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ABSTRACT

Ezperience In the remedlation of schools has shown that In
some, hlghest Indoor radon levels vere located near large central
HVAC return ducts and vere attributed to the predominance-of and
the proximity to negative HVAC pressure. Successful sub-slab
depressurization systems wvere installed, however, in rooms vith
lover indoor but greatest sub-slab radon levels, closest to the
source. This shows the Inadequacy of wusing Indoor radon levels
alone as a basis for remediation. Wwings of other schools with
radon problems have vindow heating units in rooms of cqual sfize
and no central HVAC ayatenm, Highezt 1ndour raden levels
correlated well with highest sub-slab radon levels due to the
equivalent effects of the wvindow units and the predominance of

geology.

Diagnostic tests in other schools have revealed: blockwall
taden transport to upper floors; elevated Dblockwall radon
adjacent to sub-slab sources; and elevated indoor radon above a
cravlispace caused by HVAC-induced negative pressure.

The vork described in this paper vas not funded by the U.S.
Environmental Protection Agency and therefore the contents do not
necessarily reflect the views of the Agency and no official
endorsement should be inferred.
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In the past three years the author has conducted radon 2oil analysee at
approximately 20 school and numerous other constructlon sites In the Washington,
DC area (Northern Virglinla and Montgomery County, MD) to predict indoor radon
potentials. Previous soll gas surveys shoved correlations with Indoor radon In
existing buildings (1) and revealed that radon sources occur along narrow linear
trends within footprint confines of a single bullding, correlative with geologic
structures in metamorphic and sedimentary rock terrains (2)._ In addition, Radon
Control Professionals has performed radon remedlal diagnostics and remediation In
20-30 schools and other large buildings. ’

OQur experlence has shown the lmportance of the effects of both the locatlon
of geologic sources and HVAC-Induced distribution of indoor radon. In general,
elevated radon in areas of schools with evenly dlstributed HVAC pressures are
- correlated with maximum soll-radon-emanations. However, sttong or  ufiéqual HVAC
effects can redlstribute Indoor <radon to areas avay from the dlrect sounrce.

Effective remedlation required a complete understanding vf both contributions.
i

In some schools with central HVAC cyslems, highest Indoor radon levela wvere
located near large return duct=z. However, hlgheat aub-zlab radon measuremente
vere often located In neighboring rooms with lover Indoor radon levels Indlcatling,
that the negative pressure created by the return ducts had a more Important'
contribution to elevated lndoor radon than source strength (Figures 1, 2, and 3;
In all flgures, although some alpha track measurements were avallable, indoor
radon levels, shown In the center of each room, are two-day charcoal tests
performed during the same winter season for comparison. Both sub-slab radon
levela, adjacent to «lrcles, and blockvall raden levelz, adjacent to zeml-
clrcles, are underlined.) Successful sub-slab depressurization systems were®
installed In rooms vith Irover indoor but greatest sub-slab radon levels, closest
to the source. This shows the Inadequacy of using indoor radon levels alone as a;
basls for remedlatlon. '
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SPRINGBROOK HIGH SCHOOL
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FIGURE 1.

springbrook High School - Indoor radon levels not correlated vith sub-
slab radoun levels due to HVAC effects predominant
effects. In all Figures, indoor radon levels are in the center of each
room. Both suh-slab radon levels, adjacent to
radon levels, adjacent to seml-clrcles, are nunderlined.
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FIGURE 3. Ridgeview_Juulu; “High Schdul'; Tudoor tadon,lﬁmels wot correlated with
sub-slah radon levels due to
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The achool shown In Flgure 3 haz a plenum celling  with openings  for rekurn
alr.  The room with 3.2 pCl/1 has no vindows or return openings In the plenunm
celling. Dlfferentlal pressure measurements between thls room with the door
closed and the hallway shoved no significant difference until a nearby outside
door vas opened and hallway alr rushed outside (Table 1). We suggested sub-slab
depressurization for thls room because It had the potentlal for higher radon
levels if openings wvere added in the return plenum ceiling or doors were opened,
because both would depressurlize the room.

TABLE 1. RIDGEVIEW JUNIOR HIGH SCHOOL - A P EFFECT FROM OPEN DOORA

s

INDOOR/HALLWAY, AP,

ROOM 119: TIME, SEC. : INCHES H20 COLUMN
HVAC ON 30 -.001

60 -.001

30 -.001

120 -.001
ADJACENT OUTSIDE 150 +.017
DOOR OPENED-HALLWAY 180 +.020
AIR RUSHED OUTSIDE 210 +.020

Wings of two other schools with radon problems have equivalent window fan
coil units Iln rooms of equal size and no central .'HVAC system. Highest indoor
radon levels correlated well with hlghest sub-slab radon levels due to the
equivalent effects of the window units.! (Figures.4 and 5). This was verified by
an outside corner room in Francis Scott,Key High School (Figure 4) wvith 1.0 pCi/l
indoor radon and 132 pCi/l-sub-slab -radon,: the lowest source strength found.
Sub-slab/indoor radon ratlos were . approximately 100/1. The rooms with elevated
radon are aligned along a N60°W' .trepd, correlative with local shear fracturcs
(2). In Cannon Road Elementd}y; school i{Fliﬁrq 5), rooms with elevated radon
levels are-aldgned—along-—d N30°E "trénd, correlatlive with local rock layers or
foliation (2). Thus {n schools with equiVaT€nt -~HVAC effects, geologlc source
appears to dictate indoor radon concentratlpns.M;xi“
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FRANCIS SCOTT KEY HIGH SCHOOIL»
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FIGURE 5. cannon Road Elementary School

sub-glal radon levels dne
geologlc conbrol

- Indoor radon levels proportlonal to
to equivalent HVAC effects  and predominant
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Martin Luther King Junlor High School (Figure 6) revealed
miqration through hlockwalls from the first floor to the second floor. Rooms
near the center of the school and In the southeast corner had bhoth flrst and
second floor radon levels equlvalent to adjacent blockwall radon levels, shoving
that second floor radon problems vere cansed by vertical migration through

blockwalls. Sub-slab depressurization with appropriately placed blockvall
penetratlons remediated the school.

Indoor radon
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™o &chools (Figures 7 and 8) showed approximately equivalent hlock-
vall/sub-slab radon c¢oncentratlons revealing radon migration into blockvalls
directly from the sub-slab source. This shows the need to assess blockwall radon

measurements to determine when blockwall penetrations are required based upon
high blockwall/sub-slab radon ratios.
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SPRINGBROOK HIGH SCHOOL
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FIGURE 7. Springbrook ilgh Schoel - Blockwall radon concentratlons correlating
vith adjacent sub-slab radon levels-
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tn one achool radon problems exlated over one end of & room (F104) undey]

by the unvented end of a crawlspace (Figure 9). Table 2 shows the results
Indoor/outdoor A P measurements with a micromanometer. A Tygon tube vas run f:
the high pressure port of the micromanometer to outside a window, sealed si

vith tape, vhlle the lov pressure port vas open to first the room and then
cravlspace. An aquarium stone was attached to the high pressure tube outside

minimize vind effects. The dlfferential pressures vere then measured In both
room and the crawlspace by turning the central HVAC system on with the exha
.fan off and then with the exhaust fan on. -Results reported in Table 2 show tt
the HVAC-system created a negative pressure in the room resulting In radon leve
nearly as hlgh as a two-day average vithln 60 seconds. The exhaust fan, blov!
from the room into the cravlspace, dlminished this effect. In the cravlspac
the HVAC system  created an equal negative pressure vith the exhaust off t
higher radon levels. However, the exhaust fan created a positive pressure in t
cravlspace greatly diminishing the radon levels.- Thedretically pressurizing t
crawlspace vith outside air would optimally reduce crawlspace radon level
However varm summer outslde alr entering the cool crawlspace causes condensat!
problems so remediatlion was achleved hy adding another crawlspace vent below t
problem room and running an exhauet 1lne from a roof-mounted fan Into t
cravlspace, as shown in Flgure 9, to draw radon from the crawlspave at a hl

enough rate to overcowe the Increase In radon levele from depressurlzatlon.

WHITE OAK MIDDLE SCHOOL
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FIGURE 9. Whlte Oak Mlddle Schonl - Crawlspace area outllued wlth dashed llne.
existing exhaust fan exhausts indoor alr into cravlspace.
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TABLEHQ WHITE 0AK MIDDLE SCHOOL - AP BND RADON! DEPENUENFY ON HVAF AND

- &* EXHAUST FAN ) ;
. af A 4 e ’
2 r} ’ - - ' IA'-. j -..L
— . - S * INDOOR/OUTDOOR, AP,
fn'-"n" : TIME, SEC. INCHES H:@ COLUHN Rn, pCi/1
.- HVAC ON; T 15 -.005
- EXHAUST FAN - 30 3 <.008
“OFF-: 7 60 -.010 4.5
HVAC ON, 15 0
EXHAUST ON 30 0

60
J120 -

.002
.005 <0.1

CRAWLSPACE: | i
~ hvac on,” 15
EXHAUST OFF =~ 730

05— <= =
.008

‘ 60 = -:010 13.0
T . : _
. €
N on,$ 15 +.050 1.4

-

s vExgﬂﬂBT oN 30 .100 0.1
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