NATURAL & MECHANICALLY
INDUCED NEGATIVE PRESSURE
IN'A LARGE BUILDING.

G HobebpeN 2023



® THIS STUDY IS BASED DIAGNOSTIC TESTING WITH MULTIPLE RADON
CRMs AND AIR PRESSURE MEASUREMENTS DURING BOTH
SUMMER AND WINTER WITHIN A PORTION OF A 15-STORY
STRUCTURE.



® ILLUSTRATE HOW SOIL GAS ENTRY IS IMPACTED DIURNALLY AND
SEASONALLY, NOT ONLY BY FLUCTUATIONS IN STACK-EFFECT BUT
ALSO HVAC INDUCED NEGATIVE PRESSURE.

® EXEMPLIFY THE DEGREE TO WHICH THE VOLUMETRIC ENTRY OF SOIL
GAS CONTAINING RADON OR CHEMICAL VAPORS CAN BE IMPACTED
BY CHANGES IN BUILDING OPERATIONAL CONDITIONS.



® A COMPLEX OF JOINED BUILDING
STRUCTURES SPREAD ACROSS ABOUT
12 ACRES.

® CONSTRUCTION PRACTICES FOR THIS
NEWER BUILDING LEFT VERY FEW
GAPS OR OPENINGS UNSEALED IN
FLOORS AND WALLS






* PRESSURE MEASUREMENTS WERE TAKEN WITH A
MICRO-MANOMETER BETWEEN MULTIPLE ROOMS AND THE VAST
INDOOR CORRIDOR AIRSPACE RELATIVE TO OUTDOORS.

* SEVEN CRM's WERE DEPLOYED FOR FOUR DAYS. QUTDOOR
TEMPERATURES RANGED BETWEEN 73" AT NIGHT T0 90° F At
MID-DAY.

® \WE REQUESTED TO DEACTIVATE ONE HVAC UNIT DURING THE
4TH TEST DAY, DUE TO PRESSURE OBSERVATIONS.
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PRESSURE RELATIONSHIPS (9 ENCLOSED SPACES, HALLWAYS AND OUTDOORS)
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General Location Weather General Location Weather
Hallway Near Exit Door 73" t0 90° Hallway Corridor 73" to 90°
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General Location General Location Weather
Electr. Rm (middle) Electr. Room (near chiller rm) 73 to 90

Day2-3  Avg. 8.4 pCi/l Day2-3  Avg. 7.4 pCi/l
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* BUILDING ENGINEERS DROPPED THE AIR HANDLER RESPONSIBLE
FOR THE ENHANCED NEGATIVE PRESSURE TO 60% OF ITS PREVIOUS
AIRFLOW SETTINGS.

® THEY MODIFIED THE EXISTING VAV AIR HANDLING UNIT FOR THE
OCCUPIED OFFICE ROOMS TO PROVIDE CONSTANT SUPPLY AIR WITH
AN INCREASED OUTDOOR AIR PERCENTAGE.

®* THEY ALSO MADE A TIGHTLY CLOSED SUMP TO BE AIRTIGHT.



* OUTDOOR TEMPERATURES RANGED BETWEEN 27" AT NIGHT TO
54° F ACROSS THE TEST PERIOD.

* RADON CONCENTRATIONS IN THE OCCUPIED STUDIO/OFFICE AREAS
inDIcaTED 1.0 anp 0.7 pCi/L.

® TesT RESULTS INDICATED 2.8 PCi/L IN THE HALLWAY NEAR THE
EXIT AND 1.8 PCi/L IN THE HALLWAY ADJOINING

* ELecTricAL Rooms WERE 4.0 anp 5.7 pCi/L

* HOURLY DATA INDICATED VERY LITTLE FLUCTUATION



* NOTEWORTHY BECAUSE INDOOR HALLWAY PRESSURES RELATIVE TO
OUTDOOR AIR HAD DOUBLED FROM -23 TO -46 pascAL (Pa)
RELATIVE TO MILD/HOT JuLy COMPARED TO cooL/coLD
FEBRUARY.

* HOWEVER, ONE ROOM WAS INITIALLY RECEIVING 86 PA NEGATIVE
PRESSURE SOLELY DUE TO HVAC DESIGN.

® PRESSURE RELATIONSHIPS REVERSED FOR MANY ROOMS AFTER
CHANGING SETTINGS ON ONLY ONE_AIR HANDLER.



PRESSURE RELATIONSHIPS (POST-MITIGATION)
Combined All Data

-.183 (-46 Pa)
-.070t0-.090(- 17 to -23 Pa

hiniil 111N

+.024 (6 Pa)
was +.030 (7 P

Compared to outdoo)\
-20 Pa (was-10to
15 Paandmay be +1Pa

-.183 (- 46 Pa)

.8pCi/L

g —
+.029 (+7 Pa)
was -.047 (12 Pa)
Compared to outdoors
-20 Pa (was-121 Paand

may be +1 Pa during mild weather)

N

L] 1

N
+.007 (+0.25 Pa)
-.002 (-0.5 Pa)

+.039 (+10Pa)

TCI/L was +.064 (+16 Pa)

1

e

+.048 (+12 Pa)
was -.095 (24-25 Pa)
Compared to outdoors

-27 Pa (was -109 Paand
may be -4 Pain mild weather)

+.005 (+1

o)
was +. 003{

-.028 (-7 Pa)
was +.065 (16 Pa)

Compared to outdoors
-39 Pa (was-14 Pa and
may be -16 Pa in mild weather)

5.7 pCi/L
84 pCi/L

-.045(-11Pa)

|
M

A

during mild weather)

9010

S10Np 1sneyxa bunsixe
BLOS Yum Yeys

N

was -.095 (-24 P
1.8 pCi/

-.020 (-5 Pa)
was +.045 (11 Pa)
Compared to outdoors

-32 Pa (was-30Paand
may be -7 Pa in mild vreather)

L]

-.017 (-4 Pa)

was -.035 (-9 Pay

+.041 (+10 Pa)
was-.055 (14 Pa)
Compared to outdoors
-27 Pa (was-41Paand
may be -4 Pain mild weather

5.6 pCi/L
7.4 pCi/L

+.003 (+1Pa)

was+ 012 (+3E )

LA

=

Jajpuey Jie
woo.
[eolo8|e

+c

e = e = e = B =

]
A 20pcin
4.2 pCi/L

O

+.036 (9 Pa)
was-.040 (10 Pa)
ompared to outdoors
-37 Pa (was-27 Pa and
may be -14 Pa in mild weather)




® THESE RESULTS HELP ILLUSTRATE HOW THE VOLUME OF SOIL GAS
ENTRY IS DRAMATICALLY IMPACTED BY CHANGES IN BUILDING
OPERATING CONDITIONS.

* DUE TO METICULOUS CONSTRUCTION PRACTICES, THEY ALSO HELP
ILLUSTRATE THAT THIS OCCURS WITHOUT A TRADITIONAL
PREFERENTIAL PATHWAY.



* INHERENT TO VIRTUALLY ALL LARGE BUILDING HVAC DESIGNS,
NEGATIVE PRESSURE IS USED AS INEXPENSIVE WAY TO CONTROL THE
DESTINATION OF ODORS AND SOMEWHAT INCREASE AIR EXCHANGE
RATES TO MITIGATE INDOOR AIR POLLUTANTS.

* A BATHROOM FAN MAY BE THE SIMPLEST EXAMPLE.



* BUT IN LARGER BUILDINGS, THE TRADITION FOR HVVAC DESIGNS
TO LIBERALLY OVERSIZE THE USE OF NEGATIVE PRESSURE IS WIDELY
WITNESSED TO DRAMATICALLY INCREASE SOIL GAS ENTRY INTO

BUILDINGS.

® THESE RESULTS ALSO HELP TO UNDERSTAND HOW THE USE OF
HVAC SETBACK FOR SAVING ENERGY COSTS AT NIGHTS AND
WEEKENDS CAN DRAMATICALLY CHANGE THE DYNAMICS OF SOIL
GAS ENTRY RATES AND AIR EXCHANGE (DILUTION) RATES FROM
DAY COMPARED TO NIGHT.




INEGIHOMINIC

* FEw (ASD) sysTEMS couLD
EVER COMPETE WITH THESE
LARGE AIR HANDLERS.....

® UNLESS SOMETHING IS DONE TO
REDUCE AIR HANDLER INFLUENCE.




