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SEPA . The lssue

* Very limited data exist on
indoor radon in Puerto Rico

* No baseline radon data exist
for Puerto Rico

e USGS geologic study in 1993-
95 concluded that radon
problems exists on the island

* This USGS 1995 map shows
grey areas that have higher
radon potential
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v EPA The Issue (cont.)

* Karst geology,
porous soils and
increasing use of
AC exacerbate
radon problem

e Radon monitors
that are
commonly used
on the mainland
may not be
suitable for tropics

AC units become
more common on
the island



Radon Infrastructure in Puerto Rico

*No radon professionals registered at project
onset

* Currently, for a population of 3.3 M and an area of
5,325 square miles, the island has:

* Three NRPP certified Measurement Professionals in
2023 (including newly certified member of our team)

* No NRPP certified Mitigation Professionals



Study Objectives:

*To safeguard communities of Puerto
Rico from radon hazards through:
*sampling of single-family homes
*testing with new low-cost instruments
*training
ecapacity building
*remedial actions




Connect with the community Deploy & Measure Quality Assurance

UPRM assembled a student

EPA & UPRM agree to sample team to work together using
Radon in Puerto Rico local knowledge to improve
Northwest project execution




<vEPA

—

e Qutreach to
communities and
municipalities

* Sign-up of volunteer



7 EPA

esearch Approach

* Media events
e Social media outreach
* Presentations

La EPA y la UPR de Mayagiiez lideran proyecto
para medir niveles de radon en Puerto Rico

La agencia federal y un equipc de ingenieria del recinto universitario encabezan el esfuerzo que proporcionara un
mapa de datos mostrando el alcance de este gas radiactivo, inodoro, invisible y cancerigeno

stbado, 3 dejulic de 2024 - 14140 pam, Por Gerardo E. Alvarado Leén [ s X EON-

Nots de archivo > hace més de 30 dizs,

Los monitores electronicos de radon se instalan en los hogares por una semana. En la folo, &l profesor Pedro Tarafa Vélez. (David
Villafafie Ramos)

Proteccwr

A sa e ey
YRV 49

Ambie nta !::::x\:x::y::(
del Carlb( s

\u t\um/l\\ln\l
e

What s radon?
Ll e g e .

e
e e e

+ O 2000 b g e 0 6

+ Trencs wer fllowed by a recovery period

from early o ace ancernic Ans

e T —

How can | kne

Whatis ot

Whatiis the risk?

st o s s e
i > i S o e e

Would you like to
pate in our research
know the exposure

B el at your house?

Should Puertd
regulation on ra
Ti




EPA Two Stage Research Approach:
N |. Scoping Rn Sampling

Identify cases

of interest
Quality AIRTHINGS 3
LONG TERM AVERAGE
assurance / ,-.Bpg
Contact & set ? ]
appointments \4 Z:EM;V:"'S’
P Sampling
e Rn Devices
radon .
Deploy up to Determine
Z Radon level
5teams ata \
time

Wait 1 week
for study to
complete



Two Stage Research Approach:
. Scoping Rn Sampling (cont.)
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* Calibration, spiking, pre-deployment
checks of monitors and radiation

meters

* Training of university teams



%EPA Spiking and Performance of Consumer Grade Monitors

* Consumer grade 996 Radon Chamber 9?@ @ Radon Chamber @
Corentium Home Kansas State University Q ®  Kansas state University '@ o

KSU Radon Chamber MNRPP Certification 1D Number SC-1006 (’_HHPP

m O n itO rs We re S Pi ked N Miﬂ;/ KSU Radon Chamber NRPP Certification ID Number $C-1006 @

Date: 10/7/2022
L Dr. Oleg Povetko
at Certl Ie EPA Region II Dr. Oleg Povetko
2890 Woodbridge Ave Edison NJ 08837 EPA Region IT
210.323.5590 2890 Woodbridge Ave Edison NI 08837

Radon Chamber Fosoesezon mozsse ™ "

These are the results of the spiking that we performed on the device(s) listed below: . . i
These are the results of the spiking that we performed on the device(s) listed below:

Device Serial # Start Date Start Time Stop Date Stop Time Device Value * IRE ; . )
Device Serial # Start Date Start Time Stop Date Stop Time Device Value * IRE
°® . CH2302104611 9/30/22 1230 10/7/22 1230 24.2 5.2%%
eporte ndiviaua CH2302088701  8/30/22 1230 lo/7j22 1230 23 22% Giasiotesy  a/0/zm 123 lo/7/2 1230 248 7.8%
CH 23021 330/22 1230 10/7/22 1230 1 3.8% CH2302104680 9/30/22 1230 10/7/22 1230 24.2 5.2%
CH 2302105207 9/30/22 1230 10/7/22 1230 23.5 2.2%
" CH 2302104689 a/30/22 1230 10/7/22 1230 234 L7% CH2302103881 9/30/22 1230 10/7/22 1230 ERROR n/a
CH 2302105248 9/30/22 1230 10/7/22 1230 229 0.4% CH2302104603 9/30/22 1230 10/7(22 1230 241 4.8%
CH 2302103959 3/30/22 1230 10/7/22 1230 218 5.29% CH2302103174 9/30/22 1230 10/7/22 1230 23.2 0.9%
. CH2302104662 9/30/22 1230 10/7/22 1230 22.1 3.9%
& %gﬁggﬁg g::ggﬁg Egg ﬂﬂ;ﬁg Egg %g g;—g CH2302105257 9/30/22 1230 10/7/22 1230 25.6 11.3%
(o) CH2302088706 9/30/22 1230 10/7/22 1230 26.4 14.8%
e OW O r I I I O St CH 2302104670 9/30/22 1230 10/7/22 1230 25.0 8.704 CH2302104610 9/30/22 1230 10/7/22 1230 23.9 3.9%
(o] CH 2302105326 Eﬁaujn 1230 mi?fzz 1230 ERROR NjA CH2302104704 3/30/22 1230 10/7/22 1230 229 0.4%
CH 2302104673 9/30/22 1330 10/7/22 1230 24.3 6.3% CH2302105254 9/30/22 1230 10/7/22 1230 248 7.8%
o . CH 2302104684 9/30/22 1230 10/7/22 1230 22.1 3.9% CH2302103937 9/30/22 1230 10/7f22 1230 23.6 2.6%
CH 2302105260 9/20/22 1230 10/7/22 1230 24.7 7.4% CH2302105249 9/30/22 1230 10/7/22 1230 23.0 0,000
CH 2302103233 9/30/22 1230 10/7/22 1230 25.2 9.65%% CH2302105323 9/30/22 1230 10/7/22 1230 NOT EXPOSED nfa
CH 2302105258 9/30/22 1230 10/7/22 1230 54 9.1% CH2302104692 9/30/22 1230 10/7/22 1230 22.9 0.400
CH 2302105259 9/30/22 1230 10/7/22 1230 23.3 1.3%0 CH2302104710 a/30/22 1230 10/7)22 1230 23.9 3.9%
CH 2302103826 9/30/22 1230 10/7/22 1230 221 3.9% CH2302104664 9/30/22 1230 10/7/22 1230 25.2 9,600
CH 2302104700 9/30/22 1230 10/7/22 1230 232.0 0.0% CH2302105206 9/30/22 1230 10/7/22 1230 242 5.200
CH 23021046395 9/30/22 1230 10/7/22 1230 23.8 3.5% CH2302104694 9/30/22 1230 10/7/22 1230 23.7 3.0%
o tu y u S e ata O n y CH2302104649 9/30/22 1230 10/7/22 1230 25.6 11.3%
Chamber Target Value:23.0 pGifL
These devices were spiked in our chamber at an average relative humidity of avg/rh 23 Y. Chamber Target Value: 23.0 pGifL
N M < These devices were spiked in our chamber at a chamber temperature of 73 °f. These devices were spiked in our chamber at an average relative humidity Ufo avg/rh 23 %.
ro m ev I C e S W I t This chamber is at an elevation of approximately 1020 feet. These devices were spiked in our chamber at a chamber temperature of 73 °f.
This chamber is at an elevation of approximately 1020 feet.
The additicnal information below is provided as a service for our customers who have furnished KSU Radon Chamber with . . . i i i . .
o) the customer’s measured values for the above devices. This equation calculates the difference between our chamber The additional information below is provided as a service for our customers who have furished KSU Radon Chamber with
o value and the customer's measured value and is called the percent enror. Tt is calculated as follows: the customer’s maasn.lrard values for the abwe_de-.nces. This equation calcula_ta the difference between our chamber
value and the customer's measured value and is called the percent error, It is calculated as follows:
% Emor = Measured Value — Chamber Value =+ 100 % Eror - 100
- o Bmor = Measured Value — Chamber Value
Chamber Value Chamber Value
Measured Value: pCi/L Chamber Value: pCi/L Error: Measured Value:  pCGi/L Chamber Value: pGilL Error:

Thank you for your patronage. If we can be of further help, please email us at radonchamber@ksu.edu or call us at
(7A5-537_4000



o S Two Stage Research Approach:
<zEPA |. Scoping (cont.)

— —

* Scoping survey of homes by student teams using
consumer grade low-end e-monitors

S5
» data collected provided seven-day *’
integrated radon concentrations

* Using dedicated phone app, Data Collectors
directly uploaded to EPA cloud database from
field locations:

* Radon concentration level Y Ly
e Geolocations s\ o '

* Photos of instruments’ SNs and display
screens

e Comments and observations

SN: 2302105323

* |dentification of potentially “high” homes


Presenter Notes
Presentation Notes
Access to online database is limited and controlled. 
Direct data upload to database significantly reduces number or errors, controls access to Personally Identifiable Information, provides live visual for on-going sampling.
Database has hierarchy of roles including Data Assessor role. That simplifies QC checks, data validation, visual representation of data assessment process for each data point.


o Two Stage Research Approach:
\ Y 4 EPA 2. Confirmatory Sampling

—

* Confirmatory sampling by radon
professionals of potentially “high”
homes using high-endprofessional
Instruments

[ RERE




v EPA Preliminary Results

173 homes sampled by university

teams and EPA staff NRP_P szrt/f led R_""_’O”

- A Mitigation Specialist
Sampling locations above are conducted pre-mitigation
approximate; presented only for One team member. _ studies of several homes
illustration of extension of sampled became NRPP certified
B Radon Measurement

Professional


Presenter Notes
Presentation Notes
Depicted on the map sampling locations are geo-coded and approximate; they do not correspond to the specific sampling locations.


<vEPA

Preliminary Results — Data Collected by E-Monitors

—

- Occupied rooms in four homes
confirmed above 2 pCi/L, EPA
level for considering mitigation

- Occupied rooms in one home
confirmed above EPA Action
Level of 4 pCi/L

- Occupied rooms in one home
confirmed above 20 pCi/L (home
uses central AC)

- Non-living ground level rooms in
four homes sampled between 4
and up to 280 pCi/L

- Data is log-normally distributed
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v EPA \ Preliminary Results (cont.)

- Several local companies expressed interest in mitigation
work

Radon Chamber @

@
Kansas State University

Perfo rm an Ce Of :: f;:::ﬂchamber NRPP Certification ID Number SC-1006 @

Dr. Oleg Povetko

EPA Region 1T
2890 Woodbridge Ave Edison NJ 08837
consumer graae 2103550
Povetko.olegi@epa.gov
. These are the results of the spiking that we performed on the device(s) listed below:
monitors: DeviceSarel# Statiuis  StartTme  SopDuke  StpTme  DedoeVekie!  IRE
CH2302104611 9/30/22 1230 10/7/22 1230 24.2 5.200
CH2302088701 9/30/22 1230 10/7f 1230 22.5 2.2
CH 2302104666 /30/22 1230 107/ 1230 24.1 4.800
CH 2302105207 /30/22 1230 107/ 1230 23.5 2.20%0
° CH 2302104689 9/30/22 1230 10/7f 1230 234 L7%
th CH 2302105248 9/30/22 1230 10/7f 1230 22.9 0.4%
- e ra u a a I CH 2302103359 9/30/22 1230 10/7f 1230 21.8 5.200
CH 2302103893 9/30/22 1230 10/7f 1230 22.5 2.20%
CH 2302088972 9/30/22 1230 10/7f 1230 — 5.7%
CH 2302104670 9/30/22 1230 10/7/ 1230 ‘é 8.7
CH 23021053 26 9/30/22 1230 10/7/ 1230 ERROR N/
1230 7, 24.5 6.5%0
- 1230 1230 3.9
7, 1230 24.7 7.4%
-some begin = R
1230 7, 1230 25.1 9.1%
9 1230 7, 1230 23.3 1.3%
1230 7, 1230 22.1 3.900
CH 2302104700 /30/22 1230 10/7f 1230 23.0 0.0%0
230 123 23.8 500

; ; CH mgmms gfao,fzz 1 1.0]?}:3
displaying ERROR or === >==
ﬂﬁedeuioﬁwespikulinwrdﬂnheralmamagerﬂaﬁvehnidﬂyd avg/rh 23 %.

These devices were spiked in our chamber at a chamber temperature of 73 °f.
0 0 This chamber is at an elevation of approximately 1020 feet.

The additicnal information below is provided as a service for our customers who have furnished KSU Radon Chamber with
the customer’s measured values for the above devices. This equation calculates the difference between our chamber
value and the customer’s measured value and is called the percent emor. Tt is calculated as follows:

Identified radon gas entry point _some displays fail . LT
in home with >20 pCi/L levels

Thank you for your patronage. If we can be of further help, please email us at radonchamber@ksu.edu or call us at

but monitors remain ===
operational



Presenter Notes
Presentation Notes
The photo requires some explanation. Here you can see a room under minor renovation with utilities, cables sticking out of the wall. This utility channel provides massive entry pathway for radon into occupied room. Quick and dirty estimate of radon level at this entry is about 15 times of EPA Action Level. That was confirmed by confirmatory measurements by radon professionals.


Py .. ) :
\..’EPA Preliminary Results-Observations, Lessons Learned

Jalousie/louvered windows are extensively used on the island
They are not air-tight even when shutters closed ' —— Wy
Most of sampled homes lacked basements or crawl space

Extensive use of jalousie/louvered windows and lack of basements
appear

- to allow sufficient ventilation to minimize the risk of elevated
radon in occupied rooms

- to prevent radon accumulation under occupied rooms

Potential transition to central AC without introduction of outdoor air
and to air-tight building construction will likely cause elevated radon
levels

E-PERM® electrets should be processed and electret readers used
exclusively in low dust air-controlled laboratory

Data Collectors require additional on-site oversight and training



< EPA - Preliminary Results-Radon Spikes

-Spikes of radon (max ~434 pCi/L ) and thoron (max ~902 pCi/L) were observed in home within 6-hour period

-Spikes coincided with two seismic events recorded within one hour after spikes 34 and 70 km away

Avg. Radon in selection: 20.50 + 0.29 pCi/L. Avg. Thoron in selection: 15.92 + 0.51 pCi/L. [#cnts]. Avg. Radon in selection: 49.64 + 0.96 pCi/L. Avg. Thoron in selection: 59.2 + 1.9 pCi/L. [#cnts].

£ Run 2: Radon N Air # 1 500 r -1 1000*
400 ) J
Thoron In Air [Normal) .
902 = 34 pCi/L {800+ 400 - Radon in Air [Normal] -1800*
11/14/22 21:00 | .
350 = | 434 + 13 pCi/L
11/14/22 21:00
- ‘i 1600*
- - 600*
2 -
1400~
2 % 400
19 .. -200*
| -200*
10 =
i .
v . 0
>t [ on in Air [N]
2. 49 + 1.9 pCi/L
0 A — — 11/1 11/15/22 05:22
1| Radon in Air [T] Radon in Air [N] 222Rn 220Rn
i 24 + 6.7 pCi/L 7.9 + 1.4 pCi/L 11/15/22
1/14/22 17; 11/17/22 09:50 pCi/L pCi/L
22p, 220R, 20:00 04:00
pCilL 11/15/22 11/16/22 11/16/22 11/17/22 oCi/L
00:00 12:00 00:00 12:00 00:00



Preliminary Results - Radon Flow Computational Fluid Dynamics
(CFD) Modeling of Room - Motivation, Model and Workflow

MOTIVATION:

* Several sampled houses have high levels of radon and may need mitigation to protect the health of their inhabitants,
according to the first results of the study

* 1in 15 homes in continental U.S. have high radon levels and should consider mitigation
MODEL:

* A mobile vacuum filtering robot system that will sweep across the floor and absorb radon into an activated charcoal bed

WORKFLOW:

* Data Acquisition: The first step is to determine the geometry (physical domain) of the simulation and gather all
parameters, initial conditions, and boundary conditions necessary to perform the study

* Mesh Generation: This step discretizes the physical domain into various points or elements and generates a subdomain
(computational domain) for numerical calculations

* Simulation: This step solves for the given fluid flow at each point or element in the computational domain. These are the
Heat Equation for temperature, the Navier-Stokes equations for fluid flow and Advection-Diffusion equation for Species
Transport.

* Post-Processing: Simulation results are analyzed a visual representation may be generated



Preliminary Results - CFD Room Model

GOVERNING EQUATIONS BOUNDARY CONDITINS

* Advection Diffusion Equation (Species Concentration flux through floor:

Transport) Jrn="D o 0ir9C(x,y,0,t) /02

* 0C/0t=DV*C-V-(CV)—AC—KC No concentration flux through walls and ceiling:

dC(0,y,z,t)/0x=0C(L,y,z,t)/0x=0C(x,0,z,t) /0y=

* A = Radon Decay Constant
=dC(x,W,z,t)/0y=0C(x,y,H,t)/0z=0
K= Activated Charcoal Filter Radon

Removal Rate Initial Conditions:

* Incompressible Navier-Stokes C(x,y,2,0)=C,
Equaﬁons (_F:luiti Flow)_> Vinlet:u_i:l_ 07+ 0_k>=u0
* p(OVOt+V-VV)=uv?v—-vPpP
A T7>_I}= 0 No slip Condition:

V| 0

surf aces



n % | ° ° )
e O\ Preliminary Results - Generated Mesh and Initial Radon
< EPA . Flow

-3-D Model of room
-Room floor (dark blue)
-Radon flux (dark red color)




s Preliminary Results - CFD for Radon Distribution and
g EPA Mitigation

* Distribution of radon (and its progeny) in air can be studied and
predicted by employing CFD techniques

* Factors that affect radon distribution and mitigation such as
temperature, pressure differentials, and humidity can be
incorporated into these models

* Installation and operational costs can be reduced by optimizing a
systems design and/or efficiency through simulation

* In conclusion, CFD can be a valuable tool to maintain and
develop healthy indoor air quality



ZEPA

Next Steps

Sampling of earthquake impacted areas and
island’s southeast area with higher radon
potential

Comparison of long-term (60-90 days) with
short-term (2-7 days) sampling

Compare performance of low-cost portable
radon sensors with high end systems that
control measurement environment

Study for design and construction of island-
specific mitigation systems

Pre-mitigation study of
“high” home blueprints

\ 47’4

mplate  HW Setup ~ Setup
Select time interval

Mean conc. - full time: 1. pGI .2 pGi/L) [2 days 2 hours = 50 hours] Start time: 2022-Nov-14 Mon 3:28 PM  [2022-W46-1]
Mean conc. - work time: 1.1 pGi/L (+/-0.3 pGi/L) [22 hours, using the days Mon-Fri, 7:00 AM-5:00 PM] End time: 2022- fed 5:28 PM  [2022-W46-3]

. Weather
/data

A radon

- sconcentration
' during 48 hr
- sampling
gradually
~ increases to
' 3.5 pCi/l


Presenter Notes
Presentation Notes
The plot on the right is an hour-by-hour radon concentration plot covering 48 hourly measurements. The upward tendency is observed. Also, in the last hour before team arrived for pickup, the concentration increased to level about 3.5 pCi/L. 


DISCLAIMER

* Presentation has not been subject to the Agency’s
review and therefore does not necessarily reflect the
views of the Agency, and no official endorsement
should be inferred. Presentation does not signify that
the contents reflect the views of the Agency, nor does
mention of trade names or commercial products
constitute endorsement or recommendation for use.

Indoor Environments™ 2023 - Radon and Vapor Intrusion Symposium



QUESTIONS?

, 177 | |
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Radon Testing & Mitigation

Sponsored by:
University of Puerto &8
Mayaguez &
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Indoor Environments™ 2023 - Radon and Vapor Intrusion Symposium
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