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Greetings faithful members, I bring you tidings from far away lands! I’m very sorry to miss you all
last month, but I’m sure you’re excited for the engineer lead programs that have woven into our
technical presentation schedule! As I would never ask anyone to do something that I would not do
myself, I volunteered for the first position in the program. I always prefer to dive into the
fundamentals. In our day-to-day projects, we’re constantly challenged by scenarios that the
textbooks never quite covered, making a rock-solid foundation essential. This month, we'll tackle
an oft-forgotten hero of the domestic water system: Hot Water Recirculation.

We've all seen the boilerplate: Route a return line, slap a balancing valve on the end, and toss a
pump at the heater - done. It's the last detail, and it's easy to overlook. But for an engineer, the real
answer can be just as simple as the lazy one! It all comes down to truly understanding the design
intent. When we know the why, adapting to and implementing better, technologies becomes
second nature.

In ASPE news, it’s come to my attention that there have been a few email scams that seem to
come from legitimate ASPE sources. I’ve been asked to reinforce that ASPE will never ask you for
your password, to purchase gift cards, or to click a like to see some pictures of my cats.  I only do
that in person. Kidding aside, I thank you for your diligence and please let me know if you do see
any odd emails that don’t come from those listed on the Board of Directors page on our website or
from @BaltimoreASPE.com (including that postmaster@mg.baltimoreaspe.com guy that keeps
sending you lots of emails). That all said, click here. 

Your Chapter President,
 Chuck Swope

P.S. If you fell for that link that you shouldn’t have clicked, you have to tell me at the meeting. 

Chuck Swope, PE, CPD, LEED AP BD+C
Chapter President

ank

mailto:postmaster@mg.baltimoreaspe.com
https://www.youtube.com/watch?v=dQw4w9WgXcQ






Julian Chiveral, PE, CPD, LEED AP BD+C
Vice President- Technical & Education Chair

Technical Report
A heartfelt thank-you to everyone who joined us in October. Niki Patel’s Med Gas 101 presentation
delivered a thought-provoking dive into NFPA 99 and the intricacies of design patient care spaces
for plumbing engineers. Thank you, Niki, for your time and expertise! Niki Patel and Jordan Myers
from Sherman Engineering are great resources for medical gas questions you may have and can be
reached at npatel@shermanengineering.com and jtmyers@shermanengineering.com. 

This month, we shift our focus to the fundamentals of hot water recirculation. Our speaker will be our
very own Chuck Swope, Baltimore ASPE president and chief engineer at Mueller Associates. From
determining if recirculation is required, to component specifics and how to size and balance a
system, there will be plenty of information for our newest engineers as well as our seasoned
veterans.

Chuck promises to cover:
Why DHWR Systems are Essential for Comfort and Efficiency.
Understanding the Critical Roles of TMVs and Recirculation Pumps.
Identifying When DHWR Systems Can Be Eliminated (and Why).
Now that I know when I need one, how do you size and balance the system?
Reconciling DHWR Design with ASHRAE 90.1 and Energy Code Mandates.
Exploring Emerging and Alternative DHWR Design Strategies.

We’re excited to see you on November 19th at Little Havana for another enriching meeting. Until
then, stay curious, stay engaged, and let’s continue to advance the plumbing engineering
profession together!

Julian, VP-T

mailto:npatel@shermanengineering.com
mailto:jtmyers@shermanengineering.com


Domestic Hot Water Recirculation Systems
From Plumbing Engineer, a PHCP Publication
February 6, 2017
By Ron George, CPD, ASSE 12080 Legionella Management Professional, president of
Plumb-Tech Design & Consulting Services.

Domestic hot water systems have been installed in buildings for many years dating back to ancient times.
Recirculating hot water systems are not quite that old. Gravity hot water circulation began in the U.S. in the late
1870s, right after plumbing moved indoors. During the early years, water and space heating was done in
cabins by burning wood in a fireplace or cast iron stove, and water was heated in pots or kettles for bathing or
cooking purposes. Eventually, coal replaced wood as a fuel source, but there was still no electricity for heating,
lights or electrical circulating pumps during these early years. As domestic hot water systems became more
sophisticated, cold water was piped to buildings and closed vessels were installed with burners or fire
chambers below them for heating the domestic hot water.

In the early years, there were many explosions associated with uncontrolled heat to the water heater in closed
piping systems. Eventually, controls were installed to relieve the pressure and temperature, and to control the
fuel and combustion air. Coal and wood as a heating source were phased out because of the difficulty of
controlling the heat input. Heating oil, natural gas, electricity, solar and geothermal were phased in over many
years as heating sources for domestic hot water. The early plumbing fixtures had hot and cold spigots and
drain connections to vented drainpipes. As buildings grew in size and complexity, and as the distance from the
water heater to the most remote fixture increased, getting hot water from the fixture would take longer
because the previously heated water in the pipes had to be drained first.

In the late 1870s, tradesmen were using looped hydronic heating systems to replace steam systems with
limited safety controls. Tradesmen learned that hot water rises in the piping system because it was lighter
than cold water. They also applied this gravity circulation to domestic hot water systems. Hot water leaving
the water heater went up in a pipe vertically through the building and looped back down un-insulated and ran
parallel to the hot water riser to the bottom of the water heater. The return riser was not insulated to
encourage heat loss, and the cooler water caused gravity circulation. As people on the upper floors of the
building used hot water, they only had to drain water from the branch piping until hot water from the riser
arrived at the fixture. 

The more vertical the system was, the better it worked up to a point. As buildings were built to be about three
or four stories in height, depending on the insulation type and thickness, the systems would get too big, and
the water would cool down and lose its buoyancy. There were also some other things that were problematic
with gravity circulation systems: Horizontal swing check valves resisted flow. Large dips in the piping would
allow water to cool off, and the cool water in trapped areas would resist flow. Long horizontal runs with minimal
vertical rise had difficulty getting gravity circulation. 

The biggest problem to overcome was air trapped in the high point of the system. They addressed this by
connecting a regularly used fixture or an automatic air vent at the top of the gravity hot water circulation loop
to allow any air to be vented. If air was trapped, a large bubble would resist gravity circulation. A commonly
used fixture to the top of the hot water riser vented air and allowed the gravity circulation to continue. Gravity
domestic hot water systems were commonly installed before the introduction of electricity and circulating
pumps, and some have been installed in newer homes with moderate success. Newer code requirements for
water heaters require flappers or a device in the top of the water heater to prevent gravity circulation. This
makes the water heater more efficient during efficiency testing, but makes many older buildings that install
new water heaters experience problems with respect to gravity circulation. That is when it is time to install a
circulating pump.

Tech Corner
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Modern systems 

Since the advent of the circulator pump, many improvements have been made. Early pumps were the same
ones used on hydronic systems. The pumps were made of ferrous metals with cast iron and steel parts, and
most of them suffered corrosion problems or had rusty water shortly after being installed. Hydronic systems
were closed systems with air eliminators to keep air and oxygen out of the piping circuit. Some hydronic
systems use corrosion inhibiting chemicals to help prevent corrosion of the ferrous metals. Oxygen contributes
to the corrosion process and domestic water systems are open systems with air and oxygen entrained in the
water flow. It is for this reason that hydronic pumps and piping can be black steel and cast iron ferrous metals,
and domestic hot water systems should be non-ferrous bronze or stainless steel parts with copper piping.
Pump manufacturers have continually improved the materials, bearings, seals and efficiency of the circulator
pumps. 

Code requirements for hot water and temperature maintenance systems 

Recently, criteria for temperature maintenance for hot water systems in the models codes were changed from
100-foot distance criteria to a 50-foot criteria. I wrote about this many years ago. I proposed code changes
showing a maximum distance of about 25 feet from a circulated main or hot water source would be the ideal
maximum distance to allow hot water within a reasonable time, but knowing that would have many industry
groups upset with a requirement for recirculation systems in most residences and small buildings, I
compromised and proposed a reduction to a maximum of 50 feet. This would allow most residences and
smaller buildings to not be required to have temperature maintenance systems. The code change did not
pass the first time, but eventually it prevailed. 

The 2015 International Plumbing Code section 607.2 has the following language: 

607.2 Hot or tempered water supply to fixtures. The developed length of hot or tempered water piping, from
the source of hot water to the fixtures that require hot or tempered water, shall not exceed 50 feet (15 240
mm). Recirculating system piping and heat-traced piping shall be considered to be sources of hot or
tempered water.

607.2.1 Circulation systems and heat trace systems for maintaining heated water temperature in
distribution systems. For Group R2, R3 and R4 occupancies that are three stories or less in height above
grade plane, the installation of heated water circulation and temperature maintenance systems shall be in
accordance with Section R403.5.1 of the International Energy Conservation Code.

For other than Group R2, R3 and R4 occupancies that are three stories or less in height above grade plane, the
installation of heated water circulation and heat trace systems shall be in accordance with Section C404.6 of
the International Energy Conservation Code.

607.2.1.1 Pump controls for hot water storage systems.
The controls on pumps that circulate water between a water heater and a storage tank for heated water shall
limit operation of the pump from heating cycle start-up to no greater than five minutes after the end of the
cycle.

 607.2.1.2 Demand recirculation controls for distribution systems. A water distribution system having one or
more recirculation pumps that pump water from a heated water supply pipe back to the heated water source
through a cold water supply pipe shall be a demand recirculation water system. Pumps shall have controls
that comply with both of the following:

The control shall start the pump upon receiving a signal from the action of a user of a fixture or appliance,
sensing the presence of a user of a fixture, or sensing the flow of hot or tempered water to a fixture fitting or
appliance.
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The control shall limit the temperature of the water entering the cold water piping to 104 F (40C).

607.2.2 Piping for recirculation systems having master thermostatic valves. Where a thermostatic mixing
valve is used in a system with a hot water recirculating pump, the hot water or tempered water return line
shall be routed to the cold water inlet pipe of the water heater and the cold water inlet pipe or the hot
water return connection of the thermostatic mixing valve. 

Demand circulation controls dilemma 

In the 2015 code change cycle, a change was presented to the model codes, and it was touted as saving
water and energy along with reducing the time it takes to get hot water at a fixture. The code change was the
technology, demand recirculation. I testified against this technology because health and safety should trump
water and energy conservation. Many other in the backflow prevention industry have voiced concerns about
this technology, but it fell on deaf ears at the code hearings. The code committee voted on this change based
on the thought of having instant hot water in their homes, and saving a little water was more important to
them than cross-connection. Many of the code committee members voted for this and commented that it
would be nice to have for their own home. This code change will allow contaminated hot water to flow into the
domestic cold water supply pipes. I have always said that circulating domestic hot water through the cold
water pipes is a bad idea, and here’s why: 
 

1.The hot water tank has a magnesium or aluminum anode rod in the hot water tank, which is designed to
corrode to sacrifice itself to the steel in the hot water tank. The dissolved metals end up in the hot water.
This is why they say don’t cook with hot water. 

2.The demand recirculation pumps are supposed to shut off at 104 F. This is an ideal temperature for organic
pathogens like Legionella bacteria to grow in the cold water piping. 

3. If the thermostat or temperature sensor is not affixed properly to the cold water pipe, when there is a
remote temperature sensor, the temperature can overshoot and scalding can become a concern for
people using the cold water system.

I was all for allowing this technology in residential applications only, but the code allows it anywhere. So, there
will be a condominium or apartment building where someone decides 

to install one of these demand circulator pumps under their lavatory to circulate hot water. Now everyone in
the building will be drinking water with high magnesium or aluminum content and possibly high bacteria
content associated with new breeding grounds in the cold water pipes, which will be in the ideal temperature
range for Legionella and other bacteria growth. In addition, most of the people in the building will not get clean
cold water to cook or brush their teeth with. 

I see this as a ticking time bomb and a lawsuit waiting to happen. I prefer minimizing liability and designing
hot water systems the correct way with a dedicated hot water return piping system in the original design. The
hot water return piping system should be properly sized and balanced. I will not design a building with a
demand circulator connecting the domestic hot water to the cold water pipes. Demand circulators are retrofit
products for improperly designed systems, that should only be used in single-family homes where the
homeowner will live with the consequences of using such a product. Demand circulators should not be
designed or installed in commercial or multi-family buildings because of the obvious crossconnection and
water quality issues it brings with it.  

Designing the domestic hot water recirculating system 

Ideally, hot water should arrive at the fixture between zero and ten seconds from the time a faucet or fixture
valve is opened. There are a couple of manufacturers that offer fittings and designs to allow the hot water to
circulate right up to the fixture, and some manufacturers allow circulation right up to the faucet spout, such as
Kemper hygiene systems (bit.do/Kemper) and Viega drinking water systems - Hygiene (bit.do/Viega).
Surveys of how water users showed wait times between 10 and 30 seconds were marginally acceptable and
wait times in excess of 30 seconds were considered unacceptable. 
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The following are a few considerations when piping the recirculated hot water return (HWR) piping:

 1. Route the circulated hot water pipe as close to fixtures as possible. 

The closer a circulated line is to a fixture, the less time it will require to get hot water from the fixture.

2. Balance the system to have equal flow in the closest and farthest branches. 

If the building has multiple hot water mains and branches, each branch should have a balancing valve and
check valve before connecting to the hot water return main. Simply installing the valves is not enough; after
the system is started up, it must be balanced to assure each branch has the calculated flow rate to maintain
the desired temperature in that branch. This prevents short-cycling of the hot water through the path of least
resistance (closest branch circuit). I have investigated numerous systems with problems and the problems
began because the system was never balanced when it was installed. Untrained maintenance personnel find
that there is no flow in the farthest portion of the piping system, so they install a bigger pump. This typically
does not solve the problem, but soon after the larger pump is installed, the piping system starts to spring leaks
near elbows and valves. Balancing the hot water system is a relatively simple process, but calculations must
be performed and flows in gallons per minute must be determined for each balancing valve prior to setting.

3. Minimize flow velocity to prevent erosion in copper piping. 

Water flow velocity is very important in domestic hot water pipes with copper piping and brass or copper alloy
valves. High water velocities, combined with hot water, can cause velocity erosion issues for the pipe and
valve walls. The minimum pipe size I use for the hot water return system piping is ¾-inch pipe. I often see half-
inch pipe installed. Smaller diameter pipes create a condition where the velocity increases at the same flow
rate, and it also causes system temperature differentials from the supply to the return temperature that
exceed the design criteria of 5 F, 10 F or 20 F. In the old days, we would design the return system for a 20-
degree temperature differential using the ASPE/ASHRAE sizing method because hot water recirculation
systems with older technology like the bi-metallic coil type temperature actuated mixing valves used on
master mixing valve installations required at least a 20-degree temperature differential for the bi-metallic coil
technology to react properly. Digitally-controlled mixing valves use digital probes with products like the
Armstrong “Brain,” which offers accuracies capable of mixing hot water return temperatures with less than 5 F
temperature differential and still maintaining a mixing valve outlet temperature setting within 1 F to 2 F of the
set point. 

The Copper Development Association recommends a maximum flow velocity of eight feet per second for cold
water flowing in copper pipes and five feet per second for hot water. It also recommends a maximum velocity
of two to three feet per second for hot water over 140 F. These recommendations are sufficiently vague enough
to lead you in the right direction, however, I have come up with a more accurate table for pipe sizing and a
chart you should refer to in order to assure the flow velocities do not erode the pipe walls. This table has
worked well for me and should provide a system that will work without velocity erosion issues.

Domestic hot water above 180 F is not recommended because of the potential for scalding, and as
temperatures get higher, the corrosion accelerates. In some unique cases, domestic hot water temperatures
can go higher than 180 F booster heaters and steam heat exchangers, or with some types of heat recovery
systems or other industrial or institutional piping systems. In these cases, consider sizing the piping to keep
velocities lower than two feet per second.

1. Piping hot water return piping in Systems with mixing valves 
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a. When there is a mixing valve in the system, the tempered water return (TWR) must split and be routed to the
cold-water side of the mixing valve and to the cold-water inlet of the water heater. A balancing valve should
be placed in the line going to the water heater and the mixing valve for flow adjustments if needed. 

b. If the TWR is only piped back to the water heater, when there is no usage in the system and the tempered
water circulating pump is running, hot water will leak through the mixing valve manufacturing tolerances, and
the temperature of the tempered water system will rise above the mixing valve set point to reach the highest
temperature flowing from the water heater.

2. Sizing the circulator 

The ASPE Plumbing Engineering Design Handbook, available to ASPE members, has a precise way of sizing the
circulating pump based on a 20-degree temperature differential from the water heater out to the farthest
fixture and back to the circulator near the water heater. If the system has 140-degree water in the water
heater, then the sizing method maintains 130-degree hot water at the end of the system and then back at the
cold water inlet to the water heater the temperature would be approximately 120 degrees. The calculation is
based on heat loss in the hot water piping circuit. It lists the British thermal unit loss per hour (BTU/Hr) losses
for insulated and bare piping based on a 70-degree ambient temperature. A quick and simple way to
estimate insulated pipe is to assume 25 to 30 BTUs/Hr per linear foot ignoring the hot water supply and return
pipe size. This may simply result in a system where the temperature differential in most cases will be slightly
less than 20 F. 

If you want to take the time to calculate the system exactly, you can use the Table in the Plumbing Engineering
Design Handbook and the BTU/Hr losses can be summed up for the various lengths of different pipe sizes and
a total BTU/Hr loss can be calculated. For a 20-degree temperature differential, you would then divide by
10,000 to get the required gallons per minute (GPM) for the branch or pump. This is how the GPM is determined
for the pump sizing. For the pump head requirement, the appropriate GPM is assigned to each section of pipe
based on the BTU/Hr loss requirements above and from pipe friction loss charts, a total feet of head or
pressure drop in pounds per square inch (PSI) can be determined. 

Remember when selecting pumps to convert from PSI to feet of head, most manufacturers list their pumps on
curves listing feet of head on vertically and GPM horizontally. Just remember 1 PSI = 2.31 feet of head and 1 foot
of head = .433 PSI. 

3. New technology for circulator pumps 

Circulator pump manufacturers are coming out with smart pumps with intelligent, built-in controls that can
adjust the speed with variable speed motor technology. Features offered on newer circulator pumps include
proportional pressure controls. Some options adapt to the changing pressures and flows in the system and
adjusts or reduces the speed/pump head to change the efficiency in order to operate at a better efficiency
point when water is flowing in the system and the pump does not need to pump as hard. There are flow adapt
limits that limit the maximum flow. This is good for minimizing flow velocities in the piping system and can
eliminate the need for a balancing valve on the discharge of a circulating pump. 
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Other circulator pump control methods are constant pressure control methods; the pump will adjust its speed
to maintain a constant pressure. Another control method is constant temperature controls where the pump
senses the return temperature. As the return temperature rises to the set point, it slows the pump down to
prevent overheating when peak usage periods draw hot water out to the end of the system, and then the
pump can slow down and save energy. Another option is a constant pump curve mode, which is used when
there is a demand for constant flow and constant head. The pump can be adjusted to speed up or slow down
to maintain a desired duty point on the pump curve. This setting can allow the elimination of a pressure-
reducing valve on the pump discharge. For more information on the new circulator pump technologies
contact the following manufacturers: 

Grundfos: bit.do/Grundfos
Taco: bit.do/TacoComfort
Bell & Gossett: bit.do/BellGossett

Following these suggestions should keep you out of hot water, but with plenty of hot water. 
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Julian Chiveral, PE, CPD, LEED AP BD+C
Vice President- Technical & Education Chair

Education Chair Report
The Baltimore chapter Education Committee is looking for volunteers to get involved with planning
and participating in ASPE education programs. This is a great opportunity for ASPE Baltimore
members of all experience levels and backgrounds to get more involved with the chapter, without
the commitment to join the board of directors (though we’d love you to join the board as well)!

The education committee already has some events in the works, but we’re also looking for your
input – what would you like to see?

Industry Night with the Local 486 Plumbing & Steamfitters Union – we have hosted this event with
the local union several years in a row now. Each year we have changed up the programming a bit
but always maintained a focus on offering our engineers some hands-on experience with the
plumbing apprentices, while offering the apprentices the chance to pick our brains on how we do
system design. Last year saw hands-on demonstrations with cast iron and copper, an
interdisciplinary panel discussion, and a mini product show.

Engineers Week Outreach at the Engineering Society of Baltimore – this is our opportunity to
connect with the next generation of plumbing engineers! Each year we host around 100 high school
students from the Baltimore region for a day full of plumbing education and entertainment. Our
offerings will tentatively include an introduction to plumbing engineering, a mini career fair showing
off the many roles within the industry, and a plumbing design competition – last year we had
students take a stab at creating plumbing drawings for a fully functional residential system, to
varied success! Our event will be either February 20th or 23rd.

Additional Opportunities abound – plant tours, virtual learning hours, collaboration with local
university engineering programs, the opportunities are endless; we just need someone like you to
make them a reality.

Whether you’re looking to volunteer, plan the next event, or just want to be in the know, send me an
email to get added to the mailing list. You young’uns can even put it on your resume so that
everyone knows you’re serious about improving your plumbing expertise!

Contact Julian Chiveral, Education Chair at Julian.Chiveral@cmta.com to learn more.

mailto:Julian.Chiveral@cmta.com








WSSC Water Adopts 2024 WSSC Plumbing and Fuel Gas Code

On October 15, 2025, the Washington Suburban Sanitary Commission adopted the 2024 WSSC Plumbing and Fuel Gas
Code. The signed resolution can be viewed here: www.wsscwater.com/pfg-code-update.
 
The effective date of the resolution is December 1, 2025.

The Plumbing and Fuel Gas Code can be viewed here: https://www.wsscwater.com/codebooks

For additional code-related information, contact Technical Standards Engineering Manager Chris Imhof at
christopher.imhof@wsscwater.com or 301-206-8514.

Apply Now: Code Action Committees and the Codes and Standards Council
 
The International Code Council is now seeking volunteers for five ICC Code Action Committees and the Codes and
Standards Council to participate in the code development process for the 2027-2029 cycle.

The International Code Council (ICC) invites dedicated volunteers to apply for committee positions in the 2027–2029
Code Development Cycle. By serving on these committees, you will help shape the 2030 International Codes (I-
Codes), advancing building safety through model codes used by your communities and others globally. Your
involvement directly influences the safety and well-being of approximately two billion people worldwide, ensuring
that our communities benefit from up-to-date, effective building codes.

Visit here for more information:

https://www.iccsafe.org/building-safety-journal/bsj-hits/apply-now-code-action-committees-and-the-
codes-and-standards-council/

Chris Imhof, PE, CPD
Vice President – Legislative

Chris Imhof, PE, CPD
Vice President- Legislative

 Legislative Report
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Well, no attendees at the DC Chapter October meeting correctly responded to the issue of the four single-user
toilet rooms displayed in the screenshot. The error revolves around “Bathroom 3” presented as a Men’s Toilet. Per
2021 IPC Chapter 4, all single-user toilets shall be gender neutral. The Plans Reviewers and Inspectors look for this.
Because the Architectural background displayed no “divider” between the urinal and the water closet, Code
requires this toilet room to be gender neutral as well as locking mechanism on the door for the single occupant
when min use. Had there been “divider”, the male gender designation would have been acceptable.

This month’s review is the result of an approved drawing set where the Plumber then provided a fifth grease
ladened cooking equipment to the flow-based grease abatement system after the fact.  The Plumbing Inspector
spotted the violation per 2021 WSSC Water P&FGC Section 1003.2.7.1.3.3 and a subsequent follow-up waiver by the
Principal Master. As a result of reviewing the approved drawing set, I stumbled across the following riser diagram. 

David Bailey
PLUMBING PLANS REVIEWER’S CORNER

Can you find anything wrong with this riser diagram? Note, see the partial gas table below. Also, WSSC Water
uses the Total Equivalent Length versus the Total Developed Length when using the Sizing Tables. The TEL equals
the TDL multiplied by 1.3. 



















DATE Topic

Topic TBD

Topic TBD

Medical Gas

Industry Night

Engineering Ethics And
Dispute Resolution

Hot Water Recirculation
Systems

Everything We Do Wrong

Communication Skills and
Bridging Generational Gaps

Fire Protection

Speaker

Niki Patel

Rebecca Bowman

Niki Patel and BJ Allen

Ken Isman

Engineer Presentation -
Joe Niedzielski (2RW)

Engineer Presentation -
Chuck Swope (Mueller)

Panel – moderator, code
reviewer, Contractor, Sr.
Engineer

Local UA5

Engineer Presentation -
Michael Do (Setty)

JAN 28

FEB 18

APR 22

OCT 15

DEC 17

NOV 19

MAR 11

MAY 20

SEPT 17

Schedule of Meetings

If you have a specific topic, speaker, or case study you would like to see included in our program, please let us
know. Likewise, if you or your firm would be interested in presenting at one of our sessions, we encourage you to

share your availability.


