
I would like to make some comments regarding April’s 
“Designing for IAQ in Natatoriums” by Randy C. Baxter.

This is certainly a well-researched article that will help 
many of us in the indoor swimming pool industry to better 
understand the formation of trichloramines as well as the ef-
fects they have on people.

However, I have an issue with Mr. Baxter’s statement: 
“Cavestri states bluntly that solution by dilution does not 
work.” I state just as bluntly that dilution is the solution and 
point at millions of outdoor pools that have no issue at all, even 
though they use the same chlorine and see the same organic 
nitrogen compounds. 

It appears to me that to address the trichloramine issue 
seriously we have to look at everything available to us today:

1. Putting pressure on the bather to enter the pool after a 
shower (do not use the pool as the shower) and to use the 
bathroom.

2.  Using a medium pressure UV light. It reduces the amount 
of trichloramines in the pool water and thus the amount of 
trichloramines that leave the pool water.

3.  Using dilution, which is actually in line with the sug-
gested source capture.

4. Using chemical filtration or possibly UV light in the 
AHU to reduce the amount of trichloramines in the return air.

There are two issues with source capture. In the first place 
it does add a lot of money to the pool construction, but more 
important, it is hard to understand how it would actually work. 
A diagram as shown in the article is easily drawn. But at one 
time, in discussing this issue with several other indoor pool 
experts, I was asked to blow out a match. Even with the burn-
ing match more than 2 ft (610 mm) away from my mouth, I 
could still blow it out. Then the question came to suck out the 
burning match. And indeed I almost had to place the match in 

my mouth to be successful. This is not different from an AHU. 
The throw of registers is well understood; however, return 
air is generally captured by a large opening in the wall. The 
concept may be working for smaller pools, but I have a hard 
time believing it would be successful on larger pools.

Besides that, so many questions still remain: What air veloc-
ity is needed to move the trichloramine bubble? Mr. Baxter 
mentions an airspeed of 1 to 2 fpm (0.01 mps). In the ASHRAE 
Handbook—HVAC applications, Chapter 5.6, Natatoriums, a 
constant is used in the formula to calculate the rate of evapo-
ration. That constant reflects an airspeed between 10 and 30 
fpm. This brings us to a whole different issue as mentioned 
in Mr. Baxter’s article: the comfort of the bather. Mr. Baxter 
assumes that the lower the airspeed, the better the comfort level 
of the bather because less water will evaporate from the body. 
I certainly agree with that, but experience has taught me that 
some air movement is greatly appreciated. Low return air and 
the use of large fans over the pool (certainly if equipped with 
VFD and randomly changing speed) would provide a beach-
like atmosphere, pushing the air and trichloramines to the low 
return air intakes and providing comfort to the bathers as well.

Finally, it appears that the Model Aquatic Health Code 
(MAHC) will push for more outside air, following the concept 
that dilution is the solution.

Evert Osterman, Associate Member ASHRAE,
Carlsbad, Calif.

The Author Responds

The presence of urea is unavoidable. Improving bather hy-
giene helps, but there are at least three sources of urea: skin, 
urine and sweat. Showering is effective but urea from skin 
represents only about 5% of the total urea contribution from 
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a two-hour heavy workout. The urea contribution from urine 
could be reduced with proper toilet etiquette, but achieving 
compliance is problematic. Keeping urine out would result in 
an approximate 31% reduction in trichloramine, leaving the 
unavoidable contribution of sweat at 64%.

Evert Osterman’s outdoor pool example in support of solu-
tion by dilution ignores major differences. Outdoor pools have 
sunlight (UV) to destroy trichloramine, 100% outside air (not 
economically feasible for indoor pools), and an infinite volume 
into which trichloramine vapor can diffuse. 

Mr. Osterman is correct that source-capture adds cost, but not 
as much as a “super” solution-by-dilution system with substan-
tially increased outside air (MAHC) and higher air velocities. 
As for how the system works, it does not suck the trichloramine 
off the water surface; it captures trichloramine swept to the 
source-capture exhaust returns by the air-handling system flow. 

To the point of whether the system will work in larger pools, 
here are some examples of 50 m pools with source-capture 
systems installed and working: Jenks Trojan Aquatic Center 
(new 2011), Jenks, Okla.; Westside Aquatic Complex (new 
2011), Greenville, S.C.; SwimMAC Training Center (retrofit 
2011), Charlotte, N.C.; and Mecklenburg County Aquatic 
Center (retrofit 2012), Charlotte, N.C.

The air velocity mentioned in the article, 1 to 2 fpm, is the 
minimum needed to clear the chloramine bubble in a reason-
able time. I don’t suggest that air velocity must be held this 
low for bather comfort, but a velocity of 1,056 fpm would 
be expensive and uncomfortable to swimmers in a sunless 
natatorium. As a practical range, I suggest an air velocity of 
10 to 20 fpm.

I agree with Mr. Osterman that we must use everything 
available to improve IAQ. Medium pressure UV is a par-
tial solution. Dilution is a partial solution. I would submit 
that the MAHC push for more outside air is an admission 
that dilution at current rates does not solve the problem. 
Source-capture combined with UV and dilution is the most 
effective solution.

Randy C. Baxter, Greer, S.C.

n Randy Baxter’s article on natatorium air quality (April 
2012) was excellent. Dealing with chloramines should be a 
primary design priority for the HVAC system. Most larger na-
tatoriums have either ceiling-supply/ceiling-return, or ceiling-
supply/end-wall-return. Neither arrangement addresses the 
concerns raised by Baxter. The figure shows an intentional air 
rotation pattern created by the orientation of the air supply at 
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the North Central High School (Indianapolis) Natatorium. A 
return air duct is built into the base of the bleachers, and it 
is sized (approximately 25% of total air) so that the quantity 
and velocity are low enough that there is no evaporative cool-
ing felt by the athletes. Rather than direct exhaust, as Baxter 
showed, this arrangement allows for energy recovery before 
the air is spent. The construction manager argued against the 
additional money for the under-bleacher return (±1% budget 
increase, but the resultant IAQ shows that the investment 
was worth it.

 Tom Durkin, P.E., Member ASHRAE,
Indianapolis

The Author Responds

Tom Durkin is correct that dealing with chloramines 
should be a primary concern of HVAC design for natatori-
ums. Unfortunately, that is rarely the case and pool patrons, 
especially dedicated swimmer-athletes and pool workers, 
suffer because of that lack of concern. The North Central 
High School Natatorium project that Mr. Durkin describes 
follows the basic principles of source-capture in that the 
air circulation pattern in the natatorium was designed to be 
complementary to the location of the under-bleacher exhaust 
return. Obviously, source-capture can work with an on-deck 
exhaust although a gutter exhaust gets the capture closer to 
the source.

Randy C. Baxter, Greer, S.C.

n Randy Baxter’s natatorium article: while I was a consul-
tant, we found an easily retrofitted capture method for larger 
existing pools: exhaust the surge tank. Seal the tank as well as 
possible and select corrosion-resistant duct and fan materials. 
Surge tanks have the dirtiest water. The dirtier the water, the 
more chloramines produced.

An added bonus: air can pass from the gutter system to the 
surge tank. The exhaust system can pull makeup flow from 
the “trichloramine bubble” layer noted in the article. This 
exhaust was added as part of a UV filter retrofit at a local 

community center. The change in chloramine odor was so 
dramatic that subsequent pool designs included a dedicated 
surge tank exhaust system.

Whirlpools at a natatorium need dedicated capture exhaust 
(add air injection to a super-hot, stewpot). Offset as far from 
glass as possible and install radiant heat to reduce condensa-
tion on surfaces. If you can’t win the architectural battle, win 
the condensation/corrosion war.

Mark Heizer, P.E., Member ASHRAE,
Portland, Ore.

The Author Responds

Modifications to the surge tank that Mark Heizer describes 
reinforce the source-capture concept. I agree that the surge 
tank exhaust system can capture surge tank trichloramine and, 
to a limited extent, some of the chloramine bubble through 
the gutter. One difficulty is that much of the trichloramine 
continuously generated under heavy pool use will escape the 
water before making it to the surge tank (or the UV unit) and 
then gradually accumulate to form the chloramine bubble. 
A dedicated source-capture system designed to work with 
the air-handling system can effectively function full-time to 
remove trichloramine from the swimmers’ breathing zone. I 
totally agree that whirlpools (and other water features) may 
require dedicated source-capture systems. 

Randy C. Baxter, Greer, S.C.

n Kudos for Randy Baxter’s natatorium IAQ article. Has 
the author given any thought to the proper model for the 
engineering of the proposed cross-flow ventilation to clear 
trichloramine off a pool surface? For example, using the 
guidelines in the Industrial Ventilation manual, the airflows 
become outrageous. What velocity might work for such 
an application? Also, given that current natatorium design 
(ASHRAE Handbook—HVAC Applications, 4.6) is based on 
airflows to maintain humidity levels, would exhaust at the pool 
surface level really reduce outside air load (and thus cooling/
heating energy), or more likely increase it? Thanks for a good 
revelation and exploration of the problem. 

Pete Menconi, P.E., Life Member ASHRAE,
Sun Lakes, Ariz.

The Author Responds

Ventilation requirements for a source-capture removal 
system for trichloramine involve two parts: 1) sufficient air 
velocity at the water surface across the width (preferably) or 
length of the pool, and 2) sufficient capture velocity at the 
exhaust return. The air velocity across the water surface needs 
to provide at least one “sweep” of fresh air across the pool 
before a significant volume of trichloramine vapor can escape 
from the water. Since current research indicates that, under 
the proper conditions, trichloramine can begin to appear in 
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one to two hours, the minimum sweep 
velocity for a 75 ft wide pool would be 
~0.6 to 1.25 fpm.

The exhaust return should be located 
downwind of the sweep generated by the 
air-handling system. The recommended 
capture velocity range (industrial venti-
lation–local exhaust) for “evaporation 
released from tanks with no velocity in 
quiet air” is 50 to 100 fpm (ACGIH). 
For example, a typical 500,000 ft3 na-
tatorium may require 50,000 cfm total 
airflow with 15,000 cfm outside air. 
With a 164 ft long × 10 in. wide × 40% 
open vented-plenum exhaust return, 
and assuming that the source-capture 
system handles 30% of the outside air 
requirement, the average capture veloc-
ity will be 82 fpm. But this system does 
not function like the typical industrial 
ventilation system where contaminant 
removal depends on capture velocity; in 
the source-capture system the contami-
nant is actually brought to the exhaust 
return by the sweep air, so “capture 
velocity” can be lower.

Mr. Menconi is correct that airflow 
is based on humidity levels, but these 
airflows are almost certainly not suf-
f icient to control trichloramine in a 
conventional system. A source-capture 
system controls trichloramine without 
increasing airflow beyond that necessary 
to control humidity. Also, it is conceiv-
able that removal of gases from just 
above the water surface will exhaust a 
significant portion of the water vapor 
from pool water evaporation, reducing 
the humidity load on the system, but this 
has not been verified.

Randy C. Baxter, Greer, S.C.

AHU Condensate 
Collection Economics

The economic payback data in May’s 
“AHU Condensate Collection Econom-
ics” by Thomas Lawrence, Ph.D., P.E., 
Jason Perry and Tyler Alsen needs to be 
recognized as a highly generalized data 
set that should be used cautiously. For 
example, systems where the condensate 
is collected from basement air-handling 
units and then pumped several stories 

up for cooling tower makeup may show 
no payback at all when electrical power 
consumption is factored in.

Gregory H. Van Deusen, P.E., 
Associate Member ASHRAE,

Bloomfield, Conn.

The Author Responds

We agree with Mr. Van Deusen’s state-
ment that the payback data needs to be 
recognized as generalized. Our article 
did emphasize that this was based on 
some simplifying assumptions. Our 
purpose for this article was to provide 
guidance where none really existed be-
fore, and “to see if easy to apply gener-
alizations can be made regarding where 
condensate collection would be recom-
mended or perhaps even mandated.” 
Like any generalization, care must be 
taken to put everything in context and 
to account for specific variations within 
a given situation. 

Thomas Lawrence, Ph.D., P.E., 
Member ASHRAE,

Athens, Ga.

Energy Efficiency in a Box
I read March’s Emerging Technolo-

gies column about variable air volume 
terminal units with great enthusiasm. 
I wish to thank the authors for a very 
informative column. I especially ap-
preciate the comment, “...in some cases 
whole building energy modeling is the 
only way to determine if a given control 
strategy is viable....” I have found this to 
be true most of the time.

There were a couple of issues that 
need correcting. In the second para-
graph under terminal box types, they 
speak of reheat coils on fan-powered 
terminal units. On these products, 
when adjusted properly, the plenum air 
is mixed with the minimum primary 
air before encountering the heating 
coils, whether electric or water. The 
coil entering air temperature should 
be at the room ambient. Consequently, 
the heating device would not be re-
heat, but rather supplemental heat 
as pointed out in the 2011 ASHRAE 
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