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The troublesome condensate trap: The rest of the story

by Warren Trent, P.E., and Curtis Trent, Ph.D.
Trent Technologies, inc.

M The condensate trap is one of the most deceptive,
trouble-prone, and cost-burdening components in the
hvac system. When installed in a draw-through sys-
tem, it causes property damage and maintenance
effort which, during the life of the system, may cost
the owner/user more than the price of the original

equipment.

Moreover, the indoor air pollu-
tion that inevitably accompanies
trap failures adds to building own-
ers/users’ costs in terms of health
care, absenteeism, low productiv-
ity, and even litigation.

In the past, the problems caused
by the condensate trap have been

virtually ignored by the industry.
However, in recent years, the ex-
tent and magnitude of these prob-
lems have reached such propor-
tions that it is no longer possible
to ignore them.

An article in the November 18,
1996 issue of The News, titled

“Don’t get caught in a (conden-
sate) trap of your own” correctly
identifies some, but certainly not
all, of the many problems associ-
ated with the condensate trap.

These and other more serious
trap problems are discussed in
Reference 1 (page 12). In this ref-
erence, condensate trap problems
were divided into three catego-
ries: (1) inherent trap deficien-
cies, (2) trap design deficiencies,
and (3) common and unwise field
practices.

The article identified and of-
fered viable remedies for many
problems in the last two catego-
ries. But the most critical prob-
lems, those in the first category,
inherent trap deficiencies, were

only indirectly addressed. The re-
sponsibility for overcoming these
deficiencies was passed on to oth-
ersin the industry, by stating the
need for “proper” trap design,
“proper” system start-up proce-
dures, and “proper” maintenance.
With these provisions, the pre-
vious article gave the condensate
trap endorsement as an accept-
able drain seal, as stated in the
1agt two: Barapranhs of tha &
last two paragraphs of the ar
ticle: “Condensate drain traps are
the accepted standard for evacu-
ating condensate water from the
hvac system without allowing the
inflow of air. Proper trap design,
system start-up procedures, and
maintenance (debris removal,
water level checks, etc.) will re-

sult in a functional and worry-
free trap. A good place to start is
to carefully follow the equipment
manufacturer’s trapping instruc-
tions.”

The few simple measures dis-
cussed here can prevent a wide
array of serious problems, such as
property damage, health concerns,
and even litigation.

The observation that condensate

traps are the accepted standard

for use with draw-through hvac
systems is correct in that it is
accepted by most equipment
manufacturers, system designers,
and mechanical contractors.

For building owners/users, how-
ever, the trap is far from accept-
able and definitely cannot be re-
garded as worry-free. That is why
it is important to tell the rest of
the story.

Depending on the specific condi-
tions under which a condensate
trap must operate, its successful
use as adrain seal varies between
impractical and impossible.

This is because it is not possible
to overcome the inherent trap de-
ficiencies by so-called “proper”
trap design, “proper” system start-
up procedures, and “proper” main-
tenance, as suggested by the pre-
vious article.

Proper trap design

What that article meant by
proper trap design is not clear.
Any student of high school phys-
ics can define the trap geometry
necessary to provide an air seal
and allow condensate todrain from
the pan, under specified operat-
ing conditions.

No doubt, the instructions (trap
geometry) provided by equipment
manufacturers will result in such
a trap.

But proper geometry does noth-
ing to overcome the inherent defi-
ciencies of the condensate trap.
The term “proper trap design” as
used here is an oxymoron, a con-
tradiction and not possible to de-
fine.Itis, however, relatively easy
to define a “proper seal design.” It
is one that:

1. Allows condensate to flow
freely and unimpeded from the
hvac unit;

2. Prevents air (which may be
contaminated) from being drawn
into the system through the con-
densate drain pipe during system
heating operations, cooling opera-
tions, and cooling system start-up
operations (when p-traps are usu-
ally empty);

3. Prevents condensate in the
drain pan from being blown into
the air conditioning unit and the
ductwork (under all operating con-
ditions including system start-up
operations);

4. Removes the condensate drain
system as a source of an aerosol
mist;

5. Eliminates condensate over-
flow caused by trap blockage and
negative pressure inside the sys-
tem;

6.Is not affected by algae growth,;

7. Is not affected by condensate
evaporation;

8. Precludes damage from freez-
ing temperatures;

9. Includes no moving parts; and

10. Is self-cleaning and self-regu-
lating.

No current condensate trap de-
sign meets these requirements.



Proper system start-up
procedures

Special start-up procedures are
required only when a seal against
airflow is not present at system
startup, e.g., for summer cooling.
A seal is essential at this time to
preventingested air from entrain-
ing condensate in the pan and
blowing it onto internal compo-
nents, causing damage and sys-
tem contamination. Also, if a seal
is not provided, condensate over-
flow and flooding can occur.

In the case of an empty trap at
system start-up for summer cool-
ing — caused by evaporation —
the trap must be filled in some
manner to prevent air ingestion
and related problems. Manually
filling each trap with water was
one suggestion offered by the pre-
vious article.

Another method suggested was
“torun the unit for sufficient time
to build up condensate and then
turn it off, at which point the trap
will fill on its own.” It would be
very difficult indeed to convince
any maintenance manager with
several hvac systems to maintain
— and some have to maintain
hundreds — that filling traps ei-
ther manually or by cycling each
unit on and off at each system
start-up is worry-free.

Proper maintenance

How and where an hvac system
is used determines the type of
trapmaintenance needed. In most
cases, acceptable trap mainte-
nance is impractical and in oth-
ers it is impossible.

Because a trap traps water, it
also traps debris. And because it
holds cool water, it provides an
ideal growth haven for algae.
Unless removed periodically,
these contaminants in combina-
tion, generally, cause flow block-
age at one- to two-year intervals.
Thus, the need for cleaning or
replacing traps annually is clearly
indicated.

Although time consuming, it is
feasible to implement such a
maintenance program.

The need for special cooling
start-up procedures — for ex-
ample, filling the trap with water
— arises because water evapo-
rates from the trap during non-
cooling periods, e.g., during win-
ter months. Accordingly, the trap
will operate empty — providing
no seal — for some period of time
between cooling shut-down and
cooling start-up.

Operating an hvac system with-
out a drain seal at this or any
other time is unacceptable, be-
cause of the possibility of draw-
ing odorous and poisonous gases
into the occupied space. Hence, a
trap must be filled frequently with
water to ensure a drain seal at all
times.

When the trap is kept full in this
manner there is, of course, no
need for special system start-up
procedures. But the maintenance
effort increases several fold, per-
haps requiring bi-weekly filling.
Such a maintenance program is
certainly feasible, but it is prob-
ably not practical and is unlikely
to be implemented.

The above conditions are the
most favorable possible for use of
the condensate trap. They are
applicable only to traps exposed
to temperatures that are above
freezing. In outside locations,
where winter temperatures drop
below freezing, it is not possible
to use the conventional conden-
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sate trap as a drain seal, for ei-
ther winter heating or winter cool-
ing operations.

During the winter heating op-
eration, water in the trap is cer-
tain to freeze and destroy the
trap and seal. The use of freeze
plugs that are expelled during
freezing may protect the trap, but
they destroy the seal.

During winter cooling, water in
the trap will freeze, block con-
densate flow, and destroy the trap
and its capacity to hold water and
maintain a seal.

Trap freeze-up and seal destruc-
tion, in outside locations, may be
avoided by applying heat to the
condensate during freezing peri-
ods. This, however, requires a
heating element and a sensor
(both of which are prone to fail-
ure and are not cost-free).

Table 1 on the next page pro-

vides, in the form of a routine and
preventive maintenance pro-
gram, a summary of activities
and time involved in attempting
to maintain a conventional con-
densate trap, during various pos-
sible operating conditions.
Clearly, condensate traps that
are not exposed to freezing tem-
peraturesrequire the least main-
tenance effort. Under these con-
ditions, hvac systems that pro-
vide both summer and winter
cooling (traps always full) pose
the fewest maintenance prob-
lems. For this type system, it is
estimated from Table 1, that the
trap maintenance required is
about 2 hours per unit per year.
Under the same conditions, sys-
tems that provide summer cool-
ing and winter heating require
about three times this mainte-
nance effort, or about 6 hours per

unit per year. The increase re-
sults from the need to fill the trap
frequently during non-cooling
operation.

No reasonable amount of main-
tenance effort (even continual
monitoring) can ensure that a
trap will retain a continuous seal
when exposed to temperatures
below freezing, for reasons dis-
cussed above.

At this point, a verylogical ques-
tion arises: How, with all its prob-
lems, did the condensate trap be-
come the accepted drain seal
standard for the industry? There
are at least three possible rea-
sons:

1. Until recently, there was no
viable alternative to the conden-
sate trap.

2. Because they simply cannot
maintain condensate traps, build-
ing owners/users have been ac-
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cepting excessive service calls,
equipment damage, surrounding
property damage, and indoor air
pollution caused by condensate
traps. They regard these costs as
necessary evils, for which they
have been offered no solutions.

3. Currently, there is no incen-
tive for equipment manufactur-
ers, system designers, and me-
chanical contractors to provide
an effective condensate drain
seal.

In the past, each has escaped
responsibility for the excessive
damage and costs that the
trouble-prone and worrisome con-
densate trap imposes on building
owners/users. And, although it is
apparently not perceived as such,
the damage caused by the trap
actually benefits these three seg-
ments of the industry.

(Next Page, Please)
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Table 1

Table 1. Routine and preventive maintenance program
for the conventional condensate trap.

Trap Located Indoors Or Outdoors, With Outdoor Tem-
peratures Above Freezing

1. Frequency and Time of Inspection and Service:

(a) For Systems That Provide Summer Cooling and Winter
Heating

During Cooling Operation —

® Annually — at initial system start-up for cooling

® Semi-annually — at initial start-up and at second start-up if
facility is shut down annually for a week or more, e.g., schools

During Heating Operation-

® Bi-weekly — between cooling system shut-down and cooling
system start-up.

(b) For Systems That Provide Summer Cooling and Winter
Cooling

® Semi-annually —at 6-month intervals (one inspection must be
made at system start-up, following an annual shut-down of
facility for a week or more, e.g., schools)

2. Maintenance Effort Required:

(a) At each annual inspection (and semi-annually if need is
indicated) —

® Physically remove flow-blocking algae and/or debris, or re-
place trap;

® Flush with water;

® Treat with EPA approved biocide; and

o Fill trap with water and add biocide tablets.

(b) At each bi-weekly inspection —

o Fill with water and add biocide tablets, if need is indicated.

3. Equipment and Material Needed:
(a) Internal pipe scraper;

(b) New trap;

(c) Water hose;

(d) Biocide.

4. Estimated Time Required:

(a) Annually and semi-annually —

@ 5 minutes per inspection + (25 minutes travel time to and from)

® 0 to 60 minutes per time serviced + (25 minutes travel time to
and from maintenance shop and system site)

(b) Biweekly-

® 5 minutes per time serviced + (25 minutes travel time to and
from maintenance shop and system site)

Trap Located Outdoors, With Outdoor Temperatures Be-
low Freezing

1. Frequency and Time of Inspection and Service:

(a) For Systems That Provide Summer and Winter Cooling and
Winter Heating

During Cooling Operation-

® Not possible to maintain drain seal with a trap during winter
cooling under these conditions-- flowing condensate will freeze in
trap, block flow, and damage trap.

During Heating Operation —

® Not possible to maintain drain seal with a trap during winter
heating under these conditions -- unless the trap is filled with
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water, it will not hold a seal. - When filled, water will freeze and block

condensate flow.

The troublesome condensate trap

(Continued from Preceding Page)

It increases the rate of equip-
ment replacement; adds design
effort required for replacing equip-
ment; and contributes to
contractor’s revenue through ex-
cessive service calls and mainte-
nance work. Any justification or
rationale behind these reasons for
adhering to a condensate trapasa
drain seal are rapidly disappear-
ing.

The first reason listed for using
condensate traps can now be con-
fidently rejected. There is at least
one effective drain seal available
for replacing the burdensome con-
densate trap. The recently devel-
oped fluidic flow control device
provides a seal that meets all the
requirements for a proper seal
design, as stated above under the
heading of Proper trap design.

This device is free of all the prob-
lems that plague the condensate
trap. It is reliable and maintain-
able. Thousands are in the field,
and not one has failed to perform
satisfactorily. Table 2 summarizes
a routine and preventive mainte-
nance program for a system
equipped with the device.

The estimated maintenance ef-
fort is minimal. In fact, field expe-
rience indicates that, in a practi-
cal sense, maintenance require-
ments are virtually nil. Note that,
in contrast to the program for the
conventional condensate trap in
Table 1, maintenance is not af-
fected by how and where the seal
is used. That is, it is equally main-
tainable during all seasons and in
all environmental locations.

The physical and performance
characteristic of this device are
presented in Reference 2. More
detailed characteristics are pro-
vided in the Second Edition of the
McGraw-Hill Handbook of HVAC
Design, to be released in 1997. In
the meantime, all the information
necessary for matching the device
toanyinstallation can be obtained

from the manufacturer, Trent
Technologies, Inc., Tyler, Texas.
The device is marketed under the
trade name CostGard™ Conden-
sate Drain Seal. There of course
may be other seals that are as
effective.

The second reason given for us-
ing condensate traps are being
removed by the influence and ef-
forts of three organizations —
EPA, OSHA and ASHRAE (Stan-
dard 62-89R) — directed toward
improving indoor air quality. The
guidelines and standards estab-
lished by these organizations will
motivate building owners/users
toreject the condensate trap prob-
lems they previously accepted as
necessary evils.

The requirements set by each of
these organizations differ some-
what, but they have one thing in
common: They place the require-
ment for improvements, prima-
rily, on building owners/users.

Although none of these guide-
lines and standards have been,
and may never be, imposed, they
are already having influence and
will continue to affect what the
building owners/users, and the
rest of the industry, does to im-
prove indoor air quality.

In new construction, building
owners can rid themselves of the
condensate trap problems by sim-
ply including the requirement for
an effective drain seal in the build-
ing criteria they issue to their
architect. They can do this with
confidence because there is at
least one proven drain seal avail-
able, discussed above, that elimi-
nates the problems associated
with condensate traps.

Inthis way, the architectis made
responsible for finding a way to
eliminate the problems imposed
on the building owner/user by the
condensate trap.

The third reason why conden-
sate traps are in common usage
will be removed when building

Table 2. Routine and
preventive maintenance
program for a properly
designed drain seal.

1. Frequency and Time of
Inspection and Service:

(a) For Systems That Pro-
vide Summer Cooling, Win-
ter Heating and Cooling

® Annually — during cool-
ing operation, when conden-
sate is flowing

2. Maintenance Effort Re-
quired:

(a) If condensate is not flow-
ing freely during cooling op-
eration and/or condensate is
standingin the pan more than
"/¢-inch (3-mm) deep at drain
outlet:

® Check for debrisinside the
device. If present, physically
remove and flush inside with
water, and

® Check operating pressures
per manufacturer’s instruc-
tions.

(b) Otherwise, no effort is
required.

3. Equipment and Mate-
rial Needed:

(a) Water hose;
(b) Pressure gauge.

4. Estimated Time Re-
quired:

(a) Less than 5 minutes per
inspection + (25 minutes
travel time to and from main-
tenance shop and system site)

(b) 0 to 30 minutes per time
serviced + (25 minutes travel
time to and from maintenance
shop and system site).

owners demand that the indus-
try provide them with a suitable
drain seal. In response to the
building owner and architect,
mechanical designers must offer
a proven and acceptable drain
seal design. They may provide
their own design. On the other
hand, they may choose to require
the equipment manufacturer to
provide an hvac unit with a
proven and reliable drain seal.

By rejecting the condensate
trap as the industry standard,
and requiring that it be replaced
with an effective and reliable
drain seal, building owners/us-
ers can free themselves from ex-
cessive costs, related indoor air
pollution, and many health prob-
lems.

And at the same time, they can
respond to and comply economi-
cally with certain critical guide-
lines and standards established
by EPA, OSHA, and ASHRAE.

In summary, you cannot get
caughtintrapsifyouavoid them.
There are better ways to provide
acondensatedrain seal. Toquote
a well-known news commenta-
tor: “Now you know the rest of
the story.”
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