f the building significantly reduce energy requirements while the 

contribution from shading the North side o f the building is relatively less. The final result 

is identical to the “Evergreen Trees - All Sides” case shown in Figure 4.7d.

Table 4.1 la-b show the results of the GCHP simulations that utilize the heating and 

cooling energy data from the scenarios shown in Figures 4.7d and 4.7e. The results in 

Table 4.1 la parallel those of Figure 4.7d. The use o f evergreen trees with fins and 

overhangs leads to a reduction in the required length of the ground-loop heat exchanger of 

37.6% and 41.6% for the 10 year and 25 year simulations, respectively. This is a 

respective 5.3% and 5.9% improvement over the building that used fins and overhangs 

with deciduous trees. Hence, based on the assumptions and limitations of this study, the 

use of attached shading has a larger effect on the reduction of the allowable ground-loop 

heat exchanger length than either the deciduous or evergreen trees. This relationship is 

consistent with the quantity of solar radiation that the fins and overhangs prevent from 

striking the windows of the building. Nevertheless, using trees for shading is an 

important strategy for shading, light filtration and aesthetic considerations. Another 

consideration outside the scope of this study is to look at the effects of ground covering on 

the surface temperature of the building. The cumulative results shown in Table 4.1 Ib 

indicate that additional shading added to the South, East and West sides of the baseline
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building significantly improve the buildings efficiency, thereby reducing the required 

length of the ground-loop heat exchanger.

4.5.1.3 Solar Orientation 

The form and orientation of the walls o f a building are crucial aspects o f climate 

responsive design (Givoni 1994). In this section, 1 analyze the effects of solar orientation, 

aspect ratio and courtyards on the cooling and heating loads of a building and GCHP 

system design.

In the hot-dry climate of Las Vegas, one energy efficiency strategy is to orient a 

building so as to minimize the solar access o f a building’s exterior skin (Givoni 1994). 

The first part of this section examines the relationship between the surface to area ratio of

Ii
KBtu/SF KBtu/SF

Heating
Energy

Cooling
Energy

I KBtu/SF KBtu/Hr/Sp: Btu/Hr/SF Btu/SF
Total 

Energy
Max. CIg. Max. Htg. Window 

Load Load Solar Rad.

EC Deg (N-S) 3.6 47.3 50.9 16.8 4.1 16.8
■  15D eg 3.6 i 47.6 51.2 17.3 4.1 19.5
□  30 Deg 3.7 47.4 51.1 17.0 4.1 20.2
□  45 Deg 3.7 47.7 51.4 17.5 4.1 19.5

Figure 4.8: 70.1’ x 70.1 ’ “No Shading Case” Building Solar Orientation 
eQUEST Simulation Results
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Figure 4.9a: 50’xl00’ 
Building Orientation Legend

60.0

50.0

40.0

30.0

20.0

10.0

: KBtu/SF ; KBtu/SF 1 KBtu/SF iKBtu/Hr/SF ■ Btu/Hr/SF ! Btu/SF
Heating
Energy

1 Cooling 
Energy

I Total 
Energy

: Max CIg. 
Load

! Max Htg. 
Load

1 Window 
! Solar Rad.

BO Deg (N-S) ! 3.9 47.0 50.9 15.9 4.3 18.5
■  22.5 Deg 3.9 48.8 52.7 17.2 4.3 19.9
□  45 Deg 3.9 49.7 ! 53.6 18.3 4.4 20.5
□  67.5 Deg 3.9 50.3 54.2 18.6 4.4 21.0
■  90 Deg 3.8 50.3 54.1 18.5 4.4 21.1
a  112.5 Deg 3.8 50.2 54.0 18.6 4.4 20.9
■  135 Deg 3.9 49.6 53.5 18.4 4.4 20.4
□  157.5 Deg 3.9 48.9 52.8 17.5 4.3 19.7

Figure 4.9b: SO’.xIOO’ Building Solar Orientation - eQUEST Simulation Results
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71x71  Building 
Minimum Compliance 
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50 x100' Buiiding

12' Courtyard Building

24' Courtyard Building

25' X  200' Building

Figure 4.10: Building Forms with Thermal Zone Layout

1 2 ''H 'Shape Building

24' 'H' Shape Building

$

a building, heating and cooling energy use and the most efficient orientations for building 

surfaces. Figure 4.8a shows the results of rotating the Minimum Compliance Case 

building at 15 degree increments. In this study, the ‘0 Deg (N-S)’ position corresponds to 

due North. The data show that for a 70.1’ x70.1 ’ square shaped building, there is no 

change in heating loads over a one year period and less than a 1% change in the cooling 

loads.

In order to examine the effects of solar orientation on a rectangular building, a 

50’xl00’ building made up of the same materials as the Minimum Compliance Case 

building is rotated at 22.5 degree increments. The results of these simulations are shown 

in Figure 4.9b. Similar to the Minimum Compliance Case building, the rectangular 

building orientated in the North-South direction (corresponding to the '0 Deg (N-S)’
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orientation in Figure 4.9a) performs better since more exterior wall and window surface 

area is exposed in the North-South direction. The figure also shows that the cooling load 

rises as the building orientation approaches the 90 Deg’ orientation where the 100’ long 

side of the building faces in the East-West direction. This trend correlates positively with 

the increase in the Window Solar Gain noted in the last column of Figure 4.9b.

4.5.1.4 Building Form 

The aspect ratio o f a building determines the amount of surface area exposed to 

incident solar radiation and conduction. Minimizing this ratio is an important strategy in 

hot-dry climates (Givoni 1994). In this section, evaluate different building forms to in 

order to determine their relative efficiencies with regard to energy efficiency. The 

building forms that 1 analyze are summarized in Figure 4.10. All these buildings have the 

same sectional configuration: They are two stories in height, have a total enclosed floor 

area of 10,000 square feet and use the same materials as the Minimum Compliance Case. 

The building orientations shown in the figure represent the most efficient orientation with 

regard to heating and cooling loads for each building.^

Courtyards provide an opportunity for one part o f a building to partially shade another 

accept when the sun is directly overhead. At night, heat from the surrounding surfaces of 

a building re-radiate to the night sky allowing the spaces adjacent to these surfaces to cool. 

During the day, the air in these spaces starts out relatively cooler than that of areas outside 

of the courtyard (Brown et al. 2001) Courtyards also provide protection from dust and 

wind depending on their orientation relative to predominant wind direction (Brown et al.

9. Each building is simulated at four different orientations, 45 degrees apart The results presented 
in this study are the most energy efficient for each building form.
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70.0  -

60.0

30.0 4

|KGtu«F
Heating Energy

:KGtureF
Cooling Energy

1 KBtu/SF
Total Energy

|Gtufrlr/SF
Max. Htg. Load

Gtu/Hr/SF
Max. CIg. Load

B Guiding A 6.4 56.7 63.1 6.7 21.4
■  Guiding B 5.5 52.3 578 5.9 19.1
□  Guiding C 5.7 51 9 576 59 19.1
□  Guiding 0 5.7 50.4 56.1 5.9 18.3
■  Guiding E 5.7 50.1 55.8 5.9 18.3
□  Guiding F 3.8 48.2 52.0 ; 4.3 16.5
■  MIN COUP CASE 3.7 48.2 1 51.9 4.1 171

Figure 4 .1 la; Building Form - eQUEST Simulation Results
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Figure 4.1 lb: Relationship Between Energy Usage and Aspect Ratio
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10 Year 
Simulation

% C hange  
(vs. Min. Compl. Case)

2 5  Year 
Simulation

% C hange
(vs. Min. Compl. Case)

Building A 14 ,763  lin. f t 22.4% 1 9 ,1 0 4  lin. ft. 19.5%

Building B 13 ,457  lin. f t 11.6% 1 7 ,4 5 2  lin. ft. 9 .2%

Building C 1 3 ,3 1 4  lin. f t 10.4% 1 7 ,2 9 1  lin. f t 8.2%

Building 0 1 2 ,8 6 4  lin. f t 6.6% 1 6 ,7 4 1  lin. ft. 4 .7%

Building E 12 ,767  lin. f t 5 .8% 16,633  lin. ft. 4.1%

Minimum 
Compliance 
Case BIdg.

12,064 lin.ft. 15,984 lin.ft.

Buiiding F 11 ,920  l in . f t - 1.2% 1 5 ,8 0 0  lin. ft. - 1.2%

Table 4.12; GCHP Sizing Results - Building Form Study

2001 ). Buildings with courtyards, however, tend to have substantially higher aspect 

ratios relative to other building forms as shown in Figure 4.1 lb. Buildings with 

courtyards are included in this portion of the study in order to evaluate the trade-offs 

between the cooling benefits of the courtyard and the increase in aspect ratio.

Figure 4. H a shows energy usage and load demands for each building form in Figure 

4.10. Figure 4 .1 lb compares total energy usage to the aspect ratio of each building form. 

Both figures clearly show the positive correlation between a smaller aspect ratio and lower 

energy usage. Table 4.12 shows the results of sizing a ground-loop heat exchanger for 

each building. Examining the impact of building form on the design and performance of a 

ground-loop heat exchanger shows that though Building F has higher energy 

requirements, the 50’ x 100’ building requires a 1.2% smaller ground-loop heat exchanger 

than that of the Minimum Compliance Case for both the 10 year and 25 year simulations. 

This is due to the fact that the North-South orientation o f the 50’x 100’ building has less 

glazing exposure in the East-West direction, such that the combined heat gain from
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window conductance and solar radiation is 1.5% less than that of the square building form 

of the Minimum Compliance Case.

4.5.2 Building Envelope

4.5.2.1 Glazing

Without shading, windows allow solar radiation to be directly transmitted into a space 

having an immediate effect on internal temperatures (Marsh 2002). Tinted glazing uses 

chemicals in the glass to absorb radiation, preventing that radiation from immediate 

transmission to the building interior. Compared to clear glazing, tinted glazing has a small 

effect on reducing solar transmission into a building, since a portion of the radiation is re­

radiated to the building interior after a period of time (DOE 2002). Spectrally sensitive 

glazing allows the maximum amount of light to penetrate a space while minimizing the 

heat gain from solar radiation. It reduces the transmission of solar radiation outside the 

visible range. Spectrally sensitive glazing uses low-emissivity films applied to the glass 

panes that reflect heat generated by UV radiation while allowing visible light to penetrate 

to the interior of a building. Using this type of glazing reduces the cooling loads caused 

by solar heat gain. This allows for the use of additional glazing for better daylighting and/ 

or a reduction in the sizing of mechanical equipment in cooling dominated climates 

(DOE 2002).

The characteristics of spectrally selective glazing vary according to the type of the low 

emissivity film or coating, the location of the film or coating (on double and triple glazed 

windows) and the type of glass. Low emissivity films and coatings are designed to either 

filter or reflect specific spectrums of ultra-violet radiation at the exterior of a building.
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Table 4.13: Terms and Definitions (FEMP 1999)

Terms Definitions

DOE2.2 Glass Type 
Code

The code DOE2 uses to identify a particular glazing type.

U-Value The center-of-glass U-value in inch-pound units 
(Btu/ft2-h-F)

Tv The center-of-glass visible transmittance for all glazing 
layers (%)

SHGC The center-of-glass solar heat gain coefficient. This is a 
measure of total solar heat gain (direct solar heat gain + 
inward heat flow absorption)

LSG The light to solar gain ratio.

These films may be located on the inside face of the outer pane of glass in a double 

glazing system, or on either side of the inside pane depending on the climate, and the 

window orientation. They are also sometimes combined with an exterior tinted pane of 

glass in order to minimize the re-radiation of heat absorbed by the glazing to the interior of 

the building.

Table 4.13 outlines several important terms that are used in this study in order to 

compare spectrally sensitive glazings with other glazing systems. The key variable for 

comparing different glazing types is the Light to Solar Gain Coefficient (LSG). This term 

is defined as the visible transmittance (Tv) divided by the solar heat gain coefficient 

(SHGC). Tv is the percentage of visible light that passes through the glazing. SHGC is a 

measure of the total heat gain through the glass. This term includes both the solar radiation 

transmitted directly into the building and the inward flowing heat that is absorbed by the 

glazing. LSG measures the performance of a glazing system in terms of the ratio between
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the amount of light transmitted to the building’s interior and the amount of solar radiation 

that is reflected and/or absorbed by the glazing (DOE 2002).

The U-value o f a glazing system also plays an important role in the control of 

conduction between the interior and exterior of a building. The U-value is a function of the 

glazing thickness, the type of glazing, amount of air or gas in the air space between the 

glazing, the number of sheets of glazing in the system and the frame.

Seven different types of glazing are compared in this study. The glazing types noted in

Table 4.14: Glazing Properties

Description D0E2 Glass 
Type Code* U-Value Tv SHGC

LSG
(Tv/

SHGC)

Single, Clear 1001 1.09 .88 .81 1.09

Double, Clear 2004 .48 .78 .70 111

Double Tint, Bronze 2204 .48 .47 .49 .96

Double Reflective, 
Clear

2404 .41 .13 .17 .76

Double Low-E, Tint 2637 .31 .44 .37 1.19

Double Selective, Clear 2664 .29 .68 .42 1.62

Double Selective, Tint 2667 .29 .41 .29 1.41

a. Ail definitions and values in this table are those used in the eQUEST and 
PowerDOE energy simulation programs that run on the DOE2.2 engine.

Table 4.14 is based on a study done by the Department of Energy regarding the

performance of spectrally selective glazing. The building used in these simulations is 

the same as the “No Shading Case” building shown in Figure 4.6 with the same amount o f

lO.LT.S. Department of Energy. Federal Technology Alert - Spectrally Selective Glazings, pg 16.
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Figure 4.12: Glazing Study - eQUEST Simulation Results

glazing on all sides arranged in 4’-0” x 4’-6” panes. The windows in the Minimum 

Compliance Case building are clear double glazed. All of the windows have aluminum 

frames without thermal breaks.

The simulation results are shown in Figure 4.12. These results are discussed in terms 

o f the performance of each glazing type compared to the Single Glazing Case and the 

Double-Clear Glazing Case. The best performance in terms of overall energy reduction 

are the Double Reflective Case and Double Selective-Tint Case with reductions o f 23.1% 

and 22.9%, respectively. Peak cooling demand follows a similar pattern with reductions 

o f 26.8% for the Double Reflective Case and 24.5% for the Double Selective-Tint Case. 

These results indicate that the energy performance of reflective glazing is comparable to 

that of the selective glazing. The main disadvantage to reflective glazing is in terms of
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daylighting. Double Selective Tint glazing has a Tv that is over 3-times that of Double 

Reflective glazing. This is consistent with the simulation results that show that the Double 

Reflective Case used more than 28% more energy for electric lighting than the Selective- 

Tint Case. This implies that the Selective-Tint Case provides much better daylighting 

access at approximately the same level of energy efficiency.

Table 4.15: GCHP Sizing Results - Glazing Study

10 Year %
Change 25 Year %

Change

Single Glazing, Clear 13,142 lin. ft. 14.4% 17,064 lin. ft. 12.3%

Double Glazing, Clear Case 11,490 lin. ft. 15,195 lin. ft.

Double Tint, Bronze 10,542 lin. ft. -8.3% 13,318 lin. ft. -12.4%

Double Reflective 8,651 lin. ft. -24.7% 10,838 lin. ft. -28.7%

Double Low-e, Tint 9,531 lin. ft. -17.0% 11,897 lin. ft. -21.7%

Double Selective, Clear 9,499 lin. ft. -17.3% 12,130 lin. ft. -20.2%

Double Selective, Tint 8,842 lin. ft. -23.0% 11,136 lin. ft. -26.7%

Table 4.15 shows the results from sizing the GCHP system. The reduction in the sizing 

of the GCHP system follows a similar pattern to the reduction of the cooling loads in 

Figure 4.12. All of the double glazed windows improve the efficiency of the building 

significantly over the Double Clear Case. The Double Reflective Case required the 

shortest ground-loop heat exchanger with a reduction from the Double Clear Glazing Case 

of 24.7% for a 10 year simulation and 28.7% for a 25 year simulation. The length of the 

Selective Tint Case ground-loop heat exchanger is 17% and 2.0%longer for each time 

interval, respectively. The difference is smaller than that of their respective cooling
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Figure 4.13 Walls with Mass Located ON the Building’s Interior - eQUEST 
Energy Simulation Results

energy requirements due to the Selective Tint Case’s 4% lower peak cooling requirement. 

The small drop in energy efficiency of this glazing type compared to that of double- 

reflective glazing is a reasonable trade-off for the daylighting benefits to the building 

occupants.

4.S.2.2 Exterior Walls and Materials 

The amount of heat flow through a building envelope is a function of the temperature 

differential between the inside and outside of the building, the thermal resistance of the 

building’s exterior wall and roof materials and the surface area of the building envelope. 

In desert climates where there is a large diurnal temperature variation, large quantities of
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Figure 4 .14b: Exterior Wall Detail - Mass on 
Exterior

thermal mass absorb and store heat from solar radiation or internal loads. The use of 

thermal mass allows the transfer of the heat to be delayed until such time as it is required 

to meet internal heating load requirements or until the external air temperature becomes 

cool enough to be re-radiated back into the atmosphere. The amount of thermal mass 

dictates the timing and direction that the incident solar radiation conducts through the 

building envelope (Lechner 2001 ).

Figure 4.13 show the eQUEST simulation results using thermal mass in the exterior 

walls of the “No Shading Case” building in Figure 4.6. The mass used in these scenarios 

is 140 pound per cubic foot heavy weight concrete. Exterior wall details are shown in 

Figures 4.14a-b. In these simulations, the mass is combined with a 1/2” thick sheet of 

insulation on the exterior side of the concrete. The small 2% reduction in energy 

requirements between the most extreme cases, the scenario using 4” concrete and the one 

that used 12” of concrete, demonstrate that more mass does not improve the energy 

efficiency of the building in the climate of Las Vegas.
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Figure 4.15a: Walls with Insulation on the Outer Side of the Insulation Wall - eQUEST 
Simulation Results
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Figure 4.15b: Walls with Insulation on the Outer Side of the Exterior Wall - eQUEST 
Simulation Results
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Figure 4.16: Comparison of Different Wall Constructions - eQUEST Simulation 
Results

In the hot-dry climate of Las Vegas, insulation in

exterior walls is an important component in

reducing heat flow penetration into a building.

Figures 4.l6a-b show the results of simulating

buildings with 8” of concrete located on the interior

and exterior sides of the exterior walls. Details of

these wall types are shown in Figures 4 .15a-b. The

results indicate that mass contributes to the 
Figure 4.17: Effective R-values of
Wall Types used in Figure 4.16 performance of a wall whether it is located in the 

interior or the exterior side of the wall. The data in figure 4.15b also shows that walls with 

insulation placed on the exterior of the building reduce the cooling energy requirements

WBII RrVBIue
S ’  Concrete, No Insulation 22
2xBWIallw/R-19 10.8
2xBVVIallvu/R-19&
T  Polyurethane Insulation 29.4

Perlite Filled CMU w/ 2xSR-19  
Furring (Mn. Compliance Case) 1 4 3

S*Concrete-INw/ 
r  Polyurethane Insulation 8 5

S ' Concrete-IN w /

3" Polyurethane Insulation 20.4
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by an average of 3.5%. While a large amount of mass is not necessary in a climate like that 

of Las Vegas , the presence of mass in an exterior wall system contributes to the energy 

efficiency of the building. Figure 4.16 compares the energy requirements of six buildings 

that use a variety of exterior wall types. Examining the R-values of each wall type in 

Figure 4.17, the results show that R-value alone is not sufficient to guarantee the best 

design of exterior walls. A building with exterior walls made up of 2x6 stud walls with R- 

19 batts furred on the interior side and 3” of sheet insulation on the exterior did not 

perform as well as the walls used in the Minimum Compliance Case building that utilized 

Perlite filled CMU and R-19 furring despite its effective R-value being twice as high.

This is because the 2x6 stud wall has no mass. The best performing buildings are the ones 

that use the Perlite filled CMU with R-19 furring. Based on these results, it can be 

Table 4.16: GCHP Sizing Results - Exterior Wall Study

10 Year %
Change 25 Year %

Change

8” Concrete, No Insulation 13,383 lin. ft. 16.5% 17,280 lin. ft. 13.7%

2” X 6” Wall w/ R-19 Batt 
Insulation

12,425 lin. ft. 8.1% 15,947 lin. ft. 4.9%

2” X 6” Wall w/ R-19 Batt & 
3” Polyurethane Insulation

11,620 lin. ft. 1.1% 15,369 lin. ft. 1.1%

8” Concrete -IN w/
1” Polyurethane Insulation

11,857 lin. ft. 3.1% 15,701 lin. ft. 3.3%

8” Concrete -IN w/
3” Polyurethane Insulation

11,590 lin. ft. 1.1% 15,231 lin. ft. 2.4%

2” X 6” Wall w/ R-19 Batt & 
3” Polyurethane Insulation

11,620 lin. ft. 1.1% 15,369 lin. ft. 1.1%

Perlite Filled CMU w/ 2” x 
6” Studs & R-19 Batt 
Insulation

11,490 lin. ft. 15,195 lin. ft.
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concluded that the best wall construction for the climate of Las Vegas is one that is well 

insulated and contains components that have mass.

In terms of the ground-loop sizing, the ground-loop heat exchanger for the Minimum 

Compliance Case building is the most efficient by a small percentage of 1.1%. The 

buildings with 2x6 walls with R-19 Batt and 3” polyurethane insulation exterior walls and 

8” concrete with 3” polyurethane exterior walls performed nearly as well. These results 

are consistent with those of the energy simulations in terms of confirming the importance 

of insulation in the climate of Las Vegas.

4.5.2.3 Roofing

The importance of the roofing 

system is dependent on the building 

configuration. The percentage of 

total heat gained or lost through the 

roof of a building depends on the 

number of stories the building possess 

as well as the roofs capacity to 

minimize heat gains and losses. This 

study uses the roof as a thermal 

barrier in a low-rise building.

When a plenum exists, as in the

siboM SPACE
CONDrnONED SPACE

HJMR1PÀBF
CONDITIONED SPACE

NO SHADING CASE BUILDING

CONOraONED SPACE

CONDITIONED SPACE

NO PLENUM BUILDING
Figure 4.18: No Plenum Building 
Schematic Section

case o f the Minimum Compliance Case building, the eQUEST software assumes that all 

heat in the plenum is absorbed by building elements or is consumed by mechanical
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processes. (Hirsh et al. 2001). In order to analyze the performance of different roof 

systems and insulation R-vaiues, it is necessary to configure an alternative No Shading 

Case building, such that the space between the roof and the ceiling is not a plenum. Figure 

4.18 graphically shows this “No Plenum Case” building.

The results of the eQUEST energy simulation are shown in Figure 4.19. Because of 

the assumptions made in the DOE2 engine, a building without a plenum will be much less 

efficient than a building that has one. The figure shows that insulation levels with an 

overall effective roof R-value that exceeds 24 is wasted due to diminishing returns. The 

“No Plenum Case” building with R-30 still requires 20% more energy than the No 

Shading Case building which has the same amount of insulation and has a plenum. These 

numbers are consistent with the analysis of the ground-loop heat exchanger in Table 4.17.

Roof R-Vaiue

Bult-upkNolnsUaOon 55

Built-up, R-18 Rigid InsuWon 24.4

Built-up, R-30 Batt Insulation W 
radiant banter 35.7

Built-up, R-48 Batt Insulation W 
radiant berner 400

Built-up, R€0 Batt Insuiab’on vV 
radiant bamer 5Z6

400 1

300 1

:KBtiysF KBtufSF KBtulSF BtUH/SF SbMtSF
j HeefngBiersyi Coding &eis^ I Tctel Owgy Mbl Hg Load MbcQgljaad

aBult-tpRoof, Ivblnaiistion 103 502 605 00 248
■Bult-ipRxf, R-18Rgdlr5Uationi 56 558 61.4 62 208
OBult-ipRocf R-aOBdtlnsUdion 55 558 61.3 60 205
□Bult-ipRxf, R49Bdtlnsiidian 1 54 557 61.1 59 204

■Bult-tpRxf, ReOBdtlnstidicn ; 52 558 : 61.0 58 203

Figure 4.19: Roof Analysis - eQUEST Simulation Results
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Table 4.17; GCHP Sizing Results - Roofing Study

10 Year %
Change 25 Year %

Change

Built-up, No Insulation 15,721 lin. ft. 36.8% 20,100 lin. ft. 32.2%

Built-up, R18 Rigid Insulation 14,643 lin. ft. 27.4% 19,000 lin. ft. 25.0%

Built-up, R-30 Batt Insulation 
w/ radiant barrier

14,518 lin. ft. 26.4% 18,933 lin. ft. 24.6%

Built-up, R-49 Batt Insulation 
w/ radiant barrier

14,506 lin. ft. 26.2% 18,919 lin. ft. 24.5%

Built-up, R-60 Batt Insulation 
w/ radiant barrier

14,490 lin. ft. 26.1% 18,900 lin. ft. 24.4%

Built-up, R-30 Rigid 
Insulation w/ PLENUM 
(No Shading Case BIdg.)

11,490 lin. 
ft.

15,195 lin. ft.

The length of the ground-loop for the “No Plenum” building with R-30 batt insulation in 

the roof requires 24.6% more ground-loop than that of the Minimum Compliance Case 

building. These results, combined with the assumptions o f the eQUEST software, indicate 

that the application building in Chapter 5 should be designed with the same roof 

construction and plenum configuration as the Minimum Compliance Case and No 

Shading Case buildings.

4.6 Conclusions

This chapter clearly shows that architectural design decisions that affect building 

energy usage and efficiency have a positive impact on the design and estimated long term 

performance of GCHP systems. An increase in energy efficiency decreases the required 

length of ground-loop required for the system to function over a period of time. The 

opposite condition is true as well.
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Table 4 .18: Summary of Parametric Study Results

Element Conclusions

Solar Orientation

Window Placement • Efficient designs use more glazing on the North side of a 
building and less on East, West and South faces

• Increasing the amount o f glazing on the South side of a 
building is less efficient than placing the same total amount 
of glazing on the East and West sides.

Shading • Shading added to the South, East and West sides of a 
building significantly improve the building’s energy 
efficiency.

Building Solar 
Orientation

• Designing a building so that wall and window surface areas 
are exposed in the North-South direction improves building 
energy efficiency.

• Minimizing the surface-volume ratio of a building improves 
building energy efficiency.

Building Envelope

Glazing • The use of reflective glazing and spectrally selective glazing 
significantly improves building energy efficiency. While 
reflective glazing is the most efficient glazing type in terms 
of solar heat gain, tinted spectrally selective glazings 
perform nearly as well and allow more daylight to penetrate 
into the building interior than reflective glazing.

Exterior Walls & 
Materials

• Exterior walls must contain sufficient amounts of insulation 
to perform well in the desert climate of insulation. The 
presence of mass in the wall system also contributes to 
building energy efficiency.

Roofing • Roofing systems with an effective R-value of 24 or more 
provide adequate insulation given the assumptions o f the 
DOE2 simulation engine. An extension of these 
assumptions is that a building with a plenum is significantly 
more efficient than a building without one.

Table 4.18 show the results of the parametric studies conducted in this chapter in terms 

o f building energy efficiency. It is important to emphasize the fact that these strategies 

are evaluated in isolation to one another. When combined into a single building design, 

there is no guarantee how much each individual strategy will impact energy efficiency
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and, by extension, the design and performance of a GŒIP system since, in reality, these 

strategies are not mutually exclusive. For example, the improvement in energy efficiency 

by changing from Double-Clear glazing to Double-Tint Spectrally Selective glazing is 

achieved without any use of window shading. This improvement to energy efficiency by 

the inclusion of shading devices and the use of Spectrally Selective glazings will offset 

one another when implemented together. The purpose o f Chapter 5 is to explore the 

results from the parametric studies in these chapters in order to evaluate the “net” effect of 

the architectural impacts on GCHP systems. Likewise, the impact of GCHP systems on 

the design of a building on a finite site will also be evaluated to show how GCHP systems 

impact architectural design as well.
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CHAPTER 5

THE DESIGN OF A CLIMATE RESPONSIVE BUILDING THAT INCORPORATES A
GCHP SYSTEM

Chapter 4 examines the relationship between individual architectural elements and the 

design of a ground-loop heat exchanger through a  series of parametric studies. This 

chapter applies the information obtained from those parametric studies in order to 

determine the net impact of all the strategies when they are integrated into a 

comprehensive building design. In a realistic application, the effect of the energy 

efficiency strategies on the overall performance o f a building are not mutually exclusive.

This chapter also examines important factors associated with the implementation of a 

GCHP into the actual building design. These factors include issues of land area 

requirements, borefield configurations, building layout and thermal zoning.

5.1 The Application Building Design

Figure 5 .1 shows the site plan and building footprint of a 2-story commercial office 

building. The building and its site are oriented toward true North. The size of the site is 

172’ X 187’ for a total area o f32,164 ft .̂ The site is of sufficient size to support the 

parking requirements according to the local zoning codes for the City of Las Vegas. ̂  This 

is an important consideration since the availability of land is an important constraint on

I. Parking requirements according to Title 30 o f  the Clark County Zoning Code require 6 spaces 
per 1000 square feet o f office space. The total office space o f  the application building shown in Figures 
5.1-5.4 is 8,655 spaces for a parking requirement o f  52 spaces.
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Figure 5.1 : Site Plan with Level I Floor Plan and Borefield
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the size of the borefield of the ground-loop heat exchanger. The site is also of sufficient 

size to provide adequate space for landscape and walkways between the building and the 

parking area on the East and South sides and between the building and the public sidewalk 

on the North and West sides.

The borefield consists of 3 sub-groupings that are configured into 2 x 6  rectangles and
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Figure 5.2: Level I and Level 2 Floor Plans

I sub-grouping that is configured into a 2 x 4 rectangle for a total of 44 boreholes. The 

individual bores are located a minimum of 22 feet apart in all directions from other bores. 

Borehole thermal resistance is 0.24°F/(Btu*hr*ft), the same as parametric studies in 

Chapter 4. Section 4.3 has a detailed explanation of the thermal resistance calculation 

including an explanation of the parameters and assumptions for the design of the U-tubes 

that make up the ground-loop heat exchanger.
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Figure 5.3: Building Section
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Figure 5.4: Level I and 2 Thermal Zones

The total enclosed area of the building is 13,200 feet. The building consists of office 

and meeting spaces centered around a clerestory space that extends from the North 

entrance to the middle of the stairway located in the center of the building. Figure 5.2 

shows the floor plans for the first and second levels. Vertical access to the second floor is 

possible by either elevator or stairs. The building design conforms with egress 

requirements of the Uniform Building Codes, 1997 edition. The layout o f the spaces is an 

open plan in which the office spaces have visual access onto the central clerestory space. 

The open office spaces are separated from the central clerestory space by partial height 

walls that are either open at the top or have clear glazing installed. A small mechanical 

and electrical room is located on the Southwest comer of level I behind the toilet rooms.
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The building is designed so that ail occupied spaces have at least partial access to daylight.

Thermal zone configurations are shown in Figure 5.4. There are 5 conditioned and 5 

plenum zones for each floor. The building is identical to the Minimum Compliance Case 

building in Chapter 4 with 9’ ceiling heights and a floor to floor height of 12’. Several 

assumptions regarding the modeling of the Applied Minimum compliance Case building 

require explanation. The first is that the eQUEST software calculates the average air 

temperature in a space and cannot calculate thermal stratification accurately across a 

multi-story atrium (Hirsh et al, 2001). Therefore, since this work is concerned with total 

building loads and their effect on Ground-Source Heat Pump Systems, the model used in 

this work does not actually model an atrium. Instead, the model shows two identical 

floors which consist of conditioned and plenum zones and interior walls, ceilings and 

floors. Occupancy, equipment and lighting loads for each zone is calculated as a weighted 

average of the uses on a particular floor. The second assumption concerns interior 

partitions. Since many spaces are at least partially separated from one another, the model 

constructed in the eQUEST software has interior wall partitions between all thermal 

zones. Table 5.1 shows a summary of the materials and specifications used in the Applied 

Minimum Compliance Case building.

5.2 Application o f Parametric Studies

The first step in conducting this portion of the study is the establishment of a baseline 

case building similar to the Minimum Compliance Case building in Chapter 4. This 

“Application Minimum Compliance Case” building reflects the building footprint of the 

Application Building Design described in Section 5.1 Like the Minimum Compliance
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Table 5.1: Application Minimum Compliance Case Building Component Summary

Element Information R-value

Area 13,192 SF (refer to Figure 5.2)

Height 12’ Floor-to-floor with 9’ ceilings

Zoning 5 Conditioned Zones and 5 Plenum Zones per Floor. 
Refer to Figure 5.3 and 5.4

Floor 6” Slab-on-grade with fiber pad and carpet 3.3

Exterior Walls 8” CMU with perlite insulation, stucco exterior and 
interior furring with R-19 batt insulation and 1/2” 
gypsum board facing (abs.=0.4)

14.3

Interior Partitions 2”x4” Metal Studs with R-11 Batt Insulation 7.1

Glazing Double Clear Glazing (2004) - SHGC: .78, Tv: .70 
N-S Sides: 25% of Ext. Wall Area of Cond. Spaces 
E-W Sides: 28% of Ext. Wall Area of Cond. Spaces

2.1

Doors 3’x7’ Storefront Type (Aluminum Frame) with 
Double Clear Glazing (2004) - SHGC: .78, Tv: .70

2.1

Shading None

Roof Built-up Roof with Rigid Insulation 23.8

Occupancy
Schedule

Working Days: M-F 8am - 5pm 
Non-working Days: Sat-Sun

Occupancy Loads Ground Floor 
147 ft / person

Top Floor 
138 ft/ person

Lighting Loads Ground Floor 
127 W/ft

Top Floor 
130 W/ft

Equipment Loads Ground Floor 
1.350 W/ft

Top Floor 
1.500 W/ft
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Table 5.2; Application Design Building Component Summary

Element Information Effective
R-Value

Area 13,200 Ft^ N/A

Height 12’ Floor-to-floor with 9’ Ceilings N/A

Thermal Zones 5 Conditioned Zones and 5 Plenum Zones per floor N/A

Floor 6” Slab-on-grade with fiber pad and carpet (6” con- 
cerete slab with carpet on second floor)

3.3

Exterior Walls 8” CMU with perlite insulation, stucco exterior and 
interior furring with R-19 batt insulation and 1/2” 
gypsum board facing (abs.=0.4)

20.4

Interior Partitions 2”x4” Metal Studs with R-l I Batt Insulation 7.1

Glazing Double Selective, Tint (2667) 3.4

Doors(Exterior) - Aluminum with Double Selective Glazing (North 
& South Sides)

- Solid Metal Doors (East and West Sides)

3.4

Shading Devices Fins and Overhangs, Evergreen Trees N/A

Roof Built-up Roof with 3” Polyurethane Rigid Insula­
tion, Light Color (abs.=0.3)

23.8

Daylighting Yes N/A

HVAC System Centralized Heat Pump Loop with 3 6x2 and 1 4x2 
Vertical Borefields

N/A

Occupancy
Schedule

Working Days; M-F 8am - 5pm 
Non-working Days: Sat-Sun

Occupancy Loads Ground Floor 
147 ft/ person

Top Floor 
138 ft/ person

Lighting Loads Ground Floor 
127 W/ft

Top Floor 
130 W/ft
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Table 5.2: Application Design Building Component Summary

Element Information Effective
R-Value

Equipment Loads Groimd Floor
1.350 W/ft

Top Floor
1.500 W/ft

Case in Chapter 4, this building is organized into perimeter and core zones and contains 

conditioned and plenum spaces like those described in Figure 4.2c. The building envelope 

construction is a identical. The area of double-clear glazing is 25% of the exterior walls of 

the conditioned spaces with glass and aluminum doors on the North and South Faces. 

Internal loads are determined by a weighted average of uses typical of a commercial office 

building.

The Comcheck Plus 

program is again used to 

determine a minimal 

compliance building against the 

ASFIRAE 90.1-1989 Energy 

Standard". Complete data for 

the Application Minimum 

Compliance Case building is

•* :tucc3
f NI3H

aCFi.Ecn’Æ «tjiLCmc .  3*PT9

Figure 5.5: Exterior Wall Detail

summarized in Table 5.1. The results of the Comcheck simulation showed that the 

building exceeded the ASHRAE standard by a margin of 3%.

2. Refer to footnote 5 in Section 4.4.
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Figure 5.6; Application Design Building Elevations

The materials and components o f the “Application Design Building” are summarized 

in Table 5.2 A detail of the exterior walls is shown in Figure 5.7. The glazing confirms to
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KBtu/SF 1 KBtu/SF KBtu/SF Btu/Hr/SF Btu/HT/SF
Heating 1 Cooling i Total Biergy Max. Htg. Max. CIg.
Biergy I B iergy Load Load

g  Application Mn Coirpfance C ase 3.4 i 41.7 'j 45.1 4.1 17.1
; g  Application Design C ase 3.2 1 27.8 i 31.0 3.2 11.7

Figure 5.7: eQUEST Simulation Result Comparison

the 50%-North, 25%-South and the 12.5%-East/West configuration that was shown in 

Section 4.6.1. Figure 5.6 shows the elevations of Application Design building. The doors 

and windows in these elevations are identical to that which is simulated in the eQUEST 

program. The shading devices shown on the 4’x6’ windows on the North and South 

facades are modeled using a single horizontal overhang with two vertical fins. Detached 

shading in the form of evergreen trees are modeled in eQUEST to match the design shown 

in the site plan in Figure 5.1.

The results of the energy use simulations are shown in Figure 5.6. The improvement 

in total energy usage is 31.3% with a 33.3% improvement in cooling energy usage. These 

results indicate two facts. The first is that using the results from the parametric studies 

results in a building that uses over 30% less energy for cooling and heating. The second
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Table 5.3: Summary of Heating and Cooling Loads from Chapter 5
eQUEST Simulation Results

Building Description
Annual Building 
Heating Loads 

(Mbtu)

Annual Building 
Cooling Loads 

(Mbtu)

Application Minimum 
Compliance Case Building

45.0 541.7

Application Design Case 
Building

44.1 356.8

Percent Difference -2% -34.1%

point is that when multiple strategies are used in combination with one another that many 

strategies mitigate their influence on the reduction of energy. This means that the total 

result from integrating the individual strategies will be less than the sum of the 

total.energy usage reduction of the individual strategies.

Table 5.4: GCHP Sizing Results

Application Minimum Compliance Case Application Design Case

Borehole Geometry: 
3 Rectangular 2 x 6  
1 Rectangular 2 x 4

Borehole Geometry: 
3 Rectangular 2 x 6  
1 Rectangular 2 x 4

10 Year Run 25 Year Run 10 Year Run 25 Year Run

Borehole
Depth
(Each)

300
Lineal
Ft.

Borehole
Depth
(Each)

391
Lineal
Ft.

Borehole
Depth
(Each)

188
Lineal
Ft.

Borehole
Depth
(Each)

232
Lineal
Ft.

Total
Borehole
Depth

12,611
Lineal
Ft.

Total
Borehole
Depth

16,416
Lineal
Ft.

Total
Borehole
Depth

7,886
Lineal
Ft.

Total
Borehole
Depth

9,724
Lineal
Ft.

% Change 37.5% % Change 40.8%

The same principle applies to the sizing of ground-loop heat exchanger since the size 

of a heat exchanger is based on annual building heating and cooling loads. Table 5.4
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shows the results of sizing the ground-loop heat exchanger using the heating and cooling 

loads from the Application Minimum Compliance Case and the Application Design Case. 

The results show that by reducing the energy requirements of the building using the 

energy efficiency strategies of Chapter 4, the required size of the ground-loop heat 

exchanger improves by 37.5% over a 10 year period and by 40.8% over a 25 year period.

These results show that architectural design that integrates energy efficiency strategies 

into a building’s design process can lead to a reduction in the required size of the ground- 

loop heat exchanger and a more efficient GCHP system The improvement will not 

necessarily be a summation of all the different energy efficiency strategies applied to a 

given building design, but will nevertheless lead to a significant improvement in energy 

efficiency as demonstrated in this chapter.
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CHAPTER 6

LIFE-CYCLE COST ANALYSIS

6 .1 Principles of Life-Cycle Cost Methodology 

Chapter 5 showed the application of a GCHP system designed for an energy efficient 

commercial office building in the climate of Las Vegas. The final part of the work is to 

determine whether such a GCHP system is a cost effective alternative compared to other 

types of HVAC systems. To do this, I conducted a simple life-cycle cost study that 

compared a GCHP to several alternatives.

Table 6.1: Cost Components of the Life-cycle Cost Analysis (DellTsola 1995)

Current Costs Future Costs

Initial Costs (incl. capital and 
installation costs)

Energy Costs
Operation and Maintenance Costs 
Alteration and Replacement Costs 
Terminal Costs / Salvage Value 
Associated Costs

A Life-cycle Cost Analysis (LCCA) is a cost-centered analysis method that allows for 

the determination of costs for alternative solutions over a period of time (DellTsola 1995). 

The centerpiece to LCCA is the recognition of the time value of money (Addison 1999). 

Decision making often centers around the initial costs of a project with little or no regard 

to future costs. In terms of HVAC systems, the initial cost of a system includes capital
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LCC = Initial investment costs 

+ Present Value Energy Costs 

+ Present Value Replacement Costs 

+ Present Value Residual Value

Figure 6.1: Basic Life-cycle Cost Equation (Addison, 1999)

and installation costs. Future costs include operational costs, energy costs and replacement 

costs. These costs are listed in Table 6.1.

Money spent today does not have the same value as money spent in the future due to 

inflation and the use of existing capital for a particular project over other investment 

alternatives. In order to evaluate HVAC system alternatives in terms of both current and 

future costs, it is important to be able to estimate the value of a project over a period of 

time in terms of the total cost of the project in current dollars. The Federal Energy 

Management Program has developed a Life-cycle Cost Analysis method known as the 

Building Life-cycle Cost Procedure (BLCC). This study utilizes a spreadsheet 

implementation of this procedure known as "User-Friendly'’ Life-Cycle Costing 

developed by M.S. Addison and Associates.

The BLCC procedure uses the present value (PV) method for calculating Life-cycle 

costs according to the equation in Figure 6.1. This method discounts all future costs to 

their current dollar values in order to obtain the total cost of a project over a period of time 

in current dollars. The equations in Figure 6.2 define the discount rate for goods and 

services used by the BLCC spreadsheet. The first equation defines the present value, PV, 

to be equal to the future value of goods or services multiplied by the REAL discount rate.
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PV = C ,X — 1—  where r = 1 —5 _  [
( l + r /

PV  = present value of the future costs of goods and services

C, = The future cost of goods and services in year t (equal the
present costs of goods and services in year 0 when d is 
real)

r = the real discount rate (exclusive of inflation)

R = the assumed “nominal” discount rate for existing capital

p  = the assumed rate of general inflation

Figure 6.2: Present Value Method Equations (Addison 1999)

d. The second equation defines c/to be a function of the assumed nominal discount rate, D 

divided by the assumed rate of inflation, /. This assumed rate, D, is the nominal minimum 

rate-of-retum that would be earned on that alternative investment (Addison 1999). The 

real discount rate, d, is an assumed net rate-of-retum after inflation. Inflation, /, like the 

nominal discount rate D, is an assumed rate published by the Department o f Energy each 

April (Addison 1999).

The BLCC procedure assumes that the inflation rate of energy is different than the rate 

applied to goods and services. The spreadsheet utilizes annual projections from the 

Department of Energy for energy inflation rates that are broken down according to the 

region of the country under consideration. These modified energy discount rates may be 

found in Appendix D.
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6.2 Data Sources

Figure 6.1 outlines the data required to conduct a complete Life-cycle cost analysis. 

The first element of that formula is the initial cost of a project. For the estimation of the 

costs of a GCHP system for the office building described in Chapter 5, this work uses the 

methods and recommendations in the book Ground-Source Heat Pumps published by 

ASHRAE. I use the 1998 Edition Mechanical Cost Data edition to estimate the cost of 

the GCHP system water-to-air heat pumps and the polyethylene pipe for the ground-loop 

heat exchanger. I also use this publication to estimate the equipment cost of the 

alternative HVAC systems based on square foot calculations from this publication. The 

cost of the other GCFIP system components are derived using the recommendations in 

Ground-Source Heat Pumps and from guidance received from a practicing mechanical 

engineer in the Las Vegas area. In each case, the method and source is cited in footnotes 

and references.

Table 6.2: Utility Rate Schedules

Meter Charge Demand Charge Consumption
Charge

Electricity^ $ 21.00/meter $ 3.29/kW $0.072860/kWh

Natural Gas*’ S 20.00/meter n/a $0.574080/therm

a. Source: Nevada Power Company, Tariff no. 1-B (47th Revised)
b. Source: Southwest Gas Corporation, Nevada Gas Tariff No. 6 (11th Revised)

Equipment replacement costs and service lives are based on the tables in Life Cycle 

Costing For Design Professionals and on my discussions with a local mechanical 

engineer. ̂  Replacement costs consist of the HVAC system and not of the components of
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longer service duty such as ductwork and polyethylene piping. Residual costs are the 

present value of the estimated value of the system in the last year of the study.

Energy costs for each HVAC system are estimated using the eQUEST software using 

the Application Design Case building developed in Chapter 5. Utility rates are shown in 

Table 6.2. The utility rates assume meter charges for two meters since the building design 

allows for separate tenants on each floor.

Table 6.3; GCHP System Total Initial Costs (includes material and labor costs)

System Component Estimated
Cost

% of Total 
Cost

Cost
Calculation Data Source

Water-source Heat 
Pumps

$29,172 18% Refer to 
Table 6.2

Ductwork $38,916 24% $2.95/SF Kavanaugh and 
Rafferty 1997

Control System $3,298 2% $0.25/SF Coke Interview 
2002

Interior Piping, Pumps, 
Fittings

$20,448 12% $1.55/SF Kavanaugh and 
Rafferty 1997

9,724 lineal feet^ 1-1/4” 
polyethylene piping

$5,640 3% $0.58/LF RS Means 1998

Ground-loop installation 
cost*’

$68,068 41% $7.00/LF Kavanaugh and 
Rafferty 1997

Subtotal - Ground-loop 
U-tube Cost

$73,708

Total System Cost $165,542 100%

a. Result of ground-loop heat exchanger simulation. Refer to Section 5.2.
b. Includes U-tube insertion, backfilling, header installation @ 4ft. ground-loop 

purge. 6in. bore for I-1/4” U-tubes, Bentonite grout to 28 ft., max. header to 
equipment room of 150 ft. and surface casing of less than 40 ft.

1. On August 30,2002,1 conducted an interview with Don Coke, a registered 
mechanical engineer in Nevada who reviewed the results of this life-cycle cost 
study.
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6.3 GCHP System Installed Costs 

GCHP systems are generally considered to have higher initial costs than other HVAC 

systems (Bloomquist 2001). The cost of various components of the ground-loop heat 

exchanger vary greatly according to soil and rock types and the availability of drilling 

expertise (Kavanaugh and Rafferty 1997). Among the different types of GCHP systems 

those that utilize a vertical ground-loop heat exchanger are the most expensive due to the 

labor-intensive nature of drilling the boreholes and installation. Table 6.3 shows 

significant components of a typical GCHP system. A breakdown of the water-source heat 

pumps by zone is shown in Table 6.4. Since the eQUEST software does not “autosize”

Table 6.4: Heat Pump Cost for GCHP System

Zone^ Equipment
Capacity

Estimated 
Base Cost*)

Additional Cost 
for Extended 

Range*’
Total Cost

I 3.0 Ton $2,352 + $300 $2,652
2 2.5 Ton $1,960 + $250 $2,210

3 2.5 Ton $1960 + $250 $2,210

4 4.0 Ton $3,136 + $400 $3,536

5 3.0 Ton $2,352 + $300 $2,652

6 3.5 Ton $2,744 + $350 $3,094

7 3.0 Ton $2,352 + $300 $2,652

8 3.0 Ton $2,352 + $300 $2,652

9 5.0 Ton $3,920 + $500 $4,420

10 3.5 Ton $2,744 + $350 $3,094

Total 33 Tons $29,172

a. Refer to Figure 5.4 for Thermal Zone Layout
b. Based on S784 / Ton cost. Source: (Kavanaugh and Rafferty, 1997)
c. Additional $ 100/Ton for extended range heat pump cost (Kavanaugh 

Rafferty, 1997)
and
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Table 6.5: Rooftop Multi-zone System Capacity

Zone Thermal Zone Area Calculated SF/Ton^ Equipment Size

Ground Floor 6,596 SF 458 (14.4) 15.0 Ton

Second Floor 6,596 SF 422 (15.6) 16.0 Ton

Total 13,192 SF 30.0 Tons

a. Equipment Sizing calculation result of eQUEST simulation - autosizing func­
tion. Data is derived by dividing SF/ton by area of thermal zone.

Table 6.6: Rooftop Single-zone System Capacities

Zone Thermal Zone Area Calculated SF/Ton*^ Equipment Size

I 1,255 SF 492 (2.6) 3.0 Ton
2 1,132 SF 500 (2.3) 2.5 Ton

3 1,270 SF 525 (2.4) 2.5 Ton

4 1,754 SF 503 (3.5) 3.5 Ton

5 1,185 SF 489 (2.4) 2.5 Ton

6 1,255 SF 435 (2.9) 3.0 Ton

7 1,132 SF 432 (2.6) 3.0 Ton

8 1,270 SF 457 (2.8) 3.0 Ton

9 1,754 SF 434 (4.0) 4.0 Ton

10 1,185 SF 430 (2.8) 3.0 Ton

Total 13,192 SF 30.0 Tons

a. Equipment Sizing calculation result of eQUEST simulation - autosizing func­
tion. Data is derived by dividing SF/ton by area of thermal zone.

GCHP systems, the capacity of each unit is determined by entering the capacity data into 

the eQUEST software package from the manufacturers engineering specifications for each 

thermal zone." The extended range water-source heat pumps are designed specifically for 

use with GSHP systems and work with entering fluid temperatures up to 110°F and as low 

as 20°F. The additional cost for the extended range capability is shown in Table 6.4 and is
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Table 6.7: Rooftop Multi-zone and Single-zone System Costs Estimates

HVAC System Description Estimated
Cost

Cost
Calculation^ Data Source

Rooftop Multi-zone (31 Ton*’ 
Total Capacity)

(Electric Cooling, Gas 
Heating)

$170,836 $12.95/SF RS Means, 1998

Rooftop Single-zone (30 Ton*’ 
Total Capacity)

(Electric Cooling, Gas 
Heating)

$92,740 $7.03 / SF RS Means, 1998

a. System cost taken îxom RS Means is for an office of 10,000 SF with a 31.67 Ton 
System

b. Refer to Table 6.6 for sizing breakdown by zone.
c. Refer to Table 6.7 for sizing breakdown by zone.

estimated to be $100 per ton of capacity over the values provided in RS Means 

Mechanical Cost Data (Kavanaugh and Rafferty 1997). Ductwork, interior piping, 

pumps, fittings and ground-loop installation costs are all based on the cost per square-foot 

data provided in Ground-Source Heat Pumps that was multiplied by a factor of 1.0627 to 

account for inflation between the 1995 base year cost used in that document and the other 

data derived from the 1998 cost data used in this study.

6.4 Alternative HVAC System Installed Costs 

The systems chosen for comparison with the GCHP system are a Rooftop Multi-zone 

system and a Rooftop Single-zone system. Both systems have electric cooling and gas 

heat and utilize return air plenums. The system capacities are estimated using the

2. The equipment specified in the energy simulations is the Climatemaster GR 
series water-to-air heat pumps. Simulations were conducted using the perfor­
mance curves for extended range units provided by J. Hirsh and Associates for 
use with the eQUEST software.
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Table 6.8: Summary of Inputs and Outputs from BLCC

GCHP
System

Rooftop
Multi-zone

Rooftop
Single-zone

Initial Costs $165,542 $170,836 $96,634

First Year Electrical Costs $4,774 $8,100 $3,622

First year Natural Gas Costs $3,785 $575

Subtotal - Energy Cost $4,774 $11,885 $4,197

First Year Maintenance Costs $1,426 $1,800 $6,500

Subtotal - Annual O & M Costs $5,847 $13,685 $10,697

Salvage Value (current dollars) ($7,526) ($25,910) ($29,312)

Life-cycle Costs $279321 $459,194 $298,490

S22.40/SF $34.80/SF $22.63/SF

eQUEST software “autosizing” function which uses the building heating and cooling 

loads to determine the necessary capacity to satisfy those loads (Hirsh et al. 2001). The 

results are summarized in Table 6.7

The costs for these systems are taken directly out of R. S. Means publications. The 

method consists of choosing a square footage cost based on the building square footage, 

the required equipment capacity (calculated by eQUEST) and the building occupancy 

type. The system cost is then derived by multiplying the square footage cost by the 

building square footage.

6.5 Life-cycle Cost Analysis 

Table 6.8 summarizes the data input into the BLCC spreadsheet to determine the Life­

cycle costs for the GCHP system and the two alternative systems over a period o f 25 

years. The spreadsheet calculates present value in constant dollars for all initial costs and
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recurring maintenance costs using dollar values from the 1998 edition of RS Means 

Mechanical Cost Data using the 2002 U.S. Department of Energy real discount rate of 

3.2% and the energy escalation rate projections published by the National Institute of 

Standards and Technology for electricity and natural gas (Addison 1999).

The life-cycle cost study only considers energy costs attributable to HVAC loads. 

Other energy uses in the building are identical in all three simulations and thus do not 

affect the comparison. The results of the analysis show that the energy cost of the GCHP 

system is higher than that of the Single-zone rooftop system. This is directly related to the 

fact that in each of the thermal zones, the required capacity of the water-source heat 

pumps is higher than that of the single-zone rooftop units. According to the interview 

with Coke, this should not be the case. The reason being that typically, water-source heat 

pumps are inherently the more efficient of the two systems since the water-source heat 

pumps rely on a water-to-air heat exchange process to cool and heat air while the rooftop 

units rely on a less efficient air-to-air heat exchange process (Coke 2002).

The figures in Table 6.8 for the GCHP system first year maintenance cost is taken 

from a survey on commercial GCHP systems. Operating Experiences with Commercial 

Ground Source Heat Pumps - Part 2 by Cane et al. 1998. The survey collected data from 

various locations throughout the United States and Canada on the maintenance and 

operating costs for GSHP systems in various building types. The figure of $ 10.81/SF used 

in this study is the mean cost in commercial office buildings averaged over all the years 

the systems were in use (Cane et al. 1998). The maintenance cost for the rooftop multi­

zone and single zone systems are taken directly from the book. Life Cycle Costing fo r  

Design Professionals by A. DellTsola and S. Kirk. The figures for the GCFCP system are
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the lowest of all three HVAC systems. This is due to the simplicity of the system and the 

lack o f maintenance required by the ground-loop heat exchanger. The system consisting 

of rooftop single-zone units has a total estimated maintenance cost that is more than four 

times the cost of the other two systems due to the amount of rooftop equipment required to 

condition ten separate thermal zones.

DellTsola’ book lists rooftop multi-zone and single-zone equipment as having a 

service life of 20 years (Dell’Isola 1995). However, based on discussions I had with a 

local mechanical engineer, 1 have calculated life-cycle costs with a service life of 15 years 

since this is the service life predicted in practice given the severe climate of Las Vegas 

(Coke 2002). The replacement costs o f the rooftop units requires that the entire unit be 

replaced with the exception of the ductwork. In the case of the GCHP, the heat pumps 

and the circulation pump also require replacement after 15 years but at a much lower cost 

than that of the other two systems. At the end of the twenty-fifth year, the salvage value is 

calculated as the present value of the remaining value of the equipment.

An overall comparison of the three systems indicates that from a life-cycle costing 

perspective, the GCHP system is the most economically viable system compared to the 

single-zone and multi-zone rooftop systems. Life-cycle costs of the GCHP system are 

6.4% lower than those of the single-zone rooftop units and 36% than the multi-zone 

rooftop system. This is attributable to the GCHP system’s lower first year maintenance 

costs and annual operational costs compared to either of the other two systems. The 

single-zone rooftop units have initial costs that are considerably lower than either of the 

other two systems. The most costly aspect of these systems is their maintenance and 

operational costs.
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In terms of energy efficiency, the rooftop multi-zone system is by far the least efficient 

of the three systems, using more than 35% more energy than the single-zone rooftop units 

and 39% more than the GCHP system. The single-zone rooftop units are the most 

efficient of the three systems, outperforming the GCPIP system by 11.5% and the rooftop 

multi-zone system by 64.7%. The GCHP system uses energy for heating and cooling with 

the water-source heat pumps and for pumps that circulate water through the heat pump 

loop and ground-loop heat exchanger. The energy use by the circulation pumps increases 

the amount of energy required for the overall system by 12%, making the GCHP system 

specified in this study less efficient from an energy efficiency standpoint.
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CHAPTER?

CONCLUSION

7.1 Conclusions

The results of the parametric studies in Chapters 4 and their integration into a 

comprehensive design in Chapter 5 demonstrate that architectural design can significantly 

impact the sizing and long term performance of GCHP systems. GCHP systems also lend 

themselves to efficient architectural design. The design of the commercial office building 

in Chapter 5 shows that GCHP systems do not require large mechanical rooms and can 

incorporate heat pump units concealed above ceilings thus making extensive rooftop 

equipment or equipment located outside the building unnecessary.

The 38.9% reduction in the required size of the ground-loop heat exchanger in the
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Figure 7.1 : Application Building Design - Annual Cumulative Load Transfer of Heat
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Figure 7.2: 25 -Year Ground Temperature Analysis

Application Design Case is a significant improvement over that of the Application 

Minimum Compliance Case. However, while there is a 34.1% reduction in cooling load 

requirements between these two buildings. Figure 7.1 shows that the amount of heat 

transfer to the ground versus the amount removed is still predicted to be over 8 times more 

annually. While these simulations assume very conservative ground thermal properties 

and minimal ground water conditions, such a dramatic imbalance is a concern to long­

term system performance as well as a serious ecological concern.

Figure 7.2 shows the monthly ground temperature predicted over a period of 25 years 

for the Application Minimum Compliance Case and the Application Design Case 

buildings. The graph indicates that with the maximum temperature limit of 90°F for the 

entering fluid temperature into the heat pumps, that the ground temperature will rise over
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Table 7 .1 : Minimal Ground-Temperature Impact Case - Life-cycle Cost Analysis Cost 
Comparison

Minimal Ground 
Temperature 
Impact Case

Application Design 
Case

Percent
Change

Initial Costs $430,097 $165,542 160%

56,471 lineal feet - 1-1/ 
4” polyethylene piping

$32,753 $5,670 478%

Ground-loop installation 
cost

$395,297 $68,068 481%

Energy Costs (PV cost 
over 25 years)

$94,000 $118,600 -21%

Total Life-cycle Costs $530,169
(S40.18/SF)

$279,321
($22.40/SF)

90%

Annual Energy Usage 117.5 Mbtu/Year 152.0 Mbtu/Year -22.7%

Total Energy Usage (over 
25 years)

2937.5 Mbtu/Year 3,800 Mbtu/Year

time toward that limit given the size and configuration of the ground-loop heat exchanger. 

Figure 7.2 also shows the results of simulating a third scenario. The “Minimal Ground 

Temperature Impact Case” is the result of simulating a ground-loop heat exchanger for the 

Application Design Case building such that the maximum temperature of the fluid 

entering the heat pumps is 70°F. Each of the boreholes in this simulation is 1,351 feet 

deep for a total loop length o f56,741 feet. Table 7.1 shows the cost comparison between 

this simulation and the Application Design Case building from Chapter 5. The cost of the 

ground-loop heat exchanger assuming no increase in installation cost for such deep 

drilling would go from $ 165,542 to S430,097, an increase of 160%. Energy efficiency for 

the GCHP system increases by 22% for a life-cycle cost savings of 524,600 in present 

value dollars. This savings would only offset the additional cost of the system by about
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20%. The total life-cycle cost increases to $530,169 making this system the most 

expensive when compared to the life-cycle cost of the multi-zone rooftop system and the 

single-zone rooftop systems in Chapter 6.

7.2 Recommendations for Further Research 

The results described in Section 7.1 indicate that even with a climate responsive 

energy efficient building, a standard GCHP system is not necessarily the ideal solution for 

a commercial building in Las Vegas given the ground thermal properties assumed in this 

work. Since even small changes in the ground thermal properties can have profound 

effects on the efficiency of the system and on the long term effects of system use, it is 

important to better characterize the soil conditions for specific sites throughout the Las 

Vegas Valley to more precisely determine the thermal properties of the ground. By 

extension, it is also important to evaluate the impact of transferring a net balance o f heat 

into the ground over an extended period of time. As of this writing, research into the long 

term effects of heat build-up in the ground is still inconclusive due to the short usage 

history of GCHP systems (ASHRAE, 1999).

The use of GCHP systems in other building types should also be investigated for Las 

Vegas. Other building types in which GCHPs are becoming more and more popular are 

schools (Kavanaugh, 2002). Schools tend to have abundant land area for ground-loops so 

that boreholes can be spaced farther apart than in the confines of a typical commercial 

office building. These building types also have extended holiday periods that might allow 

for any heat built up in the ground to naturally dissipate during periods of non-use. 

Besides the standard GCHP system discussed in this study, there are several
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alternative system configurations that are designed specifically to cope with severe 

imbalances between heating and cooling loads. For cold climates, boilers are sometimes 

included in a GCHP system design to add heat during cold winter months. For cooling 

dominated climates, several hybrid solutions exist. One such solution is a system where a 

portion of the heat being removed from the interior of a building is used to heat water for 

use in the building. When the system is in heating mode, the flow of heat is reversed and 

heat taken from the ground is used for water heating (Oklahoma State University 1988). 

A more substantial configuration incorporates a cooling tower. Adding a cooling tower 

reduces the amount of heat transferred to the ground and allows for a smaller ground-loop 

reducing the initial cost of the system (Kavanaugh and Rafferty 1997). A logical 

extension of this work is to investigate how hybrid GCFIP systems could be implemented 

as a part of a climate responsive building design. Further research needs to include 

detailed studies of the ground thermal properties using the procedures describes in 

Chapter 2.

Examining architectural design priorities through models such as Hyde’s Climate 

Responsive Design model allows architects and engineers to better prioritize passive and 

active strategies and design energy efficient buildings. GSHP systems, whether stand 

alone or combined with other systems and equipment, are an important part of this 

ongoing effort.
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APPENDIX A

DATA FOR ESTIMATING GROUND TFIERMAL PROPERTIES
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REPORT- LS-0 B u ild ing  Honthly Loads Sumoacy

D0E-B2.2D38C 2/23/2002 19:55:29 BDL RON 9

WEJITHCR FILE- Las Vegas HV THY2

8■D
(O'3"
i
3
CD

3.
3 "
CD

CD■D
O
Q.
C
aO
3
■D
O

CD
Q.

■D
CD

I(/)W
o"

COOLING HEATING - - - E L E C ” - -

%!

MAXIMUM MAXIMUM ELEC- MAXIMOM

MONTH

COOLING
ENERGY
(HBTU)

TIME 
o r BAX
DV HR

DRY-
BUL6
TEMP

HET-
BULB
TEMP

COOLING
LOAD

(KBTO/HR)

HEATING
ENERGY
(HBTU)

TIME 
o r MAX 
DY HR

DRY-
BULB
TEMP

BET-
BULB
TEMP

HEATING
LOAD

(KBTU/HR)

TRICAL
ENERGY

(KWHI

ELEC
LOAD
|KH)

JAN 18,67639 17 15 67 .f 4 6 .F 104.498 -9 .170 11 6 26.F 2 1 .F -34.598 4413. 20.719

FEB 16.79035 7 15 7 1 .r 48. F 108.764 -5.222 3 6 3 4 .F 2 6 .F -26.668 3767. 17.256

MAR 21.40116 21 15 7 0 .r 4 6 .F 101.968 -5 .259 5 4 3 1 .F 2 4 .F -28.164 4100. 16.587

APR 27.26424 22 15 8 9 .F 58. F 113.882 -1 .265 7 5 4 6 .F 4 4 .F -15.226 4137. 15.609

MAY 32.39587 31 16 9 9 .F 6 1 .F 123.370 -0.442 21 4 4 3 .F 3 8 .F -14.962 4175. 15.214

JUN 40.22881 27 16 112.F 6 5 .F 138.974 -0.001 15 4 5 7 .F 4 2 .F -0 .446 3879. 15.141

JUL 45.97872 24 16 n o . F 6 5 .F 137.729 0.000 0 0 O.F O.F 0.000 4173. 15.303

AUG 45.24823 30 16 103, F 6 5 .F 135.170 0.000 0 0 O.F O.F 0.000 4178. 15.331

SEP 38.53229 20 16 9 9 .F 60. F 132.532 0.000 0 0 O.F O.F 0.000 3894. 15.440

OCT 30.19282 3 16 9 2 .F 5 8 .F 126.257 -0 .499 23 6 4 7 .F 3 7 .F -9.744 4257. 20.284

NOV 21.22040 8 15 7 1 .F 5 0 .F 108.619 -3.604 30 6 3 4 .F 2 7 .F -22.636 3956. 20.732

DEC 19.33142 5 15 7 4 .F 4 9 .F 105.040 -7 .721 13 6 2 9 .F 2 1 .F -29.091 4364. 21.430

TOTAL 359.461 -33.180 49294.

MAX 138.974 -34.590 21.430
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REPORT- LS-D B u i ld in g  M o n th ly  L o ad s Suiwnary

DOE-B2.2D38C 5 /1 5 /2 0 0 2  1 6 :0 5 :5 9  BDL RUN 17

WEATHER F IL E - L as V eg as  NV THY2

8

ci'3"
i3
(D

■nc3.3"
(D

(D
T3
O
Q .
Ca
o3

T3
O

(D
Q .

T3
(D

(/)(/)

COOLI NG HEATI NG - - - E L E C

Vi
00

MONTH

COOLING
ENERGY
(HBTU)

TIME 
OF MAX 
DY HR

DRY- WET- 
BULB BULB 
TEMP TEMP

JAN 1 5 .7 3 9 5 5 30 16 6 5 . r 4 3 . F

FEB 1 8 .1 4 9 6 3 27 15 7 1 . r 4 9 . F

MAR 2 1 .1 8 9 3 5 29 15 7 2 . F 5 1 . F

APR 3 4 .3 9 3 2 5 22 15 8 9 . F 5 8 . F

MAY 4 5 .8 5 2  68 31 16 9 9 . F 6 1 .F

JUN 6 4 .2 1 6 4 1 27 16 1 1 2 .F 6 5 .F

JUL 7 4 .6 1 7 2 7 26 16 1 0 6 .F 6 5 .F

AUG 7 2 .0 0 5 9 5 30 16 103 . F 6 5 .F

SEP 5 8 .7 1 2 3 1 20 16 9 9 . F 6 0 . F

OCT 3 8 .1 2 6 2 3 3 16 9 2 . F 5 8 . F

NOV 2 1 .3 3 1 8 5 8 15 7 1 . F 5 0 . F

DEC 1 6 .5 0 2 4 6 5 15 7 4 . F 4 9 . F

TOTAL 4 8 0 .8 3 7

MAXIMUM 
COOLING 

LOAD 
! KBTU/HR)

1 0 4 .0 8 0

1 1 7 .0 2 2

1 1 1 .8 1 4

1 4 3 .8 1 5  

1 5 8 .9 0 3  

1 9 1 .0 2 0  

1 8 6 .2 2 7  

1 7 9 .6 0 9  

1 7 0 .9 3 6  

1 5 5 .9 9 5  

1 1 6 .7 1 5  

1 0 6 .7 2 6

HEATING TIME DRY- BET-
ENERGY OF MAX BULB
(MBTU) DY HR TEMP

•1 9 .3 3 1 11 6 2 6 . F

- 9 .2 0 3 3 6 3 4 . F

- 8 .8 7 4 5 6 3 3 . F

- 1 .3 8 1 7 5 4 6 . F

- 0 .6 4 2 21 4 4 3 . F

0 .0 0 0 0 0 O .F

0 .0 0 0 0 0 O .F

0 .0 0 0 0 0 O .F

0 .0 0 0 0 0 O .F

- 0 .9 1 8 23 6 4 7 . F

- 7 .5 4 7 30 7 3 3 . F

1 6 .7 3 5 13 6 2 9 . F

MAXIMUM
HEATING

LOAD
(KBTU/HR)

- 7 3 .4 8 6

- 5 1 .2 0 6

- 5 4 .7 2 0

-2 6 .9 2 3

- 2 9 .1 2 8

0.000

0.000

0.000

0 .0 0 0

-2 1 .4 2 1

- 4 7 .9 6 0

- 6 0 .7 8 5

ELEC­
TRICAL
ENERGY

(KUH)

MAXIMUM
ELEC
LOAD
(KB)

4 4 1 7 . 2 0 .9 4 5

3 7 5 1 . 1 8 .0 6 6

4 0 6 8 . 1 7 .6 1 5

4 0 8 6 . 1 5 .1 3 9 |

4 1 2 7 . 1 6 .6 3 2

3 8 4 0 . 1 4 .6 1 6

4 1 2 3 . 1 4 .7 7 8

4 1 2 9 . 1 4 .8 2 0

3 8 5 6 . 1 4 .9 3 7

4 2 3 0 . 2 0 .6 3 5

3 9 5 5 . 2 0 .7 5 1

4 3 7 4 . 2 1 .4 5 3

-6 4 .6 3 1 4 8 9 5 5 .

MAX 1 9 1 .0 2 0 - 7 3 .4 8 6 2 1 .4 5 3
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ENERGY

MAXIMUM
ELEC
LOAD

MONTH (MBTU) DY HR TEMP TEMP (KBTU/HR) (MBTU) DY HR TEMP TEMP (KBTU/HR) (KHH) (KH)

JAN 2 5 .0 0 4 8 3 17 15 6 7 . F 4 6 . F 1 3 6 .9 0 1 - 9 .8 9 2 11 6 2 6 . F 2 1 . F - 3 9 . 2 9 0 4 3 7 9 . 2 0 . 6 8 0

FEB 2 5 .2 9 1 8 7 7 15 7 1 . F 4 8 . F 1 4 2 .1 0 4 - 5 . 7 1 2 3 6 3 4 . F 2 6 . F - 3 1 . 5 0 9 3 7 5 0 . 1 7 .0 4 9

MAR 2 9 .0 9 0 5 1 21 15 7 0 . F 4 6 . F 1 3 2 .9 9 4 - 5 . 7 6 9 5 4 3 1 . F 2 4 . F - 3 3 . 3 4 1 4 0 9 2 . 1 6 .2 6 5

APR 3 5 .6 1 7 1 6 11 16 6 4 .  F 5 5 . F 1 4 3 .0 7 9 - 1 . 6 3 8 7 5 4 6 . F 4 4 . F - 1 9 . 5 3 7 4 1 3 3 . 1 5 .4 0 1

MAY 4 1 .3 1 6 2 8 31 16 9 9 . F 6 1 . F 1 5 1 .8 7 5 - 0 . 6 0 8 21 4 4 3 .  F 3 8 . F - 2 0 . 0 2 3 4 1 7 2 . 1 5 .1 3 6

JUN 4 9 .6 8 0 7 6 27 16 1 1 2 . F 6 5 . F 1 6 8 .4 9 3 - 0 . 0 1 5 15 4 5 7 . F 4 2 .  F - 4 . 2 3 5 3 8 7 7 . 1 5 .1 3 6

JUL 5 5 .6 6 9 9 9 24 16 1 1 0 . F 6 5 . F 1 6 7 .1 9 1 0 .0 0 0 0 0 O.F O.F 0 . 0 0 0 4 1 7 1 . 1 5 .1 3 6
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NOV 2 6 .1 3 4 7 1 6 15 7 1 . F 5 0 . F 1 3 8 .3 4 5 - 4 .3 3 1 30 6 3 4 . F 2 7 . F - 2 7 . 5 5 9 3 9 3 3 . 2 0 .5 3 0
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TOTAL 4 5 5 .5 2 3  

MAX 16 8 .4 9 3
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4 9 1 4 1 .
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JAN 2 0 . 9 4 8 9 4 17 15 6 7 . F 4 6 . F 1 4 7 .5 3 8 - 2 5 . 6 0 0 11 6 2 6 . F 2 1 . F - 8 9 . 5 0 9 4358 . 2 0 .7 4 7

FEB 2 4 .3 7 5 8 1 7 15 7 1 . F 4 8 . F 1 6 5 .1 1 8 - 1 4 . 7 3 9 3 6 3 4 . F 2 6 . F - 7 5 . 6 1 8 3 7 2 4 . 1 6 .7 4 8

MAR 2 9 .4 0 7 8 2 21 15 7 0 . F 4 6 . F 1 5 9 .5 8 1 - 1 4 . 7 9 4 3 6 3 3 . F 2 6 . F - 7 6 . 8 0 0 4 053 . 1 6 .2 4 5

APR 4 2 .4 4 8 5 2 22 15 8 9 . F 5 8 . F 1 8 3 .8 6 3 - 4 .4 0 2 7 5 4 6 . F 4 4 .  F - 4 3 . 4 5 6 4 079 . 1 4 .9 4 8

MAY 5 3 .5 4 0 3 7 31 16 9 9 . F 6 1 . F 2 0 7 .9 5 6 - 2 . 3 7 9 21 4 4 3 . F 3 8 . F - 4 6 . 4 1 4 4 1 2 2 . 1 4 .9 4 4

JUN 7 1 .8 1 4 7 3 27 16 1 1 2 . F 6 5 . F 2 4 1 .7 2 8 - 0 .2 0 3 15 4 5 7 . F 4 2 . F - 1 4 . 7 3 3 3 8 3 8 . 1 4 .5 5 1

JUL 8 2 .4 1 6 2 0 24 16 1 1 0 . F 6 5 , F 2 3 7 .3 1 0 - 0 . 0 1 6 4 4 6 8 . F 63 .  F - 2 . 0 0 5 4121 . 1 4 .6 0 9

AUG 7 9 .1 9 0 5 9 1 16 1 0 6 . F 6 9 . F 2 2 8 .0 3 5 - 0 . 0 5 7 16 5 6 6 . F 4 9 . F - 3 . 9 5 0 4 1 2 4 . 1 4 .6 3 4

SEP 6 4 .4 0 5 8 6 10 15 100. F 64 .  F 2 2 0 .0 3 8 - 0 .3 7 3 14 5 62 .  F 5 0 . F - 1 0 . 3 9 9 3849 . 1 4 .7 5 4

OCT 4 4 .5 1 3 4 3 3 15 9 2 . F 6 0 . F 2 0 2 .8 1 1 - 4 . 4 3 6 23 6 4 7 . F 3 7 . F - 3 9 . 2 5 6 4 198 . 2 0 .3 2 7

NOV 2 7 .5 4 1 1 5 a 15 7 1 . F 5 0 . F 1 5 3 .5 6 9 - 1 3 . 3 8 0 30 6 3 4 . F 2 7 . F - 6 9 . 9 4 3 3 922 . 2 0 .5 2 6

DEC

TOTAL

2 1 .7 0 0 6 1

5 6 2 .3 0 4

5 15 7 4 . F 4 9 . F 1 4 5 .7 8 9 - 2 3 . 0 3 9

- 1 0 3 .4 1 7

13 6 2 9 . F 2 1 . F - 8 0 . 4 9 5 4 328 .

487 1 5 .

2 1 .4 0 7

MAX 2 4 1 .7 2 8 - 8 9 .5 0 9 2 1 .4 0 7
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No Plenmum B ld g  w/ f i u i l c - u p  R oof  i  R-18 R i g i d  I n s u l a t i o n  

REPORT- LS-D B u i l d i n g  M o n th ly  L o a d s  Siunnary

DOE-B2.2D38C 5 / 1 7 / 2 0 0 2  6 : 3 0 : 4 3  BDL RUN 12

HEATHER F IL E -  L as  V e g as  NV TMY2

8"O
(O'3"
i
3
CD

"n
c3.
3 "
CD

CD■D
O
Q.
C

a
o3

T 3
O

(D
Q.

T 3
(D

(/)(/)

fo

- c  o O L 1 N G -

MC»ITH

COOLING
ENERGY
(MBTU)

TIME 
OF MAX 
DY HR

DRY-
BULB
TEMP

HET-
BULB
TEMP

JAN 2 2 .5 7 3 7 7 17 IS 67.  F 4 6 , F

FEB 2 4 .7 9 6 6 5 27 15 7 1 . F 4 9 . F

MAR 2 9 .1 2 5 9 3 21 15 7 0 .  F 4 6 . F

APR 4 0 .3 6 4 2 3 22 IS 8 9 .  F 5 8 .  F

MAY 4 9 .5 4 6 0 2 31 16 9 9 .  F 6 1 . F

JUN 6 4 .2 2 6 5 2 27 16 1 1 2 . F 6 5 . F

JUL 7 2 .8 7 7 1 4 24 16 1 1 0 . F 6 5 . F

AUG 7 0 .7 8 4 9 7 30 16 103 .  F 6 5 . F

SEP 5 9 .1 8 8 2 4 20 16 9 9 .  F 60 .  F

OCT 4 3 .1 6 3 0 7 3 15 9 2 .  F 6 0 . F

NOV 2 8 .  13367 8 IS 7 1 . F 5 0 . F

DEC 2 3 .3 0 4 5 3 5 15 7 4 .  F 4 9 . F

HEATING ELEC

MAXIMUM
COOLING

LOAD
(KBTU/HR)

1 4 2 .8 5 6

1 5 3 ,5 8 8

1 4 4 .1 1 4

1 6 5 .4 9 5

1 8 0 .9 0 3

2 0 7 .5 3 7

2 0 4 .6 2 0

2 0 0 .0 6 5

1 9 4 .4 8 1

1 8 1 .9 7 1

1 4 9 .8 8 6

1 4 2 .6 3 1

HEATING TIME DRY- WET-
ENERGY OF MAX BULB BULB
(MBTU) DY HR TEMP TEMP

MAXIMUM
HEATING

LOAD
(KBTU/HR)

ELEC­
TRICAL
ENERGY

(KUH)

MAXIMUM
ELEC
LOAD
(KU)

- 1 5 .7 1 2 11 6 2 6 . F 2 1 . F - 6 2 . 1 5 9 4 3 5 8 . 2 0 .7 4 7

- 8 . 2 5 7 3 6 3 4 . F 2 6 . F - 4 7 . 9 1 0 3 7 2 4 . 1 6 .7 4 8

- 6 . 1 6 1 5 6 3 3 . F 2 5 . F - 4 9 . 8 3 7 4 0 5 3 . 1 6 .2 4 5

- 1 . 7 0 1 7 5 4 6 . F 4 4 . F - 2 6 . 2 9 9 4 0 7 9 . 1 4 .9 4 8

- 0 . 7 1 8 21 4 43 .  F 3 8 . F - 2 7 . 2 1 1 4 1 2 2 . 1 4 .9 4 4

- 0 . 0 1 1 15 4 5 7 . F 4 2 .  F - 2 . 7 3 6 3 8 3 6 . 1 4 .5 5 1

0 .0 0 0 0 0 O.F O.F 0 . 0 0 0 4 1 2 1 . 1 4 .6 0 9

0 .0 0 0 0 0 O.F O.F 0 . 0 0 0 4 1 2 4 . 1 4 .6 3 4

- 0 . 0 0 5 30 6 63 .  F 4 4 . F - 0 . 6 8 7 3 8 4 9 . 1 4 .7 5 4

- 1 . 3 6 9 23 6 4 7 . F 3 7 . F - 2 0 . 5 9 1 4 1 9 8 . 2 0 .3 2 7

- 6 .7 9 3 30 6 3 4 . F 2 7 . F - 4 3 . 2 1 7 3 9 2 2 . 2 0 .5 2 6

- 1 3 . 7 3 6 13 6 2 9 . F 2 1 . F - 5 2 . 9 8 8 4 3 2 8 . 2 1 .4 0 7

TOTAL 5 2 8 .0 8 5  

MAX 2 0 7 .5 3 7

- 5 6 .4 6 1

- 6 2 . 1 5 9

46715 .

2 1 .4 0 7



:: g 
g P

? I
:  3

i l

;
i l

s s

s K 1 5 5 ? 5 g a R 3 ë § S S i î 2 S 2 % 2 3 i 2 S P O S
A P: A A A 01

‘ ' A ' A m4

o o g o Q g g g g g û g g g g o g o g g g g g g g O g g Q g o O g g g Q
o o o o a o O O o O O o o o o o q S O § S 2 8 s o s 8 8
d d d d d d d d ° ° ° d d d d d d o ° d d d d d d ° d d d ° ° ° d

A m § p o g 2 p O A P a g *r» g g « g g 5 g <0 g A o g ° o
p o o A o 3 Q a A O o o o i tn q § Q ® OVA S 2 Z S Q
m f» o A o ° r* ° A d 2 ° o A ° ° ° ° 2 o d d ° ° d ° ml ° tn A* °

A A 5 mi r* O g g tn A S A
S o A A A o o A o A q m o A d A A
d A d A d mi d A d m* d mi ° rt d " ° mi ° A d A d

C g a A A r* p. p* p. g A y o s p g Z Œy p. Q Ot £ «
A «"*P A a P P o A o S A ? m o q q q S ? s m A a 2 O

O A d ** *=*A mi o A ° ° " A ° A A ° A ° A M ° a' A*

a ■a a A P 5 P g tn g g S 5 A p. %P s T Ô 7 P O o O = M S q 2 ° O 7
A 8

A P 2 2 Z Z " £ d 3 ° Z - Z

A A P
®

O A a g g A S o m 2 S ® o A p
mi O A « A 2 A o O o o a d g Ot A m 2
d ? 7 7 7 A d d ? a s d d ? 7 7

? s 1 o « A A A a P g p 2 g S o g o S g S n A Q •a Q p o g
a A a A A o ■a O O A O o A O o q q P 2 d 5 Z s 01 d S m et O

A a O 7 ? 7 9 ? O ° d ° ° d A d ° " ° ° m° o 9 9 ° 7 ? ° 7 9

$ A g A -a g g g P g g S g tn
a A P o o S O q q S °. § A o ot o S A «

T ® ? ? 7 ° ? ° d ° •* ° ° ° ° ° 9

2  § O g g g g g g Q g g g g g g g g g g Q g g ga  o o o a O o o o O o o q q q o § 8 s S 2 8
d  d ° ° d d d d d d d d d ° d d d d ° d ° ° d

« p g o g r» a A 2 g g m 01 a ■r A
A o A 5 A A X O S 2 S % d d S A P 3 A d
A  a 7 ? ? ° ? ? ° m ° ” 9 A ? ° 7 ? 7 7

g a 5 A c. 2 2 a 5 a g s g tn 5 p S o
Ç Z A A A 2 o S o A S q s £ 2 X 8 Z S $
A A ? ? ° P tn tn ° A ? ° 7

U 2 S a u?5 g g g g g g g i o i i o
g s a s 5 W5 g 5 5 w 5 5 M 5 5 M

M 5 5 < 5 g 5 5 H S 5 •A 5 5A -* X s -* S -* X s n B n ë A S A

9 2 2 5 1 É 3 2 K
y 1

ss

§1

ss

55

g  u  u

Ü 5

173

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CD
■D

O
Q.
C

g
Q.

■D
CD

C/)en
o"3
O

No P len u m  B ld g  w/ B u i l t - u p  R oof  C R -49  I n s u l a t i o n  

REPORT- LS-D B u i l d i n g  M o n th ly  L o a d s  Sum nary

DOE-B2.2D38C 5 / 1 7 / 2 0 0 2  6 : 3 9 : 1 5  BDL RUN 18

WEATHER F IL E -  L as  V e g as  NV TMY2

8■D
(O'3"
i
3
CD

"n
c3.
3 "
CD

CD■D
O
Q.
C

aO
3
■D
O

CD
Q.

■D
CD

(/)(/)

COOLI NG HEATI NG  ELEC

MAXIMUM

MONTH

COOLING
ENERGY
(MBTU)

TIME 
OF MAX 
DY HR

DRY-
BULB
TEMP

HET-
BULB
TEMP

COOLING
LOAD

(KBTU/HR)

HEATING
ENERGY
(MBTU)

TIME 
o r  MAX 
DY HR

DRY-
BULB
TEMP

HET-
BULB
TEMP

JAN 2 3 .3 5 4 5 5 17 IS 6 7 . F 4 6 . F 1 4 4 .7 6 9 - 1 4 . 9 5 0 11 6 2 6 . F 2 1 . F

FEB 2 5 .3 3 9 5 5 27 15 7 1 . F 4 9 . F 1 5 4 .5 0 0 - 7 . 8 8 1 3 6 3 4 . F 2 6 . F

MAR 2 9 .6 2 9 2 0 21 15 7 0 . F 4 6 . F 1 4 4 .7 9 6 - 7 . 8 1 0 5 4 3 1 . F 2 4 . F

APR 4 0 .3 5 8 3 9 22 15 8 9 .  F 5 8 . F 1 6 4 .1 8 7 - 1 . 6 2 1 7 5 4 6 . F 4 4 . F

MAY 4 9 .2 0 0 4 0 31 16 9 9 . F 6 1 . F 1 7 8 .2  65 - 0 . 6 7 7 21 4 4 3 . F 3 8 . F

JUN 6 3 .2 3 8 6 1 27 16 112. F 6 5 . F 2 0 4 .3 5 5 - 0 . 0 0 9 15 4 5 7 . F 4 2 .  F

JUL 7 1 .5 9 2  63 24 16 1 1 0 . F 6 5 . F 2 0 1 .2 8 6 0 . 0 0 0 0 0 O.F O.F

AUG 6 9 .6 6 7 8 1 30 16 103 .  F 6 5 . F 1 9 6 .8 7 8 0 . 0 0 0 0 0 O.F O.F

SEP 5 8 .5 1 4 0 1 20 16 9 9 . F 6 0 . F 1 9 1 .8 9 1 - 0 . 0 0 2 14 4 6 1 . F 4 9 . F

OCT 4 3 .2 7 4 2 0 3 15 9 2 .  F 6 0 . F 1 8 1 .1 2 9 - 1 . 2 6 5 23 6 4 7 . F 3 7 . F

NOV 2 8 .6 9 0 1 5 8 15 7 1 . F 5 0 .  F 1 5 0 .7 5 6 - 6 . 4 0 4 30 6 3 4 . F 2 7 . F

DEC 2 4 .0 5 5 0 9 5 15 7 4 . F 4 9 . F 1 4 4 .1 6 8 - 1 3 . 0 2 9 23 6 2 9 . F 2 6 . F

TOTAL 5 2 6 .9 1 5 - 5 3 . 6 4 7

MAXIMUM
HEATING

LOAD
(KBTU/HR)

- 5 8 . 8 5 7

- 4 4 . 8 6 4

- 4 6 . 9 1 6

- 2 4 . 6 5 6

- 2 5 . 3 9 3

- 2 . 6 9 4

0.000

0.000

- 0 . 5 9 9

- 1 3 . 9 3 0

- 4 0 . 3 8 0

- 5 0 . 2 1 6

ELEC­
TRICAL
ENERGY

(KHH)

4 3 5 8 .

3 7 2 4 .

4 0 5 3 .

4 0 7 9 .

4 1 2 2 .

3 8 3 8 .

4 1 2 1 .

4 1 2 4 .

3 8 4 9 .

4 1 9 8 .

3 9 2 2 .

4 3 2 8 .

4 8 7 1 5 .

MAXIMUM
ELEC
LOAD
(KH)

2 0 .7 4 7

1 6 .7 4 8  

1 6 .2 4 5  

1 4 .9 4 8  

1 4 .9 4 4  

1 4 .5 5 1  

1 4 .6 0 9  

1 4 .6 3 4  

1 4 .7 5 4  

2 0 .3 2 7  

2 0 .5 2 6  

2 1 .4 0 7

MAX 2 0 4 .3 5 5 - 5 8 . 8 5 7 2 1 .4 0 7
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A p p l i c a t i o n  D es ig n  B u i l d i n g  -  GCUP 

REPORT- E3-D Energy  C o s t  Suntnary

D0E-B2,2D38c 9 /0 2 /2 0 0 2  8 : 4 1 : 4 5  BDL RUN 1

WEATHER FILE- Las Vegas NV THY2

METERED TOTAL VIRTUAL
ENERGY CHARGE RATE RATE USED

UTILITY-RATE RESOURCE METERS UNITS/YR IS) (S/UNITI ALL YEAR?

E i e o t c i c i c y  Race 1 ELECTRICITY EMI 76305.  KWH 7213. 0 .0 9 4 5 YES

F u e l  Race 1 NATURAL-GAS FMI 167. THERM 336. 2 .0 0 9 7 YES

E l e c c c l c i c y  Race 2 ELECTRICITY EM2 42225 .  KWH 4256. 0 .1 0 0 6 YES

F u e l  R a te  2 NATURAL-GAS FM2 0 .  THERM 0. 0 .0 0 0 0 YE^

ENERGY COST/GROSS BLDG AREA: 
ENERGY COST/NET BLDG AREA:

11605.

0 .8 9
0 .8 9

CD
Q.

■D
CD

C/)
C/)



CD
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C

8
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■D
CD

C/)
C/)

A p p l i c a t i o n  D e s i g n  B u i l d i n g  -  GCHP 

REPORT- BEPS B u i l d i n g  E n e r g y  P e r f o r m a n c e

DOE-B2.2D38C 9 / 0 2 / 2 0 0 2  6 : 4 1 : 4 5  BDL RUN 1

HEATHER FIL E - L as  V eg as  NV THY2

8■D
TASK M ise SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOHEST EXT

LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL

EM2 ELECTRICITY
HBTU 0 , 0 0 , 0  0 , 0  2 . 7  1 2 2 .0  0 . 0  0 . 0  1 9 .3  0 . 0  0 . 0  0 . 0  0 . 0  1 4 4 .1

CD EMI ELECTRICITY
HBTU 7 8 . 9 0 . 0  1 6 5 ,5  0 . 0  0 . 0  0 . 0  1 6 . 0  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  2 6 0 .4

3.
3 "
CD

CD■D
O
Q.C
a
o3

T3
O

FH2 NATURAL-GAS
HBTU 0 , 0

FMI NATURAL-GAS
MBTU 0 . 0

mmumuau urn

0.0  0.0  0.0  0 .0  0.0  0 .0  0.0  0.0  0 .0  0 .0  0.0 0 . 0

HBTU 7 8 . 9

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 6 .7  0 . 0  1 6 .7
mmum mmmmmam mmmmmmm mmaamum naamamm a a a a a a a  a a a a a a a  a a a a a a a  a a a a a a a  a a a a a a a  a a a a a a a  s b s s b i b s b s

0 . 0  1 6 5 . S 2 . 7  1 2 2 .0  0 . 0  1 6 . 0  1 9 .3  0 . 0  0 . 0  1 6 .7  0 . 0  4 2 1 .3

CD
Q.

T3
CD

TOTAL SITE ENERGY 4 2 1 .2 6  MBTU 3 1 . 9  KBTU/SQFT-YR GR03S-AREA
TOTAL SOURCE ENERGY 1 2 3 0 .3 3  MBTU 9 3 . 3  KBTU/SQFT-YR GROSS-AREA

PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE “  0 . 4
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED » 0 . 0

NOTE: ENERGY IS  APPORTIONED HOURLY TO ALL END-USE CATEGORIES.]

3 1 . 9  KBTU/SQFT-YR NET-AREA 
9 3 . 3  KBTU/SQFT-YR NET-AREA

C/)
C/)



CD
■D

O
Q.
C

8
Q.

■D
CD

C/)
C/)

8
T 3

A p p l i c a t i o n  D e s i g n  B u i l d i n g  -  GCHP 

REPORT- BEPU B u i l d i n g  U t i l i t y  P e r f o r m a n c e

DOE-B2.2D38C 9 / 0 2 / 2 0 0 2  8 : 4 1 : 4 5  BDL RUN 1

WEATHER F IL E -  L as  V e g a s  NV TMY2

TASK Mise SPACE SPACE HEAT PUMPS
LIGHTS LIGHTS EQUIP HEATING COOLING REJECT t  AUX

VENT REFRIG HT PUMP DOMEST EXT
FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL

EM2 ELECTRICITY
KWH 0 . 0 . 0 .  8 0 1 .  357 5 8 . 0 . 0 .  56Ô6. 0 . 0 . 422 2 5 .

33"
CD

CD
T3
O
Q.
C

ao3
T3
O

00
00

EMI ELECTRICITY
KWH 2 3 1 2 7 .

FM2 NATURAL-GAS
THERM 0 .

FMI NATURAL-GAS
THERM 0 .

0 .  484 9 9 .

0 . 0 . 0 .

0 .

0 .

4 6 7 8 .

0 .

0 .

0 .

0 .

167.

0 .

0 .

0 .

7 63 0 5 .

167.

CD
Q.

TOTAL ELECTRICITY 
TOTAL NATURAL-GAS

1 1 8530 .  KWH 8 . 9 8 5  KWH /SQFT-YR GR03S-AREA
167. THERM 0 .0 1 3  THERM /SQFT-YR GROSS-AREA

8 . 9 8 5  KWH /SQFT-YR NET-AREA
0 .0 1 3  THERM /SQFT-YR NET-AREA

T 3
CD

(/)
(/)

PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE -  
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED

NOTE: ENERGY IS  APPORTIONED HOURLY TO ALL END-USE CATEGORIES.

0 . 4
0.0



CD
■D
O
Q .
C

8
Q .

■D
CD

C/)(/)
o"3
O

A p p l i c a t i o n  D e s ig n  B u i ld i n g  -  R o o f to p  H u i t i - z o n e  

REPORT- ES-D E n e rg y  C o s t  Summary

DOE-B2.2D38C 8 /2 5 /2 0 0 2  1 ? ;4 ? : 5 6  BDL RUN 2

HEATHER F IL E - L a s  V e g a s  NV TMY2

8
ci'
3 "

ï
3
CD

3.
3 "
CD

CD■D
O
Q .
C

aO
3
■D
O

S

U T IL IT Y -RATE RESOURCE METERS

METERED
ENERGY

UNITS/YR

E l e c t r i c i t y R a te  1 ELECTRICITY EMI 7 1 6 2 2 . KWH

E l e c t r i c i t y R a te  2 ELECTRICITY EM2 8 9 1 8 1 . KWH

F u e l  R a te  1 NATURAL-GAS FMI 1 6 7 . THERM

F u e l  R ace 2 NATURAL-GAS FH2 6 5 9 3 . THERM

ENERGY COST/GROSS BLDG j
ENERGY COST/NET BLDG j

TOTAL
CHARGE

(S)

6 7 8 0 .

8 1 0 0 .

3 3 6 .

3 7 8 5 .

1 9 0 0 1 .

1 .4 4
1 .4 4

VIRTUAL
RATE RATE USED

(6/U N IT ) ALL YEAR?

0 .0 9 4 7 YES

0 .0 9 0 8 YES

2 .0 0 9 7 YES

0 .5 7 4 1 YES

(D
Q .

T3
(D

I
(/)W
o'



CD
■D
O
Q.
C

8
Q.

■D
CD

C/)(/)
A p p lic a t io n  D esign  B u ild in g  -  R ooftop  M u lti-zo n e  

REPORT- BEPS B u ild in g  Energy Perfo rm ance

DOE-B2.2D3ÔC 8 /2 5 /2 0 0 2  1 7 H 7 ;5 6  BDL RUN 2

HEATHER FILE- Las V egas NV THY2

8
T 3

TASK HISC SPACE SPACE HEAT POMPS VENT BEERIG HT PUMP DOMEST EXT
LIGHTS LIGHTS EQUIP HEATING COOLING REJECT t  AUX FANS DISPLAY SUPPLEM HOT UTR USAGE TOTAL

EH2 ELECTRICITY
MBTU Ü. a 0 .0  0 .0  0 .0  2 3 4 .6  0 .0  0 .7  69 .1  0 .0  0 .0  0 .0 0 .0  304.4

EMI ELECTRICITY
MBTU 7 8 ,9 0 .0  165 .5  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0 0 .0  2 4 4 .4

33"
CD

CD
T 3
O
Q.
C

a
o3

T 3
O

VOO

FM2 NATURAL-GAS
MBTU 0 .0

FMI NATURAL-GAS
MBTU 0 .0

MBTU 7 8 ,9

0 .0  0 .0  659.3 0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  659.3

0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  16 .7  0 .0  16 .7
Bna» a a a a a a a  a aaaaaa  a aa a a a a  aaa aa aa  aaa aa aa  a aaaaaa  a aa a a a a  a aaaaaa  a aaaaaa  aaa aa aa  aaa aa aa a

0 .0  1 6 5 .5  659.3 2 3 4 .6  0 .0  0 .7  69 .1  0 .0  0 .0  16 .7  0 .0  1224.8

TOTAL SITE ENERGY 1224.80 HBTU 9 2 .8  KBTU/SQFT-YR CROSS-AREA
TOTAL SOURCE ENERGY 2322 .43  MBTU 176 .0  KBTU/SQFT-YR CROSS-AREA

9 2 .8  KBTU/SQFT-YR NET-AREA 
1 76 .0  KBTU/SQFT-YR NET-AREA

CD
Q.

PERCENT o r  HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE -  0 .0  
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED -  0 .0

T 3
CD

NOTE: ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.

(/)
(/)



CD
■D
O
Q .
C

8
Q .

■D
CD

C/)
C/)

A p p l ic a t io n  D esig n  B u i ld in g  -  R o o fto p  M u lti-z o n e  

REPORT- BEPU B u ild in g  U t i l i t y  P e rfo rm an ce

DOE-B2.2D36C 8 /2 5 /2 0 0 2  1 7 :4 7 :5 6  BDL RUN 2

HEATHER FILE- Las Vegas NV TMY2

8
3
ci'

TASK M ise SPACE SPACE BEAT PUMPS VENT REERIO HT PUMP DOMEST EXT
LIGHTS LIGHTS EQUIP HEATING COOLING REJECT i  AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL

EM2 ELECTRICITY
KWH 0 . 0 . 0 . 0 . 63737. 198. 20246. 0 . 0 . 0 . 89181 .

EMI ELECTRICITY
KWH 23122. 0 . 48499. 0. 0 . 0 . 0 . 0 . 0 . 71622 .

3
3 "
CD

CD
T3
O
Q.Ca
o
3

T3
O

FM2 NATURAL-GAS
THERM 0 . 0 . 0 . 6593.

FMI NATURAL-GAS
THERM 0 , 0 . 0 . 0 .

TOTAL ELECTRICITY 160803. KWH
TOTAL NATURAL-GAS 6760. THERM

0 . 0 .

0 . 0 . 0 .

0 .

0 . 167.

1 2 .189  KWH /SQFT-YR GROSS-AREA 1 2 .189  KWH /SQFT-YR NET-AREA
0 .5 1 2  THERM /SQFT-YR GROSS-AREA 0 .5 1 2  THERM /SQFT-YR NET-AREA

6593.

167.

CD
Q. PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE -  0 .0  

PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED -  0 .0

T3
CD

NOTE: ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.

(/)
(/)



CD
■D
O
Q .
C

8
Q .

■D
CD

(/)'
C/)
o '
3
o

A p p l i c a t io n  D e s ig n  B u i ld in g  -  R o o f to p  S in g le -Z o n e  

REPORT- ES-D E n e rg y  C o s t Summary

DOE-B2.2D38C 1 0 /1 3 /2 0 0 2  

WEATHER FIL E -

2 0 :2 4 :4 6  

L as V egas

BDL RUN 8 

NV TMY2

3
CD METERED TOTAL VIRTUAL
8 ENERGY CHARGE RATE RATE USED

"O
3 .

UTILITY-RATE RESOURCE METERS UNITS/YR 1 0 («/UNIT) ALL YEAR?
CÛ
3"

i E l e c t r i c i t y  R a te  1 ELECTRICITY EMI 71 6 2 7 , KWM 6781 . 0 .0 9 4 7 YES
3
CD E l e c t r i c i t y  R a te  2 ELECTRICITY EH2 36449 . KWH 3622 . 0 .0 9 9 4 YES

"n
c F u e l  R a te  1 NATURAL-GAS FMI 167. THERM 3 36 . 2 .0 0 9 7 YES

3"
CD F u e l R a te  2 NATURAL-GAS FM2 1 0 01 . THERM 5 7 5 . 0 .5 7 4 1 YES

CD■D
O
Q .
C

aO3
"O
O

.'S ENERGY COST/GROSS BLDG AREA: 
ENERGY COST/NET BLDG AREA:

B88esaSB«3
11314,

0 . 8 6
0.86

CD
Q.

■D
CD

C/)
C/)



CD
■D
O
Q .
C

8
Q .

■D
CD

C/)
C/)

A p p l i c a t io n  D e s ig n  B u i ld i n g  -  S in g le - Z o n e  

REPORT- BEPS B u i ld in g  E n e rg y  P e r fo rm a n c e

DOE-B2.2D36C 1 0 /1 3 /2 0 0 2  2 0 :2 4 :4 6  BDL RUN 8

HEATHER F IL E - L as  V egas NV THY2

CD

8

3.
3 "
CD

CD■D
O
Q .
C

aO
3
■D
O

S

TASK M ise SPACE SPACE HEAT PUMPS
LIGHTS LIGHTS EQUIP HEATING COOLING REJECT i  AUX

VENT REFRIG HT PUMP DOMEST EXT
FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL

EH2 ELECTRICITY
HBTU 0 .0

EMI ELECTRICITY
MBTU 7 8 .9

FM2 NATURAL-GAS
MBTU 0 .0

FMI NATURAL-GAS
MBTU 0 .0

0 .0  0 .0  0 .0  9 3 .4 0.0 3 .4  2 7 .6  0 .0  0 .0  0 .0  0 .0  1 2 4 .4

0 .0  1 6 5 .5  0 .0

MBTU

0 . 0

0.0

0 .0  3 7 .3

0.0  0 .0

0 . 0

0 . 0

0 .0

7 0 .9  0 . 0  1 6 5 .5  3 7 .3  9 3 .4

0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  2 4 4 .5

0 .0  6 2 .6  0 .0  0 .0  0 .0  0 .0  0 .0  1 0 0 .1

0 .0  0 .0  0 .0  0 .0  0 .0  1 6 .7  0 .0  1 6 .7
■BB8 BBBBVaa BBBBBBB BBBSBBB BBBBSBB BBBBBBB SBBBBBB BBBBBBBB

0 .0  6 6 .2  2 7 .6  0 .0  0 .0  1 6 .7  0 .0  4 6 5 .7

CD
Q.

T 3
CD

(/)
(/)

TOTAL SITE ENERGY 
TOTAL SOURCE ENERGY

4 6 5 .6 8  MBTU 3 6 .8  KBTU/SQFT-YR GROSS-AREA
1 2 2 3 .4 0  MBTU 9 2 .7  KBTU/SQFT-YR GROSS-AREA

PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE « 1 9 .1  
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED = 0 .0

NOTE: ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.

3 6 .6  KBTU/SQFT-YR NET-AREA
9 2 .7  KBTU/SQFT-YR NET-AREA



CD
■D
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C

8
Q .
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A p p l i c a t i o n  D e s ig n  B u i ld in g  -  S in g le - Z o n e

REPORT- BEPU B u i ld i n g  U t i l i t y  P e r fo rm a n c e

D0E-B2.2D38C 1 0 /1 3 /2 0 0 2  2 0 :2 4 :4 6  BDL RUN 8

WEATHER F IL E - L as V e g as  NV TMY2

8
T 3v<

TASK M ise SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT
LIGHTS LIGHTS EQUIP HEATING COOLING REJECT i  AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL

EM2 ELECTRICITY
KWH 0 . 0 .  2 7 3 6 1 , 9 9 0 . 8 0 9 8 . 0 . 0 . 0 . 3 6 4 4 9 .

3
3 "
CD

CD
T 3
O
Q.C
a
o
3

T 3
O

CD
Q.

T 3
CD

EMI ELECTRICITY
KWH 2 3 1 2 7 .

F M2 NATURAL-GAS
THERM 0 .

FMI NATURAL-GAS
THERM 0 .

0 .  4 8 4 9 9 .

0 .

TOTAL ELECTRICITY 
TOTAL NATURAL-GAS

0 .

0 .

0 .  3 7 3 .

0 .

1 0 0 0 7 6 . KWH 
1 1 6 8 . THERM

0 . 0 .

6 2 8 .

8 .1 9 2  KWH /SQFT-YR GROSS-AREA
0 .0 8 9  THERM /SQFT-YR GROSS-AREA

PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE -  1 9 .1  
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED -  0 .0

NOTE: ENERGY IS  APPORTIONED HOURLY TO ALL END-USE CATEGORIES.

0 .

0 .

0 .

0 .

0 .

0 . 16 7 .

O.

0 .

0 .1 9 2  KWH /SQFT-YR NET-AREA
0 .0 8 9  THERM /SQFT-YR NET-AREA

7 1 6 2 7 .

1 0 0 1 .

167.

(/)
(/)
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Application Minimum Compliance Case Ground-loop Data 

r i n t e d  f r o m  GLHEPRO —  O u t p u t  f i l e

V c t i v e  b o r e h o l e  l e n g t h ,  f t  
i o r e h o l e  R a d i u s ,  i n  
l o r e h o l e  s p a c i n g ,  f t  
l o r e h o l e  G eo m e try

î o i l  T y p e  c u r r e n t l y  u s e d
f h e rm a l  c o n d u c t i v i t y  o f  t h e  g r o u n d ,  B t u / ( h r ' f t » ' F )  
/ o L u m e t r i c  h e a t  c a p a c i t y  o f  G r o u n d .  B t u / ( " F " f t * 3 )  
f o l u m e t r i c  h e a t  c a p a c i t y  o f  f l u i d ,  B t u / ( " F » f t ^ 3 )  
I n d i s t u r b e d  g r o u n d  t e m p e r a t u r e .  *F 
l o r e h o l e  t h e r m a l  r e s i s t a n c e .  * F / ' ( B t u / ' ( h r * f  t  ) )
• l u i d  t y p e  c u r r e n t l y  e n t e r e d  
f a s s  f l o w  r a t e  o f  t h e  f l u i d ,  g a l / m i n  
l o n s i t y  o f  t h e  f l u i d ,  l b / f t ' 3  
{ e a t  Pump S e l e c t e d

- 3 9 0 .9  
-  J . ibb  
• 2 6 3 .9
: RECTAHGUI.AP. CONFIGURATION 
: 42 : 6 X 7 .  r e c t a n g l e

- 0 .9 1 0 0
- 2 6 .9 9
• 6 2 .4 0
- 6 9 . 0 0
- 0 .2 4 0 0
; 100.00% P u r e  W a te r
- 4 2 .2 5
- 6 2 . 4 3
: C l i r a a t e M a s t e r  G e n e s i s  036

GLHE M o n th ly  L oads

4 o n th T o t a l  H e a t i n g T o t a l  C o o l i n g P e a k  H e a t i n g P e a k  C o o l i n g
1000 B tu 1000 B tu 1000 B tu /H r 1000 B t u / H r

f a n u a r y 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
' e b r u a  r y 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
4 a rc h 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
\ p r i l 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
4ay 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
June 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
l u l y 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
A ugus t 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
à e p te m b e r 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
I c t o b e r 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
November 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
December 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0

H e a t  Pump M o n th ly  L o a d s

4 b n tb T o t a l  H e a t i n g T o t a l  C o o l i n g P e a k  H e a t i n g P e a k  C o o l i n g
1000 Btu 1000 B tu 1000 B tu /H r 1000 B t u / H r

J a n u a r y 0 1 2 8 4 8 .0 0 0 2 7 3 7 1 .0 0 0 0 0 0 5 2 .9 0 0 0 0 1 5 7 .3 0
F e b r u a r y 0 0 6 8 7 0 .0 0 0 2 7 7 0 3 .0 0 0 0 0 0 3 9 .0 0 0 0 0 1 6 4 .0 0
4 a r c h 0 0 6 9 2 3 .0 0 0 3 1 3 6 1 .0 0 0 0 0 0 4 2 .4 0 0 0 0 1 4 5 .5 0
A p r i l 0 0 1 4 7 5 .0 0 0 4 1 0 8 2 .0 0 0 0 0 0 2 1 .7 0 0 0 0 1 6 3 .8 0
May 0 0 0 5 4 1 .0 0 0 4 9 1 3 6 .0 0 0 0 0 0 2 1 .7 0 0 0 0 1 7 5 .3 0
J u n e 0 0 0 0 0 1 .0 0 0 6 1 9 9 3 .0 0 0 0 0 0 0 0 .5 0 0 0 0 2 0 0 .4 0
J u l y 0 0 0 0 0 0 .0 0 0 7 0 6 3 2 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 9 9 .4 0
A u g u s t 0 0 0 0 0 0 .0 0 0 6 9 2 8 4 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 9 6 .7 0
S e p te m b e r 0 0 0 0 0 0 .0 0 0 5 8 6 2 3 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 9 1 .7 0
O c t o b e r 0 0 0 6 2 6 .0 0 0 4 5 2 8 6 .0 0 0 0 0 0 1 4 .6 0 0 0 0 1 8 5 .5 0
November 0 0 4 9 0 5 -0 0 0 3 1 2 7 2 .0 0 0 0 0 0 3 3 .9 0 0 0 0 1 6 0 .2 0
D ecem ber 0 1 0 8 5 1 .0 0 0 2 7 9 4 2 .0 0 0 0 0 0 4 4 .6 0 0 0 0 1 5 5 .5 0

R e s u l t s

B o r e h o l e  I n f o r m a t i o n

Each  B o r e h o l e  D e p t h ,  f t  -  3 9 0 .8 7
T o t a l  B o r e h o l e  D e p t h ,  f t  -  1 6 4 1 6 .5 4
D i s t a n c e  b e tw e e n  b o r h o l e  c e n t e r s ,  f t  ■ 0 2 2 .0 0

A v e r a g e  T e m p e r a t u r e
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tex imum A v e r a g e  T e m p e r a t u r e .  T  • 
Minimum A v e r a g e  T e m p e r a t u r e .  *F ■

3eak t e m p e r a t u r e

0 8 9 .7 3  a t  m o n th  298 
0 6 8 .3 6  a t  m o n th  01

Maximum P e a k  T e m p e r a t u r e .  
Minimum P e a k  T e m p e r a t u r e .

0 9 9 .9 2  a t  m o n th  298 
0 6 8 .2 7  a t  m o n th  01

M o n th ly  l o a d s
M onth  H e a t i n g ( B e n )  C o o l i n g ( B t u )  P e a k  H e a t i n g ( B t u / h r )  P e a k  C o o l i n g ( B t u x h r )

J a n u a r y 1 2 8 4 8 0 0 0 .0 0 0 2 7 3 7 1 0 0 0 .0 0 0 5 2 9 0 0 .0 0 0 1 5 7 3 0 0 .0 0 0
F e b r u a r y 6 8 7 0 0 0 0 .0 0 0 2 7 7 0 3 0 0 0 .0 0 0 3 9 0 0 0 .0 0 0 1 6 4 0 0 0 .0 0 0
March 6 9 2 3 0 0 0 .0 0 0 3 1 3 6 1 0 0 0 .0 0 0 4 2 4 0 0 .0 0 0 1 4 5 5 0 0 .0 0 0
A p r i l 147 5 0 0 0 .0 0 0 4 1 0 8 2 0 0 0 .0 0 0 2 1 7 0 0 .0 0 0 1 6 3 8 0 0 .0 0 0
May 5 4 1 0 0 0 .0 0 0 4 9 1 3 6 0 0 0 .0 0 0 2 1 7 0 0 .0 0 0 1 7 5 3 0 0 .0 0 0
J u n e 1 000 .000 6 1 9 9 3 0 0 0 . 0 0 0 5 0 0 .0 0 0 2 0 0 4 0 0 . 0 0 0
J u l y .000 7 0 6 3 2 0 0 0 .0 0 0 .0 0 0 1 9 9 4 0 0 .0 0 0A u g u s t .0 0 0 6 9 2 8 4 0 0 0 . 0 0 0 .0 0 0 1 9 6 7 0 0 .0 0 0
S e p t e m b e r .0 0 0 5 8 6 2 3 0 0 0 .0 0 0 .0 0 0 1 9 1 7 0 0 .0 0 0
O c t o b e r 6 2 6 0 0 0 .0 0 0 4 5 2 8 6 0 0 0 .0 0 0 1 4 6 0 0 .0 0 0 1 8 5 5 0 0 .0 0 0
N ovem ber 4 9 0 5 0 0 0 .0 0 0 3 1 2 7 2 0 0 0 .0 0 0 3 3 9 0 0 .0 0 0 1 6 0 2 0 0 .0 0 0
D ecem ber 10851 0 0 0 .0 0 0 2 7 9 4 2 0 0 0 .0 0 0 4 4 6 0 0 .0 0 0 1 5 5 5 0 0 .0 0 0

N o t e  : EWT • E n t e r i n g  w a t e r  t e m p e r a t u r e  t o  h e a t  pu rap (s )
ExWT • E x i t i n g  w a t e r  t e m p e r a t u r e  f r o m  h e a t  p u m p (s )

T i i t e  Q Power T f  A v e r a g e  ExWT A v e r a g e  EWT Minimum EWT Maximum EWT
( m o n th s )  ( B t u / h r « f t )  (kW -hr)  (F )  (F)  (F)  (F) (F)

6 8 . 5 5  
6 9 . 7 8  
7 0 .4 1
7 0 . 1 3
7 1 . 2 2  
7 1 .5 4  
7 2 .8 1  
7 3 . 7 3
7 4 . 3 0
7 4 .5 1  
7 4 . 0 5  
7 3 .  18 
7 2 . 5 8
7 2 .1 4
7 2 . 6 4
7 2 .2 8
7 3 . 3 0
7 3 .5 6
7 4 . 8 0  
7 5 . 7 2
7 6 .3 0
7 6 . 5 1  
7 6 . 0 4
7 5 . 1 5  
7 4 .5 0  
7 3 .9 9
7 4 . 4 0  
7 3 .9 6  
7 4 . 9 3  
7 5 .1 3  
7 6 .3 4
7 7 . 2 3
7 7 .8 1  
7 8 . 0 2
7 7 .5 6  
7 6 . 6 6  
7 6 . 0 0
7 5 . 4 7  
7 5 .8 5  
7 5 .3 7
7 6 .2 9
7 6 . 4 7
7 7 .6 5
7 8 .5 2
7 9 . 0 8

I - 1 . 6 6 1085.81 6 9 .0 0 6 9 . 6 4 6 8 . 3 6 6 8 .2 7
2 - 2 . 2 9 6 9 8 .6 9 7 0 .4 8 7 1 . 3 7 6 9 . 5 9 6 9 .5 0
3 - 2 . 4 0 7 3 4 .7 8 7 1 .1 8 7 2 . 1 1 7 0 . 2 5 70 .  15
4 - 3 . 7 5 4 7 5 .2 8 7 1 .4 3 7 2 . 8 9 6 9 . 9 8 6 9 .8 7
5 - 4 . 4 2 4 9 1 .0 3 7 2 .7 8 7 4 . 4 9 7 1 .0 6 7 0 .9 4
6 - 5 . 8 1 5 7 6 .5 1 7 3 .6 3 7 5 . 8 8 7 1 . 3 7 7 1 .2 5
7 - 6 . 4 1 6 5 9 .3 1 7 5 .1 4 7 7 . 6 3 7 2 . 6 6 7 2 .6 6
8 - 6 . 2 9 6 4 8 .5 9 7 6 .0 2 7 8 . 4 6 7 3 .5 8 7 3 .5 8
9 - 5 . 5 0 5 4 9 .8 0 7 6 .2 8 7 8 . 4 1 7 4 .1 4 7 4 .  14

10 - 4 . 0 7 4 6 4 .2 4 7 5 .9 0 7 7 . 4 8 7 4 . 3 2 7 4 .2 2
I I - 2 . 6 1 6 0 1 .4 5 7 4 .8 8 7 5 . 8 9 7 3 . 8 7 7 3 .7 8
12 - 1 . 8 4 9 4 6 .6 1 7 3 .7 0 7 4 . 4 1 7 2 . 9 9 7 2 .9 0
13 - 1 . 6 6 1069 .60 7 3 .0 3 7 3 . 6 8 7 2 . 3 9 7 2 .3 0
14 - 2 . 2 9 6 9 4 .5 1 7 2 .8 4 7 3 . 7 3 7 1 . 9 5 7 1 .8 6
15 - 2 . 4 0 7 3 1 .1 4 7 3 .4 1 7 4 . 3 4 7 2 . 4 8 7 2 .3 8
16 - 3 . 7 5 4 7 6 .4 7 7 3 .5 8 7 5 . 0 3 7 2 . 1 2 7 2 .0 2
17 - 4 . 4 2 4 9 3 .5 0 7 4 .8 6 7 6 . 5 7 7 3 .1 4 7 3 .0 2
18 - 5 . 8 1 5 8 0 .0 7 7 5 .6 5 7 7 . 9 1 7 3 . 3 9 7 3 .2 7
19 - 6 . 4 1 6 6 3 .5 3 77 .  13 7 9 . 6 2 7 4 . 6 5 7 4 .6 5
20 - 6 . 2 9 6 5 2 .9 1 7 8 .0 1 8 0 . 4 5 7 5 .5 6 7 5 .5 6
21 - 5 . 5 0 5 5 3 .5 7 7 8 .2 8 8 0 . 4 1 7 6 . 1 4 7 6 .1 4
22 - 4 . 0 7 4 6 6 .7 8 7 7 .9 1 7 9 . 4 9 7 6 . 3 2 7 6 .2 2
23 - 2 . 6 1 6 0 0 .3 0 7 6 .8 8 7 7 . 8 9 7 5 . 8 7 7 5 .7 7
24 - 1 . 8 4 9 4 1 .2 6 7 5 .6 7 7 6 . 3 8 7 4 . 9 6 7 4 .8 7
25 - 1 . 6 6 1 062 .90 7 4 .9 5 7 5 . 5 9 7 4 .3 1 7 4 .2 1
26 - 2 . 2 9 6 9 1 .6 7 7 4 .6 9 7 5 . 5 8 7 3 . 8 0 7 3 .7 1
27 - 2 . 4 0 7 2 8 .6 9 7 5 .1 7 7 6 . 1 0 7 4 .2 4 7 4 .1 4
28 - 3 . 7 5 4 7 7 .6 4 7 5 .2 6 7 6 . 7 2 7 3 . 8 0 7 3 .7 0
29 - 4 . 4 2 4 9 5 .6 4 7 6 .4 8 7 8 . 2 0 7 4 . 7 6 7 4 .6 5
30 - 5 . 8 1 5 8 3 .0 7 7 7 .2 2 7 9 . 4 8 7 4 . 9 7 7 4 .8 4
31 - 6 . 4 1 6 6 7 .0 6 7 8 . 6 7 8 1 . 1 6 7 6 . 1 8 7 6 .1 8
32 - 6 . 2 9 6 5 6 .4 5 7 9 .5 2 8 1 . 9 6 7 7 . 0 8 7 7 .0 8
33 - 5 . 5 0 5 5 6 .6 1 7 9 .7 8 8 1 . 9 2 7 7 . 6 5 7 7 .6 5
34 - 4 . 0 7 4 6 8 .9 7 7 9 .4 1 8 0 . 9 9 7 7 . 8 3 7 7 .7 3
35 - 2 . 6 1 5 9 9 .6 8 7 8 .3 9 7 9 . 4 0 7 7 . 3 8 7 7 .2 9
36 - 1 . 8 4 9 3 7 .5 5 7 7 .1 8 7 7 . 8 9 7 6 . 4 7 7 6 .3 8
37 - 1 . 6 6 1 058 .09 7 6 .4 5 7 7 . 0 9 7 5 .8 0 7 5 .7 1
38 - 2 . 2 9 6 8 9 .6 7 7 6 .1 7 7 7 . 0 6 7 5 . 2 8 7 5 .1 9
39 - 2 . 4 0 7 2 6 .9 5 7 6 .6 2 7 7 . 5 5 7 5 . 6 9 7 5 .5 9
40 - 3 . 7 6 4 7 8 .7 8 7 6 .6 6 7 8 . 1 2 7 5 .2 1 7 5 .1 0
41 - 4 . 4 3 4 9 7 .5 9 7 7 .8 5 7 9 . 5 7 7 6 . 1 3 7 6 .0 1
42 - 5 . 8 2 5 8 5 .7 9 7 8 .5 6 8 0 . 8 2 7 6 . 3 0 7 6 .1 8
43 - 6 . 4 2 6 7 0 .2 5 7 9 .9 8 8 2 . 4 8 7 7 . 4 9 7 7 .4 9
44 - 6 . 3 0 6 5 9 .6 4 8 0 .8 1 8 3 . 2 6 7 8 . 3 7 7 8 .3 7
45 - 5 . 5 1 5 5 9 .3 3 8 1 .0 6 8 3 . 2 0 7 8 . 9 2 7 8 .9 2
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46 - 4 . 0 8 4 7 0 .7 5 8 0 . 6 8 8 2 . 2 6 7 9 .1 0 7 8 . 9 9 7 9 . 2 8
47 - 2 . 6 1 5 9 9 .3 3 7 9 . 6 5 8 0 . 6 6 7 8 .6 4 7 8 .5 5 7 8 . 8 2
48 - 1 . 8 4 9 3 4 .7 4 7 8 . 4 4 7 9 . 1 5 7 7 . 7 2 7 7 .6 4 7 7 . 9 1
49 - 1 . 6 6 1 0 5 4 .3 8 7 7 . 7 0 7 8 . 3 4 7 7 .0 6 7 6 .9 6 7 7 . 2 5
50 - 2 . 2 9 6 8 8 .1 8 7 7 . 4 1 7 8 . 3 0 7 6 . 5 2 7 6 .4 3 7 6 . 7 1
51 - 2 . 4 0 7 2 5 .6 6 7 7 . 8 5 7 8 . 7 8 7 6 . 9 1 7 6 .8 2 7 7 . 0 8
52 - 3 . 7 6 4 7 9 .8 6 7 7 . 8 7 7 9 . 3 3 7 6 .4 2 7 6 .3 1 7 6 . 5 7
53 - 4 . 4 3 4 9 9 .4 0 7 9 . 0 4 8 0 . 7 6 7 7 .3 2 7 7 .2 0 7 7 . 4 8
54 - 5 . 8 2 5 8 8 .2 8 7 9 . 7 3 8 1 . 9 9 7 7 .4 7 7 7 .3 4 7 7 . 6 4
55 - 6 . 4 2 67 3 .1 7 8 1 .  13 8 3 . 6 2 7 8 .6 4 7 6 .6 4 7 6 . 7 9
56 - 6 . 3 0 6 6 2 .5 5 8 1 . 9 4 8 4 . 3 9 7 9 . 5 0 7 9 .5 0 7 9 . 6 5
57 - 5 . 5 1 5 6 1 . 8 2 8 2 . 1 8 8 4 . 3 1 8 0 . 0 4 8 0 .0 4 8 0 . 2 0
58 - 4 . 0 8 4 7 2 .4 8 8 1 . 7 9 8 3 . 3 7 8 0 . 2 0 8 0 .  10 8 0 . 3 9
59 - 2 . 6 1 5 9 9 . 1 5 8 0 . 7 5 8 1 . 7 6 7 9 .7 4 7 9 .6 4 7 9 . 9 2
60 - 1 . 8 4 9 3 2 . 4 8 7 9 . 5 3 8 0 . 2 5 7 8 . 8 2 7 8 .7 3 7 9 . 0 1
61 - 1 . 6 6 1 0 5 1 .3 6 7 8 . 7 9 7 9 . 4 3 7 8 .1 5 7 8 .0 6 7 8 . 3 4
62 - 2 . 3 0 6 8 7 .0 1 7 8 . 5 0 7 9 . 3 9 7 7 .6 1 7 7 . 5 2 7 7 . 8 0
63 - 2 . 4 0 7 2 4 .6 6 7 8 . 9 3 7 9 . 8 6 7 8 . 0 0 7 7 .9 0 7 8 .  16
64 - 3 . 7 6 4 8 0 .9 2 7 8 . 9 5 8 0 . 4 1 7 7 . 4 9 7 7 .3 8 7 7 . 6 5
65 - 4 . 4 3 5 0 1 .1 0 8 0 .  10 8 1 . 8 2 7 8 .3 8 7 8 .2 6 7 8 . 5 4
66 - 5 . 8 2 5 9 0 .6 1 8 0 . 7 7 8 3 . 0 3 7 8 .5 1 7 8 .3 9 7 8 . 6 8
67 - 6 . 4 2 6 7 5 . 9 0 8 2 . 1 6 8 4 . 6 5 7 9 .6 7 7 9 . 6 7 7 9 . 8 2
68 - 6 . 3 0 6 6 5 .2 7 8 2 . 9 5 8 5 . 4 0 8 0 . 5 1 8 0 .5 1 8 0 . 6 6
69 - 5 . 5 1 5 6 4 .1 2 8 3 . 1 7 8 5 . 3 1 8 1 . 0 3 8 1 .0 3 8 1 .  19
70 - 4 . 0 8 4 7 4 .0 8 8 2 . 7 7 8 4 . 3 5 8 1 . 1 8 8 1 . 0 8 8 1 . 3 7
71 - 2 . 6 1 5 9 9 .0 8 8 1 . 7 1 8 2 . 7 3 8 0 . 7 0 8 0 .6 1 8 0 . 3 8
72 - 1 .84 9 3 0 .6 7 8 0 . 4 8 8 1 . 2 0 7 9 .7 7 7 9 .6 8 7 9 . 9 6
73 - 1 . 6 6 1 0 4 8 .9 4 7 9 . 7 2 8 0 . 3 7 7 9 .0 8 7 8 . 9 9 7 9 . 2 8
74 - 2 . 3 0 6 8 6 .1 2 7 9 . 4 2 8 0 . 3 1 7 8 .5 3 7 8 .4 4 7 8 . 7 2
75 - 2 . 4 0 7 2 3 .9 4 7 9 . 8 4 8 0 . 7 7 7 8 . 9 0 7 8 .8 1 7 9 . 0 6
76 - 3 . 7 6 4 8 1 .8 6 7 9 . 8 4 8 1 . 3 0 7 8 .3 8 7 8 .2 8 7 8 . 5 4
77 - 4 . 4 3 5 0 2 .5 7 8 0 . 9 8 8 2 . 7 0 7 9 . 2 6 7 9 .  14 7 9 . 4 2
78 - 5 . 8 2 5 9 2 .6 2 8 1 . 6 4 8 3 . 9 0 7 9 .3 8 7 9 .2 5 7 9 . 5 5
79 - 6 . 4 3 6 7 8 .2 6 8 3 . 0 2 8 5 . 5 1 8 0 . 5 2 8 0 . 5 2 8 0 . 6 8
80 - 6 . 3 0 6 6 7 .6 2 8 3 . 8 0 8 6 . 2 5 8 1 . 3 5 8 1 . 3 5 3 1 . 5 1
81 - 5 .5 1 5 6 6 .  12 8 4 . 0 1 8 6 . 1 5 8 1 . 8 7 8 1 . 8 7 8 2 . 0 3
82 - 4 . 0 8 4 7 5 .4 9 8 3 . 6 0 8 5 . 1 8 8 2 . 0 1 8 1 .9 1 8 2 . 2 0
83 - 2 . 6 1 5 9 9 .1 0 8 2 . 5 4 8 3 . 5 5 8 1 . 5 3 8 1 . 4 3 8 1 . 7 1
84 - 1 .84 9 2 9 .2 2 8 1 . 3 0 8 2 . 0 2 8 0 . 5 9 8 0 . 5 0 8 0 . 7 8
85 - 1 . 6 6 1 0 4 6 .9 5 8 0 . 5 4 8 1 . 1 9 7 9 . 9 0 7 9 .8 1 8 0 .  10
86 - 2 . 3 0 6 8 5 .4 1 8 0 . 2 4 8 1 .  13 7 9 .3 5 7 9 .2 6 7 9 . 5 4
87 - 2 . 4 0 7 2 3 .3 6 8 0 . 6 6 8 1 . 5 9 7 9 .7 2 7 9 . 6 3 7 9 . 8 8
88 - 3 . 7 6 4 8 2 .7 7 8 0 . 6 6 8 2 .  12 7 9 .2 0 7 9 .  10 7 9 .  36
89 - 4 . 4 3 5 0 3 .9 9 8 1 . 8 0 8 3 . 5 2 8 0 . 0 8 7 9 .9 6 8 0 . 2 4
90 - 5 . 8 3 5 9 4 .5 6 8 2 . 4 6 8 4 . 7 2 8 0 . 2 0 8 0 . 0 7 8 0 . 3 6
91 - 6 . 4 3 6 8 0 .5 5 8 3 . 8 3 8 6 . 3 2 8 1 . 3 3 8 1 . 3 3 8 1 . 4 9
92 - 6 .3 1 6 6 9 .9 1 8 4 . 6 1 8 7 . 0 5 8 2 . 1 6 8 2 .  16 8 2 . 3 1
93 - 5 . 5 2 5 6 8 .0 7 8 4 . 8 1 8 6 . 9 5 8 2 . 6 6 8 2 . 6 6 8 2 . 8 3
94 - 4 . 0 8 4 7 6 .8 6 8 4 . 3 8 8 5 . 9 7 8 2 . 8 0 8 2 . 6 9 8 2 . 9 8
95 - 2 .6 1 5 9 9 .1 7 8 3 . 3 2 8 4 . 3 3 8 2 . 3 0 8 2 . 2 1 8 2 . 4 8
96 - 1 . 8 4 9 2 7 .9 6 8 2 . 0 7 8 2 . 7 8 8 1 . 3 6 8 1 . 2 7 8 1 . 5 4
97 - 1 . 6 6 1 0 4 5 .2 1 8 1 . 3 0 8 1 . 9 4 8 0 . 6 6 8 0 . 5 7 8 0 . 8 5
98 - 2 . 3 0 6 8 4 .8 3 8 0 . 9 9 8 1 . 8 8 8 0 . 1 0 8 0 . 0 0 8 0 . 2 9
99 - 2 . 4 0 7 2 2 .9 1 8 1 . 4 0 8 2 . 3 3 8 0 . 4 6 8 0 . 3 7 8 0 . 6 3

100 - 3 . 7 6 4 8 3 .6 3 8 1 . 3 9 8 2 . 8 5 7 9 . 9 3 7 9 .8 3 8 0 . 0 9
101 - 4 . 4 4 5 0 5 .2 9 8 2 . 5 3 8 4 . 2 5 8 0 . 8 0 8 0 . 6 8 8 0 . 9 7
102 - 5 . 8 3 5 9 6 .3 2 8 3 . 1 8 8 5 . 4 4 8 0 .9 1 8 0 . 7 9 8 1 . 0 8
103 - 6 . 4 3 6 8 2 .6 1 8 4 . 5 4 8 7 . 0 4 8 2 . 0 4 8 2 .0 4 8 2 . 2 0
104 - 6 . 3 1 6 7 1 .9 6 8 5 . 3 1 8 7 . 7 6 8 2 . 8 6 8 2 . 8 6 8 3 . 0 1
105 - 5 . 5 2 5 6 9 . 8 2 8 5 . 5 0 8 7 . 6 4 8 3 . 3 6 8 3 . 3 6 8 3 . 5 2
106 - 4 . 0 8 4 7 8 .1 1 8 5 . 0 7 8 6 . 6 6 8 3 . 4 9 8 3 . 3 8 8 3 . 6 7
107 - 2 . 6 1 5 9 9 .2 8 8 4 . 0 0 8 5 . 0 2 8 2 . 9 9 8 2 . 8 9 8 3 .  17
108 - 1 . 8 4 9 2 6 .9 2 8 2 . 7 5 8 3 . 4 6 8 2 . 0 3 8 1 . 9 5 8 2 . 2 2
109 - 1 . 6 6 1 0 4 3 .7 4 8 1 . 9 7 8 2 . 6 2 8 1 . 3 3 8 1 .2 4 8 1 . 5 3
110 - 2 . 3 0 6 8 4 .3 6 8 1 . 6 6 8 2 . 5 5 8 0 . 7 7 8 0 . 6 8 8 0 . 9 6
111 - 2 . 4 0 7 2 2 .5 6 8 2 . 0 6 9 3 . 0 0 8 1 . 1 3 8 1 . 0 3 8 1 . 2 9
112 - 3 . 7 6 4 8 4 .4 4 8 2 . 0 6 8 3 . 5 2 8 0 . 6 0 8 0 . 4 9 8 0 . 7 6
113 - 4 . 4 4 5 0 6 .5 2 8 3 . 1 9 8 4 . 9 1 8 1 . 4 7 8 1 . 3 5 8 1 . 6 3
114 - 5 . 8 3 5 9 7 .9 3 8 3 . 8 4 8 6 .  10 8 1 . 5 8 8 1 . 4 5 3 1 . 7 5
115 - 6 . 4 3 6 8 4 .5 7 8 5 . 2 0 8 7 . 7 0 8 2 . 7 1 8 2 . 7 1 8 2 . 3 6
116 - 6 .3 1 6 7 3 .9 3 8 5 . 9 7 8 8 . 4 2 8 3 . 5 2 8 3 . 5 2 8 3 . 6 7
117 - 5 . 5 2 5 7 1 .5 0 8 6 . 1 6 8 8 . 3 0 8 4 . 0 2 8 4 . 0 2 8 4 . 1 8
113 - 4 . 0 9 4 7 9 .3 1 8 5 . 7 2 8 7 . 3 1 8 4 . 1 4 8 4 . 0 3 8 4 . 3 2
119 - 2 . 6 1 5 9 9 .4 2 8 4 . 6 5 8 5 . 6 6 8 3 . 6 3 8 3 . 5 4 8 3 . 8 1
120 - 1 . 8 4 9 2 6 .0 0 8 3 . 3 9 8 4 . 1 0 8 2 .6 7 8 2 . 5 9 8 2 . 8 6
121 - 1 . 6 6 1 0 4 2 .4 4 8 2 . 6 1 8 3 . 2 5 8 1 .9 6 8 1 . 8 7 3 2 .  16
122 - 2 . 3 0 6 8 3 . 9 6 8 2 . 2 8 8 3 . 1 8 8 1 .3 9 8 1 . 3 0 8 1 . 5 8
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123 - 2 . 4 0 7 2 2 .2 8 8 2 . 6 9 8 3 . 6 2 8 1 . 7 5 8 1 . 6 6 8 1 . 9 1
124 - 3 . 7 6 4 8 5 .2 2 8 2 . 6 8 8 4 .1 4 8 1 .2 1 8 1 . 1 1 8 1 . 3 7
125 - 4 . 4 4 5 0 7 .6 7 8 3 . 8 0 8 5 . 5 2 8 2 .0 8 8 1 . 9 6 8 2 . 2 4
126 - 5 . 0 3 5 9 9 .5 3 8 4 . 4 5 8 6 . 7 1 8 2 .1 8 8 2 . 0 6 8 2 . 3 5
127 - 6 . 4 3 6 8 6 .3 9 8 5 . 8 0 8 8 . 3 0 8 3 .3 1 8 3 . 3 1 8 3 . 4 6
128 - 6 . 3 1 6 7 5 .7 5 8 6 . 5 7 8 9 . 0 2 8 4 .1 2 8 4 .  12 8 4 . 2 7
129 - 5 . 5 2 5 7 3 .0 5 8 6 . 7 5 8 8 . 8 9 8 4 .6 1 8 4 . 6 1 8 4 . 7 7
130 4 .0 9 4 8 0 .4 2 8 6 . 3 1 8 7 . 9 0 8 4 .7 3 8 4 . 6 2 8 4 , 9 1
131 - 2 . 6 1 5 9 9 .5 8 8 5 . 2 3 8 6 .2 4 8 4 .2 1 8 4 .  12 8 4 . 3 9
132 1 .21 9 2 5 .2 3 8 3 . 9 6 9 4 . 6 9 9 3 .2 5 9 3 .  16 9 3 .4 4
133 - 1 . 6 6 1 0 4 1 .3 2 8 3 . 1 8 8 3 . 8 2 3 2 .5 4 8 2 . 4 4 8 2 . 7 3
134 - 2 . 3 0 6 8 3 .6 4 8 2 . 8 5 8 3 .7 4 8 1 .9 6 8 1 . 8 7 8 2 . 1 5
135 -2 .4 1 7 2 2 .0 6 8 3 . 2 5 8 4 . 1 8 8 2 .3 2 8 2 . 2 2 8 2 . 4 8
136 - 3 . 7 6 4 8 5 .9 5 8 3 . 2 4 8 4 . 7 0 0 1 .7 7 8 1 . 6 7 8 1 . 9 3
137 - 4 . 4 4 5 0 8 .7 4 8 4 . 3 6 8 6 . 0 8 8 2 .6 3 8 2 . 5 1 8 2 . 8 0
138 - 5 . 8 3 6 0 0 .9 7 8 5 . 0 0 8 7 . 2 6 8 2 .7 3 8 2 .6 1 8 2 . 9 0
139 - 6 . 4 4 6 8 8 . 0 7 8 6 . 3 5 8 8 . 8 5 8 3 .8 5 8 3 . 8 5 8 4 . 0 1
140 - 6 . 3 1 6 7 7 .4 3 8 7 .  11 8 9 . 5 6 8 4 .6 6 8 4 . 6 6 8 4 .8 1
141 - 5 . 5 2 5 7 4 .4 8 8 7 . 2 9 8 9 . 4 3 3 5 .1 5 8 5 .  15 8 5 .3 1
142 - 4 . 0 9 4 8 1 .4 5 8 6 . 8 5 8 8 .4 3 8 5 .2 6 8 5 .  16 8 5 .4 4
143 - 2 . 6 2 5 9 9 .7 6 8 5 . 7 6 8 6 . 7 7 8 4 .7 4 8 4 . 6 5 8 4 . 9 2
144 - 1 . 8 4 9 2 4 .5 7 8 4 . 4 9 8 5 . 2 1 8 3 .7 8 8 3 . 6 9 8 3 . 9 7
145 - 1 . 6 6 10 4 0 .3 5 8 3 . 7 0 8 4 . 3 5 8 3 .0 6 8 2 . 9 7 8 3 . 2 6
146 - 2 . 3 0 6 8 3 . 3 8 8 3 . 3 7 8 4 . 2 6 8 2 .4 8 8 2 . 3 9 8 2 . 6 7
147 - 2 . 4 1 7 2 1 .8 9 8 3 . 7 6 8 4 . 7 0 8 2 .8 3 8 2 . 7 3 8 2 . 9 9
148 - 3 . 7 7 4 8 6 .6 3 8 3 . 7 5 8 5 . 2 1 8 2 .2 9 8 2 .  18 8 2 .4 4
149 - 4 .4 4 5 0 9 .7 4 8 4 . 8 7 8 6 . 5 9 8 3 .1 4 8 3 . 0 2 8 3 . 3 0
150 - 5 . 8 3 6 0 2 .3 1 8 5 . 5 0 8 7 . 7 7 8 3 .2 4 8 3 .  11 8 3 . 4  1
151 - 6 .4 4 6 8 9 .6 4 8 6 . 8 5 8 9 . 3 5 8 4 .3 5 8 4 . 3 5 8 4 .5 1
152 - 6 . 3 2 6 7 9 .0 0 8 7 . 6 1 9 0 . 0 6 8 5 .1 6 8 5 .  16 8 5 . 3 1
153 - 5 . 5 2 5 7 5 .8 2 8 7 . 7 9 8 9 . 9 3 8 5 .6 4 8 5 .6 4 8 5 . 8 0
154 - 4 . 0 9 4 8 2 .4 2 8 7 . 3 4 8 8 . 9 3 8 5 .7 5 9 5 . 6 5 8 5 .9 4
155 - 2 . 6 2 5 9 9 .9 5 8 6 . 2 5 8 7 . 2 6 8 5 .2 3 8 5 .  14 8 5 .4  1
156 • 1 .8 4 9 2 3 .9 9 8 4 . 9 8 8 5 .6 9 8 4 .2 6 8 4 .  17 8 4 . 4 5
157 - 1 . 6 6 1 0 3 9 .4 9 8 4 . 1 8 8 4 . 8 3 8 3 .5 4 8 3 . 4 5 8 3 .7 4
158 - 2 . 3 0 6 8 3 .  17 8 3 . 8 5 8 4 . 7 4 8 2 .9 6 8 2 . 8 7 8 3 .  15
159 - 2 .4 1 7 2 1 .7 7 8 4 . 2 4 8 5 . 1 7 8 3 .3 1 8 3 .2 1 8 3 .4 7
160 - 3 . 7 7 4 8 7 .2 9 8 4 . 2 2 8 5 .6 8 8 2 .7 6 8 2 . 6 5 8 2 .9 2
161 - 4 . 4 4 5 1 0 .6 8 8 5 . 3 3 8 7 . 0 6 8 3 .6 1 8 3 . 4 9 8 3 .7 7
162 - 5 . 8 4 6 0 3 .5 7 8 5 . 9 7 8 8 . 2 3 8 3 .7 0 8 3 . 5 8 8 3 . 8 7
163 - 6 . 4 4 6 9 1 . 1 2 8 7 . 3 2 8 9 . 8 2 8 4 .8 2 94 .8 2 8 4 . 9 7
164 - 6 . 3 2 6 8 0 . 4 7 8 8 . 0 7 9 0 . 5 2 8 5 .6 2 8 5 . 6 2 9 5 . 7 7
165 - 5 . 5 3 5 7 7 . 0 8 8 8 . 2 4 9 0 . 3 9 8 6 .  10 8 6 .  10 8 6 .2 6
166 - 4 . 0 9 4 8 3 .3 3 8 7 . 7 9 8 9 . 3 8 8 6 .2 1 8 6 . 1 0 8 6 .3 9
167 - 2 . 6 2 6 0 0 .1 4 8 6 . 7 0 8 7 .7 1 8 5 .6 8 8 5 . 5 9 8 5 . 8 6
168 - 1 . 8 4 9 2 3 .5 0 8 5 . 4 2 8 6 .1 4 8 4 .7 1 8 4 . 6 2 8 4 . 9 0
169 - 1 . 6 6 10 3 8 .7 4 8 4 . 6 3 8 5 . 2 7 8 3 .9 9 8 3 . 8 9 8 4 . 1 8
170 - 2 . 3 0 6 8 2 . 9 9 8 4 . 2 9 8 5 . 1 8 8 3 .4 0 8 3 . 3 1 8 3 . 5 9
171 - 2 . 4 1 7 2 1 .6 7 8 4 . 6 8 8 5 . 6 1 8 3 .7 5 8 3 .6 5 8 3 . 9 1
172 - 3 . 7 7 4 8 7 .9 0 8 4 . 6 6 8 6 .1 2 8 3 .1 9 8 3 . 0 9 8 3 . 3 5
173 - 4 . 4 4 5 1 1 .5 7 8 5 . 7 7 8 7 . 4 9 8 4 .0 5 8 3 . 9 3 8 4 .2 1
174 - 5 . 8 4 6 0 4 . 7 5 8 6 . 4 0 8 8 . 6 7 8 4 .1 4 8 4 . 0 1 8 4 . 3 0
175 - 6 . 4 4 6 9 2 . 5 0 8 7 . 7 5 9 0 . 2 5 8 5 .2 5 8 5 . 2 5 8 5 . 4 0
176 - 6 . 3 2 6 8 1 .8 5 3 8 . 5 0 9 0 . 9 5 8 6 .0 4 8 6 . 0 4 8 6 .2 0
177 - 5 . 5 3 5 7 8 . 2 6 8 8 . 6 7 9 0 .8 1 8 6 .5 2 8 6 . 5 2 8 6 . 6 9
178 - 4 . 0 9 4 8 4 .  IS 8 8 . 2 2 8 9 .8 1 8 6 .6 3 8 6 . 5 3 9 6 .8 1
179 - 2 . 6 2 6 0 0 .3 4 8 7 . 1 2 8 8 . 1 4 8 6 .1 0 3 6 .0 1 8 6 . 2 8
180 - 1 . 8 1 9 2 3 .0 6 8 5 . 8 4 8 6 . 5 6 8 5 .1 3 8 5 .0 4 8 5 . 3 2
181 - 1 . 6 6 1 0 3 8 .0 7 8 5 . 0 5 8 5 . 6 9 8 4 .4 0 8 4 . 3 1 8 4 . 6 0
182 - 2 . 3 0 6 8 2 .8 5 0 4 . 7 0 8 5 . 6 0 8 3 .8 1 3 3 . 7 2 8 4 . 0 0
183 - 2 . 4 1 7 2 1 .6 1 8 5 . 0 9 8 6 . 0 2 8 4 .1 6 8 4 . 0 6 8 4 . 3 2
184 - 3 . 7 7 4 8 8 .4 9 8 5 . 0 6 8 6 . 5 3 8 3 .6 0 8 3 . 5 0 8 3 . 7 6
185 - 4 . 4 4 5 1 2 .4 1 8 6 . 1 8 8 7 . 9 0 8 4 .4 5 8 4 . 3 3 8 4 .6 1
186 - 5 . 8 4 6 0 5 . 8 7 8 6 . 8 1 8 9 .0 7 8 4 . 5 4 8 4 . 4 1 8 4 .7 1
187 - 6 . 4 4 6 9 3 .8 1 8 8 . 1 5 9 0 .6 5 8 5 .6 5 8 5 . 6 5 8 5 . 8 0
188 - 6 . 3 2 6 8 3 . 1 6 8 8 . 9 0 9 1 . 3 5 8 6 .4 4 8 6 .4 4 8 6 . 6 0
189 - 5 . 5 3 5 7 9 . 3 7 8 9 . 0 7 9 1 .2 1 8 6 .9 2 8 6 . 9 2 8 7 . 0 8
190 - 4 . 0 9 4 8 5 .0 0 8 8 . 6 1 9 0 . 2 0 8 7 .0 2 8 6 . 9 2 8 7 . 2 1
191 - 2 . 6 2 6 0 0 .5 4 8 7 . 5 1 8 8 . 5 3 8 6 .5 0 8 6 . 4 0 3 6 . 6 8
192 - 1 . 8 4 9 2 2 .6 8 8 6 . 2 3 8 6 .9 5 8 5 .5 2 8 5 . 4 3 8 5 .7 1
193 - 1 . 6 6 1 0 3 7 .4 6 8 5 . 4 3 8 6 .0 8 8 4 . 7 9 8 4 . 7 0 8 4 .9 9
194 - 2 . 3 0 6 8 2 .7 3 8 5 . 0 9 8 5 .9 8 8 4 .2 0 8 4 .  11 8 4 .3 9
195 - 2 . 4 1 7 2 1 .5 6 8 5 . 4 7 8 6 .4 1 3 4 .5 4 8 4 . 4 4 8 4 .7 0
196 - 3 . 7 7 4 8 9 .0 5 8 5 . 4 5 8 6 .9 1 3 3 .9 8 8 3 . 8 8 8 4 .1 4
197 - 4 . 4 4 5 1 3 .2 1 8 6 . 5 6 8 8 . 2 8 8 4 . 8 3 8 4 . 7 1 9 4 . 9 9
198 - 5 . 8 4 6 0 6 .9 3 8 7 . 1 8 8 9 .4 5 8 4 .9 2 8 4 . 7 9 8 5 .0 9
199 - 6 . 4 4 6 9 5 .0 5 8 8 . 5 3 9 1 .0 3 8 6 .0 3 8 6 . 0 3 8 6 .  18
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200 - 6 . 3 2 6 8 4 . 4 0 8 9 . 2 7 9 1 .7 3 8 6 . 8 2 8 6 . 8 2 8 6 . 9 7
201 - 5 . 5 3 5 8 0 .4 3 8 9 . 4 4 9 1 .5 9 8 7 .2 9 8 7 .2 9 8 7 . 4 6
202 - 4 . 0 9 4 8 5 .7 7 8 8 . 9 8 9 0 . 5 7 8 7 .4 0 8 7 . 2 9 8 7 . 5 8
203 - 2 . 6 2 6 0 0 .7 4 8 7 . 8 8 8 8 .9 0 8 6 .8 7 8 6 .7 7 8 7 . 0 5
204 - 1 . 3 4 9 2 2 .3 4 6 6 . 6 0 8 7 .3 2 8 5 .8 9 8 5 . 8 0 8 6 . 0 8
205 - 1 . 6 6 1 0 3 6 .9 2 8 5 . 8 0 8 6 .4 4 85 .  16 8 5 .0 6 8 5 . 3 5
206 - 2 . 3 0 6 8 2 . 6 3 8 5 . 4 5 8 6 .3 5 8 4 .5 6 8 4 .4 7 8 4 . 7 5
207 - 2 . 4  1 7 2 1 .5 4 8 5 .8 4 8 6 .7 7 8 4 .9 0 8 4 .8 0 8 5 . 0 6
208 - 3 . 7 7 4 8 9 .5 9 8 5 .8 1 8 7 .2 7 8 4 .3 4 8 4 .2 4 8 4 .5 0
2U9 - 4 . 4 4 5 1 3 .9 7 6 6 .9 1 5 8 .6 4 3 5 .  19 3 9 .0 7 3 9 . 3 5
210 - 5 . 8 4 6 0 7 .9 3 8 7 . 5 4 8 9 .8 1 8 5 .2 7 8 5 .  15 8 5 . 4 4
211 - 6 . 4 4 6 9 6 .2 4 8 8 . 8 8 9 1 .3 8 8 6 .3 8 8 6 .  38 8 6 .5 3
212 - 6 . 3 2 6 8 5 . 5 2 8 9 . 6 3 9 2 .0 8 8 7 .  17 8 7 .  17 8 7 . 3 2
213 - 5 . 5 3 5 8 1 .4 4 8 9 . 7 9 9 1 .9 4 8 7 .6 5 8 7 .6 5 8 7 .8 1
214 - 4 . 0 9 4 8 6 .5 0 8 9 . 3 3 9 0 .9 2 8 7 .7 5 8 7 .6 4 3 7 . 9 3
215 - 2 . 6 2 6 0 0 .9 4 8 8 . 2 3 8 9 .2 5 8 7 .2 1 8 7 .1 2 8 7 .3 9
216 - 1 . 8 4 9 2 2 .0 4 8 6 . 9 5 8 7 .6 6 8 6 .2 3 8 b .  14 8 6 .4 2
217 - 1 . 6 6 1 0 3 6 .4 4 8 6 . 1 4 8 6 .7 9 8 5 .5 0 8 5 .4 1 8 5 .6 9
218 - 2 . 3 0 6 8 2 .5 6 8 5 . 8 0 8 6 .6 9 8 4 .9 0 8 4 .8 1 8 5 .0 9
219 - 2 . 4 1 7 2 1 .5 2 8 6 .  18 8 7 .  11 8 5 .2 4 8 5 .  14 8 5 . 4 0
220 - 3 . 7 7 4 9 0 .1 1 8 6 . 1 4 8 7 .6 1 8 4 .6 8 8 4 .5 8 8 4 .8 4
221 - 4 . 4 5 5 1 4 .6 9 8 7 . 2 5 8 8 .9 8 8 5 .5 2 8 5 .4 1 8 5 .6 9
222 - 5 . 8 4 6 0 8 .8 9 8 7 . 8 7 9 0 .1 4 8 5 .6 1 8 5 .4 8 8 5 . 7 8
223 - 6 .4 4 6 9 7 .3 5 8 9 . 2 1 9 1 .7 1 8 6 .7 1 8 6 .7 1 8 6 .8 7
224 - 6 . 3 2 6 8 6 .6 4 8 9 . 9 6 9 2 .4 1 8 7 .5 0 8 7 .5 0 8 7 . 6 6
225 - 5 . 5 3 5 8 2 .3 9 9 0 .  12 9 2 .2 7 8 7 .9 7 8 7 .9 7 8 8 .  14
226 - 4 . 0 9 4 8 7 .2 0 8 9 . 6 6 9 1 .2 5 8 8 .0 7 8 7 .9 7 8 8 .2 6
227 - 2 . 6 2 6 0 1 .  14 8 8 . 5 6 8 9 .5 7 8 7 .5 4 8 7 .4 5 8 7 . 7 2
228 - 1 . 8 4 9 2 1 .7 8 8 7 . 2 7 8 7 .9 9 8 6 .5 6 8 6 .4 7 8 6 .7 4
229 - 1 .6 6 1 0 3 6 .0 0 8 6 . 4 6 8 7 .1 1 8 5 .8 2 8 5 .7 3 8 6 . 0 2
230 - 2 . 3 0 6 8 2 .5 0 8 6 .  12 8 7 .0 1 8 5 .2 2 8 5 .  13 8 5 .4 1
231 - 2 .4 1 7 2 1 .5 3 0 6 . 4 9 3 7 .4 3 8 5 .5 6 8 5 .4 6 8 5 . 7 2
232 - 3 .7 7 4 9 0 .6 0 8 6 .4 6 8 7 .9 3 8 5 .0 0 84 .8 9 8 5 .  16
233 - 4 . 4 5 5 1 5 . 3 8 8 7 . 5 7 8 9 .2 9 8 5 .8 4 8 5 .7 2 8 6 .0 0
234 - 5 . 8 4 6 0 9 .8 0 8 8 .1 9 9 0 .4 6 8 5 .9 2 3 5 .8 0 8 6 .0 9
235 - 6 . 4 5 6 9 8 .3 6 8 9 .5 3 9 2 .0 3 8 7 .0 3 8 7 .0 3 8 7 .1 8
236 - 6 .3 3 6 8 7 .7 0 9 0 . 2 7 9 2 .7 3 8 7 .8 2 8 7 .8 2 8 7 . 9 7
237 - 5 . 5 3 5 8 3 .3 0 9 0 .4  3 9 2 . 5 8 8 8 .2 9 8 8 .2 9 8 8 .4 5
238 - 4 . 0 9 4 8 7 .8 7 8 9 . 9 7 9 1 .5 6 8 8 .3 8 3 8 .2 8 8 8 . 5 7
239 - 2 . 6 2 6 0 1 .3 3 8 8 .8 7 8 9 .8 8 8 7 .8 5 8 7 .7 6 8 8 .0 3
240 - 1 . 8 4 9 2 1 .5 4 8 7 .5 8 8 8 .2 9 8 6 .8 6 8 6 .7 8 8 7 .0 5
24 1 - 1 . 6 6 1 0 3 5 .5 9 8 6 . 7 7 8 7 .4 1 8 6 .  13 8 6 .0 3 8 6 . 3 2
242 - 2 . 3 0 6 8 2 .4 5 8 6 .4 2 8 7 .3 1 8 5 .5 3 8 5 .4 4 8 5 . 7 2
243 - 2 .4 1 7 2 1 .5 4 8 6 . 8 0 8 7 .7 3 8 5 .8 6 8 5 .7 7 8 6 . 0 3
244 - 3 . 7 7 4 9 1 .0 7 8 6 .7 6 8 8 .2 3 8 5 .3 0 8 5 .2 0 8 5 .4 6
245 - 4 .4 5 5 1 6 .0 4 8 7 . 8 7 8 9 . 5 9 8 6 .  14 8 6 . 0 2 8 6 . 3 0
246 - 5 . 6 4 6 1 0 .6 7 8 8 .4 9 9 0 .7 6 8 6 .2 2 8 6 .  10 8 6 . 3 9
247 - 6 . 4 5 6 9 9 .3 8 8 9 .8 3 9 2 .3 3 8 7 .3 2 8 7 .3 2 8 7 . 4 8
248 - 6 . 3 3 6 8 8 .7 2 9 0 . 5 7 9 3 .0 2 8 8 .1 1 8 8 .1 1 8 8 . 2 7
249 - 5 . 5 3 5 8 4 .1 8 9 0 . 7 3 9 2 .8 8 8 8 .5 8 8 8 .5 8 8 8 . 7 5
250 - 4 . 1 0 4 8 8 .5 1 9 0 . 2 7 9 1 .8 6 8 8 .6 8 8 8 . 5 7 8 8 .8 6
251 - 2 . 6 2 6 0 1 .5 3 8 9 . 1 6 9 0 . 1 8 8 3 .1 4 8 8 . 0 5 8 8 . 3 2
252 - 1 .8 4 9 2 1 .3 3 8 7 . 8 7 8 8 .5 9 8 7 .1 6 8 7 .0 7 8 7 .3 5
253 - 1 . 6 6 1 0 3 5 .2 3 8 7 . 0 6 8 7 .7 1 8 6 .4 2 8 6 .3 3 8 6 .6 1
254 - 2 . 3 0 6 8 2 .4 1 3 6 .7 1 8 7 .6 0 8 5 .8 2 8 5 .7 3 8 6 .0 1
255 - 2 . 4 1 7 2 1 .5 6 8 7 .0 9 8 8 .0 2 8 6 .1 5 86 .06 8 6 . 3 1
256 - 3 . 7 7 4 9 1 .5 3 8 7 . 0 5 8 8 .5 2 8 5 .5 9 8 5 .4 8 8 5 . 7 5
257 - 4 . 4 5 5 1 6 . 6 7 8 8 . 1 6 8 9 .8 8 8 6 .4 3 86 .  31 8 6 .5 9
258 - 5 . 8 4 6 1 1 .5 1 8 8 .7 8 9 1 .0 5 8 6 .5 1 8 6 .3 8 8 6 . 6 8
259 - 6 . 4 5 7 0 0 .3 7 9 0 .1 1 9 2 .6 1 8 7 .6 1 8 7 .6 1 3 7 .7 6
260 - 6 . 3 3 6 8 9 . 7 0 9 0 . 8 5 9 3 .3 1 8 8 .4 0 8 8 .4 0 3 8 . 5 5
261 - 5 . 5 3 5 8 5 . 0 2 9 1 .0 1 9 3 .1 6 3 8 .8 7 8 8 .8 7 8 9 . 0 3
262 - 4 . 1 0 4 8 9 . 1 3 9 0 .5 5 9 2 .1 4 8 8 .9 6 8 8 .8 6 8 9 . 1 4
263 - 2 . 6 2 6 0 1 . 7 3 8 9 .4 4 9 0 .4 6 6 8 .4 2 8 8 .3 3 8 8 . 6 0
264 - 1 . 8 4 9 2 1 . 1 4 8 8 . 1 5 8 8 . 8 6 8 7 .4 3 8 7 .3 5 8 7 . 6 2
265 - 1 . 6 6 1 0 3 4 .8 9 8 7 .3 4 8 7 . 9 8 8 6 .7 0 8 6 .6 0 8 6 . 8 9
266 - 2 . 3 0 6 8 2 .3 9 8 6 .9 9 8 7 . 8 8 8 6 .0 9 8 6 .0 0 8 6 . 2 9
267 - 2 . 4 1 7 2 1 .5 9 8 7 . 3 6 8 8 .3 0 8 6 .4 3 3 6 .3 3 8 6 . 5 9
268 - 3 . 7 7 4 9 1 .9 7 8 7 . 3 3 8 8 .7 9 8 5 .8 6 8 5 .7 6 8 6 .0 2
269 - 4 . 4 5 5 1 7 .2 9 8 8 . 4 3 9 0 . 1 6 8 6 .7 0 8 6 .5 8 8 6 . 8 6
270 - 5 . 8 4 6 1 2 . 3 2 8 9 .0 5 9 1 .3 2 8 6 .7 8 8 6 .6 5 8 6 .9 5
271 - 6 . 4 5 7 0 1 .3 1 9 0 .3 8 9 2 .8 9 8 7 .8 8 8 7 .8 8 8 8 . 0 4
272 - 6 . 3 3 6 9 0 .6 5 9 1 . 1 2 9 3 .5 8 8 8 . 6 7 8 8 .6 7 8 8 . 8 2
273 - 5 . 5 3 5 8 5 .7 7 9 1 .2 8 9 3 . 4 3 8 9 .1 4 8 9 .1 4 8 9 . 3 0
274 - 4 . 1 0 4 8 9 .7 2 9 0 . 8 2 9 2 .4 1 8 9 .2 3 8 9 .  12 8 9 .4 1
275 - 2 . 6 2 6 0 1 .9 2 8 9 . 7 1 9 0 .7 2 8 8 .6 9 8 8 .6 0 8 8 . 8 7
276 - 1 . 8 4 9 2 0 . 9 7 8 8 . 4 2 8 9 .1 3 8 7 .7 0 8 7 .6 1 8 7 . 8 9

200

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



277 - 1 . 6 6 1 0 3 4 .5 8 8 7 .6 1 8 8 .2 5 8 6 . 9 6 8 6 . 8 7 8 7 .  16
278 - 2 . 3 0 6 8 2 .3 7 8 7 . 2 5 8 8 .1 5 8 6 . 3 6 8 6 . 2 7 8 6 . 5 5
279 - 2 . 4 1 7 2 1 .6 3 8 7 . 6 3 8 8 .5 6 8 6 . 6 9 8 6 . 5 9 8 6 . 8 5
280 - 3 . 7 7 4 9 2 .4 0 8 7 . 5 9 8 9 .0 5 8 6 . 1 3 8 6 . 0 2 8 6 . 2 8
281 - 4 . 4 5 5 1 7 .8 8 8 8 . 6 9 9 0 .4 2 8 6 . 9 6 8 6 . 8 4 8 7 .  13
282 - 5 . 8 5 6 1 3 .1 0 8 9 .3 1 9 1 .5 8 8 7 . 0 4 8 6 .9 1 8 7 . 2 1
283 - 6 . 4 5 7 0 2 .2 2 9 0 . 6 4 9 3 .1 5 8 8 . 1 4 8 8 .1 4 8 8 . 3 0
284 - 6 . 3 3 6 9 1 .5 6 9 1 . 3 8 9 3 .8 4 8 8 . 9 3 8 8 . 9 3 8 9 . 0 8
285 - 5 . 5 4 5 8 6 .5 5 9 1 . 5 4 9 3 .6 9 8 9 . 3 9 8 9 . 3 9 8 9 . 5 6
286 - 4 .  10 4 6 0 .3 0 9 1 .0 0 9 2 .6 7 0 9 . 4 9 0 9 . 3 0 0 9 . 6 7
287 - 2 . 6 2 6 0 2 .1 1 8 9 . 9 6 9 0 .9 8 8 8 . 9 5 8 8 . 8 5 8 9 .  13
288 - 1 .8 4 9 2 0 .8 2 8 8 . 6 7 8 9 .3 9 8 7 . 9 6 8 7 . 8 7 8 8 .  15
289 - 1 . 6 6 1 0 3 4 .3 0 8 7 . 8 6 8 8 .5 0 8 7 . 2 2 8 7 .  12 8 7 . 4 1
290 - 2 . 3 0 6 8 2 .3 7 8 7 .5 1 8 8 .4 0 8 6 .6 1 8 6 . 5 2 8 6 . 8 0
291 - 2 .4 1 7 2 1 .6 7 8 7 . 8 8 8 8 .8 2 8 6 . 9 4 8 6 . 8 5 8 7 .  11
292 - 3 . 7 7 4 9 2 .8 1 8 7 . 8 4 8 9 .3 1 8 6 . 3 8 8 6 . 2 7 8 6 . 5 4
293 - 4 . 4 5 5 1 8 .4 5 8 8 .9 4 9 0 .6 7 8 7 . 2 2 8 7 . 1 0 8 7 . 3 8
294 - 5 . 8 5 6 1 3 .8 5 8 9 . 5 6 9 1 .8 3 8 7 . 2 9 8 7 . 1 6 8 7 . 4 6
295 - 6 . 4 5 7 0 3 .1 0 9 0 . 8 9 9 3 .4 0 8 8 . 3 9 8 8 . 3 9 8 8 . 5 4
296 - 6 . 3 3 6 9 2 .4 3 9 1 . 6 3 9 4 .0 9 8 9 .  17 8 9 . 1 7 8 9 . 3 3
297 - 5 . 5 4 5 8 7 .3 0 9 1 . 7 9 9 3 .9 4 8 9 . 6 4 8 9 . 6 4 8 9 . 8 0
298 - 4 . 1 0 4 9 0 .8 5 9 1 .3 2 92 .9 1 8 9 . 7 3 8 9 . 6 3 8 9 . 9 2
299 - 2 . 6 2 6 0 2 .3 0 9 0 .2 1 9 1 .2 3 8 9 .  19 8 9 .  10 8 9 . 3 7
300 - 1 . 8 4 9 2 0 .6 8 8 8 . 9 2 8 9 .6 3 8 8 . 2 0 8 8 . 1 1 8 8 . 3 9
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Application Design Case Ground-loop Data 

P r i n t e d  f r o m  GLHEPRO —  O u t p u t  f i l e

A c t i v e  b o r e h o l e  l e n g t h ,  f t  
B o r e h o l e  R a d i u s ,  i n  
B o r e h o l e  s p a c i n g ,  f t  
B o r e h o l e  G eom etry

S o i l  T ype  c u r r e n t l y  u s e d
Therm al  c o n d u c t i v i t y  o f  t h e  g r o u n d . B t u / ( h r » f t » * F )  
V o l u m e t r i c  h e a t  c a p a c i t y  o f  G r o u n d .  B t u / ( * F » f t * 3 )  
V o l u m e t r i c  h e a t  c a p a c i t y  o f  f l u i d .  B t u / ( " F * f t - 3 )  
U n d i s t u r b e d  g r o u n d  t e m p e r a t u r e .  *F 
B o r e h o l e  t h e r m a l  r e s i s t a n c e .  " F / ( B t u / ( h r » f t ) )
F l u i d  t y p e  c u r r e n t l y  e n t e r e d  
Mass f l o w  r a t e  o f  t h e  f l u i d ,  g a l / m i n  
D e n s i t y  o f  t h e  f l u i d ,  l b x f t - 3  
H e a t  Pump S e l e c t e d

-? 3 1  ,S 
- 2 . 1 6 5  
- 2 6 3 . 9
: RECTANGULAR CONFIGURATION 
; 42 : 6 x 7 .  r e c t a n g l e

- 0 . 9 1 0 0
- 2 6 . 9 9
- 6 2 . 4 0
- 6 9 . 0 0
- 0 . 2 4 0 0
: P u r e  W a t e r
- 3 2 . 6 2
- 6 2 . 4 0
: C l i m a t e M a s t e r  G e n e s i s  036

GLHE M o n th ly  L o ad s

Month T o t a l  H e a t i n g T o t a l  C o o l i n g P eak  H e a t i n g P eak  C o o l i n g
1000 Btu 1000 B tu 1000 B t u / H r 1000 B t u / H r

J a n u a r y 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
F e b r u a r y 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
March 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
A p r i  1 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
May 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
J u n e 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
J u l y 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
A u g u s t 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
S e p te m b e r 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
O c t o b e r 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
November 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
December 0 0 0 0 0 0 .0 0 □ 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0

H e a t  Pump M o n th ly  L o ad s

Month T o t a l  H e a t i n g T o t a l  C o o l i n g P e a k  H e a t i n g P e a k  C o o l i n g
1000 B tu 1000 B tu 1000 B t u / H r 1000 B t u / H r

J a n u a r y 0 1 2 2 8 1 .0 0 0 1 6 9 5 8 .0 0 0 0 0 0 4 3 .8 0 0 0 0 0 9 2 .9 0
F e b r u a r y 0 0 6 9 8 9 .0 0 0 1 6 2 0 7 .0 0 0 0 0 0 3 4 .3 0 0 0 0 0 9 8 .3 0
March 0 0 7 1 1 1 .0 0 0 1 8 1 8 7 .0 0 0 0 0 0 3 7 .2 0 0 0 0 0 9 7 .7 0
A p r i l 0 0 1 5 7 3 .0 0 0 2 5 9 5 6 .0 0 0 0 0 0 1 8 .5 0 0 0 0 1 1 8 .4 0
May 0 0 0 5 6 7 .0 0 0 3 2 3 0 9 .0 0 0 0 0 0 1 7 .4 0 0 0 0 1 3 0 .5 0
J u n e 0 0 0 0 0 0 .0 0 0 4 3 0 5 3 .0 0 0 0 0 0 0 2 .0 0 0 0 0 1 5 4 .1 0
J u l y 0 0 0 0 0 0 .0 0 0 5 0 8 3 4 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 5 1 .8 0
A u g u s t 0 0 0 0 0 0 .0 0 0 4 9 7 3 7 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 4 6 .8 0
S e p te m b e r 0 0 0 0 0 0 .0 0 0 3 9 8 9 6 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 4 0 .0 0
O c t o b e r 0 0 0 5 0 6 .0 0 0 2 8 8 8 2 .0 0 0 0 0 0 1 1 .8 0 0 0 0 1 2 6 .7 0
N ovember 0 0 4 7 6 8 .0 0 0 1 7 8 3 3 .0 0 0 0 0 0 2 9 .8 0 0 0 0 1 0 3 .4 0
D ecember 0 1 0 2 6 1 .0 0 0 1 6 9 9 6 .0 0 0 0 0 0 3 7 .6 0 0 0 0 0 9 9 .8 0

R e s u l t s

B o r e h o l e  I n f o r m a t i o n

Each B o r e h o l e  D e p t h ,  f t  -  1 3 5 0 .9 8
T o t a l  B o r e h o l e  D e p t h ,  f t  -  5 6 7 4 1 .1 6
D i s t a n c e  b e tw e e n  b o r h o l e  c e n t e r s ,  f t  -

A v e r a g e  T e m p e r a t u r e

0 2 2 .0 0
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laximum A v e r a g e  T e m p e r a t u r e .  *F - 
{inimum A v e r a g e  T e m p e r a t u r e .  ' F  -

’e a k  t e m p e r a t u r e

0 7 2 . 1 4  a t  m onth  299 
□ 6 7 .8 0  a t  m on th  06

4aximum P e a k  T e m p e r a t u r e .  *F 0 6 9 . 9 8  a t  m on th  299
4inimum P e a k  T e m p e r a t u r e .  *F 0 6 7 . 8 4  a t  m onth  07

M o n th ly l o a d s
Month H e a t i n g ( B t u ) C oo l  m g  (B tu ) P eak  H e a t i n g ( 8 t u / h r ) P eak  C o o l i n g

J a n u a r y 1 2 2 8 1 0 0 0 .0 0 0 1 6 9 5 8 0 0 0 .0 0 0 4 3 8 0 0 .0 0 0 9 2 9 0 0 .0 0 0
F e b r u a r y 6 9 8 9 0 0 0 .0 0 0 1 6 2 0 7 0 0 0 .0 0 0 3 4 3 0 0 .0 0 0 9 8 3 0 0 .0 0 0
M arch 7 1 1 1 0 0 0 .0 0 0 1 8 1 8 7 0 0 0 .0 0 0 3 7 2 0 0 .0 0 0 9 7 7 0 0 .0 0 0
A p r i l 1 5 7 3 0 0 0 .0 0 0 2 5 9 5 6 0 0 0 .0 0 0 1 8 5 0 0 .0 0 0 1 1 8 4 0 0 .0 0 0
May 5 6 7 0 0 0 .0 0 0 3 2 3 0 9 0 0 0 .0 0 0 1 7 4 0 0 .0 0 0 1 3 0 5 0 0 .0 0 0
J u n e .000 4 3 0 5 3 0 0 0 .0 0 0 2 0 0 0 .0 0 0 1 5 4 1 0 0 .0 0 0
J u l y .000 5 0 8 3 4 0 0 0 .0 0 0 .000 1 5 1 8 0 0 .0 0 0
A u g u s t . 0 0 0 4 9 7 3 7 0 0 0 .0 0 0 .000 1 4 6 8 0 0 .0 0 0
S e p t e m b e r .0 0 0 3 9 8 9 6 0 0 0 .0 0 0 .000 1 4 0 0 0 0 .0 0 0
O c t o b e r 5 0 6 0 0 0 .0 0 0 2 8 8 8 2 0 0 0 .0 0 0 1 1 8 0 0 .0 0 0 1 2 6 7 0 0 .0 0 0
November 4 7 6 8 0 0 0 .0 0 0 1 7 8 3 3 0 0 0 .0 0 0 2 9 8 0 0 .0 0 0 1 0 3 4 0 0 .0 0 0
D ecem ber 1 026 1 0 0 0 .0 0 0 1 6 9 9 6 0 0 0 .0 0 0 3 7 6 0 0 .0 0 0 9 9 8 0 0 .0 0 0

N o te  : EWT -  E n t e r i n g  w a t e r  t e m p e r a t u r e  t o  h e a t  p u m p (s )
ExWr - E x i t i n g  w a t e r  t e m p e r a t u r e  f ro m  h e a t  p u m p (s )

T im* Q Pow er  T f  A v e r a g e  ExWT A v e r a g e  EWT Minimum EWT Maximum EWT

6 9 . 3 8  
6 9 . 7 6
6 9 .9 1  
7 0 .5 1
7 1 . 10 
7 1 .8 5  
7 2 .4 7
7 2 .6 2  
7 2 . 2 7  
7 1 .5 4
7 0 .6 5  
7 0 .1 1
6 9 . 9 2  
7 0 .0 8  
7 0 .2 1
7 0 .8 0
7 1 .3 8
7 2 .  13 
7 2 .7 4  
7 2 . 8 9
7 2 .5 3
7 1 .8 0  
7 0 .9 1
7 0 . 3 7
7 0 . 1 7
7 0 .3 2  
7 0 .4 4  
7 1 . 0 3
7 1 . 6 2
7 2 .3 7  
7 2 .9 9  
7 3 .1 4  
7 2 .7 9  
7 2 . 0 5  
7 1 .1 6  
7 0 .6 0  
7 0 . 4 0
7 0 .5 4
7 0 .6 6  
7 1 .2 4  
7 1 .8 2  
7 2 .5 6
7 3 . 1 8
7 3 .3 3

( m o n th s ) ( 8 t u / h r « f t ) (kW -hr) (f

1 - . 2 2 9 5 1 .8 3 6 9 . 0 0
2 - . 3 3 6 0 2 .1 8 6 9 .1 9
3 - . 3 5 6 2 8 .1 7 6 9 .3 1
4 - .67 3 4 1 .4 4 6 9 .3 4
5 - . 8 4 3 3 4 .6 9 6 9 .6 4
6 - 1 . 1 7 3 9 6 .5 6 6 9 . 8 3
7 - 1 . 3 3 4 6 8 .2 7 7 0 .1 5
8 - 1 . 3 0 4 5 8 .4 5 7 0 .3 6
9 - 1 . 0 8 3 68 .  12 7 0 . 3 9

10 - . 7 5 2 9 9 .4 9 7 0 .2 4
11 - . 3 9 4 7 2 .4 3 6 9 .9 7
12 - . 2 6 8 1 9 .2 5 6 9 .6 7
13 - . 2 2 9 4 9 .4 9 6 9 .5 4
14 - . 3 3 6 0 1 .4 6 6 9 .5 1
15 - . 3 5 6 2 7 .4 9 69 61
16 - . 6 7 3 4 1 .4 3 6 9 .6 3
17 - .84 3 3 4 .8 4 6 9 . 9 3
18 - I .  17 3 9 6 .8 2 7 0 .1 0
19 - 1 . 3 3 4 6 8 .5 8 7 0 .4 3
20 - 1 . 3 0 4 5 8 .7 5 7 0 .6 3
21 - 1 . 0 8 3 6 8 .3 7 7 0 .6 6
22 - . 7 5 2 9 9 .6 2 7 0 .5 0
23 - . 3 9 4 7 2 .0 7 7 0 .2 3
24 - . 2 6 8 1 8 .3 7 6 9 .9 2
25 - . 2 2 9 4 8 .4 5 6 9 . 7 9
26 - . 3 3 6 0 0 .9 1 6 9 .7 5
27 - . 3 5 6 2 6 .9 5 6 9 .8 4
28 - . 6 7 3 4 1 .4 3 6 9 . 8 6
29 - . 8 4 3 3 4 .9 6 7 0 .1 6
30 - 1 . 1 7 3 9 7 .0 5 7 0 .3 4
31 - 1 . 3 3 4 6 8 .8 6 7 0 .6 7
32 - 1 . 3 0 4 5 9 .0 4 7 0 .8 8
33 - 1 . 0 8 3 6 8 .6 1 7 0 .9 1
34 - . 7 5 2 9 9 .7 5 7 0 .7 5
35 - . 3 9 4 7 1 .7 4 7 0 .4 8
36 - . 2 6 8 1 7 .5 5 7 0 .1 6
37 - . 2 2 9 4 7 .4 8 7 0 . 0 2
38 - . 3 3 6 0 0 .4 1 6 9 . 9 7
39 - . 3 5 6 2 6 .4 6 7 0 .0 6
40 - . 6 7 3 4 1 .4 3 7 0 .0 7
41 - . 8 4 3 3 5 .0 7 7 0 .3 7
42 - 1 . 1 7 3 9 7 .2 5 7 0 .5 4
43 - 1 . 3 3 4 6 9 .0 9 7 0 .8 6
44 - 1 . 3 0 4 5 9 .2 5 7 1 .0 6

(F) IF) (F)

6 8 .6 2 6 9 .7 1 6 6 .5 1
6 8 .6 2 6 9 .6 9 6 6 .5 2
6 8 .7 1 6 9 .8 4 6 6 .6 4
6 8 .1 7 6 9 .4 0 6 6 .0 0
6 8 .1 9 6 9 .6 2 6 5 .9 2
6 7 .8 0 6 9 .3 8 6 5 .3 6
6 7 .8 4 6 7 .8 4 6 5 .6 8
6 8 .0 9 6 8 .0 9 6 6 .0 2
6 8 .5 1 6 8 .5 1 6 6 .3 2
6 8 .9 4 70 .  15 6 6 .6 5
6 9 .2 9 7 0 .3 6 6 7 .  14
6 9 . 2 2 7 0 .2 5 6 6 .9 8
6 9 .1 7 7 0 .2 6 6 7 .0 5
6 8 .9 4 7 0 .0 0 6 6 .8 3
6 9 .0 1 7 0 .1 5 6 6 .9 4
6 8 . 4 6 6 9 .7 0 6 6 .2 9
6 8 . 4 8 6 9 .9 1 6 6 .2 1
6 8 . 0 8 6 9 .6 6 6 5 .6 4
6 8 .1 1 6 8 .1 1 6 5 .9 5
6 8 . 3 6 6 8 .3 6 6 6 .2 9
6 8 . 7 8 6 8 .7 8 6 6 .5 9
6 9 . 2 0 7 0 .4 1 6 6 .9 2
6 9 .5 5 7 0 .6 2 6 7 .4 0
6 9 . 4 8 7 0 .5 0 6 7 .2 3
6 9 .4 1 7 0 .5 0 6 7 .3 0
6 9 .1 8 7 0 .2 4 6 7 .0 7
6 9 .2 4 7 0 .3 8 6 7 .1 7
6 8 .7 0 6 9 .9 3 6 6 .5 3
6 8 .7 1 7 0 .  14 6 6 .4 4
6 8 .3 1 6 9 .9 0 6 5 .8 8
6 8 . 3 6 6 8 .3 6 6 6 .2 0
6 8 .6 1 6 8 .6 1 6 6 .5 4
6 9 . 0 3 6 9 .0 3 6 6 .8 4
6 9 . 4 5 7 0 .6 6 6 7 .  17
6 9 . 8 0 7 0 .8 6 6 7 .6 4
6 9 . 7 2 7 0 .7 4 5 7 . 4 7
6 9 . 6 4 7 0 .7 3 6 7 .5 3
6 9 .4 0 7 0 .4 6 6 7 .2 9
6 9 .4 6 7 0 .6 0 6 7 .3 9
6 8 .9 0 7 0 .1 4 6 6 .7 3
6 8 .9 1 7 0 .3 4 6 6 .6 5
6 8 .5 1 7 0 .1 0 6 6 . 0 7
6 8 .5 5 6 8 .5 5 6 6 .3 9
6 8 . 8 0 6 8 .8 0 6 6 .7 3
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45 - 1 . 0 8 3 6 8 . 7 8 7 1 .0 9 7 2 . 9 7 6 9 . 2 1 6 9 .2 1
46 - . 7 5 2 9 9 . 8 4 7 0 .9 3 7 2 . 2 3 6 9 . 6 3 7 0 .8 4
47 - . 3 9 4 7 1 . 5 1 7 0 . 6 5 7 1 . 3 3 6 9 . 9 7 7 1 .0 4
48 - . 2 6 8 1 6 . 9 6 7 0 . 3 3 7 0 . 7 7 6 9 . 8 9 7 0 .9 1
49 - . 2 2 9 4 6 . 7 7 7 0 .1 9 7 0 .5 7 6 9 . 8 1 7 0 . 9 0
50 - . 3 3 6 0 0 . 0 3 7 0 .1 4 7 0 . 7 1 6 9 . 5 7 7 0 . 6 3
51 - . 3 5 6 2 6 . 0 7 7 0 . 2 3 7 0 .8 3 6 9 . 6 3 7 0 . 7 7
52 - . 6 7 3 4 1 . 4 3 7 0 . 2 5 7 1 . 4 2 6 9 . 0 8 7 0 . 3 2
53 - . 8 4 3 3 5 . 1 8 7 0 . 5 5 7 2 .0 1 6 9 .  10 7 0 . 5 3
54 - 1 .  17 3 9 7 .4 4 7 0 .7 3 7 2 .7 6 6 8 . 7 1 7 0 .2 9
55 - 1 . 3 3 4 6 9 . 3 3 7 1 . 0 6 7 3 .3 8 6 8 . 7 5 6 8 . 7 5
56 - 1 . 3 0 4 5 9 . 4 9 7 1 .2 7 7 3 .5 3 6 9 . 0 0 6 9 . 0 0
57 - 1 . 0 8 3 6 8 . 9 8 7 1 .3 0 7 3 .1 8 6 9 . 4 2 6 9 . 4 2
58 - . 7 5 2 9 9 . 9 5 7 1 . 1 4 7 2 .4 3 6 9 . 8 4 7 1 .0 4
59 - . 3 9 4 7 1 . 2 4 7 0 . 8 5 7 1 .5 4 7 0 .  17 7 1 .2 4
60 - . 2 6 8 1 6 . 2 9 7 0 . 5 3 7 0 . 9 7 7 0 . 0 9 7 1 .1 1
61 - . 2 2 9 4 5 . 9 6 7 0 .3 9 7 0 .7 6 7 0 .0 1 7 1 .  10
62 - . 3 3 5 9 9 . 6 0 7 0 . 3 3 7 0 .9 0 6 9 . 7 6 7 0 .8 3
63 - . 3 5 6 2 5 . 6 6 7 0 . 4 2 7 1 .0 2 6 9 . 8 2 7 0 .9 6
64 - . 6 7 3 4 1 .4 4 7 0 .4 4 7 1 .6 1 6 9 . 2 7 7 0 .5 0
65 - . 8 4 3 3 5 .2 8 7 0 . 7 3 7 2 .  19 6 9 . 2 8 7 0 .7 1
66 - 1 . 1 7 3 9 7 .6 2 7 0 .9 1 7 2 .9 4 6 8 . 8 8 7 0 .4 7
67 - 1 . 3 3 4 6 9 . 5 4 7 1 .2 4 7 3 .5 6 6 8 . 9 2 6 8 . 9 2
68 - 1 . 3 0 4 5 9 . 7 0 7 1 . 4 4 7 3 .7 1 6 9 .  18 6 9 .  18
69 - 1 . 0 8 3 6 9 .1 4 7 1 . 4 7 7 3 . 3 5 6 9 . 5 9 6 9 . 5 9
70 - . 7 5 3 0 0 .0 4 7 1 . 3 0 7 2 .6 0 7 0 . 0 0 7 1 .2 1
71 - . 3 9 47 1 .0 3 7 1 .0 2 7 1 . 7 0 7 0 .3 4 7 1 .4 0
72 - .  26 8 1 5 . 7 5 7 0 . 6 9 7 1 .  14 7 0 . 2 5 7 1 . 2 8
73 - . 2 2 9 4 5 . 3 0 7 0 .5 4 7 0 .9 2 7 0 .  17 7 1 .2 6
74 - . 3 3 5 9 9 . 2 6 7 0 .4 9 7 1 . 0 6 6 9 . 9 2 7 0 .9 8
75 - . 3 5 6 2 5 . 3 2 7 0 .5 7 7 1 .  17 6 9 . 9 7 7 1 .1 1
76 - . 6 7 3 4 1 .4 4 7 0 .5 9 7 1 .7 6 6 9 . 4 2 7 0 . 6 5
77 - . 8 4 3 3 5 .3 6 7 0 .8 8 7 2 .3 4 6 9 . 4 3 7 0 .8 6
78 - 1 . 1 7 3 9 7 .7 8 7 1 .0 6 7 3 .0 9 6 9 . 0 3 7 0 .6 2
79 - 1 . 3 3 4 6 9 .7 1 7 1 .3 9 7 3 .7 0 6 9 . 0 7 6 9 . 0 7
80 - 1 . 3 0 4 5 9 . 8 7 7 1 .5 9 7 3 .8 5 6 9 . 3 2 6 9 . 3 2
81 - 1 . 0 8 3 6 9 .2 8 7 1 .6 1 7 3 . 4 9 6 9 . 7 3 6 9 . 7 3
82 -  .7 5 3 0 0 .1 1 7 1 .4 4 7 2 .7 4 7 0 . 1 4 7 1 . 3 5
83 - . 3 9 4 7 0 . 8 5 7 1 . 1 6 7 1 .8 4 7 0 . 4 8 7 1 .5 4
84 - . 2 6 3 1 5 . 2 9 7 0 . 8 3 7 1 . 2 7 7 0 . 3 8 7 1 .4 1
85 - . 2 2 9 4 4 . 7 5 7 0 . 6 8 7 1 .0 6 7 0 . 3 0 7 1 .3 9
86 - . 3 3 5 9 8 . 9 6 7 0 .6 2 7 1 .  19 7 0 . 0 5 7 1 .1 2
87 - . 3 5 6 2 5 . 0 3 7 0 .7 0 7 1 .3 0 7 0 .  10 7 1 .2 4
88 - . 6 7 3 4 1 .4 5 7 0 . 7 2 7 1 .8 9 6 9 . 5 5 7 0 .7 8
89 - .84 3 3 5 .4 4 7 1 .0 1 7 2 .4 7 6 9 . 5 6 7 0 .9 9
90 - 1 . 1 7 3 9 7 .9 1 7 1 .1 9 7 3 .2 1 6 9 .  16 7 0 .7 4
91 - 1 . 3 3 4 6 9 .8 6 7 1 .5 1 7 3 .8 3 6 9 . 2 0 6 9 .2 0
92 - 1 . 3 0 4 6 0 . 0 2 7 1 .7 1 7 3 .9 7 6 9 . 4 4 6 9 . 4 4
93 - 1 . 0 8 3 6 9 .4 0 7 1 .7 3 7 3 .6 1 6 9 . 8 5 6 9 . 8 5
94 - . 7 5 3 0 0 .  18 7 1 . 5 6 7 2 .8 6 7 0 . 2 6 7 1 .4 7
95 - . 3 9 4 7 0 . 6 9 7 1 . 2 8 7 1 . 9 6 7 0 . 6 0 7 1 . 6 6
96 - . 2 6 8 1 4 . 8 8 7 0 . 9 5 7 1 .4 0 7 0 .5 1 7 1 .5 4
97 - . 2 2 9 4 4 .2 4 7 0 . 8 0 71 .  18 7 0 . 4 3 7 1 .5 2
98 - . 3 3 5 9 8 . 6 9 7 0 . 7 5 7 1 .3 2 7 0 .  18 7 1 .2 4
99 - . 3 5 6 2 4 . 7 5 7 0 .8 4 7 1 .4 4 7 0 .2 4 7 1 .3 8

100 - . 6 7 3 4 1 .4 5 7 0 . 8 6 7 2 .0 3 6 9 . 6 9 7 0 .9 2
101 - . 8 4 3 3 5 .5 2 7 1 .  15 7 2 .6 1 6 9 . 7 0 7 1 .1 3
102 - 1 . 1 7 3 9 8 .0 5 7 1 .3 3 7 3 .3 5 6 9 . 3 0 7 0 .8 9
103 - 1 . 3 3 4 7 0 .0 4 7 1 .6 5 7 3 . 9 7 6 9 . 3 4 6 9 . 3 4
104 - 1 . 3 0 4 6 0 .2 0 7 1 . 8 5 7 4 .1 2 6 9 . 5 9 6 9 . 5 9
105 - 1 . 0 8 3 6 9 .5 5 7 1 . 8 7 7 3 .7 5 7 0 . 0 0 7 0 . 0 0
106 - . 7 5 3 0 0 .2 6 7 1 .7 1 7 3 .0 1 7 0 .4 1 7 1 . 6 2
107 - . 3 9 4 7 0 . 5 2 7 1 .4 2 7 2 .1 0 7 0 .7 4 7 1 .8 0
108 - . 2 6 8 1 4 . 4 2 7 1 . 0 9 7 1 . 5 3 7 0 . 6 5 7 1 . 6 7
109 - . 2 2 9 4 3 . 6 8 7 0 . 9 4 7 1 .3 2 7 0 . 5 6 7 1 .6 6
110 - . 3 3 5 9 8 . 3 9 7 0 .8 9 7 1 .4 5 7 0 . 3 2 7 1 .3 8
111 - . 3 5 6 2 4 . 4 6 7 0 . 9 7 7 1 . 5 7 7 0 .3 7 7 1 .5 1
112 - . 6 7 3 4 1 .4 6 7 0 .9 9 7 2 .1 6 6 9 . 8 2 7 1 . 0 5
113 - . 8 4 3 3 5 .6 0 7 1 .2 8 7 2 .7 4 6 9 . 8 3 7 1 .2 6
114 - 1 . 1 7 3 9 8 .1 9 7 1 .4 6 7 3 .4 9 6 9 . 4 3 7 1 .0 2
115 - 1 . 3 3 4 7 0 .2 0 7 1 .7 8 7 4 .1 0 6 9 . 4 7 6 9 . 4 7
116 - 1 . 3 0 4 6 0 .3 5 7 1 .9 8 7 4 .2 5 6 9 . 7 2 6 9 . 7 2
117 - 1 . 0 8 3 6 9 .6 8 7 2 . 0 0 7 3 .8 8 7 0 . 1 2 7 0 .  12
118 - . 7 5 3 0 0 .3 3 7 1 . 8 3 7 3 .1 3 7 0 .5 3 7 1 .7 4
119 - . 3 9 4 7 0 .3 6 7 1 .5 4 7 2 .2 3 7 0 .8 6 7 1 .9 3
120 - . 2 6 8 1 4 . 0 2 7 1 .2 1 7 1 .6 6 7 0 . 7 7 7 1 .8 0
121 - . 2 2 9 4 3 . 1 9 7 1 . 0 6 7 1 .4 4 7 0 . 6 9 7 1 .7 8

6 7 . 0 2  
6 7 . 3 4
6 7 . 8 1
6 7 . 6 4
6 7 . 7 0  
6 7 . 4 6  
6 7 . 5 6  
6 6 . 9 1
6 6 . 8 3  
6 6 . 2 7
6 6 . 5 9
6 6 . 9 4  
6 7 . 2 3
6 7 . 5 5
6 8 . 0 2
6 7 . 8 4
6 7 . 8 9
6 7 . 6 5  
6 7 .  75 
6 7 . 1 0  
6 7 .0 1  
6 6 . 4 5  
6 6 . 7 7
6 7 .  I t
6 7 . 4 0
6 7 . 7 2
6 8 .  18 
6 8 . 0 0  
6 8 . 0 5
5 7 .8 1
6 7 . 9 0
6 7 . 2 5
6 7 .  16
6 6 . 5 9
6 6 .9 1
6 7 . 2 5  
6 7 .5 4
6 7 . 8 6  
6 8 . 3 2
6 8 .  14 
6 8 .  19
6 7 . 9 4
6 8 .0 3  
6 7 . 3 8
6 7 . 2 9
6 6 . 7 2
6 7 .0 4  
6 7 .  38 
6 7 . 6 7
6 7 .9 8
6 8 .4 4
6 8 . 2 6  
6 8 .3 1  
6 8 . 0 7  
6 8 . 1 7
6 7 .5 2  
6 7 .4 3
6 6 . 8 6  
6 7 .  18
6 7 .5 2
6 7 .8 1  
6 8 . 1 2  
6 8 .5 8
6 8 . 4 0
6 8 .4 5  
6 8 . 2 1
6 8 . 3 0
6 7 . 6 5
6 7 .5 6
6 6 .9 9
6 7 . 3 1
6 7 . 6 5  
6 7 . 9 3  
6 8 . 2 5
6 8 . 7 1
6 8 . 5 2
6 8 . 5 7
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122 - . 3 3 5 9 8 .1 3 7 1 .0 1 7 1 .5 8 7 0 . 4 4 7 1 .5 0 6 8 . 3 3
123 - . 3 5 6 2 4 .2 0 7 1 . 0 9 7 1 .6 9 7 0 . 4 9 7 1 . 6 3 6 8 . 4 2
124 - . 6 7 3 4 1 .4 7 7 1 . 1 1 7 2 .2 8 6 9 . 9 4 7 1 .  17 6 7 . 7 7
125 - . 8 4 3 3 5 .6 7 7 1 . 4 0 7 2 .8 6 6 9 . 9 5 7 1 .3 8 6 7 . 6 8
12b - 1 . 1 7 3 9 8 .3 1 7 1 . 5 8 7 3 .6 0 6 9 . 5 5 7 1 .  14 6 7 .  11
127 - 1 . 3 3 4 7 0 .3 4 7 1 .9 0 7 4 .2 2 6 9 . 5 9 6 9 . 5 9 6 7 . 4 3
123 - 1 . 3 0 4 6 0 .5 0 7 2 . 1 0 7 4 .3 6 6 9 . 8 3 6 9 . 8 3 6 7 . 7 6
129 - 1 . 0 8 3 6 9 .7 9 7 2 .  12 7 3 .9 9 7 0 . 2 4 7 0 .2 4 6 8 . 0 5
130 - . 7 5 3 0 0 .3 9 7 1 . 9 5 7 3 .2 5 7 0 . 6 5 7 1 .8 6 6 8 . 3 6
131 - . 3 9 4 7 0 .2 2 7 1 .6 6 7 2 .3 4 7 0 . 9 8 7 2 .0 4 6 8 . 8 2
132 - .  26 3 1 3 .6 5 7 1 . 3 3 7 1 .77 7 0 . 8 0 7 1 .9 1 6 8 . 6 4
133 - . 2 2 9 4 2 .7 4 7 1 . 1 7 7 1 .5 5 7 0 . 8 0 7 1 .8 9 6 8 . 6 8
134 - . 3 3 5 9 7 . 9 0 7 1 .1 2 7 1 .6 9 7 0 . 5 5 7 1 . 6 1 6 8 . 4 4
135 - . 3 5 6 2 3 .9 7 7 1 . 2 0 7 1 .8 0 7 0 . 6 0 7 1 .7 4 6 8 . 5 3
136 - .6 7 3 4 1 .4 8 7 1 .2 2 7 2 .3 9 7 0 . 0 5 7 1 .2 8 6 7 . 8 8
137 - . 8 4 3 3 5 .7 3 7 1 .5 1 7 2 .9 6 7 0 . 0 6 7 1 . 4 9 6 7 . 7 9
138 - 1 .  17 3 9 8 .4 3 7 1 .6 8 7 3 .71 6 9 . 6 6 7 1 .2 4 6 7 . 2 2
139 - 1 . 3 3 4 7 0 .4 8 7 2 .0 1 7 4 .3 2 6 9 . 6 9 6 9 . 6 9 6 7 . 5 3
140 - 1 . 3 0 4 6 0 .6 3 7 2 .2 0 7 4 .4 7 6 9 .9 4 6 9 .9 4 6 7 . 8 7
141 - 1 . 0 8 3 6 9 .9 0 7 2 . 2 2 7 4 .1 0 7 0 .3 4 7 0 .3 4 6 8 .  15
142 - . 7 5 3 0 0 .4 5 7 2 . 0 5 7 3 .3 5 7 0 . 7 5 7 1 .9 6 6 8 . 4 6
143 - . 3 9 4 7 0 .0 9 7 1 . 7 6 7 2 .4 4 7 1 . 0 8 7 2 .  15 6 8 . 9 2
144 - . 2 6 8 1 3 .3 2 7 1 .4 3 7 1 .8 7 7 0 . 9 8 7 2 .0 1 6 8 . 7 4
145 - . 2 2 9 4 2 .3 3 7 1 .2 8 7 1 .6 5 7 0 .9 0 7 1 .9 9 6 8 . 7 8
146 - . 3 3 5 9 7 .6 8 7 1 .2 2 7 1 .7 9 7 0 . 6 5 7 1 .7 1 6 8 . 5 4
147 - . 3 5 6 2 3 .7 5 7 1 . 3 0 7 1 .9 0 7 0 . 7 0 7 1 .8 4 6 8 . 6 3
148 - . 6 7 3 4 1 .4 8 7 1 . 3 2 7 2 .4 9 7 0 . 1 5 7 1 .3 8 6 7 . 9 8
149 - .8 4 3 3 5 .7 9 7 1 .6 1 7 3 .0 6 7 0 . 1 6 7 1 .5 9 6 7 . 8 9
150 - 1 .  17 3 9 8 .5 3 7 1 .7 8 7 3 .8 1 6 9 . 7 5 7 1 .  34 6 7 .3 1
151 - 1 . 3 3 4 7 0 .6 0 7 2 .1 0 7 4 .4 2 6 9 . 7 9 6 9 . 7 9 6 7 . 6 3
152 - 1 . 3 0 4 6 0 .7 5 7 2 .3 0 7 4 .5 6 7 0 . 0 3 7 0 .0 3 6 7 . 9 6
153 - 1 . 0 8 3 7 0 .0 0 7 2 .3 2 7 4 .20 7 0 .4 4 7 0 .4 4 6 8 . 2 5
154 - . 7 5 3 0 0 .5 0 7 2 .  14 7 3 .44 7 0 .8 4 7 2 .0 5 6 8 . 5 6
155 - . 3 9 4 6 9 .9 7 7 1 .8 5 7 2 .54 7 1 .  17 7 2 .2 4 6 9 . 0 2
156 - . 2 6 8 1 3 .0 1 7 1 .5 2 7 1 .9 6 7 1 .0 8 72. 11 6 8 . 8 3
157 - . 2 2 9 4 1 .9 6 7 1 .3 7 7 1 .7 5 7 0 . 9 9 7 2 . 0 8 6 8 . 8 8
158 - . 3 3 5 9 7 .4 8 7 1 .3 1 7 1 .8 8 7 0 .7 4 7 1 .8 1 6 8 . 6 3
159 - . 3 5 6 2 3 .5 6 7 1 .3 9 7 1 .9 9 7 0 . 7 9 7 1 .9 3 6 8 . 7 2
160 - . 6 7 3 4 1 .4 9 7 1 .4 1 7 2 .5 8 7 0 . 2 4 7 1 .4 7 6 8 . 0 7
161 - . 8 4 3 3 5 .8 5 7 1 .7 0 7 3 .1 6 7 0 . 2 5 7 1 .6 8 6 7 . 9 8
162 - 1 . 1 7 3 9 8 .6 3 7 1 .8 8 7 3 .9 0 6 9 . 8 5 7 1 .4 4 6 7 .4 1
163 - 1 . 3 3 4 7 0 .7 2 7 2 .2 0 7 4 .5 2 6 9 . 8 9 6 9 . 8 9 6 7 . 7 3
164 - 1 . 3 0 4 6 0 . 8 / 7 2 .4 0 7 4 .6 6 7 0 . 1 3 70 . 13 6 8 . 0 6
165 - 1 . 0 8 3 7 0 .1 0 7 2 .4 2 7 4 .3 0 7 0 .5 4 7 0 .5 4 6 8 . 3 5
166 - .7 5 3 0 0 .5 6 7 2 . 2 5 7 3 .5 5 7 0 . 9 5 7 2 .  16 6 8 . 6 6
167 - . 3 9 4 6 9 .8 4 7 1 .9 6 7 2 .64 7 1 . 2 8 7 2 .3 5 6 9 .  12
168 - . 2 6 8 1 2 .6 6 7 1 .6 3 7 2 .0 7 7 1 .  19 7 2 .2 1 6 8 .9 4
169 - . 2 2 9 4 1 .5 3 7 1 .4 8 7 1 .8 6 7 1 .  10 7 2 .  19 6 8 . 9 8
170 - . 3 3 5 9 7 .2 6 7 1 .4 2 7 1 .9 9 7 0 .8 5 7 1 .9 1 6 8 . 7 4
171 - . 3 5 6 2 3 .3 3 7 1 .5 0 7 2 .1 0 7 0 . 9 0 7 2 .0 4 6 8 . 8 3
172 - . 6 7 3 4 1 .5 0 7 1 .5 2 7 2 .6 9 7 0 . 3 5 7 1 .5 8 6 8 . 1 8
173 - . 8 4 3 3 5 .9 1 7 1 .8 1 7 3 .2 6 7 0 . 3 6 7 1 .7 9 6 8 . 0 9
174 - 1 . 1 7 3 9 8 .7 5 7 1 .9 8 7 4 .0 1 6 9 . 9 6 7 1 .5 4 6 7 . 5 2
175 - 1 . 3 3 4 7 0 .8 6 7 2 .3 1 7 4 .6 2 6 9 . 9 9 6 9 . 9 9 6 7 . 8 3
176 - 1 . 3 0 4 6 1 .0 0 7 2 .5 0 7 4 .7 7 7 0 . 2 4 7 0 .2 4 6 8 . 1 7
177 - 1 . 0 8 3 7 0 .2 1 7 2 .5 2 7 4 .4 0 7 0 .6 4 7 0 .6 4 6 8 . 4 6
178 - . 7 5 3 0 0 .6 2 7 2 .3 5 7 3 .6 5 7 1 . 0 5 7 2 .2 6 6 8 . 7 7
179 - . 3 9 4 6 9 .7 1 7 2 .0 6 7 2 .7 5 7 1 . 3 8 7 2 .4 5 6 9 . 2 3
180 - . 2 6 8 1 2 .3 3 7 1 . 7 3 7 2 .1 7 7 1 . 2 9 7 2 .3 2 6 9 . 0 4
181 - . 2 2 9 4 1 .1 3 7 1 .5 8 7 1 .9 6 7 1 . 2 0 7 2 .2 9 6 9 . 0 8
182 - . 3 3 5 9 7 .0 4 7 1 .5 2 7 2 .0 9 7 0 . 9 5 7 2 .0 2 6 8 . 8 4
183 - . 3 5 6 2 3 .1 2 7 1 .6 0 7 2 .2 0 7 1 . 0 0 7 2 .  14 6 8 . 9 3
184 - . 6 7 3 4 1 .5 1 7 1 . 6 2 7 2 .7 9 7 0 . 4 5 7 1 . 6 8 6 8 . 2 7
185 - . 8 4 3 3 5 .9 7 7 1 .9 1 7 3 .3 6 7 0 . 4 5 7 1 .8 8 6 8 . 1 9
186 - 1 . 1 7 3 9 8 .8 5 7 2 .0 8 7 4 .1 1 7 0 . 0 5 7 1 .6 4 6 7 . 6 1
187 - 1 . 3 3 4 7 0 .9 8 7 2 .4 0 7 4 .7 2 7 0 . 0 9 7 0 .0 9 6 7 . 9 3
188 - 1 . 3 0 4 6 1 .1 3 7 2 . 6 0 7 4 .8 7 7 0 . 3 3 7 0 .3 3 6 8 . 2 7
183 - 1 . 0 8 3 7 0 .3 1 7 2 . 6 2 7 4 .5 0 7 0 . 7 4 7 0 .7 4 6 8 . 5 5
190 - . 7 5 3 0 0 .6 8 7 2 .4 5 7 3 .7 5 7 1 .  15 7 2 .3 6 6 8 . 3 6
191 - . 3 9 4 6 9 .6 0 7 2 .1 6 7 2 .8 4 7 1 . 4 8 7 2 .5 5 6 9 . 3 2
192 - . 2 6 8 1 2 .0 3 7 1 .8 3 7 2 .2 7 7 1 . 3 8 7 2 .4 1 6 9 . 1 4
193 - . 2 2 9 4 0 .7 6 7 1 .6 7 7 2 .0 5 7 1 . 3 0 7 2 .3 9 6 9 . 1 8
194 - . 3 3 5 9 6 .8 5 7 1 . 6 1 7 2 .1 8 7 1 . 0 5 7 2 .1 1 6 8 . 9 3
195 - . 3 5 6 2 2 .9 3 7 1 . 7 0 7 2 .2 9 7 1 .  10 7 2 .2 4 6 9 . 0 2
196 - . 6 7 3 4 1 .5 2 7 1 .7 1 7 2 .8 8 7 0 . 5 4 7 1 .7 7 6 8 . 3 7
197 - . 8 4 3 3 6 .0 3 7 2 .0 0 7 3 .4 6 7 0 . 5 5 7 1 .9 8 6 8 . 2 8
198 - 1 . 1 7 3 9 8 .9 5 7 2 . 1 7 7 4 .2 0 7 0 .  15 7 1 .7 3 6 7 .7 1
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199 - 1 . 3 3 4 7 1 .1 0 7 2 . 5 0 7 4 .8 1 7 0 . 1 8 7 0 . 1 8 6 8 . 0 2
200 - 1 . 3 0 4 6 1 .2 4 7 2 . 6 9 7 4 . 9 6 7 0 . 4 3 7 0 . 4 3 6 8 . 3 6
201 - 1 . 0 8 3 7 0 .4 0 7 2 . 7 1 7 4 . 5 9 7 0 . 8 3 7 0 . 8 3 6 8 . 6 4
202 - . 7 5 3 0 0 .7 3 7 2 . 5 4 7 3 .8 4 7 1 . 2 4 7 2 . 4 5 6 8 . 9 5
203 - . 3 9 4 6 9 .4 9 7 2 . 2 5 7 2 .9 3 7 1 . 5 7 7 2 .6 4 6 9 . 4 1
204 - . 2 6 8 1 1 .7 4 7 1 . 9 2 7 2 .3 6 7 1 . 4 7 7 2 . 5 0 6 9 . 2 3
205 - . 2 2 9 4 0 .4 1 7 1 . 7 6 7 2 . 1 4 7 1 .3 9 7 2 . 4 8 6 9 . 2 7
206 - . 3 3 5 9 6 .6 6 7 1 . 7 0 7 2 . 2 7 7 1 . 1 3 7 2 . 2 0 6 9 . 0 2
207 - . 3 5 6 2 2 .7 5 7 1 . 7 8 7 2 . 3 8 7 1 . 1 8 7 2 . 3 2 6 9 . 1 1
200 .6 7 3 4 1 .5 3 71 .8 0 7 2 . 9 7 7 0 . 6 3 7 1 . 8 6 6 8 . 4 6
209 - . 8 4 3 3 6 .0 9 7 2 . 0 9 7 3 .5 4 7 0 . 6 3 7 2 . 0 6 6 8 . 3 7
210 - 1 .  17 3 9 9 .0 5 7 2 . 2 6 7 4 .2 9 7 0 . 2 3 7 1 .8 2 6 7 . 7 9
211 - 1 . 3 3 4 7 1 .2 1 7 2 . 5 8 7 4 . 9 0 7 0 . 2 7 7 0 . 2 7 6 8 .  11
212 - 1 . 3 0 4 6 1 .3 5 7 2 . 7 8 7 5 .0 4 7 0 .5 1 7 0 .5 1 6 8 . 4 4
213 -1 .0 8 3 7 0 .4 9 7 2 . 8 0 7 4 .6 8 7 0 . 9 2 7 0 .9 2 6 8 . 7 3
214 - . 7 5 3 0 0 .7 8 7 2 . 6 2 7 3 .9 2 7 1 .3 2 7 2 . 5 3 6 9 . 0 4
215 - . 3 9 4 6 9 .3 9 7 2 . 3 3 7 3 . 0 2 7 1 .6 5 7 2 .7 2 6 9 . 5 0
216 - . 2 6 8 1 1 . 4 8 7 2 . 0 0 7 2 .4 4 7 1 .5 6 7 2 . 5 9 6 9 . 3 1
217 - . 2 2 9 4 0 .0 8 7 1 . 8 5 7 2 .2 2 7 1 . 4 7 7 2 . 5 6 6 9 . 3 5
218 - . 3 3 5 9 6 .4 9 7 1 .7 9 7 2 . 3 5 7 1 .2 2 7 2 .2 8 6 9 . 1 1
219 - . 3 5 6 2 2 .5 7 7 1 . 8 7 7 2 .4 7 7 1 .2 7 7 2 .4 1 6 9 . 1 9
220 - . 6 7 3 4 1 .5 3 7 1 . 8 8 7 3 . 0 5 7 0 .7 1 7 1 .9 4 6 8 . 5 4
221 - . 8 4 3 3 6 .1 4 72 .  17 7 3 .6 2 7 0 . 7 2 7 2 .  15 6 8 . 4 5
222 - 1 . 1 7 3 9 9 .1 4 7 2 . 3 4 7 4 .3 7 7 0 .3 1 7 1 .9 0 6 7 . 8 7
223 - 1 . 3 3 4 7 1 .3 2 7 2 .6 6 7 4 .9 8 7 0 .3 5 7 0 .3 5 6 8 . 1 9
224 - 1 . 3 0 4 6 1 .4 6 7 2 .3 6 7 5 .1 2 7 0 .5 9 7 0 . 5 9 6 8 . 5 2
225 - 1 . 0 8 3 7 0 .5 8 7 2 .8 8 7 4 .7 6 7 1 . 0 0 7 1 . 0 0 6 8 . 8 1
226 - . 7 5 3 0 0 .8 3 7 2 .7 1 7 4 .0 1 7 1 .4 1 7 2 .6 2 6 9 .1 2
227 - . 3 9 4 6 9 .2 9 7 2 .4 1 7 3 .1 0 7 1 .7 3 7 2 .8 0 6 9 . 5 8
228 - . 2 6 3 1 1 .2 2 7 2 .0 8 7 2 .5 2 7 1 .6 4 7 2 .6 7 6 9 . 3 9
229 - . 2 2 9 3 9 . 7 7 7 1 .9 3 7 2 .3 0 7 1 .5 5 7 2 .6 4 6 9 . 4 3
230 - . 3 3 5 9 6 .3 3 7 1 .8 7 7 2 .4 3 7 1 .3 0 7 2 .3 6 6 9 . 1 9
231 - . 3 5 6 2 2 .4 1 7 1 .9 4 7 2 .5 4 7 1 .3 5 7 2 . 4 9 6 9 . 2 7
232 - . 6 7 3 4 1 .5 4 7 1 .9 6 7 3 .1 3 7 0 .7 9 7 2 .0 2 6 8 . 6 2
233 - . 8 4 3 3 6 .1 9 7 2 .2 5 7 3 .7 0 7 0 .7 9 7 2 .2 2 6 8 . 5 3
234 - 1 . 1 7 3 9 9 .2 2 7 2 .4 2 7 4 .4 5 7 0 .3 9 7 1 .9 8 6 7 . 9 5
235 - 1 . 3 3 4 7 1 .4 2 7 2 .7 4 7 5 .0 6 7 0 . 4 2 7 0 .4 2 6 8 . 2 7
236 • 1 . 3 0 4 6 1 .5 6 7 2 .9 4 7 5 .2 0 7 0 . 6 7 7 0 . 6 7 6 8 . 6 0
237 - 1 .08 3 7 0 .6 6 7 2 .9 5 7 4 .8 3 7 1 .0 7 7 1 .0 7 6 8 . 8 9
238 - . 7 5 3 0 0 .8 8 7 2 . 7 8 7 4 .0 8 7 1 .4 8 7 2 .6 9 6 9 . 1 9
239 - . 3 9 4 6 9 .2 0 7 2 .4 9 7 3 .1 7 7 1 .8 1 7 2 .8 8 6 9 . 6 5
240 - . 2 6 3 1 0 .9 8 7 2 .  16 7 2 .6 0 7 1 .7 1 7 2 .7 4 6 9 . 4 7
241 - . 2 2 9 3 9 .4 8 7 2 .0 0 7 2 .3 8 7 1 .6 2 7 2 .7 2 6 9 . 5 1
242 - . 3 3 5 9 6 .1 7 7 1 .9 4 7 2 .5 1 7 1 .3 7 7 2 .4 4 6 9 . 2 6
243 - . 3 5 6 2 2 .2 6 7 2 .0 2 7 2 .6 2 7 1 .4 2 7 2 .5 6 6 9 . 3 5
244 - .67 3 4 1 .5 5 7 2 .0 3 7 3 .2 0 7 0 .8 6 7 2 .  to 6 8 . 6 9
245 - . 8 4 3 3 6 .2 4 7 2 .3 2 7 3 .7 8 7 0 .8 7 7 2 .3 0 6 8 . 6 0
246 - 1 . 1 7 3 9 9 .3 0 7 2 .4 9 7 4 .5 2 7 0 .4 7 7 2 .0 5 6 8 . 0 3
247 - 1 . 3 3 4 7 1 .5 1 7 2 .8 1 7 5 .1 3 7 0 .5 0 7 0 .5 0 6 8 . 3 4
248 - 1 . 3 0 4 6 1 .6 5 7 3 .0 1 7 5 .2 8 7 0 .7 4 7 0 .7 4 6 8 . 6 7
249 - 1 . 0 8 3 7 0 .7 4 7 3 .0 3 7 4 .9 1 7 1 .1 5 7 1 .1 5 6 8 .9 6
250 - . 7 5 3 0 0 .9 2 7 2 . 8 5 7 4 .1 5 7 1 . 5 5 7 2 .7 6 6 9 . 2 7
251 - . 3 9 4 6 9 .1 1 7 2 .5 6 7 3 .2 4 7 1 .8 8 7 2 .9 5 6 9 . 7 2
252 - . 2 6 8 1 0 . 7 6 7 2 .2 3 7 2 .6 7 7 1 .7 8 7 2 .8 1 6 9 . 5 4
253 - . 2 2 9 3 9 .2 0 7 2 .0 7 7 2 .4 5 7 1 .7 0 7 2 .7 9 6 9 . 5 8
254 -  . 3 3 5 9 6 .0 3 7 2 .0 1 7 2 .5 8 7 1 .4 4 7 2 .5 1 6 9 .3 3
255 - . 3 5 6 2 2 .1 2 7 2 .0 9 7 2 .6 9 7 1 .4 9 7 2 .6 3 6 9 . 4 2
256 - . 6 7 3 4 1 .5 6 7 2 .1 0 7 3 .2 7 7 0 .9 3 7 2 .  17 6 8 . 7 6
257 - . 8 4 3 3 6 .2 8 7 2 .3 9 7 3 .8 5 7 0 .9 4 7 2 .3 7 6 8 . 6 7
258 - 1 . 1 7 3 9 9 .3 8 7 2 .5 6 7 4 .5 9 7 0 .5 4 7 2 .  12 6 8 . 1 0
259 - 1 . 3 3 4 7 1 .6 0 7 2 .8 8 7 5 .2 0 7 0 . 5 7 7 0 .5 7 6 8 .4 1
260 - 1 . 3 0 4 6 1 .7 4 7 3 .0 8 7 5 .3 4 7 0 .8 1 7 0 .3 1 6 8 . 7 4
261 - 1 . 0 8 3 7 0 .8 1 7 3 . 1 0 7 4 .9 7 7 1 . 2 2 7 1 .2 2 6 9 .0 3
262 - . 7 5 3 0 0 .9 6 7 2 .9 2 7 4 .2 2 7 1 . 6 2 7 2 .8 3 6 9 . 3 4
263 - . 3 9 4 6 9 .0 3 7 2 .6 3 7 3 .3 1 7 1 . 9 5 7 3 .0 2 6 9 . 7 9
264 - . 2 6 8 1 0 .5 4 7 2 .3 0 7 2 .7 4 7 1 . 8 5 7 2 .8 8 6 9 .6 1
265 - . 2 2 9 3 8 .9 4 7 2 .1 4 7 2 .5 2 7 1 .7 6 7 2 .8 6 6 9 . 6 5
266 - . 3 3 5 9 5 .8 9 7 2 . 0 8 7 2 .6 5 7 1 . 5 1 7 2 .5 7 5 9 .4 0
267 - . 3 5 6 2 1 .9 8 72 .  16 7 2 .7 6 7 1 .5 6 7 2 .7 0 6 9 .4 9
268 - . 6 7 3 4 1 .5 7 7 2 .1 7 7 3 .3 4 7 1 . 0 0 7 2 .2 3 6 8 .8 3
269 - . 8 4 3 3 6 .3 3 7 2 .4 6 7 3 .9 1 7 1 . 0 1 7 2 .4 4 6 8 . 7 4
270 - 1 . 1 7 3 9 9 .4 6 7 2 .6 3 7 4 .6 6 7 0 . 6 0 7 2 .1 9 6 8 .1 6
271 - 1 . 3 3 4 7 1 .6 9 7 2 . 9 5 7 5 .2 7 7 0 . 6 3 7 0 .6 3 6 8 . 4 7
272 - 1 . 3 0 4 6 1 .8 3 7 3 .1 4 7 5 .4 1 7 0 .3 8 7 0 .8 8 6 8 .8 1
273 - 1 . 0 8 3 7 0 .8 3 73 .  16 7 5 .0 4 7 1 .2 8 7 1 .2 8 6 9 . 0 9
274 - . 7 5 3 0 1 .0 1 7 2 . 9 9 7 4 .2 9 7 1 . 6 9 7 2 .9 0 6 9 .4 0
275 - . 3 9 4 6 8 .9 6 7 2 .7 0 7 3 .3 3 7 2 . 0 2 7 3 .0 8 6 9 .8 6
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276 - . 2 6 8 1 0 .3 4 7 2 .3 6 7 2 . 8 1 7 1 . 9 2 7 2 .9 5 6 9 . 6 7
277 - . 2 2 9 3 8 .6 8 7 2 .2 1 7 2 .5 8 7 1 . 8 3 7 2 .9 2 6 9 .7 1
278 - . 3 3 5 9 5 .7 5 7 2 .1 4 7 2 .7 1 7 1 . 5 8 7 2 .6 4 6 9 . 4 6
279 - . 3 5 6 2 1 .8 5 7 2 .2 2 7 2 .8 2 7 1 . 6 2 7 2 .7 6 6 9 . 5 5
280 - . 6 7 3 4 1 .5 7 7 2 .2 3 7 3 . 4 0 7 1 . 0 6 7 2 .3 0 6 8 . 8 9
281 - . 8 4 3 3 6 .3 7 7 2 .5 2 7 3 .9 8 7 1 .0 7 7 2 .5 0 6 8 . 8 0
282 - 1 . 1 7 3 9 9 .5 3 7 2 .6 9 7 4 .7 2 7 0 . 6 7 7 2 .2 5 6 8 . 2 3
283 - 1 . 3 3 4 7 1 . 7 8 7 3 .0 2 7 5 .3 3 7 0 . 7 0 7 0 .7 0 6 8 . 5 4
284 - 1 . 3 0 4 6 1 .9 1 7 3 .2 1 7 5 .4 7 7 0 .9 4 7 0 .9 4 6 8 . 8 7
285 - 1 . 0 8 3 7 0 .9 5 7 3 .2 3 7 5 .1 0 7 1 .3 5 7 1 .35 6 9 .  16
286 - . 7 5 3 0 1 .0 4 7 3 .0 5 7 4 .3 5 7 1 .7 5 7 2 .9 6 6 9 . 4 6
287 - . 3 9 4 6 8 .8 8 7 2 .7 6 7 3 .4 4 7 2 . 0 8 7 3 .  15 6 9 .9 2
288 - . 2 6 8 1 0 .  14 7 2 .4 2 7 2 .8 7 7 1 .9 8 7 3 .0 1 6 9 .7 3
289 - . 2 2 9 3 8 .4 4 7 2 .2 7 7 2 .6 5 7 1 . 8 9 7 2 .9 8 6 9 .7 7
290 - . 3 3 5 9 5 .6 3 7 2 .2 1 7 2 .7 8 7 1 .6 4 7 2 . 7 0 6 9 .5 3
291 - . 3 5 6 2 1 .7 2 7 2 .2 9 7 2 .8 8 7 1 . 6 9 7 2 .8 3 6 9 .6 1
292 - . 6 7 3 4 1 .5 8 7 2 .3 0 7 3 .4 7 7 1 .  13 7 2 .3 6 6 8 . 9 5
293 - . 8 4 3 3 6 .4 1 7 2 .5 9 7 4 .0 4 7 1 .  13 7 2 . 5 6 6 8 . 8 6
294 - 1 . 1 7 3 9 9 .6 0 7 2 .7 6 7 4 .7 8 7 0 . 7 3 7 2 .3 1 6 8 .2 9
295 - 1 . 3 3 4 7 1 .8 6 7 3 .0 8 7 5 .3 9 7 0 .7 6 7 0 . 7 6 6 8 . 6 0
296 - 1 . 3 0 4 6 1 .9 9 7 3 .2 7 7 5 .5 4 7 1 . 0 0 7 1 .0 0 6 8 . 9 3
297 - 1 .08 3 7 1 .0 1 7 3 .2 9 7 5 .1 7 7 1 .4 1 7 1 .4 1 6 9 . 2 2
298 - . 7 5 3 0 1 .0 8 7 3 .1 1 7 4 .4 1 7 1 .8 1 7 3 .0 2 6 9 . 5 2
299 - . 3 9 4 6 8 .8  1 7 2 .8 2 7 3 .5 0 7 2 .1 4 7 3 .2 1 6 9 . 9 8
300 - . 2 6 8 0 9 .9 5 7 2 .4 8 7 2 .9 3 7 2 .0 4 7 3 .0 7 6 9 . 7 9
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Application Design Case (70°F Ground Temperature) Ground-loop Data 

P r i n t e d  f r om  GLHEPRO —  O u t p u t  f i l e

A c t iv e  b o r e h o l e  l e n g t h ,  f t  
l o r e h o l e  R a d i u s ,  in  
l o r e h o l e  s p a c i n g ,  f t  
l o r e h o l e  G eom etry

l o i 1 T ype  c u r r e n t l y  u s e d
fh e rm a l  c o n d u c t i v i t y  o f  t h e  g r o u n d ,  B t u / ( h r * f t » "F) 
/ o l u m e t r i c  h e a t  c a p a c i t y  o f  G r o u n d .  B t u / ( * F * f t " 3) 
/ o l u m e t r i c  h e a t  c a p a c i t y  o f  f l u i d .  B t u / ( * F * f t ^ 3 )  
I n d i s t u r b e d  g ro u n d  t e m p e r a t u r e ,  *F 
l o r e h o l e  t h e r m a l  r e s i s t a n c e .  " F / ( B t u / ( h r * f t | )
• ' l u id  t y p e  c u r r e n t l y  e n t e r e d  
•fass f lo w  r a t e  o f  t h e  f l u i d ,  g a l / m i n  
D e n s i ty  o f  t h e  f l u i d .  l b / f t * 3  
l e a t  Pump S e l e c t e d

• 2 3 1 . 5
• 2 . 1 6 5
• 2 6 3 . 9
: RECTANGULAR CONFIGURATION 
: 42 : 6 X 7 ,  r e c t a n g l e

• 0 . 9 1 0 0
• 2 6 . 9 9
• 6 2 . 4 0
• 6 9 . 0 0
• 0 . 2 4 0 0
; P u r e  W a te r
• 3 2 . 6 2
• 6 2 . 4 0
: C l i m a t e M a s t e r  G e n e s i s  036

GLHE M o n th ly  L oads

4onth T o t a l  H e a t i n g T o t a l  C o o l i n g Peak  H e a t i n g P eak  C o o l i n g
1000 Btu 1000 Btu 1000 B t u / H r 1000 B t u / H r

J a n u a ry 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
" e b r u a r y 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
4 a rc b 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
\ p r i  I 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
4ay 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
June 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
J u ly 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
August 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
l e p t e m b e r 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
O c to b e r 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
November 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0
December 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 .0 0

H e a t  Pump M o n th ly  Loads

4 on th T o t a l  H e a t i n g T o t a l  C o o l i n g Peak H e a t i n g P e a k  Cool m g
1000 B tu 1000 Btu 1000 8 t u / H r 1000 B t u / H r

J a n u a r y 0 1 2 2 8 1 .0 0 0 1 6 9 5 8 .0 0 0 0 0 0 4 3 .8 0 0 0 0 0 9 2 .9 0
F e b r u a r y 0 0 6 9 8 9 .0 0 0 1 6 2 0 7 .0 0 0 0 0 0 3 4 .3 0 0 0 0 0 9 8 .3 0
March 0 0 7 1 1 1 .0 0 0 1 8 1 8 7 .0 0 0 0 0 0 3 7 .2 0 0 0 0 0 9 7 .7 0
A p r i l 0 0 1 5 7 3 .0 0 0 2 5 9 5 6 .0 0 0 0 0 0 1 8 .5 0 0 0 0 1 1 8 .4 0
May 0 0 0 5 6 7 .0 0 0 3 2 3 0 9 .0 0 0 0 0 0 1 7 .4 0 0 0 0 1 3 0 .5 0
J u n e 0 0 0 0 0 0 .0 0 0 4 3 0 5 3 .0 0 0 0 0 0 0 2 .0 0 0 0 0 1 5 4 .1 0
J u l y 0 0 0 0 0 0 .0 0 0 5 0 8 3 4 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 5 1 .8 0
August 0 0 0 0 0 0 .0 0 0 4 9 7 3 7 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 4 6 .8 0
S e p te m b e r 0 0 0 0 0 0 .0 0 0 3 9 8 9 6 .0 0 0 0 0 0 0 0 .0 0 0 0 0 1 4 0 .0 0
O c to b e r 0 0 0 5 0 6 .0 0 0 2 8 8 8 2 .0 0 0 0 0 0 1 1 .8 0 0 0 0 1 2 6 .7 0
November 0 0 4 7 6 8 .0 0 0 1 7 8 3 3 .0 0 0 0 0 0 2 9 .8 0 0 0 0 1 0 3 .4 0
December 0 1 0 2 6 1 .0 0 0 1 6 9 9 6 .0 0 0 0 0 0 3 7 .6 0 0 0 0 0 9 9 .8 0

R e s u l t s

B o r e h o l e  I n f o r m a t i o n

Each B o r e h o l e  D e p t h ,  f t  •  2 3 1 .4 3
T o ta l  B o r e h o l e  D e p t h ,  f t  -  9 7 2 2 . 1 6
D i s t a n c e  b e tw e e n  b o r h o l e  c e n t e r s ,  f t

A v erag e  T e m p e r a t u r e

0 2 2 . 0 0
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Maximum A v e r a g e  T e m p e r a t u r e ,  *F 
Min,mum A v e ra g e  T e m p e r a t u r e ,  *F

Peak t e m p e r a t u r e

0 8 8 . 8 4  a t  m onth  297 
0 6 8 . 6 2  a t  month  01

Maximum Peak  T e m p e r a t u r e .  F 
Minimum Peak  T e m p e r a t u r e .  "F

0 8 9 . 9 3  a t  month  297 
0 6 8 . 0 9  a t  month  01

M o n th ly  l o a d s
M onth H e a t i n g ( B t u )  C o o l i n g ( B t u )  P eak  H e a t i n g ( B t u / h r ) P e a k  C o o l i n g ( B t u / h r )

J a n u a r y 1 2 2 8 1 0 0 0 .0 0 0 1 6 9 58000 .000 4 3 8 0 0 .0 0 0 9 2 9 0 0 .0 0 0
F e b r u a r y 6 9 8 9 0 0 0 .0 0 0 1 6 2 07000 .000 3 4 3 0 0 .0 0 0 9 8 3 0 0 .0 0 0
March 7 1 1 1 0 0 0 .0 0 0 1818 7 0 0 0 .0 0 0 3 7 2 0 0 .0 0 0 9 7 7 0 0 .0 0 0
A p r i l 1 5 7 3 0 0 0 .0 0 0 2 5 9 5 6 0 0 0 .0 0 0 1 8 5 0 0 .0 0 0 1 1 8 4 0 0 .0 0 0
May 5 6 7 0 0 0 .0 0 0 3 2 3 0 9 0 0 0 .0 0 0 1 7 4 0 0 .0 0 0 1 3 0 5 0 0 .0 0 0
J u n e .000 4 3 0 5 3 0 0 0 .0 0 0 2 0 0 0 .0 0 0 1 5 4 1 0 0 .0 0 0
J u l y .0 0 0 5 0 8 3 4 0 0 0 .0 0 0 .0 0 0 1 5 1 8 0 0 .0 0 0
A u g u s t .0 0 0 4 9 7 3 7 0 0 0 .0 0 0 .0 0 0 1 4 6 8 0 0 .0 0 0
S e p te m b e r .0 0 0 3 9 8 9 6 0 0 0 .0 0 0 .0 0 0 1 4 0 0 0 0 .0 0 0
O c t o b e r 5 0 6 0 0 0 .0 0 0 2 8 8 8 2 0 0 0 .0 0 0 1 1 8 0 0 .0 0 0 1 2 6 7 0 0 .0 0 0
November 4 7 6 8 0 0 0 .0 0 0 1 7 8 33000 .000 2 9 8 0 0 .0 0 0 1 0 3 4 0 0 .0 0 0
December 1 0 2 6 1 0 0 0 .OGO 16996000 .000 3 7 6 0 0 .0 0 0 9 9 8 0 0 .0 0 0

N o te

Time

EWT - E n t e r i n g  w a t e r  t e m p e r a t u r e  t o  h e a t  pum p(s)  
ExWT -  E x i t i n g  w a t e r  t e m p e r a t u r e  f rom  h e a t  pum p(s)

Power T f  A v e ra g e  ExWT A v e r a g e  EWT Minimum EWT Maximum EWT
(m o n th s ) ( B t u / h r * f t ) (kW -hr) (F) (F) (F) (F) (F)

1 - 1 . 2 7 9 5 1 .8 3 6 9 . 0 0 6 9 .3 8 6 8 .6 2 6 8 . 0 9 6 9 . 6 7
2 - 1 .9 1 6 0 0 . 0 3 7 0 .1 4 7 0 .7 1 6 9 . 5 7 6 9 . 0 5 7 0 .6 1
3 - 2 . 0 1 6 2 4 . 8 0 7 0 .8 1 7 1 .4 1 7 0 .2 1 6 9 . 6 5 7 1 . 2 3
4 - 3 . 9 3 3 4 1 .4 6 7 1 .0 2 72 . 19 6 9 .8 5 6 9 . 2 4 7 0 . 9 2
5 - 4 . 8 8 3 3 6 .5 7 7 2 .8 3 7 4 .2 8 7 1 .3 7 7 0 . 6 7 7 2 . 4 9
6 - 6 .8 1 4 0 0 .9 5 7 3 .9 3 7 5 .9 5 7 1 .9 0 7 1 . 1 2 7 3 .  10
7 - 7 . 7 9 4 7 5 . 9 3 7 5 .9 3 7 8 .2 5 7 3 .6 1 7 3 . 6 1 7 4 . 6 8
8 - 7 . 6 2 4 6 7 .6 7 7 7 .1 9 7 9 .4 6 7 4 .9 2 7 4 . 9 2 7 5 . 9 4
9 - 6 . 3 2 3 7 5 .9 5 7 7 .4 4 7 9 .3 2 7 5 .5 5 7 5 . 5 5 7 6 . 6 4

10 - 4 . 3 7 3 0 3 .5 2 7 6 .6 2 7 7 .9 2 7 5 .3 2 7 4 . 7 2 7 6 . 4 5
11 - 2 . 2 9 4 6 6 .3 3 7 5 .1 3 7 5 .8 1 7 4 .4 4 7 3 . 9 2 7 5 .5 1
12 - 1 . 4 9 8 0 7 . 1 5 7 3 .4 0 7 3 .8 4 7 2 .9 6 7 2 . 4 5 7 4 . 0 7
13 - 1 . 2 7 9 3 6 .7 9 7 2 .7 0 7 3 .0 8 7 2 .3 3 7 1 . 7 9 7 3 . 3 7
14 - 1 . 9 1 5 9 5 . 0 3 7 2 .5 1 7 3 .0 7 7 1 .9 4 7 1 .4 1 7 2 . 9 8
15 - 2 . 0 1 6 2 0 . 1 6 7 3 .0 8 7 3 .6 8 7 2 .4 8 7 1 . 9 1 7 3 . 5 0
16 - 3 . 9 3 3 4 1 .7 2 7 3 .2 2 7 4 .3 9 7 2 .0 5 7 1 . 4 4 7 3 .  12
17 - 4 . 8 9 3 3 8 .  12 7 4 .9 8 7 6 .4 3 7 3 .5 2 7 2 . 8 1 7 4 . 6 4
18 - 6 . 8 2 4 0 3 .5 8 7 6 .0 2 7 8 .0 5 7 3 .9 9 7 3 . 2 1 7 5 . 2 0
19 - 7 . 7 9 4 7 9 . 1 9 7 7 . 9 7 8 0 .2 9 7 5 .6 5 7 5 . 6 5 7 6 . 7 2
20 - 7 . 6 3 4 7 0 .9 6 7 9 . 1 8 8 1 .4 5 7 6 .9 1 7 6 .9 1 7 7 . 9 3
21 - 6 . 3 2 3 7 8 .6 0 7 9 . 3 9 8 1 . 2 7 7 7 .5 1 7 7 . 5 1 7 8 . 5 9
22 - 4 . 3 8 3 0 5 .0 9 7 8 .5 4 7 9 .8 4 7 7 .2 3 7 6 . 6 4 7 8 . 3 7
23 - 2 . 2 9 4 6 4 . 6 0 7 7 .0 0 7 7 .6 9 7 6 .3 2 7 5 . 8 0 7 7 . 3 9
24 - 1 . 4 9 8 0 1 .8 6 7 5 .2 4 7 5 .6 9 7 4 .8 0 7 4 . 2 9 7 5 .9 1
25 - 1 . 2 6 9 3 0 . 2 1 7 4 . 5 1 7 4 .8 9 7 4 .1 4 7 3 . 6 0 7 5 .  18
26 - 1 . 9 1 5 9 1 . 6 2 7 4 . 2 8 7 4 .8 5 7 3 .7 2 7 3 . 1 9 7 4 . 7 6
27 - 2 . 0 1 6 1 6 . 9 2 7 4 .8 3 7 5 .4 3 7 4 .2 3 7 3 . 6 7 7 5 . 2 5
28 - 3 . 9 3 3 4 2 .0 9 7 4 .9 3 7 6 .1 0 7 3 .7 6 7 3 . 1 5 7 4 . 8 3
29 - 4 . 8 9 3 3 9 .4 9 7 6 .6 5 7 8 .1 0 7 5 .1 9 7 4 . 4 8 7 6 . 3 1
30 - 6 . 8 2 4 0 5 . 7 9 7 7 . 6 5 7 9 .6 8 7 5 .6 1 7 4 . 8 3 7 6 . 8 2
31 - 7 . 8 0 4 8 1 .9 1 7 9 . 5 5 3 1 . 8 7 7 7 .2 3 7 7 . 2 3 7 8 . 3 0
32 - 7 . 6 3 4 7 3 . 6 6 8 0 .7 1 8 2 .9 9 7 8 .4 4 7 8 . 4 4 7 9 . 4 6
33 - 6 . 3 3 3 8 0 . 7 6 8 0 . 8 8 8 2 .7 6 7 9 .0 0 7 9 . 0 0 8 0 . 0 8
34 - 4 . 3 8 3 0 6 .3 9 8 0 . 0 0 8 1 .3 0 7 8 .6 9 7 8 . 1 0 7 9 . 8 3
35 - 2 . 2 9 4 6 3 .4 6 7 8 .4 4 7 9 .1 3 7 7 .7 6 7 7 . 2 4 7 8 . 8 3
36 - 1 . 4 9 7 9 8 .0 8 7 6 . 6 7 7 7 .1 1 7 6 .2 2 7 5 . 7 2 7 7 . 3 4
37 - 1 . 2 6 9 2 5 . 4 3 7 5 . 9 2 7 5 .3 0 7 5 .5 4 7 5 . 0 0 7 6 . 5 9
38 - 1 . 9 1 5 8 9 . 1 7 7 5 . 6 7 7 6 .2 4 7 5 .1 0 7 4 . 5 8 7 6 . 1 5
39 - 2 . 0 1 6 1 4 .6 1 7 6 .1 9 7 6 .7 9 7 5 .6 0 7 5 . 0 3 7 6 . 6 2
40 - 3 . 9 3 3 4 2 .4 9 7 6 . 2 7 7 7 .4 4 7 5 .1 0 7 4 . 4 9 7 6 . 1 8
41 - 4 . 8 9 3 4 0 .6 6 7 7 .9 6 7 9 .4 2 7 6 .5 1 7 5 . 8 0 7 7 . 6 3
42 - 6 . 8 2 4 0 7 . 6 6 7 8 . 9 4 3 0 . 9 7 7 6 .9 1 7 6 . 1 3 7 8 . 1 2
43 - 7 . 8 0 4 8 4 .2 4 8 0 . 8 3 8 3 .  15 7 8 .5 1 7 8 . 5 1 7 9 . 5 8
44 - 7 . 6 4 4 7 6 .0 4 8 1 . 9 9 8 4 .2 6 7 9 .7 1 7 9 . 7 1 8 0 . 7 4
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45 - 6 . 3 3 3 8 2 .7 0 8 2 . 1 5 8 4 . 0 4 8 0 .2 7 0 0 . 2 7 8 1 . 3 5
46 - 4 . 3 8 3 0 7 .6 0 8 1 . 2 7 8 2 .5 7 7 9 .9 6 7 9 . 3 6 8 1 . 0 9
47 - 2 . 2 9 4 6 2 .5 9 7 9 . 7 0 8 0 .3 8 7 9 .0 2 7 8 .4 9 8 0 . 0 9
48 - 1 . 4 9 7 9 5 .0 0 7 7 . 9 1 7 8 .3 5 7 7 .4 7 7 6 .9 6 7 8 . 5 8
49 - 1 . 2 6 9 2 1 .5 5 7 7 . 1 4 7 7 .5 1 7 6 .7 6 7 6 .2 2 7 7 .8 1
50 - 1 . 9 1 5 8 7 .2 1 7 6 . 8 7 7 7 .4 3 7 6 .3 0 7 5 .7 7 7 7 . 3 4
51 - 2 . 0 1 6 1 2 .7 9 7 7 . 3 6 7 7 .9 6 7 6 .7 6 7 6 . 2 0 7 7 . 7 9
52 - 3 . 9 4 3 4 2 .9 1 7 7 .4 1 7 8 .5 9 7 6 .2 4 7 5 . 6 3 7 7 . 3 2
53 - 4 . 8 9 3 4 1 .7 3 7 9 . 0 8 8 0 .5 4 7 7 .6 2 7 6 .9 2 7 8 .7 4
54 - 6 . 8 3 4 0 9 .3 2 8 0 . 0 3 8 2 . 0 7 7 8 .0 0 7 7 .2 2 7 9 .2 1
55 - 7 .8 1 4 8 6 .2 8 8 1 . 9 0 8 4 . 2 3 7 9 .5 3 7 9 .5 9 3 0 . 6 5
56 - 7 . 6 4 4 7 8 .0 8 8 3 . 0 4 8 5 .3 1 8 0 .7 6 8 0 . 7 6 8 1 . 7 9
57 - 6 . 3 3 3 8 4 .3 3 8 3 . 1 8 8 5 .0 7 8 1 .2 9 8 1 . 2 9 8 2 . 3 8
58 - 4 . 3 8 3 0 8 .6 2 8 2 . 2 7 8 3 .5 8 8 0 .9 7 8 0 . 3 7 8 2 .  10
59 - 2 . 2 9 4 6 1 .9 8 8 0 . 6 9 8 1 .3 7 8 0 .0 1 7 9 .4 8 8 1 . 0 8
60 - 1 . 4 9 7 9 2 .7 5 7 8 . 8 8 7 9 .3 2 7 8 .4 3 7 7 . 9 2 7 9 . 5 5
61 - 1 . 2 6 9 1 8 .6 8 7 8 . 0 9 7 8 .4 6 7 7 .7 1 7 7 .  17 7 8 . 7 6
62 - 1 . 9 1 5 8 5 .7 8 7 7 . 8 0 7 8 .3 7 7 7 .2 3 7 6 .7 0 7 8 . 2 7
63 - 2 . 0 1 6 1 1 .4 5 7 8 . 2 8 7 8 .8 8 7 7 .6 8 7 7 .  11 7 8 . 7 0
64 - 3 . 9 4 3 4 3 .2 8 7 8 . 3 1 7 9 .4 8 7 7 .  14 7 6 .5 3 7 8 .2 1
65 - 4 . 9 0 3 4 2 .6 1 7 9 . 9 6 8 1 . 4 2 7 8 .5 1 7 7 .8 0 7 9 . 6 3
66 - 6 . 8 3 4 1 0 .6 9 8 0 . 9 0 8 2 .9 4 7 8 .8 7 7 8 .0 9 8 0 . 0 8
67 - 7 . 8 1 4 8 7 .9 6 8 2 . 7 6 8 5 .0 8 8 0 .4 3 8 0 . 4 3 8 1 . 5 0
68 - 7 . 6 4 4 7 9 .7 6 8 3 . 8 8 8 6 .1 5 8 1 .6 0 8 1 . 6 0 8 2 . 6 3
69 - 6 . 3 4 3 8 5 .6 9 8 4 . 0 1 8 5 .8 9 8 2 .  12 8 2 .  12 8 3 .2 1
70 - 4 . 3 8 3 0 9 .4 7 8 3 . 0 9 8 4 .3 9 8 1 .7 8 8 1 .  18 8 2 . 9 2
71 - 2 . 2 9 4 6 1 .5 5 8 1 . 4 9 8 2 .  17 8 0 .8 1 8 0 . 2 8 8 1 .8 8
72 - 1 . 4 9 7 9 1 .0 0 7 9 . 6 6 8 0 .1 1 7 9 .2 2 7 8 .7 1 8 0 . 3 3
73 - 1 . 2 6 9 1 6 .4 4 7 8 . 8 6 7 9 .2 4 7 8 .4 9 7 7 .9 5 7 9 . 5 3
74 - 1 . 9 1 5 8 4 .6 7 7 8 . 5 6 7 9 .1 3 7 7 .9 9 7 7 .4 7 7 9 .0 4
75 - 2 . 0 1 6 1 0 .4 1 7 9 . 0 3 7 9 .6 3 7 8 .4 3 7 7 .8 6 7 9 . 4 5
76 - 3 .9 4 34 3 .6 2 7 9 . 0 6 8 0 .2 3 7 7 .8 8 7 7 .2 7 7 8 .9 6
77 - 4 . 9 0 3 4 3 .3 9 8 0 . 7 0 8 2 .  16 7 9 .2 4 7 8 .5 4 8 0 . 3 7
78 - 6 .8 3 4 1 1 .3 8 8 1 . 6 4 8 3 . 6 7 7 9 .6 0 7 8 . 3 2 8 0 .8 1
79 - 7 . 8 1 4 8 9 .4 4 8 3 . 4 9 8 5 .8 2 8 1 .  16 8 1 .1 6 8 2 . 2 4
80 - 7 . 6 5 4 8 1 .2 8 8 4 . 6 1 8 6 .8 9 8 2 .3 4 8 2 .3 4 8 3 . 3 6
81 - 6 . 3 4 3 8 6 .9 3 8 4 . 7 5 8 6 .6 3 8 2 .8 6 8 2 . 8 6 8 3 . 9 5
82 - 4 . 3 8 31 0 .2 7 8 3 . 8 3 8 5 .  14 8 2 .5 2 8 1 . 9 2 8 3 . 6 6
83 - 2 . 2 9 4 6 1 .1 9 8 2 . 2 4 8 2 .9 2 8 1 .5 5 8 1 . 0 2 8 2 . 6 2
84 - 1 . 4 9 7 8 9 .4 2 8 0 . 4 1 8 0 .8 5 7 9 .9 7 7 9 .4 6 8 1 .0 8
85 - 1 . 2 6 9 1 4 .3 8 7 9 . 6 0 7 9 .9 8 7 9 .2 3 7 8 .6 9 8 0 . 2 8
36 - 1 . 9 1 5 8 3 .6 5 7 9 . 3 0 7 9 .8 6 7 8 .7 3 7 8 .2 0 7 9 . 7 7
87 - 2 . 0 1 6 0 9 .4 7 7 9 . 7 6 8 0 .3 6 7 9 .1 6 7 8 .5 9 8 0 .  19
a s - 3 . 9 4 34 3 .9 8 7 9 . 7 8 8 0 .9 5 7 8 .6 0 7 7 .9 9 7 9 .6 8
89 - 4 . 9 0 3 4 4 .1 5 8 1 . 4 1 8 2 .8 7 7 9 .9 5 7 9 .2 5 8 1 . 0 8
90 - 6 . 8 3 4 1 3 .0 5 8 2 . 3 4 8 4 . 3 7 8 0 .3 1 7 9 .5 2 8 1 . 5 1
91 - 7 . 8 1 4 9 0 .8 8 8 4 .  18 8 6 .5 1 8 1 .8 6 8 1 . 8 6 8 2 . 9 3
92 - 7 . 6 5 4 8 2 .7 2 8 5 . 3 0 8 7 .5 8 8 3 .0 2 8 3 . 0 2 8 4 . 0 5
93 - 6 . 3 4 3 8 8 .1 0 8 5 . 4 3 8 7 .3 1 8 3 .5 4 8 3 .5 4 8 4 . 6 2
94 - 4 . 3 9 3 1 1 .0 2 8 4 . 5 0 8 5 .8 1 8 3 .2 0 8 2 . 5 9 8 4 . 3 3
95 - 2 . 2 9 4 6 0 .9 0 8 2 . 9 0 8 3 .5 8 8 2 .2 2 8 1 . 6 9 8 3 . 2 9
96 - 1 . 4 9 7 8 8 .1 0 8 1 . 0 6 8 1 .5 1 8 0 .6 2 8 0 .  11 8 1 . 7 3
97 - 1 . 2 6 9 1 2 .6 5 8 0 . 2 5 8 0 .6 2 7 9 .8 7 7 9 .3 3 8 0 . 9 2
98 - 1 . 9 1 5 8 2 .8 1 7 9 . 9 4 8 0 .5 0 79 .3 7 7 8 .8 4 8 0 . 4 1
99 - 2 . 0 1 6 0 8 .6 9 8 0 . 3 9 8 0 .9 9 7 9 .7 9 7 9 .2 2 8 0 . 8 2

100 - 3 . 9 4 3 4 4 .3 1 8 0 . 4 0 8 1 .5 7 7 9 .2 3 7 8 .6 2 8 0 . 3 0
101 - 4 . 9 0 3 4 4 .8 4 8 2 . 0 3 8 3 .4 9 8 0 .5 7 7 9 . 8 7 8 1 . 7 0
102 - 6 . 8 3 4 1 4 .1 0 8 2 . 9 5 8 4 .9 9 8 0 .9 2 8 0 .1 3 8 2 .  13
103 - 7 . 8 2 4 9 2 .1 7 8 4 . 7 9 8 7 .1 2 8 2 .4 7 8 2 . 4 7 8 3 . 5 4
104 - 7 . 6 5 4 8 4 .0 2 8 5 . 9 0 8 8 .1 8 8 3 .6 2 8 3 . 6 2 8 4 . 6 5
105 - 6 . 3 4 3 8 9 .1 4 8 6 . 0 2 3 7 .9 1 8 4 .1 3 8 4 .1 3 8 5 . 2 2
106 - 4 . 3 9 3 1 1 .6 9 8 5 . 0 9 8 6 .4 0 8 3 .7 8 8 3 . 1 8 8 4 . 9 2
107 - 2 . 2 9 4 6 0 .6 7 8 3 . 4 8 8 4 .1 7 8 2 .8 0 8 2 . 2 7 8 3 . 8 7
108 - 1 . 4 9 7 8 6 .9 8 8 1 . 6 4 8 2 .0 8 8 1 .2 0 8 0 . 6 9 8 2 . 3 1
109 - 1 . 2 6 9 1 1 .1 8 8 0 . 8 2 8 1 .2 0 8 0 .4 5 7 9 .9 0 8 1 . 5 0
110 - 1 . 9 1 5 8 2 .1 0 8 0 . 5 0 8 1 . 0 7 7 9 .9 3 7 9 .4 0 8 0 . 9 8
111 - 2 . 0 1 6 0 8 .0 3 8 0 . 9 5 8 1 .5 5 8 0 .3 5 7 9 .7 8 8 1 . 3 8
112 - 3 . 9 4 3 4 4 .6 2 8 0 . 9 6 8 2 .1 3 7 9 .7 8 7 9 . 1 7 8 0 . 8 6
113 - 4 . 9 0 3 4 5 .4 7 8 2 . 5 8 8 4 .0 4 8 1 .1 2 8 0 . 4 1 8 2 . 2 5
114 - 6 . 8 4 4 1 5 .0 4 8 3 . 5 0 8 5 .5 3 8 1 .4 6 3 0 .6 8 8 2 . 6 7
115 - 7 . 8 2 4 9 3 .3 3 8 5 . 3 3 8 7 .6 6 8 3 .0 1 3 3 .0 1 8 4 . 0 8
116 - 7 . 6 5 4 8 5 .1 9 8 6 . 4 4 8 8 .7 2 8 4 .1 6 9 4 . 1 6 8 5 . 1 9
117 - 6 . 3 4 3 9 0 .0 9 8 6 . 5 5 8 8 .4 4 8 4 .6 6 8 4 . 6 6 8 5 . 7 5
118 - 4 . 3 9 3 1 2 .3 0 8 5 - 6 2 8 6 .9 2 8 4 .3 1 8 3 .7 1 8 5 . 4 5
119 - 2 . 2 9 4 6 0 .4 9 8 4 . 0 0 8 4 .6 9 8 3 .3 2 8 2 .7 9 8 4 . 3 9
120 - 1 . 4 9 7 8 6 .0 1 8 2 .  16 8 2 . 6 0 8 1 .7 1 8 1 . 2 0 8 2 . 8 3
121 - 1 . 2 6 9 0 9 .9 1 8 1 . 3 3 8 1 .7 1 8 0 .9 6 8 0 . 4 1 8 2 . 0 1

210

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



122 - 1 . 9 1 5 8 1 .4 9 8 1 . 0 1 8 1 . 5 7 8 0 . 4 4 7 9 .9 1 0 1 . 4 0
123 - 2 . 0 2 6 0 7 . 4 7 8 1 . 4 5 8 2 . 0 5 8 0 . 8 5 8 0 .2 9 0 1 . 8 8
124 - 3 . 9 4 3 4 4 .9 2 8 1 . 4 5 8 2 . 6 3 8 0 . 2 8 7 9 .6 7 8 1 . 3 6
125 - 4 . 9 0 3 4 6 .0 5 8 3 . 0 8 8 4 . 5 4 8 1 . 6 2 8 0 .9 1 8 2 . 7 4
126 - 6 . 8 4 4 1 5 .9 1 8 3 . 9 9 8 6 . 0 2 8 1 . 9 5 8 1 .1 7 8 3 .  16
127 - 7 . 8 2 4 9 4 .4 0 8 5 . 8 2 8 8 . 1 5 8 3 . 4 9 8 3 .4 9 8 4 . 5 6
128 - 7 . 6 5 4 8 6 . 2 6 8 6 . 9 2 8 9 . 2 0 8 4 . 6 4 8 4 .6 4 8 5 . 6 7
129 - 6 . 3 5 3 9 0 .9 5 8 7 . 0 3 8 8 . 9 2 8 5 . 1 4 8 5 .  14 8 6 . 2 3
130 - 4 . 3 9 3 1 2 .8 6 8 6 . 0 9 8 7 . 4 0 8 4 . 7 8 8 4 .  18 8 5 . 9 2
131 - 2 . 2 9 4 6 0 .3 5 8 4 . 4 7 8 5 . 1 6 8 3 . 7 9 8 3 .2 6 8 4 . 8 6
132 1 .4 9 7 8 5 . 1 7 8 2 . 6 2 8 3 . 0 7 8 2 .  18 8 1 .6 7 8 3 . 2 9
133 - 1 . 2 6 9 0 8 .7 9 8 1 . 7 9 8 2 . 1 7 8 1 . 4 2 8 0 .8 8 8 2 . 4 7
134 - 1 . 9 1 5 8 0 .9 5 8 1 . 4 6 8 2 . 0 3 8 0 . 9 0 8 0 .3 7 8 1 . 9 4
135 - 2 . 0 2 6 0 6 .9 8 8 1 . 9 1 8 2 . 5 1 8 1 . 3 1 8 0 .7 4 8 2 . 3 3
136 - 3 . 9 4 3 4 5 .1 9 8 1 . 9 1 8 3 . 0 8 8 0 . 7 3 8 0 .  12 8 1 . 8 1
137 - 4 . 9 0 3 4 6 .5 8 8 3 . 5 3 8 4 . 9 9 8 2 . 0 6 8 1 .3 6 8 3 .  19
138 - 6 . 8 4 4 1 6 .7 1 8 4 . 4 3 8 6 . 4 7 8 2 . 4 0 8 1 .6 1 8 3 . 6 1
139 - 7 . 8 2 4 9 5 .3 8 8 6 . 2 6 8 8 . 5 9 8 3 . 9 3 8 3 .9 3 8 5 .0 1
140 - 7 . 6 6 4 8 7 .2 5 8 7 . 3 6 8 9 . 6 4 8 5 . 0 8 8 5 .0 8 8 6 .  11
141 - 6 . 3 5 3 9 1 .7 5 8 7 . 4 7 8 9 . 3 6 8 5 . 5 8 8 5 .5 8 8 6 . 6 6
142 - 4 . 3 9 3 1 3 .3 9 8 6 . 5 2 8 7 . 8 3 8 5 . 2 2 8 4 .6 2 8 6 . 3 5
143 - 2 . 2 9 4 6 0 .2 3 8 4 . 9 0 8 5 . 5 9 8 4 . 2 2 8 3 .6 9 8 5 . 2 9
144 - 1 .49 7 8 4 .4 3 8 3 . 0 5 8 3 . 4 9 8 2 . 6 1 8 2 .0 9 8 3 . 7 2
145 - 1 . 2 6 9 0 7 .8 0 8 2 . 2 2 8 2 . 5 9 8 1 . 8 4 8 1 .3 0 8 2 . 8 9
146 - 1 .9 1 5 8 0 .4 9 8 1 . 8 8 8 2 . 4 5 8 1 . 3 1 8 0 .7 9 8 2 . 3 6
147 - 2 . 0 2 6 0 6 .5 5 8 2 . 3 2 8 2 . 9 2 8 1 . 7 2 8 1 .1 6 8 2 . 7 5
148 - 3 . 9 4 3 4 5 .4 6 8 2 . 3 2 8 3 . 4 9 8 1 .  14 8 0 .5 3 8 2 . 2 2
149 - 4 .9 1 3 4 7 .0 8 8 3 . 9 4 8 5 . 4 0 8 2 . 4 7 8 1 .7 7 8 3 . 6 0
150 - 6 . 8 4 4 1 7 .4 5 8 4 . 8 4 8 6 . 8 8 8 2 . 8 0 8 2 .0 2 8 4 .0 1
151 - 7 . 8 2 4 9 6 .2 9 8 6 . 6 6 8 8 . 9 9 8 4 . 3 4 8 4 .3 4 8 5 .4 1
152 - 7 . 6 6 4 8 8 .1 7 8 7 . 7 6 9 0 . 0 4 8 5 . 4 8 8 5 .4 8 8 6 .5 1
153 - 6 . 3 5 3 9 2 .4 9 8 7 . 8 6 8 9 . 7 5 8 5 . 9 7 8 5 .9 7 8 7 . 0 6
154 - 4 . 3 9 3 1 3 .8 6 8 6 . 9 1 8 8 . 2 2 8 5 . 6 1 8 5 .0 0 8 6 . 7 4
155 - 2 . 2 9 4 6 0 .1 4 8 5 .2 9 8 5 . 9 7 8 4 . 6 0 8 4 .0 7 8 5 . 6 7
156 - 1 . 4 9 7 8 3 .7 9 8 3 . 4 2 8 3 . 8 7 8 2 . 9 8 8 2 .4 7 8 4 .  10
157 - 1 . 2 6 9 0 6 .9 5 8 2 . 5 9 8 2 . 9 6 8 2 . 2 1 8 1 .6 7 8 3 . 2 6
158 - 1 .91 5 8 0 .0 9 8 2 . 2 5 8 2 . 8 2 8 1 . 6 8 8 1 .  15 3 2 . 7 3
159 -2.132 6 0 6 .1 9 8 2 . 6 9 8 3 . 2 9 8 2 . 0 9 8 1 .5 2 3 3 .  11
160 - 3 . 9 4 3 4 5 .6 9 8 2 . 6 3 8 3 . 8 5 8 1 . 5 0 8 0 .8 9 8 2 . 5 8
161 - 4 .9 1 3 4 7 .5 2 8 4 . 2 9 8 5 . 7 5 8 2 . 8 3 8 2 .  12 8 3 . 9 6
162 - 6 . 8 4 4 1 8 .1 0 8 5 . 2 0 8 7 . 2 3 8 3 . 1 6 8 2 .3 7 3 4 . 3 7
163 - 7 . 8 2 4 9 7 .1 0 8 7 . 0 2 8 9 . 3 5 8 4 . 6 9 8 4 .6 9 8 5 . 7 6
164 - 7 . 6 6 1 8 8 .9 8 8 8 . 1 1 9 0 . 3 9 8 5 . 8 3 8 5 .8 3 8 6 .8 6
165 - 6 .  35 3 9 3 .1 5 8 8 .2 1 9 0 .  10 8 6 . 3 2 8 6 .3 2 8 7 .4 1
166 - 4 . 3 9 3 1 4 .2 9 8 7 . 2 6 8 8 . 5 7 8 5 . 9 5 8 5 .3 5 8 7 . 0 9
167 - 2 . 2 9 4 6 0 .0 6 8 5 .6 3 8 6 . 3 1 8 4 . 9 5 8 4 .4 2 8 6 . 0 2
168 - 1 . 4 9 7 8 3 .2 2 8 3 . 7 7 8 4 . 2 1 8 3 . 3 2 8 2 .8 1 8 4 . 4 4
169 - 1 . 2 6 9 0 6 .1 9 8 2 . 9 3 8 3 . 3 0 8 2 . 5 5 8 2 .0 1 8 3 . 6 0
170 - 1 . 9 1 5 7 9 .7 3 8 2 . 5 9 8 3 . 1 6 8 2 . 0 2 8 1 .4 9 8 3 . 0 7
171 - 2 . 0 2 6 0 5 .8 7 8 3 . 0 2 8 3 . 6 2 8 2 . 4 2 8 1 .8 5 8 3 . 4 5
172 - 3 . 9 4 3 4 5 .9 2 8 3 . 0 1 8 4 . 1 9 8 1 . 8 4 8 1 .2 3 8 2 . 9 2
173 - 4 . 9 1 3 4 7 .9 4 8 4 . 6 3 8 6 . 0 9 8 3 . 1 6 8 2 .4 6 8 4 . 2 9
174 - 6 . 8 4 4 1 8 .7 2 8 5 . 5 3 8 7 . 5 6 8 3 . 4 9 8 2 .7 0 8 4 . 7 0
175 - 7 . 8 2 4 9 7 .8 6 8 7 . 3 5 3 9 . 6 8 8 5 . 0 2 8 5 .0 2 8 6 . 0 9
176 - 7 . 6 6 4 8 9 .7 4 8 8 . 4 4 9 0 . 7 2 8 6 .1 6 8 6 .  16 8 7 .  19
177 - 6 . 3 5 3 9 3 .7 6 8 8 . 5 4 9 0 . 4 3 8 6 . 6 5 8 6 .6 5 8 7 . 7 3
178 - 4 . 3 9 3 1 4 .7 0 8 7 . 5 8 8 8 . 8 9 8 6 . 2 8 8 5 .6 8 8 7 . 4 1
179 - 2 . 2 9 4 6 0 .0 0 8 5 . 9 5 8 6 . 6 4 8 5 . 2 7 8 4 .7 4 8 6 .3 4
180 - 1 . 4 9 7 8 2 .7 1 8 4 .0 9 8 4 . 5 3 8 3 . 6 4 8 3 .1 3 8 4 . 7 6
181 - 1 . 2 6 9 0 5 .5 0 8 3 .2 4 8 3 . 6 2 8 2 . 8 7 8 2 .3 3 8 3 . 9 2
182 - 1 . 9 1 5 7 9 .4 1 8 2 . 9 0 8 3 . 4 7 8 2 . 3 3 8 1 .8 1 3 3 . 3 8
183 - 2 . 0 2 6 0 5 .5 8 8 3 .3 3 8 3 . 9 3 8 2 . 7 3 8 2 .1 7 8 3 . 7 6
184 - 3 . 9 4 3 4 6 .1 3 8 3 .3 2 8 4 . 5 0 8 2 . 1 5 8 1 .5 4 8 3 . 2 3
185 - 4 . 9 1 3 4 8 .3 3 8 4 . 9 4 8 6 . 4 0 8 3 . 4 7 8 2 .7 7 3 4 . 6 0
186 - 6 . 8 4 4 1 9 .3 0 8 5 . 8 4 8 7 . 8 7 8 3 . 8 0 8 3 .0 1 3 5 .0 1
187 - 7 . 8 3 4 9 8 .5 7 8 7 . 6 5 8 9 . 9 8 8 5 . 3 2 8 5 .3 2 8 6 . 4 0
188 - 7 . 6 6 4 9 0 .4 6 8 8 . 7 4 9 1 . 0 2 8 6 . 4 6 8 6 .4 6 8 7 . 4 9
189 - 6 . 3 5 3 9 4 .3 4 8 8 . 8 4 9 0 . 7 3 8 6 . 9 5 8 6 .9 5 8 8 .0 4
190 - 4 . 3 9 3 1 5 .0 8 8 7 .8 8 8 9 . 1 9 8 6 . 5 7 8 5 .9 7 8 7 . 7 1
191 2 .3 0 4 5 9 .9 5 8 6 . 2 5 8 6 . 9 3 8 5 . 5 6 8 5 .0 3 8 6 . 6 4
192 - 1 . 4 9 7 8 2 .2 6 8 4 . 3 8 8 4 . 8 2 8 3 . 9 4 8 3 .4 2 8 5 . 0 5
193 - 1 . 2 6 9 0 4 .8 8 8 3 . 5 3 8 3 . 9 1 8 3 . 1 6 8 2 .6 1 8 4 . 2 1
194 - 1 . 9 1 5 7 9 .1 3 8 3 . 1 9 8 3 . 7 6 8 2 . 6 2 8 2 .0 9 8 3 . 6 7
195 - 2 . 0 2 6 0 5 .3 3 8 3 . 6 2 8 4 . 2 2 8 3 . 0 2 8 2 .4 5 8 4 . 0 5
196 - 3 . 9 5 3 4 6 .3 3 3 3 . 6 1 8 4 . 7 8 8 2 . 4 3 8 1 .8 2 8 3 . 5 1
197 - 4 . 9 1 3 4 8 .6 9 8 5 . 2 2 8 6 . 6 8 8 3 . 7 5 8 3 .0 4 8 4 . 8 8
198 - 6 . 8 4 4 1 9 .8 3 8 6 . 1 1 8 8 . 1 5 8 4 . 0 8 8 3 .2 9 3 5 . 2 9
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199 - 7 . 8 3 4 9 9 .2 2 8 7 . 9 3 9 0 . 2 6 8 5 .6 0 8 5 . 6 0 8 6 . 6 7
200 - 7 . 6 6 4 9 1 .1 1 8 9 . 0 2 9 1 . 3 0 8 6 .7 4 8 6 .7 4 8 7 . 7 7
201 - 6 . 3 5 3 9 4 .8 7 8 9 . 1 1 9 1 . 0 1 8 7 .2 2 8 7 .2 2 3 8 . 3 1
202 - 4 . 3 9 3 1 5 .4 3 8 8 . 1 6 8 9 . 4 6 8 6 .8 5 8 6 . 2 5 8 7 . 9 9
203 - 2 . 3 0 4 5 9 .9 1 8 6 . 5 2 8 7 . 2 0 8 5 .8 4 8 5 . 3 1 8 6 . 9 1
204 - 1 . 4 9 7 8 1 .8 5 8 4 . 6 5 8 5 . 0 9 8 4 .2 1 8 3 . 6 9 8 5 . 3 2
205 - 1 . 2 6 9 0 4 .3 2 8 3 . 8 0 8 4 . 1 8 8 3 .4 3 8 2 . 8 8 8 4 . 4 8
206 - 1 . 9 1 5 7 8 .8 8 8 3 . 4 6 8 4 . 0 2 8 2 .8 9 8 2 . 3 6 8 3 . 9 3
207 - 2 . 0 2 6 0 5 .1 0 8 3 . 8 8 8 4 . 4 8 8 3 .2 8 8 2 . 7 2 8 4 . 3 1
208 - 3 . 9 5 3 4 6 .5 2 8 3 . 8 7 8 5 . 0 4 8 2 .7 0 8 2 .0 8 8 3 . 7 7
209 - 4 . 9 1 3 4 9 .0 3 8 5 . 4 8 8 6 . 9 4 8 4 .0 2 8 3 .3 1 8 5 . 1 4
210 - 6 . 8 5 4 2 0 .3 3 8 6 . 3 8 8 8 . 4 1 8 4 .3 4 8 3 . 5 5 8 5 . 5 5
211 - 7 . 8 3 4 9 9 .8 4 8 8 . 1 9 9 0 . 5 2 8 5 .8 6 8 5 .3 6 8 6 . 9 4
212 - 7 . 6 6 4 9 1 .7 3 8 9 . 2 8 9 1 . 5 6 8 7 .0 0 8 7 . 0 0 8 8 . 0 3
213 - 6 . 3 5 3 9 5 .3 7 8 9 . 3 7 9 1 . 2 6 8 7 .4 8 8 7 .4 8 8 8 . 5 7
214 - 4 . 3 9 3 1 5 .7 6 8 8 . 4 1 8 9 . 7 2 8 7 .1 1 8 6 . 5 0 8 8 . 2 4
215 - 2 . 3 0 4 5 9 .8 8 8 6 . 7 8 8 7 . 4 6 8 6 .0 9 8 5 .5 6 8 7 .  16
216 - 1 . 4 9 7 8 1 .4 7 8 4 . 9 0 8 5 . 3 5 8 4 .4 6 8 3 .9 5 8 5 . 5 8
217 - 1 . 2 6 9 0 3 .8 0 8 4 . 0 5 8 4 . 4 3 8 3 .6 8 8 3 .1 4 8 4 . 7 3
218 - 1 . 9 1 5 7 8 .6 4 0 3 . 7 1 8 4 . 2 8 8 3 .1 4 8 2 .6 1 8 4 .  19
219 - 2 . 0 2 6 0 4 .8 9 8 4 . 1 3 8 4 . 7 3 8 3 .5 3 8 2 . 9 7 8 4 . 5 6
220 - 3 . 9 5 3 4 6 .7 1 8 4 . 1 2 8 5 . 2 9 8 2 .9 4 8 2 .3 3 8 4 . 0 2
221 - 4 . 9 1 3 4 9 .3 6 8 5 . 7 3 8 7 . 1 9 8 4 .2 7 8 3 .5 6 8 5 . 3 9
222 - 6 . 8 5 4 2 0 .8 0 8 6 . 6 2 8 8 . 6 6 8 4 .5 8 8 3 .8 0 8 5 . 8 0
223 - 7 . 8 3 5 0 0 .4 3 8 8 . 4 4 9 0 . 7 7 8 6 .1 1 8 6 .1 1 8 7 .  18
224 - 7 . 6 6 4 9 2 .3 3 8 9 . 5 2 9 1 .8 1 8 7 .2 4 8 7 .2 4 8 8 . 2 7
225 - 6 . 3 5 3 9 5 .8 5 8 9 . 6 2 9 1 . 5 1 8 7 .7 2 8 7 .7 2 8 8 . 8 1
226 - 4 . 4 0 3 1 6 .0 8 8 8 . 6 6 8 9 . 9 7 8 7 .3 5 8 6 . 7 5 8 8 . 4 9
227 - 2 . 3 0 4 5 9 .8 6 8 7 . 0 2 8 7 . 7 0 8 6 .3 3 8 5 .8 0 8 7 . 4 1
228 - 1 . 4 9 7 8 1 .1 2 8 5 . 1 4 8 5 . 5 9 8 4 .7 0 3 4 .1 9 8 5 . 8 2
229 - 1 . 2 6 9 0 3 .3 2 8 4 . 2 9 8 4 . 6 7 8 3 .9 2 8 3 .3 8 8 4 . 9 7
230 - 1 . 9 1 5 7 8 .4 2 8 3 . 9 5 8 4 . 5 1 8 3 .3 8 8 2 .8 5 8 4 . 4 2
231 - 2 . 0 2 6 0 4 .6 9 8 4 . 3 7 8 4 . 9 7 8 3 .7 7 8 3 .2 0 8 4 . 8 0
232 - 3 . 9 5 3 4 6 .8 8 8 4 . 3 5 8 5 . 5 3 S3. 18 0 2 . 5 7 8 4 . 2 6
233 - 4 . 9 1 3 4 9 .6 7 8 5 . 9 6 8 7 . 4 2 8 4 .5 0 8 3 .  79 8 5 . 6 3
234 - 6 . 8 5 4 2 1 .2 5 8 6 . 8 5 8 8 . 8 9 8 4 .8 2 8 4 .0 3 8 6 . 0 3
235 - 7 . 8 3 5 0 0 .9 8 8 8 . 6 7 9 1 . 0 0 8 6 .3 4 8 6 .3 4 8 7 . 4 1
236 - 7 . 6 7 4 9 2 .8 7 8 9 . 7 5 9 2 . 0 3 8 7 .4 7 8 7 .4 7 8 8 . 5 0
237 - 6 . 3 6 3 9 6 .2 9 8 9 . 8 4 9 1 . 7 3 8 7 .9 5 8 7 .9 5 8 9 . 0 4
2 38 - 4 . 4 0 3 1 6 .3 7 8 8 . 8 7 9 0 . 1 8 8 7 .5 6 8 6 .9 6 8 8 . 7 0
239 - 2 . 3 0 4 5 9 .8 4 8 7 . 2 3 8 7 .9 1 8 6 .5 5 8 6 .0 1 8 7 . 6 2
240 - 1 . 4 9 7 8 0 .8 2 8 5 . 3 5 8 5 . 7 9 8 4 .9 1 3 4 .4 0 8 6 . 0 2
241 - 1 . 2 6 9 0 2 .9 1 8 4 . 5 0 8 4 . 8 7 8 4 .1 2 8 3 .5 8 8 5 .  17
242 - 1 . 9 1 5 7 8 .2 4 8 4 . 1 5 8 4 . 7 2 8 3 .5 8 8 3 .0 5 8 4 . 6 3
243 - 2 . 0 2 6 0 4 .5 3 8 4 . 5 7 8 5 . 1 7 8 3 .9 7 3 3 .4 0 8 5 . 0 0
244 - 3 . 9 5 3 4 7 .0 3 8 4 . 5 5 8 5 . 7 3 8 3 .3 8 8 2 . 7 7 8 4 . 4 6
245 - 4 . 9 1 3 4 9 .9 3 8 6 . 1 6 8 7 . 6 2 8 4 .7 0 8 3 .9 9 8 5 . 8 2
246 - 6 . 8 5 4 2 1 .6 4 8 7 . 0 5 8 9 . 0 9 8 5 .0 1 9 4 .2 3 8 6 . 2 3
247 - 7 . 8 3 5 0 1 .4 5 8 8 . 8 7 9 1 . 2 0 8 6 .5 3 8 6 .5 3 8 7 . 6 1
248 - 7 . 6 7 4 9 3 .3 5 8 9 . 9 5 9 2 . 2 3 8 7 .6 6 8 7 .6 6 8 8 . 6 9
249 - 6 . 3 6 3 9 6 .6 8 9 0 . 0 3 9 1 . 9 3 8 8 .1 4 8 8 .  14 8 9 . 2 3
250 - 4 . 4 0 3 1 6 .6 3 8 9 . 0 7 9 0 . 3 8 8 7 .7 6 9 7 .1 6 8 8 . 9 0
251 - 2 . 3 0 4 5 9 .8 2 8 7 . 4 2 8 8 . 1 1 8 6 .7 4 8 6 .2 1 8 7 . 8 1
252 - 1 . 4 9 7 8 0 .5 5 8 5 . 5 4 8 5 . 9 9 8 5 .1 0 8 4 .5 9 8 6 . 2 2
253 - 1 . 2 6 9 0 2 .5 4 8 4 . 6 9 8 5 . 0 7 8 4 .3 2 8 3 .7 7 8 5 . 3 7
254 - 1 . 9 1 5 7 8 .0 8 8 4 . 3 4 8 4 . 9 1 8 3 .7 7 8 3 .2 4 8 4 . 8 2
255 - 2 . 0 2 6 0 4 .3 8 8 4 . 7 6 8 5 . 3 6 8 4 .1 6 8 3 .6 0 8 5 .  19
256 - 3 . 9 5 3 4 7 .1 8 8 4 . 7 5 8 5 . 9 2 8 3 .5 7 8 2 .9 6 8 4 . 6 5
257 - 4 . 9 1 3 5 0 .1 8 8 6 . 3 5 8 7 . 8 1 8 4 .8 9 8 4 .1 8 8 6 . 0 1
258 - 6 . 8 5 4 2 2 .0 1 8 7 . 2 4 8 9 . 2 8 8 5 .2 0 8 4 .4 2 8 6 . 4 2
259 - 7 . 8 3 5 0 1 .9 1 8 9 . 0 5 9 1 . 3 9 8 6 .7 2 8 6 .7 2 8 7 . 8 0
260 - 7 . 6 7 4 9 3 .8 1 9 0 . 1 3 9 2 . 4 2 8 7 .8 5 8 7 .8 5 8 8 . 8 8
261 - 6 . 3 6 3 9 7 .0 5 9 0 . 2 2 9 2 . 1 1 8 8 .3 3 8 8 . 3 3 8 9 . 4 2
262 - 4 . 4 0 3 1 6 .8 8 8 9 . 2 6 9 0 . 5 6 8 7 .9 5 8 7 .3 4 8 9 . 0 8
263 - 2 . 3 0 4 5 9 .8 1 8 7 . 6 1 8 8 . 2 9 8 6 .9 3 3 6 .3 9 8 8 . 0 0
264 - 1 . 4 9 7 8 0 .2 9 8 5 . 7 3 8 6 . 1 7 8 5 .2 9 8 4 .7 7 8 6 . 4 0
265 - 1 . 2 6 9 0 2 .1 8 8 4 . 8 7 8 5 . 2 5 8 4 .5 0 9 3 .9 6 3 5 . 5 5
266 - 1 . 9 1 5 7 7 .9 2 8 4 . 5 2 8 5 . 0 9 8 3 .9 5 8 3 .4 3 9 5 . 0 0
267 - 2 . 0 2 6 0 4 .2 5 8 4 . 9 5 8 5 . 5 5 8 4 .3 5 8 3 .7 8 8 5 . 3 7
268 - 3 . 9 5 3 4 7 .3 2 8 4 . 9 3 8 6 . 1 0 8 3 .7 5 8 3 .1 4 8 4 . 8 3
269 - 4 . 9 1 3 5 0 .4 3 8 6 . 5 3 8 7 . 9 9 8 5 .0 7 8 4 . 3 6 8 6 . 2 0
270 - 6 . 8 5 4 2 2 .3 7 8 7 . 4 2 8 9 . 4 6 3 5 .3 8 3 4 .6 0 8 6 . 6 0
271 - 7 . 8 3 5 0 2 .3 5 8 9 . 2 3 9 1 . 5 7 8 6 .9 0 8 6 .9 0 8 7 . 9 8
272 - 7 . 6 7 4 9 4 .2 6 9 0 . 3 1 9 2 . 6 0 8 8 .0 3 8 8 .0 3 8 9 . 0 6
273 - 6 . 3 6 3 9 7 .4 1 9 0 . 4 0 9 2 . 2 9 8 8 .5 1 8 8 .5 1 8 9 . 6 0
274 - 4 . 4 0 3 1 7 .1 1 8 9 . 4 3 9 0 . 7 4 8 8 .1 2 8 7 .5 2 8 9 . 2 6
275 - 2 . 3 0 4 5 9 .8 0 8 7 . 7 9 8 8 . 4 7 8 7 .1 0 8 6 . 5 7 8 8 .  18
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276 - 1 . 4 9 7 8 0 .0 6 8 5 . 9 1 8 6 .3 5 8 5 .4 6 8 4 .9 5 8 6 . 5 8
277 - 1 . 2 6 9 0 1 .8 5 8 5 . 0 5 8 5 . 4 2 8 4 .6 7 8 4 .  13 8 5 . 7 3
278 - 1 . 9 1 5 7 7 .7 7 8 4 . 7 0 8 5 . 2 7 8 4 . 1 3 8 3 . 6 0 8 5 .  18
279 - 2 . 0 2 6 0 4 .1 2 8 5 . 1 2 8 5 .7 2 8 4 . 5 2 8 3 .9 5 8 5 . 5 5
280 - 3 . 9 5 3 4 7 .4 6 8 5 . 1 0 8 6 . 2 8 8 3 .9 3 8 3 .3 1 8 5 . 0 0
281 - 4 . 9 1 3 5 0 .6 6 8 6 . 7 0 8 8 . 1 7 8 5 .2 4 8 4 .5 3 8 6 . 3 7
282 - 6 . 8 5 4 2 2 .7 1 8 7 . 6 0 8 9 . 6 4 8 5 .5 6 8 4 .7 7 8 6 . 7 7
283 - 7 . 8 3 5 0 2 .7 7 8 9 . 4 1 9 1 .7 4 8 7 .0 7 8 7 .0 7 8 8 . 1 5
284 - 7 . 6 7 4 9 4 .6 4 9 0 . 4 9 9 2 .7 7 8 8 .2 0 8 8 .2 0 8 9 . 2 3
285 - 6 . 3 6 3 9 7 .7 5 9 0 . 5 7 9 2 . 4 6 8 8 .6 8 8 8 .6 8 8 9 . 7 7
286 - 4 . 4 0 3 1 7 .3 5 8 9 . 6 0 9 0 .9 1 8 8 .2 9 8 7 .6 9 8 9 . 4 3
287 - 2 . 3 0 4 5 9 .7 9 8 7 . 9 6 8 8 .6 4 8 7 .2 7 8 6 .7 4 8 8 . 3 5
288 - 1 . 4 9 7 7 9 .8 3 8 6 . 0 7 8 6 .5 2 8 5 . 6 3 8 5 .1 2 8 6 . 7 5
289 - 1 . 2 6 9 0 1 .5 4 8 5 . 2 2 8 5 .5 9 8 4 .8 4 8 4 .3 0 8 5 . 9 0
290 - 1 . 9 1 5 7 7 .6 4 8 4 . 8 7 8 5 . 4 3 8 4 . 3 0 8 3 .7 7 8 5 . 3 4
291 - 2 . 0 2 6 0 4 .0 0 8 5 .2 9 8 5 .8 9 8 4 . 6 9 8 4 .  12 8 5 . 7 2
292 - 3 . 9 5 3 4 7 .5 9 8 5 .2 7 8 6 .4 4 8 4 . 0 9 8 3 .4 8 8 5 . 1 7
293 - 4 . 9 1 35 0 .8 9 8 6 . 8 7 8 8 . 3 3 8 5 .4 1 8 4 .7 0 8 6 . 5 3
294 - 6 . 8 5 4 2 3 .0 5 8 7 .7 6 8 9 .8 0 8 5 .7 2 0 4 .9 3 8 6 . 9 3
295 - 7 . 8 3 5 0 3 .1 8 8 9 . 5 7 9 1 .9 0 8 7 .2 4 8 7 .2 4 8 8 . 3 1
296 - 7 . 6 7 4 9 5 .0 4 9 0 . 6 5 9 2 .9 3 8 8 . 3 7 8 8 . 3 7 8 9 . 4 0
297 - 6 . 3 6 3 9 8 .0 8 9 0 . 7 4 9 2 . 6 3 8 8 .8 4 8 8 .8 4 8 9 . 9 3
298 - 4 . 4 0 3 1 7 .5 7 8 9 . 7 7 9 1 .0 8 8 8 . 4 6 8 7 .8 5 8 9 . 5 9
299 - 2 . 3 0 4 5 9 .7 9 8 8 . 1 2 8 8 .8 0 8 7 .4 3 8 6 .9 0 8 8 . 5 1
300 - 1 . 4 9 7 7 9 .6 2 8 6 .2 3 8 6 . 6 8 8 5 .7 9 8 5 .2 8 8 6 . 9 1
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