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1.0 INTRODUCTION

1.1. ETV PROGRAM AND THE GHG CENTER

The U.S. Environmental Protection Agency’s Office of Research and Development (EPA-ORD) operates
a program to facilitate the deployment of innovative technologies through performance verification and
information dissemination. The goal of the Environmental Technology Verification (ETV) program is to
further environmenta protection by substantially accelerating the acceptance and use of improved and
innovative environmental technologies. The ETV program is operating in response to the belief that there
are many viable environmental technologies that are not being used for the lack of credible third-party
performance data. With performance data developed under this program, technology buyers, financiers,
and permitters in the United States and abroad will be better equipped to make informed decisions
regarding environmental technology purchase and use.

The Greenhouse Gas Technology Center (GHG Center) is one of six verification centers operating under
the ETV program. The GHG Center is managed by EPA's partner verification organization, Southern
Research Ingtitute (SRI), which conducts verification testing of promising GHG mitigation and
monitoring technologies. The GHG Center’s verification process consists of developing verification
protocols, conducting field tests, collecting and interpreting field and other data, obtaining independent
peer-review input, and reporting findings. Performance evaluations are conducted according to externally
reviewed verification Test Plans and established protocols for quality assurance.

The GHG Center is guided by volunteer groups of stakeholders. These stakeholders offer advice on
specific technologies most appropriate for testing, help disseminate results, and review Test Plans and
Verification Reports. The GHG Center’ s stakeholders consists of national and international expertsin the
areas of climate science and environmenta policy, technology, and regulation. It aso includes industry
trade organizations, environmental technology finance groups, governmental organizations, and other
interested groups. In certain cases, technical panels are assembled for specific technology areas where the
existing stakeholder organizations do not have the expertise. The technical panel members provide
guidance on the verification testing strategy related to their area of expertise and peer-review key
documents prepared by the GHG Center.

1.2 BACKGROUND — REFRIGERANT LEAK MONITORING

Under the Montreal Protocol and Clean Air Act Amendments of 1990, ozone depleting substances such,
as chlorofluorocarbons (CFCs), have been phased out by ending the production and importation of CFCs
by 1996. As dternatives to CFCs, hydro-chloro-fluorocarbons (HCFCs) have been used as interim
replacements because of their lower ozone depletion potentials. HCFCs are essentially CFCs that replace
one or more halogen atoms with hydrogen atoms, and under current controls, their production in the U.S.
will end by the year 2030. Hydrofluorocarbons (HFCs), which contain only carbon, hydrogen, and
fluorine, do not destroy the ozone and have become the most desirable replacements for CFCs.

Although HCFCs and HFCs are suitable substitutes for ozone depleters, they are potent GHGs. As shown
in Table 1-1, these chemicals have high globa warming potentials and extremely long atmospheric
lifetimes, resulting in their essentialy irreversible accumulation in the atmosphere (EPA 1997, 1999).
The market for HFCs is expanding, and their emissions have increased dramatically from small amounts
in 1990 to about 21 million tons carbon equivalent in 1998 (an increase of about 115 percent). According
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to EPA, this increase was primarily the result of HFC substitution in stationary refrigeration and air
conditioning systems (e.g., chillers, room air conditioners, dehumidifiers).

Table 1-1. Emissionsand Global Warming Potentials of CFCs, HCFCs, and HFCs
(Source: EIA 1997, 1999)
100-Y ear Global U.S. Emissions
Atmospheric Warmini 1000 metric tons T
Compound Lifetime (years) Potentia? 1995 1998 Principal Uses
(CO,=1)

Chlorofluorocarbons (CFCs)
CFC-11 60 1,320 36.2 249 Blowing agent, chillers,
CFC-12 130 6,650 51.8 21.0 auto air conditioners, solvent
Other CFCs 9,300 4.6 2.8

Hydrochlorofluorocarbons

(HCFCs) 1,350 72.3 75.1 Air conditioners
HCFC-22 15.8 270 20.6 26.7 CFC replacement
HCFC-141b 10.8 1,650 7.3 9.0 Sterilant and refrigerant
HCFC-142b 224 93-480 5.8 7.0
Other HCFCs

Hydrofluorocarbons (HFCs)
HFC-23 264 11,700 23 34 HCFC by product
HFC-125 28.1 2,800 05 11 CFC/HCFC replacement
HFC-134a 14.6 1,300 14.3 26.9 Air conditioners

Refrigeration

HCFC-22 (R-22) and HFC-134a are most often used in air conditioning and refrigeration equipment.
Although these refrigerants are maintained in closed systems, some of the refrigerant escapes to the
atmosphere during routine installation, operation, and servicing of the equipment. In addition, fugitive
emissions escape into the atmosphere from leaky components, resulting in further refrigerant loss. This
release to the atmosphere varies among different types and sizes of equipment and operating practices,
and directly contributes to greenhouse gas emissions. Compressor efficiency decreases with refrigerant
loss. Most compressor systems are operated by dectricity, which is often produced by burning fossil
fuels such as codl, oil, and natura gas. The increase in eectricity consumption resulting from less
efficient compressor operation can indirectly result in increases of GHG emissions when foss| fud is
used to generate the electricity. According to severa industry studies, efficiency drops associated with
large chillers can result in a 12 percent increase in electrical demand to produce the same cooling effect
(Johnson 2000).

Under Section 608 of the Clean Air Act Amendments of 1990, EPA promulgated leak-repair
requirements for systems containing CFCs and HCFCs (60 CFR 40420). More recently, EPA has
proposed another rule to include substitute refrigerants such as HFCs and perfluorocarbons (PFCs) (63
CFR 32044). Under both rules, when an owner or operator of an appliance that normally contains a
refrigerant charge of more than 50 pounds discovers that refrigerant has leaked in amounts that exceed a
specified trigger amount, the owner or operator must take corrective action. The maximum trigger (leak)
amounts for a 12-month period currently alowed and proposed are summarized in Table 1-2.

1-2
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Table1-2. Refrigerant Leak Rate

Current Allowable Leak Proposed Allowable Leak

Type of Appliance Amounts for CFCs and HCFCs

(% of charge/ yr) and PFCs)

(% of charge/ yr)

Commercia Refrigeration Equipment
built before or during 1992
built after 1992

15

35
35 10

Industrial Process Refrigeration Equipment
built before or during 1992, custom built, 35 35
with open-drive compressor, or contains a
single, primary refrigerant loop
All others 35 20

All Other Appliances
(e.g., comfort cooling chillers)

built before or during 1992, contains more 15 10
than 50 Ibs of refrigerant

built after 1992, contains more than 50 Ibs of 15 3
refrigerant

In response to the EPA regulations, manufacturers have made improvements to reduce refrigerant loss
through design changes, and new equipment for measuring and detecting leaks has entered the market.
KMC Controls, Inc. (KMC), of New Paris, Indiana, and Future Controls, Inc. of Fort Myers, Florida,
have jointly developed a new leak-monitoring device which alows refrigeration and air conditioning
equipment operators to provide early detection of refrigerant loss. The device, titled the KMC SLE-1001
Sight Glass Monitor (SGM), identifies when a system’s refrigerant charge is low and is in need of
maintenance and possible repair (including leak repair). This is accomplished using an infrared radiation
detector that continuoudly monitors refrigerant properties through a refrigerant sight glass, often already
installed in arefrigeration system, and a data logging and interpretation system developed by KMC. The
ability of the SGM to detect relatively smal levels of refrigerant loss is of significant interest to most
users, particularly those facing EPA regulations. KMC has requested that the GHG Center perform an
independent third-party performance verification of the SGM on commercial- and industrial-scale
refrigeration and air conditioning systems.

It is anticipated that potential users of this technology will want to understand the system'’s linearity; that
is, understand how its performance may vary on large and smal systems, or between systems with
different refrigerants, operating cycles, or failure modes. The SGM will be verified at several actua
refrigeration system installations, and its ability to detect refrigerant loss relative to existing inspection
and maintenance programs will be assessed. A Refrigeration Systems Technica Pand has been
assembled to provide guidance on the verification testing strategy and to review documents prepared for
the SGM verification. The panel members represent potential purchasers of the monitor, and EPA
regulatory and research officials.

This document is the Test and Quality Assurance Plan (Test Plan) for verifying the SGM. It contains
rationale for the selection of verification parameters, and describes the verification approach, data quality
objectives, and Quality Assurance/Quality Control (QA/QC) procedures to be implemented. This Test
Plan has been reviewed by KMC, Future Controls, selected members of the Refrigeration Systems
Technical Pand, and the EPA QA team. Once approved, as evidenced by the signature sheet at the front

1-3
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of this document, it will meet the requirements of the GHG Center’s Quality Management Plan (QMP),
and thereby satisfy the ETV OQMP requirements. This Test Plan has been prepared to guide
implementation of the test and to document planned test operations. Once testing is completed, the GHG
Center will prepare a Verification Report and Statement, which will first be reviewed by KMC. Once al
comments are addressed, the report will be peer-reviewed by selected members of the Refrigeration
Systems Technical Panel and the EPA QA team. Once completed, the GHG Center Director and the EPA
Laboratory Director will sign the Verification Statement, and the fina Verification Report and Statement
will be posted on the Web sites maintained by the GHG Center and the ETV program.

The remaining discussion in this section provides a description of the SGM technology and describes the
fied dite a which verification testing will be conducted. This is followed by a list of performance
verification parameters that will be quantified through independent testing. A discussion of key
organizations participating in this verification, their roles, and the verification test schedule is provided at
the end of this section. Section 2.0 describes the technical approach for verifying each parameter,
including sampling procedures, analytical procedures, and QA/QC procedures that will be followed.
Section 3.0 identifies the Data Quality Objectives (DQOs) for critica measurements, and states the
accuracy, precision, and completeness goals for key verification parameters. Section 4.0 discusses data
logging, validation, reporting, and auditing procedures.

1.3. SIGHT GLASS MONITOR TECHNOLOGY DESCRIPTION

The transfer of heat in refrigeration and air conditioning systems is performed by a refrigerant operating
in aclosed system. Refrigerated systems are primarily designed to cool products, whereas air conditioning
systems cool spaces. Figure 1-1 illustrates a typical air conditioning system. It consists of four basic
components. (1) compressor, (2) condenser, (3) expansion valve or flow controller, and (4) evaporator.

Figure1-1. Simplified Diagram of SGM Installation

(RARARRRE

Condenser

High Pressure

IRRNRERRA

cooling fluid
(water or air)

Compressor

100 % liquid
100 % vapor

bl

KMC Sight ¢
Glass
Monitor

Evaporator

~30 % vapor

Expansion b4 V¥4 b4y

Valve
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The compressor pressurizes the low-pressure refrigerant vapor which forms hot, high-pressure,
superheated vapor. The compressor aso provides the motive force needed to circulate the refrigerant
through the other basic components and interconnecting piping network of the refrigeration system. The
high-pressure vapor discharged from the compressor enters a condenser which cools the refrigerant vapor
to a warm, high-pressure, subcooled liquid state. The condenser transfers the heat that was absorbed by
the evaporated refrigerant and heat generated by the work of compression and motor operation to the
externa cooling fluid (e.g., water or outside air).

The flow controller, often located immediately prior to the evaporator coils, controls the flow of
refrigerant from the condenser to the evaporator. This device acts as a restriction to reduce the pressure
and temperature of the liquid refrigerant. Several types of flow controllers are used in the industry, with a
thermostatic expansion valve being one of the most commonly used controllers. The valve position is
pre-adjusted to maintain the optimum amount of refrigerant flow into the evaporator under varying indoor
and outdoor temperatures.

The last component, the evaporator, serves to remove heat from the heat transfer fluid (indoor air or
chiller water) passing over it. Inside the evaporator, cold liquid refrigerant exiting the expansion vave
boils and is converted into a vapor by the heat absorbed from the indoor air or water. To prevent liquid
dugging of the compressor, all of the liquid refrigerant must be returned to a vapor state prior to leaving
the evaporator. From here, the cool vapor returns to the compressor to be recompressed and recircul ated.

In order for a thermostatic expansion valve to operate properly, it must receive a continuous stream of
subcooled liquid (10 to 20 °F) at the proper pressure. To determine if the condenser is supplying liquid
refrigerant that meets these requirements, a sight glass is installed in the liquid line to allow visua
inspection of the refrigerant condition. Most commercia and industrial equipment is manufactured with
sight glasses near the condenser outlet, but ideally, sight glasses should be located as near as possible to
the thermostatic expansion valve (Marovek 2001).

A clear liquid in the sight glass indicates that there is adequate refrigerant charge in the system to ensure
proper feed through the expansion valve. However, bubbles in the sight glass can indicate the presence of
refrigerant vapor or non-condensables in the liquid line (Moravek 2001). Continuous presence of
refrigerant vapor or bubbles during compressor operation indicates that the system is short of refrigerant
charge. Non-condensables can be seen in the form of air, nitrogen, or other types of refrigerants not
compatible with the system design. The presence of these non-condensables can be related to poor
refrigerant evacuation activities that result from the operators failure to completely evacuate air from the
system prior to charging. A magjor restriction in the liquid line, such as a clogged filter, can aso result in
bubbles in the sight glass due to excessive pressure drop in the line. This restriction causes the refrigerant
to boil or flash off to avapor. The resulting vapor can be seen as bubbles in the sight glass. Drastic load
changes and excessive compressor cycling may also cause bubbles to form.

Some sight glasses are equipped with a moisture element inside the sight glass which can indicate the
presence of moisture. Despite its intended purpose, the utility of the sight glass as a reliable indicator of
low refrigerant charge and moisture levels is often hampered by the relative inaccessibility of the sight
glass, and the inability of HVAC technicians to properly interpret sight glass conditions.

The KMC SLE-1001 Sight Glass Monitor, shown in Figure 1-2, is designed to automaticaly interpret the
condition of the refrigerant and provide operators with audible alarms or remote feedback of actua
conditions. The SGM is an external device that is installed on an existing factory-ingalled sight glass. It
is specifically designed to be used with Sporlan Vave Company’s sight glasses, which represent about 90
percent of sight glasses currently in operation. The SGM monitors two conditions through the sight glass
window: bubbles and moisture content. When bubbles or flash gas of non-condensed refrigerant are

1-5
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detected in the sight glass, a red light on the monitor housing flashes. The frequency of the red LED
pulses increase with increased frequency of bubble detection. The moisture LED changes from green to
yellow when moisture is detected in the system. As moisture levels increase, the LED glows brighter in
proportion to the degree of moisture detected. In both cases, the SGM provides a 0 to 5 volt output with
the voltage increasing proportionally to the red LED flash frequency and the yellow LED intensity.

Figure1-2. The KMC Sight GlassMonitor

=

--,L:fi.}“!'mrlii’limm—-,ﬁg

Flash Gasor
Refrigerant Existing
Signal Sight Glass
Moisture
Signal

Oto5Volt
Output to
Alarm

Using written guidelines supplied by KMC, an operator can be trained to interpret the LED signals
displayed on the sight glass. Some of KMC's customers interface the SGM output with a voltage
operated relay set to trigger at 4.0 volts direct current (VDC). This provides a smple "on/off" aarm.
Alternatively, the 0 to 5 volt output signal can be wired to a KMDigital Controller which alows rea-time
monitoring and logging of sight glass conditions (Figure 1-3). The procedures for interpreting the signals
are contained in written guidelines by KMC. The KMDigita Controller is a programmable loop
controller, commonly used for building automation systems. It alows inputs from multiple sensors such
as temperature probes, thermostats, air velocity, and pressure sensors, and contains additional input
channels for the signals produced from the monitor.



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Figure 1-3. KMC Sight Glass Monitor Ingtallation Diagram
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The rea time data collected by the KMDigital Controller are interpreted with the KMDigita Facilities
Management System (Management System), a software program that aerts the operator to poor system
performance. Alarms can be delivered via modem to a central computer or setup to engage a relay which
sounds an darm. Trend logs can also be configured to view the variability in flash vapor and moisture
signals. Note that the system to be used in SGM verification will consist of the Management System
receiving the voltage signal from the SGM and interpreting the real time voltage readings, and sounding a
buzzer alarm when flash vapor is detected. The aarm levels are representative of flash vapor conditions
that result in greater than 4.0 VDC signa for more than 60 seconds. The Management System is pre-
configured with voltage readings at which flash vapor or moisture alarms will occur, and is reported to
filter out alarms from routine operational changes (e.g., bubbles detected during initial system startup).
To address bubbles formed from restrictions in the line, poor evacuation, or clogged filters, KMC requires
operators to maintain clean filters, use manufacturer recommended operational procedures, and follow
industry standard evacuation and charging procedures prior to use of the SGM. All other causes of
bubbles are automatically interpreted by the Management System.

For instance, the backside of the sight glasses may have different shades of reflectivity due to age or
overheating during ingtallation of the sight glass. The Management System, by using engineering
adjustments in software, is required to compensate for the different shades of reflectivity in a sight glass
as documented in KMC's instruction procedures. The Management System has also incorporated a time
delay for the flash vapor darm to eliminate nuisance alarming. If the refrigerant flashes when the unit is
turned on, a time interval can be specified to avoid the darm from sounding during startup. The delay
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time, recommended by KM C for specific systems, allows enough time for the flash vapor to condense and
stabilize after unit startup. The Management System tracks the presence of flash vapor using an arbitrary
scale of 0 to 100 percent, with O percent representing no indication of flash gas and 100 percent
representing a strong indication of flash vapor. Once the value of this variable is equa to or greater than
the programmed vaue, a software alarm is enabled. When the sight glass provides for moisture
indication, there may be different shades of green on the moisture indicator in the sight glass. Provision
is made in the software to provide for compensation for the differences in color from one sight glass to
another. The Management System a so tracks the active value of moisture on a scale of 0 to 100 percent.
An operator’s manual, provided by KMC, contains instructions for determining the levels at which charge
loss has occurred and the Management System has sounded an alarm.

Trend logs, containing readings which can be taken at intervals of every 5 seconds, 1 minute, 10 minutes,
30 minutes, and 1 hour, are used to plot flash vapor and moisture levels. The trend logs can store up to
400 readings, and the data can be exported into severa spreadsheet and database formats. Figure 1-4
illustrates an actual trend log for a SGM mounted on a small refrigeration unit. This trend log was taken
just a few minutes after compressor startup. The spikes shown are normal as some flashing or bubbling
occurs at compressor startup. As the compressor runs, the sight glass begins to clear and flashing stops as
indicated by the drop in the output level and the eimination of spikes. The moisture level, as indicated by
the flat line, stays relatively constant as long as the moisture levels remain constant.

Figure 1-4. Example Refrigerant Trend Log

ETrend Log Chart

[ Trend Log Data (SSECONDS) |

f T T
11,2001, 153528 Jan 11, 2001 15:37.48 Jan 11, 2001, 1540008 Jan 11, 2001, 154228

The SGM can be ingtaled on existing systems with 0.25 inch or more clearance surrounding the exterior
of the sight glass window frame. The sight glass window must be clear and the side in contact with the
refrigerant should not be dark or discolored. The light sensor is placed flush over the sight glass window,
and the assembly is held firmly in place with two stainless steel springs which loop around the sight glass
inlet and outlet pipes. Ingtaled in this manner, it is non-invasive and does not require interrupting the
HVAC system operation. For new sight glass installations, KMC recommends installing the sight glass
and the SGM in a vertica position, with the flow of refrigerant upwards through the sight glass.
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Installation in horizontal positions can cause the monitor to be exposed to bubbles that are not associated
with low refrigerant charge.

1.4. PERFORMANCE VERIFICATION PARAMETERS

Systems that are capable of detecting or reducing refrigerant emissions are of great interest to
stakeholders focused on mitigating global climate change. The SGM may be capable of providing both
functions at a reasonable cost and, as such, refrigeration system operators and others would have great
interest in obtaining verified field data on the monitor’'s performance and capabilities. Performance
parameters that could be examined include the sensitivity of the system, savings in refrigerant and energy
use that early detection may provide, instalation cost, performance relative to standard refrigerant leak
detection strategies, GHG emission reductions, operational availability, maintenance requirements, and
overal economic performance. The verification test design does not attempt to evauate al of the
variables above, but focuses on assessing performance parameters of significant interest to potential
future customers of the SGM. These include:

Refrigerant Leak Detection Sensitivity
Potential Refrigerant Savings and Cost Savings
KMC Sight Glass Monitor Cost

Refrigerant leak detection sensitivity is defined as the percentage of full charge at which the SGM wiill
indicate low refrigerant levels. Prior to testing, three test units will be retrofitted with the SGM and data
interpretation system. The charge capacity of each system will be quantified by fully evacuating the
entire system, and charging the system using procedures certified by EPA under the Clean Air Act of
1990, 8608, as amended and Title 40 CFR 82, Subpart F. These and al other refrigerant handling
procedures described in this Test Plan will be performed by North Carolina State University (NCSU)
technicians certified under the Act and Rule; their procedures will conform with standard industry
practices. In addition, al refrigerant recovery and handling equipment will conform to the ARI 740-1993
testing requirements referenced in the Rule.

After full refrigerant charge and norma operation have been verified, the GHG Center will smulate
refrigerant loss scenarios by physicaly withdrawing known quantities of refrigerant from the system.
The removed refrigerant will be collected and weighed. At the point at which a leak is indicated by the
monitor through an audible alarm, the amount and percentage of refrigerant withdrawn will be calculated
and recorded. Multiple test runs will be executed on each system to obtain a Statistically valid data set.
Operating parameters such as compressor current draw, compressor suction and discharge pressures,
ambient temperature, and refrigerant line temperatures will be measured throughout testing to document
the conditions under which each test run was collected.

Using the measured leak detection sensitivity results, the GHG Center will estimate potentia refrigerant
savings and cost savings that could occur with the use of the SGM on the test refrigeration systems, if
system operators were to immediately respond to alarms and repair the leaks. Refrigerant savings are
defined as the average annua pounds of refrigerant that could potentialy be saved using an SGM, and
cost savings are defined as the cost of that amount of refrigerant. In order to develop annual potential
savings estimates, historica maintenance and repair records of test systems will be reviewed, and the
amount of refrigerant lost between charges will be determined and compared to the leak detection
sensitivity measured for the SGM. The difference between these two numbers will be used to estimate
potential refrigerant savings attributable to the monitor.
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The capitd cost, installation cost, and operationa requirements of the SGM will be verified by the GHG
Center and summarized in the Verification Report. Capital costs will be verified by obtaining cost data
from KMC for the monitoring systems installed and operated in support of this verification test.
Installation and operational features will be characterized based on visua inspections during testing and
operator interviews conducted during and after testing is complete.

To reduce verification costs, long-term evaluations required to determine system availability, economic
performance, and maintenance requirements are not planned. In addition, energy savings due to early
detection and repair of undercharged refrigerant systems could not be estimated because energy
consumption data as a function of refrigerant charge levels could not be obtained. The GHG Center
contacted severa refrigeration and air conditioning manufacturers, facilities operators, and service
providers to determine if compressor electrical efficiency charts are available, and concluded that such
data could not be obtained. As aresult, energy losses due to charge losses, and potential savings with the
use of the SGM will not be determined.

1.5. TEST FACILITY DESCRIPTION

The SGM will be verified on three refrigeration/air conditioning systems operated by NCSU's Centennial
Campus in Raeigh, North Carolina. The test systems are representative of the types and sizes of
commercia-scale systems KMC plans to market the device to. KMC has indicated that these systems do
not necessarily represent the only applications for the SGM, and has indicated the device is applicable to a
wide range of sizes and types of equipment. The verification team has made reasonable efforts to identify
varying ranges of test systems. Nevertheless, the test results will be limited to the types of systems tested,
and may or may not be applicable to other systems (e.g., equipment with a centralized receiver tank).
This potential limitation will be stated in the Verification Report.

Verification testing will be conducted on the following systems:

1. Commercia-scale roof-top air conditioning system
2. Reciprocating chiller
3. Supermarket type refrigeration system

Based on input from KMC and the monitor’s inventor, the SGM measures infrared radiation scattering
from bubbles visible in the sight glass and, as such, is unlikely to exhibit refrigerant specific performance
differences. The GHG Center was able to secure fied test systems which use two different types of
refrigerant, which will help understand this characteristic. Figure 1-5 illustrates photographs of each
system, and Table 1-3 summarizes their key features. A brief description of each system is provided
below.

The air conditioning system selected for testing is manufactured by Carrier, and isillustrated in Figure 1-
5. This air-to-air exchange roof-top unit is a moderately large commercia (75 tons) unit, providing
comfort cooling for the tenants of the Research 4 building of the NCSU campus. It is one of four
identical systems that meets the cooling loads of the approximately 38,000 ft* of office space. These
systems were installed in 1997, and operational and maintenance records are available for each system
(eg., quarterly inspection dates, repairs conducted, refrigerant charges added). Despite its two-
compressor design, each compressor operates independently from the other and consists of a separate
condenser and evaporator. The SGM will be installed on the second compressor which is charged with
64.5 |bs R-22 refrigerant.

1-10
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Figure 1-5. Photographs of Test Systems

Commercial Roof-Top Air Conditioning System Reciprocating Chiller

Supermarket Refrigeration System Compressor/Condenser Unit

The chiller system selected for testing uses a reciprocating compressor, and is also manufactured by
Carrier. This water chiller is a moderately large (70 tons) system, with two compressors operating in
series. The entire packaged system was installed in 1997, and operational and maintenance records are
available for this unit. The chiller is specified to operate at ambient temperatures ranging between 0 and
125 °F. The maximum water temperature entering the cooler is specified to be 95 °F and the minimum
leaving temperature is 40 °F. The SGM will be ingtalled on one of the compressors; they are both charged
with 70 Ibs R-22 refrigerant.

1-11
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Table 1-3. Profilesof Test Systems

CoFTmfe[rm al :AS_caIe Reciprocating Supermarket Type
Condiotci)onigg S)I/;tem Chiller Refrigeration System
Manufacturer Carrier Carrier Larkin
Model 50DKB074DAABG00FM | 30GT-070-500ka OSH0150L5
Size / Capacity (nominal) 75 tons 70 tons Approx. 3 tons
Number of Compressors 2 (in series) 2 (in series) 1
Size of Compressors 10 hp each 7.5 hp each 0.75hp
Refrigerant Charge 1% comp: 735 lbs 1% comp: 70 |bs* 16 Ibs
2" comp: 64.5 Ibs* 2" comp: 69 Ibs

Refrigerant Type R-22 R-22 R-12
Operating Pressures

High 410 psig 450 psig 400 psig

Low 150 psig 278 psig 150 psig
Nameplate Voltage 460 valts 208/230 volts 208/230 valts
Compressor Electrical Data

RLA? 65.4 amps 147.7 amps 2.6 amps

LRAP 345.0 amps 690 amps 19.9 amps
Condenser Electrical Data

Number of Fans 5 6 1

Horsepower 1 hp each 1 hp each -

FLAC 13.5 amps 37.8 amps 2 amps

LRA® - 186.4 amps -

Test compressor where the SGM will be installed and verified

Rated load amps

o T 9 %

L ocked rotor amps
Full load amps

The supermarket type test system serves a walk-in refrigerator, and is representative of systems used to
store vegetables, meat, and dairy products. It is manufactured by Larkin, and uses a single compressor.
This design is similar to various self-contained and walk-in systems commonly used in restaurants, fast
food outlets, convenience stores, food service, and schools. The semi-hermetic compressor system is
designed for outdoor installation and operation. The factory-installed sight glassis in brand new condition
and isin a satisfactory location.

Prior to performance testing of the SGM, each test system will be verified to be operating per the original
equipment manufacturers’ specifications. This is required to ensure that potential malfunctions in the test
systems will not change or affect the performance results of the SGM.

An independent contractor, who is certified to service both the Carrier and Larkin test systems, will be
retained to assess the systems operational condition prior to verification testing. The contractor will
perform an on-site assessment to determine they are in good working condition (mechanicaly and
electricaly), and can provide cooling and refrigeration a or reasonably near the manufacturers
specifications. This assessment may require performing manufacturer recommended system diagnostic
checks and collecting operational data to substantiate the reliable performance of each system. Based on
this assessment and recommendations of the certified reviewer, corrective actions will be taken in
cooperation with NCSU to bring the equipment to specification.

1-12
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The roof-top and chiller systems currently in operation at NCSU are equipped with factory installed sight
glasses. KMC has elected to position the sight glass on al three test units in a vertical orientation. The
roof-top air conditioning unit and the supermarket type refrigeration unit are factory equipped with
vertically oriented sight glasses. Thus, no change was required for these units. However, the
reciprocating chiller sight glass was changed from horizonta to vertical position. The GHG Center will
maintain written records of material and labor expended in performing this activity such that actual costs
for systems requiring re-location of sight glasses with the use of the SGM can be estimated. The SGM
will be attached to the newly installed sight glasses prior to initiating verification test. Each monitor will
be wired to the KMDigitiad Controller, which will continuously monitor and log the sight glass
conditions. The KMDigital Controller will relay low refrigerant charge levels to a laptop computer, and
time series refrigerant levels will be displayed on the computer screen. It will also provide an audible
signal (buzzer) which will represent an alarm condition (i.e., SGM detected greater than 4.0 VDC signa
for more than 60 seconds). Ingtalation of the SGM, KMDigital Controller, and other apparatus will be
performed by KMC.

Table 1-4 lists key conditions that is used by the KMDigital Controller and software system to sound an
dam. To summarize, after the chiller operates for a period of at least ten minutes with a full sight glass
(i.e., voltage signal less than or equa to 4.0 VDC is measured), refrigerant will be removed from the
chiller in prescribed increments until the buzzer sound from the KMDigital Controller is heard. KMC
will set the adlarm at the point at which greater than 4.0 VDC signa is received from the SGM for at least
60 seconds. After each refrigerant withdrawal, the NCSU operator will wait five minutes and listen for
the buzzer from the KMDigital Controller. Once the buzzer sound is heard (i.e., low charge levels are
detected by the SGM), the GHG Center Field Team Leader will stop the test run and record the total
withdrawal and other test parameters on the appropriate field data forms such that leak detection
sengitivity can be computed. This approach is intended to eliminate guess-work from testing personnd in
determining the levels at which the SGM aarms.

Table1-4. KMC Operating Proceduresfor Determining Low Refrigerant Charge

Commercial-Scale
Roof-Top Air Reciprocating Chiller
Conditioning System

Supermarket Type
Refrigeration System

Length of time to wait
after initial compressor 10 10 10
startup (minutes)

Voltage at which the

* * %
SGM aarms (volts) * >40VDC >4.0VDC >4,0VDC

* After each unit operates for aperiod of at least ten minutes with afull sight glass (i.e., voltage signal isless than or equal to 4.0
VDC), refrigerant will be removed from the unit in prescribed increments until an audible buzzer alarm, initiated by the
KMDigital Controller and software system, is heard. The alarm level represents the flash level at which the SGM monitored
voltage readings exceed 4.0 VDC for more than 60 seconds.

1.6. ORGANIZATION

The project team organization chart is presented in Figure 1-6. A discussion of the functions,
responsibilities, and lines of communication between the organizations and individuals associated with
this verification test is provided in Figure 1-6.

1-13
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Figure 1-6. * Project Organization

EPA Southern Research Ingtitute KMC Contrals, Inc./
ETV GHG Project Officer ETV GHG Center Director Future Controls, Inc.
EPA - APPCD Stephen Piccot Rowland Bradford
David Kirchgessner Norman Nevitt
EPA
ETV GHG QA Manager
EPA - APPCD
Nancy Adams
Southern Research Ingtitute
ETV GHG Project Manager
SushmaMasemore
Southern Research Ingtitute
QA Manager
Ashley Williamson
. North Carolina
Southern Research Ingtitute KMC Contrals, Inc. State University
ETV GHG Field Team Leader Project Coordinator Equipment Operator
Bill Chatterton Jeff Killian J.C. Boykin
Project Coordinator
Wayne Friedrich

Future Controls, Inc.
Technicd Lead
Laurel Chapman

Southern Research Ingtitute's Greenhouse Gas Technology Center has overal responsibly for planning
and ensuring the successful implementation of this verification test. The GHG Center will ensure that
effective coordination occurs, schedules are developed and adhered to, effective planning occurs, and
high quality independent testing and reporting activities occur. Ms. Sushma Masemore, of the GHG
Center, will have the overall responsibility as the Project Manager, under supervision of Mr. Stephen
Piccot, the GHG Center Director. She will be responsible for quality assurance activities, including
determination of data quality objectives (DQOs) and associated data quality indicators (DQIs) from on-
site data collected by the Field Team Leader prior to the completion of the test. Ms. Masemore will
follow the procedures outlined in Sections 2 and 3 to make this determination, and will have full authority
to initiate repeat tests as determined necessary. Should a situation arise during the test that could affect
the health or safety of any personnel, Ms. Masemore will have full authority to suspend testing. Ms.
Masemore will be responsible for maintaining communication with KMC, EPA, and NCSU.

Mr. Bill Chatterton, aso of the GHG Center, will serve as the Field Team Leader, and will support Ms.
Masemore's data quality determination activities. Mr. Chatterton will provide field support activities
related to all measurements data collected. Mr. Chatterton has over 16 years experience in environmental
testing with emphasis on emissions testing, flow measurements, field verifications, project management,
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and fiedd team management. Mr. Chatterton will be responsible for ensuring that performance data,
collected by measurements instruments, are based on procedures described in Sections 2 and 4. He will
also coordinate the procedures followed by NCSU technicians to ensure the evacuation and charging
procedures described in this Test Plan are adhered to.

SRI's QA Manager, Mr. Ashley Williamson, will review this Test Plan and test results from the
verification test. He will conduct an Audit of Data Quality (ADQ), as required in the GHG Center’s
QMP. Mr. Williamson will review al data quality determinations made by the Project Manager as part
of the independent ADQ and, at that time, will independently verify DQI/DQO determinations using field
notes, log forms, and other data. Further discussion of these audits is provided in Section 4.3. Results of
the internal audits and corrective actions taken will be reported to the GHG Center Director, and used to
prepare the final Verification Report.

EPA’s APPCD is providing QA support for this verification. The EPA APPCD Project Officer, Dr.
David Kirchgessner, is responsible for obtaining fina approval of the project Test Plan and Verification
Report. The EPA QA Manager also reviews and approves the Test Plan and fina Verification Report.
The EPA QA Manager reviews the Test Plan to ensure that it meets the ETV program’s QMP
requirements and represents sound scientific practices. At the discretion of the EPA QA Manager, an
external audit of this verification may be conducted.

NCSU will ensure the test units are available and accessible to the GHG Center for the duration of the test
period. NCSU will operate each system and perform refrigerant withdrawa and charging activities as
outlined in Section 2.0. KMC will install the sight glass and the monitor and ensure the safe operation of
the device. KMC will be present during the test, and will provide on-site support as needed to resolve
potential malfunctions in their system. NCSU and KMC will review the Test Plan and fina Verification
Report, and provide written comments on each document.

1.7. SCHEDULE OF ACTIVITIES

Figure 1-7 presents the schedule of activities. A Site survey visit has already been completed. Field
testing is scheduled to begin in July 2001. Although not expected, delays may occur for various reasons,
including mechanical failures at the site, weather, and operational issues. Should significant delays occur,
the schedule will be updated and all participants will be notified.
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Figure 1-7. Project Schedule

3'00 Q4 '00 Q1'01 Q2 '01 Q3 '01

ID | Task Name Aug | Sep Oct| N0v| Dec| Jan | Feb| Mar | Apr | May| Jun [ Jul | Aug | Sep| Oct

Verification Plan Development

Select Host Site and Identify Test Systems

Internal Draft Development

Vendor Review/Revision

Stakeholder Review/Revision

USEPA QA Review/Revision

Final Draft Posted

Verification Testing & Analysis

Baseline Refrigerant Loss Estimation

Sight Glass Monitor Testing

Data Validation & Analysis

Verification Report Development

Internal Draft Development

Vendor Review/Revision

Stakeholder Review/Revision

USEPA QA Review/Revision/Signiture

Final Draft Posted

Outreach

Articles, Presentations, Announcements = |
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2.0 VERIFICATION APPROACH

2.1 REFRIGERANT LEAK DETECTION SENSITIVITY

Refrigerant leak detection sensitivity is defined as the percentage of full charge at which the SGM will
detect low refrigerant levels and sound an darm. To verify this parameter, the GHG Center will measure
the full charge of each test compressor, and systematically draw out an incremental quantity of refrigerant
until a low charge darm is indicated. The ratio of the weight of refrigerant withdrawn at the point of
monitor aarm divided by the weight of full charge will represent the leak detection sengtivity of the
monitor.

The measurement procedures associated with quantifying refrigerant leak detection sensitivity require the
use of EPA certified refrigerant evacuation and charging procedures. This consists of using approved
refrigerant recovery equipment, recovery cylinders, pressure and temperature gauge manifold, and trained
operators. These requirements will be met using NCSU trained operators and certified equipment. Figure
2-1lillustrates a schematic of the key procedures that will be followed.

The first step will be to evacuate the refrigeration system after identifying and fixing potential leaks
present in the system. Screening for existing leaks in piping, fittings, valves, and other accessories will be
performed according to industry accepted methods (e.g., hand held electronic leak detector). Following
this, the system will be completely evacuated using an EPA certified refrigerant recovery system and
manifold with gauges. The refrigerant will be collected in a pre-weighed EPA certified evacuation
cylinder (100 Ib capacity), and the final weight of the refrigerant filled cylinder will be measured and
recorded. The entire evacuation process will require approximately 1 hour of operator time.

The second step will be to charge the system using procedures described in Section 2.2.1. Prior to
charging, it is necessary to remove air and moisture present in the refrigeration system with the use of a
vacuum pump. Remova of moisture is critical because it can cause freeze-up and corrosion in a system.
Moisture can be picked up by the refrigerant and transported through the refrigerant line in a fine mist,
freezing at and clogging the expansion valve. Liquid water can corrode the compressor.

The vacuum pump removes moisture by lowering the pressure within the system and vaporizing the
moisture, then exhausting it dong with air. After removing moisture and air, the system will be held
under vacuum for 15 minutes to verify that it is lesk tight. Then, the system will be charged with
refrigerant. With the test compressors and unloaders operating at a full load condition, refrigerant will be
added incrementally to the chiller until the signal from the SGM indicates a voltage of 4.0 VAC or less
for more than 15 seconds during a 5-minute period (i.e., sight glass is clear and the system is charged
properly). Measured pressure and line current readings will be compared with manufactured rated
specifications to ensure the system is charged to manufacturer's recommendations. If additional
refrigerant is needed to achieve full charge, NCSU will make available a second cylinder filled with the
required refrigerant type whose content will be added to ensure full charge. Total charge injected into the
system will be computed as the difference between the initial and fina weight(s) of the evacuation
cylinder(s). Measurements will be made using an industrial grade digital scale with a capacity of 100-Ibs;
accuracy of + 0.02 percent of reading and = 0.005 |b display error.
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Figure 2-1. Refrigerant Leak Detection Sensitivity Testing Procedures

1. Screen for leaks and fix any found

1. Remove ~0.20 % of full charge

2. Remove refrigerant using recovery
system

2. Mesasure weight of refrigerant removed

3. Document compressor operating
parameters

1. Remove air and moisture using

vacuum pump ) .
_ . Wait 5 minutes
2. Inject refrigerant

3. Measure cumulative refrigerant added

1. Verify pressure settings

2. Verify current draws

v

1. Re-charge with amount withdrawn
2. Repeat until the 90 % confidence interval for mean
leak detection sensitivity islessthan 0.50 %

Once the test system operation is verified to be fully charged, refrigerant will be withdrawn at target
increments of about 0.20 percent of the full charge into a pre-weighed, evacuated test canister (30-1b
capecity). The weights of the test canister containing the refrigerant will be measured and recorded at the
end of each withdrawal, using the same 100-1b scale. The refrigeration system will be alowed to operate
for 5 minutes such that bubbles, generated from removal of the refrigerant, are given sufficient time to
reach the sight glass area. The GHG Center will wait to determine if the NCSU operator observes an
audible aarm from the KMDigital Controller. If an darm is heard, the GHG Center will stop the run,
determine the total weight of refrigerant withdrawn, and compute leak detection sengtivity. If the SGM
does not aarm to indicate a low charge, another withdrawa (equivalent to the target weight) will be
made. Throughout these measurements, manual readings of compressor operating characteristics will be
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performed and recorded to ensure the system operating conditions are similar between successive test
runs.

Table 2-1 summarizes the number and amounts of refrigerant withdrawals expected to be made for each
refrigeration/air conditioning system. The 0.20 percent target withdrawal rate is selected based on
KMC's input that the SGM will likely alarm when the charge has diminished by 1 to 5 percent of full
charge, and will enable multiple withdrawals to be made before the alarm occurs. Actual withdrawal rate
will be determined during the test, but the GHG Center will ensure that a minimum of 3 to 5 withdrawal
increments are made prior to darm. In the example shown in Table 2-1, the target withdrawals are
increased to 0.60 percent of full charge after 2.00 percent of full charge has been withdrawn to save
testing time. This incremental withdrawa rate increases to 0.80 percent of full charge for tota
withdrawals between 5.00 and 10.00 percent. If the SGM does not alarm after more than 10.00 percent of
the full charge has been withdrawn (i.e., the EPA proposed alowable leak rate for most new systems), the
test run will be concluded. In this situation, it will be concluded that the monitor is unable to detect an
adam at alow refrigerant charge. Conversely, leak detection sensitivity, corresponding to the withdrawal
rate at which the SGM alarms, will be computed as shown below:

refrigeran tlogt at the point of monitor darm (Ib)

Leak Detection Senstivit y (%) = ful charge of system (Ib)

x100 (Egn.])

Table 2-1. Example Charge L eak Detection Sensitivity Results

Roof-Top AC System Reciprocating Chiller Supermarket Type Refrigeration System
Full Charge| 64.5 |ps 70 |bs 16 |bs
Target Amount to Withdraw: 0.20% of full charge 0.20% of full charge 0.20% of full charge
0.13 Ibs 0.14 Ibs 0.03 Ibs
Initial Initial Initiall
Weight of Cumulative| % of Fulll Weightof|  Cumulative] Final % of Full Weight of] Cumulative] Final % of Ful
Tes! Refrigerany Final Weigh Chargqg Tes Refrigerant Weight of] Charge Tes Refrigeran| Weight off Chargej
Withdrawl Number Canister| Withdrawn| ~ of Caniste] Removed Canister Withdraw Caniste Removed Canister Withdrawr] Canister] Removed|
Ibs Ibs Ibs Ibs Ibs| Ibs Ibs Ibs| Ibs
1 10.00 0.13 10.13| 0.20% 10.000 0.14] 10.14 0.20% 10.000 0.03 10.03 0.20%
2 0.26 10.26| 0.40%] 0.28 10.28| 0.40% 0.0¢ 10.06 0.40%
3 0.39 10.39 0.60%] 0.42 10.42 0.60% 0.104 10.10 0.60%
4 0.52 10.52 0.80%] 0.56] 10.56 0.80% 0.13 10.13| 0.80%
5 0.65 10.65| 1.00%i 0.7 10.70 1.00% 0.1 10.16 1.00%)|
6 0.77 10.77| 1.20%) 0.84] 10.84 1.20% 0.19 10.19 1.20%)|
7 0.90 10.90 1.40%) 0.98 10.98 1.40% 0.22 10.22 1.40%)
8 1.03 11.03 1.60%) 1.12 11.12 1.60% 0.24 10.26 1.60%)
9 1.16 11.16 1.80% 1.2¢f 11.26 1.80% 0.29 10.29 1.80%)|
10 1.29 11.29 2.00% 1.4 11.40 2.00% 0.32 10.32 2.00%
11 1.68 11.68| 2.60%] 1.82 11.82 2.60% 0.42 10.42 2.60%
12| 2.06 12.06 3.20%] 2.24 12.24 3.20% 0.514 10.51 3.20%
13 2.45 12.45 3.80% 2.66] 12.66 3.80% 0.6 10.61 3.80%
14 2.84 12.84 4.40% 3.08 13.08 4.40% 0.7 10.70] 4.40%
15 3.23 13.23 5.00%) 3.501 13.50 5.00% 0.804 10.80 5.00%
16 3.74 13.74 5.80%] 4.06) 14.06 5.80% 0.93 10.93| 5.80%
17, 4.26 14.26 6.60% 4.62f 14.62 6.60% 1.09 11.06 6.60%
18, 4.77 14.77, 7.40% 5.18 15.18| 7.40% 1.19 11.18] 7.40%
19 5.29 15.29 8.20%] 5.74 15.74 8.20% 1.3 11.31] 8.20%
20 5.81 15.81 9.00%] 6.30] 16.30 9.00% 1.44 11.44 9.00%
21 6.32 16.32 9.80% 6.86] 16.86 9.80% 1.57] 11.57 9.80%
22| 6.84/ 16.84/ 10.60%| 7.42) 17.42 10.60% 1.7 11.70] 10.60%)|

Leak detection sengitivity is the ratio of the “cumulative refrigerant withdrawn at the point of alarm”
divided by the “full charge of the system” times 100. The test campaign specifies repeated measurements
to develop a mean leak detection senditivity for each of the three test units being evaluated. Individua
measurements will vary about that mean according to the standard deviation of the individua
measurements.
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Leak detection sengitivity will be measured by weighing incrementa refrigeration losses and tota unit
charges and, as such, errors in the measurement of weight will significantly impact the quality of the data
used to determine this verification parameter. The uncertainty in leak detection senditivity determination
will depend on the accuracy of the 100-Ib scale. The following two examples illustrate the chain of
caculations performed and how weighing accuracy affects determination of leak detection sensitivity.
The calculations are based on actua refrigerant and other weights likely to be encountered in the field.
Examples for the largest and smallest refrigeration units are included to bound the results.

Consistent with vendor input, these calculations assume a low leak detection sensitivity of 1.00 percent of
full charge will occur in the field (i.e., the SGM alarms when 1.00 percent of the unit’'s charge has been
lost). In addition, they attempt to maximize potential error so the GHG Center can define the upper limits
on error. Thisis done by assuming weight measurement errors are not random (e.g., aways positive or
always negative), and that errors in measuring total charge and refrigerant withdrawn combine to produce
a worst case overdl error (i.e., tota charge error is postive while withdrawal error is negative and
conversely, total charge error is negative while withdrawal error is positive). Based on the scae
manufacturer’ s specifications, each weighing contains an error of + 0.02 percent of reading and + 0.005 Ib
display error. These errors are shown to the right of the weight values reported.

Example for the L arge Refrigeration Unit (Reciprocating Chiller):

1. Full Charge Deter mination
Initial weight of an evacuated cylinder
Final weight of cylinder and refrigerant
Net weight of refrigerant full charge and additive error

20.00 + 0.009 Ibs
90.00 + 0.023 Ibs
70.00 £ 0.032 Ibs

2. Cumulative Refrigerant Withdrawn at 1 Percent SGM Alarm Response
Initial weight of a smaller evacuated cylinder 10.00 = 0.007 Ibs
Weight of cylinder and refrigerant when SGM aarms 10.70 + 0.007 |bs
Cumulative refrigerant withdrawn and additive error 0.70+ 0.014 Ibs

3. Calculated L eak Detection Sensitivity (%)

Cumulative refrigerant withdrawn/Full charge * 100 1.00 % £ 0.02 %

The eror calculated for full charge determination in item 1 above, and for cumulative refrigerant
withdrawn in item 2 above, are used to estimate the “worst case’ error in the leak detection sensitivity
shown in item 3 above. This represents a worst case because weighing errors are maximized (i.e., the
additive values from items 1 and 2 above), and errors are not random. For example, measurement of full
charge can produce a positively biased value of 70.032 Ibs (70.000 + 0.032) while measurement of
refrigerant withdrawn can produce a negatively biased value of 0.686 Ibs (0.70 Ibs. - 0.014 Ibs). If these
errors did occur, the leak detection senstivity calculated and reported would be 0.980 percent
[100*(0.686/70.032)]. Thisis 0.02 percent lower than the true value of 1.00 percent, and represents a 2
percent error in the determination of leak detection sengitivity. Conversely, the "worst case” error would
be the same if it is assumed that full charge measurements are negatively biased and refrigerant
withdrawal measurements are positively biased.

The example above represents the maximum error expected for the largest unit tested. However, the
supermarket type unit planned for testing has the smallest full refrigerant charge and the accumulated
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errors have the largest effect on leak detection sensitivity. The example below illustrates the errors for the
small unit.

Examplefor the Small Refrigeration Unit (Super market Type):

1. Full Charge Determination

Initial weight of an evacuated cylinder = 20.00 = 0.009 Ib
Final weight of cylinder and refrigerant = 36.00 £ 0.012 Ib
Net weight of refrigerant full charge = 16.00+ 0.021 Ib

2. Cumulative Refrigerant Withdrawn at 1 Percent SGM Alarm Response

Initial weight of a smaller evacuated cylinder = 10.00 £ 0.007 Ib

Weight of cylinder and refrigerant when SGM darms = 10.16 + 0.007 Ib

Cumulative refrigerant withdrawn = 0.16+0.0141b
3. Calculated Leak Detection Sensitivity (%)

Cumulative refrigerant withdrawn/Full charge * 100 = 1.00 £ 0.09 %

Consistent with the example above, the maximum full charge could be 16.021 Ibs and the minimum
withdrawn could be 0.146 Ib. If these errors did occur, then the leak detection sensitivity calculated and
reported would be 0.911 percent [100*(0.146/16.021)], which is 0.089 lower than the true value of 1.00
percent. This represents about a10 percent error in the determination of leak detection sensitivity.

Table 2-2 illustrates the computed errors in leak detection sengitivity for al three test systems at various
alarm levels.

Table 2-2. Example Charge Leak Detection Sensitivity Uncertainty Data

Roof-Top AC System Reciprocating Chiller Supermarket Refrigeration
Full Charge 64.5 Ibs 70 Ibs 16 Ibs
Accuracy of full
charge and +- 0.02 % of reading plus +/- 0.005 Ib display error |+ 0.02 % of reading plus +/- 0.005 Ib display error +/- 0.02 % of reading plus +/- 0.005 Ib display error
refrigerant withdrawl ’ :
measurements
Cumulative Cumulative
Cumulative Refrigerant % of Full Charge Refrigerant % of Full Charge Refrigerant
Withdrawl Number| Withdrawn Removed Withdrawn Removed Withdrawn | % of Full Charge Removed |
lbs +- +- lbs +- +/- Ibs +/- +/-
1 0.13 10.87% 0.20% 0.02% 0.14  10.02%, 0.20% 0.02% 0.03  43.77%) 0.20% 0.09%
2 026  5.45% 0.40% 0.02% 0.28  5.02%) 0.40% 0.02% 0.06 21.90%) 0.40% 0.09%
3 0.39 3.64% 0.60% 0.02% 042  3.35% 0.60% 0.02% 0.10 14.60%) 0.60% 0.09%
4 052  2.73% 0.80% 0.02% 056  2.52% 0.80% 0.02% 0.13 10.96% 0.80% 0.09%
5 065 2.19% 1.00% 0.02% 0.70  2.02%) 1.00% 0.02% 0.16  8.77%) 1.00% 0.09%
6 077  1.83% 1.20% 0.02% 0.84  1.69%, 1.20% 0.02% 019 7.31% 1.20% 0.09%
7 090 1.57% 1.40% 0.02% 0.98  1.45% 1.40% 0.02% 022 6.27%) 1.40% 0.09%
8 1.03 1.38% 1.60% 0.02% 112 1.27% 1.60% 0.02% 0.26  5.49% 1.60% 0.09%
9 116 1.23% 1.80% 0.02% 126 1.13% 1.80% 0.02% 0.29  4.88% 1.80% 0.09%
10, 129 1.11% 2.00% 0.02% 140 1.02% 2.00% 0.02% 0.32  4.40%, 2.00% 0.09%
11] 1.68  0.85% 2.60% 0.02% 182 0.79% 2.60% 0.02% 0.42  3.39%) 2.60% 0.09%
12 2.06 0.70% 3.20% 0.02% 224  0.65% 3.20% 0.02% 0.51  2.75% 3.20% 0.09%
13 245  0.59% 3.80% 0.02% 266  0.55% 3.80% 0.02% 0.61  2.32% 3.80% 0.09%
14 284  0.51% 4.40% 0.02% 3.08 0.47%) 4.40% 0.02% 0.70  2.01%, 4.40% 0.09%
15 3.23  0.45% 5.00% 0.03% 350 0.42%) 5.00% 0.02% 0.80 1.77% 5.00% 0.10%
16 3.74 0.39% 5.80% 0.03% 4.06 0.36% 5.80% 0.02% 0.93  1.53% 5.80% 0.10%
17 4.26 0.35% 6.60% 0.03% 462 0.32% 6.60% 0.02% 1.06 1.35% 6.60% 0.10%
18] 477  0.31% 7.40% 0.03% 518 0.29%) 7.40% 0.02% 118 1.20% 7.40% 0.10%
19 529 0.28% 8.20% 0.03% 574  0.26%) 8.20% 0.03% 131  1.09% 8.20% 0.10%
20 5.81 0.26% 9.00% 0.03% 6.30  0.24% 9.00% 0.03% 144  0.99% 9.00% 0.10%
21 6.32 0.24% 9.80% 0.03% 6.86  0.22% 9.80% 0.03% 157 0.91% 9.80% 0.10%
22, 684  0.22%| 10.60% 0.03% 742 0.21%] 10.60% 0.03% 170 0.85%| 10.60% 0.10%
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Number of Test Runs Per Refrigeration Unit:

The refrigerant recovered in the test canister will be charged back to the system at the conclusion of each
test run. Field procedures associated with this activity are similar to those to be used in charging the
system after evacuation activities are completed. After all the refrigerant is injected back into the system,
the system will be verified to be fully charged, and a new test run will be conducted. During at least one
of the repeat test runs, the wait period between withdrawals will be increased to 30 minutes as the total
withdrawal approaches the alarm point. This will allow the system to reach equilibrium between the
remaining refrigerant withdrawals and ensure that the SGM produces a stable alarm condition. For
example, if the SGM darmed after six withdrawals, the wait period after the fourth, fifth, and sixth
withdrawals will be increased from 5 to 30 minutes for at least one test run. The 30 minute wait period is
not recommended for all withdrawals to minimize costs and to allow completion of al verification testing
within a 10 hour time period.

The GHG Center anticipates that individual leak detection sensitivities measured during field tests could
range from 1 to 10 percent, but that significant variability could occur from one test run to the next. The
test strategy strives to produce representative mean leak detection sensitivities, but variability due to
measurement error, refrigeration system operationa changes, ambient changes, monitor detection
performance variability, and other factors, will require that sufficient data be collected to support the
calculation of representative mean leak detection sengitivities. The overall degree of variability expected
is unknown, but KMC and stakeholders assisting the GHG Center have agreed that sufficient data should
be collected to ensure a reasonable standard deviation exists in the set of measurements used to determine
mean leak detection sengitivities for each unit.

Individual test results will fall within a range of values (confidence interval) around the mean of all test
results. Confidence intervals include an estimate of the proportion of test results expected to fall within
the given interval (i.e., “90 percent of the individua results are within 0.30 times the mean test result”).
The confidence interval depends on the sample standard deviation divided by the sguare root of the
number of samples. For a given standard deviation, larger number of test results generally tend to reduce
the size of the confidence interval. For a data set with a large standard deviation, however, even a large
number of tests cannot reduce the size of the confidence interval below certain limits. The GHG Center
must strike a balance between determining a reasonable confidence interval and conducting a verification
test that al can afford.

Based on the GHG Center's extensive experience in testing industrial equipment under actual field
conditions, it is reasonable to expect 90 percent of the observed test results to fall within 0.30 times the
mean; that is, if the mean leak detection sensitivity is 1.00 percent, 90 percent of the test results should be
between 0.70 and 1.30 percent. Thisrange, or confidence interval (abbreviated e below), will be used to
determine the number of tests to conduct on each unit, and will aso be used to define the completeness
objective for leak detection sengitivity (discussed in Section 3.1.1). The confidence interval depends on
the sample standard deviation and the number of test runs conducted as follows:

2es 0

= Losn. 1%%3

e (Egn. 2)

Where:
e = 0.30 times the mean of all test runs
tosn1 =90 % T distribution value (see below)
s = sample standard deviation
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n = number of test runs

t 05.n-1

6.314
2.920
2.353
2132

g1 B [WIN|S

Test runs will be repeated until the value for e is less than 0.30 times the mean leak detection sengitivity.
If this cannot be achieved, significant variability will be indicated, and the GHG Center will stop testing
after 5 valid runs have been completed.

2.1.1. Determining Full Charge of the Test System

Access to the closed refrigeration system is provided using an industry standard manifold gauge system.
The manifold gauge system is universally recognized as the instrument for testing air conditioning
equipment. It is used for checking operating pressures, adding or removing refrigerant, adding oil, and
performing other necessary operations such as leak testing. Figure 2-2 illustrates the gauge manifold
system that will be used in the verification.

Figure2-2. Refrigeration System Access Equipment

Gauge Manifold Refrigeration Hoses

(Source: Imperial Eastman) (Source: Robinaire)

The gauge manifold has five connections. The two top connections hold the compound and high-pressure
gauges. The compound gauge (colored blue) is placed on the left side, and reads pressures on the low-
pressure or suction side of the system (30 inches Hg to 350 psig) as shown in Figure 2-3. The high-
pressure gauge (colored red) reads pressures on the high or discharge side of the system from 0 to 500
psig. The bottom of the manifold has three connections, which are attached to high-vacuum hoses
capable of being leak tight to 50 microns Hg or less. The left hose (colored blue), is connected to the low
side of the refrigeration system. The right hose (colored red) is connected to the high side of the system.
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The center hose serves multiple functions, including evacuating, charging, and leak testing the system. It
isyelow and is attached to a charging cylinder, vacuum pump, recovery unit, or other containers.

The manifold system is attached to the refrigeration system at factory-installed service valves on the
suction and discharge sides of the compressor. The valves can be either a manually operated stem shutoff
valve or a Schraeder type valve. The valve has a cap for the fitting to ensure a leak proof operation
occurs, and is designed such that service operators can quickly check system conditions without
disrupting the unit’s operation. The hoses have quick-connect low-loss hose adapters which are attached
to the Schrader valves, and are equipped with check valves to prevent venting of refrigerant. According
to the American Refrigeration Ingtitute (ARI), this is an acceptable method for reducing the refrigerant
loss when connecting or disconnecting the service valves. The refrigerant hoses are 70 inches in length
and have a 1/4-inch inner diameter.

Figure 2-3. Simplified Diagram of Refrigeration Manifold System

Condenser
High-side
access
(discharge)
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Compressor \
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KMC Sight

Monitor
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Vacuum Pump

Evaporator or

Expansion Refrigerant Cylinder
Valve

By opening and closing the refrigerant valves on gauge manifolds A and B (Figure 2-4), different
refrigerant flow patterns and service activities can be performed. The valving is arranged such that when
the valves are closed, the center port on the manifold is closed to the gauges (valve position A). When the
valves are in the closed position, gauge ports 1 and 2 are till open to the gauges, permitting the gauges to
register system pressures. A system is determined to be properly charged by ensuring that pressure gauge
readings are consistent with manufacturer-specified values. The low and high side measurements help
determine if the proper charge exists with the system operating. Normal pressure readings on an air
conditioning R-22 unit ranges between 65 and 80 ps pressure on the low side, aso called the compound
gauge, and 175 to 350 ps on the high side. The gauges are constructed such that both pressure and
temperature readings can be made smultaneoudy. Each gauge displays the condensing and evaporating
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temperatures on their inner rings and pressures on the outer rings. Manipulation of gauge manifold valves
is also performed to evacuate and charge the refrigeration system.

Figure 2-4. Valve Positions For Full Charge Deter mination

Gauge A Gauge B
Closed Closed

Capped

For Pressure Gauge Reading

Gauge A
Closed

Gauge B Gauge A
Open Open

Gauge B
Closed

|

i <1

Refrigeration

[( # | ~Open
Cylinder

AN
Recovery )

Scale 3  TO——
nit ==———— Scale

For Purging or Removing Refrigerant For Charging Refrigerant

At the start of verification test, the gauge manifold will be installed as shown in Figure 2-5. The entire
refrigeration system will be screened for leaks using a hand held leak detector (described in Section
21.22). If any leaks are found, the GHG Center will record the location of the leaks, and NCSU
operators will fix the leaks. An empty evacuation cylinder, with the capacity to hold 70 Ibs of refrigerant,
will be placed on the 100-1b scale (described in Section 2.1.2.1). The initial weight of the cylinder and
the attached hose will be recorded in log forms.

The system will then be evacuated by removing refrigerant into the empty cylinder. Complete evacuation
of arefrigeration system is time consuming, and can take over an hour for a 75 ton system. To reduce
recovery time, both service valves can be left open and the center opening can be attached to an EPA
certified recovery system, described in Section 2.1.2.3. With the system off, this would alow the
recovery system to remove refrigerant from both the low side and the high side at the same time. This
arrangement is reported to be effective in performing complete evacuation, as required during the
verification test. Once the pressures have equaized on both sides, the remaining refrigerant can be
evacuated by setting the valve position according to Figures 2-4 and 2-5. In this arrangement, the low-
side valve is closed and the high side valve is open, alowing the refrigerant to pass through the high side
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of the manifold and the center port connection. The system will be verified to be completely evacuated
when the refrigerant levels equivdent to the unit capacity (Table 1-3), have been transferred into the
cylinder. The final weight of the cylinder will be measured and recorded. Appendices B-1 through B-3
contain field testing procedures and log forms for evacuating the system.

Figure 2-5. Refrigerant Evacuating
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Prior to charging the refrigerant back into the system, air and moisture will be removed with the use of a
vacuum pump (see Section 2.2.1.4 for description). When air and moisture are completely purged, the
refrigeration system is left under vacuum conditions (about 50 microns Hg). During charging, this
condition enables the refrigerant to freely enter the system due to pressure differences between the
charging cylinder and the refrigeration system.

To charge arefrigeration system, the system is connected to the gauge manifold as shown in Figure 2-6.
The hoses are purged up to the manifold using procedures described in Appendix C-1. Both valves on the
gauge manifold remain open while the compressor is off. When the refrigerant is released from the
cylinder, refrigerant vapor in the cylinder flows into both sides of the system. The refrigerant will stop
flowing when the pressures equalize and no more refrigerant can enter the system. At this point, the high
side manifold valve (Figures 2-4 and 2-6), will be closed to continue the balancing of the vapor charging
through the low side of the system. The scale on which the charging cylinder is resting will be read and
its weight recorded to determine the amount of charge that has entered the system and how much more is
needed. According to ARI, less than 50 percent of the required charge is completed at this stage.
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Figure 2-6. Refrigerant Charging
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The balance of the vapor refrigerant will be charged with the compressor running. This process is slow,
and one recommended method of increasing the charging rate is to add hest to the cylinder. Thisis done
by placing the cylinder on a heating blanket or in awater bath at a temperature not to exceed 120 °F. The
high and low-pressure gauge readings will be watched closely throughout this procedure until the
readings are equivalent to manufacturer-specified levels (Table 1-3). The readings should approach the
required levels as most or al of the refrigerant equivalent to the capacity of the system is transferred. The
final weight of the cylinder will be measured and recorded in log forms. Appendix B-3 contains field
testing procedures and log forms for injecting refrigerant back into the system, and determining the total
charge of the system.

After charging the system, it is necessary to verify that the system is operating normally before monitor
verification testing is initiated. This process is intended to ensure the refrigeration system operating
conditions are consistent between successive lesk detection sensitivity test runs, and that the system is
fully charged per the manufacturer’ s recommendations. The current draw of the compressor, which is a
key indicator of the operating loads, will be measured and verified to be operating at manufacturer-
specified levels (Table 1-3). The compressor current varies with the refrigerant charge in the unit and the
operating pressures. The greater the charge, the higher the current draw. The current draw is less when
the outdoor temperature is cool and the condensing pressure is low. As the temperature rises, the amount
of current the compressor draws also rises (i.e., the compressor works harder because of increased
compression pressure). The current drawn by the compressor will be measured with a probe (Amprobe,
Model RS-3), manufactured by Amprobe Instruments. Comparison of actual current readings with
maximum current rating for the compressor, as specified by the equipment manufacturer, will be made.
The manufacturer-specified ratings (Table 1-3), as shown on the nameplate of each test equipment, state
rated-load amps (RLA) or full-load amps (FLA). Actua current measured should not exceed these
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ratings to prevent compressor overheat or burnout. Amprobe operating instructions are documented in
Appendix C-3.

2.1.2. Refrigerant Leak Detection Sensitivity testing

After the system is verified to be charged and operating according to manufacturer’s recommendations,
leak detection sengitivity testing will be initiated. To perform this test, it will be necessary to have the
compressor running while the refrigerant withdrawals are occurring. This will be accomplished by
physicaly disabling the automatic thermostatic controller which determines whether the compressor turns
on or off, and overriding this with manual control. NCSU operators will then be able to manually turn the
compressor system on when needed (note the design of each system is such that it will operate at full load
conditions). During the test, measurements of system operating conditions (e.g., pressures, temperatures,
current draw) will be made at the beginning and end of each test run to ensure the system was operating
under reasonably similar conditions throughout the test runs.

The equipment and procedures to be used for withdrawing refrigerant for leak sensitivity determination
will be similar to the procedures described in Section 2.1.1 for evacuating the system. The vave
positions will be similar (i.e., low side valve will remain closed and the high side valve will remain open).
A recovery unit will not be required and a pre-weighed, smaller test cylinder (30 Ib capacity) will be used.
The test cylinder will be evacuated, and will remain in dightly negative pressure during the first few
withdrawals. With the arrangement shown in Figure 2-5, vapor refrigerant will flow from the hose into
the test cylinder due to pressure differentials in the canister and the high-pressure line. The control of
refrigerant flow into the cylinder will be performed using a needle valve on the gauge manifold system,
which alows precise control of relatively small amounts of refrigerant at the target withdrawal rates listed
in Table 2-1. At the conclusion of each withdrawal, the weight of the test cylinder will be measured, and
the system will be allowed to stabilize for 5 minutes. If the SGM aarms, the test run will be concluded,
and leak detection sensitivity will be computed for that test run. The refrigerant will then be injected back
into the system using the equipment and valve positions described earlier for charging the system.

If the SGM does not aarm, another withdrawal of target quantity will be made and the cumulative
refrigerant withdrawn will be measured and recorded. The withdrawal process will be repeated until at
least 10 percent of the full charge of the system is removed. If the SGM does not darm at this point, the
test will be concluded. Field testing procedures and the log form for leak detection senstivity
determination are provided in Appendix B-4.

During the leak detection senditivity test runs, key operating parameters of each test system will be
monitored and recorded at a rate of one reading per withdrawal. This includes measurement of suction
and discharge pressures, outdoor temperature, and current draws. The purpose of collecting this dataisto
ensure that the system is operating a similar conditions between test runs, and verification test
conclusions are based on the refrigerant withdrawal activities and not significant changes in compressor
operation. A log form for documenting compressor operating parametersis provided in Appendix B-4.

2121  Scde

A digital scae, manufactured by Digimatex, will be used to measure the total charge of each test system
and refrigerant withdrawal amounts during leak detection sengitivity testing. The maximum rated
capacity of the DI 28 S-S mode is 100 pounds, and the rated accuracy is + 0.02 percent of reading and
0.005 Ib display error. The manufacturer’s precision (repeatability) specification is + 1 digit or £ 0.02 |b.
The scale to be used for the verification has been reconfigured to a 0.01 Ib resolution for more accurate
refrigerant weighings. It is recommended, however, that the repeatability remain at + 0.02 |b based on

2-12



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

initial testing of the scale conducted at the GHG Center laboratory using NIST traceable weights. Its
platform sizeis 13" x 17” x 3" (L x W x H), and is large enough to alow the 100-Ib capacity refrigerant
cylinder to remain in an upright position (Figure 2-7). It is battery powered and meets or exceeds Class
1l and OIML standards. Detailed operating procedures are well documented in the manufacturer’s
operating manual, and will not be repeated here. The manua will be made available during field testing.

The scae will be newly purchased for this
verification, and will be factory calibrated prior to : _ i i

shipment. A calibration certificate will be obtained Figure2-7. Digital Scale
from the manufacturer. Calibrations are performed
using test weights that are traceable to the National
Ingtitute of Standards and Technology (NIST)
through the North Carolina Depatment of
Agriculture.  Scale readings, before and after
calibration, will be provided at the following applied
loads: 5, 10, 15, 20, 25, 30, 50, 75, and 100 Ibs. The
GHG Center will review these calibration records to
ensure the scale met the accuracy ratings.

During the test, accuracy determination for the scale
will be performed before each test run at each unit
using NIST traceable calibration weights. The
standard test weights will span the range of the scale
(5, 10, 15, 20, 25, 30, 50, 75, and 100 Ibs).  Each of
the sca€'s responses to the test weights must be
within the accuracy specification (+ 0.02 percent of
reading and + 0.005 Ib) for the scale to meet the
accuracy requirement. Precision will be verified by
two replicate weighings of four test weights at the
end of each test run. Further discusson of data
quality requirements and procedures is provided in
Section 3.0

21.22. Refrigerant Leak Detector

A refrigeration or air conditioning system can leak at any place in the closed system. Examples include
new copper tubing, compressor seals, vaves/fittings, metering devices, and electrical termina plates.
According to ARI, the most common sources of leaks are caused by field instalation of tubing,
accessories, and replacement parts. Other sources of leaks are compressor service valves (e.g., two-way
ball valves, Schrader valves), sight glass, and driers. The Clean Air Act, as enforced by the EPA, requires
that al leaks be repaired. For the SGM verification, any existing leaks will be identified and eliminated
to ensure accurate measurement of the test system’s full charge and charge withdrawals.

An electronic leak detector, manufactured by Robinair (Model 16500) will be used to leak test the entire
system prior to initiating testing. The lesk detector identifies the type of refrigerant detected, and
complies with ASHRAE Standard 15-1992, which requires the use of an instrument of this type where air
conditioning and refrigeration systems are installed. The lesk detector has a visble darm and LCD
readout showing the actual gas concentration. The pump located in the handle draws air directly to the
sensing tip, and no calibration is required. It is battery operated, and has both visua and audible signals
which increase in frequency as the leak source is approached. Once a refrigerant leak is isolated, NCSU
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operators will fix the leaks, and verify their repair during normal operation, before testing resumes. The
leak detector will be used as a screening device only, and will not require field calibration. However,
manufacturer recommended startup and check-out procedures will be provided during field testing as a
handbook to the test personnel.

21.23. Refrigerant Recovery Unit

The recovery unit used to evacuate the system will . ) )
be the same as or equivaent to the unit shown in ~ Figure2-8. Refrigerant Recovery Unit
Figure 2-8, manufactured by Robinair (Mode . P

25200A). It is a compact, heavy duty recovery unit (Source: Robinair)
for high and medium pressure refrigerants such as
those used in the verification. It is equipped with
an oil-less compressor which does not require an
oil change, thus eiminating the risk of cross-
contamination between different refrigerants and
oils. It is equipped with recessed, quick connect
fittings to reduce refrigerant loss during hose hook-
up and disconnecting steps. The recovery unit is
hooked to a refrigerant cylinder (100-1b capacity)
as shown in Figure 2-5, and is capable of
recovering vapor from the high side (0.4 to 0.6
Ibs/min) or low sde (5 to 7 Ibs/min). Operating
procedures and quality control checks for the
recovery pump ae well documented in the
manufacturer’s operating manual, and are not
repeated here. Thismanua will be made available
and used by NCSU operators during the test.

21.24. Vacuum Pump

The vacuum pump to be used will be the same as or

equivalent to the unit illustrated in Figure 2-9, and is Figure 2-9. Vacuum Pump
(Source: Robinair)

manufactured by Robinair (Model 15400). The vacuum
pump uses a thermistor vacuum gauge which allows
pressure measurements to be made in microns of Hg. A
micron of Hg is an industry adopted measurement method
to read pressures below 29.5 inches Hg on the compound
gauge. A micron is a unit of linear measure, which is
equivalent to 1/25400 of an inch and is based on
measurement above total absolute pressure, as opposed to
gauge pressure.  The procedures to be followed for
ensuring complete purge of air and moisture content are
provided in Appendix C-2. An operations manual will be
made available to al personnel during field testing.

2.1.25. Ambient Measurements

Outdoor temperature and humidity measurements will be conducted to assess the consistency of ambient
conditions during individua test runs. Building air conditioning demand, and the resulting load on the
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refrigeration equipment, could change with changing ambient conditions. These are not critica
measurements, but may be used to diagnose trends seen in the test data.

The instrument is an integrated temperature/humidity unit (Vaisala Model HMP 35A). It will be located
in close proximity to the air intake of the condenser. The integrated temperature/humidity unit uses a
platinum 100 ohm, 1/3 DIN RTD (resistance temperature detector) for temperature measurement. Asthe
temperature changes, the resistance of the RTD changes. The integrated unit uses a thin film capacitive
sensor for humidity measurement. The dielectric polymer capacitive element varies in capacitance as the
relative humidity (RH) varies, and this change in capacitance is detected. The response time of the
temperature and humidity sensors is 0.25 seconds. Its rated accuracy is + 2 °F for temperature and + 3
percent for RH. It will be wired to a Campbell data logger, whose content will be downloaded to a
laptop computer. The instrument will be factory calibrated to NIST traceable standards for accuracy.
Cadlibration certificates indicating conformance to these standards will be obtained from the laboratory
and reviewed. QA/QC procedures for the operation of this instrument in the field are included in Section
3.1.1 and Appendix C-7. The temperature QC checks will consist of comparing the outdoor temperature
readings with an independent co-located thermocouple instrument. Comparison of RH data with RH
observed by the National Weather Service at the Raleigh-Durham International Airport (RDU) will
provide a reasonabl eness check.

2.2. ESTIMATED POTENTIAL REFRIGERANT SAVINGS AND POTENTIAL COST SAVINGS

Operators of refrigeration equipment rely on different inputs to warn of excessive refrigerant loss. In
extreme cases, equipment failure or product loss is the first indicator that refrigeration systems require
maintenance. More commonly, operators rely on maintenance records and/or regularly scheduled
inspections to indicate when systems require a refrigerant addition, and when excessive charge loss is
occurring.  To support wise purchase decisions, operators of refrigeration systems will likely want to
know if the SGM can provide potentia financial or other benefits compared to currently used methods for
detecting refrigerant loss. Both the operator and environment would benefit if the monitor can reduce the
amount of refrigerant leaking into the atmosphere. This could occur if the SGM warns of losses more
rapidly than currently used detection methods and if system operators immediately respond to SGM aarm
conditions.

To assess this issue, the GHG Center will estimate potential refrigerant savings associated with the use of
the SGM. This will be accomplished by comparing the minimum refrigerant loss detectable by the
monitor (determined as described above), with refrigerant losses and outcomes occurring under routine
ingpection programs. To avoid the cost and time required to determine the sendtivity of routine
ingpection programs, the GHG Center will use historical data maintained by NCSU. Operational records
for the test systems and other similar equipment installed at the NCSU campus will be used in the
verification. Specifically, electronic records documenting the results of routine inspections (dates of
inspections, if refrigerant was added, amount of refrigerant added, the lesks located) are available for a
minimum of 3 years of operation. Based on these data, the amount of refrigerant lost between charges
will be determined and compared to the minimum loss detectable by the SGM. The difference between
these two numbers will represent an estimate of the refrigerant savings or emission reductions attributable
to the monitor. The cost savings associated with refrigerant savings will be estimated and reported, based
on current national average market prices for refrigerant.

Refrigerant savings is defined as the average annua pounds of refrigerant that could potentially be saved
using an SGM, and cost savings are defined as the cost of that refrigerant. In order to develop annual
savings estimates, historical records of refrigerant recharge are used. Fortunately, the NCSU facilities
operators have maintained electronic records since the test systems were installed in 1997 at the
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Centennial Campus. Historical records for other similar systems of equivaent size and capacity are also
available, and NCSU has agreed to provide these historical data for this verification, which includes:

Quarterly records of inspections performed on each system
Date, unit ID
Refrigerant capacity
Type of maintenance performed
Records of repair orders issued

Records of repairs performed on each system
Date
Fill amounts

Operating Schedule
Y ear-round, days only, weeks only
Annual operating hours logged

Based on the review of historical data, the amount of refrigerant lost between charges will be determined
and compared to the leak detection sengitivity measured for the SGM. The difference between these two
numbers will be used to estimate refrigerant savings attributable to the monitor. Cost savings will be
determined by multiplying the estimated refrigerant savings with current cost of refrigerant (North
Carolina Available data: R-22 $3.75/1b; R-12 $34.13/Ib; R-502 $31.69/1b).

The GHG Center recognizes that several factors may contribute to uncertainties in the historical data and
thus, in this evaluation. Examples of confounding factors include (1) refrigerant service provider
rounding-off the amount of refrigerant added, (2) pressure gauge or other instruments used to monitor
charge loss and amount added could have malfunctioned, (3) gauge manifold and other charging
equipment were not completely screened for leaks, (4) data transcription errors occurred, and (5) the
weighing scale was not calibrated. It is also possible that system operators would not respond to SGM
alarms in a timely fashion, thereby not realizing the full potential savings, or that they would simply
recharge a system without performing repairs. It is beyond the scope of this verification to quantify all
the uncertainties associated with each factor. The GHG Center will make every attempt to obtain
historical data for a minimum of 3 systems similar to the size tested in the verification. This data will
provide a range of potentia savings estimates to be developed for a number of smilar systems, and the
Verification Report will note the various confounding factors.

2.2.1. Example Potential Savings Calculations

As an example, historical maintenance and repair records for four air conditioning systems identical to the
roof-top test unit were obtained and analyzed. Figure 2-10 illustrates the results of quarterly inspections
and repairs for one of these systems (Unit ID 798). Examination of the sample data shows that the
refrigerant lost is due to small or fugitive leaks; the recharge requirements are a fraction of the system’'s
capacity. Catastrophic failures usualy result in the loss of the entire system charge and system shutdown.
Such catastrophic losses will not be considered here because the SGM is designed to detect smal or
fugitive leaks. For this unit, refrigerant was added two times in each operating year since the unit was
installed in 1997. Using normal maintenance practices, a total of 22.9 Ibs of refrigerant was added in a
period of 3 years.

If the unit was installed with a SGM, refrigerant savings could result through continuously monitoring the

system for low charge levels and taking corrective actions to repair the leaks. Two assumptions will be
made to estimate refrigerant savings with the SGM:
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(1) SGM darms haf-way between two successive inspections (one of which found no leaks and
the other detected low charge levels which was repaired during that inspection), and

(2) low charge condition detected by the SGM isimmediately repaired, rather than wait for next
scheduled inspection.

For example, in the 1997 operating year, the first quarterly inspection did not reveal low charge levels.
However, 1.5 Ibs of refrigerant was added during the second quarter’s inspection. If the SGM had been
monitoring the same system, the low charge conditions would have been detected sometime between the
two inspection periods. |f an operator fixed the leak immediately upon receiving an alarm by the SGM,
an edimated savings of 0.75 |b of refrigerant would have occurred. This represents the difference
between 1.5 Ibs with the conventional practices and an estimated minimum detection level of 0.7 Ib with
the SGM.

Applying this analytical approach for the 3 years of operation, atotal potential refrigerant saving of 22.10
Ibs is estimated for Unit 798. Annually, thisis equivaent to average savings of 7.4 lbslyr (22.10 divided
by 3 years).

Figure 2-10. Examplelllustrating Refrigerant Savings Calculations

(Unit 798)
Quarterly Inspection Approach

4—— 1997-1998 » 1998-1999 ————— | ¢—— 1999-2000 — P
[ | | | | | | | |

<
Ll b
| ] ] ] I
Insp. 1 Lnsp. 3 . Lnsp. 2 Lnsp. 4 Lnsp. 2 Lnsp 4

Continuous Sight Glass Monitoring Approach

Savings= Savings= Savings= Savings= Savings= Savings=
(15-7) = (82-7) = (22-7) = (1.9-7) = (7.2-7) = (5.4-7) =
0.751b 7.51b 1.501b 1.201b 6.50Ib 4.70lb

Total Refrigerant Savings = 22.101bs
Annua Average Refrigerant Savings = 22.10/ 3 = 7.4 |bgyr

Annual average refrigerant savings will be computed in a similar manner for the remaining systems where
maintenance and repair records are available. Table 2-3 summarizes hypothetical annual average savings
for the four identical roof-top air conditioning systems. Actua savings will be computed during the
verification, once NCSU makes records available.
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Table 2-3. Hypothetical Annual Average Refrigerant Savings and Cost Savings for
Multiple Roof-Top Air Conditioning Systems

: : : Unit 801
Unit 798 Unit 799 Unit 800 (Test System)
Total Refrigerant 221 105 29 19.6
Savings (Ibs)
Annual Average 7.4 35 10 6.5
Refrigerant Savings
(Ibslyr)
Annual Average 2 10.5 3 195
Cost Savings (%)
Conclusion: Continuous monitoring with SGM can result in annual refrigerant savings of 1.0 to 7.4
Ibslyr, provided leaks are repaired immediately after the monitor alarms

2.3. KMC SIGHT GLASS MONITOR COSTS

KMC has prepared ingtalation and operating instructions for the SGM. The monitor and its controller
will be ingtdled by NCSU operators, with supervision and guidance provided by KMC engineers. The
SGM is ingdled on the system sight glass. KMC engineers have determined the factory-specified sight
glass locations are adequate for the SGM. They have, however, requested that the refrigerant line for
horizontally oriented sight glasses be repositioned such that the sight glasses are vertical, with refrigerant
flow from the bottom to the top of the sight glass. This will aid in clearing bubbles from the sight glass
and optimize SGM performance. NCSU operators made the necessary modifications in the existing
liquid lines to install new sight glasses and to change the line orientation as needed at the roof-top and
chiller units. The factory-installed sight glass on the supermarket type unit is in brand new condition and
is in a satisfactory location for the tests. The GHG Center personnel were on-site throughout the
installation and shakedown process, and have documented any modifications made or difficulties
encountered. The GHG Center will also document key decisons made regarding placement of other
equipment and power supplies.

Capita cost and installation costs of the SGM will aso be verified for each test system. Capita costs will
be verified by obtaining cost data from KMC for the SGM and KMDigita Controller, and other
equipment consumed during installation. Examples include additional sight glass, electrica wires, and
other equipment. Ingtalation costs will be verified by documenting the total labor hours expended for
installing the monitor and its controller and re-locating the sight glass (if required). A cost summary
table, similar to the example shown in Table 2-4, will be prepared.
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Table2-4. Examplelllustrating Documentation of SGM Costs
Roof-Top Air . . Super market
Conditiopning Recc|:phr.ocat|ng Refprigeration Sour ce of Data
iller
System System
Capital Equipment Costs:
Sight Glass Monitor TBD TBD TBD KMC
KMDigital TBD TBD TBD KMC
Controller
Cost of new sight TBD TBD TBD KMC/NCSU
glass and related
material (if required)
Miscellaneous TBD TBD TBD NCSU
electrical wiring,
power source
Installation Costs":
Labor hours — SGM TBD TBD TBD NCSU
Labor hours — TBD TBD TBD NCSU
KMDigital
Controller
Labor hours — Add TBD TBD TBD NCSU
new sight glass
 Industry average labor rate of $40 / hr will be used
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3.0 DATA QUALITY

3.1 DETERMINATION OF DATA QUALITY OBJECTIVES AND DATA QUALITY INDICATORS

In verifications conducted by the GHG Center and EPA-ORD, measurement methodologies and
instrumentation are selected to ensure that desired level of data quality occurs in the final results. Data
quality objectives (DQOs) are stated for key verification parameters before testing commences. These
objectives must be achieved in order to draw conclusions from the measurements with the desired level of
confidence. The process of establishing DQOs starts with determining the desired level of confidence in
the verification parameters. The next step is to identify all measured values which affect the verification
parameters, and determine the levels of error which can be tolerated. This section discusses derivation of
the DQOs for critical verification parameters, followed by a discussion of the Data Quality Indicators
(DQIs) that will be used to determine if the DQOs were met.

3.1.1. Leak Detection Sensitivity

Leak detection sengitivity is the ratio of the “cumulative refrigerant withdrawn at the point of alarm”
divided by the “full charge of the system” times 100. The testing approach specifies repeated
measurements to develop a mean leak detection sensitivity for each of the three test units being evaluated.
Individual measurements will vary about that mean according to the standard deviation of the individua
measurements.

Leak detection sensitivity will be measured by weighing incrementa refrigeration losses and total unit
charges and, as such, errors in the measurement of weight will significantly impact the quality of the data
used to determine this verification parameter. The discussion in Section 2.1 illustrates the chain of
calculations performed to assess the effects of scale accuracy on leak detection sensitivity determinations.
They show that, for the larger units, if these errors occur for a 1.00 percent leak detection sengitivity, the
calculated and reported value could be 0.980 percent [100*(0.686/70.032)]. This is 0.02 percent lower

than the true value of 1.00 percent, and represents a 2.00 percent error in the determination of leak
detection sensitivity.

For the smaller supermarket type unit, the leak detection sensitivity calculated and reported would be
0.911 percent [100*(0.146/16.021)], which is 0.089 lower than the true value of 1.00 percent. This
represents about a 10 percent error in the determination of leak detection sensitivity.

Considering the calculations above, two different DQOs are selected for leak detection sensitivity based
on the test unit size. The DQOs are specified as a percent of the measured lesk detection sensitivity: + 2
percent for the smal unit and + 10 percent for two large units.

Number of Tests Per Refrigeration Unit:

As discussed in Section 2.1, individua test results will fall within a range of vaues (confidence interval)
around the mean of dl test results. The GHG Center must strike a balance between determining a
reasonable confidence interval and conducting a verification test that all can afford.

Based on the GHG Center's extensive experience in testing industrial equipment under actual field

conditions, it is reasonable to expect 90 percent of the observed test results to fall within 0.30 times the
mean; for example, if the mean lesk detection sensitivity is 1.00 percent, 90 percent of the test results

31



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

should be between 0.70 and 1.30 percent. This range, or confidence interval (defined as e in Section 2.1)
will be used to determine the number of tests to conduct on each unit, and will also be used to define the
completeness DQO for lesk detection sengitivity. Test runs will be repeated until the value for e is less
than 0.30 times the mean leak detection sengitivity. If this cannot be achieved, significant variability will
be indicated, and the GHG Center will stop testing after 5 vaid runs have been completed.

The following table summarizes the leak detection sensitivity and completeness DQOs.

Table3-1. Data Quality Objectives

Refrigeration Unit Description | Error asPercent of Leak Detection
Sensitivity (%)

Roof-top A/C or Chiller + 2

Supermarket Type +10

Data CompletenessDQO
Test runs must be repeated until 90 % of observed values are within 0.30
times the mean leak detection sensitivity OR amaximum of 5 vaid test
runs are executed

It can be seen from the discussion in Section 2.1 how these DQOs are linked to assumptions of scae
performance, and as described below, how actual measurements of scale accuracy collected in the field
will be used to determine how close the GHG Center came to accomplishing the origina DQO.
Measurements of scale precision will provide additional information on the quality of the final results.

To maintain data quality, and to help determine if the GHG Center has achieved the DQOs specified
above, DQIs have been established and the GHG Center will measure scale accuracy and precision in the
field. The scale will be newly purchased for this verification, and will be factory calibrated to NIST
traceable standard weights prior to shipment. During the field test, the sca€'s performance will be
routinely determined using the following NIST traceable standard masses: 5, 10, 15, 20, 25, 30, 50, 75,
and 100 Ibs. Prior to each test run, the test operator will challenge the scale with each weight and log the
display reading on field data log forms. If the deviation of the display readings is within specifications
for each of the test weights (i.e., within 0.02 percent of the standard mass, and + 0.005 Ib display error),
the scale accuracy will be deemed satisfactory and testing for that run will proceed. If not, the scale will
be repaired or replaced.

Precision will be verified in the field, at the end of each test run, by performing replicate weighings using
four NIST traceable standard calibration weights. For example, if extractions from the small supermarket
type unit are being weighed, the four weights will be selected based on weights encountered during the
test run, and since testing on the small unit should produce weights ranging from 10 to 15 Ibs, 5, 10, 15,
and 20 |b test weights would be used. Each of these four weighings, repeated twice at the end of each test
run, must produce vaues that are within 0.02 Ib of the NIST weight or the scae will be repaired or
replaced, and the test run repeated.

Quantification of these DQIs during the testing program will alow the GHG Center to monitor the actua
quality of the measurements data collected, and will be used to report how close the GHG Center came to
achieving the original DQO.

Table 3-2 provides the scale's specifications and DQI goals. Table 3-3 lists calibrations and QC checks
that will serve as a direct means of monitoring and quantifying testing and analysis errors, and
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determining if the stated DQI goals are met. For example, if the scale fulfills the field verification with
NIST traceable standard weights, this implies that the scale meets the accuracy specifications listed in
Table 3-2 and its performance will be sufficient to meet the leak detection sensitivity DQO.

Table 3-2. Measurement Instrument Specifications and Data Quality Indicator Goals

M easur ement Instrument Type/ Instrument Range I nstrument Specification How verified /
Variable M anufacturer determined
Full charge and Digi Model DI-28, 0to 100 Ibs Accuracy + 0.02 % of reading | Factory calibration
refrigerant S-SL Bench and £+ 0.005 Ib Fidd verification
withdrawal display error
measurements Precision +0.021b Replicate weighings

Achieving the DQI goals will require GHG Center personne to follow the QA/QC procedures discussed
in Section 2.0 and Appendices B and C. A summary of the QA/QC checklist is provided in Table 3-3,
and will serve as the basis for determining if the DQI goas were met. Determination of accuracy,
precision, and completeness calculations will be performed by the GHG Center Field Team Leader during
testing. QA/QC checks for other instruments, which will be used to verify stable operation of the test
system, are aso included in this table. The GHG Center Field Team Leader will have the specific
responsibility for quality assurance of the on-site field testing. The DQI goals will be determined to be
met, provided the accuracy, precision, and completeness achieved are within the levels specified in Table
3-2. If the DQI goals are not met, the Field Team Leader will have the authority to halt testing until the
measurement system is corrected and proved to meet the required DQI goals.
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Table 3-3. Summary of QA/QC Checks

Response to Check
M easurement When Expected or Allowable )
Variable QA/QC Check Performed/Frequency | Result Failure or OuF .Of
Control Condition
Instrument calibration Prior to verification Accuracy + 0.02 % of Ideg’lufy cal(ste of :(n:ty
by manufacturer testing reading and £ 0.005 Ib probiem and correct, or
replace scale
Precision Check End of each lesk —_ Identify cause of any
. . o R hings + 0.02
Scales (proceduresin detection sensitivity test Ibepeated weighings+ 0.0 problem and correct, or
Appendix B-2) run replace scale
Field verification with Beginning of each leak Perform manufacturer
standard weights d:tg o ongsensi tivity test Accuracy + 0.02 % of recommended span
(proceduresin un Y reading and + 0.005 Ib checks, identify cause of
Appendix B-2) any problem and correct
Beginning of test on System should be leak tight | Fix lesk, use another
each system and purged of air gauge manifold
Gauge I(niil(laztl:(r)g(ijnperatlon Hose and other accessories
Manifold p ) connected to the cylinders
Appendix C-1) N must bein identica
During testing position during esch Repeat test run
weighing such that scale
readings are stable
Mfg. instrument Within 12 months prior Temp: £ 0.2°F; RH + 3%
Ambient calibration to verification testing T B |dentify problem causes;
H 0 H dJ
Temperature One-Point temperature Once per test day * 2 °F when compared with Repair/replace sensors or
and Relative check colocated thermocouple datal oggers as required
Humidity Relative Humidity . * 15 % RH when compared
- Twice per test day ;
comparisons with RDU data
Refrigerant Identify cause of an
Line Mfg. Instrument Prior to verification Temp + 0.2 F robler¥1 and corr ectyor
Temperature calibration testing p=0. P '
Sensors replace sensor

The scae will be factory cdibrated prior to testing. The GHG Center will review the cdibration
certificates and NIST traceability records to ensure the accuracy and precision goals defined in Table 3-2
were achieved. In addition, manufacturer-specified installation and setup procedures and QC checks will
be followed in the field. An operator’s manual will be made available to al personnel during testing.

3.1.2. Potential Refrigerant and Cost Savings

Potential refrigerant savings estimates are based on measured leak detection sensitivity and annual
refrigerant loss. Cost savings is simply the national average cost for one pound of refrigerant multiplied
by pounds of refrigerant saved. The data quality of leak detection sensitivity will be well characterized,
as discussed above, and will be a function of the performance of weight measurements. The national
average cost factor for refrigerants used in the test units will be obtained from published data, and will be
assumed to be accurate. However, the historical data used to estimate annua refrigerant loss for the test
systems will be unknown quality. As discussed in Section 2.3, several factors contribute to uncertainties
associated in the historical data including inaccurate measure of refrigerant added, not achieving full
charge after servicing equipment, leaks in system or gauge manifold, and data entry errors. As aresult, it
will not be possible to establish accuracy and precision goals for refrigerant savings estimate.
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One method of improving data quality of refrigerant and cost savings estimate is to examine historical
records for multiple units, preferably by multiple operators. The GHG Center has made severd attempts
to obtain historical records from several operators, who maintain records of multi-year refrigeration
charging activities for systems that are of the same size and type as the test units. Unfortunately, many
operators were reluctant to share such data. One group offered to share their operational data however,
their records were not organized in a readily useable form. This prevented the GHG Center from cost-
effectively identifying and gathering historical data on systems similar to the test units. As discussed
earlier, the host site maintains multi-year maintenance and repair records for the test units. Refrigerant
and cost savings will be computed for these units. The site has aso offered to locate other similar
equipment whose data are stored in electronic databases. As aresult, it is expected historical data for a
minimum of three separate refrigeration and air conditioning units will be obtained and analyzed, and will
enable broad characterization of refrigerant fill records. The GHG Center will review the historical data,
and identify potential outliers or invalid data. The Verification Report will identify al vaid data used in
forming conclusions on refrigerant savings.

3.2. INSTRUMENT TESTING, INSPECTION, AND MAINTENANCE REQUIREMENTS

The equipment used to collect verification data will be subject to the pre-and post-test QC checks
discussed earlier. Before the equipment leaves the GHG Center or NCSU, each piece of equipment will
be assembled exactly as anticipated to be used in the field and fully tested for functionality. For example,
all gauges, hoses, data logger, instruments, and other sub-components of the entire measurement system
will be operated and calibrated as discussed earlier. Any faulty sub-components will be repaired or
replaced before being transported to the test unit. A small amount of consumables and frequently needed
spare parts will be maintained. Major sub-component failures will be handled on a case-by-case basis
(e.g., renting replacement equipment, buying replacement parts).
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4.0 DATA ACQUISITION, VALIDATION, AND REPORTING

4.1. DATA ACQUISITION, REVIEW, VALIDATION, AND VERIFICATION

During field testing, the Field Team Leader will maintain written records of al verification test results
and QA/QC activities in log forms provided in Appendices B-1 through B-4. He will log the refrigerant
leak screening, scale field calibration checks, scale precision checks, full charge determination, and leak
detection sensitivity on the appropriate field data forms. He will aso operate the temperature/humidity
instrument and observe NCSU's refrigerant withdrawals and rechargings. After the completion of the
control test, he will transfer all field data log forms, data disks, and field notes to the Project Manager.
The Project Manager will interact with the Field Team Leader to ensure that DQI goals are met, and that
the appropriate actions are taken if QA results are not consistent with stated goals.

The manually recorded information will be maintained in labeled three-ring binders at the GHG Center’s
facility per guidelines described in the GHG Center's QMP. In addition, al data disks, instrument
caibration and/or certification records associated with the ambient temperature and RH instruments,
documentation for the scale and its NIST traceable test weights, the refrigerant withdrawa system
manual, and other test equipment documentation will be maintained at the GHG Center facility as
described in the QMP under the oversight of the Project Manager.

The Project Manager holds overall responsibility for review, vaidation, and verification.
Data review and validation will primarily occur at the following stages:

On-site following each test run — by the GHG Center Field Team Leader

On-site following completion of testing — by the GHG Center Field Team Leader

Before writing the draft Verification Report — by the GHG Center Project Manager

During QA review of the draft Verification Report and audit of the data — by the SRI QA
Manager

Upon review, dl data collected will be classified as either valid, suspect, or invalid. The criteria used to
review and validate the data will be QA/QC criteria discussed in Sections 2.0 and 3.0 and specified in
Table 3-2. In general, valid results are based on measurements meeting DQOs, and that were collected
when an instrument was verified as being properly calibrated.

Often anomalous data are identified in the process of data review. All outlying or unusua values will be
investigated in the field as they are discovered. Anomalous data may be considered suspect if no specific
operationa cause to invalidate the data is found. All data, valid, invaid, and suspect, will be included in
the Verification Report. However, report conclusions will be based on valid data only. The reasons for
excluding any data will be justified in the report. Suspect data may be included in the analyses, but may
be given special treatment as specifically indicated. If the DQI goas or DQOs cannot be met due to
excessive variability in leak detection sengtivity, the data will be presented to the Project Manager.
Based on this, a decision will be made to ether continue the test, collect additional data, or terminate the
test and report the data obtained.

GHG Center personnd will perform the appropriate data reductions and calculations, based on the

equations discussed in Section 2.0. Results of calculations will be presented in the Verification Report in
table, chart, or text format asis suited to the data type.
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Those individuas responsible for on-site data review and validation are noted above. The SRI QA
Manager reviews and validates the data and the draft Verification Report using the Test Plan and test
methods. The data review and data audit will be conducted in accordance with the GHG Center's QMP.
The procedures that will be followed are summarized in Section 4.3.

4.2. RECONCILIATION WITH DATA QUALITY OBJECTIVES

The DQOs for leak detection sensitivity determination were defined in Section 3.1. The reconciliation of
the results with the DQO will be evaluated using the DQI process. When the primary data is collected,
the data will be reviewed to ensure they are valid and are consistent with what was expected. 1n addition,
the data will be reviewed to identify patterns, relationships, and potentia anomaies. The quality of the
data will be assessed in terms of accuracy, precision, and completeness as they relate to the stated DQI
goas. If test data show that DQI goas were met, then we can conclude that DQOs were achieved
because of, for example, the direct link between the scale accuracy and the leak detection sensitivity DQO
described in Section 3.0. It will be reasonably easy to show achievement of the DQIs during field testing
because verifications, QC checks, and calibrations will be performed on-site.

The Field Team Leader must evaluate attainment of the DQI goals by analyzing the test data as described
in Sections 2.1 and 3.1 during field testing. Thiswill allow him to decide when to conclude testing and if
data quality issues are occurring that require action prior to the completion of testing. Following the field
test, the fina statistical analysis and evaluation of the tests' standard deviations and confidence intervals
will be done by the Project Manager as a part of the data analysis and reporting phase of the verification.

Achievement of the leak detection sensitivity DQO requires that the scale meet the accuracy specified in
Table 2-2. The GHG Center expects the scal€'s accuracy to conform to this specification; this will be
verified in the field by a nine-point challenge of the scale with NIST traceable test weights prior to the
first test run at each unit. It should be noted that, with the data planned for collection, the GHG Center
has the option of using the nine-point check as a run-specific field calibration for correcting weights
measured by the scale. In this case, a calibration curve would be constructed by developing a linear
regression of the scale's display reading compared to the test weights actual masses (as noted on the
weight’s NIST traceable calibration certificate). This regression could be performed over the full range of
weights tested or, over more narrow ranges if more weight-specific scale performance datais desired. For
example, a curve between 0 and 20 Ibs could be developed if scae accuracy is non-linear between 10 and
100 Ibs. The GHG Center would require the curve's R? value be greater than or equal to 0.990 or it
would not be used. The regression equation may be used to determine actua error achieved in the leak
detection sengitivity measurements.

This DQO also requires that the scal€’s precision conform to the specifications in Table 2-2. Because of
this parameter’ s importance to this DQO, if the scale does not achieve the required + 0.02 Ib repeatability
at any point, it will be repaired or replaced.

Achievement of the completeness DQO requires calculation of the standard deviation and the 90 percent
confidence interval about the mean leak detection sensitivity after a series of test runs. If the confidence
interval is less than or equa to 0.30 times the mean, the Field Team Leader may choose to terminate
testing at that unit. If the standard deviation is too large and the resulting confidence interval is greater
than this value, additional test runs will be conducted up to a maximum of five test runs.

If aDQI is not met, and if re-analysis, retesting, or reconciliation is not possible or convincing, then the

Project Manager will report the best available data as gathered with the notation that the applicable DQO
was not achieved. Results from verification testing will be presented in a Verification Statement and
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Verification Report as described in Section 4.4.4. All data and analyses performed will be transparent in
the final Report and Statement. In addition, potentia limitations in the use of the data will be discussed,
and corrective actions taken in the field and their impact on data quality will be discussed.

4.3. ASSESSMENTS AND RESPONSE ACTIONS

The quality of the project and associated data are assessed within the project by the Field Team Leader,
Project Manager, SRI QA Manager, GHG Center Director, and technical peer-reviewers. Briefly, the
Project Manager reviews the Field Team Leader’ s assessments and responses; the QA Manager reviews
the Project Manager's and Field Team Leader’'s work, and the GHG Center Director maintains an
oversight role for all activities. Assessment and oversight of the quality for the project activities are
performed through the review of data, memos, audits, and reports by the Project Manager and
independently by the SRI QA Manager.

The effectiveness of implementing the Test Plan are assessed through project reviews, in-phase
inspections, audits, and data quality assessment.

4.3.1. Project reviews

The review of project data and the writing of project reports are the responsibility of the Project Manager,
who is aso responsible for conducting the first complete assessment of the project. Although the
project’s data are reviewed by the project personnel and assessed to determine that the data meet the
measurement quality objectives, it is the Project Manager who must assure that the overall project
activities meet the measurement and data quality objectives. The second review of the project is
performed by the GHG Center Director, who is responsible for ensuring that the project’s activities
adhere to the requirements of the ETV program. The GHG Center Director’s review of the project will
also include an assessment of the overal project operations to ensure the Field Team Leader has the
equipment, personnel, and resources to complete the project as required and to deliver data of known and
defensible quality. The third review is that of the SRI QA Manager, who is responsible for assuring the
program management systems are established and functioning as required by the QMP and corporate
policy. The SRI QA Manager is the final reviewer within the SRI organization, and is responsible for
assuring that contractual requirements have been met.

The draft Verification Report is then reviewed by KMC, followed by an independent review by NCSU
and selected stakeholders (minimum of two industry experts). The external peer-reviews are conducted
by technically competent persons who are familiar with the technical aspects of the project, but are not
involved with the conduct of project activities. The peer-reviewers present the Project Manager with an
an accurate and independent appraisal of the technical aspects of the project. Further details on project
review requirements can be found in the GHG Center’s QMP.

The draft Verification Report will then be submitted to EPA QA personnel, and al comments will be
addressed by the Project Manager. Following this review, the Verification Report and Statement will
undergo various EPA management reviews, including reviews by the EPA Project Officer, EPA-ORD
Laboratory Director, and EPA Technica Editor.

4.3.2. Inspections

Inspections may be conducted by the Field Team Leader, Project Manager, or SRI QA Manager.
Inspections assess activities that are considered important or critical to key activities of the project. These
critical activities may include, but are not limited to, pre- and post-test calibrations, operation of the data
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collection equipment, sample equipment preparation, sample analysis, or data reduction. Inspections are
assessed with respect to the Test Plan or other established methods, and are documented in the field
records. The results of the inspection are reported to the Project Manager and SRI QA Manager. Any
deficiencies or problems found during the inspections must be investigated and the results and responses
or corrective actions reported in a Corrective Action Report (CAR). This report is discussed in Section
4.4.3.

4.3.3. Audits

Independent systematic checks to determine the quality of the data will be performed on the activities of
this project. These checks will consist of a Performance Evaluation Audit (PEA) and Audit of Data
Quality (ADQ) as described below. In addition, internal quality control measurements will be used to
assess the performance of the anayticd methodology. The combination of these audits and the
evauation of the interna quality control data allow the assessment of the overall quality of the data for
this project.

The SRI QA Manager is responsible for ensuring the audits are conducted as required by the Test Plan.
Audit reports that describe problems and deviations from the procedures are prepared and distributed to
the Project Manager and Field Team Leader. Any problems or deviations need to be corrected. The Field
Team Leader is responsible for evaluating CARs, taking appropriate and timely corrective actions, and
informing the Project Manager and SRI QA Manager of the action taken. The SRI QA Manager is then
responsible for ensuring that the corrective action was taken. A summary report of the findings and
corrective actions is prepared and distributed to the Project Manager and GHG Center Director.

4.33.1. Audit of Data Quality

The ADQ, an important component of a total system audit, is a critical evaluation of the measurement,
processing, and evaluation steps to determine if systematic errors have been introduced. The SRI QA
Manager will review al data quality determinations made by the Project Manager as part of the
independent ADQ and, at that time, the SRI QA Manager will sdect DQI/DQO determinations to
independently verify using field notes, log forms, and other data. Although the SRI QA Manager is not in
the field, the GHG Center believes that this strategy provides for reliable and cost effective data quality
determinations, ensures independent review and confirmation of QA data occurs, and provides adeguate
means to assure real or perceived conflicts of interest do not occur The scope of the ADQ isto verify that
the data-handling system is correct and to assess the quality of the data generated.

The ADQ), as part of the system audit, is not an evaluation of the reliability of the data presentation. The
review of the data presentation is the responsibility of the Project Manager and the technical peer-
reviewer.

4.4. DOCUMENTATION AND REPORTS

During the different activities on this project, documentation and reporting of information to management
and project personnel are critical. The field test documentation will be submitted to the Project Manager.
These documents, other original data, reports, notes, QC documentation, corrective action/assessment
reports, and al other documents will be stored in the project records, as required by the GHG Center's
QMP. To ensure the complete transfer of information to al parties involved in this project, the following
field test documentation, QC documentation, corrective action/assessment reports, and Verification
Report and Statement will be prepared.
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44.1. Field Test Documentation

The Field Team Leader will record dl field activities. The Field Team Leader reviews al data sheets and
maintains them in an organized file. The required test information was described in Section 2.0. The
Field Team Leader will also maintain a field notebook that documents the activities of the field team each
day and any deviations from the schedule, Test Plan, or any other significant event. Any problems found
during testing requiring corrective action will be reported immediately by the field test personnel to the
Field Team Leader through a Corrective Action Report (CAR). The Field Team Leader will document
thisin the project files and report it to the Project Manager and SRI QA Manager.

Following each test run, the Project Manager will check the test results with the assistance of the Field
Team Leader to determine whether the test run met the QA criteria.  Following this review and
confirmation that the appropriate data were collected and DQOs were satisfied, the GHG Center Director
will be notified.

At the end of testing on each equipment, the Field Team Leader will collect dl of the data from the field
team members, which will include data sheets, data printouts, and field notebook. A copy of the field test
documentation will be submitted to the Project Manager, and originas will be stored in the project
records, as required by the GHG Center's QMP.

4.4.2. QC Documentation

After the completion of verification tests, test data, sampling logs, calibration records, certificates of
calibration, and other relevant information will be stored in the project records, as required by the GHG
Center's QMP. Cadlibration records will include information about the instrument being calibrated, raw
calibration data, calibration equations, calibration dates, caibration standards used and their traceahilities,
calibration equipment, and staff conducting the cdibration. These records will be used to prepare the
Data Quality section in the Verification Report, and will be made available to the SRI QA Manager
during audits.

4.43. Corrective Action and Assessment Reports

A corrective action is the process that occurs when the result of an audit or quality control measurement is
shown to be unsatisfactory, as defined by the data quality objectives or by the measurement objectives for
each task. The corrective action process involves the Field Team Leader, Project Manager, and SRI QA
Manager. A written CAR isrequired on al corrective actions (Figure 4-1).
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Figure4-1. Corrective Action Report

Corrective Action Report

Verification Title:
Verification Description:

Description of Problem:

Originator: Date:

| nvestigation and Results:

| nvestigator: Date:

Corrective Action Taken:

Originator: Date:
Approver: Date:

Carbon copy: Project Manager, GHG Center Director, SRI QA Manager, EPA Project Officer
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Since the tasks of this study involve a vaidations process to ensure data quality for the technology being
verified, predetermined limits for the data acceptability have been established in the measurement and
data quality objectives. Therefore, data determined to deviate from these objectives require evaluation
through immediate corrective action process. Immediate corrective action responds quickly to improper
procedures, indications of mafunctioning equipment, or suspicious data. The anaydt, as a result of
calibration checks and internal quality control sample analyses, will most frequently identify the need for
such an action. The Field Team Leader will be notified of the problem immediately. The Field Team
Leader will then notify the Project Manager, who will take and document appropriate action. The Project
Manager is responsible for and is authorized to hat the work if it is determined that a serious problem
exists.

The Field Team Leader is responsible for implementing corrective actions identified by the Project
Manager, and is authorized to implement any procedures to prevent the recurrent of problems.

After technical assessments, the SRI QA Manager will submit the Assessment Report to the Project
Manager and GHG Center Director. The Project Manager will then submit the Assessment Report to the
EPA Project Officer and EPA QA Manager for information purposes.

The results of ADQs conducted by the SRI QA Manager will be routed to the Project Manager for review,
comments, and corrective action. The results will be documented in the project records. The Project
Manager will take any necessary corrective action needed and will respond via the CAR to the SRI QA
Manager. Inspections conducted by the SRI QA Manager will be reported to the Project Manager in the
same manner as other audits. The results of all assessments, audits, inspections, and corrective actions for
the task will be summarized and used in the Data Quality section in the Verification Report.

4.4.4. Verification Report and Verification Statement

A draft Verification Report and Statement will be prepared within 6 weeks of completing the field test by
the Project Manager. The Project Manager will submit the draft Verification Report and Statement to the
SRI QA Manager and GHG Center Director for review. The finad Verification Report will contain a
Verification Statement, which is a 3 to 5 page summary of the SGM description, the test strategy used,
and the verification results. The Verification Report will summarize the results for each verification
parameter discussed in Section 2.0 and will contain sufficient raw data to support findings and alow
others to assess data trends, completeness, and qudity. Clear statements will be provided which
characterize the performance of the verification parameters. A preliminary outline of the Verification
Report is shown below.

Preliminary Verification Report Outline

Verification Satement

Section1.0:  Verification Test Design and Description
Description of the ETV Program
KMC Sght Glass Monitor System Description
Overview of the Verification Parameters and Evaluation Srategies

Section 2.0: Results
Refrigerant Leak Detection Sensitivity
Estimated Refrigerant Savings and Cost Savings
KMC Sght Glass Monitor Cost
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Section 3.0: Data Quality
Section4.0: Additional Technical and Performance Data (optional) supplied by KMC

Appendices.  Raw Verification and Other Data

The Verification Report will then be submitted to KMC for review and, after modifications are made, will
be submitted simultaneoudly to at least two representatives of the GHG Center’s stakeholder groups and
the EPA QA team. When the fina draft Verification Report is prepared, officials from EPA-ORD and the
GHG Center will sign the Verification Statement. The Verification Report and Verification Statement
will be posted on the GHG Center and ETV Web sites, and copies will be distributed to the reviewers.

4.5. TRAINING, QUALIFICATIONS, HEALTH AND SAFETY

The GHG Center’s Field Team Leader has extensive experience (>16 years) in field testing. The Project
Manager has performed numerous field verifications under the ETV program, and is familiar with
requirements mandated by the EPA and GHG Center QMPs. The SRI QA Manager is an independently
appointed individual whose responsibility is to ensure the GHG Center’'s activities are performed
according to the EPA and GHG Center's approved QMPs. The participants working on behalf of the
GHG Center in support of this verification are selected by the GHG Center and evauated by EPA.
Evduation criteria include relevant education, work experience, and experience in quality management.
These qudifications are documented in project personnel resumes and files, as required by the GHG
Center’s QMP. Each field crew member will be thoroughly familiar with this Test Plan, the measurement
equipment, procedures, and method for their assigned jobs.

The activities performed by GHG Center personnel will not require formal certifications by state, federal,
or local authorities. However, specid training is required from NSCU technicians that will be performing
refrigerant evacuation and charging procedures. The NSCU technicians have the training and
certifications required to perform the tasks outlined in this Test Plan.

All work conducted as a part of this verification test will conform to applicable OSHA safety standards.
All contractors and subcontractors which may be used to perform such work must agree to meet or exceed
these standards in their project work. All dectrica installations and connections will be performed by a
licensed electrician. All mechanical requirements will conform to applicable EPA and ARI standards.
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Appendix A-1. Roof-Top Air Conditioning System: Carrier, Model 50DK BO74DAAG00FM
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: Carrier, Modéd 30GT-070-500ka

Water chiller, equipped with 2 compr essors 2 compressorsoperating in series (refrigerant charge of
70 and 69 lbs R-22)
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Appendix A-3. Supermarket Refrigeration System: Larkin, Model OSH0150L5
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Close up of compressor
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APPENDIX B
Field Log Forms

Appendix B-1. Refrigerant Leak Screening .........

Appendix B-2. Digital Scale Field Calibration Procedures and Record FOrms.............cccceeeiveeenee.

Appendix B-3. Full Charge Determination ..........
Appendix B-4. Leak Detection Sensitivity Testing
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Appendix B-1. Refrigerant Leak Screening Log Form
(Form KMC-1)

Date: Test Run No:
Time
Operator:

System Id:
Commercial Roof-Top Air Conditioning System ]
Reciprocating Chiller

Super mar ket Refrigeration System ]
Components Screened Measured Action Taken
Concentration
(ppm)

Refrigerant circuit around condenser

Refrigerant circuit around compressor

Refrigerant circuit around evaporator

Connections
(joints, gaskets, flanges, valves)

Gauge manifold system
(gauge, hoses, connections)

Other




Appendix B-2. Scale Verification/Calibration Proceduresand Log Form
(Form KMC-2)

Date:
Time:
Operator:

Test Run No:

System Id:
Commercial Roof-Top Air Conditioning System ]
Reciprocating Chiller
Super market Refrigeration System ]

Calibration Procedures
NOTE: Perform the full 9-point verification/calibration immediately before EACH test run. Perform the
precision check/repeated scale readingsimmediately after the end of EACH test run at each unit.

1. Follow manufacturer’s procedures for operating the scale.

2. Placethe standard weight onto scale. Record scale reading.

3. Remove standard weight, and make sure the scale reading initializes to O Ib.

4. Repesat steps 2 and 3 by measuring the weights of remaining standard weights. Perform weighings for each of
the following values: 5, 10, 15, 20, 25, 30, 50, 75, and 100 |bs.

5. For precison check, at the end of each test run, repeat steps 2 and 3 two more times by measuring and
recording weights at four different standard weights which bracket the weight at which the SGM aarms.
(Example: SGM adarms at 10.7 |b; perform precision check with 5, 10, 15, and 20 Ib test weights).
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Standard Scale Difference, | Allowable | Acceptable? | Precision Check; Repeated Scale Readings
Weight Readings (Ib) Difference (Y/N)
(Ib) Prior to [(standard End of Run Duplicate | Acceptable?
Each Test weight) * Reading End of Run (All readings
Run .002] +.005 (Ib) Reading + 0.02 1b)
b (Ib) _
5
10
15
20
25
30
50
75
100




Appendix B-3. Full Charge Determination Log Form
(Form KMC-3)

Date: Test Run No:
Operator:
System |d:
Commercial Roof-Top Air Conditioning System ]
Reciprocating Chiller ]
Supermarket Refrigeration System ]
Evacuating the System (at beginning of test)
Beginning Time Ambient Temperature °F
Ending Time Ambient Relative Humidity %
Initial System Pressures Final System Pressures
High Side psig High Side psig
Low Side psig Low Side psig
(€0} Initial Weight of Empty Cylinder Ibs
(2 Final Weight of Cylinder Ibs
3 Weight of Refrigerant in Hoses Ibs
total length of hoses in.
diameter of hoses in.
density of refrigerant Ib/ft3
4 Total Refrigerant Evacuated Ibs

@=+03-0

Charging the System (at beginning of test and in-between test runs)

System Pressur e after Air/Moistureis Removed microns Hg
System Pressureafter  ~15 minute hold microns Hg
Acceptable ? (Y/N)

Run No. 1 2 3 4 5

Initial Charging Time
Final Charging Time
Final System Pressures

High side (psig)

Low side (psig)
Amperage Draw (amps)
Highest KMC Voltage Signal Detected (VDC)
Duration of Voltage > 4.0 DC (mins)
Ambient Temperature (°F)
Ambient Relative Humidity (%)
Scale Readings
(1) Initial Weight of Cylinder (Ibs)
(2) Fina Weight of Cylinder (Ibs)
Weight of Refrigerant in Hoses

Hose volume - length x 3.14 x radius? (ft°)

Dengity of refrigerant (Ib/ft3)
(3) Refrigerant Remaining in Hoses (1bs)
Refrigeration System Full Charge
ForRun1=(2) - (3)—(1)
For all otherruns=Run1+(2)-(3) - (1)
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Appendix B-3. Full Charge Deter mination
(Procedures)

Initial System Evacuation Procedures (Beginning of Test)

1

2.

7.

Screen for leaks using hand held leak detector. Record highest concentration measured in Log Form
KMC-1. Fix any leaks found and record actions taken.

Cadlibrate scale according to procedures outlined in Appendix B-2. Compute and record instrument
accuracy and precision. Verify that data quality indicator goals (listed in Table 3-2) are satisfied.
Attach gauge manifold system and recovery unit per instructions provided in Appendix C-1 and the
recovery unit’s operating manual. Measure and record initial system operating pressures in Log Form
KMC-3. Measure initia weight of cylinder in which refrigerant will be recovered. Record scae
reading in Log Form KMC-3.

Leak check the hoses, valves, and connections. Record highest concentration found and fix any leak
found in Log Form KMC-1

Configure the valve positions as shown Figure 2-5. Follow recovery unit operating instructions and
begin evacuating the system.

Once the system evacuation is completed and scale readings remain relatively constant (£ 0.02 Ibs),
close the high and low-pressure valves. Record fina pressure gauge readings and final weight of the
cylinder in Log Form KMC-3.

Compute total refrigerant evacuated and record in Log Form KMC-3.

Proceduresfor Charging the System (Beginning of Test and I n-Between Test Runs)

1

2.
3.

5.

Attach vacuum pump to the gauge manifold. Remove air and moisture from the refrigeration system
per instructions provided in Appendix C-2. Record system pressure in Log Form KMC-3.

Attach gauge manifold and configure valve positions as shown in Figure 2-6.

Measure initial weight of refrigerant cylinder and the heating blanket (if needed). Record in Log Form
KMC-3.

Begin adding refrigerant, bring on al compressor unloaders to full load condition. Measure compressor
current as described in Appendix C-6. Record amp readings in log form provided in Appendix B-3.
Measure system pressures.  Suction pressure should be within + 2 psig and discharge pressure should
be within + 5 psig of the levels listed in Table 1-2. Continue to add refrigerant in incremental amounts
until the flash level condition of 4.0 V.D.C. prevails for no more than 15 seconds in any 5-minute
period. According to the refrigeration system manufacturers, the sight glass must be clear to be
considered fully charged.

Measure final weight of refrigerant cylinder. Compute cumulative charge added to the system and full
charge of the system. Record in Log Form KMC-3.

NOTE:: The manifold and its valves will be operated such that at the end of the charging process
the high-pressure hose is purged to the low-pressure (suction) side of the system. This will ensure that only
refrigerant vapor at suction pressure is in the manifold’s high- and low-pressure hoses. After each refrigerant
withdrawal, the operator will perform the same procedure, again ensuring that only refrigerant vapor at suction
pressure is in the manifold's hoses. Because the suction pressure will remain at approximately the same vaue
throughout this process, the density and weight of the refrigerant in the high-pressure and low-pressure hoses will
remain approximately the same throughout the test. This means that the weight of the refrigerant in these two hoses
can be neglected. The weight of the refrigerant in the charging hose (connected to the tank on the scale) is a
function of the pressure in the tank, once it is isolated from the unit during the test. Again, the operator will control
the manifold valves such that only vapor (no liquid) is in the hose during weighings. The weight of the refrigerant
in this hose will be computed based on the internal volume of the hose and refrigerant specific volume/pressure
data supplied by Honeywell/Genetron, Inc.



Appendix B-4. Leak Detection Sensitivity Testing Log Form
(FORM KMC-4)

Date: Test Run No:
Operator:

(1) Refrigeration System Full Charge (Form KM C-3) Ibs
Target Amount to Withdraw (0.02 x Full charge) Ibs

(2)  Initial Weight of Test Cylinder Ibs

Withdrawal Time Scale Cumulative SGM Pressure Gauge Current Ambient Relative Humidity
No. Reading Refrigerant Alarmed Readings Draw Temperature (%)

(Ibs) Withdrawn Y/N (psig) (amps) (3

©) (Ibs)
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Leak Detection Sensitivity  (4)/(1) * 100 %
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Appendix B-4. Leak Detection Sensitivity Testing
(Procedures)

Refrigerant Withdrawal Procedures

1

Cadlibrate scale according to procedures outlined in Appendix B-2. Compute and record instrument accuracy.
Verify that data quality indicator goals (listed in Table 3-2) are satisfied.

Turn compressor off. Attach gauge manifold to the 30 Ib test cylinder. Measure initial weight of test cylinder
in which refrigerant will be withdrawn. Record scale reading in log form provided in Log Form KMC-4.

Close both high-pressure and low-pressure gauge readings. Turn compressor on.

Record system pressures, current draw, and outdoor temperature/humidity in Log Form KMC-4.

Compute target amount to withdraw by multiplying weight of measured full charge by 0.02. Record in Log
Form KMC-4.

Slightly open high-pressure gauge valve and begin to withdraw refrigerant into test canister. Close the high-
pressure gauge valve when the scale reading has increased by the target amount.

Measure weight of test cylinder and refrigerant. Record in Log Form KMC-4.

Allow 5 minutes for the system to stabilize. For at least one of the repesat test runs, increase the wait time to 30
minutes after more than half of the charge level at which the previous run's darm occurred has been removed.
Determine if the SGM has darmed (i.e., buzzer sound is heard following voltage reading of greater than 4.0 for
more than 1 minute). Calculate cumulative refrigerant withdrawn. Compute leak detection sengitivity and
standard deviation of al test runs. Determine if the test run must be repeated to meet the + 0.30 percent
confidence interval criteria.

If yes, follow procedures outlined in Appendix B-2 to compute scale precison for the range of weights
encountered during above testing. Recharge the system using procedures outlined in Appendix B-3. Repeat
test run.

10. If the SGM does not alarm, repeat Steps 6 though 9.
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APPENDIX C
Test Equipment Operating Procedures
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Appendix C-1. Gauge Manifold

The gauge manifold will be operated asfollows:

Never drop or abuse the gauge manifold.

Keep ports or charging lines capped when not in use.

Never use any fluid other than clean oil and refrigerant.

Zero the gauge before each use.

Leak test by screening for leaks around the O-rings at the end of the hoses.

During weight measurements, gauge manifold and hoses must be secured and kept in the same position
throughout testing.

Per ARI guiddines, the gauge manifold will be verified asfollows:

Install gauges on a new refrigerant cylinder.

Convert the pressure to temperature using PT chart.

Measure tank temperature.

The two temperatures should match (+ 5 °F).

If temperatures are different, remove the cover from the gauges and adjust the dial to measured temperature.
Zero the gauges before each use.

Sk wdE

To connect the manifold to the system, the following procedureswill be followed to purge contaminants from
the hoses:

1. Check to be sure that both service valves are open, then remove the valve stem caps from the equipment service
valves.

2. Remove hoses from hose rack.

3. Connect the center hose from the gauge manifold to recovery unit, vacuum pump, or refrigerant cylinder.

4. Open vaves on the gauge manifold.

5. Attach hoses loosely on access service valves. Open the vave on the refrigerant cylinder for about 2 seconds,

and then closeit. Thiswill purge any air from the gauge manifold and hoses.

Quickly tighten the gauge manifold hoses to the gauge ports — the low-pressure compound gauge to the suction

service valve and the high-pressure gauge to the liquid line service valve.

Close both valves on the gauge manifold. Crack (turn clockwise) both equipment service valves one turn. The

system is now allowed to register pressure readings on each gauge.

8. Other tasks such as charging and evacuation can be performed now that gauge manifold and hoses are purged
and connected to the system.

S

~

To remove the gauge manifold from the system, the following procedures will be followed:

Open (counter clockwise) both the liquid and suction service valves on the compressor.

Remove hoses from gauge ports and seal ends of hoses with ¥4 in. flare plugs to prevent hoses from being
contaminated.

Leak check access valves.

Replace all gauge-port and vave-stem caps, ensuring that al caps contain O-rings provided with them and are
tight.

A

~w
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Appendix C-2. Refrigerant Vacuum Pump

The following procedures will be followed to ensure complete purge of air and moisture content prior to
charging the refrigeration system.

wWN e

No o bs

8.

0.

Install the gauge manifold as described in Appendix C-1

Connect the center hose to the vacuum manifold assembly.

Open the valves to the pump and indicator. Close the refrigerant valve. Follow the pump
manufacturer’ s instructions for pump operation.

Open (wide) both valves on the gauge manifold and mid-seat both high and low-pressure service valves
Start the vacuum pump and evacuate the system until a vacuum of at least 50 microns Hg is achieved
Close the pump valve and isolate the system.

Stop the pump for 30 minutes and observe the vacuum indicator to see if the system holds the vacuum
pressure. If not, check al connections for tight fit and repeat purging procedure until the system does
hold the desired pressure setting.

Close off the manifold gauge set.

Disconnect the hose to the vacuum pump.

10. Turn off the power to the vacuum pump.
11. The system will remain under vacuum, such that refrigerant can naturaly flow into the system during

charging activities.



Appendix C-3. Ammeter

Current Draw M easurements
The following procedures will be performed to verify proper current draws prior to each test run.

1. Measure the current of each of the three wires going into the terminals on a single-phase compressor.
2. Record these current readingsin Log Form KMC-3.

The highest of three readings will be the RLA or FLA of the compressor as listed in Table 1-2. It should not
exceed the namepl ate rating.
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Appendix C-4. Meteorological Sensors

Installation and Setup Checks:

Field installation procedures are detailed in the documentation provided for the integrated temperature/humidity
unit by Vaisala will not be discussed here. GHG Center testing personnel will follow al required procedures to
ensure that checks for appropriate instalation locations, length of cable, process connections, field wiring and
ground wiring are conducted properly, including:

All wires will not be located near motors, power supply cables, or other such eectrically noisy
equipment.

No hand-held radios will be used near the instruments.

In each of these sensors, the parameter monitored creates a small electrical change in capacitance or resistance
which corresponds to the variation in the monitored parameter. This change is measured, amplified and converted
by the electronics package associated with each sensor. Unless catastrophic damage (which should be visible) has
occurred to the sensors, their accuracy at setup should correspond precisely to the initia factory calibration
performed before shipping. Visua checks for damage both before and after installation will be performed, and
appropriateness checks of the outputs will be performed at startup.

The signa inputs into the A/D module in the data acquisition computer are scaled and converted into the proper
units and logged on the computer hard drive by a program provided by the A/D module manufacturer. The GHG
Center testing personnel will maintain field logs of all data entered into this program. An electronic copy of the
configuration file will be maintained. Detailed guidelines are provided in the software Programming Manual .

Sensor Function Checks:

Reasonableness checks will be performed by examining the ambient temperature and relative humidity recorded by
the test instruments with those reported by the Nationa Weather Station at the Raleigh Durham International
Airport. All suspect data will be flagged, and the measurement instruments will be examined for damage or failure.



