CHAPTER 16: Water Heaters

Learning Objectives

Upon completion of this chapter, you will be able to:

1. Identify different types of water heaters and their applications

2. Understand the components and operation of various water heater systems

3. Install water heaters according to CSA B149.1 and manufacturer specifications
4. Calculate proper water heater sizing based on demand and usage patterns

5. Configure tankless water heaters for optimal performance

6. Install and test temperature and pressure relief valves properly

7. Perform routine maintenance on water heating systems

8. Troubleshoot common water heater problems systematically

9. Apply code requirements for safe water heater installation

10. Educate customers on water heater operation and maintenance

Introduction

Water heating represents the second-largest energy use in most homes, accounting for 15-25% of
total energy consumption. Gas water heaters provide reliable, cost-effective hot water for
residential, commercial, and industrial applications. Understanding their design, installation, and
maintenance is essential for gas technicians.

This chapter covers the full spectrum of gas water heating technology, from traditional
atmospheric tank heaters to modern condensing tankless units. We'll explore:

e Various water heater types and their applications
e Critical components and their functions

e Code-compliant installation procedures

e Proper sizing methodologies

e Maintenance requirements

o Systematic troubleshooting approaches

Water heater technology continues evolving with efficiency improvements, smart controls, and
hybrid designs. However, fundamental principles of safe gas combustion, proper venting, and
temperature/pressure safety remain constant.

16.1 Water Heater Types

Atmospheric Storage Tank



Operating Principle: Atmospheric water heaters use natural draft for venting, relying on the
buoyancy of hot combustion gases to create draft through the vent system.

Construction Features:

e Glass-lined steel tank (30-80 gallons residential)
o Central flue tube through tank

e Natural draft hood

o Standing pilot or electronic ignition

e Bottom-fired burner

o Efficiency: 60-80% AFUE

Components:

1. Tank Assembly
o Welded steel construction
o Glass lining (porcelain enamel)
o Foam insulation (R-8 to R-16)
o Outer jacket
2. Combustion System
o Atmospheric burner
o Pilot assembly (thermocouple)
o Main burner orifice
o Burner chamber
3. Venting System
o Draft hood
o B-vent connector
o Natural draft operation

Advantages:

e Lower initial cost

o Simple operation

e No electricity required (pilot models)
e Reliable and proven technology

o Easy to service

Disadvantages:

e Lower efficiency

e Requires vertical venting

e Susceptible to backdrafting

o Higher standby losses

o Limited installation locations

Typical Specifications:



Capacity: 30, 40, 50, 60, 75 gallons

Input: 30,000-75,000 BTU/h

Recovery: 30-41 gallons/hour

First Hour Rating: 60-90 gallons

Efficiency: 60-62% (standard), 76-80% (ENERGY STAR)

Power Vent Storage Tank

Operating Principle: Power vent water heaters use an electric blower to exhaust combustion
products, allowing horizontal venting and longer vent runs.

Construction Features:

e Similar tank construction to atmospheric
e Blower assembly on top

e Pressure switch safety

e Horizontal venting capability

e Electronic ignition typical

o Efficiency: 62-82% AFUE

Venting System:

1. Blower Assembly
o Centrifugal fan
o 30-150 CFM typical
o Pre-purge and post-purge
o Sealed combustion chamber
2. Vent Materials
o PVC/CPVC approved
o ABS in some applications
o Maximum temperatures considered

Control Sequence:

1. Thermostat calls for heat
2. Blower starts (pre-purge)
3. Pressure switch proves

4. Ignition sequence begins
5. Main burner fires

6. Continuous operation

7. Thermostat satisfied

8. Gas valve closes

9. Post-purge (30-60 seconds)
10. Blower stops

Advantages:

o Flexible venting options
o Longer vent runs possible



e Reduced backdraft risk
e Can vent through sidewall
o Better for tight homes

Disadvantages:

e Requires electricity

e More complex controls

e Blower noise

e Higher initial cost

e No operation during power outage

Direct Vent Storage Tank

Operating Principle: Direct vent water heaters draw combustion air from outside through a
sealed system, eliminating indoor air consumption.

Construction Features:

e Sealed combustion chamber

e Concentric or dual-pipe venting
e No indoor air required

e Power vented or natural draft

o Higher efficiency potential

Venting Configurations:
Concentric Venting:

o Pipe within pipe design
¢ Exhaust in center

e Intake in outer annulus
e Single wall penetration
o Preheats combustion air

Dual-Pipe System:
e Separate intake and exhaust
e More flexible routing
e Two wall penetrations
e Various termination options

Installation Benefits:

e No impact on indoor air quality
o Ideal for tight construction



e Reduced clearances possible
o Consistent combustion air temperature
e Zone 3 (bedroom) installation allowed

Typical Applications:

e Mobile homes

o Tight/efficient homes

e Confined space installations

e Cold climate applications

e Where indoor air quality critical

Tankless (Instantaneous)

Operating Principle: Tankless water heaters heat water on-demand as it flows through the unit,
eliminating standby losses.

Types:
Non-Condensing Tankless:

o Efficiency: 80-85%

o Stainless steel heat exchanger
o Higher exhaust temperatures
o Category III venting

Condensing Tankless:

o Efficiency: 90-98%

o Secondary heat exchanger

e Recovers latent heat

e PVC venting possible

e Condensate management required

Key Components:

1. Heat Exchanger
o Copper or stainless steel
o Finned tube design
o High surface area
o Corrosion resistant
2. Modulating System
o Variable gas valve
o Modulating burner
o 5:1to 15:1 turndown
o Precise temperature control



3. Flow Sensors
o Turbine or paddle wheel
o 0.5-0.75 GPM activation
o Digital flow measurement
o Leak detection capability
4. Control Board
Microprocessor controlled
Multiple safety circuits
Diagnostic capabilities
Remote control options
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Performance Specifications:

Flow Rate: 3-11 GPM
Input: 120,000-199,900 BTU/h
Temperature Rise:

- 35°F at 7 GPM

- 45°F at 5 GPM

- 70°F at 3 GPM
Minimum Flow: 0.5 GPM
Maximum Pressure: 150 PSI

Advantages:

o Endless hot water

e Space saving

e No standby losses

o Longer equipment life (20+ years)
o Precise temperature control

Disadvantages:

e Higher initial cost

o Complex installation

e Minimum flow requirements
e Cold water sandwich effect
e Higher gas demand

Condensing Storage

Operating Principle: Condensing storage water heaters achieve high efficiency by extracting
latent heat from combustion gases, similar to condensing furnaces.

Design Features:
e 90-98% thermal efficiency

o Secondary heat exchanger
e PVC venting capability



e Modulating burner (some models)
e Advanced controls

Construction:

1. Primary Heat Exchanger
o Submerged in tank
o Spiral or helical design
o Maximum surface area
2. Secondary Heat Exchanger
o Captures latent heat
o Condensate production
o Corrosion-resistant materials
3. Condensate Management
o Collection tray
o Neutralization (if required)
o Proper drainage

Efficiency Features:

o Low stack temperatures (100-140°F)
e Reduced cycling losses

e Better stratification

e Smart controls

o Heat pump hybrid options

Applications:
o High-use residential
e Light commercial
o Energy-conscious installations
e  Where gas savings justify cost
Commercial Water Heaters
Types and Features:
Power Burner Storage:
e 75-100 gallon capacity
e 75,000-500,000 BTU/h input
e Forced combustion air
o Higher recovery rates

e Modulating options available

Copper-Fin Tube Heaters:



e Fast recovery

e 100-500,000 BTU/h
e Multiple pass design
o 80-88% efficiency

e Compact footprint

Condensing Commercial:

e 95-98% efficiency

e 100,000-2,000,000 BTU/h
e Stainless steel construction
e Modulating operation

e Advanced controls

Installation Requirements:

e Dedicated combustion air

e Larger gas connections (1"-2")
e Multiple unit manifolds

e Building automation interface
e Seismic bracing (zones)

Control Features:
e Lead-lag operation
e Outdoor reset capability
e Building management interface

e Remote monitoring
e Predictive maintenance

Indirect Water Heaters

Operating Principle: Indirect water heaters use boiler water to heat domestic water through a
heat exchanger, eliminating direct flame contact.

Types:

Tank-in-Tank Design:
e Inner domestic water tank
e Outer boiler water jacket
o Large heat transfer area

e Natural convection

Internal Coil Design:



e (Coiled heat exchanger

e Immersed in domestic water
e Forced circulation typical

e Compact design

External Heat Exchanger:
e Plate or shell-tube
e Separate from storage tank
o High heat transfer rates

e Complex piping

System Components:

1. Storage tank (30-119 gallons)

2. Heat exchanger

3. Circulator pump

4. Aquastat control

5. Check valve

6. Mixing valve (optional)
Control Strategy:

Priority Control:

. DHW call from aquastat

. Boiler fires to high limit
Circulator runs

Zone valves close (priority)
. Heat transfer to tank

Tank satisfied

. Return to space heating
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Advantages:

o High recovery rates

e Long tank life (no flame)

e Reduced maintenance

e Combined system efficiency
e No separate venting

Disadvantages:

e Requires boiler operation
e Summer boiler cycling

o Complex controls

e Higher initial cost

e Space requirements



16.2 Water Heater Components

Tank Construction

Materials and Design:
Steel Tank:

o Carbon steel construction

e 0.25-0.375" thickness

o Welded seams

e Pressure tested to 300 PSI
e Working pressure: 150 PSI

Glass Lining:

e Porcelain enamel coating
e Applied at 1500°F

e Multiple coats

e Prevents corrosion

e Thermal shock resistant

Insulation:

e Polyurethane foam

e R-8to R-24 values

e 2-3"thickness typical

e CFC-free formulation
e Reduces standby losses

Outer Jacket:

o Baked enamel finish
e Corrosion protection
o Aesthetic appearance
e Access panels

Tank Connections:

Standard Residential Tank:

- Cold inlet: 3/4" NPT (top)

- Hot outlet: 3/4" NPT (top)

- Drain valve: 3/4" garden hose
- T&P valve: 3/4™ NPT

- Gas connection: 1/2" NPT



- Anode rod: 3/4" or 1-1/16"

Anode Rods
Purpose: Sacrificial anode rods protect the tank from corrosion through galvanic action.
Types:
Magnesium Anode:

¢ Most common

e Standard protection

e 3-5year life typical

o Best for soft water
Aluminum Anode:

e Lighter weight

e Reduces odor issues

e Longer life

o Better for hard water
Zinc/Aluminum Alloy:

e Reduces sulfur odors

e Antibacterial properties

e Premium option

e 5-7year life
Powered Anode:

o Impressed current system

e Non-sacrificial

e Permanent installation

e Requires power supply
Inspection and Replacement:
Inspection Frequency:

e Year 1: Initial check

e Years 2-5: Annual inspection

e Years 5+: Every 6 months

Replacement Indicators:



e 75% consumed

e Heavy calcium deposits
o Exposed steel core wire
o Tank age over 5 years

Installation Tips:

Use Teflon tape on threads
Don't overtighten

May need to bend for clearance
Check headroom before removal
Consider flexible anode
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Dip Tubes
Function: Delivers cold water to tank bottom, promoting stratification and preventing mixing.
Construction:

o Polypropylene typical

o Heat-resistant plastic

e 3/4" diameter

e Anti-siphon hole at top
Types:
Standard Dip Tube:

o Straight pipe

e 6" from tank bottom

o Basic design
Curved Dip Tube:

e Creates swirl action

e Self-cleaning effect

e Reduces sediment
Diffuser Dip Tube:

o Perforated bottom

e Spreads incoming water

e Reduces turbulence

Common Problems:



e Deterioration (1993-1997 issue)
o Breakage from thermal shock

e Sediment blockage

e Incorrect length

Replacement Procedure:

Turn off water and gas
Drain several gallons
Remove cold inlet nipple
Extract old dip tube
Insert new tube

Verify proper length
Reinstall nipple
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Temperature and Pressure Relief Valves
Purpose: Safety device preventing tank rupture from excess temperature or pressure.
Operating Parameters:

e Pressure relief: 150 PSI
o Temperature relief: 210°F
e Combined T&P most common

Construction:

e Bronze body typical
o Stainless steel spring
e Thermostat probe

o Testlever

e Discharge connection

Operation:

1. Pressure Relief:
o Spring-loaded disc
o Opens at 150 PSI
o Full flow capacity
2. Temperature Relief:
o Thermal element
o Expands at 210°F
o Opens valve mechanically

*Detailed coverage in Section 16.6



Gas Control Valves

Types:

Mechanical (Millivolt):
e Thermocouple powered
e No external power needed
o Simple operation

e Standing pilot

Electronic (Thermopile):

Self-powered
Electronic ignition
Status indicators
Diagnostic capability

Components:

1. Main Valve
o Redundant solenoids
o Slow-opening design
o Safety shutoff
2. Pilot Valve
o Thermocouple operated
o Safety function
o Manual control
3. Thermostat
o Immersion sensing
o Adjustable 90-160°F
o Differential 10-15°F
4. Regulator
o Maintains outlet pressure
o Compensates for inlet variation
o 3.5"W.C. typical

Control Settings:

Typical Residential Settings:

- Pilot: Continuous or intermittent
- Temperature: 120°F recommended

- Vacation: Pilot only

- Off: Complete shutdown

Thermostats



Mechanical Thermostats:
Rod and Tube Type:

o Copper tube sensing

e Invar rod inside

o Differential expansion
e Operates gas valve

Bi-Metal Type:

e Two metals bonded

e Bends with temperature
e Snap-action contacts

e Simple and reliable

Electronic Thermostats:
Thermistor Sensing:

e 10K ohm typical

e Precise measurement

o Digital control

e =£1°F accuracy
Microprocessor Control:

e Multiple sensors

e Learning algorithms

o Diagnostic features

e Communication capability
Smart Features:

e WiFi connectivity

o Usage tracking

e Leak detection

e Vacation modes
e Energy monitoring

Burner Assemblies
Atmospheric Burner:

Components:



Cast iron or steel
Multiple ports

Venturi mixing
Primary air adjustment

Operation:
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Gas flows through orifice
Venturi creates vacuum
Primary air entrained
Mixture burns at ports
Secondary air from room

Power Burner:

Components:

Forced draft blower
Premix design
Stainless steel mesh
Modulation capability

Advantages:

Complete combustion
Higher efficiency
Quieter operation
Lower emissions

Venting Components

Draft Hoods (Atmospheric):

Prevents backdraft
Dilution air inlet

Built-in or separate

Must remain unobstructed

Power Vent Components:

Blower assembly
Pressure switch
Vent connector
Termination fitting

Direct Vent Components:



o Concentric termination
o Intake/exhaust pipes

e Wall thimble

e Termination kit

16.3 Water Heater Installation

Location Requirements per Code
CSA B149.1 Requirements:
General Location Rules:

1. Accessibility
o Minimum 24" front clearance
o Service access required
o Removal path planned
2. Floor Protection
o Non-combustible base (concrete)
o Or listed protective material
o Garage: 18" elevation required
3. Prohibited Locations
Bedrooms (except direct vent)
Bathrooms (except direct vent)
Clothes closets
Under stairs (restricted)

o

o O O

Zone Classifications:
Zone 1 - General Space:
e Living rooms

o Kitchens

e Hallways

e Open basements
Zone 2 - Restricted:

e Storage rooms

e Furnace rooms

e Garages (with elevation)

Zone 3 - Special Requirements:



e Bedrooms (direct vent only)
o Bathrooms (direct vent only)
e Must have sealed combustion

Seismic Requirements:

e Zones 4 and higher

o Two straps required

e Upper: 1/3 from top

e Lower: 1/3 from bottom
e Lag bolts to studs

Clearances to Combustibles

Atmospheric Water Heaters:

Standard Clearances:

- Sides: 1" minimum

- Back: 1" minimum

- Front: 6" service clearance

- Top: 12" to combustibles

- Draft hood: 6" all directions
- Vent connector: 6" (B-vent)

Power Vent Units:

Typical Clearances:

- Sides: 2" minimum

- Back: 0" (some models)
- Front: 4" minimum

- Top: 12" to ceiling

- Vent: Per manufacturer

Direct Vent Units:

Reduced Clearances:

- Sides: 0" (some models)
- Back: 0" (some models)
- Front: 4" service

- Vent: Per certification

Clearance Reduction:
e Use approved shields
e Maintain 1" air gap

o Sheet metal acceptable
e Follow tables in code

Combustion Air Provisions



Natural Draft Requirements:

Two-Opening Method:

Upper Opening (within 12" of ceiling):
- 1 sg.in. per 4,000 BTU/h

Lower Opening (within 12" of floor):
- 1 sqg.in. per 4,000 BTU/h

Example: 40,000 BTU/h heater

Upper: 40,000 + 4,000 = 10 sqg.in.
Lower: 40,000 + 4,000 = 10 sg.in.

Single-Opening Method:
Opening Size:

- 1 sg.in. per 3,000 BTU/h
- Within 12" of ceiling

Example: 40,000 BTU/h
40,000 + 3,000 = 13.3 sqg.in.

Mechanical Ventilation:
o Engineered system
o Interlocked with appliance
e Proven before operation
e (Calculation required
Gas Piping Connections

Sizing Requirements:

Typical Connections:

Water Heater Size | Inlet Size
30-40 gallon | 1/2™ NPT
50-75 gallon | 1/2™ NPT
Tankless <199k | 3/4"™ NPT
Tankless >199k | 1™ NPT
Commercial | 1"-2" NPT

Installation Requirements:

1. Shutoff Valve
o Within 6 feet
o Accessible location
o Approved type

2. Union



o Downstream of valve
o Allows removal
o Ground joint type
3. Drip Leg
o 3" minimum length
o Before controls
o Capped nipple
4. Flexible Connector
o Listed for gas
o 36" maximum length
o No concealed locations

Pressure Requirements:

Supply Pressure:
Minimum: 5" W.C.
Maximum: 10.5" W.C. (NG)
Maximum: 13" W.C. (LP)

Venting Requirements per Category
Category I (Atmospheric):

e B-vent required

e Vertical termination

o Natural draft

e Minimum height: 5 feet
Category II (Not common):

e Condensing with positive pressure
e Special materials required

Category III (Power Vent):
e Non-condensing positive pressure
o Stainless steel or approved plastic
o Horizontal venting allowed
Category IV (Condensing):
o Positive pressure condensing
e PVC/CPVC approved
e Slope for drainage

o Condensate management

Common Venting:



Connector Rules:

- Rise: 1/4" per foot minimum

- Length: Not >75% of height

- Size: Not smaller than outlet
- Support: Every 4 feet

Temperature and Pressure Relief Valve Discharge
Discharge Piping Requirements:
Material:

e Copper

e CPVC (rated for temperature)
e Galvanized steel

e PEX (if rated)

Installation:

Requirements:

- 3/4" minimum diameter
- No reducers

- No threads on outlet

- Maximum 6" above floor
- Visible termination

- No caps or plugs

- Slope to drain

- Support required

Prohibited:
¢ Direct connection to drain
e Discharge outdoors (freeze risk)

e Threading of discharge end
e Concealed termination

Earthquake Strapping
Requirements by Zone:
Seismic Zone 4+:

e Two straps mandatory

e 22-gauge minimum

e 1-1/2" wide minimum

o Lag bolts to studs

Installation:



Upper Strap:

- Within upper 1/3 of tank

- 360° wrap or two 180° straps
- Secured to wall studs

Lower Strap:

- Within lower 1/3 of tank

- Above controls

- Same requirements as upper

Additional Bracing:

o Rigid gas piping

e Flexible connector limits
e Platform mounting

o Wall brackets available

Drain Pan Requirements
When Required:

e Above living space

e Where damage possible

o Finished spaces

e Local code requirements
Pan Specifications:

e 2" larger than heater diameter

e 1-1/2"to 2-1/2" depth

o Corrosion-resistant material

e 3/4" drain connection
Drain Piping:

e To approved location

e Visible termination

e Indirect waste preferred
e Same as T&P discharge

16.4 Water Heater Sizing

First Hour Rating (FHR)



Definition: Amount of hot water delivered in first hour of use, starting with full tank of hot
water.

Calculation:

FHR = Tank Capacity + (Recovery Rate x 0.7)

Example:

50-gallon tank

40 GPH recovery

FHR = 50 + (40 x 0.7) = 78 gallons

Factors Affecting FHR:
e Tank size
e Input BTU/h
o Temperature rise
e Draw pattern
e Thermostat setting
Using FHR for Sizing:
1. Determine peak hour demand

2. Select heater with FHR > demand
3. Consider 10-20% safety factor

Recovery Rate
Definition: Gallons per hour raised by specific temperature rise (usually 90°F or 100°F).

Calculation Formula:

Recovery (GPH) = (BTU/h x Efficiency) + (8.33 x AT)
Where:

8.33 = pounds per gallon of water

AT = temperature rise (°F)

Example:

40,000 BTU/h input
80% efficiency
90°F rise

Recovery (40,000 x 0.80) = (8.33 x 90)
Recovery = 32,000 + 750
Recovery = 42.7 GPH

Standard Recovery Rates:

Input (BTU/h) | Recovery (GPH @ 90°F)



30,000 | 32
36,000 | 38
40,000 | 43
50,000 | 53
75,000 | 80
Storage Capacity

Residential Sizes:
e 30 gallons: 1-2 people
e 40 gallons: 2-3 people
e 50 gallons: 3-4 people

e 60-75 gallons: 4+ people
e 80+ gallons: Large families

Usable Capacity: Typically 70% of tank volume due to:
o Stratification
e Mixing during draw
o Temperature differential
Storage vs. Recovery Trade-off:
e Larger tank = longer initial supply

o Higher recovery = faster reheat
o Balance based on usage pattern

Calculating Hot Water Demand
Residential Demand Estimation:

Peak Hour Demand Method:

Activity | Gallons Used
Shower | 10-15

Bath | 15-20

Shaving | 2

Hands/face wash | 4

Shampoo | 4

Dishwasher | 6-10

Clothes washer | 25-40

Food prep | 5

Hand dishwashing| 4

Example Family of 4:

Morning Peak Hour:
- 3 showers x 12 gal = 36 gal



- 1 shaving x 2 gal = 2 gal
- 4 face wash x 2 gal = 8 gal
- Food prep = 5 gal
Total = 51 gallons

Select: 50-gal tank with 40+ GPH recovery
Or: 40-gal tank with 50+ GPH recovery

Diversity Factors:
e Not all fixtures used simultaneously
e Apply 0.6-0.8 factor for large homes
o Consider lifestyle patterns
Tankless Flow Rate Requirements

Flow Rate Determination:

Fixture Flow Rates:

Fixture | GPM @ 40 PSI
Shower | 2.0-2.5
Kitchen sink | 1.5-2.0
Bathroom sink | 0.5-1.0
Bathtub | 4.0-5.0
Washing machine | 2.0-3.0
Dishwasher | 1.0-1.5

Simultaneous Use Calculation:

Example Home:

- 2 showers: 2.5 x 2 = 5.0 GPM
- 1 kitchen sink: 1.5 GPM
Total required: 6.5 GPM

With 70°F rise:
Select unit rated 27 GPM @ 70°F

Sizing by Temperature Rise:

Required GPM = BTU/h <+ (500 x AT)

Example:

150,000 BTU/h unit

70°F temperature rise

GPM = 150,000 = (500 x 70)
GPM = 150,000 + 35,000
GPM = 4.3 GPM

Temperature Rise Considerations



Determining Temperature Rise:

AT = Desired Temp - Inlet Temp

Winter Conditions:

Desired: 120°F

Inlet: 40°F (cold climates)
Rise: 80°F

Summer Conditions:

Desired: 120°F

Inlet: 70°F (warm climates)
Rise: 50°F

Regional Inlet Temperatures:

Region Winter Inlet
Northern Canada 35-40°F
Southern Canada 40-50°F

Central US 45-55°F

\

\

\
Northern US | 40-45°F

\
Southern US | 55-70°F

Impact on Sizing:
Storage Tank:

o Higher rise = lower recovery
o Size tank larger for cold climates
e Orincrease BTU input

Tankless:

o Higher rise = lower flow rate
e Critical for proper sizing
e May need multiple units

Commercial Applications:

Restaurant Dishwasher:

- Required: 180°F

- Inlet: 50°F

- Rise: 130°F

- High BTU input needed

- Consider booster heater

16.5 Tankless Water Heater Installation

Location Considerations



Indoor Installation:
Preferred Locations:

o Utility room

o Basement

o QGarage (freeze-protected)
e Mechanical closet

e Attic (if accessible)

Space Requirements:

Minimum Clearances:

- Front: 24" service access
- Sides: 4" typical

- Back: 0-1" (wall-mount)

- Top: 12" minimum

- Bottom: 12" minimum

Mounting Considerations:

o Wall strength (50-80 1bs)
e Vibration isolation

e Service accessibility

e Venting routes

e Condensate drainage

Outdoor Installation:
Advantages:
e No indoor space required
e No venting needed
e No combustion air provisions
o Easier installation
Requirements:
o Freeze protection zones
e Weather-resistant enclosure
e Wind protection

o Electrical connection (GFCI)
e Service clearances

Venting (Concentric vs. Separate)

Concentric Venting:



Design:

o Exhaust pipe inside intake pipe

o Single penetration
e Combustion air preheated
o Compact termination

Installation:

Typical Specifications:
- 3"/5" or 4"/6" diameters
- Maximum length: 65-150 feet
- Deduct for elbows:
- 90° elbow = 5 feet
- 45° elbow 2.5 feet

Advantages:

o Single wall penetration

e Cleaner appearance

e Preheated combustion air
o Simplified installation

Separate Venting:
Twin Pipe System:

e Independent intake/exhaust
e Greater flexibility

e Longer runs possible

e Multiple termination options

Installation Requirements:

Pipe Specifications:

- 2", 3", or 4" diameter

- PVC/CPVC (condensing)

- Stainless (non-condensing)
- Support every 5 feet

Termination Requirements:

Clearances from Termination:
- Grade: 12" minimum

- Window: 4 feet

- Door: 4 feet

- Inside corner: 3 feet

- Gas meter: 3 feet

- Forced air inlet: 10 feet



Gas Line Sizing
High Input Requirements:

Tankless heaters require substantial gas flow:

Unit Size | BTU/h Input | CFH Required
Small | 120,000 | 120

Medium | 150,000 | 150

Large | 199,900 | 200
Commercial | 380,000 | 380

Pipe Sizing Example:

200,000 BTU/h unit
50 feet from meter
2 PSI system

Required: 1" minimum
Recommended: 1-1/4" for future

Pressure Considerations:

e Minimum: 5" W.C. operating
e Maximum: 10.5" W.C. static
e Measure at full flow

o Size for maximum demand

Manifold Systems:

e 2 PSIsystems common

o Regulators at equipment

e Smaller pipe sizes

e Professional design required

Water Flow Requirements

Minimum Flow Rate:

e Activation: 0.5-0.75 GPM
e Continuous: 0.5 GPM minimum
e Maximum: 8-11 GPM typical

Pressure Requirements:
e Minimum: 30 PSI

e Recommended: 40-60 PSI
¢ Maximum: 150 PSI



e PRV if>&80 PSI
Flow Sensors:

e Turbine type common
o Hall effect sensing

o Digital measurement
o Self-cleaning designs

Low-Flow Issues:

Unit won't activate
Temperature fluctuation
Cycling on/off

Cold water sandwich

Freeze Protection
Built-in Protection:
Electric Heaters:
e Activate at 35-40°F
e 100-200 watts typical
e Protects heat exchanger
e Requires constant power
Recirculation Mode:
e Pump activation
e Circulates water
o Prevents freezing
o Battery backup recommended
Installation Protection:
Pipe Insulation:
o All exposed piping
e R-3 minimum
e Vapor barrier exterior
o Heat tape if necessary

Drain-Down Provisions:

o Isolation valves



e Drain valves
e Service valves
o Freeze protection solenoid

Cold Climate Considerations:

Additional Measures:

- Indoor installation preferred
- Insulated enclosures

- Wind screens

- Pipe routing inside

- Backup freeze protection

Filtration Requirements
Inlet Strainer:

e 200-400 mesh typical

e Prevents debris entry

e Cleanable design

e Pressure drop consideration

Scale Prevention:
Water Softener:

e Recommended >7 grains hardness
e Protects heat exchanger

o Extends equipment life

e Reduces maintenance

Scale Inhibitors:

o Phosphate injection

e Electronic treatment

o Template-assisted crystallization
e Various effectiveness

Maintenance Access:
o Install unions
e Service valves

e Flush ports
o Filter location accessible

Condensate Drainage



Condensate Production:

Approximate Rates:

- 1 gallon per 100,000 BTU/h
- pH 3-4 (acidic)

- Continuous during operation

Drainage Requirements:
Piping:

e 3/4" minimum

e Corrosion-resistant
e Slope 1/4" per foot
e Trap required

Neutralization:

e Required by some codes

e pH > 5 for disposal

o Neutralizer kit available

e Annual media replacement

Disposal Options:
1. Floor drain (with trap primer)
2. Laundry tub
3. Condensate pump
4. Exterior (freeze-protected)

Common Problems:
e Frozen condensate lines
¢ Blocked drains

e Corrosion damage
e Trap dry-out

16.6 Temperature and Pressure Relief Valves

Purpose and Operation

Safety Function: T&P relief valves prevent catastrophic tank failure by releasing water when
temperature or pressure exceeds safe limits.



Dual Protection:
Pressure Relief:

e Opens at 150 PSI

e Prevents tank rupture

e Spring-loaded mechanism
o Full flow capacity

Temperature Relief:

e Opens at 210°F

o Prevents steam explosion
e Thermal probe sensing

e 3" immersion typical

Operating Principle:
Normal Conditions:

e Valve remains closed
e Spring pressure maintains seal
e No leakage

Over-Pressure:

Sequence:

Pressure exceeds 150 PSI
Overcomes spring force
Valve opens

Water discharged
Pressure reduced

Valve closes
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Over-Temperature:

Sequence:

Temperature exceeds 210°F
Thermal element expands
Mechanically opens valve
Steam/water discharged
Temperature reduced

Valve resets
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Sizing Requirements
Capacity Rating: BTU/hr relief capacity must equal or exceed heater input.

Standard Ratings:



Heater Input | Min. Relief Capacity
<100,000 100,000 BTU/h
100-200,000 Equal to input
200-300, 000 Equal to input

\
\
\
>300, 000 | Multiple valves

Sizing Formula:

Required GPM = BTU/h + 50,000

Example:
200,000 BTU/h heater
200,000 + 50,000 = 4 GPM minimum

Connection Size:

e Residential: 3/4" NPT typical
¢ Commercial: 3/4" to 2"

e Must match tank tapping

e No reducers allowed

Installation Position
Approved Locations:
Top Installation:

e Most common

e Dedicated tapping

e Within 6" of tank top
e No intervening valves

Side Installation:

e Upper 6" of tank

o Hot water space

e Probe fully immersed
e Proper orientation

Requirements:

1. Direct Connection
o No restrictions
o Full-size opening
o No reducers
2. Accessibility
o Test lever reachable
o Visual inspection



o Clear discharge path
3. Orientation
o Stem horizontal maximum
o Never downward
o Discharge downward

Prohibited Installations:

o Below top 6" of tank

o With shutoff valve between
e Reduced fittings

o Concealed locations

Discharge Piping Requirements
Code Requirements:

Material:

Approved Materials:

- Copper

- CPVC (temperature rated)
- Galvanized steel

- Listed relief piping

Installation Specifications:

Requirements:

- Size: 2 relief valve outlet
- Termination: 6" above floor
- Slope: Continuous downward
- Support: Every 4 feet

- No traps or low points

Termination:

e Visible location

e Not threaded

e No caps/plugs/valves

e Air gap required

o Safe discharge location

Length Limitations:

e Minimize length

e Reduce elbows

o Consider back pressure
o Size for flow capacity



Testing Procedures
Manual Test:
Frequency:

e Annually minimum

e After installation

o After service

o Ifdischarge observed

Procedure:

. Warn occupants
Position bucket

Lift test lever fully
Hold 5 seconds

. Release lever

. Verify water flow
Check complete closure
. No continued dripping
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What to Check:

e Smooth operation

e Full flow when open

e Complete shutoff

e No corrosion/deposits
e Discharge piping clear

Safety Precautions:

e Hot water discharge
e Full pressure/flow

e Proper drainage

e Stand clear

e PPE recommended

Replacement Criteria
Replace When:

1. Failed Test

Won't open manually
Won't close completely
Restricted flow
Continuous dripping

o O
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2. Physical Damage

o Corrosion visible

o Damaged test lever

o Missing components

o Impact damage
3. Age/History

o Over 5 years old
History of problems
After tank replacement
Unknown condition
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Replacement Procedure:

1. Shut off gas and water
2. Drain tank partially

3. Remove discharge piping
4. Unscrew old valve

5. Clean threads

6. Apply tape/compound

7. Install new valve

8. Hand tight plus 3 turns
9. Reconnect discharge

10. Fill and test

Selection Criteria:

e Match BTU rating

e Correct pressure (150 PSI)

e Correct temperature (210°F)
e Proper connection size

e AGA/CSA approved

Documentation:
o Date of replacement
e Valve specifications
e Test results

o Next test date
e Technician name

16.7 Water Heater Maintenance

Anode Rod Inspection/Replacement

Inspection Schedule:



Age | Frequency

0-2 years | Initial inspection
2-5 years | Annual

5-8 years | Semi-annual

8+ years | Quarterly or replace

Inspection Procedure:

1. Preparation

o Turn off power/gas

o Turn off cold water

o Relieve pressure

o May need to drain partially
2. Removal

o Locate anode (top usually)

o Use 1-1/16" socket typical

o Break loose carefully

o May need impact wrench
3. Inspection Points
Measure remaining diameter
Check core wire exposure
Note calcium deposits
Assess consumption pattern

o
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Replacement Criteria:

e 50% or more consumed
o Core wire exposed 6"+
o Heavy calcification

e Tank over 5 years

o Water quality issues

Installation Tips:

e Use Teflon tape only

e Don't overtighten

o Consider flexible anode
e Check clearance first

e Document replacement

Tank Flushing
Purpose: Remove sediment accumulation that reduces efficiency and capacity.

Frequency:

Water Hardness | Flush Schedule



Soft (0-3 gpg) | Annual
Medium (4-7) | Semi-annual
Hard (8-12) | Quarterly
Very Hard (13+)| Bi-monthly

Flushing Procedure:

1. Setup
o Turn off heater
o Turn off cold supply
o Attach hose to drain
o Route to safe location
2. Flush Process
o Open drain valve fully
o Open T&P valve (air inlet)
o Drain completely
o Note sediment amount
3. Refill
Close drain valve

@)
o Close T&P valve
o Open cold supply
o Purge air from hot taps
o Restart heater
Power Flush Method:

e Leave cold water on

o Creates turbulence

o Better sediment removal
¢ Watch for clear water

Combustion Chamber Inspection
Visual Inspection:
Access:
e Remove outer door
e Remove inner door (if present)
o Use flashlight/mirror
Check For:
o Rust/corrosion
e Soot accumulation

e Debris/lint
o Burn patterns



Damaged components

Cleaning:

MRS

Vacuum loose debris
Brush chamber walls
Clean viewport
Check gaskets
Reassemble properly

Warning Signs:

Heavy soot (combustion issue)
Rust flakes (tank concern)
Melted components (overfire)
Water stains (leak)

Burner Cleaning

Atmospheric Burner:

Cleaning Steps:

A

Remove burner assembly
Brush burner ports

Clear orifice

Check air shutter
Vacuum chamber
Reinstall and align

Inspection Points:

Port blockage
Rust/corrosion
Proper flame pattern
Air adjustment
Secure mounting

Power Burner:

Maintenance:
1. Clean air intake screen
2. Check blower wheel
3. Inspect gaskets
4. Test pressure switch



5. Clean flame sensor
6. Verify combustion

Vent System Inspection
Annual Inspection Points:
Draft Hood (Atmospheric):

e Proper alignment
e No obstructions
e Corrosion check
o Spillage signs

e Support adequate

B-Vent System:

o Joint integrity

e Support spacing

e Clearances maintained
e Termination condition
¢ No disconnections

Power Vent:

o Blower operation

o Bearing noise

o Intake screen clean
o Exhaust clear

o (Gaskets intact

Direct Vent:

e Termination screens
¢ Snow/ice clearance
o Pipe support

e Joint integrity

o Condensate drainage

Draft Test:

o Use smoke/match
e Check spillage

e Verify draft

o Test worst-case

¢ Document results



Relief Valve Testing

Test Procedure:

Monthly Quick Test:
1. Lift lever partially
2. Hear water flow
3. Release lever
4. Verify shutoff
Annual Full Test:
1. Full lever lift
2. Full flow discharge
3. 5-second duration
4. Complete closure
5. No dripping after
Documentation:

Test Record:

Date:

Result: Pass/Fail

Flow: Good/Restricted
Closure: Complete/Dripping
Action: None/Replaced
Tech:

16.8 Troubleshooting Water Heaters

No Hot Water
Diagnostic Process:
Step 1: Verify Utilities
e Gas supply on?
e Gas valve open?
e Electrical power present?
e Water supply on?
Step 2: Check Pilot/Ignition

Standing Pilot:



Checks:

1. Pilot 1it? - Relight

2. Thermocouple voltage (25-30mV)

3. Pilot flame engulfing thermocouple
4. Gas control valve function

Electronic Ignition:

Checks:

1. Power to control
2. Igniter operation
3. Gas valve opening
4. Flame sense signal
5. Error codes

Step 3: Main Burner Operation

e Thermostat calling?
e Gas valve opening?
e Proper gas pressure?
e Flame established?

Common Causes:

Pilot outage

Faulty thermocouple
Bad gas control valve
No gas supply
Tripped ECO

M

Insufficient Hot Water
Systematic Diagnosis:

Verify Demand vs. Capacity:

Questions:

- Recent usage increase?
- More occupants?

- New fixtures?

- Simultaneous use?

Check Temperature Setting:

e Current setting (120°F typical)
e Adjust if needed

e Test actual temperature

o Compare to setpoint



Dip Tube Inspection:

e Cold water entering top?

o Plastic particles in fixtures?
e Manufactured 1993-1997?
e Short cycling?

Recovery Rate Issues:

Tests:

1. BTU input correct?

2. Gas pressure adequate?

3. Burner clean?

4. Venting proper?

5. Combustion air sufficient?

Tank Capacity Loss:

e Sediment accumulation
e Scale buildup

e Perform flush

e Check anode rod

Temperature Issues

Water Too Hot:
Diagnosis:
1. Check thermostat setting
2. Test actual temperature
3. Verify thermostat operation
4. Check for stacking
5. Test ECO function
Solutions:

e Adjust thermostat

e Replace if faulty

o Install mixing valve

e Reduce setting

e Check for crossed connections

Water Not Hot Enough:

Diagnosis:



1. Thermostat setting low?

2. High demand periods?

3. Mixing valve set low?

4. Thermostat faulty?

5. Low gas input?
Solutions:

e Increase setting (max 140°F)
o Upgrade heater size

e Adjust mixing valve

e Replace thermostat

e Check gas pressure

Temperature Fluctuation:
Causes:

o Tankless: Cold water sandwich
e Tank: Stacking effect

e Crossed connections

e Mixing valve issues

e Pressure variations

Pilot Outage Problems
Frequent Pilot Outage:
Diagnostic Steps:

1. Draft Issues
o Downdrafts?
o Negative pressure?
o Vent blockage?
2. Thermocouple Problems
o Low voltage (<20mV)
o Poor connection
o Wrong position
o Needs replacement
3. Gas Issues
Low pressure
Contamination
Wrong orifice
Air in line
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Solutions by Cause:



Draft Problems:

e Check vent system
o Test for spillage

o Install draft hood

e Correct vent size

e (Clear obstructions

Component Issues:

e Replace thermocouple
e Clean pilot assembly
e Adjust pilot flame

e Replace gas valve

o Tighten connections

Burner Problems
Yellow/Orange Flames:
Causes:

o Insufficient air

e Dust/lint in air

e Wrong orifice

e Low gas pressure
e Misalignment

Corrections:
1. Adjust air shutter
2. Clean burner ports
3. Verify orifice size
4. Check gas pressure
5. Realign burner
Delayed Ignition:
Symptoms:

o Puff-back on ignition
e Loud ignition
e Roll-out potential

Causes:



o Weak pilot

e Dirty burner

e Low gas pressure
e Poor air mixture

Noisy Operation:
Rumbling:

e Scale on tank bottom
e Sediment buildup
e Flush tank

Whistling:

o Restricted orifice
e Gas pressure high
e (lean or replace

Popping:

e Condensation dripping
e Scale flaking
e Normal in some cases

Vent Spillage
Detection Methods:

1. Visual:
o Moisture around draft hood
o Rust on top of heater
o Melted plastics nearby
2. Match/Smoke Test:
o Hold at draft hood
o Should draw upward
o Test worst-case
3. CO Testing:
o Ambient CO levels
o Check during operation
o Spillage indicates CO

Common Causes:

Blocked Vent:



e Bird nests

e Debris

¢ Disconnected sections
e Crushed pipe

Insufficient Draft:

¢ Undersized vent

e Too many elbows
o Horizontal runs

e Norise

House Depressurization:

Exhaust fans
Clothes dryer
Fireplace

e HVAC returns

Solutions:
1. Clear obstructions
2. Resize vent if needed
3. Improve combustion air
4. Power vent conversion
5. Address house pressure

Relief Valve Discharge
Continuous Dripping:
Causes:
e Thermal expansion
o High water pressure

o Faulty valve
e Debris in seat

Diagnosis:
1. Check system pressure
2. Test with gauge
3. Check for expansion tank
4. Inspect valve seat

Solutions:



o Install expansion tank

e Install PRV if >80 PSI

o Replace relief valve

e Clean or replace
Intermittent Discharge:
During Heating:

e Normal expansion

o Install expansion tank

e Check for closed system
Random Times:

e Pressure spikes

e Water hammer

e PRV failing
Noise and Odor Issues
Common Noises:
Sizzling:

e Condensation on burner

e Normal during startup

e Check for leaks
Hammering:

e Water hammer

o Install arrestors

e Secure piping
Ticking:

e Thermal expansion

o Heat traps

e Usually normal
Gurgling:

e Sediment boiling

e Flush tank
e Check temperature



Odor Problems:
Rotten Egg Smell:
e Bacteria in tank

e Anode rod reaction
e Well water common

Solutions:
1. Chlorinate tank
2. Replace with zinc anode
3. Increase temperature temporarily
4. Install filtration

Gas Smell:

e Check connections

e Soap test fittings

e Ventilate area

o Call gas company if strong

Chapter Review

Key Concepts Summary

1. Water Heater Types
o Atmospheric: Simple, reliable, natural draft
o Power vent: Flexible venting, forced exhaust
o Direct vent: Sealed combustion, safest
o Tankless: On-demand, high efficiency
o Condensing: Highest efficiency, PVC venting
2. Critical Components
o Anode rod protects tank from corrosion
o T&P valve prevents catastrophic failure
o Proper venting ensures safe operation
o Gas controls maintain temperature
o Dip tube promotes stratification
3. Installation Requirements
Follow CSA B149.1 code requirements
Proper clearances mandatory
Adequate combustion air critical
T&P discharge must be visible
Seismic strapping where required
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4. Sizing Principles
o First Hour Rating for storage tanks
Flow rate and temperature rise for tankless
o Consider peak demand periods
o Account for future needs
o Regional temperature variations
5. Maintenance Importance
o Annual anode rod inspection
Regular tank flushing
T&P valve testing
Vent system inspection
Extends equipment life significantly

o

o O O O

Sizing Calculations

Exercise 1: Storage Tank Sizing

Family of 5, morning peak:

- 4 showers x 15 gal = 60 gal
- 2 sinks x 3 gal = 6 gal

- 1 dishwasher = 8 gal

Total = 74 gallons

Solution:
75-gallon tank or
50-gallon with high recovery

Exercise 2: Tankless Sizing

Simultaneous use:

- 2 showers at 2.5 GPM = 5.0 GPM
- 1 sink at 1.5 GPM = 1.5 GPM
Total = 6.5 GPM

Temperature rise:
120°F - 45°F = 75°F

Required: 7+ GPM at 75°F rise
Select: 180,000 BTU/h unit

Exercise 3: Recovery Rate

Given:

50,000 BTU/h input

75% efficiency

100°F temperature rise

Recovery (50,000 x 0.75) + (8.33 x 100)
Recovery = 37,500 + 833
Recovery 45 GPH



Installation Planning Exercises

Scenario 1: Basement Installation

Requirements:
- Atmospheric 50-gallon
- Concrete floor

- 8' ceiling

- B-vent available

Plan:

Clearances: 1" sides/back
- Combustion air: Two openings
- Vent: Connect to existing
- T&P: Discharge to floor drain
- Gas: 1/2" with drip leg

Scenario 2: Tankless Replacement

Existing:

40-gallon atmospheric

New: Condensing tankless

Modifications needed:

- Increase gas line to 3/4"
- Install PVC venting

- Add condensate drain

- Electrical for controls

- Water softener recommended

Code Compliance Checks

ChecKklist for Installation:

1. Location

o

o
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[ ] Not in bedroom (unless direct vent)
[ ] Accessible for service

[ ] Proper floor protection

[ ] Required elevation (garage)

2. Clearances

o

o

o

o

[ ] Manufacturer specifications
[ ] Service access maintained

[ ] Vent connector clearances

[ ] Combustibles protected

3. Venting

o
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[ ] Proper category

[ ] Correct sizing

[ ] Proper termination
[ ] Required clearances

4. Gas Piping

o

[ ] Proper sizing



o [ ] Shutoff valve

o [ ] Union installed

o [ ] Drip leg present
5. Safety Devices

o []T&P valve installed

o [ ] Discharge piping compliant

o [ ] Vacuum relief (if needed)

o [ ] Seismic strapping (if required)

Diagnostic Scenarios

Scenario 1: No Hot Water - Atmospheric

Symptom: No hot water, pilot out
Tests: Thermocouple 10mV
Diagnosis: Weak thermocouple
Solution: Replace thermocouple

Scenario 2: Insufficient Hot Water

Symptom: Runs out quickly

Found: 1995 manufacture date

Tests: Plastic in aerators
Diagnosis: Broken dip tube

Solution: Replace dip tube or heater

Scenario 3: Relief Valve Dripping

Symptom: Constant drip from T&P

Tests: Water pressure 95 PSI

Diagnosis: High system pressure
Solution: Install PRV and expansion tank

Scenario 4: Yellow Flames

Symptom: Yellow burner flames

Found: Lint on air shutter

Tests: Clean and adjust

Diagnosis: Insufficient primary air
Solution: Clean and adjust air shutter

Scenario 5: Pilot Won't Stay Lit

Symptom: Pilot lights but goes out
Tests: Draft at draft hood OK

Found: Thermocouple not in flame
Diagnosis: Mispositioned thermocouple
Solution: Adjust position

Scenario 6: Tankless Error Code



Symptom: Error code 11
Manual: Ignition failure
Tests: Gas pressure 3" W.C.
Diagnosis: Low gas pressure
Solution: Upsize gas line

Scenario 7: Rumbling Noise

Symptom: Rumbling during heating
Found: Hard water area

Tests: Drain shows sediment
Diagnosis: Sediment buildup
Solution: Flush tank, check anode

Scenario 8: Vent Spillage

Symptom: Moisture on top

Tests: Failed spillage test
Found: Bathroom fan running
Diagnosis: Depressurization
Solution: Provide combustion air

Scenario 9: Odor Complaints

Symptom: Sulfur smell in hot water
Found: Well water supply
Tests: Only in hot water
Diagnosis: Bacteria/anode reaction
Solution: Replace with zinc anode

Scenario 10: Temperature Fluctuation

Symptom: Varies hot to cold
Type: Tankless

Found: Low flow rates
Diagnosis: Below minimum flow
Solution: Install recirculation

Scenario 11: Long Recovery Time

Symptom: Slow to reheat

Tests: Input only 28,000 BTU/h
Found: Wrong orifice

Diagnosis: LP orifice on NG
Solution: Install correct orifice

Scenario 12: Premature Failure

Symptom: 3-year-old tank leaking

Tests: Very low anode rod

Found: Water softener set high

Diagnosis: Aggressive water

Solution: Adjust softener, maintain anodes



Professional Best Practices

1. Safety First
o Test for gas leaks
o Verify proper venting
o Test all safety devices
o Check CO levels
o Document conditions
2. Customer Education
o Explain maintenance needs
o Demonstrate T&P testing
o Discuss temperature settings
o Review efficiency options
o Provide documentation
3. Quality Installation
o Follow manufacturer instructions
o Meet or exceed code
o Use quality materials
o Plan for service access
o Consider future needs
4. Preventive Maintenance
o Schedule annual service
Document all work

O

o Track component age

o Anticipate replacements

o Maintain service history
Conclusion

Water heaters are essential appliances requiring proper selection, installation, and maintenance.
Understanding various technologies—from simple atmospheric tanks to sophisticated
condensing tankless units—enables technicians to provide appropriate solutions for each
application.

Key principles for success:

o Safety always takes priority

e Proper sizing ensures satisfaction

e Code compliance is non-negotiable

e Regular maintenance extends life

e Systematic troubleshooting solves problems
e Customer education prevents issues

As water heating technology advances with smart controls, hybrid systems, and improved
efficiency, fundamental principles of safe gas combustion, proper venting, and



temperature/pressure safety remain constant. Professional technicians must maintain current
knowledge while mastering these timeless fundamentals.



