
1 gpm, kitchen sinks to 2.2 gpm, and toilets 
to 1.6 gal. per flush (gpf). Water-saving fix-
tures, such as those under the EPA’s Water-
Sense designation, use less. Generalizations 
can get you into trouble, however, as I found 
recently when some homeowners called me 
to find out why the European rain show-
erhead they had  installed was barely driz-
zling lukewarm water down on them. Never 
mind that the thing was mounted 10 ft. in 
the air in a shower big enough for a football 
team—it had a listed flow rate of 2.5 gpm 
and was being fed by a 90-ft.-long run of 
3⁄8-in. pipe.

The big culprits that throw PDL calcula-
tions off are showerheads and whirlpool-tub 
fillers; they deserve full attention in terms 
of number, position, and flow rates. Ask 
the homeowner, if there is one, what his or 
her family’s bathing habits are, and consider 
that in your calculations. If it’s a spec house 
and a second-floor bath has a walk-in dual 
shower, that’s a red flag where flow and ad-
equate hot water are concerned. Above all 
else, pay attention to the master bath, because 
if the head of the house isn’t getting enough 
water, someone’s going to hear about it. 
If you don’t have the time or information 
available to tally up every fixture’s flow rate, 

I saw the problem almost as soon as I 
descended the stairs to the basement: a single 
pair of ½-in. PEX lines—one hot and one 
cold—running 75 ft. along the ceiling, with 
T-fittings spliced in at intervals to serve fix-
tures on the three floors above. The master 
bath’s lines were last along this undersize 
flow-through system, and as you might 
guess, the master bath was on the third floor.

What were they thinking? Simply put, they 
weren’t. Good plumbing isn’t rocket sci-
ence; it’s applied science. Boil it down and 
you’ve got about 25% knowledge and 75% 
common sense. The problem is that most 
rough-plumbing jobs are won or lost by a 
bid process that emphasizes cost-cutting over 
performance. But doing things right and 
controlling costs are not mutually exclusive 
ideas. Both of them need to be engaged in 
designing and installing a plumbing system 
that makes sense.

At its most basic, plumbing is simply the 
practical application of hydraulics and phys-
ics to bring clean, healthy water from a 
municipal water main or a well to the places 
in the house where it’s needed—and when 
we’re finished with it, to remove the waste 
via the sanitary-sewer system to the munici-
pal sewer or septic tank. Doing this sensibly 

Sensible
            Plumbing

Careful planning and commonsense
rough-in make a well-performing, safe,
and easily maintained system. Guaranteed.

“We have very low pressure at the master-bathroom shower, and if any other plumb-

ing is used, we literally have no water coming out of the showerhead.” The frustration in my new customer’s 

voice was palpable, and during the drive to his country estate, thoughts about the root causes of his home’s 

water-pressure woes ran through my head. I pulled into the driveway of what had to be a multimillion-dollar 

home. How could a house that looked this great be suffering so much internally?

BY DAVE YATES

does that while taking the long view by pro-
moting the conservation of water and energy, 
ensuring delivery of water at safe tempera-
tures, planning for future maintenance, and 
most important, guaranteeing satisfactory 
performance from day one. Here, I’ll outline 
the simplest, most sensible ways to ensure 
that that happens.

It all starts with enough water
The first step in designing any well-
performing plumbing system is calculat-
ing how much water will be required for 
the PDL (peak-demand load). The term is 
more often associated with energy demands, 
but I use it to describe the amount of water 
required to meet the needs of the primary 
fixtures should they be used simultaneously. 
Once that’s determined, I usually use a per-
centage—60%—as a basis for the system’s 
capacity unless the owners are available to 
indicate actual usage habits. 

PDLs vary widely but can easily be deter-
mined by checking the manufacturers’ speci-
fication sheets for the fixtures to be installed 
in the house. At the very least, generaliza-
tions can be drawn based on federal regula-
tions, which limit showerheads to 2.5 gal. per 
minute (gpm) at 80 psi, lavatory faucets to 
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You can’t plumb a house well without 
an accurate estimate of supply 
needs, the peak-demand load. PDL 
is easily determined by checking 
manufacturers’ specs for the fixtures 
to be installed in the house, or drawn 
from federal regulations that govern 
flow limits. The chart at right illustrates 
the PDL calculations for the house in 
this illustration.

Fixture PDL in gpm Quantity Total gpm
Shower/tub filler 2.5 1 2.5

Lavatory sinks 1 2 2

Toilet 1.6 2 3.2

Kitchen sink 2.2 1 2.2

Dishwasher 2 1 2

Ice maker 0.5 1 0.5

Laundry tub 5 1 5

Clothes washer 5 1 5

Hose faucet 5 1 5

Total potential PDL: 27.4

Enough water, all the time

SENSIBLE SUPPLY

Main shutoff valve

Pressure-reducing 
valve, if needed

Dual-check valve

Full-port 
ball valves

1⁄2-in. riser to 
showerhead

3⁄4 in. to 
tub/shower

Main service 
line from well 
or municipal 
supply

3⁄4-in. 
risers

1⁄2-in. branch

Laundry

Bathroom

Bathroom

Kitchen

Insulate all
water lines
Both 
hot- and 
cold-water 
lines can 
benefit from 
insulation, 
particularly 
before 
drywall goes 
up.up.

Be careful sizing a tankless
Although it’s rare to come 
across an undersize tank 
heater, misinterpretation of 
manufacturers’ flow charts 
has resulted in far too many 
undersize tankless water heaters. 
Do your homework.

Valves where you 
need them
A home’s plumbing should 
include a series of shutoff 
valves located so that any 
single fixture can be isolated 
for repairs. In addition to 
the main shutoff valve, 
all fixtures should have a 
shutoff valve within easy 
reach, with the possible 
exception of bathing 
modules, where supply lines 
are often concealed inside 
walls. Flow-through trunk-
and-branch systems should 
have shutoff valves at every 
branch; home-run manifolds 
should have valves for each 
hot and cold line.

3⁄4-in. trunk

www.finehomebuilding.com DECEMBER 2010/JANUARY 2011 63

COPYRIGHT 2010 by The Taunton Press, Inc. Copying and distribution of this article is not permitted.



were getting 40°F water off the street, what 
came out in gallons per minute at 120°F was 
much different from what people were led to 
believe. To the credit of these manufacturers, 
their charts are now more realistic.

The answer is not to avoid using new tech-
nologies when they’re available and fit the 
bill; there’s nothing sensible about that. But 
do your homework. Find out the incom-
ing water temperature, and get the right 
information from the manufacturer regard-
ing flow rates to ensure that what’s getting  
installed is up to the job based both on water 
temperature and fixture demand.

Don’t skimp on valves
In competitive-bid situations where the low 
bid gets the job, it’s not unusual for home-
owners to discover during a crisis that 
they’ve got just one shutoff valve for their 
entire plumbing system. This sets up the  
potential for going without water in the  

offers an example). There’s also friction loss 
due to fittings and valves, as well as a stan-
dard loss of 1 psi for every 2.31 ft. of rise. So 
a static pressure of 30 psi in the basement at a 
well pump will drop off to less than 15 psi on 
the third floor of a three-story McMansion 
due to the 35-ft. rise from pump switch to 
showerhead. A master bathroom with dual 
shower valves is headed for problems unless 
the designer or installer properly sizes the 
supply lines. Charts showing pressure losses 
for all pipe sizes and types as well as friction 
losses are easily found in code books.

Size that water heater right
I don’t typically see tank-style water heaters 
that are grossly oversize or undersize for the 
task at hand. But that hasn’t been true in the 
case of tankless water heaters.

Early on, many manufacturers’ flow charts 
didn’t accurately represent the temperature 
of water coming in. The problem was, if you 

there’s information on PDL in Appendix E 
of the International Plumbing Code.

Get the water there, fast and hot
I’m working right now on a 12,000-sq.-ft. 
house, and it’s not unusual in a house like 
that to see a 3⁄8-in. water line running 150 ft. 
from manifold to faucet. I’m sure the guy 
who installed it was thinking, “Hey, it works 
at 50 ft., so I guess it’ll work at 150 ft.”

Getting the sizing and layout of supply 
lines right isn’t terribly complicated, but 
these days, there’s more than one way to 
deliver water: a flow-through trunk-and-
branch system; a home-run system with 
each fixture having its own water line run 
to a central manifold; or a hybrid of the two. 
This is where your diligent PDL homework 
should pay off. If the home’s water is to be 
distributed by a flow-through system, each 
group of bathroom fixtures will be served 
by a pair of hot/cold water lines that need 
to meet that branch group’s PDL. A home-
run system’s individual-fixture water line(s) 
must meet the PDL for that fixture. A  
hybrid system can provide lower material 
and labor costs than those of a home-run sys-
tem by combining fixtures into groups where 
a drop-off in flow or water-pressure to the 
neighboring fixture either won’t be noticed 
and/or won’t create a potential scalding issue. 
An example is a dishwasher tied onto the 
kitchen-sink hot-water line and toilets tied 
onto bathroom-sink cold-water lines. In all 
systems, the total PDL must be considered 
for the main-trunk hot/cold lines or main 
hot/cold feeds to the manifold(s). 

Most flow-through trunk-and-branch sys-
tems I see miss the mark by just one pipe 
size. An optimal distribution system for the 
average home will use 1-in. trunk lines with 
a combination of 3⁄4-in. and 1⁄2-in. branch 
lines. (The 3⁄4-in. lines go to baths and show-
ers; everything else gets 1⁄2 in.) When I’m using
a home-run system, I’ll run 1-in. lines at least 
to the manifold’s cold- and hot-water inlets. 

Typically, though, I find trunk lines are  
3⁄4 in. with ½-in. branches, which leads to 
consumer complaints regarding tempera-
ture and pressure fluctuations. Those narrow 
trunk lines will save a couple hundred bucks 
in the course of a job—but it’s not always the 
best way to plumb a house. 

Pipe size, along with pipe material and the 
velocity of water running through it, all fig-
ure in the amount of water pressure (in psi) 
lost along a run of piping (the chart above 

Tube size 3⁄8 in. 1⁄2 in. 5⁄8 in. 3⁄4 in. 1 in.

Maximum gpm at 8 fps 2.25 4.5 6.5 9 15

Psi loss per 100 ft. (60°F water) 32.5 25.9 20.3 17.17 12.72

Pressure loss over 
distance: PEX 
Pipe sizing is based on the 
following factors: gallons 
per minute (gpm) at peak 
load, velocity, and pressure 
drop caused by resistance 
to flow. Plumbing codes 
limit flow to 8 ft. per 
second (fps) to avoid noise 
and hydraulic erosion. 
Although tubing can carry 
flow rates in excess of  
8 fps, the following chart 
illustrates the loss of 
pressure (in psi per 100 ft.) 
for PEX tubing at 8 fps.
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SENSIBLE DR AINAGE,  WASTE REMOVAL ,  AND VENTING

Tie all the vents together
Ideally, venting should entail just one roof penetration. 
Drive through residential developments, and you can 
see if the plumbers took pride in their work. Routing all 
vents to a central roof penetration is an exception to the 
rule for reducing materials and labor. 

Keep vents open 
Vent piping should 
always run full size 
for the main central 
vent. Reducing the 
piping size below 
the roof opening 
can cause debris to 
lodge, blocking the 
system.

Minimize 
penetrations
Penetrations 
between 
conditioned and 
unconditioned 
spaces waste 
energy. 
Conscientious 
plumbers 
minimize the 
number and size 
of holes.

Washing 
machine

Main stack vent

Secondary 
stack

To sewer

Cleanout 
fitting

Building drain

Trap

Bathroom
Laundry

Bathroom

Kitchen

Soil pipe

Y cleanout

Avoid “lazy Ts”
A “lazy T” here would impede 
drainage and promote clogs. 
A better transition from vertical 
to horizontal is provided by a Y 
and a street 45, which directs 
effluent into the horizontal 
drain in the direction of flow.

A better transition from vertical 

Lazy Ts collect debris.

Ys promote flow.

Dishwasher
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entire house until a plumber arrives for a re-
pair. Even home-run manifolds can be pur-
chased without valves to shave costs.

Adding in the valves that make mainte-
nance easier for future homeowners may cost 
$150 to $300 in labor and materials—enough 
to cost a conscientious plumber the job. Better-
quality plumbing systems will incorpo-
rate additional shutoff valves in the water-
distribution lines, and the best systems will 
incorporate individual-fixture shutoff valves 
to isolate any type of problem until it can be 
repaired without affecting the remainder of 
the home’s plumbing system. 

Support your local waste line
Drainage lines in a home normally rely on 
gravity to carry away waste. Standard fall 
tilts at 1⁄4 in. per ft. in the direction of flow. 
Support of horizontal drains means design-
ing for a worst-case scenario—that is, when 
the pipe becomes backed up. Water alone 
weighs 8.34 lb. per gal. Pack in solids and 
grease, and it doesn’t take a rocket scientist 
to understand why plastic drains require 
support every 4 ft. I’ve come across more 
than my share of plastic hanger strap, which, 
while lightweight and easy to handle, can 
stretch, become brittle, and break off, caus-
ing drain-line sags that collect solids and 
water that build into problems. 

The advent of low-consumption fixtures is 
causing some folks to hesitate in their use of 
high-efficiency toilets that use 1.28 gal. per 
flush or less. The concerns center on what’s 
called “drain-line carry,” the distance a toi-
let flush will carry simulated human waste. 
The challenge here is that the larger diam-
eter, 4-in.-minimum-size, below-grade pipe 
required by plumbing codes allows a wider, 
shallower, and weaker flow than would a 
3-in.-dia. pipe. In this case, it may be time 
that plumbing codes were revised to reflect 

changes brought on by these water-saving 
fixtures. That said, the only times I’ve seen 

changes brought on by these water-saving 
fixtures. That said, the only time I’ve seen 
problems in the field related to drain-line 
carry and low-flow fixtures, there’s been a 
belly or sag in the middle of the line, which 
gets us back to the issue of support.

While on the subject of waste drains, note 
this: T-fittings should never be laid on their 
backs. Drainage cascading into this “lazy 
T” will not be directed downstream, as it 
would using a Y-fitting, but be partially 
diverted upstream, setting up a perfect sce-
nario for solids to be deposited that may not 
be scrubbed away by subsequent flows.

Design trouble-free venting 
Often overlooked and misunderstood in 
terms of their importance, vents are what 

Rating valves: Ball valves are best

Ball valves
These valves have 
a sphere with a 
port that allows 
flow when aligned 
but not when 
perpendicular. 

Secure strapping
Plastic strapping won’t stand up over 
time; use metal strap or wood blocking 
every 4 ft. to eliminate sags.

allow a plumbing system to function prop-
erly. Improperly installed or missing vents 
can wreak havoc, causing drains to siphon 
out traps and toilets to perform sluggishly.

Unlike drainage lines, vent lines can run 
uphill or downhill as long as no bellies are 
created where water will collect and restrict 
airflow. In vent lines, T-fittings may lie on 
their backs and, along with Y-fittings, be 
installed upside down so that water droplets 
can use gravity to drain away. 

Vent piping should always be run full size 
for the main central vent; side branches 
can be the same or smaller diameter. Vents 
should never be reduced because debris 
(leaves, birds, balls tossed up on the roof) has 
the potential to fall into the larger diameter 
pipe and get lodged at the point of reduction, 
rendering the vent useless.

Insulate lines when walls are open
While it’s more common to find hot-water 
lines insulated, insulating a home’s cold-
water lines makes perfect sense if you want 
to avoid condensation dripping off the lines 
and promoting mold growth. Any line that’s 
readily accessible and not in an insulated wall 
should be insulated with one of the many 
types of pipe insulation on the market. The 
higher the insulation’s R-value, the more 
resistant to heat loss or gain and the better 
the transfer of stable water temperatures. 

Leave no penetration unsealed
The average home leaks air, allowing heated 
air to exit in winter and hot, humid air to 
enter during summer, wasting as much as 
40% of a household’s annual energy budget. 
Commonsense plumbing designs minimize 
the number and size of holes, cuts, and voids 
created during the installation phase. 

Long gone should be the days when over-
size holes were drilled through a home’s 

Gate valves
These valves interrupt 
flow by inserting a flat 
plate across the liquid’s 
path. If closed or opened 
too hard, gates may 
break off from stems in 
older valves. 

Globe valves 
These devices contain 
an internal baffle in 
which a disk is inserted 
into a seat to stop the 
flow of liquid. 
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timber skeleton for plumbing. While pen-
etrations need to be large enough to accom-
modate expansion and contraction without 
generating noise, all penetrations where 
exfiltration and infiltration will occur—
specifically, those between conditioned and 
nonconditioned spaces—need to be sealed 
shut. Simply stuffing fiberglass insulation 
into those voids may look satisfying, but 
fiberglass doesn’t block airflow. Expanding 
closed-cell foam or fire caulking will pre-
vent the energy loss affecting most homes 
and is best applied during construction when 
roughed-in systems are still accessible. Vent 
systems should be designed with as few roof 
penetrations as possible.

Maximize scald protection
If you’ve built a new house over the past 
decade, chances are that plumbing codes (in 
areas where codes have been adopted and are 
enforced) required the bathing-module fau-

cets be classified as “scald guard.” There are 
three types: P-only, which react to pressure 
changes; T-only, which react to temperature 
fluctuations; and combination P/T valves. 
What you most likely ended up with, due 
to costs, are pressure-balance faucets that 
work well—as long as the hot- and cold-
water temperatures are always the same. In 
the real world, hot- and cold-water deliv-
ery temperatures are constantly changing. 
Pressure-balance scald-guard faucets are 
blind to temperature changes. One that is 
adjusted to deliver a maximum of 120°F 
during the winter when cold water enters 
the home at 40°F will deliver much hot-
ter water when cold water enters the home 
at 80°F. T-only scald-guard faucets are an 
improvement in safety and cost a little bit 
more, but the P/T combination scald-guard 
valves offer premium protection with pricing 
that’s no longer cost prohibitive—about $100 
per faucet.

At the same time, 
tank-style water 
heaters should be 
equipped with an ASSE-
listed (American Society of 
Safety Engineers) thermo-
static scald-guard device. 
Codes governing these water 
heaters allow the storage temperature to ex-
ceed the thermostat’s setting by up to 30°F. A 
water heater that’s set for 120°F can, there-
fore, deliver 150°F water and still meet 
code. Each year in the United States, more 
than 100,000 people seek medical treatment 
for hot-water scald burns, with more than 
a quarter of them children and the elderly, 
whose skin is thinner and more susceptible 
to scald burns. □

Dave Yates owns and operates F.W. 
Behler Inc., a mechanical-contracting 
firm in York, Pa.

PLUMBING AS IT  OUGHT TO BE
A conscientious waste-and-vent job includes drain-pipe support and foam sealant at 
penetrations, as well as nail plates to protect pipes from punctures.

Watts #1170 thermostatic
mixing valve

listed (American Society of 

Support waste pipes
Horizontal plastic piping must be supported 
every 4 ft. The support used must be 
strong enough to support the line when it’s 
completely full (i.e., clogged). 

Seal penetrations
Penetrations should be minimized 
and sealed with foam, not stuffed 
with fiberglass.

Protect from punctures
Nail plates protect 
plumbing lines passing 
through studs from 
inadvertent punctures.
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