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WORK STATEMENT# 1812

Title:

Detection and Diagnosis of Circulating Fluid Leakage from Hydronic Systems

Sponsoring TC/TG/MTG/SSPC:

| TC 7.5 - Smart Building Systems

Co-Sponsoring TC/TG/MTG/SSPCs (List only TC/TG/MTG/SSPCs that have voted formal support)

TC 6.8 - Geothermal Heat Pump Systems

Executive Summary:

This project aims to better characterize the common types and extent of leakage of the circulating fluid of
hydronic systems such as Ground Source Heat Pump (GSHP) system, chilled/hot water system, etc., as well
as to test the ability of existing fault detection and diagnosis (FDD) methods to detect the presence of these
leaks using field and/or laboratory test data. The focus will be on hydronic system where a large portion of
the system is not accessible (e.g., chilled water pipes in the ground from the central plant to the building)The
results of this work will facilitate better, more cost-effective operation of hydronic systems for buildings.




Applicability to the ASHRAE Research Strategic Plan:

This research directly addresses the concept of sustainability, which is the underlying theme of the ASHRAE
Strategic Research Plan. This research also directly addresses two of the goals listed in the ASHRAE Strategic
Plan 2010-2018.

GOAL 1 Maximize the actual operational energy performance of buildings and facilities. This project aims to
develop leakage detection methods for hydronic systems, which can further maximize energy performance in
these systems.

GOAL 2 Progress toward...cost-effective net-zero energy buildings (NZEB). NZEBs must be built upon a base of
better demand side management. The leakage detection methods proposed in this project will help hydronic
systems to reduce energy consumption through improved performance.

GOAL 7: Support the development of improved HVAC&R components ranging from residential through
commercial to provide improved system efficiency, affordability, reliability and safety.

Application of Results:

The results of this project may be appropriate for inclusion in Chapter 61 Smart Buildings Systems of the HVAC
Application Handbook, in Chapter 39 Operation and Maintenance Management of the HVAC Applications
Handbook, and in Chapter 34 Geothermal Energy of the HVAC Applications Handbook. The cognizant chapter
TC's are sponsor (TC 7.5) and co-sponsor (TC 6.8) of this WS.

State-of-the-Art (Background):

Leakage detection exists in oil/gas networks and water distribution networks [1-2]. Compared to the HVAC
hydronic system, both oil/gas networks and water distribution networks have a relatively long application history
in industry. Therefore, there are significant established leakage detection research and applications in oil/gas and
water distribution networks such as the negative pressure wave method [3], the acoustic method [4-5], the
magnetic flux method [6], the fiber optic sensor method [7], etc. Most of these methods require a humber of
sensors to be installed in pipelines, which increases the cost of detection. In addition, some researchers studied
leakage detection methods based on fuzzy theory [8] or fuzzy combined with neural network theory [9-10] for
water distribution networks, which are more complicated than oil/gas networks.

Piping networks in the HVAC hydronic systems are similar with those in oil/gas networks and water distribution
networks, but there are distinguished differences between the HVAC hydronic networks and the other two
networks. First, the network topology is different. The oil/gas networks and water distribution networks are both
open networks, in which the media begins from a source, passes through pressurized pipelines and arrives at the
end users. Then the users consume different amounts of media based on their loads. On the contrary, most of
HVAC hydronic networks are closed/or semi-closed networks, in which the conditioned media goes from a
source to the end users through supply pipelines and gets back to the source through return pipelines to be
conditioned again. The media only transfers the heat from the source to users to meet their loads in a closed loop
without media consumption. However, there could be some media (e.g., water, steam) loss during the distribution
process. Secondly, the media properties are different. Qil pipelines transport the oil with a high density and
viscosity. Compared to oil/gas networks and water distribution networks, it is expected that the HVAC hydronic
networks have their own characteristics associated with leakage detection research and practice in terms of the
topology, medias and operational mechanisms.




Leakage is the main problem that influences the operational performance of pipelines for all hydronic systems
including GSHP system. Hydronic systems are commonly used in HVAC applications to circulate water or other
heat-carrying fluids through various HVAC equipment, such as chillers, boilers, heat pumps, cooling towers, fan
coils, etc. As an example, GSHP systems use the earth's relatively constant temperature to provide heating,
cooling, and in some cases, hot water for buildings. According to the U.S. Environmental Protection Agency
(EPA) [11], they are among the most efficient and comfortable heating and cooling technologies currently
available. EnergyStar-rated GSHPs are over 45% more energy efficient than standard options [12]. However, the
GSHP system efficiency can be significantly reduced due to leakage of the circulating fluid - a water and anti-
freeze (glycol) mixture - that acts as the heat exchange medium between the ground and the building [13-14]. This
is particularly an issue for the system with multiple boreholes.

Numerous studies exist in the literature on fault detection and diagnostics of HVAC equipment including heat
pumps using both physics-based models [15-17] and data-driven methods [18-21]. However, there is little
research in the area of leakage detection and diagnostics of the circulating fluid for hydronic systems in buildings.
For example, currently practitioners watch for possible leaks by monitoring a GSHP system's pressure. However,
these pressure values are also influenced by climate conditions (e.g. outdoor and ground temperatures) caused by
expansion and/or contraction at varying rates in both the pipes and fluid. It is thus challenging to determine if
changes in pressure are due to a leakage issue or just variation due to the influence of environmental conditions.
This pressure information also cannot determine the location of the leakage within a system. Some industry
practitioners have installed a make-up water meter that monitors the system and adds additional water to the
circulating fluid in the case that leakage occurs. However, this method, while it aids in maintaining the pressure of
the system, it dilutes the glycol mix and thus its effectiveness, and does not provide any indication of where the
leakage problem is occurring or its level of magnitude.




Advancement to the State-of-the-Art:

GSHP systems have proved to be energy-efficient and environment-friendly technologies. There is substantial
research in the area of fault detection and diagnosis (FDD) for heat pumps. However, the cause of leakage issues
and the ability to determine if a leak has occurred and where it has occurred for GSHP systems are not yet
determined. This includes leakage in ground loop heat exchangers and pipes inside and outside buildings, one of
the most common operation issues for GSHP system. These leakage issues are also similarly present in HVAC
hydronic systems.

In many cases such systems used in buildings are operated by staff with limited to no knowledge of these systems,
thus a methodology to detect and diagnose leaks in these systems would be highly beneficial to many building
owners and operators, as well as beneficial to the environment.

Research is needed to address the following questions:

o What is the frequency and magnitude of leakage issues in the hydronic system (e.g. GSHP, chilled water
system)?

o What types of systems leaks are prevalent, including where they commonly occur? For the GSHP system,
were proper installation and testing procedures of the GSHP system followed, in particular, for the ground
loop heat exchanger?

e Can the leaks be associated with particular products, installers, or types of connections or valves?

o How effective are existing fault detection and diagnostics methods at detecting and diagnosing leakage
problems in practice (e.g., existing methods for gas/oil and water distribution industry) and which method
performs best?

Justification and Value to ASHRAE:

The proposed project will advance the knowledge and understanding of the extent and characterization of leakage
of the circulating fluid of the HVAC hydronic system, and the associated detection and diagnostics methods of
these systems, through the collection and analysis of field and/or laboratory data, and the evaluation of the use of
existing fault detection and diagnostics methods (e.g., existing methods for gas/oil and water distribution industry)
for these hydronic pipelines.

This research will provide a major contribution to improving the operation of the hydronic systems (e.g., GSHP
system) by evaluating and applying existing leakage detection methods where possible. Leakage detection and
diagnosis will enable abnormal situations to be detected and diagnosed quickly, helping reduce energy waste and
media (e.g., chilled water and hot water) losses while improving the HVAC system operation efficiency. Finally,
this research will contribute to the development of a new market for leakage detection technologies.




Objectives:

The objectives of this study are to:

1) Conduct a survey of a diversity of stakeholders, including but not limited to industry professionals,
academics, and manufacturers, to better understand the extent and type of leakage issues in hydronic
systems;

2) Collect data on the performance of hydronic systems both with and without leaks from at least 6 sites (2
GSHP system and 4 other hydronic systems);

3) Assess the use of existing methods to detect and diagnose leaks in the circulating fluid of hydronic
systems;

4) Evaluate the proposed method with measured data from laboratory and/or field data collected in this
project.




Scope/Technical Approach:

This project will be divided into two phases.

Phase 1: Phase | focuses on the developing a comprehensive understanding and documenting known leakage
issues in the circulating fluid of hydronic systems, and includes two tasks. Phase 1 is expected to take
approximately 8 months to complete.

Task 1: Conduct a Comprehensive Literature and Dataset Review

Conduct a comprehensive literature review of hydronic systems circulating fluid leakage issues, as well as on
existing applicable FDD methods. A review of existing datasets of hydronic and GSHP system data should also
be conducted and summarized.

Interim deliverables: A literature review report, describing the principal available leakage detection and
diagnostics approaches and sources, shall be presented to the PMSC within the first 4 months of the contract (the
literature will, however, continue to be reviewed throughout the term of the project). After the approval from the
PMSC, the contractor can proceed to the next task.

Task 2: Develop and Conduct a Survey of Key Stakeholders to Identify and Document Circulating Fluid
Leakage Issues

This task includes three subtasks.

Task 2a: Develop a survey instrument: Design a written and/or phone survey to solicit responses from a diversity
of hydronic system (e.g., chilled water/hot water system, water source distributed heat pump system, and GSHP
system) stakeholders. The purpose of this survey is to help understand the issue of circulating fluid leakage in
water source heat pump and other hydronic systems, including the frequency and magnitude of leakage issues, the
known causes for their occurrence, and currently practiced methods of detection and repair.

Task 2b: Identify key stakeholders: Identify the key stakeholders who will provide input, including industry
professionals (e.g. service technicians, installers, consultants, designers), academics/researchers, manufactures,
and others. These stakeholders should represent stakeholders in a diversity of climate zones, and who service a
range of system sizes. These survey results will be reviewed and compiled, then used to drive the research focus
of the remainder of the project. The proposal should include a draft list of proposed names and/or affiliations of
those the contractor proposes to interview and a justification for the proposed list.

Interim deliverables: During the project execution, a draft of the survey based on Task 2a and a list and
justification of the targeted stakeholders based on Task 2b should be submitted to the PMSC for review and
approval prior to executing the survey.

Task 2c: Execute survey and summarize results: Conduct the survey using the final survey instrument approved
by the PMSC. A minimum of 25 total written/phone interviews should be completed, including approximately 10
interviews related to GSHP and 15 related to other hydronic systems.

Interim deliverables: An interim report describing the survey results shall be submitted to the PMSC for review
and approval within 8 months of the start of the project.

Phase I1: Phase Il focuses on the collection of performance data for hydronic systems and the evaluation of the
effectiveness of the use of FDD methods to determine the presence of a fault in such systems.

Task 3: Collect Performance Data
This task includes three subtasks, all of which should be completed by the end of month 18 of the project.

Task 3a: Identify the systems to be tested, and proposed setup and data collection methods: Identify at least 2
different GSHP and 4 different hydronic systems that will be used for data collection purposes. Explain the data
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collection methodology, including for each system, whether the data will field and/or laboratory data, the data
points to be collected and associated accuracies, frequency of data collection, length of data collection, and
method of data collection including sensors and/or instruments to be used, and whether or not the data referenced
is existing data that has already been collected, or data that will be collected throughout the duration of the
project. It should be noted that Task 2 and 3 should occur simultaneously. Lesson learned during the assessment
conducted in Task 2 shall be leveraged to enhance the data collection.

To facilitate ease of data collection, it is recommended that a partnership(s) be established with, water source heat
pump, GSHP and hydronic industry professional(s) and/or building(s) and/or laboratory test facility utilizing
GSHP and hydronic system where data already has been collected through operational systems already in place,
or where additional data can be collected.

Interim deliverables: By the end of month 9 of the project, the contractor should submit to the PMSC for review
and approval, a list of the proposed systems to be used for testing, including details of their type, configuration,
age, location, and size at a minimum and available/existing data, as well as a detailed description of the data
collection methodology. A simulation plan should also be submitted to the PMSC if it is anticipated that the
contractor may not be able to collect sufficient system data in a “faulty” state (see Task 3b) for one or more
systems. This submission should identify a plan for development of fault simulation data from a comprehensive
hydronic network model to meet the data collection requirements.

Task 3b: Collect and quality control data: Collect data on at least 2 different GSHP and 4 different hydronic
systems' performance. This includes at a minimum, one closed-loop vertical GSHP and one closed-loop
horizontal GSHP, as well one chilled water loop and one hot water loop. This performance data can be field
and/or laboratory data, and should include data collected in different seasonal variations, and also include periods
of time in which no leakage and some leakage occurs (i.e., both faulty and fault free data). It is recommended, but
not a mandatory, that laboratory testing be conducted, such that the system can be forced to operate under leaky
conditions under known ground truth conditions. For the field data collection, larger rather than smaller systems
are preferred for data collection. Justifications should be provided for the selection of data sources for this Task.
Data collected should include, but is not limited to, outdoor air temperature, outdoor air relatively humidity,
system pressure, loop inlet and outlet temperatures, water flow rate, pump performance, and associated pump
energy use, etc. Data can be collected from existing already-collected data sources, or additional data collection
can also be conducted. Data should cover at least 2 to 3 months for at least the heating and the cooling seasons.
The data sampling interval shall be no longer than 5 minutes. All data should be reviewed and quality controlled.
Any deviations from the planned data collection approved by the PMSC should also be documented and
justification should be provides as to the reason for such deviation.

Interim deliverables: Provide an interim report to the PMSC with a detailed description of the data set and
evaluations of the data quality, along with the data sets within 18 months of the start of the project.

Task 4: Evaluate FDD Methods for Use in Leakage Detection

This task is divided into two subtasks. Note: this task can be started while the team is still collecting data in Task
3.

Task 4a: Identify and justify at least 4 FDD methods to be tested and the evaluation criteria: Identify, based on
the results of Task 1, existing FDD methods which can be used to detect and diagnose the occurrence of leakage
in the circulating fluid of both GSHP and other hydronic systems. Justification shall be provided for the choice of
these methods.

Interim deliverables: Submit a list of the proposed methods and justification for the choice of these methods for
use in this Task for review and approval by the PMSC prior to executing Task 4b.

Task 4b: Evaluate the use of the FDD methods to detect and diagnose circulating fluid faults: Utilize the field-
and/or laboratory-collected data from Task 3 to assess the ability the approved 4 or more types of existing FDD
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methods to detect and diagnose the occurrence of leakage in the circulating fluid of both GSHP and other
hydronic systems. Such method shall include the leakage detection for both underground ground loop heat
exchangers and pipeline on the ground for the hydronic networks. The contractor shall identify the best method of
those tested for leakage detection and diagnosis based on statistically-acceptable methods. If existing methods are
not appropriate, contractor must explain clearly why they are not appropriate and provide recommendations for an
alternative method(s) to be developed in the future.

Interim deliverables: The contractor shall provide the PMSC a written document that details the assessment
activities and identifies the targeted FDD methods, justifies their use, and provides set of evaluation criteria used
to determine the best methods and justification as to why these methods are the best. This will be reviewed by
PMSC prior to the completion of this Task within 22 months of the start of the project.

Task 5: Final Report
Prepare a written report that explains all procedures and algorithms utilized in the testing, the results, and the
conclusions; also include all raw and processed data.

Task 6: Technical Papers
Prepare at least one (and preferably two) technical paper to be published in the ASHRAE literature.

Other Information for Bidders

The bidders shall specify their preliminary ideas for carrying out the work. This should include:
o Leakage detection and diagnosis methods to be considered and evaluated,;
e The reason to choose these methods;
e Preliminary ideas and information about field/laboratory data collection (both faulty and fault free
data).




Deliverables/Where Results Will Be Published:

Progress and Financial Reports

Progress and Financial Reports, in a form approved by the Society, shall be made to the Society through its
Manager of Research and Technical Services at quarterly intervals; specifically on or before each January 1, April
1, June 10, and October 1 of the contract period.

Furthermore, the Institution's Principal Investigator, subject to the Society's approval, shall, during the period of
performance and after the Final Report has been submitted, report in person to the sponsoring Technical
Committee/Task Group (TC/TG) at the annual and winter meetings, and be available to answer such questions
regarding the research as may arise.

Final Report

A written report, design guide, or manual, (collectively, “Final Report”), in a form approved by the Society, shall
be prepared by the Institution and submitted to the Society's Manager of Research and Technical Services by the
end of the Agreement term, containing complete details of all research carried out under this Agreement. Unless
otherwise specified, six copies of the final report shall be furnished for review by the Society's Project Monitoring
Subcommittee Committee (PMSC). Following approval by the PMSC and the TC/TG, in their sole discretion,
final copies of the Final Report will be furnished by the Institution as follows:

- An executive summary in a form suitable for wide distribution to the industry and to the public.

- Two bound copies.

- One unbound copy, printed on one side only, suitable for reproduction.

- Two copies on CD-ROM; one in PDF format and one in Microsoft Word.

Technical Paper

One or more papers shall be submitted first to the ASHRAE Manager of Research and Technical Services
(MORTS) and then to the “ASHRAE Manuscript Central” website-based manuscript review system in a form and
containing such information as designated by the Society suitable for publication. Papers specified as deliverables
should be submitted as either Research Papers for HVAC&R Research or Technical Paper(s) for ASHRAE
Transactions. Research papers contain generalized results of long-term archival value, whereas technical papers
are appropriate for applied research of shorter-term value, ASHRAE Conference papers are not acceptable as
deliverables from ASHRAE research projects. The paper(s) shall conform to the instructions posted in
“Manuscript Central” for an ASHRAE Transactions Technical or HYAC&R Research papers. The paper title
shall contain the research project number (1812-RP) at the end of the title in parentheses, e.g., (1812-RP).

All papers or articles prepared in connection with an ASHRAE research project, which are being submitted for
inclusion in any ASHRAE publication, shall be submitted through the Manager of Research and Technical
Services first and not to the publication's editor or Program Committee.

Data

Data is defined in General Condition VI, “DATA”

All papers or articles prepared in connection with an ASHRAE research project, which are being submitted for
inclusion in any ASHRAE publication, shall be submitted through the Manager of Research and Technical
Services first and not to the publication's editor or Program Committee.

Project Synopsis

A written synopsis totaling approximately 100 words in length and written for a broad technical audience, which
documents 1. Main findings of research project, 2. Why findings are significant, and 3. How the findings benefit
ASHRAE membership and/or society in general shall be submitted to the Manager of Research and Technical
Services by the end of the Agreement term for publication in ASHRAE Insights.

The Society may request the Institution submit a technical article suitable for publication in the Society's
ASHRAE JOURNAL. This is considered a voluntary submission and not a Deliverable. Technical articles shall

be prepared using dual units; e.g., rational inch-pound with equivalent SI units shown parenthetically. SI usage
shall be in accordance with IEEE/ASTM Standard SI-10.

10




_Level of Effort:

The project is planned to have a 24-month duration with a budget of $200,000.

Proposal Evaluation Criteria:

evaluations of the data quality, along with the data sets.

Weighting
No. | Proposal Review Criterion Factor
15%
Contractors understanding of the Work Statement as revealed in the proposal
1
30%
Quality of methodology proposed for conducting the research (literature review, survey
2 development and execution, data collection, FDD evaluation)
15%
Capability of collecting data including both faulty and fault-free operations (through evidence
3 of established partnerships and/or existing laboratory facilities to collect field and/or
laboratory data that are able to collect sufficient quality, frequency, and diversity of data
20%
Qualification of personnel for this project
4
Student involvement (including undergraduates, graduate students, or both) 5%
5
6 Probability of the contractors research plan meeting the objectives of the Work Statement 15%
(including past ASHRAE projects, if applicable, no penalty for new contractor )
Project Milestones:
Deadline
No. | Major Project Completion Milestone Month
1 A literature review report, describing the principal available leakage detection and 4
diagnostics approaches and sources, shall be presented to the PMSC.
2 An interim draft report describing the survey results shall be submitted to the PMSC for 8
review and approval.
3 Provide an interim report to the PMSC with a detailed description of the selected data setand | 18
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4 The contractor shall provide the PMSC a written document that details the assessment 22
activities and identifies the targeted FDD methods, justifies their use, and provides set of

5 A final technical report shall be approved by the PMSC 24

Authors:

Kristen Cetin and Zheng O’Neill
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Feedback to RAC and Suggested Improvements to Work Statement Process

Now that you have completed the work statement process, RAC is interested in getting your
feedback and suggestions here on how we can improve the process.

16




1812-WS “Detection and Diagnosis of Circulating Fluid Leakage for Hydronic Systems”

Response to RAC comments and suggestions

Comment 1: Need more field examples and laboratory examples and then validation on existing
leaking systems.

We have increased data collection sites from at least 4 sites to 6 sites. The revised objectives are
as follows:

- Collect data on the performance of hydronic systems both with and without leaks from at
least 6 sites (2 GSHP system and 4 other hydronic systems);

- Evaluate the proposed method with measured laboratory and/or field data collected as a
part of this project.

Comment 2: The cover sheet shows the TC 6.8 vote to be 9-1-1 with CNV. The coversheet did
not explain the negative vote and should be return to be completed before we review this WS.
The member with the negative vote thought that the WS felt that the proposed WS was too
focused on ground source heat pumps. As a result of this comment, we have extended the scope
to cover other hydronic system, which include chilled water/hot water systems, water source
distributed heat pump systems, etc.

Comment 3: Task 3b is not well defined. What data is to be collected? Are systems going to be
forced into a leak condition?

Data collected should include, but is not limited to, outdoor air temperature, outdoor air
relatively humidity, system pressure, loop inlet and outlet temperatures, water flow rate, pump
performance, and associated pump energy use, etc.

This performance data can be field and/or laboratory data, and should include data collected in
different seasonal variations, and also include periods of time in which no leakage and some
leakage occurs (i.e., both faulty and fault-free data). It is recommended, but not a mandatory that
a laboratory testing should be conducted, so that the system can be forced to operate under leaky
conditions (faulty) at known and measureable ground truth conditions.

Task 3b is revised as follows:

- Task 3b: Collect and quality control data: Collect data on at least 2 different GSHP and 4
different hydronic systems' performance. This includes at a minimum, one closed-loop
vertical GSHP and one closed-loop horizontal GSHP, as well one chilled water loop and



one hot water loop. This performance data can be field and/or laboratory data, and should
include data collected in different seasonal variations, and also include periods of time in
which no leakage and some leakage occurs (i.e., both faulty and fault-free data). It is
recommended, but not a mandatory that laboratory testing should be conducted, such that
the system can be forced to operate under leaky conditions under known ground truth
conditions. For the field data collection, larger rather than smaller systems are preferred
for data collection. Justification should be provided for the selection of data sources for
this Task. Data collected should include, but is not limited to, outdoor air temperature,
outdoor air relatively humidity, system pressure, loop inlet and outlet temperatures, water
flow rate, pump performance, and associated pump energy use, etc. Data can be collected
from existing already-collected data sources, or additional data collection can also be
conducted. Data should cover at least 2 to 3 months for at least the heating and the cooling
seasons. The data sampling interval shall be no longer than 5 minutes. All data should be
reviewed and quality controlled. Any deviations from the planned data collection approved
by the PMSC should also be documented and justification should be provides as to the
reason for such deviation.

Comment 4: Focus on GSHPs or inaccessible parts of hydronic system.
Yes. The scope of this research project is more on the hydronic system where a large portion of
system is not accessible.

Comment 5: Provide interim deliverables for each technical task.
The interim deliverables for each technical task are now more explicitly stated.
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RTAR #
Title:

Insert proposed project title
Detection and Diagnosis of Leakage for Ground Source Heat Pump Systems (GSHP)

Executive Summary

Describe in summary form the proposed research topic, including what is proposed, why this research

is important, how it will be conducted, and why ASHRAE should fund it (50 words maximum)

This project aims to develop a fault detection and diagnostics (FDD) method (e.g. data-driven, physics-,
rules-based) to detect and diagnose leakage problems in ground source heat pump (GSHP) systems. This
will facilitate better, more cost-effective operation of GSHP systems for buildings. This will be conducted
and validated using both field- and laboratory-measured data.

Background

Provide the state of the art with key references (at the end of this document) substantiating it (300
words maximum)

Ground source heat pump (GSHP) systems use the earth's relatively constant temperature to provide
heating, cooling, and in some cases, hot water for buildings. According to the U.S. Environmental
Protection Agency (EPA) [1], they are among the most efficient and comfortable heating and cooling
technologies currently available. Energy Star-rated GSHPs are over 45% more energy efficient than
standard options [2]. However, the GSHP system operation and performance can be significantly affected
due to leakage of the fluid circulating through buried tubing— a water and anti-freeze mixture - that acts as
the heat exchange medium between the ground and the building [3]. The loss of this fluid can lead to
infiltration of contaminants into the system, pump cavitation, and air infiltration. It can also lead to
environmental contamination from leakage of the anti-freeze [4-5], which can be toxic, corrosive, and/or
flammable. These issues have been found, in part, to be due to improper installation and/or materials and
settlement over time causing shearing or pullout of the pipes.

Numerous studies exist in the literature on fault detection and diagnostics of heat pumps using both
physics-based models [7-9] and data-driven methods [10-12]. However, there is little research in the area
of leakage detection and diagnostics of the circulating fluid for GSHPs. Currently practitioners watch for
possible leaks by monitoring a GSHP system’s pressure. However, these pressure values are also
influenced by climate conditions (e.g., outdoor and ground temperatures) caused by expansion and/or
contraction at varying rates in both the pipes and fluid. It is thus challenging to determine if changes in
pressure are due to a leakage issue or due to the influence of environmental conditions. This is particularly
an issue for large systems that can have lost a significant amount of antifreeze solution before being
detected. This pressure information also cannot determine the location of the leakage within a system.
Some industry practitioners have installed a make-up water meter that monitors the system and adds
additional water to the circulating fluid in the case that leakage occurs. However, this method, while it aids
in maintaining the pressure of the system, it dilutes the antifreeze mix, and does not provide any indication
of where the leakage problem is occurring or its level of magnitude.




Research Need

Use the state of the art described above as a basis to specify the need for the proposed effort (250
words maximum)

Ground Source Heat Pump (GSHP) systems have proved to be energy-efficient and environment-friendly
technologies. There is substantial research in the area of fault detection and diagnostics (FDD) for heat
pumps. However, the cause of antifreeze leakage issues and the ability to determine if a leak has occurred
and where it has occurred for GSHP systems are not yet determined. This includes leakage in ground loop
heat exchangers and pipes inside and outside buildings, one of the most common operation issues for
GSHP system. In many cases GSHP systems used in buildings are operated by staff with limited to no
knowledge of these systems, thus a methodology to detect and diagnose leaks in these systems would be
highly beneficial to many building owners and operators, as well as beneficial to the environment.
Research is needed to address the following questions:

1) What is the frequency and magnitude of circulating fluid leakage issues in GSHP systems?
Conversations with practitioners indicated this is an issue [13,14] however, there is a need for a systematic
survey to understand this issue at a larger scale.

2) Where do circulating fluid leaks commonly occur? What are the causes of these leaks? Were proper
installation and testing procedures of GSHP system followed, in particular, for the ground loop heat
exchanger? Can the leaks be associated with particular products, installers, or types of connections or
valves?

3) What are the energy and cost impacts associated with the occurrence of leaks?

4) What method is the best to detect and diagnose leakage problems in practice in terms of simplicity and
low-cost?

Project Objectives

Based on the identified research need(s), specify the objectives of the solicited effort that will address
all or part of these needs (150 words maximum)

The objectives of this study are to:

1. Conduct a survey of GSHP industry professionals and experts to better understand the extent of issues
of leakage of the circulating fluid,;

2. Collect data on the performance of an existing GSHP system operating with and without circulating fluid
leaks.

3. Develop a FDD method (e.g data-driven, physics- and/or rules-based) to detect and diagnose the leaks
in GHSP system operation fluid;

4. Validate the proposed method with measured data from laboratory and field tests.




Expected Approach

Describe in a manner that may be used for assessment of project viability, cost, and duration, the
approach that is expected to achieve the proposed objectives (200 words maximum).

Check all that apply: Lab testing [0} Computations ] Surveys 0], Field tests[0], Analyses and modeling
[O] Vvalidation efforts ] other (specify) ( )

(1) A survey of experts will be conducted to help understand the issue of leakage of the circulating fluid in
GSHP systems, including the frequency and magnitude of leakage issues, and the known causes for their
occurrence. These survey results will be reviewed and compiled, then used to drive the research focus of
the remainder of the project. (2) A partnership should be established with a GSHP expert/service company
and a building(s) utilizing a GSHP system where data can be collected.(3) Collect data on GSHP
performance. This performance data should include data collected in different seasonal variations, and
also include periods of time in which no leakage and some leakage occurs from both field and controlled
lab tests. Data collected should include, but is not limited to, outdoor temperature, system pressure, loop
temperatures, flow rate, pump performance and use. Data can be collected from existing already-collected
data, or additional sensors and data collection can also be conducted. (4) Utilize the field-collected data to

Relevance and Benefits to ASHRAE

Describe why this effort is of specific interest to ASHRAE, its impact, and how it will benefit ASHRAE and
the society. How does it align with ASHRAE Strategic Plans and Initiatives? How does it advance the
state of the art in this area in general? Are there other stakeholders that should be approached to

obtain relevant information or co-funding? (350 words maximum)

The proposed will advance the knowledge and understanding of leakage detection and diagnostics in
GSHP systems through the collection and analysis of actual field and laboratory data, and thorough the
development of a simple and low-cost way to assess the occurrence of faults in these systems.

The outcomes from this research will contribute to following Chapters in ASRHAE Handbooks:

« Application Handbook: Chapter 61 — Smart Buildings Systems

« Application Handbook: Chapter 39 - Operation and Maintenance Management

« Application Handbook: Chapter 34 — Geothermal Energy

It is aligned with ASHRAE Strategic Plans and Initiatives:

* Goal 1: Maximize the actual operational energy performance of buildings and facilities;

« Goal 2: Progress toward Advanced Energy Desigh Guide (AEDG) and cost-effective net-zero-energy
(NZE) buildings;

« Goal 7: Support the development of improved HVAC&R components ranging from residential through
commercial to provide improved system efficiency, affordability, reliability and safety.




Anticipated Funding Level and Duration

Funding Amount Range: $ 220K

Duration in Months: 24 months
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Feedback to RAC and Suggested Improvements to RTAR Process

Now that you have completed the RTAR process, RAC is interested in getting your feedback and
suggestions here on how we can improve the process.
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	Use the state of the art described above as a basis to specify the need for the proposed effort 250 words maximum: Ground Source Heat Pump (GSHP) systems have proved to be energy-efficient and environment-friendly technologies. There is substantial research in the area of fault detection and diagnostics (FDD) for heat pumps. However, the cause of antifreeze leakage issues and the ability to determine if a leak has occurred and where it has occurred for GSHP systems are not yet determined. This includes leakage in ground loop heat exchangers and pipes inside and outside buildings, one of the most common operation issues for GSHP system. In many cases GSHP systems used in buildings are operated by staff with limited to no knowledge of these systems, thus a methodology to detect and diagnose leaks in these systems would be highly beneficial to many building owners and operators, as well as beneficial to the environment. 
Research is needed to address the following questions:
1) What is the frequency and magnitude of circulating fluid leakage issues in GSHP systems? Conversations with practitioners indicated this is an issue [13,14] however, there is a need for a systematic survey to understand this issue at a larger scale.
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3) What are the energy and cost impacts associated with the occurrence of leaks? 
4) What method is the best to detect and diagnose leakage problems in practice in terms of simplicity and low-cost? 
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1. Conduct a survey of GSHP industry professionals and experts to better understand the extent of issues of leakage of the circulating fluid; 
2. Collect data on the performance of an existing GSHP system operating with and without circulating fluid leaks.
3. Develop a FDD method (e.g data-driven, physics- and/or rules-based) to detect and diagnose the leaks in GHSP system operation fluid;
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