National Tribal Forum on Air Quality
Radon Measurement and Mitigation Technical Pre-Conference Training Session
Casino del Sol, Tucson, AZ
Monday, May 1, 2017
This full-day training will consist of classroom lectures and hands-on practice addressing radon
measurement and radon mitigation in tribal structures. Tribal housing, environmental and other
staff involved in construction/maintenance of tribal buildings are invited to attend. Two webinars
are available for viewing to provide background information on radon occurrence and risk
reduction. We ask all participants to view these two free webinars prior to attending the training
in Tucson. The training agenda is full and we request all participants have a minimal amount of
radon knowledge. Special thanks to USEPA Region 9 Tribal IAQ and Health Network for
putting together and hosting these very useful webinars.
Introduction to Radon / Radon Testing:
https://attendee.gotowebinar.com/register/4774396519356622337
Radon Mitigation
https://attendee.gotowebinar.com/register/5320945058577415426
AGENDA
8:30 – 8:45 AM

Welcome, Introductions and Logistics

8:45 – 9:00AM

Radon Basics and How Radon Enters Buildings

9:00 – 10:15 AM

Radon Measurement Protocols and Standards – What buildings are
you testing and what are the procedures to follow for the purpose of
the test?

10:15 – 10:30 AM

BREAK

10:30– 11:45AM

Radon Measurement Devices – What devices should you use and what
are the advantages and disadvantages of common devices? (Hands
On)

11:45 – 1:15 PM

Working Lunch: Radon Measurement Case Studies from Tribes

1:15 – 2:00 PM

Radon Mitigation Standards and Certification – What are key
requirements and knowledge to fix tribal structures?

2:00 – 3:00PM

Radon Mitigation Diagnostics – Foundation Systems (Hands On)

3:00 – 3:15PM

BREAK

3:15 – 4:15 PM

Radon Fan Selection – (Hands On)

4:15 – 5:00 PM

Radon Mitigation Case Studies from Tribes

Here’s a link to a Drop Box that will host the training materials and handouts:
http://bit.ly/IAQ_resources
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Radon Basics: Quick Review

NTF Radon Training Workshop
Radon

May 1, 2017

Radium
Uranium
1

Radioactivity

2

Radioactive Decay

 Radioactivity is the spontaneous transformation of the nucleus
of an atom into another atom, with the emission of a particle or
Antoine Henri Becquerel
photon
(1852‐1908)
French physicist
Discovered radioactivity
in 1896

 This transformation is referred to as radioactive decay.
 The number of nuclear transformations in a substance that occur per unit
of time is called the activity, and is measured in either
 Curie (Ci)



Marie Curie (1867‐1934)
Polish physicist
Marie coined the term
radioactivity in 1898 and
she is the first woman to
earn the Noble prize

= Radioactivity given off by 1 gram of radium
Or fractions of a curie

Alpha Radiation
(2 protons + 2 neutrons)

Gamma
Radiation

 Such as a picocurie (pCi)
 Pronounced PEE‐ko Curie)
 Becquerels (Bq)


• Radiation releases occur
Radon‐
Radon‐222

Polonium 218

Pronounced beh‐ker‐ELL.
 1 Bq of a material is a quantity of it such that there is one
radioactive decay per second in a liter

3
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spontaneously. There is
statistical uncertainty in
counting radiation detection
events over time

• With alpha decay, the

o Atomic number changes by ‐
2 because
• 2 protons are lost
o Atomic mass changes by ‐4
• 2 protons are lost
• 2 neutrons are lost
4
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Radon‐222
Decay Series

The 3 Types of Radiation Emissions

Radon‐222


• Think of the 3 types of radiation as follows:

Polonium‐218


o Alpha radiation as the atomic cannonball

Lead‐214

 Massive, moves slowly, low penetration



o Beta radiation as the atomic rifle shot

Bismuth‐214

 = alpha
 = beta
 = gamma



 Smaller mass, moves faster, penetrates deeper

Polonium‐214

o Gamma radiation as the atomic laser



 No mass, moves at the speed of light, penetrates deepest

Lead‐210

5

6

Video of Alpha Particles in a Cloud
Chamber

These
emissions and
what they
cause are
counted to
determine the
radon
concentration

http://www.youtube.com/watch?v=Efgy1bV2aQo
The cloud chamber,is a particle detector used for detecting ionizing radiation.
In its most basic form, a cloud chamber is a sealed environment containing
a supersaturated vapor of water or alcohol. When a charged particle (for
example, an alpha or beta particle) interacts with the mixture, the fluid is
ionized. The resulting ions act as condensation nuclei, around which a mist will
form (because the mixture is on the point of condensation). The high energies of
alpha and beta particles mean that a trail is left, due to many ions being
produced along the path of the charged particle. These tracks have distinctive
shapes (for example, an alpha particle's track is broad and shows more evidence
of deflection by collisions, while an electron's is thinner and straight).

7
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Radon Measurement Units

How Long Does Radon Live?

• One picoCurie per liter (pCi/L) is 2.22 disintegrations
per minute within a liter

 Lifetime of radioactive isotopes is measured in
half‐lives.

o This comes from the fact that one Curie is 37 billion
disintegrations per second (disintegrations per second
[dps])

 Unit of time required for half of the radon to
decay.

o One picoCurie is one trillionth of a Curie, or 0.037 decays
per second
 There are 60 seconds in a minute:
.037=2.22, or 1 pCi/L is 2.22 dpm

 Does not refer to the time for all radon particles
to decay.

60 x

 Thus, a 1,000 sq. ft. home with 4 pCi/L = almost 2 million
radioactive decays per minute
9

Half‐Life

Start time

Example of Using Half‐Life
Calculation

 You finished a radon test with a charcoal canister on
April 15th and placed the exposed canister on your seat
in your pickup truck.
 You remembered to send the canister to the lab on April
20th and the lab received it on the 25th.
 Approximately how much of the original radon is still in
the canister?
 So, if the radon was originally at 4 (units), what is it at
on the 25th?

3.8 Days
Rn-222

t½
Full
ORIGINAL CONCENTRATION
100 pCi/L

t½
½ Full
1 HALF LIFE
50 pCi/l

10

7.6 Days

¼ Full
2 HALF LIVES
25 pCi/L
11
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The Concentration of Radon in a Building
Depends Upon:

Effect of Half‐Life on the Accuracy of
the Measurement Result

1. Source of radon and its strength
2. Transport of radon

 Although the lab can easily correct for the three half‐
lives that have passed, there is still a problem.
 Most labs can read small radon levels (e.g. 0.5 units)
with only 50 % accuracy.
 So, the reported result (4 units) can only be given with a
+/‐ 50 % confidence level.
 Avoid this situation by returning tests promptly

A. Pathways and
B. Driving Forces
(1) air pressure differences
(2) diffusion
(3) emanation
(4) well water

Water
< 1%
Air Pressure
Differences
95 - 99%

‐‐ Environmental Effects

Emanation
< 1%

Diffusion
1 - 4%

Radium Containing Soil

3. Ventilation rate of building
13

Radon Concentration in Soil Gas Vary from
Location to Location – FYI

14

U.S. Radon Zone Map: 1993
 Map based on

668 pCi/L

77,194 pCi/L
111 pCi/L
351 pCi/L
112 pCi/L
Lawrence Berkeley Laboratory

 Geologic factors
 Aerial surveys ~ uranium
prospecting
 Results of home surveys
 Primarily short‐
short‐term
tests in lowest livable
level
 Home foundation type
 Soil surveys

 Simple soil gas source and
ingress models fail to
accurately predict indoor
concentrations

12,664 pCi/L

89,100 pCi/L

 Within short distances,
depending on:
 Radium concentration
 Airflow through soil

 Expected average short
term Radon (pCi/L):

 Soil gas concentrations also
change over time.
15

 Red = Zone 1 > 4.0
 High probability
Should use map with EPA manual explaining methodology.
Areas of high and low radon may be found in any zone.

MURC-KSU

 Orange = Zone 2 > 2 < 4.0
 Yellow = Zone 3 < 2.0 16
 Low probability
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Indoor Radon in a Community
What If My House Has...?
 You CANNOT PREDICT radon levels
based on:







Test Results
< 4 pCi/L
4 ‐ 10
10 ‐ 12
12 ‐ 16
16 – 20
20 – 30
>30

Heating System
Foundation Type
Age of Structure
Air-tightness
Style of House
Presence of Sumps, Cracks or Other Features

 You just have to test to find out!
17

Source: Mike Mudrey, 2005, UW‐Madison

Radon Transport

Dynamic Equilibrium

Measurable Radioactivity

12 Hours
Rn
WL



House
Open

Time

House Closed

18

Two components:
A. Pathways

Once the radon entry rate
into a building has been
altered, time is needed for
radon and RDP levels to
stabilize

1. Soil ‐ high soil porosity or utility trenches, etc.
2. Building Shell ‐ joints, cracks, earthen areas, utility
penetrations, etc. in the foundation

B. Driving Forces

12 hours is normally
sufficient for dynamic
equilibrium to occur in a
home

 Forces that pull or push radon toward the building
and indoors.

19
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Foundations Trap Radon

21

Slab Penetrations (issues for mitigation)

22

Driving Forces

 Plumbing block‐
block‐outs for
tubs, commodes,
showers, etc

1) Air pressure differences*

 Most slab penetrations
are hidden during
construction

3) Emanation

 Radon follows loose fill in
plumbing trench and is
drawn in through slab
openings

2) Diffusion
4) Well water
* = focus of most mitigation

23
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Air Pressure Variables

1) The Predominant Driving Force is
Building Induced Soil Suction


Buildings can create
vacuums that will
draw in soil gas



These vacuums may
be very small and are
referred to as air
pressure differentials

25
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Units of Measurement of Air Pressure or
Vacuum (issue for mitigation)

Indoor to Soil Air Pressure

IN. W.C.
2
1
0
1
2



Air pressure (aka vacuum or differential
pressure) are measured in terms of




IN. W.C.
2
1
0
1
2

27
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Inches of water column (WC) or
Pascals (Pa)
248 Pa = 1 inch W.C.
0.004 inch WC = about 1 Pa

1” WC is the difference in pressure
needed to raise a column of water 1 inch
(in the example to the right, 1 + 1 inch = 2
inches)
28
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Radon Entry is Variable Since the Driving
Forces Are Variable

Transport Mechanism: Soil Gas Entry Due to Air
Pressure Differences

 Pressure differentials can
change rapidly

 Building vacuums or soil
pressures cause air from soil
to enter through foundation
openings
 Soil gas enters all buildings
and radon in the soil enters
with it
 This is the primary:

 Temperature changes
 Weather changes
 Occupant use of exhaust
equipment

 Minimum two day
integrating measurements

 entry mechanism
 focus of mitigation
29

Summary: Contributions from Radon Driving
Forces in Houses

Water
< 1%
Air Pressure
Differences
95 - 99%

Emanation
< 1%

Diffusion
1 - 4%



The movement of soil gas
into a home is the
predominant entry route



These are averages and a
particular home can be
different, e.g.,


Radium Containing Soil

As soil gas entry is
reduced, emanation and
diffusion can become
more important
31
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The Importance of Words



Conducting Measurements:
Protocols and Standards






The various protocols use words very carefully
Be especially cautious when reading the words
“should” and “shall”
Should: means the specification is recommended
Shall or Must: means deviation from the
specification will constitute non‐conformance
May: means the specification is optional

1

EPA Radon Measurement Protocols and Parallel
Consumer Documents

2

Measurement Protocols & Interpretation
Depend On Purpose
 Self‐motivated home dweller
• Device Protocols (dictates all standard operating procedures)
o Citizens Guide

 Real estate transaction
• Home Protocols
o Buyers and Sellers Guide

 Post‐mitigation measurements
 Diagnostic measurements
• No protocols

 Schools and large buildings
3
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Conducting Measurements

Measurement Duration

Goals

 Short‐term







nt
ta
r
po
Im

• Any measurement

To accurately utilize radon and radon decay product
measurement devices.

o From a minimum of 48 hours (or two daily or diurnal cycles)

• However, a 2 hour grace period is allowed
– Which is to say, a minimum of 46 hours for a two day measurement
– While it is unstated in EPA protocols, it may be best practice to view the 2
hour grace period as ranging from 46 to 50 hours for a 2 day test

To interpret the results of radon and radon decay
product measurement devices, concluding whether
mitigation is required.

o To a maximum of 90 days

 Long‐term

To assess the quality of radon measurements.

• Any measurement 91 days or longer

 Grab and sniffing
5

Long‐term Versus Short‐term Testing


Long‐term (LT) ‐ greater than 90 day exposure
•



nt
ta
r
po
Im

Since they are less definitive, results near 4 pCi/L may
produce false‐positives or false negatives
•

e.g., a ST 3.9 or 4.1 pCi/L has about a 50% chance of that the
average annual concentration is > or < 4 pCi/L

Both tests can provide accurate results

6

Hidden

Why Do Short‐term (ST) Testing?
1. From a public health perspective, the protocol that results in
greater health protection for the population as a whole is
most desirable

Average seasonal variations and thus, more likely to give
year‐round average concentration

Short‐term (ST) ‐ typically 2 ‐ 7 day exposure
• Cannot be less than 2 days ~ EPA Science Advisory Board
•

• A sample taken for a few seconds or minutes
• Grab is calculated after 4 hours, the sniff immediately

7

A. Minimize false positives and, even more so, false negatives
Based upon EPA’s State Residential Radon Survey, EPA concluded:
 94% of ST tests produced true positives and negatives
 4% produced false negatives
 2% produced false positives (even provides benefit)
B. Minimize exposure to high concentrations in areas of high radon
(continued)
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All Short‐Term Tests Should be Made
Under Closed House Conditions

o

For this reason, short‐term tests
should be made during the winter
whenever possible

 Permanent radon mitigation
systems should be functioning
 Combustion or make‐up air
must not be closed

• Such as
o

High‐volume attic fans

o

Whole house fans

o

Window fans

• Except
o
o

o

Air‐to air heat exchangers
Air conditioning systems that
recycle indoor air
Furnaces

Prior to
Testing,
Closed
House

Recommended

Required

12 hours before

House

12 Hours
Rn
WL

House
Open

Time

House Closed

10

Home Measurement Locations

EPA’s Home Buyers and Sellers Guide



General public – EPA

Real estate – EPA recommends



Basement if it is
frequently used,
otherwise the first floor

Prior to
Testing,
Closed

9

EPA’s Citizens’ Guide

Testing the lowest lived
in level of the home,
for example:

 Allows house to come to
dynamic equilibrium

4 5 6

12 hours
before

Test Location Depends On Purpose

recommends

2 3

Days:

Measurable Radioactivity

• Except for normal entry & exit

 Internal‐external air exchange
systems should be off

Testing the lowest level of the home
that could be used regularly
Whether it is finished or unfinished
Conduct the test in any space that could be
used by the buyer as a bedroom, play
area, family room, den, exercise room, or
workshop

Based on their client's intended use of
the space, the qualified testing
professional should identify the
appropriate test location and inform
their client (buyer)



Test normally occupied rooms, e.g., bedrooms, living rooms
Do not test spaces not commonly occupied, e.g., closets, crawl spaces,
hallways, laundry rooms
Do not test kitchens, bathrooms
Laundry Room NO
Bedroom
YES
Closet NO
Closet NO

Bedroom
YES

11
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Playroom
YES

Closet NO

 All windows, outside vents,
and external doors should be
closed

Preparing for Short‐Term Test –
Closing House Prior to Test

Furnace Room NO
Kitchen
NO
Garage
NO

Hallway NO
Bathroom
NO

Living Room
YES

Bath
NO

12
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Device Placement ~ Protocols
Good Practices
•Not near electronic
equipment
•Not in direct sunlight
•Avoid placing test
device on stone
surfaces

20”+ above
the floor

If suspended,
6’ to 8’ above
the floor
3’+ from
outdoor
openings
1’+ from
an exterior
wall

Documentation of Weather Conditions
• On site information from equipment
• Local/regional weather station information
• Online sources

Exterior Wall

TV

• https://weatherspark.com
• http://www.accuweather.com/
• http://www.wunderground.com/

Away from heat, drafts,
and humid areas
4”+ from any
other object

Test Device
Stand

13

Web site source
for weather data
that can be
downloaded to
your report or
files.

14

Citizens Guide Testing Methods for the
Self‐Motivated Homeowner

Easy
documentation
of weather
conditions
during test
period.

15
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 Single device
 Initial short‐term test
• Closed house conditions

 Lowest lived‐in part of
house
 If initial short‐term test is at,
or above, 4.0 pCi/L, follow‐
up test
16

NTF Radon Training May 1, 2017
Measurement
Strategy:
Citizens
Guide

What Room Is Tested? Citizens Guide
 Lowest lived‐in part of
house such as
•
•
•
•

Bedrooms
Family rooms
Playrooms
Living rooms

 But not in
• Closets
• Bathrooms
• Kitchens
• Furnace rooms
• Storerooms
• Garages
• Crawl spaces
• Attics

Step 1

(e.g., testing by homeowner)

Short‐Term Test

Equal to or greater
than 4 pCi/L?

No

Yes

S‐T Test > 8 pCi/L

Further action is
probably not needed . .
.
S‐T Test < 8 pCi/L

Follow‐Up Test in Same Location as Initial Test

Step 2

Short‐Term
Test
Further
action is
probably not
needed . . .

No

Average of
both S‐T test
results 4 or
more pCi/L?

Long‐Term Test

Yes

Yes

L‐T test
result 4 or more
pCi/L?

No

Further
action is
probably not
needed . . .

Mitigate Home

17
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Interpretation of Results:
Citizens Guide (continued . . .)

Interpretation of Results:
Citizens Guide (continued . . .)

 If the initial measurement result is less than 4.0 pCi/L, follow‐
up measurements are probably not needed

 If the initial test was greater than 4 pCi/L but less than 8 pCi/L
• A long‐term follow‐up test is made

• EPA’s Citizen’s Guide notes:

o If the long‐term follow‐up result is 4 pCi/L or higher, then EPA recommends

• There is a risk at concentrations less than 4 pCi/L and . . .

remedial action

• . . . you can lower this risk by lowering your indoor radon
concentrations

 If the initial test was 8 pCi/L or greater

• Homeowner may want to test again sometime in the future

• A short‐term follow‐up test is made

• If living patterns change and a lower level becomes occupied, lower
level should be tested

o If average of 2 short‐term tests (initial and follow‐up) is 4 pCi/L or higher,

EPA recommends remedial action

• FYI, some radon professionals note that a test in a different
season may produce different results and therefore, they . . .
• . . . Recommend retesting in another season

19

 Homes tested for the general public using this protocol should
never be mitigated on the basis of a single test

MURC-KSU
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Real Estate Testing ‐ Option 1:
Sequential Testing (rarely done)

Real Estate Testing Options
1. Sequential testing
2. Simultaneous testing
3. Continuous Monitor

Initial Short‐Term Test
Second Short‐Term Test

• Radon or
• Working Level Monitor

 Outlined in EPA’s Home
Buyer’s and Seller’s Guide

Mitigation
Recommended

YES

Average of Both
Tests > 4.0 pCi/L

NO

No Mitigation
Recommended

21

Interpreting Results of
Sequential Method for Real Estate

22

Real Estate Testing ‐ Option 2:
2 Simultaneous Tests

 No requirement that the results of each of the 2
measurements be the same

Two Simultaneous Tests

• In fact, some difference is expected because of normal
variation of radon (diurnal, barometric pressure, rain,
etc.)

 Report each result and average of the two

Mitigation
Recommended

• Never report the first measurement alone
23
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YES

Usually
Average of Both
Tests > 4.0 pCi/L

NO

No Mitigation
Recommended

24
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Real Estate Testing ‐ Option 3:
A Single Continuous Monitor

Simultaneous Testing Summary

1. Used to make
mitigation decision

Both tests
> 4 pCi/L

Both tests
< 4 pCi/L

Yes,
mitigate

Yes, no
mitigation

2. After mitigation decision, calculate RPD and if . . .
RPD is > . . .

36%

67%

Then, investigate the source of the error. The above
values are control limits and further measurements
should cease until the problem is identified and
corrected.

One > 4 pCi/L &
one < 4 pCi/L
Maybe . . .
 Yes, if the
upper test < 2X
the lower test,
use the average
for the
mitigation
decision.
 No, if upper
test > 2X lower
test, must
25
retest.

48 Hour test with Continuous Monitor
that measures and reports in
increments of 1 hour or less

Mitigation
Recommended

YES

NO
Average > 4.0 pCi/L

No Mitigation
Recommended
26

Ways to Discourage or Detect Tampering –
Anything Wrong Here?

Requirements for Use of Single Continuous
Monitor for Real Estate

• In this case, we have a CRM
tester who took the word of
the occupant that the house
had been closed for 12 hours
before the test began

 Single Continuous Radon or Continuous Working Level
Monitor must integrate and record hourly or more
frequently
• Monitors that do not record at least hourly must be used
with another passive or active device using either the
sequential or simultaneous method

• Do these test results support
this occupant’s
representation?
• What can the tester do?

 First four hours of test, for ramp‐up, may be disregarded,
but 44 contiguous hours required for average
27
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• S/he could drop the first 12
hours of the test and use the
remaining 48 hours to
28
calculate an average
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Ways to Discourage or Detect Tampering –
Anything Wrong Here?

Ramp‐Up
 Why is it necessary?
• Some monitors in the diffusion mode need time to come
into equilibrium with the test environment
• Some monitors measure alphas from radon decay products
and it takes 4 hours to achieve secular equilibrium
• Unless you receive other instructions from the
manufacture, it is best to disregard the first 4 hours of a
CRM short‐term test
29

Post‐Mitigation Measurements
Assess Success of Mitigation

Documentation Requirements
 Measurement provider
information
• Name, address, phone #
• RPP ID#
• Any applicable state ID#
o

Analytical lab RPP ID# if
different

• Date of report

 Client information
• Name, address, phone #

 Measurement device
• Manufacturer, type, serial #

30

 Measurement
• Start and stop dates and time
• Result
o

o

o

Radon reported in no more
than 1 decimal point
RDP reported in no more than 3
decimal points
If converted from units
measured, conversion factor

 Perform short‐term test between 24 hours and 30 days
after mitigation
• Perform in same location as pre‐mitigation tests
• AND, Recommend

 Recommendation based on
measurement result
 Deviations from closed house
conditions

o a long‐term retest in all cases
o retest every two years

• If tampering
o

Evidence and recommendation 31
retest

MURC-KSU
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ANSI/AARST Standards
1
2
3

4

http://aarst-nrpp.com/wp/america-national-radon-standards/

ANSI/AARST Standards

Residential Homes

MAH
5

Measurement in Homes

6
7
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Radon Decay Series
What the lab sees when sampling for radon
Radon -222

Radon Test Device
Characteristics
and Use


Polonium-218


Lead-214


Bismuth-214


Polonium-214



Each measurement type
looks at one or more;


 
from the appropriate
RDPs.

Lead-210


1

What is collected from the Radon
sample?

2

Measurement Device Overview

What the lab sees

1. Radon Measurement Devices
 Passive, Time Integrating

All Radon Decay Products (RDPs) from room are filtered out.

A.
B.
C.
D.

 Gamma radiation from RDPs
 Alphas from radon and/or RDPs
 Ionization from radon and RDPs
 Damage to material from alphas from

Activated Charcoal Adsorption
Charcoal Liquid Scintillation
Alpha Track Detector
Electret Ion Chamber

 Continuous Radon Monitor
A. Scintillation Cell and Photomultiplier Tube
B. Pulse Ion Chamber
C. Solid State Silicone Chip

radon, and RDPs
 Alphas and betas from radon and RDPs
3
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To be Listed,
Devices Must
Pass Testing
in Accordance
with these
Procedures – FYI
• Measurement devices
that pass may be
identified as NRPP
Listed/EPA Verified

How is the radon sample collected?

National Radon Proficiency
Program
Device Evaluation Program
Procedures and Application
for the Evaluation of Radon
and Radon Decay
Measurement Devices
June 27, 2006
American Association of
Radon Scientists and
Technologists, Inc.
National Radon Proficiency
Program

• Passively – the radon
diffuses into the device
and adsorbs onto the
charcoal
• This is how all the passive
devices accept radon and
many continuous radon
monitors as well

• Actively – a sample of air
containing radon is pulled
through a filter into a cell
or the counting
mechanism of the radon
or WL monitor by an
integral or separate air
pump

5

Diffusion Process

6

Adsorption vs Absorption

• Concentration gradient diffusion – driven by the
difference in concentration – always moving from
high to low – seeking equilibrium

• Adsorption ‐ surface

• Absorption ‐ inside

• http://leavingbio.net/OSMOSIS%20AND%20DIFFUSION_files/image001.gif

7
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Time Characteristics of
Sampling Methods

There are Uncertainties with All
Measurement Devices

20

• What increases uncertainty? Measuring . . .
Rn (pCi/L)

o Sensitivity is also referred to as lower limit of detection

 You do not control the concentrations you are measuring
 Generally, you are limited to shorter periods of measurement time
 You can selected devices that have sensitivity to measure lower
concentrations
 Follow quality assurance/quality control (Unit 6 of this course)
9

4 Passive, Time Integrating Radon
Measurement Devices
 Open Faced
 Diffusion Barrier

2. Charcoal Liquid Scintillation*
3. Electret Ion Chamber
 Short‐term
 Long‐term

4. Alpha Track Detector
 Unfiltered Alpha Track Detector

 Average over time

x

 Continuous

 Trends and averages

10

 Grab or Sniffing

5

• What can you do to limit uncertainty?

1. Activated Charcoal Device*

15

 Time integrating

Continuous

Grab

 Smaller concentrations
 Shorter amounts of time
 With devices lower sensitivity at low concentrations

Time Integrating
0

12

24

36
Hours

48

60

Note: The closer the
measurement duration
to 48 hours, the more
important it is to
measure complete
diurnal cycles.
10

Activated Charcoal (AC) Devices

About 70% of U.S. short‐term Rn
measurements are made with
activated charcoal or charcoal
liquid scintillation devices
*= FYI, some argue that activated
charcoal devices are best
described as equilibrating
devices meaning they find
equilibrium with the
environment they are exposed
About 10% of U.S. short‐term Rn
measurements are made with
electret ion chambers

• An airtight container with 25 to 90 grams of activated charcoal is
opened in the testing space and radon is adsorbed on to the
charcoal granules
 The charcoal
o Is activated through a heat and controlled cooling process
o Allows continual adsorption and desorption of radon and thus, the

method does not give a true integrating measurement over the
exposure time

• After the test, the container is sealed and promptly returned to
a lab for analysis (within 2 to 3 days).
 Gamma decay from Pb‐214 and Bi‐214 is read by gamma‐ray
spectroscopy (detects energy of gamma rays)

11

MURC-KSU
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Deployment

Passive, Time Integrating ‐ 1. Charcoal

Open Face versus
Diffusion Barrier

Rn

Rn Rn
RDPs

Rn

Rn
RDPs

Rn

Open Face, Optimal 2 ‐ 3 days
Rn and RDPs enter

Rn

RDPs

Diffusion Barrier, Optimal 5 ‐ 7 days
13
Rn and fewer RDPs enter

Radon‐222

 The radon concentration is
calculated after measuring the
gamma activity from the Pb‐214,
and the Bi‐214.



Polonium‐218


Bismuth‐214


Polonium‐214


Lead‐210


14

How a Lab Analyzes Activated Charcoal
Devices

What does the Lab See? Activated Charcoal



Place

Rn
RDPs

Lead‐214

Open

Remove Tape

Save Tape

Rn
Rn

Label




 These decay products were
produced from the random
decay of the collected radon
• The device has to be closed for
at least 4 hours prior to
analysis
15

• Device emits gamma from RDPs from radon
• Detected by scintillation detector coupled
with photo‐multiplier tube

MURC-KSU
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Advantages of
Activated Charcoal Devices
•
•
•
•
•
•

Disadvantages of
Activated Charcoal Devices
• Limited to short‐term sampling

Convenient and economical
Can be used for 48 hour test
Can be easily mailed to lab for analysis
Unobtrusive and make no noise
Passive, does not require power
Results can be provided very quickly

• Because of bias towards latter portion of sampling period,
activated charcoal devices are not true integrating devices
if radon peaks and valleys are dramatic
• FYI – Make sure the laboratory makes corrections for any
moisture uptake that occurs during deployment

Learning Suggestion ‐ ‐ ‐ do not focus on memorizing all advantages
and disadvantages of measurement devices ‐ ‐ ‐ rather focus only on
the advantages and disadvantages unique to various devices

• Provide no indication of changes in radon during
measurement
17

 Therefore, tampering detection by measurement alone is difficult
18

Charcoal Liquid Scintillation Device

Charcoal Liquid Scintillation
• Similar to Activated Charcoal Devices
 An airtight container with activated charcoal is opened in the
testing space and radon is adsorbed on to the charcoal
granules
 The charcoal allows continual adsorption and desorption of
radon and thus, the method does not give a true integrating
measurement over the exposure time

• After the test, the container is sealed and promptly returned
to a lab (2 to 3 days)
 Analysis is by treating the charcoal with a scintillation fluid and
then the fluid is analyzed using a scintillation counter
19
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 Radon diffuses into
vial where it is
collected on
charcoal
 RDPs are prevented
from passing
through filter

20
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Theory of Liquid Scintillation Operation

Charcoal Liquid Scintillation
• Plastic or glass vial with a 1 to 3 grams of charcoal

• Radon is trapped on the charcoal

• Radon diffuses through filter in cap, is adsorbed onto
charcoal

 Charcoal is removed from vial and added to a second
vial, which contains a liquid scintillant

• Normal integration period is 2 to 7 days

 After 4 hours (secular equilibrium),

• Designed for short‐term measurements only

o Alphas and betas from radon and its RDPs cause scintillant to

• Measures radon; results in pCi/L

release visible light
o Visible light pulses are counted with a Photo Multiplier Tube

(PMT)
21
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Disadvantages of Charcoal Liquid Scintillation
Devices

Advantages of Charcoal Liquid Scintillation
Devices

• Same as for other activated charcoal devices

• Same as other activated charcoal devices, i.e.,

 Limited to short‐term sampling

 Relatively low cost

 Biased towards latter periods of exposure

 Unobtrusive

 Does not provide indication of changes in radon
concentrations during the measurement period

• Liquid scintillation can be used to measure radon
in water also
23
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Alpha Track Detectors (filtered)

Types of Alpha Track Devices
• Filtered (AT)

• An airtight container, with a small piece of a special plastic chip
or film (e.g., CR‐39), is opened in the testing space and radon is
diffuses through a filter into the container

 RDPs from room are filtered out and only
radon can enter chamber
o Results in pCi/L

 Alpha particles from radon, Po‐218, and Po‐214 strike the plastic
chip causing submicroscopic damage called alpha tracks

• Unfiltered (UT) – FYI
 Radon and RDPs create damage to
Kodalpha film.

• After the test, the container is sealed and returned to a lab for
analysis

o Results are in pCi/L after E.R. is factored

 The plastic chip or film is chemically treated to stabilize and
enhance the damage and the damage tracks are then counted
under a microscope or optical reader

into calculation (usually E.R. of 0.5 is
assumed)
25

Alpha Track Detectors (filtered)
• Records alpha particle damage from radon and radon decay products from
the radon that diffuses through filter
• Lab counts damage tracks on plastic

Rn
Rn

26

What does the Lab See?
Alpha Track Detectors (filtered)
Radon‐222


Polonium‐218

RDPs



Lead‐214

RDPs






Bismuth‐214


Polonium‐214


Lead‐210
Photographs from Swiss Federal Radon and Technical Information Center

27
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 The alphas from the radon that
entered the device and the RDPs
formed from this radon, strike
the plastic chip
 The lab removes the plastic chip
and heats it in a caustic bath to
enhance the marks
 The marks from the alphas are
counted under a microscope
28
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Advantages of
Alpha Track Devices

Characteristics of
Alpha Track Detectors

• Relatively low cost
• Relatively low sensitivity

• Convenient

• Will over‐respond if exposed in

• Distributed by mail
• Unobtrusive

turbulent air or breeze (because it

• Needs no external power

is a passive device)

• Can measure long‐term characteristics
29
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Electret Ion Chamber

Disadvantages of
Alpha Track Detectors

• Prior to the test
 The voltage on a positively charged electrostatic charged disk
(electret) is read with a surface voltage meter

• Since this method is relatively insensitive, long
measurement period necessary

o The electret is placed in an airtight chamber

• For the test

• If leaks occur in the ATD packaging during shipping,
storage, and handling, ATDs can pick up background
that will bias the measurement higher

 The chamber is opened and radon is diffuses through a filter into
the chamber
o Negative charged ions from the decay of radon and radon decay

products reduce voltage on the electret

• Precision errors, especially at low concentrations, if
small area of chip is counted

• After the test

 The voltage discharge is read
o A calibration factor is used to determine the radon concentration

during the test period

31
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Electret Ion Chamber

Theory of Electret Ion Chamber Operation

• Inside the chamber, radon decays into RDPs

Rn

 Releasing alpha and gamma radiation
 RDPs from radon inside chamber continue to decay

Filter
Plunger


Ions

RDPs
Electret
+ + ++

o Releasing alpha, beta, and gamma radiation

• All alpha, beta, and the majority of gamma radiation
cause ionization of air in chamber

Rn

 Radon in chamber causes ionization
 Ions cause the electret to lose voltage
33
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Measuring Electret Voltage

Theory of Electret Ion Chamber Operation
(continued…)

• Electret voltages are measured
before and after deployment.

• Electrons released during ionization process
collect on electret surface, thereby reducing its
positive voltage
• Resultant change in voltage is calibrated to
average radon concentration for the duration of
exposure

• Reported radon is a function of:
 Voltage drop on the most popular
EIC is approximate 2 volts drop
per day per pCi/L
 Duration of deployment

• Calibration curves used to calculate
radon concentration

35
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 Electrets must be read the same
temperature & at controlled
humidity
36
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Electret Ion Chamber Measurement:
Sampling Periods

Cost of Electret Ion Chamber
$2600 Initial outlay
 6 Short‐term chambers
and electrets
o Replacement

electrets = $15 each

 1 Voltage reader
 1 Set of reference
electrets

Cost per test

• Voltage operating range =

• Normal integration period is 2 days to 1 year depending
upon

700 – 200 = 500

• @ 2 volts per day per pCi/L
• Assume 1.5 pCi/L per test

 Configuration of chamber
 Type of disk and
 Anticipated radon concentration

• 1.5 pCi/L x 2 volts x 2 days =
6 volts expended per test

• 500 volts/6 volts = 83 tests per
•

electret x 6 electrets = 498 tests
$2,600/498 = ~ $5.22/test

• Can be used for short‐term and long‐term
measurements

• Replace 6 electrets x $15 = $90
• $90/498 = $0.18/test

Measures radon; results are in pCi/L

37
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Advantages of
Electret Ion Chambers

Characteristics of Electret Ion Chambers

• Sensitive to turbulence and breezes (because it is a
passive device)
• Affected by external gamma radiation

• Can be used for short‐term and long‐term
measurements
 Electret can be re‐used until voltage falls below the

 Slight performance difference at higher elevations

desired operating voltage for the device used
o 200 volts
o If initial voltage was above 200 volts and . . .

• . . . the final was below 200 volts, . .
– . . . the measurement result is OK to use

39
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Measurement Devices: Passive, Time Integrating

Passive, Time Integrating Measurement
Device Summary

Disadvantages of Electret Ion Chambers

IM

A
RT
PO

NT

Method

Measures

Description

Advantages

Disadvantages

Activated
Charcoal

Gamma from Bi
214 and Pb 214

Adsorbs, desorbs Rn;
Open‐face = 2‐3 days
Diffusion barrier = 5‐7
days

Very low cost;
Easy to use;
Easy to mail

Temperature, Rh,
airflow sensitive;
Cannot read on‐
site

 Are sensitive to altitude changes, which should be
corrected for

Charcoal
Liquid
Scintillation

Light pulse from
RDPs’ alpha and
beta in
scintillation fluid

(same as activated
charcoal)

Very low cost;
Easy to use;
Easy to mail

Temperature, Rh,
airflow sensitive;
Cannot read on‐
site

• Electret can be damaged by touching surface,
surface contamination or impact
• Measure pre/post voltages at same temperature

Alpha Track
Detector

Alpha

Deployed long‐term;
damage tracks on
plastic from alpha
particles

Low cost;
Easy to use;
Easy to mail

Temperature, Rh,
airflow sensitive;
Cannot read on‐
site

Electret Ion
Chamber

Ionization from
alpha, beta, and
gamma

Ions reduce electret
voltage (200 volts);
2 days to 1 year
measurements

On‐site reading;
Multiple use of
electrets;
Easy to use

Gamma and
Temperature, Rh,
airflow sensitive

• Are sensitive to external gamma radiation, which
should be corrected for

41

Continuous Radon Monitors (CRMs)

42

Types of Continuous Radon Monitor ‐
Alpha Scintillation

 CRMs record real‐time and continuously
Most CRMs used in North America
are passive (no air pump)

 Scintillation cell and PMT with
micro‐computer timing
circuitry

o Into a counting chamber where alpha particles events are counted.

 The PMT multiplies the
current produced by light

• Air goes through a filter
o By an air pump (active mode) or
o By diffusion (passive mode)

• Three types of CRMs

 Results are short‐term
averages reflecting variations
over time

1. Scintillation Cell and Photomultiplier Tube (PMT)
2. Pulsed Ion Chamber
3. Solid State Silicon Chip

 Passive or active mode

• FYI, continuous monitors may be purchased or leased, e.g.,
o femto‐Tec (L, P), Radalink (L), Radon Away (L, P), RTCA (L, P)

43
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• Passive illustrated with
diffusion cell
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Types of Continuous Radon Monitor ‐
Solid State Silicon Detector

Pulsed Ion Chambers Examples

 Alpha particle from radon and
its RDPs impact chip
Alpha

Electrical
Pulse Counter

• Impacts provide countable
electrical pulses
• Data plotted and averaged

Silicon
Chip

• Integrating period: 1 hour
• Both passive and active
• Purchased or leased

Power
Supply

• Passive diffusion only

• Records movement,
temperature, Rh,
barometric pressure, and
45
CO

• Relatively low efficiency

46

Continuous Radon Monitors Sensitivity

Solid State Detector Examples

(George,

2008)

• Provide
continuous
measurements
• Must measure
and record hourly
to be used as a
stand‐alone
device for real
estate
transactions
47

Device
Sun Nuclear 1028
Sun Nuclear 1029
Rad Star RS 500
Radon Scout
Femto‐TECH 510
RTCA E‐Smart
Radalink Aircat
Alpha Guard
Pylon AB‐5 (active)
Eberline

MURC-KSU

Sensitivity
dps @150
Bq/m3

cph @ 4
pCi/L

0.0030
0.0060
0.0050
0.0055
0.02
0.02
0.028
0.047
0.095

11
22
18
22
72
72
103
208
343

Approx. Cost
$700 ‐ $1,500
$1,000
$2,200
$1,100
$4,100
$2,250
Lease Only
$6,000
$3,500+

Other
U.S. FL
U.S. FL
U.S. MA
Germany
U.S. OH
U.S. NY
U.S. GA
Germany
Canada

0.4

1440

$6,000

U.S. NM
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Advantages of
Continuous Radon Monitors

Practical Concerns About
Continuous Radon Monitors
• Ramp‐up time
 In passive mode, it takes approximately 4 hours for the
monitor to respond to changes in radon levels in the
room air
 The first 4 hours of a measurement, therefore, should
not be used in a 48 hour exposure
 44 hours of contiguous data sufficient for “short‐term”

• Exposure duration is variable, 48 hours to many
months
• Relatively good precision (most models)
• Can track hourly variations (or more often
depending upon model)
• Can be down‐loaded or printed out on site
• Can indicate when tampering or ventilation
occurs

49

Continuous Radon Monitor Summary

Quality Control Considerations for
Continuous Radon Monitors
• Sensitivity, or LLD
 1.0 pCi/L or less

• Precision
 10% COV at 4.0 pCi/L or more

• Needs






50

Annual calibration
Cross checks semi‐annually
Background for scintillation cell type every 1,000 hours
Duplicates
Routine instrument checks

Method

Measures

Description

Advantages

Disadvantages

Scintillation
cell and
photo
multiplier
tube

Alpha from Rn
and subsequent
Po 218 and Po
214

Alpha particles from Rn
and RDPs strike zinc
sulfide coating
creating light pulses
which are counted

Real‐time, on‐
site readings;
Can reveal
tampering

Very expensive;
Highest sensitivity;
User is an
analytical
laboratory

Pulsed ion
chamber

(same as above)

Alpha particles create
ionization in a
counting chamber that
in turn create electrical
pulses

Real‐time, on‐
site readings;
Can reveal
tampering

Expensive;
High sensitivity;
User is an
analytical
laboratory

Solid state
silicon chip
detector

(same as above)

Alpha particles strike a
solid state silicon chip
that creates electrical
pulses

Real‐time, on‐
site readings;
Can reveal
tampering

Lowest cost CRM;
High sensitivity;
User is an
analytical
laboratory

51
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Who Should Perform QA/QC? Everyone!!!

Quality Assurance (QA) and Quality
Control (QC)

• Quite simply, ANYONE performing any radon measurement
services including
o

Any state, province, or public agency which:
 Performs radon measurements or
 Offers radon test devices to the public or others

o

Any private party including non‐profit organizations who:
 Performs radon measurements or
 Offers radon test devices to the public or others

o

Anyone offering analytic services

1

Sources for QA Plans

Quality Assurance Plans









2

A written plan of your operations
That you implement according to its guidance and
procedures
Which involves evaluating your results and the quality
control measurements you make to assess the
measurements validity and reliability which,
Provides confidence in results as a basis for risk
reduction decisions by clients and,
Demonstrates you know what you are doing and do it
consistently

AARST Templates are available on
the AARST website
for free in Members Only and for
purchase for all others
to assist in creation of a QA/QC
plan.
Contact device manufacturers and
laboratories for boiler plate
sections.
Check your state radon program
web site for guidance and example
forms.

MURC-KSU
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Quality Control (QC)

QC Measures by Type of Device

7. Documentation

•aka known exposure
detectors

4. Calibration
•Type of spike measurement

•Record keeping
•Assign responsibilities
•Guidelines (control charts)
•Regular inspection

5

• Duplicates Measure Precision
o

Electret
Ion
Chamber

Electret
Ion
Chamber

+
Lab
Blank
6

Duplicates
2 Simultaneous Measurements

Duplicates

o

Grab or
Continuous
Monitors and
Analytical Labs

Field
Blank

Documentation

Passive, Time
Integrating
Devices

•Type of spike measurement

Source Checks

•aka unexposed detectors

3. Spikes

Type of Device

6. Source Checks

Background
Checks

•Type of blank measurement

Calibration

2. Field Blanks

Spikes

5. Background Checks

•aka collocated detectors

Blanks

1. Duplicates

Blue and X
mean this must
be done

Duplicates

QC are measures taken which increase the confidence one
has in the results. It includes:

• Placed 4 inches (10 cm ) apart and exposed identically
• 10% of measurements should be duplicates

10% (minimum unless large volume)
Also known as

o

 Collocated devices
 Simultaneous measurements

o

Passive device measurement services providers (testers)
Analytical Service Providers (Continuous Monitors & Labs)
 Continuous monitor users must do duplicates


When 2 more monitors of the same type (e.g., scintillation cell,
ionization chamber, silicon detector) are available, operate side by
side
– Otherwise, use another radon measurement device, such as a an
activated charcoal device, side by side with the continuous radon
monitor

7

o

Consistent failure indicates a problem and should be investigated

MURC-KSU
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Why Would Measurements Not Be the
Same?

Interpretation for My Clients?

• Error caused by the random nature of counting
radioactive decay
• Slight differences in detector construction or amount of
carbon
• Differences in handling of detectors – weighing process,
analysis process
• Tampering or other site events

• Regardless of the difference…….
• If the average of results are below 4 no mitigation would
be recommended
• If the average of results are above 4 mitigation is
recommended
• If one is above and one below 4, look at the difference
between them. If twice the lower result is still less than
the higher result – retest. Otherwise use the average to
recommend action. 4.0 or more=recommend mitigation

What Expectations Do We Have for the
Differences?

What About When Results Are Above 4
and Below 4?

• What’s the chance of seeing a particular difference
between duplicates?
• We are more likely to see small differences than large
differences
• When we do things right the differences are small
• When something is wrong the differences may be
larger
• Are the results acceptable, or, should we be warned,
or, do they exceed acceptable limits?

• Results are acceptable if doubling the lower result gives
a number greater than the higher result.
• If doubling the lower result is greater than the higher
result – throw out the results and retest.
• Example – 3 and 5 would be ok
• Example – 3 and 7 would not
• Very rare that the difference is that large

MURC-KSU
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Spiked Samples: Exposure of Device to
Known Radon Environment

Blank Measurements:
Devices Not Exposed But Measured

• Spikes are used to measure accuracy

• Blanks are used to measure background

o

• 5% of measurements should be blanks

EPA’s 1997 QA document (www.radongas.org/rmpqa.pdf) adds, spikes are
used to measure bias which is one component of accuracy
 The other component is precision (as measured by duplicates)

o

By passive devices providers (Residential Measurement
Service Providers) (25/month maximum)

o

Blanks may also uncover problems associated with
improper storage, handling and shipping

o

Blank results should be within Lower Limit of Detection of
device

• Suppliers and analysis laboratories (Analytical Service Providers)
should provide for the introduction of blind spikes into the normal
measurement process
• Passive devices providers (Residential Measurement Service
Providers) must arrange for
o
13

Accuracy: How Close is the Measured Value to
the Target Value – FYI

o

3% (or 3/year minimum) blind spikes, subsequently sent to lab for
analysis
Minimum 3/year, maximum 6/month

14

Where Do You Obtain Spikes?
• Ask device manufacturer for referral
• Use a private radon chamber (laboratory), e.g.

• For a single measurement it is calculated:
Target Value ‐ Measured Value
Target Value
• For EPA’s test of laboratories, accuracy is calculated as
follows and must be between 0.75 and 1.25:

o

Bowser‐Morner, Inc.
 937‐236‐8805 extension 248
 www.bowser‐morner.com

o

Radon Measurement Laboratory
 719‐262‐3584

• Approximate costs

Performance Ratio = Measured Value
Target Value

o
o
15
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$70 for 3 samples for E‐PERM system users
Otherwise, $125 to $150 (USD) per sample
16

NTF Radon Training May 1, 2017
Calibration Measurements

Where Do You Obtain Calibration?
• Ask instrument manufacturer for referral
• Use a private calibration laboratory, for example:

• Calibration involves
o

Exposing device to known amount of radon in a controlled
chamber and making necessary adjustments

o

 937‐236‐8805 extension 248
 www.bowser‐morner.com

• Initial calibration converts decays per second to pCi/L or WL
• Also, corrections may be made to device for humidity,
temperature, turbulence, etc.

o

Radon Measurement Laboratory
 719‐262‐3584

• Active devices are to be calibrated once per year
o

Bowser‐Morner, Inc.

• Approximate costs

Calibration is not the same as performance testing as may be
required by national proficiency programs for certification

o
o

$125 to $200 (photomultiplier tube)
+$50 for background determination

17
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Documentation Requirements

Routine Instrument
Performance Checks

• Measurement provider
information
o

• Regular checks of instrument against known
source
• Checks on equipment such as airflow, batteries,
electronics on active devices
• Control charts constructed

o
o
o
o

Name, address, phone #
RPP ID#
Any applicable state ID#
Analytical lab RPP ID# if
different
Date of report

• Client information
o

Name, address, phone #

• Measurement device
o
19

Manufacturer, type, serial
#

MURC-KSU

• Measurement
o
o

Start and stop dates and
time
Result
 Radon reported in no more
than 1 decimal point
 RDP reported in no more than
3 decimal points
 If converted from units
measured, conversion factor

• Recommendation based on
measurement result
• Deviations from closed house
conditions
o

If tampering

20
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Required Elements of a QA Plan
1.
2.
3.
4.
5.

Signature page
Table of contents
Description of operations
Organization and responsibility
QA objectives for
measurement data
6. Measurement procedures
7. Detector custody
8. Calibration procedures and
frequency

Snead Basement and
Other Radon
Measurements

9. Analytical procedures
10. Data reduction, validation,
and reporting
11. Internal QC checks
12. QA audits
13. Preventive maintenance
14. Procedures to assess
precision, relative bias, and
lower limit of detection
15. Corrective action
16. QA reports to management

For further information see EPA 402‐R‐95‐012

21

Closed House conditions – October
Consecutive test period

MURC-KSU
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Basic Heating Season
Graph - Relatively Flat
CRM Printout with

Range - 3.9 to 7.1

•Radon
•CO
•Temperature
•Relative Humidity
•Barometric
Pressure

Shows Time Frames for Equilibrium Recovery
in Heating Season
After Cheating

Wind and Rain Driven
Fluctuation
Range - 1.1 to 13.8

MURC-KSU
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Easily Identified Cheating
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Radon Mitigation Strategies

Averaged
Contributions from
Radon Sources in
U.S. Homes

Water
< 1%



The movement of soil
gas into a home is the
predominant entry
route



These are averages and
a particular home can
be different

Emanation
2 - 5%

Soil Gas
85 - 90%

• Most commonly, mitigation strategies involve soil
depressurization which works by:
– Reversing air pressure relationship between indoors and
the source (soil) and . . .
– . . . reducing concentration in the soil adjacent to the
indoors (Henschel, 1993: page 34)*

Diffusion
1 - 4%

Radium-Containing Soil

• Less commonly, mitigation strategies reduce
concentration after entry by:
– Dilution with outdoor air through ventilation
2

Basic Components

Mitigation System Design Criteria
• Achieve lowest indoor radon concentrations
– Active Soil Depressurization = up to 99% reduction
– Expect less than 2 pCi/L ~ U.S. EPA’s Citizens Guide
Safe and does not create other problems

•
•
•
•

Durable
Able to perform system monitoring
Economical to install and operate
Quiet and unobtrusive

3
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Sample piping
system using an
interior exhaust
stack.

Indoor Fan
System

Sample
piping system
using an
exterior
exhaust
stack.

Outdoor Fan
System

Sample piping
system using
suction point on a
interior drain tile
system that feeds
into a sump in the
basement.

MURC-KSU
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Crawl space
system using
suction on a
perforated pipe
under a
membrane.

Typical Performance

Radon Mitigation Standards

Radon
Mitigation
Standards

• There are four U.S. radon mitigation standards:
– ASTM E 2121 - 03 Standard Practice for Radon Mitigation
Systems in Existing Low-Rise Residential Buildings
• the standard is available for purchase from ASTM,

– EPA Radon Mitigation Standard (1993)
• Some states with licensing have more stringent requirements

– AARST Active Soil Depressurization Radon Mitigation
Standard for Low Rise Residential Buildings 2006

How do
they
compare?

• Available for purchase from aarst.org

– SGM-SF 2017 Soil Gas Mitigation Standards for Existing
Homes ANSI/AARST Consortium
11
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• Available for purchase from aarst.org
• Check your state radon program and/or national proficiency program
for standard in use
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Stated Purpose / Intent

Stated Purpose / Intent

EPA RMS (Section 1.0 through 6.0)

AARST ASD RMS (Section 1.0)

– Provided mitigation contractors with uniform standards
– Set minimum standards of job quality and company
operation
– Model set of requirements for states to adopt
– Standard tied to certifying agencies (NEHA, NRSB,
etc)

ASTM E 2121 (Section 1.0)
– Similar to EPA RMS but has no training or
certification requirement

(Section 4.0)

– ASD System design, installation, post testing
– HRV and Pressurization installation
– Worker Health
ASTM E 2121
– Same as EPA but no discussion of Pressurization
AARST ASD RMS

SGM-SF 2017 Soil Gas Mitigation Standards for Existing Homes
This standard specifies practices, minimum requirements and, general guidance for reducing
soil gas entry into existing homes in order to mitigate occupant exposures to certain
hazardous soil gases, including radon gas, chemical vapors and other hazardous gases.
This standard of practice is applicable to residential structures to include: those not more than
three stories above-grade in height, those often classified as single-family structures, and
those that contain not more than four attached dwelling units on a contiguous foundation.
Radon Mitigation: Practices for installing radon reduction systems shall comply with all
provisions of this standard, with the exception of Sections 11 and 12.
Vapor Intrusion and Other Soil Gas Mitigation: Practices for installing systems to reduce
hazards from chemical vapor intrusion and other gases shall comply with all provisions of
this document, with the exception of Section 10.

RMS & Code Discrepancies

Scope
EPA RMS

– Similar to EPA RMS, includes requirement for system
design and final inspection by a trained & certified
contractor
– Some public officials in non-certifying states believe this is
especially important

(Section 1.0, 1.7, 2.2)

– Same as EPA but no discussion of HRV or Pressurization
– Should follow appropriate RMS guidelines when venting other
soil gases

EPA RMS (Section 7.2)
– Local codes take precedence but should report code
deviations to regulating agency
ASTM E 2121 – Local codes take precedence but no statement in
regards to reporting any local code or non-code
deviations
AARST ASD RMS (Section 3.7.4)
– Similar to EPA
– Any RMS deviations that are not caused by local
conflict shall be reported in writing to homeowner
and certifying agency within 30 days and included
in system documentation.

MURC-KSU
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System Installation: General
Requirements

Code Compliance
EPA RMS (Section 14.1.1, 14.1.2)
– System shall be installed in compliance with all applicable
codes and local regulations. Shall obtain and all required
licenses & permits

ASTM E 2121 (Section 7.1.1, 7.3.1.1)

EPA RMS (Section 14.1.3, 14.1.4, 14.1.5)
– No more framing removed than allowed by plumbing code
– Shall protect fire-rated partitions if penetrated
– If sump depressurization, submersible pump recommended

ASTM E 2121 (Section 7.3.1.2, 7.2.2)

– Same as EPA RMS but no mention about obtaining
licenses & permits

– Similar to EPA RMS but no submersible recommendation

AARST ASD RMS (Section 3.7.1, Appendix B, 6.3.3.1)

AARST ASD RMS (Section 3.7.1, 3.7.5)

– Code defining actual allowable cuts in floor joist is in
Appendix B
– Code defining maintaining fire rate assembles is included in
Appendix B
– If sump depressurization, submersible pump required

– Same as EPA RMS but adds
• Recommends abiding by national codes if more stringent
• If no local code, shall be in compliance with national codes

Vent Pipe Size

Vent Pipe Discharge

EPA RMS - No requirements
ASTM E 2121 (Section 7.3.2.1)

EPA RMS (Section 14.2.8)

– 3” minimum pipe diameter
– Two or more suction points must connect to 4”
Tee with 4” exhaust unless documentation is left
using Industrial Ventilation Guide justifying
smaller size.

AARST ASD RMS (Section 6.2.2)
– 3” minimum pipe diameter from the 1st suction
hole to the exhaust point unless system
effectiveness requires high airflow (e.g. greater
than 60 to 80 cfm net) which requires 4” pipe size

– Shall be above eave, at least 10’ above ground, at least 10’ away from
openings into home unless 2’ above openings, and 10’ from adjacent home
openings. Whenever possible above highest eave and as close to ridge as
possible

ASTM E 2121 (Section 7.3.2.9)
– Same as EPA but states “whenever practicable” above highest roof &
highest ridge. Exhaust shall be outside structure, vertical & upward
– Exterior venting 6” above roof - roof penetrations 12” above roof

AARST ASD RMS (Section 6.2.8.1, 6.2.8.2)
– Same as EPA RMS without highest roof or ridge recommendation
– Exterior venting just above roof - roof penetrations 12” above roof
– Exhaust outside the structure & should be upward (allows vent caps)

MURC-KSU
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Electrical Requirements

Sealing Floor Wall Joint

EPA RMS (Section 14.6.1, 14.6.2, 14.6.5)

EPA RMS (Section 14.5.4)
– Shall seal slab wall-floor joint. Shall disclose to client and
in documentation unsealed openings that are not accessible.
Should seal other openings in slab.

– Wiring shall comply with NEC
– Wiring shall not be in ASD piping or HVAC ducts
– Exterior fans must be hard wired

ASTM E 2121 (Section 7.3.12.1, 7.3.12.2, 7.3.12.5 )

ASTM E 2121 (Section 7.3.4.2)
– Sometimes appropriate to seal slab floor wall. Non-sealing
may cause noise or contribute to backdrafting. Desirable
for BWD, CSM and passive systems

AARST ASD RMS (Section 6.3.4)
– Shall seal floor wall joint if open to sub-slab. Shall seal
other slab openings that compromise the pressure field
extension.

– Same as EPA RMS except
• Fans greater than 93 watts must have switch within eyesight
• Can use exterior rated plug & outlet (recommend hardwiring)

AARST ASD RMS (Section 6.6.1, 6.6.2, 6.6.3 )
– Fan disconnect either plug or switch must be within
eyesight
– No wiring in mitigation piping
– Recommend external wiring be in conduit
– Additional electrical requirements in Appendix B

Post-Mitigation Testing: Radon
EPA RMS (Section 17.4, 17.5)
– Should conduct test 24 hours to 30 days after system activated
– If test done by mitigator, shall recommend independent or
client test
– Shall recommend retesting every 2 years and if building
significantly altered

ASTM E 2121 (Section 7.6.1)
– Mitigator shall leave test kit with building operator or hire a
certified or licensed tester or use relocation company test
– No requirement to recommend independent or client test
– No recommendation to retest every 2 years

AARST ASD RMS (Section 8.6, 8.7, 8.8 )

Records & Information Package
EPA RMS (Section 18.1, 18.2, 18.3, 18.4 )
–
–
–
–

Should keep mitigation records 3 years or period of the warranty
Shall maintain records required by governmental agencies
Should keep health and safety records for 20 years
Shall provide client with system information package

ASTM E 2121 (Section 7.7.1, 7.7.2, 7.7.3 )
– Shall keep mitigation records 3 years or period of the warranty
– Shall keep health and safety records for 20 years
– Shall provide client with information package (fewer items in package)

AARST ASD RMS (Section 9.1, 9.2, 9.3 )
– Same as EPA RMS but information packet shall be securely attached to
ASD system

– Same as EPA RMS but adds
• Shall also test in room above CSM or CSD
• Recommends additional measurements in livable levels above each
unique structural area

MURC-KSU
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SGM-SF Checklist

Discharge Point

Sumps and Indicators

Fan Installation

MURC-KSU
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System Indicators
Common

Labels
Purchased Labels

Uncommon

Custom Labels

Radon

Radon Fan Suction Gauge
System Installed by:
Company Name
Company Phone Number
Mitigation Certification id# 584

If oil columns are level:
1st - Check radon fan switch
2nd - Check if breaker tripped
3rd – call for service

Magnehelic
Pressure Gauge
U-Tube
Manometer

Inclined
Manometer

Fire Rated Penetration

EPA advises system be re-tested
for radon every two years

Amperage
Gauge
for HP220 fan
Pressure Relay Activates
Neon or LED Light

Radon System
Radon Reduction
System Installed by:
Company Name
Company Phone Number
Mitigation Certification id#
584

Radon Fan
Switch

Radon
Leave On

Vacuum in Pipe =
___________

Off

Installation Date :
___________

Company
Name
Phone Number

EPA advises system be retested
for radon every two years

Radon System Component
Radon
Do Not Alter
Company Name & Phone #

Exterior Fan Mount

MURC-KSU

Membrane Penetration
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Inspection Findings
•
•
•
•
•
•
•

Pipes not properly supported
Sump hole not sealed
No radon resistant drain on sump cover
Floor/wall joints not sealed
Final system vacuum not indicated
Circuit breaker not labeled
Pipes and pipe joints not sealed

MURC-KSU
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HEALTH AND SAFETY INSPECTION LIST
FOR EXISTING RADON MITIGATION SYSTEMS
Radon Testing

If Yes, take action

Was the most recent test more than 2 years ago?

( ) Yes

Are recent test reports lost or unavailable?

( ) Yes

Is a real estate transaction being considered?

( ) Yes

Is there a passive system (i.e., no radon fan found)?

( ) Yes

Is the mitigation method different than typical radon
systems that vent or depressurize soil gas?

( ) Yes

Does the radon fan appear inoperable?

( ) Yes

Is the Exhaust Location:

Test for radon. If readings are low,
test again in the heating season or in
a manner that represents all seasons.
Replace or repair the fan.
Then test for radon.
If Yes, take action

lower than 10 feet above grade?

( ) Yes

less than 2 feet above or 10 feet to the side of all windows,
doors or other ventilation opening between outdoor air
and indoor air?

( ) Yes

less than 10 feet (3 m) above or safely away from any
exterior flooring where individuals traverse or congregate?

( ) Yes

Is the Fan Location:

Take action to bring the exhaust
location into compliance with current
standards.

If Yes, take action

in an occupiable or conditioned space?

( ) Yes

beneath occupiable space or conditioned space, such
within a basement or crawl space?

( ) Yes

Is the Fan Monitor (e.g., pressure gauge):

Take action to relocate the fan to be
in compliance with current standards.
If Yes, take action

missing, broken or not viewable for checking if the fan is
operating?

( ) Yes

missing a label with contact information or guidance for
understanding the monitor?

( ) Yes

Fan Wiring

Take action to install a fan monitor.
Occupants are advised to check the
fan monitors at least quarterly.
If Yes, take action

Is the fan wiring unsafe?

( ) Yes

Is an electrical disconnect for the fan missing (e.g., cord
and plug, dedicated switch or labeled breaker)?

( ) Yes

Pipe Routing

Take action to ensure wiring is safe.
If Yes, take action

Are building exits for fire and safety blocked?

( ) Yes

Are pipes found that did not retain fire protection as
existed prior to the installation?

( ) Yes

Do pipes or fans near electrical service panels or meters for
gas or liquid fuel appear to pose a safety hazard?

( ) Yes

SGM-SF Companion Guidance

Test for radon
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Take action to correct hazards.
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Sealing

If Yes, take action

Are sumps found that do not have rigid sealed lids?

( ) Yes

Seal or install a sump lid.

Are there other sizable openings to soil that are practical to
seal and would not compromise water drainage if sealed?

( ) Yes

Seal sizable openings as appropriate.

Non-habitable air spaces
Examples of concern include depressurization of raised
flooring, partition walls and crawl spaces not mitigated by
Sub-membrane depressurization.

If Yes, take action

Are atmospherically vented combustion appliances within
the airspace being depressurized?

( ) Yes

Are there openings between a depressurized air space and
either interior and exterior areas surrounding the air space
that could cause energy penalties or flue gas spillage from
atmospherically vented combustion appliances?

( ) Yes

Are foundation vents closable even though indicated by
radon testing to be an important mitigation component?

( ) Yes

Take action to establish sufficient
isolation or to reinstall either the
radon system or the appliance.

Take action to install non-closable
vents or install a system that is
effective when vents are closed.

INSPECTION FOR GENERAL INTEGRITY
ASD Piping

If Yes, take action

Evidence suggests that piping is not water tight.

( ) Yes

Take action to seal pipe joints

Evidence suggests that pipe slope does not drain water.

( ) Yes

Take action to achieve drainage

System components were found that are not secured to
the building in manner that is sufficiently durable.

( ) Yes

Take action to secure system
components in a durable fashion.

All piping from the soil to the discharge location or exterior
is not durable SCH 20 or SCH 40 pipe.

( ) Yes

Downspout material used for exterior piping is either not
allowed by local jurisdiction or joint connections were
found that are not sealed water tight.

( ) Yes

Take action to bring the piping into
compliance with current national or
locally required standards

The system discharges air on building materials.

( ) Yes

Divert air away from the building.

A suction pipe attached to a sump lid was found without a
required flexible coupling disconnect to ease sump access.

( ) Yes

Fan is installed without required flexible couplings.

( ) Yes

The fan model is inappropriate for a radon system

( ) Yes

Install flexible (rubber) coupling(s).
Install an appropriate fan.

SUPPLEMENTAL INSPECTIONS
Where required, a supplemental inspection can be conducted for more specifics of standards compliance. The
specific requirements for any given mitigation system may be different depending upon the standards
applicable to the year installed or regional location where the system was installed.

SGM-SF Companion Guidance
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Pressure Field Extension
Demonstration
Floor Communication test with shop vac Shop vac on small hole.
Panels
How far does communication extend?
Quantitative (manometer)
Qualitative (smoke)
Communication With Fan

Tape Half Wall to Floor Joint, GP501 on small hole
How far does communication extend?
Tape All Wall to Floor Joint, GP501 on small hole
How far does communication extend?

Dig suction pit

RP145 on big hole
How far does communication extend?

Will 20 watt fan work?

HP2133 in place of RP145
How far does communication extend?

Drain to daylight

Demonstrate what happens with drain to daylight
Add drain damper.

Would Hughes Pitot Tube
predict same result?

Install Shop vac on suction pit and close drain to daylight.
What Flow rate is needed to produce
suction at the end of the floor?
What fan will produce that flow at the
needed suction pressure?

Fan Demonstration
GP501 on "High Resistance Soil"

Record

Watts
Flow
U-Tube
Decibels

RP145 on "High Resistance Soil"

Watts
Flow
U-Tube
Decibels

GP501 on "Low Resistance Soil"

Watts
Flow
U-Tube
Decibels

RP145 on "Low Resistance Soil"

Watts
Flow
U-Tube
Decibels

Which fan uses more energy?
More or less energy at low flow?
Which fan is louder?
How much more does it cost for the higher
energy fan over its lifetime (10yrs, 87,600hrs) at
$0.10/KWH?
$=W/1000 x 0.10 x 87,600
What happens to the U-tube (suction pressure)
when we
switch from high to low resistance soil?
switch fans on high resistance soil?
switch fans on low resistance soil?
Which fan moves more air?
Which fan is the "Big Fan"?

Service Call: Mrs. Jones says U-Tube...

RP145 from previous
demonstration
Levels are even?
Can you hear fan?
Can you hear Water sloshing?
Switch off/unplugged?
Breaker off? Is breaker labeled?
Electrical Connection bad?
Fan Bad?
Level went up?
U-Tube moved?
Original Fan?
Recent heavy rains, saturated
Soil?
Level went down?
U-Tube moved?
Original Fan?
Soil dried out?
Sump cover Removed?
Cut through Concrete? (sewer
work)
Is there necessarily more air movement?
Partial blockage above fan (ice, squirrel)

Crawl Space/multiple suction points

Pipe resistance

Fan Man How much air does it take
to get FanMan up?

RP145 Add Tee below fan and 2nd
box.
Dampers can control flow of air to 2nd suction
point.
Condensation drainage to 2nd
suction?
Discuss Adjacent Slabs.
RP145 with dampers above and
below
What happens when there is
pipe resistance above the fan?
pipe resistance below the fan?
Low Flow vs High Flow through damper.

Setup FanMan with Hughes Pitot Tube
Flow in CFM to get FanMan up?

2 inch Pitot Tube for Radon Diagnostics
Used to Measure Air Flow with your micromanometer
This air-flow measurement apparatus (Pitot tube, or flow tube) can be used with a
velocity pressure measurement device to determine CFM (cubic feet per minute air
flows).
To measure velocity pressure you will need either a micromanometer or Magnehelic
type gauges measuring in Pascals or inches of water column.
A micromanometer sensitive to 0.001 in WC or 0.1 Pa is highly preferable.
Velocity pressure readings can be taken with Magnehelic-type gauges, but two
gauges will probably be required to allow accurate reading of the needed velocity
pressure values. A gauge with a scale of 0 to 0.25 in WC (model # 2000-00) and a
gage with a scale of 0 to 3.0 inWC (model # 2003) will allow accurate determination of
air flows from less than 10 CFM to more than 115 CFM with the Pitot tube mounted in
2” pipe.
The chart provided shows velocity pressure versus CFM in Pascals ranging from 1 to
1000 and CFM from 1-1000. The chart has four diagonal lines for pipe diameters of 2,
3, 4 and 6 inches
With a velocity pressure reading from your micromanometer, locate that reading on
the bottom scale of the appropriate range chart. Then go up the chart from that
reading to the 2 inch diameter line. From that point on the line go left to the CFM
scale. That is the approximate CFM air flow in the pipe.
In addition, there are two charts which can be used instead of the graph. The charts
show the conversions from Pascals and Water Column to CFM at sea level, and at
5500 feet altitude. This is due to higher altitudes having less dense air and the need
to adjust for that in actual CFM.

This picture and
diagram show the
complete diagnostic
setup you can use to
determine pressure
and airflow necessary
to achieve acceptable
Pressure Field
Extension under the
slab.

Micromanometer
The micromanometer shows the difference between total
pressure and static pressure ‐ which is velocity pressure
Unit 2. . . .:, (3) Subslab Suction Field Testing, (d) Quantitative PFE Testing

The Hughes’ PFE Diagnostic Rig
Micromanometer
#.#

4” Cap

4” x 2”
Reducer

4” Tee

2” Custom‐ Made Pitot Tube

Port to Measure
Static Pressure

Suction Pit

Total Pressure Port

Flow
Modulation
Valve
To Vac
or Fan

Static Pressure Port

Notes:
‐10 pipe diameters from reducer to total pressure port
‐ 3” between total pressure port and static pressure port
‐ 4 pipe diameters between static pressure port and flow
2013Board of Regents
Universityvalve
of Minnesota
modulation

90

Velocity Pressure (Pa) vs. Cubic Feet per Minute
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Velocity Pressure for Various CFM at Sea Level
Velocity pressure (center-mounted Pitot tube) at various CFM
For air density of 0.075 lbs/cu. ft (sea level)

2"

3"

Velocity press.

4"

Velocity press.

Velocity press.

CFM

"WC

Pascals

CFM

"WC

Pascals

CFM

"WC

Pascals

10

0.016

4

20

0.013

3.2

30

0.009

2.2

20

0.065

16.2

30

0.029

7.2

40

0.016

4

30

0.146

36.3

40

0.051

12.7

50

0.025

6.2

40

0.260

64.7

50

0.080

19.9

60

0.036

9

50

0.406

101

60

0.115

28.6

70

0.050

12

60

0.583

145.1

70

0.157

39.1

80

0.065

16.2

70

0.795

197.8

80

0.204

50.8

90

0.082

20.4

80

1.038

258.3

90

0.259

64.4

100

0.101

25.1

90

1.314

326.9

100

0.32

79.6

110

0.122

30.4

100

1.622

403.6

120

0.46

114.4

120

0.146

36.3

110

1.962

488.1

140

0.626

155.7

140

0.198

49.3

120

2.335

580.9

150

0.719

178.9

160

0.259

64.4

140

3.180

791.2

160

0.818

203.5

180

0.328

81.6

Velocity Pressure for Various CFM at 5500 Altitude
Velocity pressure (center-mounted Pitot tube) at various CFM
For air density of 0.0612 lbs/cu. ft (5500 feet)

2"

3"

Velocity press.

4"

Velocity press.

Velocity press.

CFM

"WC

Pascals

CFM

"WC

Pascals

CFM

"WC

Pascals

10

0.013

3.2

20

0.010

2.5

29

0.007

1.7

20

0.053

13.2

30

0.024

6

40

0.013

3.2

30

0.119

29.6

40

0.042

10.4

50

0.021

5.2

40

0.212

52.7

50

0.065

16.2

60

0.030

7.5

50

0.331

82.4

60

0.094

23.4

70

0.040

10.0

60

0.477

118.7

70

0.128

31.8

80

0.053

13.2

70

0.648

161.2

80

0.167

41.5

90

0.067

16.7

80

0.847

210.7

90

0.211

52.5

100

0.082

20.4

90

1.072

266.7

100

0.261

64.9

120

0.119

29.6

100

1.323

329.2

120

0.376

93.5

140

0.162

40.3

110

1.600

398.1

140

0.511

127.1

160

0.211

52.5

120

1.906

474.2

160

0.668

166.2

180

0.267

66.4

130

2.235

556.1

180

0.845

210.2

200

0.33

82.1

Pipe cross-sectional area (sq.ft.)

2"

3"

4"

6"

0.0218

0.0491

0.0873

0.1964

This comparison of fan performance was undertaken to be able to compare all the
generic radon fans by testing them under identical conditions. A fan testing station was
set up at WPB offices. See photo below. Since most sub-slab depressurization
systems require at least 10 feet of PVC piping to be able to carry the system exhaust
above the roof line all fans were tested with 10 feet of piping. In most cases 4" PVC
piping was used. Higher capacity fans were tested with 6 inch PVC piping since this
would be the typical minimum piping size for larger airflow setups often used in
commercial installations. The drawing below gives the general testing system layout.

Pipe size limits the maximum airflow that can be achieved. In the chart below the 20
watt RP140 with 4" pipe moves as much free air as a 120 watt HP220 can move with 3"
pipe. If you need to move air you must have a large enough pipe.

Radon Professionars
Pull-Out Fan Guide

Fan Selection Specifications
and Guidelines
1
3

With Fan Replacement Guide

This handy 4-page guide is intended to make it easier for you to have
RadonAway® fan specifications and our fan replacement chart at your
fingertips where you need them, when you need them - on a job site, in
your truck, at your desk, or anywhere else you might want to quickly check
for fan specs or replacements.
As always, we are committed to providing you with not only the highest
quality radon mitigation products but also information to help you
provide expert, effective professional radon services.
To remove this guide, firmly hold this 4-page section, then foid back the rest of the catalog and gently pull
the guide from the staples.

MODEL
RP140
RP145

RRNC2.0
MAX.
RECOM. MAX OP.
FAN DUCT
RADON FANWATTS
PRESSURE "WC*
DIAMETER
PRESSURE"WC
TYPE

P/N

RFl
RFl, RF2

4"
4"

RP260

23029-1
23030-1
23032-1

RP265

23033-1

6"

RP380
XP151

28208
23010-1
23011-1
23019-1
23007-1
23005-1

8"
4"

XP201
XR261
GP201
GP301
GP401
GP501
SF180
GP500

23009-1
23005-1
28317
23003-1

6"

RF2

RFl
RFl

o
o
J= H S 3 0 0 0

23004-2

3"in/2"out

1

HS5000

23004-3

3"in / 2"out

HS2000E

23004-4

3"in / 2"out

1 HS3000E

23004-5

3"in / 2"out

23004-6

3"in / 2"out

g
•Q
o

00

%

HS5000E

1.6
2.3

159318

:

i

120250
202-

1

350 1
159318
120250
202350

1

0.7
1.7
1.5
2.2
2.0
1.3

45-66
67-117

2.3
1.4
1.8
1.7

31-65
56-100

2.1
2.5

1.8
2.3

62-128
68-146

3.2
4.1

53-71
85-153

2.1
4.0

3.0
3.8
1.7
3.8

RECOM.
MAX.
MAX OP.
PRESSURE
PRESSURE
"WC
"WC*

FAN DUCT
DIAMETER

3"in / 2"out

50-75
95-152
45-60

3"
3"
3" or 4"
3"

23004-1

0.8
2.1

91-129

4"
6"
3"
3"

HS2000

15-21
41-72

1.7
1.6

TYPICAL CFM vs. STATIC PRESSURE WC
FAN
WEIGHT
15"
20"
25"
35"

16

14

63

37

12

24

21

39

30

25

19

41

35

44

37

33

29

16

14

63

37

12

24

21

39

30

25

19

41

35

44

37

33

29

• -

25

25

SHIPPING
WEIGHT

17

20

18

21

18

21

17

20

-

18

21

16

18

21

16

;

SF180

GP500 Series

HS Series

this code to see or
order the SF180 fan at
our e-commerce store.

Scan this code to see or
order the GP500 fan at
our e-commerce store.

Scan this code to see or
order any HS fan at our
e-commerce store.

Use the SF180 for its low-profile design and
Use the GP500 in situations that require a
moderate to good air flow in porous sub-siab or high-performance box fan as an effective
sub-membrane conditions ranging from about 4alternative to more commonly used inline
inches of clean, size 4-6 gravel to very loose soil.
tube fans, it can provide coverage up to
1000 square feet per slab penetration.

TYPICAL CFM
. STATIC
vs
PRESSURE WC

V

"

0"

.5"

135
166

70
126

272

1.0"

1.5" 2.0"

2.5"

3.0" 3.5" 4.0"

-

-

82

41

3

176

89

13

-

334

247

176

116

52

497
150
112
217

353
115

220
69

130

38

-

-

-

95
149

70
87

40
27

-

-

-

-

-

54
64

42
54

11
41

4

-

-

61

52
66

44
58

22
50

149

127

96

-

-

-

-

-

-

-

-

45

35

FAN WEIGHT
SHIPPING WEIG
(lbs)
(lbs)
3.9
5.5
5.6

5
7

6.5

8
9

-

9.1
4.9

12
6

-

-

5
5.7

-

-

27

4

9.1
9.8
10
10

6
8
11
12
12
12

2

12.8
18

15
20

-

61
51

Use HS fans in sand, clay or tight soil
conditions when you need up to 25 times
the suction of inline radon fans.
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We've got you covered.

Don't see the fan you need to repla
Give us a call and we will gladly h
you find the best replacement fan f
your requirements.
Scan this QR Code
to download our
contact information
directly to your
smart phone.

The RadonAway "^ replacement fans listed below provide superior performance
and durability. In many cases, they use the same flexible pipe couplings and
require little or no change to the system piping. This guide is intended to help
you select a replacement fan for most brands. Included are many of the older
fans with their current replacements.

ORIGINALLY INSTALLED FAN

RadonAway* REPLACEMENT

800-767-3703

BUILDING TECHNICAL CAPACITY (BTC) EVALUATION FORM
Thank you for participating in the BTC Session at the National Tribal Forum in Tucson, AZ. Please help us make
improvements by completing this evaluation and including any additional comments or recommendations. We value
and appreciate the time you take to fill out both sides of this form.
Attendee background information:
Name:___________________________________________________________________________
Title: ____________________________________________________________________________
Organization: _____________________________________________________________________
1) How many total years of experience do you have working in a radon program?

____years

2) How many years of radon experience do you have?

Measurement: ______years

a.

Mitigation:_______years

3) How many BTC trainings have you attended?
4) Circle the training courses you have attended?
a.

Radon Measurement Qualification

b.

Radon Mitigation Qualification

c.

Other:

Course Evaluation:
1. This training will be useful in my job?

yes

no

2. The topics covered increased my understanding of the subject matter?

yes

no

3. What section today was most useful:

__

Radon Basics and How Radon Enters Buildings

__

Radon Measurement Protocols and Standards

__

Radon Measurement Devices

__

Measurement Case Studies

__

Radon Mitigation Standards and Certification

__

Radon Mitigation Diagnostics – Foundation Systems (Hands On)

__

Radon Fan Selection – (Hands On)

__

Radon Mitigation Case Studies from Tribes

Please provide any comments on your choices:_____
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________

4. Were your expectations met? Why or why not?

5. Did the logistics {e.g., accommodations, meeting space, registration, meals, and materials) meet your needs?

6. What suggestions do you have for improving the training?

7. Please suggest topics that would meet your future training needs:

