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June 6, 2009

Mz, Gary Berner
Department of Consumer Protection
State Office Building
165 Capitol Avenue, Room 103
Hartford, CT 06106

[via email Gary.Berneri@ct.gov]

RE: Direct Exchange Geothermal Information Session, June 8, 2009

Dear My, Berner:

I am writing to address the specific issues raised in the attachment to Commissioner Farrell’s letter of
May 15, 2009, in regard to Direct Geoexchange heat pump systems. We support the promulgation of
appropriate and reasonable regulations for the protection of the public and the groundwater of the
state, and wish to provide information on those subjects,

EarthLinked Technologies, Inc (ETI) is the global technology leader in direct geoexchange systems
with 29 years experience, consultation with four universities, nine patents received and two pending,
monitoring by US EPA, the Florida Solar Energy Center, nine electric utilities (including
Connecticut Light and Power), and systems operating in 47 states and 16 countries, from Australia to
Alaska, with over 100,000,000 hours in service.

Connecticut has a substantial heating load, is one of the states that EPA had determined “contributed
substantially to non-attainment . . . of national ambient air quality standards . . . ,”' thus the need to
improve air quality, the highest residential electric rates in the 48 contiguous states as of April,
2009,% and large luxury homes are being added to the system at a time when electric generating and
distribution facilities are constrained. To reduce the cost of heating and cooling, the emission of
pollution and greenhouse gases, and the need for additional generation, it is desirable to use every
available clean energy technology. The U.S. EPA and DOE have determined that geothermal heat
pumps are the most energy efficient heating systems and the most environmentaily clean in most
applications.

The State of Connecticut promotes the installation of Direct Geoexchange heat pump systems.
Through the Connecticut Energy Efficiency Fund, a $500 per ton incentive (maximum incentive is
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$3,000) for the installation of ARI-rated Direct Geoexchange systems is offered by Connecticut
Light & Power and United Illuminating Company®. All geothermal systems must be performance-
tested in order to qualify for the incentive.

The EarthLinked® system (Attachments #1 and #2) is a direct geoexchange heat pump that circulates
refrigerant for heat exchange in small copper tubes buried in the upper 100 feet of the earth’s surface,
The system is used to heat and cool residential and small commercial buildings and to heat water.
What ETI requires to assure good heat transfer in the earth also serves to protect ground water, i.c.,
small diameter/shallow bore holes that only displace a minimal amount of earth; grout the entire hole
with thermally enhanced grout and prohibit the use of sand as a backfill in the bore hole.

The system has been the subject of 10 electric utility monitoring projects from southern o northern
climates, including CT. Consumers Power Company of Jackson, Michigan conducted an 18 month
field test and reported that the system is 25% more efficient than water-based geothermal heat pump
systems (Attachment #3). That efficiency reduces the use of electric power and the resulting
emissions in the generation of electricity or on-site burning of fossil fuels. In fact, EarthLinked
systems have replaced many oil fired furnaces in New England, which posed a hazard to
groundwater through oil spills and tanks leaks.

There is regulatory precedent in the states of Florida, Michigan, Wisconsin, North Carolina and
Colorado for the use of direct geoexchange systems. In many other states and countries, they are
permitted under general drilling regulations without specific regulation. As the number of installed
units increases, there is growing proof of the benefits and the absence of risks,

In 2006, the US EPA completed 15 months monitoring the performance of an EarthLinked®
Commercial Water Heating unit in a nursing home. The EPA report states that the system saved 75%
of the electrical energy that would otherwise be required to heat water. It resulted in avoiding the
emission of 7,100 Ibs of CO2 and 15 Ibs of NOx per ton of capacity per year. That equates to 42,600
Ibs of carbon dioxide and 90 pounds of nitrous oxides annually by a 6 ton system, which is equal to
not burning 3,642 Ibs of gasoline or 74 barrels of oil each year. More detail is provided in a summary
attached (Attachment #4),

An EPA position letter concerning direct geoexchange heat pumps is attached (Attachment #5).

The development of this technology has led to 1) the issuance of nine U.S. patents for heat pump
innovations and two more are pending; 2) infrastructure including small bore drilling equipment, and

? Connecticut Light & Power:
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3) specialized small bore drillers who are trained and equipped to install and grout small bore earth
loops in limited space.

Heat Transfer Media:

Water wells are typically at least 6” in diameter, and are drilled to a depth that connects them
with an underground water supply. Water-based closed loop geothermal wells are typically 6” in
diameter and are drilled to depths of 200 to 500 feet. Direct geoexchange heat pump bore holes
are typically 3” to 4” in diameter and are drilled to a maximum depth of 100 feet. They do not
need to connect to underground water. The majority of EarthLinked bore holes are 35 to 71 feet
in depth and they displace only 11% of the soil displaced by a typical water-based geothermal
bore hole (of 6” x 250°), thus the potential for impact on groundwater is minimal in comparison.

In 1984 EarthLinked Technologies (formerly ECR Technologies, Inc) applied to the State of
Florida for a blanket drilling permit for installations in Florida, As a condition for action on that
request, the Department of Environmental Regulation required environmental and metallurgy
studies.

The environmental study (Attachment #6) was conducted by an environmental engineering
professor at the University of South Florida. As a result of those studies and their own analysis,
the Department issued its Declaratory Statement granting the request (Attachment #7). That
favorable Declaratory Statement was reaffirmed and updated in 2007 (Attachment #8).

The Manufacturer’s Safety Data Sheets (MSDS) on Refrigerant-22 (Attachment #9) and R-407C
(Attachment #10) are appended. They show that these refrigerants are non-toxic and not soluble
in water. Because they are not explosive, flammable or hazardous, and have very low toxicity,
they are not a risk to homeowners. However, just as the anti-freeze used in water based
geothermal heating/cooling systems, heating oil, and natural gas are not intended for human
consumption, these refrigerants are not classified as “food grade”. As reported in the report by
Dr. Murphy referred to earlier, they have low toxicity to plant and animal life.

Construction Materials:

The EarthLinked Installation and Start-Up Manual requires that these small diameter holes be
filled with an earth loop and completely grouted with thermally enhanced grout to assure good
thermal contact and preclude a direct conduit to groundwater. This is done promptly after boring
the hole to avoid its collapse or contamination of ground water. The Manual also requires 24-
hour pressure testing of the loops with Nitrogen at 400 psi, which is 200% of operating pressure.

The materials used in the installation of earth loops for heat transfer in the ground consist of
copper tubes, 15% silver brazing solder and grout. Clean builders sand is used to cushion the
manifold near the surface. ETI has never experienced the loss of a production earth loop due to
corrosion. As explained in the technical paper, “Copper Tubing in Soils” (Attachment #11),
copper is a noble metal that resists corrosion in most soils. ET1 offers a non-sacrificial Cathodic
Protection System that emits a small amount (milliamps) of impressed electrical current that
precludes corrosion even in harsh environments. ETT did extensive research in its early years on
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the subject of “rust inhibitors” and determined that they do not offer a complete solution, as does
the Cathodic Protection System.

Grouting of the entire hole is essential to prevent voids and assure good heat transfer and avoid
cross contamination of ground water. The recommended grout is Geo SuperGrout™, a thermally
conductive, bagged material specifically developed for geothermal bore hole sealing. When water
is added it takes on a lignid form that can be poured or pumped into the hole to form a solid seal
and heat fransfer medium. It has a pH of 12-13 in water, thus is protective of copper. It is
approved by NSF International under Standard 60 as a well sealant (Attachment #12), thus is safe
for use in connection with drinking water. The MSDS (Attachment #13) describes the material as
non-hazardous.

Permitting and Licensing Issues:

Precaution is taken to avoid drilling into underground structures or pipes by inquiring of the
property owner and calling “Dig Safe”, or the local equivalent to identify underground wires,
pipes and structures.

Grouting is discussed above,

Borehole permitting. We suggest that the proposed regulations must not restrain trade in direct
geoexchange systems in Connecticut or create a monopoly for a segment of the drilling industry
that only operates water well drilling equipment that is not needed for the small bore holes
required for Direct Exchange systems. That equipment cannot access most of the small spaces
available for urban residential retrofit installations now served by DX, is more expensive to
employ, drills a larger hole that reduces heat transfer, and increases the amount of grout required.

Training and experience to be required of drillers. ETI is currently working to establish a national
assocjation for the Direct Geoexchange industry that will include installer qualification standards,
training and installation standards (which ETI currently provides). We will be pleased to consult
with the appropriate Department in the State of Connecticut to draft such standards.

In the event of an accident, property owners are protected by the installing company’s legal
Hability and its insurance carrier.

Summary:

In summary, the greatest protection of groundwater is achieved with the smallest hole possible for
the system being installed, which also reduces the amount of excavated material and the energy
required to excavate it. As stated in Attachments #6-10: 1) the loops do not inject and are not
reasonably expected fo inject any fluid into the soil; 2) are not expected to contaminate the soil
because the refrigerant has very low toxicity, is largely insoluble in water; and 3) any released
refrigerant would immediately vaporize.

The MSDS’s state that the refrigerants are low in toxicity; ingestion is unlikely because of the
physical properties (evaporates above -40.8°F) and are not expected to be hazardous, They have very
low solubility in water; they not a hazardous waste; and 5) the MSDS on the mineral oil lubricant,
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SUNISCO 3GS REFRIGERANT OIL, states that it is not soluble in water and describes the Health
Hazards as possible irritation to the eyes and gastrointestinal tract, if ingested.

We respectfully suggest that the major environmental and energy saving benefits of the EarthLinked
system eclipses the extremely remote risk of a cross-connection of surface water and groundwater
being created by the installation of an EarthLinked system; or refrigerant or a few ounces of mineral
oil being released in the soil if an earth loop were breached.

To simplify and clarify the proposed Regulations for the benefit of government officials, the industry
and consumers, we would request that the Regulations be separated into different sections that

address direct geoexchange bore holes separately from the licensing requirements for other types of
bore holes.

Very truly yours,
Rt

HAL ROBERTS, CEO
HR/ph

Attachments (13)
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Index to Attachments

(click on links below to display attachment)
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EarthLinked® Geoexchange Heating and Cooling Systems fact sheet
EarthLinked® Geoexchange Commercial Water Heating fact sheet
Consunters Power Company report summary
EPA report summary (2606)
EPA position letter re. direct geoexchange heat pumps (2003}
USF environmental study (by R. Jerry Murphy, Ph.D.)
Florida blanket drilling permit (1987)
Florida blanket drilling permit update (2007)
MSDS on R-22
. MSDS on R-407C
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EarthLinked Heating

and Cooling Systems
With Optional Water Heating

40-60% Savings in Operating Cost

Solar Energy from the Shallow Earth

Reduced fossi fuel consumption, reduced emissions and increased comfort result
from the use of renewable solar energy stored in the shallow earth. These benefits
are delivered by the Earthlinked” heat pump system.

Almost half of the sun’s energy that reaches the earth is stored in the ground,
resulting in a solar battery that can be used for heating anytime, anywhere that
people live. The constant and favorable temperature of the earth also makes it a
favorable heat sink to receive unwanted heat in the cooling season.

The Earthlinked system is a heat pump that uses the
refrigeration cycle to move heat from one location to
another, like an air conditioner that can also operate in
reverse. I's a unique heat pump because the patented
refrigerant flow controls enable it to directly connect
with small earth loop tubes that can be installed
vertically, diagonally or horizontally in 3” bore holes 50
to 100 feet {15 to 30 m} in length. Typically, the earth
loops are 100 feet per ton {12,000 BTU) of capacity.

The diagonal loop configuration exchanges heat in a
farge subsurface area but Impacts a small six feot
diameter area at the surface during installation. The
system, the earth loops and the boring equipment are
small, so the Instalfed footprint is small and the system
is very adaptable for retrofit installations.

Because of is efficient use of the favorable earth
temperature as a heat source/heat sink and its direct
heat exchange method, the Earthiinked system is more
efficient than an air source heat pump (ASHP} and other
geothermal heat pump {GHP) units that must circulate
water for heat exchange.

One System, Multiple Uses

Whether you live in Australia or Alaska, the Earthlinked
system is the simple solution fto a comfortable
environment throughout your home, A single unit can
provide space heating and cooling, and water heating,
no matter the climate conditions. Because of its small
size and mechanical simplicity the system is convenient,
rellable and easy to maintain.

Space Heating and Cooling

Thousands of property owners in North America and
around the world use Earthtinked to heat or cool
buildings. The system delivers a stable, comfortable
temperature all year round. In summer there is a
greater dehumidification because of colder refrigerant
coils and longer run cycles. In winter there are no
blasts of hot air as with a furnace, and the heated air Is
warmer than with an air source heat pump because the
earth is a warmer heat source. For maximum winter
comfort and efficiency, the Earthlinked system can also
be coupled with a radiant hydronic system.

Water Heating Option

You can use the EarthLinked system to heat water up to
125°F {52°C), optimizing your energy consumption and
saving money. The system uses waste heat given off in
the air-conditioning mode in summer or natural heat
stored in the ground and harvested by the heating
mode in winter. Either way, you can reduce your water-
heating costs by as much as 75% compared to electric
resistance heating.

Swimming Pool Heating
No matter the size of your pool, the Earthlinked system
can quietly heat the water to a comfortable
temperature without harmful combustion byproducts—
all with the highest efficlency.



EarthLinked Advantages Over High
Efficiency ASHPs

° Saves 40-60% in operating costs on an annual
basis.

® Increases comfort by efficiently using the

favorable earth heat source to provide greater

than 100°F supply air.

Does not lose efficiency as ambient air

temperature drops, as an ASHP does.

Achteves high efficiency without having to

utllize variable speed compressors or multi-

speed fans.

Can be located in a utility room or basement

because of the elimination of the need to

circulate air over the exterior

evaporator/condenser.

° Quiet operation resufting from total system
enclosure and elimination of an exterior fan.

° Exterior condenser/evaporator unit {fan coil in

ASHP} is burfed out of sight, protected from

damage or theft.

Approximately one-half the size of a fypical

ASHP unit.

No anti-freeze; not subject to freezing; no

defrosting required. )

% Has greatly improved reliability and

serviceability.

Eliminates the exterior condenser/evaporator

coil, fan, fan motor and capacitor, defrost

timer, and ancillary wiring, making it

mechanically and electrically simpler.

® Extends compressor life by reducing

COMPressor run temperature,

Continues to operate even when evaporator

surface {earth loop) is enveloped in ice.
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EarthLinked Advantages Over Typical

GHPs

® Controls assure more efficient operation of
compressor, evaporator and condenser.

© Eliminates large closed-loop plastic piping
system, with its inefficient intermediate heat
transfer. (GHP earth loops must be purchased
in parts, assembled on site, Installed, filled
with antifreeze and water, and pumped
constantly while system is operating.)

¢ Mechanically simpler and more reliable; easier
to service.

¢ Utitizes bore holes 3" in diameter in contrast
to 6" bore holes of water-based systems.

¢ Less drilling equates to lower installed cost.

Contact Your Earthiinked Dealer

Consumer Benefits of EarthLinked vs. Typical ASHPs

° Greater comfort from favorable constant temperature of the earth.
¢ 40-60% operating cost savings.

¢ 60% sound reduction; 50% size reduction.

° Reduced cost of maintenance and service.,

¢ Competitively priced.

® Less than 60-month payback.

Earthlinked Advantages to Electric Utility

® Weather sensitive winter peak demand reduction of approximately 60%.
® Weather sensitive summer peak demand reduction of 30%.

¢ Gain in winter load share by replacing on-site fossil fuel firing.

® Improvement in load factor.

° 100% green energy potential with wind and photovoltaic energy.

\
EARTHLINKED
TEGHMOLOEIES
4141 5 Pipkin Road
Lakeland, FL 33811

tel, B63-708-0ng6
wwwearthlinked.com




The EarthLinked® Water Heating system
delivers the highest efficiency of any
powered water heating system. It is a heat
pump that harvests abundant renewable
energy directly from the earth. The systems
have bheen heating water since 1983,
primarily as an optional feature of heat
pumps for space heating and cooling.

The system’s most economic water heating
application is to heat or preheat water for
large users such as motels, multi-family
dwellings, healthcare facilities, food
processors and restaurants,

Field testing by U.S. EPA verified up to 75%
energy savings and avoidance of the
emisston of up to 7,000 pounds of €O, and
50 pounds of NOy per ton of heat pump
capacity each year, as compared to efectric
resistance water heating (up to 42,000
pounds of CO, and NOy each yearby a 6 ton
system}.

How the Systern Works

Earthlinked® transfers heat by circulating
ozone friendly refrigerant in copper earth
loops that are trenched or bored into the
earth. The liquid refrigerant transfers heat
from the constant temperature of the
ground, through a patented flow control
device to the compressor.

The compressor raises the refrigerant
pressure and temperature, and routes the
hot vapor to a heat exchanger. The refriger-
ant vapor, passing through sealed channels,
transfers heat to circulating water. The
water is heated and delivered to the hot
water storage tank.

Application of the Earthtinked’ System

The most economic application of the
Earthlinked® system is to preheat large
quantities of cold water. Typically, the
system provides preheated water to
standard 120-gallon water heater tanks. As
hot water is used, the preheated water is
transferred to one or more commercial
water heaters that further heat the water to
the required use temperature, maintain that

ings up to 75% using renewable energy

level, and provide redundancy. Earthlinked®
thus becomes a powerful hybrid that
increases system capacity and refiability.

Environmentiatl Benefits

Burning fuels to create heat wastes
diminishing natural rescurces and can never
achieve 100% efficiency.  The process
pollutes the environment with carbon
dioxide and nitrogen oxides that are
greenhouse gases. The U.S. EPA and DOE
have determined that, in most applications,
geothermal heat pumps are the most energy
efficient and environmentally clean heating
systems.

Constantly Available Renewable Energy
Source

The constant earth heat source is always
available and is not dependent upon sunlight
hours or temperate climate. This creates the
ability to use heat pumps to deliver heat in
cold climates, shift demand off-peak and
thereby use lower electric rates for water
heating, including pools, radiant hydronic
heating and thermal storage.

Benefits of EarthLinked Over Electric Water

Heating

* Up to 75% energy savings due to reduced
electricity consumption

» Reduced emissions of greenhouse gases

¢ Reduced electric demand and possible
reduced demand charge

s Decreased energy dependence

Benefits of EarthLinked” Over Air Source

Heat Pump Water Heating

s Higher efficlency due to constantly
favorable earth heat source

e Can be located in mechanical room
because of no need to circulate air over
an exterior coil

» Quiet operation resulting from total
system enclosure and elimination of
exterior fan and motor

+ Eliminates the exterior coil, fan, fan motor
and capacitor, defrost timer, and ancillary
wiring, making & mechanically and
electrically simpler

s Has greatly improved reliabilty and
service life because of its simplicity and
stable temperature source

Beneflts of Earthlinked” Over Gas Water
Heating

Reduce operating cost up to 50%

No on-site fossil fuel firing

No combustion air supply needed

No flue gas venting

No explosion or asphyxiation hazard
No gas main needed

a 8 & = » 9



Earthtinked® delivers up to 400% efficiency compared to
80% for commercial gas water heating. For every Watt of
electricity consumed by the EarthLinked” compressor, the
system delivers three to four times that amount of heat
energy to the water tank because it is primarily
transporting renewable energy.

Rapid Cost Recovery

Earthlinked® delivers up to 400% electrical efficiency. For
every Watt of electricity consumed by the Earthlinked®
compressor, the system delivers three to four times that
amount of heat energy to the water tank because it is
primarily transporting renewable energy.

OLP Gas

Even though the installed cost of the EarthLinked® heat
pump system is greater than traditional water heaters, the
monthly energy savings in commercial applications are so
large that the system quickly pays for itself.

A commerclal user with an EarthLinked® water heating Features
system installed at a cost of 515,000, using 2,000 gallons

of hot water per day, an electric rate of $0.10/kWh, an + [ndependently documented hot water heating savings up to 75%.

o H B
ea.rth temperature of 65°F where the EfrthL:nked system + Powerful hybrid Increase Efficiency, Capacity and Reliability.
raises the water temperature to 115°F and the efectric
resistance element raises it to 125°F, in comparison with + Patented refrigerant flow control assembly.

an electric water heater saves $6,681 annuaily.
26 ¥ a Warranty: 5-year limited warranty on compressor unit, and limited lifetime

The cost recovery period in that case is 2.2 years, for a warranty on earth loops.

Return On lnvestment of 45.4%. Even if the installation

cost was $20,000, payback would be within 3 years and Compressor Type Copeland Scroll™
Return On Investment would be 33.9%,

Voltage 208-230/460/575
Commercial Leasing Options are available to eliminate Phase Single or Three-phase
cash investment and payments are made from savings. Power Supply 60Hz

Ozone Friendly Refrigerant R-407C
Dimenslons 17'Dx 21" Wx 28" H
Heating Capacity 4-ton and 6-ton

EarthLinked® CWH systems are specially designed for commercial water
heating. The unit includes the compressor, heat exchanger and water
circulating pump in one cabinet.

The system can ralse the temperature of water up to 125°F. When
operating as a hybrid system, a traditional gas or electric water heater
can then raise the temperature to any desired level and provide a backup
heating source. The standard water heater thermostat controls the
ultimate delivered temperature in the customary manner.

4151 S, Pipkin Road & Lakeland, Florida 33811
Tel. 863-701-0086 ¢ www.earthlinked.com
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Summary of Field Test of EarthLinked' Heat Pump by
Consumers Power Company

Project Year: 1988-1990

EARTHILINEEDD
TEOHMOLOEIES

Location: Jackson, Michigan U.S.A.

Consumers Power Company conducted a one-year field monitoring test of a 2.5-ton Earthtinked® direct exchange
earth coupled heat pump in a single-family residence to determine seasonal efficiency in the heating and cooling
modes, fo assess system capability to provide total heating needs in cold climates and to assess operating and
maintenance characteristics.

Data collection on air-side and refrigerant-side {for dual data verification, which showed +2% variation} was
performed with thermocouples, pressure transducers, kWh meters with pulse output, a data logger, a disc data
recorder, humidity sensors, and a PC software program to retrieve and calculate COP values.

Results were sorted by month and outdoor temperature in 5°F bins. With 6,855 heating degree days, the system
recorded a high COP of 3.71, a low of 2.98, and a seasonal COP of 3.29, which exceeded by 25% the seasonal
heating performance of other ground source heat pumps previously tested, With a 2.5-ton Copeland compressor,
the heat output rate averaged 30,360 BTU/hr., except in May when it increased to 32,575 BTU/hr. The system
required no supplemental heat down to ambient 5°F, and averaged 3.0 COP at 5-10°F, gradually increasing to 3.5
at 40°F, and declining to 2.3 with supplemental heat at -10°. For cooling, the cumulative EER was 15.7 {a COP of
4.6).

"Strictly from a performance point-of-view, the ECR {now “Earthlinked”) ground-source heat pump is highly
recommended. From an economics point-of-view, i installation costs are competitive with other high efficiency
systems, the system is not only recommended, but seen as having great potential for increasing electric space
heating customers. Its highly efficient air conditioning performance is an added sales advantage." {See Page 15 of
the report.}

[It should be noted that when last checked, the system was still performing well 18 years later.]

Reference: J. B. Gilbert, Department Head
"ECR Technologies Ground-Coupled Heat Pump Field Evaluation,” August 1, 1990; Engineering Evaluations,
Consumers Power Company.

{A complete copy of the report is available from Earthlinked Technologies, inc. at www.earthlinked.com.}



Summary of U.S. EPA Report on the Testing of EarthLinked
Commercial Water Heating System

Conducted by: U.S. EPA Greenhouse Gas Technology Center
EART LR
TEOMIMBLIDEIER

Project Year: 2005-2006

Location: Sun City Center, Florida U.S.A.

The U.S. Environmental Protection Agency’'s Greenhouse Gas Technology Center completed a 15-month test of the
EarthLinked® Commercial Water Heating system in September 2006. The system includes: 1) an Earthtinked
direct gecexchange heat pump, 2} an earth loop dluster that circulated non-ozone depleting refrigerant {R-407
C) in standard copper refrigeration tubing to extract heat from the shallow earth; and 3) a double-wall refrigerant-
to-water heat exchanger.

The test was conducted in an assisted living facility in Sun City Center, Florida. The system was connected o a
standard electric water heater tank that stores the heated water. Although the heating element in the tank is
capable of providing supplemental heat, it was never required to do so during the test.

As hot water is used in the building, city water enters the system, passes through the heat exchanger and is stored
in the standard tank. The temperature of the city water entering the system is 72°F. The refurn temperature to
the heat exchanger from the continuous building circulation system is 94°F, and the delivered water temperature
is limited to 110°F. That temperature was selected by the owner to comply with governmental regulation. Short-
term tests were conducted to monitor system capacity and efficiency, taking the temperature to 130°F.
Comparative tests were conducted using the standard electric resistance elements of the water tank exclusively.
Then long-term testing of the EarthLinked system was conducted for many months.

The EPA report verifies 75% saving of elecirical energy by the Earthlinked system in comparison with electric
resistance water heating. By avoiding the generation of that amount of electricity, a typical Earthlinked unit
avoids the emission of 7,100 pounds of carbon dioxide and 15 pounds of nitrous oxide per ton of capacity annually,
which amounts to 42,600 pounds of CO, and 90 pounds of NOx each year by a typical 6-ton capacity Earthlinked
unit.

[t should be noted that in northern climates, atthough the earth temperature is cooler, so is the incoming water
temperature. This enables the high efficiency Earthlinked system to replace more energy that is otherwise
required of electric or fossil-fuel fired systems, thus the rate of savings is not diminished. Any temperature above -
40°F is sufficient to evaporate the refrigerant, and the Earthlinked system can harvest energy through ice.}

{A complete copy of the report Is available from Earthlinked Technologies, Inc. at www.earthiinked.com. )
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March 19, 2003
To Whom It May Concern:

Please find below the text (edited to remove specific company references) of a letter I wrote several
years ago. The information in this letter is still valid.

I understand that your company,  Is a manufacturer of Direct-
Exchange (D geothen‘nalp heat pumps (GHPs). 1 also understand that you often
encounter contusion about environmental issues related to this technology. I hope this
letter will help to clarify some of these issues,

As you may know, EPA recognized GHPs as the most cost-effective and environmentally
friendly technology for heating and cooling homes in most climates in its 1993 report,
Space Conditioning: The Next Frontier, We at the Atmospheric Pollution Prevention
Division (APPD) at the Environmental Protection Agency (EPA) look quite positively on
the potential of DX GIPs. The use of refrigerant in copper pipes as a heat exchanger
appeass to have an inherent efficiency advantage over antifreeze solutions in plastic pipe,

ing them even more attractive from an energy-efficiency standpoint than traditional
GHPs,

Our only potential concern with DX GHPs is that they use R-22, as do virtually all other
large-scale heat pump technologies on the marker, Since R-22 conttibutes to ozone
depletion, it is being phased out over the next three decades in accordance with the
Montreal Protocol. DX GHPs do not appear to use ':‘Epreciably more R-22 than air-source
heat pumps, and EPA is not discouraging their use either. One of the key reasons R-22 has
been such a widely used tefrigerant for more than 50 yeats is that it is a nontoxic, inert gas
that poses no direct health dangers to humans, and therefore could be used with confidence
byI—iDVAC manufacturers and installers. Since R-22 poses no direct health threat o
humans—nor to ground water-there is no reason why it cannot also be used with
confidence in underground heat exchangers as part of a DX system.

EPA does regulate the use of R-22, however. Oanlylicensed persons may install and service
systems that use the refrigerant, and they must follow EPA guidelines regarding reclamation
and recycling of the refrigerant, For more information about R-22 regulations, please call
1-800-296-1996. .

I hoge this information is helpful to you. Please call me if you have any questions or if I
can be of any further assistance.

st

Stephen J. Offutt
Atmospheric Pollution Prevention Division




*Reaume attached

TECHNICAL REPORT
EVALUATION OF THE ENVIRONMENTAL FATE

OF REFRIGERANT 22 & 502 IN ECR
HEAT TRANSFER SYSTEM

By

R. Jerry Murphy, Ph.D., P.E.%
Conaulting Engineer

January, 1986




EVALUATION OF ENVIRONMENTAL FATE
OF REFRIGERANT 22 & 502 IN ECR

HEAT TRANSFER SYSTEM

I. Introduction: ECR Technologles, Inc. of Lakeland, Florida has developed a

heat exchange technology for application to residential and commercial hot
water heating, space heating and cooling, pool and spa heating, ebte. (see
process description in Appendix A.,) The key aspects of the system involve
recirculating refrigerant in a closed pipe system into the sub-surface of the
ground in a drilled bore to a depth less than 100 feet and returning the
refrigerant to exchange heat in a system at the ground surface. The purpose
of this report is to evaluate this technology and its application for
pofential adverse environmental effects., Such an evaluation encompasses
defining the impact of the technology on scil, water or the air media that

eould adversely affect terrestrial life.

IT. Discussion:

A. Problem befinition. The chemical substances of interest in this
study are Refrigerant 22 and 502, Specifically, the Refrigerant 22 (R22) is
mononchlorodifiuormethane {CHCLF,). Refrigerant 502 (R502) is mixture of
fluorcearbons; 48,8% R22 and 51.2% R115, by weight. Properties of these
chemicals pertinent to this study are specified in Appendix B and .

B. Evaluabtion Methodology. Chemical substances in the environment are
evaluated based on their properties that may contribute to their ability to
separate into the varlious environmental compartments (air, soil, water); their
movement or ftransport in these compartments at specific concentrations; their

change or transformation that may occur in the compartments or during




transport; and finally the toxic effects that the substance'!s conecentratbion
has on aquatie, plant, animal, and human life. Consequently, the speaific
chemicals' toxielity, magnitude of concentration abt release and its related
properties that permit prediction of contamination potential of air, water and
s0il provide the =sallent means for evaluation.

The critical properties of a chemical substance that lead to predicting
its environmental fate are principally the chemicals' water solubility and its
vapor pressure (1). Since, of the two Refrigerants of interest, R22 has
properties which could have the more severe environmental consequences (i.e.

R22 has greater sclubility), 1t will be the Focus of this evaluation.

IIT. Findings:

A. Evaluation of R22 and R502 as potential environmental contaminants
has been greatly simplified since there have been significant studies of the
compounds that have confirmed that the materials are quite chemically stable,
They are principally an upper atmosphere (stratosphere) contaminant and have
no significant impact on local air or water quality (2,3). In the context of
fluorocarbons as a stratospheric contaminant, interest here lies in
Refrigerant production facilities that represent the principal source for
potential mass release of fluorocarbons, Small operational facilities such as
those designed by ECR Technologies minimize any further envirommental risk
since: first, they are closed loop contained facilities recyeling
Refrigerants; second, the volume of Refrigerant in use at each installation
will be extremely small (on the order of 5 to 15 1b per installation); and
third, the worst case scenaric for Refrigerant release would be at the
system's maximum depth below the ground surface where the technology's

temperature and pressure are such that the Refrigerant, if released, would
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remain in or instantaneously change to the vapor phase. This would also be
true at any lesser depth including ground surface level.

B. Substantiation of points previously eﬁumerated can be made based on
the properties of the substance. Since the solubility of R22 (worse case
Refrigerant) is 285 milligrams per liter (mg/l), the implication of wabter
contamination is evidently low. For example, if one pound of R22, or any
greater amount, leaked into 10 gallons water, the maximum amount that would go
into solution is a total mass of 0.024 pounds. The remainder (97.6%) would
migrate to the atmosphere. The small component of R22 that could evolve into
the water phase would rapidly dilute as it wmoved through the groundwater and
in any case, the highest concentration of R22 possible is well below any
potential toxic effect levels (aquatic, plant, animal or human) specified for
the substance (¥.5). Soil sorption is directly related to the coneentration
of the substance in the wakter phase. It cbviously follows that since the
conecentration in the water phase is low, any conceniration that could be
sorbed in the so0il would be insignificant.

The remaining component of Refrigerant that escapes into the immediate
atmosphere, which is the bulk of the substance, 1s also of no environmental
concern, The material has long been used in virtually all modes of
residential locations and in enclosed human living areas. Thils appliecation
has been fostered by the substance's negligible toxieity and its
glassification of flammabilify as only slight by the Natlonal Board of Fire
Underwriters (6).

At any temperature, depth and pressure used in this technology either
Refrigerant, if accidentally released, would remain in or instantaneously

change into the a vapor phase. Consequently, there is minimal opportunity for



the Refrigerants to react to form secondary chemical compounds in the local

environment.

IV, Conelusions

Evaluation of the environmental impact of ECR Technologies application of
Refrigerants indicates that there will be negligible hazard to humans or the
environment with these substances since:

A. Documentation that Refrigerants have extremely low toxicity and

limited flammability.

B. The mass cor amount of Refrigefants used in the process are small,
used in a closed-recycled system, will be widely distributed
spatially outdoors, and subject to significant dilutlon if leaked.

€. Should a leak ocecur, the properties of the Refrigerants indicate that
they would not comprise a hazard from water/soil migration or in the
local atmosphere.

D. The potential for generation of secondary chemical compounds through

reaction is minimal since the Refrigerants remain in a vapor phase.
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APPENDIX A

Energy conservation research results in new water heating technology.

The ECR-80A water heater is an energy efficient water heater unequaled
in performance by any other water heater, including solar. It is a heat
pump water heater designed to extract the abundant renewable energy
from the earth, in contrast to other heat pump systems, which extract heat
from the air.

In the United States, the earth’s temperature below the surface is between

42°-72°F (10°-22°C). The BCR-80A extracts this heat from the earth by cir-

R . culating freon through a coaxial metallic tube insetied approximately eighty
feet into the earth, The heat from the earth bolls the freon, which is then
compressed to raise its temperature. Then the hot freon vapor transfers ifs
heat {0 the water tank as it is circulated through a coil wrapped arcund the
outside of the water tank. (see illustraiion.)

How and why is the ECR-80A better?

The ECR-80A has been tested for comparison with the electric
resistance, air-to-water heat pump systems and solar units. The elosest
competition to the ECR-80A in energy consumption efficiency is solar.
The least efficient method of heating water is by the common electric
resistance system, (See bar graph for specific data.)

The ECR-80A is a heat pump system, but it is nof of the earlier conven-
tional air-to-water type. The air-to-water heat pump water heaters have
been around since the late 1970°s, but have Failed to make z significant im-
pact on the water heating market, The reasons are numerous:

L. Relatively low efficiency because air stores only a small amount of
heat and Is a poor conductor of heat,

2. Efficiencies decline as ambijent temperatures drop. There is little or no
heai gain at or below 45°F, and some units automatically shut off at that
ternperature,

3. Many moving parts to circulate air and water,

4. Leaks and mechanical Failures,

5, Lime buifldup in the condenser.

6. Rust or corrosion caused by condensation.

7. Clogging of air filter on evaporator.

In short, the air-to-water heat pump water heater has all of the problems
associated with a window air conditioning unit.

The ECR-80A, an earth-to-water heal pump water heating system is
more than twice as efficlent on an annual basis as its air-to-water counter-
part* and is wnaffected by low outside ambient temperatures. The
BCR-80A has fewer parts and can be closely compared in reliability to the
househald refrigerator. It has no evaporator fan and its compressor isina
sealed compartment, minimizing noise. There is no circulating puttip, no
evaporator filter, no high temperature condenser to cause liming, and no
rust or corrosion from condensation since the evaporator is burled in the
sarth. There are simply fewer things that can go wrong. Liguid freen
*As establched tn o study of abr-toawater beat pumps conducted In 1983 by the Florlda Solar Energy Center.

Untii the development of the ECR-80A, solar was the most energy effl- Yapor Polypipe
cient method of heating water, yet less than 2% of homeowners have pur- i3 4
zhased solar units, Here too, the reasons are numerous:

1. Unsightly solar collector. Some homeowners simply will not ner-

~ Waler Tablé:
(Variable)

mit solar collectors to be mounted on their roofs, Copper Copper-nickel
2. Some object to the additional plumbing, pump, controller and tube pipe
valves which must be located near its storage tank.
. Dependence on sunshine, 7 i
Sepled Earth (Rp~——3]

. Dependence on back-up heating element.

. Subject to damage from vandalism and weather including the
destructive power of nltraviolet sun rays, wind, rain, hail and
freezing temperatures.

In contrast, the ECR-BOA has its collector buried out of sight AND pro-
tected from damage. It has fewer moving parts than a refrigerator and
loes not rely on direct sunlight. The ECR-80A is capable of operation
wery minute of every day of the year regardless of weather conditions.
Nor is it subject to damage from adverse weather conditfons or vandals.
The BCR-80A is 28% more efficient than coruparable solar units,
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What else should I know

about the ECR-80A?

The installed cost of the ECR-80A Is comparable to an 80 gallonsolat  COP of ECR-80A

system with a 4' x 10° collector, but provides more than four times the .
volume of hot water. Instaliation of the ECR-80A s simpler than solar, ~ COF of resistance heater
since no additional plumbing, valves, circulating pumps or controllers

are needed,

The electric energy load demand of the typical resistance and selar
water heaters (with eleciric resistance back-up element) is seven times
greater than the ECR-80A. This is especially important during a utility
system’s peak load period, This is the reason that many electric utilities
have adopted incentive rates, low interest loans or cash grants o en-
courage and assist their customers to purchase efficient water heating

systems.

The average recovery rate of the BCR-80A is over 7,000 BTU's per
hour. The average recavery rate of a solar unit (without resistance ele-
ment back-up) is 3,500 BTU’s per hour, if the sun is shining, The typical
resistance element water heater recovers at a rate of 15,000 BTU's per
hour, However, the cost of such rapid recovery is far greater than the

ECR-80A.

‘The ECR-80A then, when compared with solar:

1. Is competitive in price,

2. Is simpler to install,

. Is easier to maintain, :
Provides more than twice the daily volume of hot water. ”

Places one-seventh the load demand on the supplying electte utili- ECR-80A  SOLAR

]

SN e

wal

8. And, is 28% more energy efficient,

System efficiencies:

GALLONS PER DAY
79.00 103.00
3.33 3.60
0.713 0.77

ty even during peak lead periods,

Recovers twice as many BTU's per hour,'

Is more reliable.

Cerntier in 1983 and 1984,

SPECIFICATIONS

VOIBER v vvrnrrinseanocrrrrnacrsasnaerennsserssss 20V 60hertz
1 -7 620 Average
AmMDS .. et eraa ey 6.0 Average
Storape Capacity . v vovrvarenvaanrrsssraseaaiss e ... 80Gallons
Dimensions..........c....vu. vereevseae 860" high, 26" diameter
Weight .....ooiiiienenns e araaetarensas 185 Ibs. (approx.)
BTU sper HOUT oo irrnrse it n vt s tianannrranananas 7,000 (average)
Insulation Value .,.......... P . Qv
Water Temperature RanBe. o v v v ivreririnneninnnssne 120°F to 132°F
Average Water Temperatore ........ S ¥4 ¢ i
e

HEAT

RECOVERY

156.00
3.48 -
0.8

Determined by separate tesis performed by the Florida Solar Energy

NOTES

ECR TECHNOLOGIES, INC.

ECH-485

HEAT WASTE RESISTANCE -
PUMP



Appendix B

Properties of Refrigerant 22

Name: Chloro Difluoromethane (CHCLF,)

Synonyms: Freon, 22, Isotron 22, UCON 22

Molecular Weight: 86.47

Water Solubility at 25°C: 285 mg/l

Water Solubility at 0°C (% by weight): 0.060

Vapor Pressure at 257C: 10 Atmospheres {7600 mmHg)

Standards and Regulations: DOT - Non~-Flammable Gas

LABEL- Non-Flammable Gas

Toxicity: Agquatic: TLm96 - over 1000 ppm

Toxie dose: Inhalation - RAT LCLo, 250,000 ppm/d hours
Inhalation - Dog LCLo, TO pph

No specific occupational exposure limits by the U,S. Occupational

Safety and Health Standards or the American Conferenee of

Government Indusirial Hygienists.



Appendix C

Properties of Refrigerant 502

Chemical Formulae; CHCIF,/CCIF,~CF, (48,8% R22 and 51.2% R115)

Synenyms: Freon 502

Molecular Weight: 111.6

Water Solubility abt 0°C (%by weight): 0.022

Standards & Regulatlons: Same as R22

Toxiolty: Same as Rz22
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and Mechanies, University of South Florida. Courses: fluid mechanies, Air
Poliution Control, environmental engineering processes lab, environmental
engineering design.
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resource providing worldwide support of Army facilities on alr pollution
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industrial hygiene and environmental sanitation at Army installations in
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teams to be deployed during combat.

July 1965-June 1966: Capt., Staff Sanitary Engineer, U.S. Army Military
Asst. Cmd., Vietnam. Staff sanitary engineer for Joint US Command {Army,
Navy, and Air Force) and principal advisor on environmental matters to the
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staff' coordination on engineering aspects of sliting medical facilities
and consultant to Directorate of Military construction on multi-base
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Training concept of enlisted trainees on snvironmental sanltation was
implemented at all ARVN training centers.
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American Industrial Hygiene Assoclation Annual Meeting,

"The Army's Ambient Alr Monitoring Program," presented at the 71si Annual
Meeting of the Air Pollution Control Association {1978).

"Alr Pollution Aspects of Hazardous Material Disposal," Proc. Tth Annual
Industrial Pollution Conference, p. 163, June 1979,

"RDT&E Program, Jet Engine Test Facilities," Aug. 1980, Naval Civil
Engineering Laboratory, Port{ Hueneme, CA.

"General Safety Practices," Technical Education Researoch Center, May,
1981; Module prepared for general indusirial workers under OSHA
sponsorship, Wasco, TX.

Course Manual; Safety Short Course for drilling Supervisors, August 1982,
University of Okiahoma.

Course Manualj; Accident Prevention for Drilling Management Groups, August
1982, University of Oklahoma.

Contributor to Course Manual; Hydrogen Sulfide Safety for brilling Crewvws,
July 1982, University of Oklahoma.

"An Effective Training Program," Energy Bureau, Inc., National Conference
on 0ilfield Equipment and Productivity, October 1982, Houston, TX

"Guyline Anchor Design Keys Rig Stability," 0il & Gas Journal, Sept. 19,
1983.

“Feasibility of Landfarming Oily Waste Sludge at Navy Facilities ,"
project report to Navy Civil Engineering Laboratory, Port Hueneme, CA,
March 1984,

"Het Serubber Design for Odor Control", Journal of Environmental
Engineering ASCE, p. 1002, Vol 110, No. 5 Qct. 198%,

GUEST LECTURER: Subject: Air Pollution, Pennsylvania State University,

University of Oklahoma, Hood College, US Army Ballistic
Research Laboratory, US Naval and Air Force Academy,

LECTURER: PAHO sponsored, West Indies School of Public Health {1976); OSHA

Regional IV Compllance QOfficer Training 1982.

I




PEER REVIEW:
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"Yalidation of Samplers for Inhaled Particulate Matter®, July, 1982.
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STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL REGULATION

BOB MARTINEZ
TN TOWERS OFFICE BUILDRNG GOVEANOR
2600 HUAI STON
TALLAHASSEE, FLOH!DA 23240 DALE TWACHTHiNR?‘f

Ootober 20, 1987

My, J. H. Roberts, Jr.
Pogt Office Hox 177
Lakeland, Florida 33802

RE: ECR Technologies, Inc.: Declaratory Statement

Pear Mr. Hoberts:

The purpose of this letter is to provide you with the assurance
that the corrected Declaratory Statement issued to you became
final as of the date it was entered by this agency's clerk.

That date is July 21, 1987. (See copy of order with date of
entry noted, attached hereto). MNo further action is necesgsary
by the Department to eéffectuate the terms of the order. 1In
addition, the times for either an administrative or judicial
ehallenge have pasged and no third party may now protest the

order's terms.
.l

Cynthia K. Christen

Sincerely,

CKC/pm
cc: Martha Barrell Hall

Proteciing Florida and Youwr Quality of Life



STATE OF PLORIDA ;
DEPAREMENT OF ENVIRONMENTAL REGULAYIOR

In Re: ECR Technelegies, InC, ; oGe Case Ho. 87-0527

CORRECTED . DECLARATORY STATEMERT

On April 28, 1987, BCR rechnologies, Int. {*ECR™)
petitioned the Department of Enviropmental Regllation
{*bepartment”) for a deciaratory statement puréuant to Segtion
120.565, Plorida Statutes, and Florida administsative Code Rule
17-103.500. The izsue ECR yanpeﬁ adaressed was whether ECR
aust obtain a permit purshant to Florida Administrative Code
Rule 17-28,610 before installing its closed loop earth tap heat
pumps, or whether it is exerpt under. Florida Administrative

tode Ruele 17-4.040{11).

PIRDINGS OF FACT

1. EBCR is & Florida éo;poration which mahufactures and
plans to inetall heat pumpg which u;ilize closed lovp e§£;h
taps for heating and cooling living space and fiuid. )

2 The earth taps consist of ¢losed coppet o
copper/nickel pipes which contain and convey refrigerant, The
rgf;iggrant forms to be utilizgd are freon 22 (CBCLF) and freen
502 {CHCIFR/CCIFp=CF}. The pipe will be inserted into a
borehole which is less than 1 1/2 inthes in diameter.

3, The eartﬁ taps function by circulating freon through
the closed-end tube inserted %o a depth up to 90 feet into the
earth. The systemfd:aws_hgat from the ground for heating
purpeses and disperses heat into the grouné_for cooliing
purposes.

4. The pipes.do not ipject any fluide, nox are they
reasonably expscted to injest freon iptentionally or
anintentionally into the ground water.

5. 1In the highly unlikely event the pipe leaks, the Irecn

is not expected to contaminate the ground water since it has
o
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extremely low toxiecity, has limited flammability, and §s
largely inscluble in water. It would not react with oéher
substances bo <¢ause contamination from secondary conpounds.
There is little expectation for ground water contamination even
if the freon manages to leak,

[ ECR hag agreed to notify the pepartment in writing of
a systerm installation within 30 days after such installation
seeurs. Latitude, longitude and approximate depth at whieh the
earth tap was instailed will be included in the notice, Such
notice is required under Section 403.061(13), plorida Statutes.,

7. 1n case of leaks or other fallure, ERC will motify the
Departrent in writing within 30 days after ERC becomes aware of
such fajlure. In this way the pepartment C€an keep &n inventory
of these systems as it nesds to 4o for all Class V UIC wells,

CORCLUSION OF LAW

8, These systems include boreboles which are wells
aucording ko the definition in Florids administrative code Rule

17-28.120(59), which states that a well fmoans a bored;

-~

drilleé, or ariven shaft, oK ditg hele, which has & depth
gre;ter than the diameter of the largest serfave aimension. ”

9. These boreholes are also principally for the
senplacement of fliuids™ in thgt the pipes put freon into place
whieh then draws or dispersa heat fyom or into the ground.

10. Therefure, these systems are class V underground
injection wells because they replace non=hazardous fluids into
or above formations that contain underground sources of
arinking water, and unless exenpted pursuant to Filorida
admipistrative Code Rule 17-6,040(11), would reguire a
pepartment permit in accordance with 17-28.610, F.h.C.

11. For &11 of the above reasons, the Department concludes
that ECR Technologies, Inc¢. is exenpted from a UIC permit
pursuant to Florida adpinistrative Code Rule 17-4.040, because
the closed loop ekrth tap pump ir an activity which does not
canse the issuance of alr or water contaminapts in sufficient

:

quaptities, &s to contribute t¢ the poliution problems within



the State. For thabt reason, reguiation of this acéivi;y is not
reasonably justified, pursuant teo Florida Administratng'code
RUle 17-4.040(11),

sherefore it i ordered that:

pursuant to Chapter 120.565, Florida Statutes, and Plorida
administrative Code Rule 17-103.560, the State of Floriga
pgpartnent of Environmental Regulation hereby issues this
peclaratery Statement that: -

1. ECR is exempt from obtsining a UIC pefmit,

2. ECR shall submit the information as referenced in
paragraphs 6 and 7 above.

The Depattment shall notify the Environmental Regulation
conmission in writing of the determination that a permit is not
necessary with the reasons therefor, pursuant to riorida
hopinistrative Rule 17-4.040{11}.

This Corrected Declaratory Statement supplants the
statement issued Jung, 23, 1387 on the same matter.

Persons whose substantial inkerest are affected by this
order have @ right, pursuant to Bectiop 120,57, ?loziaa‘f
Statutes, to petition for an agminiztrative Getermination
{hearing} on it. The Patition must conform to the requirengnts
of Chapter 17-103 and 28-5, FAC, and must be filed (received)
with the Department's Offige of .General Counsel, 2600 Blair
Stone Rosd, Tallahassee, Florida 32399-2400, within fourteen
(14) aays of receipﬁ of this notice. Pailure to file a
petition within the fourteen (14) days constitutes a waiver of
any right such persen has to an administrative determination
(hearing} pursuant to Section 120,57, F.5.

This Order i £inal and effective on the date filed with
the clerk of the Department unless a petition is filed in
sccordance with this paragrach. Upon the timely filing of 2
petition this Order will not:be effective until further Order
of the Departrent.

When the Order is £ihal any party to the Order has the
right to seek judicial review of the Order pursuant to Se;tiOﬁ

120.68, Florida Statutes by the £iiing of & Notice of Appeal




purstant to Rule 9,110, Florida Rules of Appellate Procedure,

with the cierk of the Department in the Office of General

Counsel, 2600 Blair Stone Road, Tallahassee, Florida

32399-2400; and by £iling a copy of the Notice of Appeal

accompanied by the applicable £iling fees with the appropriate

pistrict Court of appeal.

The Notice of Appeal must be filed

within 30 days from the date the Final Order is filed with the

clerk of the Department,
DONE AND ENTERED this

Tallahassee, Florida,

FlLth‘s AND f\CKNO‘-’\'LEBBEMENT

FILED. on thit date, pursyant o $120.52
Floridz Stawtes, with the designated Depart-
ment Cléck, feceipt of which is. hereby acknow.

letdged,
-t <
~ Dale

‘day of 4"*!"{4 , 1987, in

I Amum

ThLE | TWACHTVANR '
Sheretary

STKTE OF ‘FLORIDA DEPARTHERT
OF ENVIHONHEHTAL REGULATION

Twin Towers Office Building
2600 Blair Stone Road
taYlahassee, Florida
32389=2400 ="
relephone (904)488-5730




Charlie Crist

FlGI‘Ida Depaﬂmeﬂt Of Ciovernor

Environmental Protection Jeff Kottkamp
Marjory Stoneman Douglas Building Lt. Governor

3900 Commonwealth Boulevard . <
Michael W. Sole

. Tallahngeee, Florida 32390-3000

Secrevary

November 29, 2007

Michael I. Donaldson
Carlton Fields P.A.

PO Drawer 190
Tallahassee, FL 32302-0190

Dear Mr. Donaldson;

You asked me whether a permit under the underground injection control program is
needed for the earth-coupled (closed loop) thermal exchange systems now used by ECR

Technologies,

As you stated in your memorandum to me, the changes to the systems since the
Department issued its declaratory statement in 1987, that stated no underground
injection control permit was needed, are the depth and diameter of the piping. No
additives are released into the ground water or subsurface. As such, no underground
injection control permit is needed now, either. )

Tam hopeful that this adequately answers the issue and provides the needed assurance

for your client.

Cynthia K. Christen
Senior Assistant General Counsel

Sincerely,

ce:  Richard J. Deuerling, Jr.,
UIC Program, MS 3530

“#More Pratection, Less Process”
wunv.dep.state. flus




Honeywell

Genetron® 22

1, CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME:  Genetron® 22
OTHER/GENERIC NAMES: R-22, HCFC-22
PRODUCT USE: Refrigerant
MANUFACTURER: Honeywell
101 Columbia Road
Box 1053
Morristown, New Jersey 07962-1053

FOR MORE INFORMATION CALL: IN CASE OF EMERGENCY CALL:
(Monday-Friday, 9:00am-5:00pm}) (24 Hours/Day, 7 Days/Week)
1-800-522-8001 CHEMTREC 1-800-424-9300 or 703-527-3887

2. COMPOSITION/INFORMATION ON INGREDIENTS

INGREDIENT NAME CAS NUMBER WEIGHT %
Chlorodifluoromethane 75-45-6 1060

Trace impurities and additional material names not listed above may also appear in Section 15 toward the end of the MSDS.
These materials may be listed for local "Right-To-Know" compliance and for other reasons.

3. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW: Colorless, volatile liquid with ethereal and faint sweetish odor.
Non-flammable material. Overexposure may cause dizziness and loss of concentration. At
higher levels, CNS depression and cardiac arrhythmia may result from exposure. Vapors
displace air and can cause asphyxiation in confined spaces. At higher temperatures, (>250°C),
decomposition products may include Hydrochloric Acid (HCH, Hydrofluoric Acid (HF) and
carbonyl halides.

POTENTIAL HEALTH HAZARDS

SKIN: Irritation would result from a defatting action on tissue. Liquid contact could cause frostbite.
EYES: Liquid contact can cause severe irritation and frostbite, Mist may irritate.
INHALATION:  Genetron 22 is low in acute toxicity in animals. When oxygen levels in air are reduced to 12-14% by

displacement, symptoms of asphyxiation, loss of coordination, increased pulse rate and deeper
respiration will occur. At high levels, cardiac arrhythmia may oceur.

MSDS Number:  GTRN-0026 Page 1 of 7
Current Issue Date: January, 2004



Honeyweli

MATERIAL SAFETY DATA SHEET
Genetron® 22

INGESTION: Ingestion is unlikely because of the low boiling point of the material. Should it occur, discomfort in the
gastrointestinal tract from rapid evaporation of the material and consequent evolution of gas would result,
Some effects of inhalation and skin exposure would be expected.

DELAYED EFFECTS: None kiown
Ingredients found on one of the OSHA designated carcinogen lists are listed below.

INGREDIENT NAME NTP STATUS IARC STATUS OSHA LIST
No ingredients listed in this section

4, FIRST AID MEASURES

SKIN: Promptly flush skin with water uatil all chemical is removed. If there is evidence of frostbite, bathe {(do not rub) with
lukewarm (not hot) water. If water is not available, cover with a clean, soft cloth or similar covering. Get medical
attention if symptoms persist.

EYES: Immediately flush eyes with large amounts of water for at least 15 minutes (in case of frostbite water should be
lukewarm, not hot) lifting eyelids occasionally to facilitate irrigation. Get medical attention if symptoms persist.

INHALATION: Immediately remove to fresh air, If breathing has stopped, give artificial respiration. Use oxygen as
required, provided a qualified operator is available. Get medical attention. Do not give epinephrine

(adrenaline),

INGESTION: Ingestion is unlikely because of the physical properties and is not expected to be hazardous. Do not induce
vomiting unless instructed to do so by a physician,

ADVICE TO PHYSICIAN:  Because of the possible disturbances of cardiac rhythm, catecholamine drugs, such as
epinephrine, should be vsed with special caution and only in situations of emergency life
support. Treatment of overexposure should be directed at the control of symptoms and the
clinical conditions,

5. FIRE FIGHTING MEASURES

FLAMMABLE PROPERTIES

TLASH POINT;  Gas, not applicable per DOT regulations
FLASH POINT METHOD:  Not applicable
AUTOIGNITION TEMPERATURE:  Unknown
UPPER FLAME LIMIT (volume % in air): None*
LOWER FLAME LIMIT (volume % in air):  None*
*Based on ASHRAE Standard 34 with match ignition
FLAME PROPAGATION RATE (solids):  Not applicable
OSHA FLAMMARBILITY CLASS:  Not applicable

EXTINGUISHING MEDIA:
Use any standard agent — choose the one most appropriate for type of surrounding fire (material itself' is not flammable)

MSDS Number: GTRN-0026 Page 2 of 7
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 22

UNUSUAL FIRE AND EXPLOSION HAZARDS;
Genetron 22 is not flanmable at ambient temperatures and atmospheric pressure, However, this material will become
combustible when mixed with air under pressure and exposed to strong ignition sources,
Contact with certain reactive metals may result in formation of explosive or exothermic reactions under specific conditions
(e.g. very high temperatures and/or appropriate pressures).

SPECIAL FIRE FIGHTING PRECAUTIONS/INSTRUCTIONS:
Firefighters should wear self‘contained, NIOSH-approved breathing apparatus for protection against possible toxic
decomposition products, Proper eye and skin protection should be provided. Use water spray to keep fire-exposed
containers cool,

6. ACCIDENTAL RELEASE MEASURES

IN CASE OF SPILL OR OTHER RELEASE; {Always wear recommended personal protective equipment.)
Evacnate unprotected personnel, Protected personnel should remove ignition sources and shut off leak, if without risk, and
provide ventilation. Unprotected personnel should not return until air has been tested and determined safe, including low-
lying areas.

Spills and releases may have to be reported to Federal and/or local authorities. See Section 15 regarding reporting
requirements,

7. HANDLING AND STORAGE

NORMAL HANDLING: (Always wear recommended personal protective equipment.)
Avoid breathing vapors and liquid contact with eyes, skin or clothing, Do not puncture or drop cylinders, expose them to
open flame or excessive heat. Use authorized cylinders only. Follow standard safety precautions for handling and use of
compressed gas cylinders.

Genetron 22 should not be mixed with air above atmospheric pressure for leak testing or any other purpose. See Section 5:
Unusual Fire and Explosion Hazards

STORAGE RECOMMENDATIONS:
Store in a cool, well-ventilated area of low fire risk and out of direct sunlight. Protect cylinder and its fittings from physical
damage. Storage in subsurface locations should be avoided. Close valve tightly after use and when empty.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

ENGINEERING CONTROLS:
Provide local ventilation at filling zones and areas where leakage is probable. Mechanical {general} ventilation may be
adequate for other operating and storage areas,

PERSONAL PROTECTIVE EQUIPMENT

SKIN PROTECTTON;:
Skin contact with refrigerant may cause frostbite. General work clothing and gloves (leather) should provide adequate
protection. If prolonged contact with the liquid or gas is anticipated, insulated gloves constructed of PV A, neoprene or
butyl rubber should be used. Any contaminated clothing should be promptly removed and washed before reuse,

MSDS Number: GTRN-0026 Page 3 of 7
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 22

EYE PROTECTION:
For normal conditions, wear safety glasses. Where there is reasonable probability of liquid contact, wear chemical safety

goggles.

RESPIRATORY PROTECTION:
None generally required for adequately ventilated work situations. For accidental release or non-ventilated situations, or
release into confined space, where the concentration may be above the PEL of 1,000 ppm, use a selfcontained, NIOSH -
approved breathing apparatus or supplied air respirator. For escape: use the former or a NIOSH-approved gas mask
with organic vapor canister.

ADDITIONAL RECOMMENDATIONS:
Where contact with liquid is likely, such as in a spill or leak, impervious boots and clothing should be worn, High dose-
level warning signs are recommended for areas of principle exposure. Provide eyewash stations and quick-drench
shower facilities at convenient locations. For tank cleaning operations, see OSHA regulations, 29 CFR 1910.132 and 29
CFR 1910.133.

EXPOSURE GUIDELINES

INGREDIENT NAME ACGIH TLV OSHA PEL OTHER LIMIT
Chlorodifluoromethane 1000 ppm TWA 1000 ppm TWA None
(8hr) (8hr)

* = Limit established by Honeywell,
** = Workplace Environimental Exposure Level (AIHA).
*#% = Biological Exposure Index {ACGIH).

OTHER EXPOSURE LIMITS FOR POTENTIAL DECOMPOSITION PRODUCTS:
Hydrogen Fluoride: ACGIH TLV = 3 ppm ceiling

9, PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE: Clear, colorless liquid and vapor

PHYSICAL STATE: Gas at ambient temperatures
MOLECULAR WEIGHT: 86.45

CHEMICAL FORMULA: CHCIT,

ODOR: Faint ethereal odor
SPECIFIC GRAVITY (water = 1.0): 1.21 @ 21.1°C (70°F)
SOLUBILITY IN WATER (weight %): 0.3 wt% @ 25°C and I atmosphere
pH: Neutral
BOILING POINT: -40.8°C (-41.40°F)
FREEZING POINT: -160°C (-256°F)
VAPOR PRESSURE: 136.1 psia @ 70°F
311.4 psia @ 130°F
VAPOR DENSITY (air = 1.0): 3.0
EVAPORATION RATE: >1 COMPARED TO: CCl=1
% VOLATILES: 100
FLLASH POINT: Not applicable
MSDS Number: GTRN-0026 Page 4 of 7
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 22

(Flash point method and additional flammability data are found in Section 5.)

10. STABILITY AND REACTIVITY

NORMALLY STABLE? (CONDITIONS TO AVOID):
The product is stable.
Do not mix with oxygen or air above atmospheric pressure. Any source of high temperature, such as lighted cigarettes,
flames, hot spots or welding may yield toxic and/or corrosive decomposition products.

INCOMPATIBILITIES:
{Under specific conditions: e.g, very high temperatures and/or appropriate pressures) — Freshly abraded aluminum surfaces
{may cause strong exothermic reaction). Chemically active metals: potassium, calcium, powdered aluminum, magnesium
and zine,

HAZARDOUS DECOMPOSITION PRODUCTS:
Halogens, halogen acids and possibly carbonyl halides.

HAZARDOUS POLYMERIZATION:
Will not occur.

11, TOXICOLOGICAL INFORMATION

IMMEDIATE (ACUTE) EFFECTS:
LCsq: 4 hr, (raf) - 300,000 ppm
Cardiac Sensitization threshold (dog) — 50,000 ppm

DELAYED (SUBCHRONIC AND CHRONIC) EFFECTS:
Subchronic inhalation (rat) NOEL - 10,000 ppm
Not teratogenic
Not mutagenic in in-vifro or ip-vivo tests
OTHER DATA:
Lifetime exposure of male rats was associated with a small increase in salivary gland fibrosarcomas.

12. ECOLOGICAL INFORMATION

Degradahility (BOD): Genefron 22 is a gas at room temperature; therefore, it is unlikely to remain in water.
Octanol Water Partition Coefficient: Unknown

13. DISPOSAL CONSIDERATIONS

RCRA

Is the unused product a RCRA hazardous waste if discarded? Not a hazardous waste
If yes, the RCRA ID number is:  Not applicable

MSDS Number; GTRN-0026 Page 5 of 7
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 22

OTHER DISPOSAL CONSIDERATIONS:
Disposal must comply with federal, state, and local disposal or discharge laws. Genetron 22 is subject to .S,
Environmental Protection Agency Clean Air Act Regulations Section 608 in 40 CFR Part 82 regarding refrigerant recycling.

The information offered here is for the product as shipped. Use and/or alterations to the product such as mixing with other
materials may significantly change the characteristics of the material and alter the RCRA classification and the proper disposal

method.

14. TRANSPORT INFORMATION

US DOT HAZARD CLASS: US DOT PROPER SHIPPING NAME: Chloredifluoromethane
US DOT HAZARD CILASS: 2.2
US DOT PACKING GROUP: Not applicable

USDOT ID NUMBER: UNI(18

For additional information on shipping regulations affecting this material, contact the information number found in Section 1.

15. REGULATORY INFORMATION

TOXIC SUBSTANCES CONTROL ACT (TSCA)

TSCA INVENTORY STATUS: Listed on the TSCA inventory
OTHER TSCA ISSUES: None
SARA TITLE IIVCERCLA
"Reportable Quantities" (RQs) and/or "Threshold Planning Quantities” (TPQs) exist for the following ingredients.

INGREDIENT NAME SARA/CERCLA RQ (1b. SARA EHS TPQ (ib.
No ingredients listed in this section

Spills or releases resulting in the loss of any ingredient at or above its RQ requires immediate notification to the
National Response Center [(800) 424-8802] and to your Local Emergency Planning Committee,

SECTION 311 HAZARD CLASS: IMMEDIATE

PRESSURE
SARA 313 TOXIC CHEMICALS:
The following ingredients are SARA 313 "Toxic Chemicals". CAS numbers and weight percents are found in Section 2,
INGREDIENT NAME COMMENT
Chlorodifluoromethane FICFC-22) None
MSDS Number: GTRN-0026 Page 6 of 7
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 22

STATE RIGHT-TO-KNOW

In addition to the ingredients found in Section 2, the following are listed for state right-to-know purposes.

INGREDIENT NAME WEIGHT % COMMENT
No ingredients listed in this section

ADDITIONAL REGULATORY INFORMATION:
Genetron 22 is subject to U.S. Environmental Protection Agency Clean Air Act Regulations at 40 CFR Part 82.

WARNING:
Do Not vent to the atmosphere. To comply with provisions of the U.S. Clean Air Act, any residual must be recovered.

Contains Chlorodifluoromethane, an HCFC substance which harms public health and the environment by destroying ozone
in the upper atmosphere. Destruction of the ozone layer can lead to increased ultraviolet radiation which, with excess
exposure to sunlight, can lead to an increase in skin cancer and eye cataracts,

WHMIS CLASSIFICATION (CANADA):
This product has been evaluated in accordance with the hazard criteria of the CPR and the MSDS contains all the information

required by the CPR.

FOREIGN INVENTORY STATUS:
Canada — Listed on DSL
EU-EINECS #2008719

16. OTHER INFORMATION

CURRENT ISSUE DATE:  January, 2004
PREVIOUS ISSUE DATE: February, 2003

CHANGES TO MSDS FROM PREVIOUS ISSUE DATE ARE DUE TO THE FOLLOWING:
Section 3: Revised decomposition products

OTHER INFORMATION:  HMIS Classification: Health — 1, Flammability — 1, Reactivity — 0
NFPA Classification: Health — 2, Flammability — 1, Reactivity - 0
ANSI/ASHRAE 34 Safety Group — Al
UL Classified

Repulatory Standards:

1. OSHA regulations for compressed gases: 29 CFR 1910.101
2. DOT classification per 49 CFR 172,101

3. Clean Air Act Class II Substance

MSDS Number: GTRN-0026 Page 7 of 7
Current Issue Date: Januvary, 2004




Honeywell

Genetron® 407C

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME:  Genetron® 407C
OTHER/GENERIC NAMES: R-407C
PRODUCT USE: Refrigerant
MANUFACTURER: Honeywell
101 Columbia Road
Box 1053
Morristown, New Jersey 07962-1053

FOR MORE INFORMATION CALL: IN CASE OF EMERGENCY CALL:
{Monday-Friday, 9:00am-5:00pm) {24 Hours/Day, 7 Days/Week)
Product Safety Department 1-800-707-4555
1-800-707-4555 CHEMTREC: 1-800-424-9300

2, COMPOSITION/INFORMATION ON INGREDIENTS

INGREDIENT NAME CAS NUMBER WEIGHT %
Difluoromethane (HFC-32) 75-10-5 23
Pentafluoroethane (HFC-125) 354-33-6 23
1,1,1,2-Tetrafluoroethane (HFC-1344) 811-97-2 52

Trace impurities and additional material names not listed above may also appear in Section 15 toward the end of the MSDS.
These materials may be listed for local "Right-To-Know" compliance and for other reasons.

3. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW: Colorless, volatile liguid with ethereal and faint sweetish odor, Non-flammable
material, Overexposure may cause dizziness and loss of concentration. At higher levels, CNS depression and
cardiac arrhythmia may result from exposure. Vapors displace air and can cause asphyxiafion in confined
spaces. At higher temperatures, (>250°C), decomposition products may include Hydroflnoric Acid (HF) and
carbonyl halides

POTENTIATL HEAL.TH HAZARDS
SKIN: TImitation would result from a defatting action on tissue. Liquid contact could cause frostbite.
EYES: Liquid contact can cause severe irritation and frostbite. Mist may irritate.
INHALATION:  Genetron 407C is low in acute toxicity in animals. When oxygen levels in air are reduced to 12-14%

by displacement, symptoms of asphyxiation, loss of coordination, increased pulse rate and deeper
respiration will occur. At high levels, cardiac arthythmia may occur.

MSDS Number:  GTRN-0022 Page 1 of 8
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 407C

INGESTION: Ingestion is unlikely because of the low boiling point of the material. Should it occur, discomfort in the
gastrointestinal tract from rapid evaporation of the material and consequent evolution of gas would result.
Some effects of inhalation and skin exposure would be expected,

DELAYED EFFECTS: None known
Ingredients found on one of the OSHA designated carcinogen lists are listed helow,

INGREDIENT NAME NTP STATUS JARC STATUS OSHA LIST
No ingredients listed in this section

4. FIRST AID MEASURES

SKIN:  Promptly flush skin with water until all chemical is removed. If there is evidence of frostbite, bathe (do not rub) with
lukewarm (not hot) water. If water is not available, cover with a clean, soft cloth or similar covering, Get medical
attention if symptoms persist.

EYES: Immediately flush eyes with large amounts of water for at least 15 minutes {in case of frostbite water should be
lukewarm, not hot) lifting eyelids occasionally to facilitate irrigation. Get medical attention if symptoms persist.

INHALATION: Immediately remove to fresh air. If breathing has stopped, give artificial respiration. Use oxygen as
required, provided a qualified operator is available. Get medical attention. Do not give epinephrine
{adrenaline).

INGESTION: Ingestion is unlikely because of the physical properties and is not expected to be hazardous. Do not induce
vomiting unless instructed to do so by a physician,

ADVICE TO PHYSICIAN:  Because of the possible disturbances of cardiac rhythm, catecholamine drugs, such as
epinephrine, should be wsed with special caution and only in situations of emergency life
support. Treatment of overexposure should be directed at the control of symptoms and the
clinical conditions,

5. FIRE FIGHTING MEASURES

FLAMMABLE PROPERTEES

FLASH POINT:  Gas, not applicable per DOT regulations
FLASH POINT METHOD:  Not applicable
AUTOIGNITION TEMPERATURE:  Unknown for mixture
UPPER FLAME LIMIT (volume % in air):  None*
LOWER FLAME LIMIT (volume % in air):  None*
*Based on ASHRAE Standard 34 with match ignition
FLAME PROPAGATION RATE (solids):  Not applicable
OSHA FLAMMABILITY CLASS:  Not applicable

EXTINGUISHING MEDIA;
Use any standard agent — choose the one most appropriate for type of surrounding fire (matertal itself is not flammable)

MSDS Number: GTRN-0622 Page 2 of 8
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 407C

UNUSUAL FIRE AND EXPLOSION HAZARDS:
Genetron 407C is not flammable at ambient temperatures and atinospheric pressure. However, this material will become
combustible when mixed with air under pressure and exposed to strong ignition sources.
Contact with certain reactive metals may resuilt in formation of explosive or exothermic reactions under specific conditions
{e.g. very high temperatures and/or appropriate pressures).

SPECIAL FIRE FIGHTING PRECAUTIONS/INSTRUCTIONS:
Firefighters should wear self-contained, NIOSH-approved breathing apparatus for protection against possible toxic
decomposition products. Proper eve and skin protection should be provided, Use water spray to keep fire-exposed
containers cool,

6. ACCIDENTAL RELEASE MEASURES

IN CASE OF SPILL OR OTHER RELEASE: {Always wear recommended personal protective equipment.)
Evacuate unprotected personnel. Protected personnel should remove ignition sources and shut off leak, if without risk, and
provide ventilation. Unprotected personnel should not return until air has been tested and determined safe, including low-
lying areas.

Spills and releases may have to be reported to Federal and/or local authorities. See Section 15 regarding reporting
requirements,

7. HANDLING AND STORAGE

NORMAL HANDLING; {Always wear recommended personal profective equipment.)
Avoid breathing vapors and liquid contact with eyes, skin or clothing. Do not puncture or drop cylinders, expose them to
open flame or excessive heat, Use authorized cylinders only. Follow standard safety precautions for handling and use of
compressed gas cylinders.

Genetron 407C should not be mixed with air above atmospheric pressure for leak testing or any other purpose.
STORAGE RECOMMENDATIONS:

Store in a cool, well-ventilated area of low fire risk and out of direct suntight. Protect cylinder and its fittings from physical
damage. Storage in subsurface locations should be avoided. Close valve tightly after use and when empty.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

ENGINEERING CONTROLS:
Provide local ventilation at filling zones and areas where leakage is probable. Mechanical (general} ventilation may be

adequate for other operating and storage areas.
PERSONAL PROTECTIVE EQUIPMENT

SKIN PROTECTION:
Skin contact with refrigerant may cause frostbite. General work clothing and gloves (leather) should provide adequate
protection, If prolonged contact with the Hquid or gas is anticipated, insulated gloves constructed of PV A, neoprene or
butyl rubber should be used. Any contaminated clothing should be promptly removed and washed before reuse.

MSDS Number: GTRN-0022 Page 3 of 8
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Honeywell

MATERIAL SAFETY DATA SHEET
Genetron® 407C

EYE PROTECTION:

For normal conditions, wear safety glasses. Where there is reasonable probability of liquid contact, wear chemical safety

goggles.

RESPIRATORY PROTECTION:

None generally required for adequately ventilated work situations. For accidental release or non-ventilated situations, or
release into confined space, where the concenfration may be above the PEL of 1,000 ppm, use a self-contained, NIOSH -
approved breathing apparatus or supplied air respirator. For escape: use the former or a NIOSH-approved gas mask

with organic vapor canister.

ADDITIONAL RECOMMENDATIONS:

Where contact with liguid is likely, such as in a spill or leak, impervious boots and clothing should be worn, High dose-
level warning signs are recommended for areas of principle exposure. Provide eyewash stations and quick-drench
shower facilities at convenient locations. For tank cleaning operations, see OSHA regulations, 29 CFR 1910.132 and 29

CFR 1910.133.

EXPOSURE GUIDELINES
INGREDIENT NAME ACGIH TLV OSHA PEL OTHER EIMIT
Difluoromethane None **1000 ppm TWA
(8hr)
Pentafluorocthane None **1000 ppm TWA
(8hr)
1,1,1,2-Tetrafluoroethane None **1000 ppim TWA
(8hr)
* = Limit established by Honeywell.
** = Workplace Environmental Exposure Level {ATHA).
#%% — Biological Exposure Index (ACGIH},
OTHER EXPOSURE LIMITS FOR POTENTIAL DECOMPOSITION PRODUCTS:
Hydrogen Fluoride: ACGIH TLV: 3 ppm ceiling
9, PHYSICAL AND CHEMICAL PROPERTIES
APPEARANCE: Clear, colorless liquid and vapor
PHYSICAL STATE: Gas at ambient temperatures
MOLECULAR WEIGHT: 86.2
CHEMICAL FORMULA: CH,F,, CF;CHF,, CH,FCF,
ODOR: Faint ethereal odor
SPECIFIC GRAVITY (water = 1.0): 1.16 @ 21.1°C (70°F)
SOLUBILITY IN WATER (weight %): Unknown
pH: Neutral
BOILING POINT: -43°C (-45.4°F)
FREEZING POINT: Not Determined
VAPOR PRESSURE: 156.2 psia @ 70°F
356.7 psia @ 130°F
VAPOR DENSITY (air = 1.0): 3.0
MSDS Number: GTRN-0022 Page 4 of 8
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®
Genetron™ 407C
EVAPORATION RATE: >1 COMPARED TO: CCL=1
% VOLATILES: 100
FLASH POINT: Not applicable

{Flash point method and additional flammability data are found in Section 5.)

10. STABILITY AND REACTIVITY

NORMALLY STABLE? (CONDITIONS TO AVOID):
The product is stable.
Do not mix with oxygen or air above atmospheric pressure. Any source of high temperature, such as lighted cigarettes,

flames, hot spots or welding may yield toxic and/or corrosive decomposition products.

INCOMPATIBILITIES:
(Under specific conditions: e.g. very high temperatures and/or appropriate pressures) — Freshly abraded aluminum surfaces
(may cause strong exothermic reaction). Chemically active metals: potassium, calcium, powdered aluminum, magnesinm
and zinc.

HAZARDOUS DECOMPOSITION PRODUCTS:
Halogens, halogen acids and possibly carbonyi halides.

HAZARDOUS POLYMERIZATION:
Will not occur.

11. TOXICOLOGICAL INFORMATION

IMMEDIATE (ACUTE) EFFECTS:
HFC-32: LCsq: 4 hr. (rat) - 520,000 ppm
Cardiac Sensitization threshold {dog} 350,000 ppm.
HFC-125:  LCso: 4 hr, (rat) - > 800,000 ppm
Cardiac Sensitization threshold (dog) 75,000 ppm.
HFC-134a: LCsp: 4 hr. (rat) - > 500,000 ppm
Cardiac Sensitization threshold (dog) > 80,000 ppm.

DELAYED (SUBCHRONIC AND CHRONIC) EFFECTS:
HFC-32: Teratogenic NOEL (rat and rabbit) - 50,000 ppm
Subchronic inhalation (rat) NOEL - 50,000 ppm
HFC-125: Teratogenic NOEL (rat and rabbit) - 50,000 ppm
Subchronic inhalation (rat) NOEL - =50,000 ppm
Chronic NOEL — 10,000 ppm

HFC-134a:  Teratogenic NOEL (rat and rabbit} — 40,000 ppm
Subchronic inhalation {rat) NOEL - 50,000 ppm
Chronic NOEL - 10,000 ppm

OTHER DATA:
HFC-32, HFC-125, HFC-134a: Not active in four genetic studies

MSDS Number: GTRN-0022 Page 5 of 8
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12, ECOLOGICAL INFORMATION

Degradability (BOD): Genetron 407C is a gas at room temperature; therefore, it is unlikely to remain in water,
Octanol Water Partition Coefficient: Unknown for mixture

13. DISPOSAL CONSIDERATIONS

RCRA

Is the unused product a RCRA hazardoeus waste if discarded? Not a hazardous waste
If yes, the RCRA ID number is:  Not applicable

OTHER DISPOSAL CONSIDERATIONS:
Disposal must comply with federal, state, and local disposal or discharge laws. Genetron 407C is subject to U.S.
Environmental Protection Agency Clean Air Act Regulations Section 608 in 40 CFR Part 82 regarding refrigerant recycling.

The information offered here is for the product as shipped. Use and/or alierations to the product such as mixing with other
materials may significantly change the characteristics of the material and alter the RCRA classification and the proper disposal
method.

14, TRANSPORT INFORMATION

US DOT PROPER SHIPPING NAME:  Refrigerant gas R 407C

US DOT HAZARD CLASS: 2.2
US DOT PACKING GROUP: Not applicable
US DOT ID NUMBER: UN3344

For additional information on shipping regulations affecting this material, contact the information number found in Section 1.

15, REGULATORY INFORMATION

TOXIC SUBSTANCES CONTROL ACT (TSCA)

TSCA INVENTORY STATUS:  Components listed on the TSCA inventory

OTHER TSCA ISSUES: None
SARA TITLE II/CERCLA
"Reportable Quantities” (RQs) and/or "Threshold Planning Quantities" (TPQs) exist for the following ingredients.

INGREDIENT NAME SARA/CERCLA RQ (b)) SARA EHS TPO (b,
No ingredients listed in this section

Spills or releases resulting in the loss of any ingredient at or above its RQ requires immediate notification to the
National Response Center [(800) 424-8802] and to your Local Emergency Planming Committee.

MSDS Number: GTRN-0022 Page 6 ol §
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SECTION 311 HAZARD CLASS: IMMEDIATE
PRESSURE

SARA 313 TOXIC CHEMICALS:
The following ingredients are SARA 313 "Toxic Chemicals”. CAS numbers and weight percents are found in Section 2.

INGREDIENT NAME COMMENT
No ingredients listed in this section

STATE RIGHT-TO-KNOW

In addition fo the ingredients found in Section 2, the following are listed for state right-to-know puwrposes.

INGREDIENT NAME WEIGHT % COMMENT
No ingredients listed in this section

ADDITIONAL REGULATORY INFORMATION:
Genetron 407C is subject to U.S. Environmental Protection Agency Clean Air Act Regulations at 40 CFR Part 82.

WARNING: Contains pentafluoroethane (HFC-125), 1,1,1-trifluorocthane, tetrafluoroethane, greenhouse gases which may

contribute to global wartning
Do Not vent to the atmosphere. To comply with provisions of the U.S, Clean Air Act, any residual must be recovered.

WHMIS CLASSIFICATION (CANADA):
This product has been evaluated in accordance with the hazard criteria of the CPR and the MSDS contains all the information

required by the CPR,

FOREIGN INVENTORY STATUS:
EU - EINECS # 2065578 - HFC-125
# 2008394 - HFC-32
#223770 —HFCl134a

16. OTHER INFORMATION

CURRENT ISSUE DATE:  January, 2000
PREVIOUS ISSUE DATE:  August, 1999

CHANGES TO MSDS FROM PREVIOUS ISSUE DATE ARE DUE TO THE FOLLOWING:
Section 1: New company name
Section 14: New hazardous material shipping description
Section 16: Modified NFPA and HMIS codes

MSDS Number: GTRN-0022 Page 7 of 8
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OTHER INFORMATION:  HMIS Classification: Health — 1, Flammability — I, Reactivity — 0
NFPA Ciassification: Health — 2, Flammability — 1, Reactivity — 0
ANSVFASHRAE 34 Safety Group — Al

Regulatory Standards:
1. OSHA reguiations for compressed gases: 29 CFR 1910.101
2, DOT classification per 49 CFR 172.101

Toxicity information per PAFT Testing
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COPPER TUBING IN SOILS

Copper tubing buried in the carth is used for the refrigerant-to-earth heat exchanger in the
EarthLinked® (direct geoexchange geothermal) heat pump system of ECR Technologies, Inc.
Copper was chosen for the buried earth loop heat exchangers for several reasons.

Copper tubing is strong, ductile, resistant to corrosion, has a very high thermal conductivity, and
is available in many different diameters and in long coil lengths. Copper connections can be
brazed, the tubing may be bent, and copper tubing is economically available. In addition, copper
has a long history of use in air conditioning and refrigeration, and is the material of choice for
potable water for water lines buried underground and in buildings.

In 2001, ECR retained the services of Dr. T, D. Burleigh (a university professor with a Ph.D. in
Metallurgy from the Massachusetts Institute of Technology, who is a NACE certified Corrosion
Specialist and a registered Professional Engineer) to analyze the system and recommiend
the best methods to assure that the copper loops would never corrode, A comprehensive study
was conducted in cooperation with Robert W. Cochran, a Professional Engineer with ECR.
Following is a summary of the results of that proprietary study and the description of the
protective system developed by ECR.

Copper metal has a very long and indefinite lifetime in most soils. Copper buried in the earth is
naturally corrosion resistant because it generally requires an oxidizing environment to corrode,
and most soils are reducing, thus they contribute electrons to the copper and protect it against
corrosion. In those arcas where corrosive conditions may exist, corrosion can be prevented with a
small amount of "impressed electrical current” applied to the copper loop via an insulated cable.

For long life and reliability, ECR chose the Impressed Current method of Cathodic Protection.
ECR developed an electronic control system, known as the Cathodic Protection System (CPS) to
deliver a steady flow of clectric current to the earth loops, manifolds, and line sets, without
regard to weather, changing soil conditions, and other subsurface conditions. The copper loop is
connected to the negative terminal of a rectifier, and a buried inert metal or graphite anode is
connected to the positive terminal. The earth completes the electric loop. The amount of current
is pre-set at the factory to match the amount of copper in the system to be protected.

Corrosion of metals is an electrochemical process of deterioration that results from a loss of
electrons as they react with water and oxygen. As the current flows from the CPS, the metal
surface to be protected is given a uniform negative electrical potential that precludes corrosion.

The CPS was designed by ECR in consultation with Dr. Burleigh in 2001 to preclude corrosion
of Earth loops in hostile environments.

Robert W. Cochran, P.E. « T.D. Burleigh, Ph.D., P.E. - August 25, 2007
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Material Safety Data Sheet

Section 1: PRODUCT AND COMPANY INFORMATION

MSDS: GEQ SuperGrout

Product Name(s}:

Manufacturers Name:

Telephone Numbers:

GEO SuperGrout
SuperGrout Products, LLC
PO Box 3484

Saginaw, Mi 48605

(888) 299-3860

Product Use:

Thermal Conductive Grout used in geothermal or other bore holes. GEQ
SuperGrout is a “single” bagged material when water is added, can be
directly poured, placed or pumped into geothermal or other bore holes.

Section 2: COMPOSITION/INFORMATION ON INGREDIENTS

Component Percent CAS OSHA PEL-TWA ACGIH TLV LDgs (Mouse,
{By Weight) Number {mg/m®) TWA {mg/m?) Intraperitoneal)
Portland Cement Proprietary 65997-15-1 15 (T 5(R) 10 {R} NA
Calcium Carbonate 5-50 1317-65-3 15{T):51(R}) 10 (T) NA
Calcium Oxide 0-30 1305-78-8 5(T) 2{T) 3059 mg/kg
Calcium Sulfate 1-10 13397-24-5 15{T):5(R) 10 (T} NA
silica Fume 0-10 £9012-64-2 NA 2 (R} NA
{Amorphous Silica)
Magnesium Oxide 0-10 1309-48-4 15 {1} 10 (T) NA
Crystalline Silica 0-10 14808-60-7 F{10)/{%5102+2)] (R) 0,05 (R} NA
1(30)/(%5i02+2)] (T}

Section 3: PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Solid (Powder). Evaporation Rate: .

Appearance: Grayish to Tan Powder pH {in water): 12-13

Odor: None Boiling Point: >1000°C

Vapor Pressure: NA. Freezing Point: None, Solid.

Vapor Density: NA, Viscosity: None, Solid.

Specific Gravity: 22-25 Solubility in Water: Slightly {0.1-1.0%)

Section 4: HAZARD IDENTIFICATION

Geo SuperGrout contains a small fraction of Portland cement and/or Portland cement derivatives which
are fully disclosed in the following Hazard identification. These factors are clearly defined beginning

with the word “Cement” in the following disclosures.

These disclosures are common in ordinary

Portland cement and Portland cement mixtures. The remaining balance of ingredients are inert and
pose no hazard requirements other than silica exposures, which are fully disclosed under the cement

disclosures.
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Emergency Overview:

Potential Health Effects:
Eye Contact;:

Skin Contact:

SECTICN 5: FIRST AID

%0 SUPERGROUT

MSDS: GEO SuperGrout
Cement is a solid, grey, odorless powder. It is not combustible or
explosive. A single, short term exposure to the dry powder presents
little or no hazard. Exposure of sufficient duration to wet cement, or to
dry cement on moist areas of the body, can cause serious, potentially
irreversible tissue (skin, eye, respiratory tract) damage due to chemical
(caustic) burns, including third degree burns.

Airborne dust may cause immediate or delayed irritation or
inflammation. Eye contact with large amounts of dry powder or wet
cement can cause moderate eye irritation, chemical burns and
blindness. Eye exposures require immediate first aid and medical
attention to prevent significant damage to the eye.

Cement may cause dry skin, discomfort, irritation, severe burns, and
dermatitis,

Inhalation:

Skin:

Eyes:

Ingestion:

Remove to fresh air immediately, If breathing difficulty occurs, seek
medical attention and administer oxygen if coughing and other medical
symptoms persist,

Wash skin with soapy water and rinse with clean cool water
immediately. Apply moisturizing lotion to dry and irritated skin areas.
Seek medical attention in cases of severe irritation and burns.

Immediately flush eyes with large quantities of water, flushing for 15
minutes include under the lids to remove grainy particles. Call a
physician immediately.

Do NOT induce vomiting. !f conscious, have victim drink plenty of water
and cali a physician immediately,

SECTION 6: HMIS HAZARD RATINGS

Product Rating Scale
HEALTH: =1 Insignificant =0
FLAMMABILTY: =0 Slight =1
PHYSICAL HAZARD: =0 Moderate =2
REACTIVITY: =0 High =3
Extreme =4
PERSONAL PROTECTIVE EQUIPMENT = E Chronic Health Hazard = *

(E = SAFETY EYEWEAR, GLOVES, DUST RESPIRATOR)
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MSDS: GEO SuperGrout
SECTION 7: FIRE FIGHTING MEASURES

FLASH POINT: N/A

AUTO IGNITION TEMPERATURE: N/A

FLAMMABLE LIMITS:  LEL: N/A

UEL: N/A

EXTINGUISHING MEDIA: Product is non-combustible. Carbon dioxide, water, dry-
chemical, or chemical foam may be used should smoldering
occur.

FIRE FIGHTING PROCEDURES: No special procedures required.

UNUSUAL FIRE AND
EXPLOSION HAZARDS: No unusual hazards.

HAZARDOUS COMBUSTION PRODUCTS: None.,

SECTION 8: ACCIDENTAL RELEASE PROCEDURES

IN CASE OF ACCIDENTAL RELEASE OR SPILL: This material is not considered hazardous under RCRA (40
CFR Part 261), do not discharge spills or waste into Iakes, ponds streams or waterways. Avoid creating
dust and use adequate dust collection and ventilation.

SECTION 9: HANDLING AND STORAGE

SPECIAL HANDLING AND STORAGE PROCEDURES: Repair or properly dispose of broken bags. Store bags
in a dry place. Moisture will cause the cementitious fraction to react. Avoid creating dust by sweeping
release area and disposing of the residue properly.

SECTION 10: EXPOSURE CONTROLS AND PERSONAL PROTECTION

PERSONAL PROTECTION
RESPIRITORY PROTECTION: Use dust masks that are certified to comply with standard 42 CFR Part
84, series N95. Use of dust masks during blending is recommended.

PROTECTIVE GLOVES: Wear impervious, alkali resistant gloves, boots and protective clothing
to prevent contact with skin. If contact occurs, wash with soapy water,
and rinse with clean clear water. Moisturizing lotion can be added to
dry affected areas as necessary.

EYE PROTECTION: Wear tight fitting goggles to prevent contact with eyes. Contact lenses

should not be worn when handling any products that contain
cementitious materials.
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X0 SUPERGROUT

MSDS: GEQ SuperGrout
OTHER REQUIRED EQUIPMENT: None.

ENGINEERING CONTROLS: Use local exhaust to reduce dust concentrations to levels below the
OSHA PEL or the ACGIH TLV. Refer to ACGIH publication “Industrial
Ventilation” for design of ventilation systems. It is acceptable to utilize
similar publications for design according to the above parameters.

SECTION 11: DISPOSAL PROCEDURES

WASTE DISPOSAL: Product is NOT considered a hazardous waste under RCRA 40 CFR Part
261. Dispose of any wastes according to local, state and federal agency
regulations.

SECTION 12: TRANSPORTATION INFORMATION

Product is not considered to be hazardous under the US Department of Transportation (USDOT)
Regulations.

SECTION 13: REGULATORY STANDARDS AND INFORMATION

SARA Title Hl Sections 311 and 312
Portland cement, certain Portland cement derivatives and crystalline silica qualify as hazardous
substances with delayed health effects.

CERCLA/Superfund 40 CFR 117 and 302
Not listed,

SARA Title Il Section 303
Not subject to reporting requirements under Section 313.

TSCA Inventory
Most components of this product are listed in the TSCA Inventory,

OSHA Hazard Communication Standard
Most of the components of this product are considered hazardous chemicals under this regulation and
should be included in an employer’s Hazard Communication Program.

Federal Hazardous Substances Act
Portland cement Is a hazardous substance subject to statutes promulgated under the subject act.

The information provided herein by SuperGrout Products is believed to be accurate at the time of preparation or prepared from
sources believed to be reliable. Users have the responsibility to comply with all health and safety laws, as well as
environmental regulations when using this product, and should determine the suitabillty of the product for its intended use.
Seller makes no warranty, express or implied, concerning the product or the merchantahility or fitness thereof for any purpose
or concerning the accuracy of information provided by SuperGrout Products,
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