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Introduction to Using This Document
Under the Registered Apprenticeship Technical Assistance Centers of Excellence award, the Urban Institute leads the Occupations and Standards work. One of the main objectives of Urban’s project is to create high-quality, well-researched, consensus-based work process schedules that are nonproprietary and widely available. This document is a product of that work and contains three sections: the occupational overview, the work process schedule, and the related technical instruction.
The occupational overview is a general introduction, including alternative job titles, any prerequisites, and, if applicable, the total number of hours needed to complete a time-based or hybrid program.
The work process schedule outlines the major job functions, competencies, and/or hours an apprentice completes in a registered apprenticeship program. It outlines what apprentices are expected to learn on the job with the support of a mentor or journeyworker (a worker mastering the competencies of an occupation in a particular industry), including both core competencies and those deemed optional by experts in the field. The work process schedule is the foundational document guiding a program. 
Urban works with numerous experts to ensure the content is thoroughly researched and vetted to reflect the expectations of industry, educators, labor unions, employers, and others involved in apprenticeship for this occupation. Sponsors and employers can use the work process schedule as their program standards with assurances it has been approved by experts in the field. 
The related technical instruction presents considerations for the coursework that apprentices will undertake to supplement on-the-job learning. It is intended to serve as a reference to sponsors exploring their options for the accompanying classroom, virtual, or hybrid training.
How to Use the Work Process Schedule
Sponsors can adapt the work process schedule to accommodate their needs for competency- or time-based or hybrid programs. In a competency-based apprenticeship, sponsors assess apprentices’ progress across core and optional competencies listed in the work process schedule. In a time-based apprenticeship, apprentices complete a predetermined number of hours across major job functions and the program overall. In a hybrid apprenticeship, sponsors monitor apprentices’ hours spent on major job functions and assess their proficiency across competencies.
Each program type has a different method of assessment:
For a competency-based program, apprentices engage in activities and make progress toward proficiency in the identified competencies. Sponsors overseeing apprentices’ work assess their mastery of the outlined competencies using the following rating scale:
4—Competent/proficient (able to perform all elements of the task successfully and independently)
3—Satisfactory performance (able to perform elements of the task with minimal assistance)
2—Completed the task with significant assistance
1—Unsuccessfully attempted the task
0—No exposure (note the reason—absence, skill isn’t covered, etc.)
The competencies may be completed in any order. Apprentices must perform at a level 4 or 3 in all competencies listed as “core” to complete the apprenticeship program successfully. 
For a time-based program, sponsors monitor apprentices’ completion of hours in training across major job functions. The total number of hours recommended for this occupation is listed in the occupational overview and is based on guidance from the US Department of Labor. Generally, apprentices must have at least 2,000 hours overall for on-the-job learning, but occupations of greater complexity may require more hours. Sponsors will provide apprentices with supervised work experience and allocate the total number of hours across the major job functions to adequately train their apprentices.
The hybrid approach blends both competency- and time-based strategies. Sponsors measure apprentices’ skills acquisition through a combination of completing the minimum number of hours of on-the-job learning successfully demonstrating identified competencies. Sponsors will assess apprentices’ proficiencies as described for competency-based programs with a rating scale of 0–4 for every core competency. Generally, apprentices have at least 2,000 hours overall for on-the-job learning, but occupations of greater complexity may require more hours. Sponsors will document apprentices’ completion within a minimum and maximum range of hours assigned for each major job function.
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[bookmark: _Hlk108191885]Ground Heat Exchanger Installer Occupational Overview
Occupational Purpose and Context
Ground heat exchanger installers support the ground heat exchanger designers’ intention and specifications by providing a quality installation of a ground heat exchange (GHX) system. The scope of this occupation includes multiple phases of installation, such as drilling bore holes, installing heat exchangers, testing piping systems by pressurization before and after pipe burial, and grouting. Ground heat exchanger installers utilize a wide range of tools, including drilling, grouting, small hand tools, pipe fusion tools, pipe pressurization testing tools, and flushing equipment used for flushing debris. They also purge air and charge the GHX system with the specified heat transfer fluid. Additionally, they must exhibit strong customer service skills by working with clients to determine optimal installation plans and explain licensing and permit requirements.
There are three roles within this occupation: (1) geothermal field technician, (2) assistant geothermal driller, and (3) geothermal driller. For each installation, these three individuals work together to complete the project. Throughout the apprenticeship program, the apprentice will gain experience in each role, beginning in the role of geothermal field technician and advancing to the role of assistant geothermal driller and geothermal driller. In the work process schedule, each competency is marked with a 1, 2, or 3 to indicate the role in which an apprentice will first gain experience in each competency.
Geothermal field technician (1) 
· Responsibilities: assistant driller support, rig operation support, drilling fluid management, drilling waste management, grouting support, and project completion.
· Tasks: drilling fluids mixing, solids control operations, tooling layout, product layout, product assembly, product installation, and clean up.
Assistant geothermal driller (2)
· Responsibilities: driller and field technician support, rig operation support, tooling management, product management, grouting and project completion. 
· Tasks: rig and equipment support, tool handling, product assembly, product testing, product installation, grouting, and project wrap-up. 
Geothermal driller (3) 
· Responsibilities: drill team support and site supervisor, drilling program management, and project completion.
· Tasks: rig operation, product installation, resource extraction, project completion, quality assurance, quality control, drill logs, and project recordkeeping. 

Potential Job Titles
Ground source heat pump technician, vertical loop driller, horizontal loop driller, ground heat exchanger grouter, ground heat exchanger looper, ground heat exchanger fusion technician, ground heat exchanger field quality control technician, horizontal ground heat exchangers, surface water heat exchangers, and hybrid ground heat exchangers 
[bookmark: _Hlk196732777]Apprenticeship Prerequisites
Apprentices may be required to have a high school diploma or equivalent.
Recommended Length of Apprenticeship (Time-Based/Hybrid Programs Only)
The recommended length of on-the-job learning in a ground heat exchanger installer apprenticeship is 4,000 to 8,000 hours. 
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Work Process Schedule

Instructions for Use:
Competency-based programs: In the “performance level achieved” column of the work process schedule (see examples starting on the next page), assess apprentices’ performances on each competency with the scale below. No monitoring of hours is required for this approach. See “Guidelines for Competency-Based, Hybrid and Time-Based Apprenticeship Training Approaches,” US Department of Labor, Employment and Training Administration, Office of Apprenticeship, October 20, 2015, https://www.apprenticeship.gov/sites/default/files/bulletins/Cir2016-01.pdf.
4—Competent/proficient (able to perform all elements of the task successfully and independently)
3—Satisfactory performance (able to perform elements of the task with minimal assistance)
2—Completed the task with significant assistance
1—Unsuccessfully attempted the task
0—No exposure (note the reason—absence, skill isn’t covered, etc.)
Time-based programs: In the “hours” row, specify the number of hours apprentices will fulfill for each job function. No assessment of competencies is required for this approach.
Hybrid programs: In the “performance level achieved” column, assess apprentices’ performances on each competency using the 0–4 scale above. In the “hours” row, identify a range of hours apprentices should spend working on each major job function. 







[bookmark: _Hlk199250922]Please note: This National Occupational Framework includes the role in which an apprentice will first gain experience in each competency. Apprentices will initially gain experience in competencies labeled '1' as geothermal field technicians, after which they will move on to those labeled ‘2,’ for assistant geothermal drillers. They are likely to gain experience in competencies labeled '3' only when they advance to the role of lead geothermal driller.
	Job Function 1: Practices proper safety, documentation, and communication practices 

	Hours (time-based and hybrid programs only):

	Competencies
	Core or optional
	Performance level achieved (0–4) (competency-based and hybrid programs only)

	Role

	A. Practices safe working habits and works in
 such a manner as to ensure personal safety and that of
 fellow workers
	Core
	
	1

	B. Maintains work area and equipment in a safe, clean, and
 orderly condition, inspects equipment for defects and to ensure proper working order
	Core
	
	1

	C. Uses personal protective equipment (e.g., safety glasses, hard hats, gloves, respirators, fall protection)
	Core
	
	1

	D. Adheres to Occupational Safety and Health Administration (OSHA) and other applicable safety requirements prior to, during, and following the installation of the ground heat exchanger
	Core
	
	1

	E. Practices the right to execute a Stop Work Authority (SWA) to prevent catastrophic events
	Core
	
	1

	F. Inspects rigging
	Core
	
	2

	G. Prepares and maintains logs, reports, or other documentation of work performed
	Core
	
	3

	H. In coordination with others on job site, conducts safety meetings and crew check-ins, outlines hazardous tasks, and evaluates employees' condition at the start and end of every day on site
	Optional
	
	3

	I. Exhibits awareness of health and safety plans, such as hot work, working at heights, rigging, trench and excavation permitting, confined spaces permitting, and lock out/tag out procedures as necessary
	Optional 
	
	3




	Job Function 2: Adopts various drilling methods to create boreholes for horizontal or vertical loops

	Hours (time-based and hybrid programs only):

	Competencies
	Core or optional
	Performance level achieved (0–4) (competency-based and hybrid programs only)

	Role

	A. Prepares and attaches drill bits and drill rods, adding more rods as borehole depths increase, and changing drill bits as needed
	Core
	
	2

	B. Operates drill rig in accordance with operation manual, job requirements and industry practice, including regulating operating pump and/or compressor pressures, pump pressure, rotary speed, type of drill bit, and weight on bit, according to the type of material being drilled and drill bits selected
	Core
	
	2

	C. Monitors drilling operations, checking gauges and listening to operating equipment and monitoring outflow to assess drilling conditions and to determine the need to adjust or alter drilling equipment
	Core
	
	2

	D. Ensures proper disposal of drill cuttings and drilling fluids as required by applicable regulations
	Core
	
	2

	E. Verifies appropriate drilling methodology for the geologic conditions, using knowledge of rock or soil characteristics, depths and formation 
	Core
	
	3

	F. Verifies tooling selection, including drill bits, bottom hole assembly and drill rods based on knowledge of rock or soil characteristics, depths, and formation
	Core
	
	3

	G. Operates controls to stabilize machines and to position and align drills
	Core
	
	3

	H. Operates controls to stabilize machines and to position and align drills (vertical drilling)
	Core
	
	3

	I.  Verifies depths of drilled boreholes to avoid interference with other boreholes (horizontal drilling)
	Core
	
	3

	J. Starts, stops, and controls drilling speed of machines
	Core
	
	3

	K. Uses location equipment to measure drilling progress and position of the drill in accordance with planned routing (horizontal drilling)
	Core
	
	3

	L. Adjusts the operation of the drilling machine to control the direction and penetration of the drill head (horizontal drilling)
	Core
	
	3

	M. Monitors materials and required fluids according to master drilling log
	Core
	
	3

	N. Maintains standardized logs to record observations of cuttings for geological data, drilling techniques, materials used, drilling progress and required fluids, taking note of any special drilling conditions such as lost returns, tool drops, and unexpected down hole condition
	Core
	
	3

	O. Troubleshoots drilling problems encountered during drilling operation
	Core
	
	3

	P. Undertakes drilling disinfection procedures
	Core
	
	3



	Job Function 3: Utilizes other tools as necessary to install loop wells

	Hours (time-based and hybrid programs only):

	Competencies
	Core or optional
	Performance level achieved (0–4) (competency-based and hybrid programs only)

	Role

	A. Works with other small tools and power tools as appropriate (e.g., cordless battery-operated drills, pipe threading machines, pipe wrenches, pipe fusion tools)
	Core
	
	1

	B. Pressure tests loop assembly prior to insertion into boreholes using pipe pressurization test tools, pipe fusion tools, and flushing equipment tool
	Core
	
	2

	C. Circulates approved fluids into boreholes as needed to cool drill bits, remove cuttings, stabilize borehole and maintain design borehole diameter using industry acceptable tools and procedure
	Core
	
	3

	D. Assembles and installs temporary or permanent well casing as required by borehole conditions and regulatory requirements
	Core
	
	3

	E. Installs verified and pre-pressure tested loop assembly into borehole for quality assurance with tremie pipe secured near the u-bend for grouting of borehole where required
	Optional
	
	1

	F. Maintains a complete listing of all directional tools and survey equipment on location
	Optional
	
	2




	Job Function 4: Oversees the mixing and placement of grout


	Hours (time-based and hybrid programs only):

	Competencies
	Core or optional
	Performance level achieved (0–4) (competency-based and hybrid programs only)

	Role

	A. Recognizes the need for adding additional grout if settlement is greater than specified depth during the time appropriate to the grout, or the locally specified or regulated level
	Core
	
	1 

	B. Clean-up work areas and remove debris after placement of grout during and after completion of loop well construction
	Core
	
	1

	C. Follows grout specifications to add correct quantities of water, grouting material, and thermal enhancement material
	Core 
	
	2

	D. Oversees the grout mixing and addition of materials 
	Core
	
	2

	E. Verifies mix quantities and documents volume of grout mixed, bulk materials and volume placed 
	Core
	
	2

	F. Performs tests on the grout as required in the project specifications
	Core
	
	2

	G. Dismantles, cleans, reassembles, and maintains grouting equipment, using hand tools
	Core
	
	2



	Job Function 5:  Demonstrates customer service and professional skills 

	Hours (time-based and hybrid programs only):

	Competencies
	Core or optional
	Performance level achieved (0–4) (competency-based and hybrid programs only)

	Role

	A. Adheres to employer communication policies, rules, regulations, and process instructions 
	Core
	
	1

	B. Accepts constructive feedback and criticism to improve performance 
	Core
	
	1

	C. Demonstrates effective one-on-one communication skills with supervisor and coworkers to discuss workplace challenges, personal limitations, and questions 
	Core
	
	1

	D. Demonstrates ability to receive questions and direct individuals to the proper professional to answer any questions or issues
	Core
	
	1

	E. Demonstrates ability to direct proper questions to driller, site supervisors, engineer, or client
	Core
	
	1

	F. Attends professional trainings and learns about industry changes and standards 
	Core
	
	2

	G. Effectively communicates with neighbors, curious passersby, and visiting industry professionals 
	Core
	
	2

	H. Establishes clear communication and rapport with customers to accurately assess requests
	Core
	
	2

	I. Works with customers to understand and address the permitting process for geothermal installation projects
	Optional
	
	3



	Job Function 6: Information, documentation, and regulation

	Hours (time-based and hybrid programs only): 

	Competencies
	Core or optional
	Performance level achieved (0–4) (competency-based and hybrid programs only)

	Role

	A. Demonstrates understanding of arithmetic, algebra, and geometry
	Core
	
	2

	B. Reads and understands drawings and specifications when provided
	Core
	
	3

	C. Assesses proposed requirements and locations for drilling to determine feasibility  
	Core
	
	3

	D. Abides by applicable codes and regulations that pertain to drilling ground loop heat exchanger design and construction
	Core
	
	3

	E. Demonstrates understanding of bore planning and the potential for intersection with other underground structures depending on the site
	Core
	
	3

	F. Verifies depths, accuracy, and/or alignment of boring positions
	Core
	
	3

	G. Understands and displays permits for ground heat exchanger installation projects
	Core
	
	3

	H. Reviews proper setback requirements between onsite utilities and the ground loop heat exchange system above and below ground
	Optional
	
	3

	I. Verifies appropriate location for the ground heat exchanger given site limitations, including soil heat transfer and water saturation
	Optional
	
	3

	J. Confirms that proper digging permissions and/or ground penetrating radar (where applicable) has been performed
	Optional
	
	3




Related Technical Instruction 
	Ground Heat Exchanger Installer
Program approach type (time-based, competency-based, hybrid): competency-based
	                                                                  ONET Code: 49-9099
                                                                  RAPIDS Code: Not yet available
 


 
Instructions for Use:  
Registered Apprenticeships must include at least 144 hours of Related Technical Instruction (RTI).  Courses offered by accredited colleges and universities may be assigned a credit hour determination rather than a contact hour determination. In general, an academic credit unit is the equivalent of 15 clock hours of instruction. 
Development and Use of this RTI Outline: Employers and academic institutions may approach RTI in markedly different ways. Our goal was not to identify the single best way to provide RTI, or to identify a single provider whose content we deemed to be superior. Instead, our goal was to survey a number of education providers, including employers, institutions of higher education, high schools, private continuing education providers, labor organizations, professional associations and, in some cases, municipalities that provide worker training, to identify topics or courses common among those providers that align with the job functions included in this WPS. Those common topics or courses are reflected in the RTI Outline provided below, which may be useful in developing your RTI program or communicating your needs to an educational partner.
	Licensure or certification requirements: Ground heat exchanger installers may be required to hold industry certification from the International Ground Source Heat Pump Association (IGSHPA) and/or they may need to hold a state HVAC license and/or hoisting license.  Some employers may also give hiring priority to those who hold Building Performance Institute (BPI) certifications, renewable energy certifications, or Environmental Protection Agency certifications.  
IGSHPA Geothermal Installer Accreditation: https://igshpa.org/accredited-installer-training

	Degree requirements for licensure or certification, if applicable: The IGSHPA requires those seeking certification to complete one or more courses offered by the organization, and in the case of the Geothermal Installer Technician Certification, to pass an exam administered by the organization.  

	Accreditation requirements of instructional provider for licensure or certification, if applicable: Certifying bodies may require that individuals complete an online or in-person course offered or approved by the certifying body.

	Anticipated changes in licensure or certification requirements, if known: Ground heat exchanger installers must know state codes for installing geothermal systems.   

	Examples of state licensure or certification requirements: N/A


 
	Examples of RTI providers for this occupation:
Professional associations and labor organizations: The International Ground Heat Pump Association (IGSHPA) offer certificate training courses in-person and online (https://igshpa.org/training-events).  The Geothermal Drillers Association offers certificate training courses in person (https://geothermaldrillersassociation.org/resources-%7C-offerings).
Military: N/A
Federal: N/A
States/municipalities: N/A
Colleges and universities: Courses are offered by vocational/technical trades high schools, community colleges, and universities (for example, MIT’s open course at https://sustainability.mit.edu/event/geothermal-energy-networks-transforming-our-thermal-energy-system).
No-cost online providers: Platforms like Udemy and Coursera offer courses on thermodynamics and heat exchangers which can be beneficial for ground heat exchanger installers. 
Continuing education or specialty education providers: Examples include the continuing education courses offered by IGSHPA and the in-person certificate training courses offered by the Operating Engineers Local 150 Apprenticeship and Skill Improvement Program in Wilmington, IL (https://local150.org/asip).




	Employer Onboarding

	Hours: 1–3

	Sample learning objectives
· Explain the mission of the employer’s organization.
· Explain the organizational structure of the employer’s organization.
· Explain the chain-of-command in the employer’s organization, as well as the steps the employee should take to report concerns about practices or behaviors in the workplace or to share ideas about how to improve processes or efficiencies.
· Explain the employer’s policies for workplace conduct and ethics.
· Explain the employer’s policies regarding medical leave and vacation.
· Explain the requirements of the apprenticeship program and the role of the apprentice in the organization’s business activities, relative to other roles and responsibilities and hours of operation.



	Technical Mathematics 

	Hours:  35–45 
(These hours correlate to a typical 3-credit technical mathematics course)

	Sample learning objectives
· Perform calculations involving addition, subtraction, multiplication, and division.
· Convert fractions to decimals and decimals to fractions; add, subtract, multiply and divide fractions and decimals and calculate proportions and ratios.
· Calculate rates of change.
· Calculate percentages and use percentages to determine the amount of materials to be used. 
· Measure properly using a tape measure, convert between measurement systems (such as English to metric), and determine unknown measurements using algebra, geometry or trigonometry.
· Use scientific notation and manipulate numbers expressed with exponents.
· Use algebraic techniques to solve for unknown variables, solve linear equations, follow correct order of operations, use the distributive law, and solve systems of equations.
· Define the various types and components of triangles, determine interior and exterior triangle angles, use the Pythagorean Theorem to solve problems for right triangles, and determine perimeter and area of triangles.
· Identify squares, rectangles, parallelograms, trapezoids, hexagons, octagons, pentagons, and quadrilaterals and calculate their perimeter and area.
· Calculate the diameter, radius, circumference, and arc of a circle.
· Use the Laws of Sines and Cosines to determine angles.
· Define and use mean, median, mode and standard deviation.
· Create and interpret graphs.



	Occupational Safety 

	Hours:  10–20

	Sample learning objectives
· Explain and demonstrate compliance with best practices for ensuring a safe work environment.
· Explain OSHA regulations regarding hazardous materials.
· Demonstrate proper and consistent use of appropriate personal protective equipment.
· Explain the importance of and demonstrate consistent application of lock out/tag out procedures. 
· Describe OSHA regulations regarding energy isolation and demonstrate consistent compliance with those regulations. 
· Describer OSHA regulations for storage, handling and use of hazardous materials.
· Demonstrate the ability to locate and use material safety data sheets to determine how hazardous materials should be stored, transported and used and to explain steps one should take should there be accidental exposure to the material.
· Demonstrate the ability to use appropriate equipment to extinguish fires.
· Explain the steps one should take in the event of broken bones, burns or lacerations, and describe how one should protect themselves and others from exposure to bloodborne pathogens.
· Identify safety equipment used in mechanical engineering, such as machine guarding.
· Describe and follow appropriate safety protocols when working around forklifts, trucks, and other vehicles.
· Discuss the protocols, regulations, tools, and technologies used to ensure worker safety in trenches and confined spaces.
· Explain rules, regulations, and strategies used to protect workers from the negative impacts of sun and heat exposure.
· Demonstrate the ability to conduct a safety assessment of various types of job sites and activities. 




	Fundamentals of Electronics (Optional)

	Hours:  30–45

	Sample learning objectives
· Explain the principles of voltage and current and how they apply to electrical transmission.
· Differentiate between cathodes and diodes.
· Describe atomic structure, the role of electrons, and the process of energy release.
· Describe electron current flow and differentiate between AC and DC circuits.
· Differentiate between direct and alternating voltage and current sources.  Discuss the process by which voltage is converted to current.
· Explain the importance of grounding.
· Explain the different types of electron emissions.
· Define and explain the purpose of semiconductors, amplifiers, and digital circuits.
· Explain the principles of rectification, amplification, control, and generation.
· Discuss the conversion of light into electricity and electricity into lights.
· Explain and properly use fundamental laws of physics/electricity including Ohm’s Law, Kirchoff’s laws, Thevenin’s theorem, and Norton’s theorem.
· Identify and explain the function of diodes, transistors, integrated circuits (active components) as well as resistors, capacitors, and inductors (passive components).
· Differentiate between discrete and integrated components and explain how each is used in electronics and electronics assemblies.
· Explain the function and structure of semiconductors and differentiate between the different types of commonly used semiconductors.
· Discuss the function and structure of semiconductor diodes. 
· Describe the purpose and give examples of special purpose diodes.
· Discuss the structure, function, and purpose of transistors.
· Explain the key safety protocols used by individuals who work with electricity to safeguard themselves, other workers, and property. 
· Explain the purpose of lock out/tag out procedures and demonstrate the ability to properly perform a lock out/tag out operation.




	Fundamentals of Ground Source Heat Pump Systems

	Hours: 15–25

	Sample learning objectives
· Explain the role of water and air in ground source heat pump systems and the different configurations of each GSHP unit type (water-to-air and water-to-water) and the different indoor distribution application types of these systems (forced air ducted and hydronic).
· Differentiate between commercial and residential heat pump systems and explain the unique properties of each application.
· Explain the conditions required for heat pumps to generate warm and cold air.
· Discuss the performance characteristics associated with different types of heat pumps, including single, and dual capacity pumps.
· Differentiate between commercial and residential heat pump ground heat exchanger (GHX) systems and explain the unique properties of each application (closed-loop systems, including horizontal, vertical, surface water, sewage and wastewater, and district energy systems; open-loop systems, including well water and raw water systems; and hybrid GHX systems) for a ground source heat pump system.
· List, identify, and explain the function of each component of a heat pump system and differentiate between vertical, horizontal, and console cabinet configurations.
· Discuss the determinants of heating performance, such as heating capacity, electric demand, coefficient of performance, and heat of extraction.
· Discuss the determinants of cooling performance, such as cooling capacity, electric demand, energy efficiency ratio, and heat of rejection.
· Discuss the parameters that affect heat pump performance, such as entering water temperature, entering air temperature, water flowrate, and air flowrate.
· Interpret and compare the engineering requirements and performance potentials for sample single and dual capacity systems.
· Interpret ARI/ISO table data and use ARI/ISO rating tables to identify the appropriate unit based on performance requirements and application “source”—water-loop heat pump (WLHP), ground-loop heat pump (GLHP) or ground-water heat pump (GWHP) type. 
· Explain the importance of accuracy when completing the building’s heat loss/gain load calculation for selecting and designing the indoor equipment and sizing the ground heat exchanger. 





	Soil Properties

	Hours: 20–30

	Sample learning objectives
· Demonstrate the ability to identify the preferred soil classification system recommended by IGSHPA with various types of soils and rocks that one might encounter during installation.
· Explain the unique properties of each type of soil and rock in which a geothermal system might be installed.
· Explain the principle of thermal conductivity and demonstrate the ability to properly measure it.
· Discuss the function of ground heat exchanger piping in providing geothermal heat to residential or commercial establishments. 
· Explain the relationship between the thermal properties of the soil/rock in the area and the amount of ground heat exchanger piping surface area that will be needed.
· Demonstrate the ability to calculate the length of piping required for a given installation and to identify the approved industry standards used for Ground Heat Exchanger(s) (GHX) and related piping, sources, or suppliers for the piping.



	Ground Heat Exchangers

	Hours: 20–30

	Sample learning objectives
· Discuss the various types of closed loop ground heat exchange systems. 
· Explain the parameters that must be considered when designing a ground heat exchanger.
· Explain the importance of communicating quickly to the GHX designer before the GHX is installed when a design change is required, longer lengths of pipe or soil and rock types are encountered at the GHX field site verses what was listed and identified on the project specifications and preliminary site plan.
· Demonstrate the ability to calculate head loss and appropriately size a pumping system.
· Demonstrate the ability to properly perform a site survey and develop an appropriate site plan.
· Differentiate between vertically bored, horizontally trenched, and horizontally bored closed loop systems in terms of cost, site needs, equipment requirements, and performance.
· Compare and contrast the advantages and disadvantages of parallel versus series flow systems.
· Discuss the types of piping materials acceptable for use on the outdoor and indoor sides of the GSHP system.
· Determine the number, size and layout of parallel flow loops required for different types of heat exchangers and for using different diameter pipes.
· Describe the different types of headers available for use in ground heat exchangers, and the advantages and disadvantages of each. 
· Discuss the need to clear systems of air or debris and explain how flushing and purging is accomplished based on system and header design/configuration.
· Discuss the role of insulation to protect exposed elements of the exchanger from temperature extremes.
· Identify the different types of elbows and tees used in step-down step-up reverse-return (SDSURR) headers.
· Design optimal ground heat exchangers based on soil properties, site plan, capacity requirements, and budget.



	System Installation and Initiation

	Hours: 45–60

	Sample learning objectives
· Discuss the purpose and function and importance of referencing industry-recognized standards as they relate to ground source heat pumps and the installation of ground source heating systems.
· Explain the role of local and regional building codes in setting standards for the installation of ground source heating systems for commercial and residential use.
· Explain the role and provide some examples of standards establishing requirements for ground source heat pump system design and installation, such as those produced by CSA/ANSI/IGSHPA and the C448 Design and Installation Standards for GSHPs.
· Explain the role and provide examples of uniform solar, hydronics and geothermal code standards that govern the installation and inspection of ground source heat pump systems, such as the C448 Design and Installation Standard for GSHPs.  
· List and compare the different types of grouting procedures used during the installation of vertically and horizontally bored ground heat exchange
· Discuss and demonstrate the ability to select and apply the proper welding techniques for fusing GHX piping systems. 
· Explain the technical considerations critical to selecting grouting materials and procedures.
· Explain the various methods of heat fusion used to join pipes in a buried ground heat exchanger system, and the advantages and disadvantages of each.
· Interpret site plan documents and use them to properly identify buildings, property easements, utilities, archeological spaces and artifacts, etc. 
· Discuss the various role of the three methods of heat fusion types required for installing a ground heat exchanger system.
· List in order of completion the necessary steps required to install a ground heat exchanger system.
· Identify and explain the purpose of various pieces of construction equipment used for installing systems as well as the related operator training recommendations. 
· Demonstrate the ability to create design and installation parameters using industry recognized standards, such as in the event when the design engineering or building code does not provide specific details.  
· Discuss the importance of flushing and purging ground heat pump systems and explain the techniques used to verify completion of each process (air removal and debris flushing) for the system being installed.
· Explain the role of pressure testing before and after burial of GHX piping.
· Explain the role of antifreeze in protecting ground heat exchanger systems from temperature extremes, as well as the calculations used to determine the proper antifreeze volume.
· Properly use industry acceptable pipe locator and market systems.
· Explain the process for starting up and documenting the final “as-built” records of a new system, assessing its performance, and troubleshooting any problems identified.
· Identify as-built detail records for the property owner and where to post them on the GHX installation site for future reference and maintenance of the GSHP system and installation.  
· Discuss the tools and techniques used to water seal GHX piping at the point of building penetration.



	Economics of Ground Heat Exchanger Systems (Optional)

	Hours: 10–20

	Sample learning objectives
· Discuss the environmental impact of geothermal systems relative to other types of heating and cooling systems.
· Discuss the economic considerations involved in geothermal versus other types of heating and cooling systems, including installation and start-up costs, as well as longer term operational costs and savings.
· Explain how ground heat exchanger systems reduce electrical demand during times of extreme temperatures.
· Perform a payback analysis to demonstrate to a potential client the overall costs and savings associated with geothermal systems.
· Discuss the contribution that geothermal exchange systems make to increasing the value of a home or commercial property.
· Discuss the weather and climate conditions under which ground heat exchanger systems are optimal or contraindicated.
· Compare and contrast the costs and benefits of different system configurations and identify the best option based on system performance requirements and budgetary constraints.
· Discuss the ways in which installers can effectively and ethically market their systems and services.
· Explain how supply and demand affect the cost of installing geothermal heat exchange systems.



	Additional Applications of GHX Systems 

	Hours: 30–45

	Sample learning objectives
· Explain how bodies of water, such as ponds, lakes or rivers, can serve as a heat source or sink in surface water heat exchangers.  
· Describe the closed loop systems used to create a surface water heat exchanger, as well as the heat transfer fluids used within the closed loop of pipes and the process of heat exchange.
· Explain how surface water heat exchanges are integrated into a building’s HVAC system.
· Discuss the advantages of surface water GHXs. 
· Discuss factors, such as water body size, temperature stability, water quality, and local regulations that impact the decision to use a surface water heat exchange system in a given application.
· Discuss the process by which sewer or wastewater systems can serve as a source of regenerative energy for heating and cooling.  
· Explain the unique needs of wastewater heat recovery systems, such as the ability to resist fouling and the unique safety challenges associated with installing and servicing these systems.
· Discuss how the use of wastewater as a heat source may require wastewater treatment plants to adjust their treatment processes.
· Discuss the best practices for sewer or wastewater heat exchanger applications and the applicable safety considerations.
· Discuss the types of GHX systems designed to be used to heat and cool larger facilities, such as urban centers, institutional campuses, industrial complexes, manufacturing facilities, commercial buildings, and healthcare facilities.
· Explain the advantages and disadvantages of reliance on GSX for district energy applications.
· Discuss the role of thermal energy networks and load sharing in designing district energy applications of GSX.
· Discuss best practices for district energy applications and safety considerations.
· Discuss best practices for open-loop applications when a readily available water system is available. 
· Discuss the potential negative impacts of open-loop applications on the environment as well as strategies for mitigating negative impacts.
· Discuss water quality parameters that are critical to effective open loop systems as well as environmental regulations that may impact the use or design of open loop systems. 
· Explain the process by which geothermal energy production is used to generate electricity. 



	Relevant military experience 

	N/A for this newly emerging occupation.



	Occupational insights 

	N/A for this newly emerging occupation.
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