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Presentation Outline

* How the effectiveness of various sampling scheduling approaches were
tested. (How do project teams decide when to collect indoor air
samples? What is the exposure assessment strategy behind that?)

* How the various sampling approaches performed at specific sites

* How easy is it to determine various metrics — mean concentration, 95t
UCL on mean, 90" percentile, 95t percentile?

* How the various sampling approaches performed across all sites



Long Term Indoor Concentration Data Sets
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Data Sets Tested m T S Study(n |s # for VOCs)
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e Sun Devil Manor (Residential); unoccupied, with land drain open, without blower
door, n=342 daily averages

* Indianapolis Duplex (Residential) — unoccupied, data from two floors; without
mitigation; n=58 weeklong samples or 49 Weeklong with high time resolution
radon ; n=136 daily averages

. Moffett Field Building 15 (Commercial) — normal operating conditions; n =156 daily
averages

e Gaffney Alaska (Commercial) — normal operating conditions, n= 27 days of
sampling

e Virginia Site A (Industrial) — two locations — normal operating conditions n=589
daily averages




Sample Scheduling Approaches Tested in this Study

* One sample per calendar season (Winter = Dec 1 to Feb 28, Spring March
1 to May 31.....) — either winter/summer or four quarterly samples

* Half the samples in heating season (November 1 to March 31st), half not
in heating season

e All samples in heating season.

* Rounds begun based on change in temperature — a decrease day over day
of 5 F (in either daily low or daily average)

. Eounds begun based on an indoor/outdoor differential temperature of 15

* Rounds begun based on a negative differential pressure of 0.01 inches of
water or 2.49 Pa or more negative

. gosung.s/lbegun based on a day over day increase in radon concentration of
.5 pCi

* Rounds of sampling based on a threshold Level of > 2 pCl/Il in radon

* Rounds based on exceeding the 90" percentile of radon levels expected
for the structure either based on the first month of sampling or the full
data set. i
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Commonly Used Sampling Assumptions Tested
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* Most Scheduling Approaches Tested with 2 vs. 4 Samples

* Assumed computer or person would “evaluate” previous data at midnight to
decide whether to sample that day (starting in theory at 12:01 AM).

* Evaluation could be automated/tri%gered sampling; human in the decision loop,
weather forecast, or calendar based.

* All allowable combinations of sampling days based on scheduling approach
considered equally likely.

* Days to be sampled will be defined as 24-hour block averages because that is the
most common sampling technique in the field overall and how even continuous
data is often evaluated. This was then either one Summa sample or a daily
average GC result.




Goals for a Sampling Strategy

* Is a >95% confidence in making the assessment decision
about an individual structure required? (<5% false negative?)

 Sampling strategies should be applicable to a wide variety of
buildings, using a minimum of easily available preexisting
information.

* Sampling strategies should be robust — perform well across a
variety of situations.



Metrics, Probabilities, Tested

* At least one sample of the two or four samples collected will equal or exceed
the “true” mean concentration

* The mean of the two or four samples taken will be within an order of
magnitude range around the true mean concentration (i.e., if true mean
concentration is X, then mean between X/3.3 and 3.3X).

* At least one of the two or four samples will exceed the 90" percentile of the
underlying distribution

* At least one of the two or four samples will exceed the 95t percentile of the
underlying distribution

* At least one of the two or four samples will be within a factor of 3.3x of the
95t percentile of the underlying distribution

* At least one of the two or four samples taken will be equal to or exceed the
95% UCL on the mean of the VOC distribution.
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The Performance of Purely Random Sampling Can
Be Determined Mathematically if the Metric is the
90t Percentile of the Distribution

* You have a 10% chance with one random sample of observing the
>90%™ percentile of any distribution.

* You have a 19% chance with two random samples of observing the
>90%™ percentile of any distribution.

* You have a 34% chance with four random samples of observing the
>90% percentile

* You have a 95% chance with 28 random samples of observing the 90t
percentile once



The Performance of Purely Random Sampling Can
Be Determined Mathematically if the Metric is the
95t Percentile of the Distribution

* You have a 5% chance with one random sample of observing the >95t"
percentile of any distribution.

* You have a 9.7% chance with two random samples of observing the
>95t percentile of any distribution.

* You have a 18.5% chance with four random samples of observing the
>95t percentile

* You have a 95% chance with 58 random samples of observing the 95t
percentile once



If The Distribution is Symmetrical (or Normal) It is
Relatively Easy to See the Mean With a Few
Samples

With a symmetrical distribution you have a
50% chance to be above the mean with at
least one sample and a 75% chance to be
above the mean with at least one of two

Frequency samples.
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Temporal Variability At Multiple Sites
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Key point: Degrees of temporal variability across sites compared. Various upper end

measures in skewed distributions are shown.




Results

* These are results from a very recently completed analysis, that have not
been peer reviewed

* The results are expressed as the percentage chance that each sampling
approach provides of observing the target metric in a particular dataset.

* Results are presented by building after a brief summary of the building
characteristics

* The same results “sorted a different way” will be presented later.



VA Site A — Building Characteristics

* ~120,000 ft? building constructed of brick with a
oured concrete slab and divided into three large
ays. The slab is generally 6 to 8 inches thick.

* Heat provided by steam-fired unit heaters with
overhead fans in the warehouse/storage bays.

* No centralized cooling system within the
warehouse space. Durmg Summer, bay doors are
kept open and portable tans provide airflow.

* Various wood-framed office areas constructed
separately within the bays with separate ceilings
and HVAC units.

* Separate spaces operate as ”zones within larger
zones

e 18 months of frequent GC Concentration
observations used.

17



Virginia Site A Supply Room - Metrics Related to Mean

100%
80%
60%
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0%
2 samples, 1 > 4 samples, 1> 2 sample mean 2 samples, 1 4 samples, 1 2 samples, 1>95th4 samples, 1>95th
True Mean True Mean within OOM True within OOM 95th within OOM 95th UCL Mean UCL Mean
Mean % %
One sample per calendar season B Sample half in heating season
B Only sample in heating season W Sample if Avg T Drops 5 F
W Sample if Low T Drops 5 F B Sample if AT >15F
Sample if Rn went up 0.5 pCi/I W Sample if Rn>90th percentile determined over first month

Sample if Rn>90th percentile determined over full data set

* Recall that this zone has “classical stack effect” behavior — thus our sampling approaches generally perform better here

than at other locations/sites.

e Sampling approaches calling for sampling only during the heating season with a minimum differential temperature OR
with >90% radon performed very well (>99% chance of seeing at least one sample > mean with four samples). With only
two samples the chances were >89% using any of those approaches). For comparison one sample in each season was
60%.

* The radon percentile-based approaches performed best at having at least one sample exceed the 95% UCL of the mean
(>84% with two samples, 97% with four samples). Four seasonal samples was 68%.



Virginia Site A Supply Room - Metrics Related to Percentile
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OOM 95th % OOM 95th %
One sample per calendar season B Sample half in heating season
B Only sample in heating season B Sample if Avg T Drops 5 F
B Sample if Low T Drops 5 F B Sample if AT >15F
Sample if Rn went up 0.5 pCi/I W Sample if Rn>90th percentile determined over first month

Sample if Rn>90th percentile determined over full data set

* Sampling approaches calling for sampling only during the heating season (76%), with a minimum differential
temperature (81%) or at >90% radon (81%) performed the best when seeking to observe the 90t VOC percentile using
four samples. Four seasonal samples was only 30%.

* No sampling approach gave more than a 42% chance of observing the 95" percentile in four samples.

* Allowing an order of magnitude range around the 95t percentile substantially increased the likelihood of any sampling
approach succeeding.
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Virginia Site A Women's Bathroom - Metrics Related to Mean

2 samples, 1 > True Mean 4 samples, 1> True Mean 2 sample mean within OOM True Mean 2 samples, 1>95th UCL Mean 4 samples, 1>95th UCL Mean
B One sample per calendar season B Sample half in heating season W Only sample in heating season
m Sample if Avg T Drops 5 F m Sample if Low T Drops S F m Sample if AT >15F
Sample if AP is at least 2.5 Pa Negative m Sample if AT >15F AND AP is at least 2.5 Pa Negative Sample if Rn>90th percentile determined over first month

B Sample if Rn>90th percentile determined over full data set

Among the calendar-based approaches, sampling only during the heating season performed the best with a 87% chance
of observing a concentration > mean by sampling four times only in the heating season.

The differential pressure-based approach performed equally well (87%) at observing a concentration > mean

The temperature-based approaches performed less well at exceeding the true mean. The best of those was differential
temperature (65% in four samples).

One sample in each season gave only a 50% probability of observing a concentration > mean

6 April 2021



Virginia Site A Women's Bathroom - Metrics Related to Percentile
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2 samples, 1 >90th % 4 samples, 1>90th % 2 samples, 1 >95th % 4 samples, 1 >95th % 2 samples, 1 within OOM 95th % 4 samples, 1 within OOM 95th %
One sample per calendar season W Sample half in heating season W Only sample in heating season
m Sample if Avg T Drops 5 F m Sample if Low T Drops 5 F W Sample if AT >15F
Sample if AP is at least 2.5 Pa Negative W Sample if AT >15F AND AP is at least 2.5 Pa Negative Sample if Rn>90th percentile determined over first month

W Sample if Rn>90th percentile determined over full data set

* The best approaches for observing the 90t percentile were sample only during heating season (62% with four samples)
or using differential pressure information (60% with four samples). For comparison one sample in each season was
32%.

* No approach gave more than a 36% chance of observing the 95t percentile with four samples.

* The heating season only, and pressure-based approaches were equally effective at getting within 3.3x of the 95t
percentile (65%).

* The radon threshold and radon change sampling approaches were never triggered. The radon percentage-based
methods worked to some extent, but weren’t the best approach on any metric at this location. That agrees with other
analyses of this dataset.



Indianapolis Duplex

- Study duplex on 1915 Sanborn Map
- Basement +2 overlying floors 420 Not - 422

- Unoccupied, unfurnished Heated _ _ Heated
- Heated and unheated sides | ==
- Top 7-8 ft: topsoil, cinders (fill); sandy silty clay loam (till).
- 8-25 ft: sand, gravel, cobbles (very coarse outwash).

- Depth to water (10.5 to 18.5 ft) rapidly fluctuates with nearby
creek

- Year long weekly passive sampling campaign
- Selected periods of high frequency GC Data

Cracks in basement
concrete floor and
brick walls

22 6 April 2021



Indianapolis - Heated Side - Basement South - Premitigation - Weekly Samples: March 30, 2011 to
Feb 27, 2012: Metrics Re. Means
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One sample per calendar season B Sample half in heating season
B Only sample in heating season B Sample if Avg T Drops 5 F
B Sample if Low T Drops 5 F W Sample if AT >15F
Sample if AP is at least 2.5 Pa Negative B Sample if AT >15F AND AP is at least 2.5 Pa Negative
Sample if Rn went up 0.5 pCi/I Sample if Rn >2 pCi/I

Sample if Rn>90th percentile determined over first month B Sample if Rn>90th percentile determined over full data set

* The approaches that had the highest probability of at least one of four samples being above the long-term mean included
the combined differential temperature and differential pressure approach (100%), radon percentile (100%) and heating
season only sampling (92%) and differential temperature (93%).

* The approaches with the best probability to have at least one sample out of four above the 95% UCL on the mean were
combined differential temperature and differential pressure approach (100%) and heating season only sampling (87%),
differential pressure only (86%), differential temperature only (90%).
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Indianapolis - Heated Side - Basement South - Premitigation - Weekly Samples: March 30, 2011 to
Feb 27, 2012: Metrics re Percentiles

2 samples, 1 >90th % 4 samples, 1 >90th % 2 samples, 1 >95th % 4 samples, 1 >95th % 2 samples, 1 within 4 samples, 1 within
OOM 95th % OOM 95th %
B One sample per calendar season B Sample half in heating season
B Only sample in heating season B Sample if Avg T Drops 5 F
W Sample if Low T Drops 5 F B Sample if AT >15F
Sample if AP is at least 2.5 Pa Negative B Sample if AT >15F AND AP is at least 2.5 Pa Negative
Sample if Rn went up 0.5 pCi/I Sample if Rn >2 pCi/l

Sample if Rn>90th percentile determined over first month B Sample if Rn>90th percentile determined over full data set

The approaches with the best probability to have at least one sample in four above the 90" percentile were radon >90t"
percentile (67%), differential temperature (51%), and sample only in heating season (53%)

No approach had more than a 26% chance of observing the 95t percentile with four samples.

If an order of magnitude uncertainty range around the 95 percentile was allowed all approaches got >99%



Indianapolis First Floor, Heated , Weekly Data, March 30, 2011 to Feb 27, 2012; Metrics re Mean
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2 samples, 1 > True Mean 4 samples, 1> True Mean 2 sample mean within 2 samples, 1>95th UCL 4 samples, 1>95th UCL

OOM True Mean Mean Mean
B One sample per calendar season B Sample half in heating season
B Only sample in heating season W Sample if Avg T Drops 5 F
B Sample if Low T Drops 5 F B Sample if AT >15F
Sample if AP is at least 2.5 Pa Negative B Sample if AT >15F AND AP is at least 2.5 Pa Negative
Sample if Rn went up 0.5 pCi/I Sample if Rn >2 pCi/l

Sample if Rn>90th percentile determined over first month M Sample if Rn>90th percentile determined over full data set

* The approaches that performed best in providing at least one sample out of four over the long-term mean were sample
in heating season only (95%), differential temperature (95%) and guided by radon percentile (99%).

* The approaches that had the highest probability of producing at least one sample of four over the 95% UCL of the mean
were sample in heating season only (91%) differential temperature (91%) and radon percentile (99%).
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Indianapolis First Floor, Heated, Weekly Data, March 30, 2011 to Feb 27, 2012 Metrics re. Percentile
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OOM 95th % OOM 95th %
One sample per calendar season B Sample half in heating season
B Only sample in heating season W Sample if Avg T Drops 5 F
B Sample if Low T Drops 5 F B Sample if AT >15F
Sample if AP is at least 2.5 Pa Negative B Sample if AT >15F AND AP is at least 2.5 Pa Negative
Sample if Rn went up 0.5 pCi/I Sample if Rn >2 pCi/I

Sample if Rn>90th percentile determined over first month B Sample if Rn>90th percentile determined over full data set

The approaches that had the highest probability of producing at least one sample of four over the 90t percentile of
the VOC distribution were heating season only (51%), differential temperature (47%) and radon percentile (62%).
Four seasonal samples was only 19%.

No approach had more than a 35% chance of observing the 95t percentile in four samples.

With an order of magnitude tolerance around the 95t percentile almost all approaches performed very well (>94%

with even 2 samples).



Indianapolis Basement South, Daily Aggregated GC Data, Heated Side - Metrics Related to Mean
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Sample if AP is at least 2.5 Pa Negative W Sample if AT >15F AND AP is at least 2.5 Pa Negative
Sample if Rn went up 0.5 pCi/I Sample if Rn >2 pCi/l

Sample if Rn>90th percentile determined over first month B Sample if Rn>90th percentile determined over full data set

 Many approaches provided a high probability of at least one sample out of four exceeding the long term mean including:
heating season only (98%), differential temperature (97%), differential pressure (96%) and radon percentile based on first

month (92%). For comparison one sample per season was 42%.
* Many approaches also provided a high probability of at least one sample out of four exceeding the 95% UCL on the mean

heating season only (97%), differential temperature (97%), differential pressure (88%) and radon increase 0.5 pCi/l (84%).
For comparison one sample per season was 35%.



Indianapolis Basement South, Daily Aggregated GC Data, Heated Side - Metrics Re. Percentiles
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Sample if Rn went up 0.5 pCi/l Sample if Rn >2 pCi/l

Sample if Rn>90th percentile determined over first month B Sample if Rn>90th percentile determined over full data set

* Observing the 90t percentile with at least one in four samples was much harder, the best approaches were
differential temperature (61%) and heating season only (61%). One sample per season was only 15%.
* No sampling approach gave better than a 35% chance of observing the 95t percentile with four samples.



Results: Indianapolis Basement, Residential, Heated, Daily Samples,
Without Mitigation

* Many approaches provided a high probability of at least one sample out of four
exceeding the long term mean including: Radon percentile based on first
month (98%), heating season only (98%), differential temperature (97%),
differential pressure (96%). For comparison one sample per season was 42%.

* Observing the 90t percentile with at least one in four samples was much
harder, the best approaches were radon percentile based on first month (61%),
differential temperature (61%) and heating season only (61%). One sample per
season was only 15%.

 Many approaches also provided a high probability of at least one sample out of
four exceeding the 95% UCL on the mean radon percentile based on first
month (97%), heating season only (97%), differential temperature (97%),
differential pressure (88%). For comparison one sample per season was 35%.



Book Store Study Site — Gaffney — AK, Commercial

Heated connected storeroom
Slab-on-grade foundation
Unventilated

Former dry-cleaning facility -
occupied by a bookstore
Slab-on-grade, hot-water baseboard
radiant heating system

Max soil concentration = 1.3 mg/kg
at 1.5-3.0 m bgs

Max GW concentration = 1.3 mg/L at
5.3 m bgs

Higher concentrations at this site
were observed in the late summer
and attributed to soil temperature
effects on shallow source term
volatility (Barnes, 2017)

Wood stave pipe image from
http://www.sewerhistory.org/photosgraph
ics/pipes-wood/ Courtesy of the Idarado
Mining Company, Ouray, Colorado.
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Gaffney - Metrics Related to Mean
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One sample per calendar season B Sample half in heating season B Only sample in heating season

B Sample if Avg T Drops 5 F B Sample if Low T Drops 5 F B Sample if AT >15F

* There was only 45% chance of one sample out of four would be above the true mean using the calendar-
based scheduling approaches (either one per season or half in heating season).

* The approach of sampling only in the heating season (NJ definition) performed poorly because the highest
concentrations were seen in late summer/early fall. 0% probability of achieving many metrics! This isn’t too
surprising given how different NJ and Fairbanks are climatologically.

* Rules based on temperature change or differential temperature performed much better — giving probabilities
of one sample out of four above the mean ranging from 75 to 83%. This is probably because high
concentrations were associated with late summer/early fall.



Gaffney - Metrics Related to Percentile
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2 samples, 1 >90th 4 samples, 1 >90th 2 samples, 1>95th 4 samples, 1 >95th 2 samples, 1 within 4 samples, 1 within
% % % % OOM 95th % OOM 95th %

One sample per calendar season B Sample half in heating season B Only sample in heating season

B Sample if Avg T Drops 5 F B Sample if Low T Drops 5 F B Sample if AT >15F

* There was a 17 - 25% chance of exceeding the 90" percentile with one of four calendar-based samples.

* There was a <18% chance of exceeding the 95t percentile with one of four calendar-based samples

* Metrics that allowed an order of magnitude range around the 95% were achieved 99% of the time with
several scheduling approaches because the range of the data was comparatively narrow.

* No radon or differential pressure data available so those rules not tested.



Moffett Field Building 15, Northern CA, Commercial

* 11,900 square foot

* Portions occupied 24 hr /7 d
* Steam - heated with air conditioning, two HVAC zones

* Main portion and west wing office space; HVAC equipment and garage

In east wing

* HVAC adjusted in May 2003 to increase outside air supply, reportedly

reducing TCE in indoor air
e Shallow groundwater source

Photos reprinted from:
https://historicproperties.arc.nas
a.gov/map_reuse/reuse_forms/1
5 reuse.pdf



Moffett Field Building 15 - Metrics Related to Mean
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OOM True Mean Mean Mean
One sample per calendar season B Sample half in heating season B Only sample in heating season

B Sample if Avg T Drops 5 F B Sample if Low T Drops 5 F B Sample if AT >15F

e Mild Northern CA climate
* There was 86-88% chance of one sample out of four would be above the true mean using calendar-based

scheduling approaches (either one per season or half in heating season). 98% chance with four samples

in heating season.

* Sampling approaches based on temperature change or outdoor temperature had 87-100% chance of
exceeding the mean with one sample out of four.

e The highest probability of observing the 95% UCL on the mean was with differential temperature (100%

probability with only two samples).

6 April 2021
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Moffett Field Building 15 - Metrics Related to Percentile

2 samples, 1 >90th 4 samples, 1>90th 2 samples, 1 >95th 4 samples, 1>95th 2 samples, 1 within 4 samples, 1 within
% % % % OOM 95th % OOM 95th %

One sample per calendar season B Sample half in heating season B Only sample in heating season

B Sample if Avg T Drops 5 F B Sample if Low T Drops 5 F B Sample if AT >15F

The only sampling strategies with a >50% chance of observing > the 90" percentile in the highest of four
samples were those for sampling only in heating season or sampling with cold outdoor temperatures.

The best strategy to observe the 95" percentile was differential temperature, which gave a 50% chance with
four samples

Metrics that allowed an order of magnitude range around the 95 percentile were achieved >95% of the time
with four samples with a variety of sampling strategies. This occurs because the range of the data is relatively
narrow.

No radon or differential pressure data available so those rules not tested.

6 April 2021



Sun Devil Manor, Layton, Utah

* Two-story, split-level home on gradual slope, built
in 1991

* Occupied 10-30% of time, HVAC settings for full
time occupancy

* Fine sandy silt with fine sand stringers
* Depth to water 10-12 ft bgs, 10-50 ug/L TCE

* Over two years indoor air sampling, sampling at 2—
4-hour intervals, converted to 24- hour data set

* Conduit VI pathway, land drain to subslab to
indoor air




Sun Devil Manor - Metrics Related to Mean
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2 samples, 1 > True Mean 4 samples, 1> True Mean 2 sample mean within OOM True Mean 2 samples, 1>95th UCL Mean 4 samples, 1>95th UCL Mean
| One sample per calendar season m Sample half in heating season m Only sample in heating season
m Sample if Avg T Drops 5 F W Sample if Low T Drops 5 F H Sample if AT >15F

Sample if Rn>90th percentile determined over first month B Sample if Rn>90th percentile determined over full data set B Differential Pressure 1 Pa

W Differential T and Differential P

 Among the calendar-based approaches, sampling only during the heating season performed the best with a 88% chance
of observing a concentration > mean sampling four times.
 The approaches based on temperature change or differential temperature did not outperform sampling only heating
season in observing concentrations above the mean.
» A version of the radon 90t percentile approach performed the best of all the approaches when seeking:
o One sample above the mean (97% with four samples and full period of radon data)
o One sample above the 95% UCL of the mean (86% with four samples and month radon, 89% full radon data)



Sun Devil Manor Metrics Related to Percentile
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2 samples, 1> 4 samples, 1>True 2 sample mean 2 samples, 1> 4 samples, 1> 2 samples, 1> 4 samples, 1> 2 samples, 1 4 samples, 1 2 samples, 1>95th 4 samples, 1>95th
True Mean Mean within OOM True 90th % 90th % 95th % 95th % within OOM 95th within OOM 95th UCL Mean UCL Mean
Mean % %
One sample per calendar season W Sample half in heating season W Only sample in heating season
m Sample if Avg T Drops 5 F W Sample if Low T Drops 5 F W Sample if AT >15F

Sample if Rn>90th percentile determined over first month B Sample if Rn>90th percentile determined over full data set B Differential Pressure 1 Pa

W Differential T and Differential P

A version of the radon 90t percentile approach performed best of all the approaches when seeking:

o One sample above the 90t VOC percentile (80% with four samples and the full period of radon)

o One sample above the 95t VOC percentile (57% with four samples and the first month’s radon data)

o One sample within 3x of the 95t percentile (86% with four samples and the first month’s radon data)
The approach based on differential pressure initially performed poorly on all metrics because the differentials observed
were not high enough to trigger sampling at 2.5 Pa. Using 1 Pa as the metric produced rules that worked well on most
metrics, but not quite as well as the radon percentile rules.
Sampling only in heating season was the best of the calendar based rules, but not as well as radon or differential pressure.



Median Percentile Across All Data Sets Tested

lof2> [10of4>
95% UCL|95th
lof2 |(1lof4> [1of2 |1of4 |1lof2 |lofd> |on UCL on
>mean |mean [>90th [>90th |>95th |95th Mean [Mean
Seasonal Sampling 39% 46% 20% 22% 10% 15% 36% 45%
Half in heating
season 58% 73% 20% 34% 11% 21% 51% 66%
All in heating
season 77% 95% 37% 61% 19% 35% 66% 89%
Differential
temperature 74% 94% 28% 50% 18% 33% 60% 85%
Differential pressure 25% 48% 0% 0% 0% 0% 21% 41%
Radon percentile
based on 1st month 72% 96% 24% 43% 6% 13% 67% 93%
Radon percentile
based on full period 80% 99% 33% 67% 0% 0% 71% 93%

Key Points: All in heating season, differential temperature based and radon percentile based were the best approaches.
Four samples are better than two. The 95t percentile is very hard to observe.




Summary Across Multiple Sites

Results for two sample strategies were rarely highlighted here because they were generally
substantially lower then the four sample strategies.

Sampling four times based on differential temperature performed fairly well at all sites.
Sampling four times in heating season worked well at most sites, but very poorly at Gaffney.
Sampling once in each of four seasons often performed poorly.

Sampling with Radon guidance based on a percentile of radon set using the first month'’s
(rjadon data worked well, including for observing upper percentiles, but not all sites had radon
ata to test.

Sampling approaches performed better at the sites/locations that fit the classical stack effect
and winter worst theory.

VI sampling approaches may need to be tailored to specific climate zones.

Samplin% rules give better reliability in predicting the mean than predicting the upper
percentiles of the distribution.

Seeing the 90t or 95t percentiles directly requires many samples even with guidance.

Allowing a 3.3x tolerance factor (order of magnitude range) around the target it substantially
increases the ability to predict using any sampling rule.



Sources of Uncertainty in this Effort

* The cases tested here do not represent the full diversity of US climates
or building types.

* Even a continuous data set for one year is an imperfect estimate of long
term exposure, because a “cold winter” and “warm winter” can be very
different from each other.

* The smaller data sets (i.e. Gaffney, Moffett are incomplete samples of
even the years they were taken in because not every day was sampled).

e Cases that have a significant percentage of nondetects in indoor air (i.e.
SDM) have greater uncertainty.

* The accuracy of concentration measurements generally decreases as
concentrations approach the detection limit. High concentrations may
also be underestimated in some cases because they may be off
calibration curve.
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Selected
Results VA
Site A

Supply
Room

Two Four Two Four

sample |Samples, |Samples, [Samples,

s, one >|one > one >90th |one >90th
Sampling Approach Mean? (Mean? Percentile? |Percentile?
One sample per calendar season 52% 72% 23% 34%
Sample half in heating season 56% 70% 23% 37%
Only sample in heating season 89% 99% 42% 66%
Sample if Avg T Drops 5 F 50% 75% 18% 33%
Sample if Low T Drops 5 F 53% 78% 19% 34%
Sample if AT >15F 58% 82% 21% 37%
Sample if AP is at least 2.5 Pa
Negative 85% 98% 41% 66%
Sample if AT >15F AND AP is at least
2.5 Pa Negative 85% 98% 41% 66%
Sample if Rn went up 0.5 pCi/I 62% 87% 0% 0%
Sample if Rn >2 pCi/| 93%| 100% 0% 0%
Sample if Rn>90th percentile
determined over first month 77% 95% 31% 53%
Sample if Rn>90th percentile
determined over full data set 94%| 100% 51% 76%




Temporal Variability At Multiple Sites
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I Temporal variability across sites, 24-hour and Discrete Sampling Results I




Median Percentile Across All Data Sets Tested

lof2> [10of4>
95% UCL|95th
lof2 |(1lof4> [1of2 |1of4 |1lof2 |lofd> |on UCL on
>mean |mean [>90th [>90th |>95th |95th Mean [Mean
Seasonal Sampling 39% 46% 20% 22% 10% 15% 36% 45%
Half in heating
season 58% 73% 20% 34% 11% 21% 51% 66%
All in heating
season 77% 95% 37% 61% 19% 35% 66% 89%
Differential
temperature 74% 94% 28% 50% 18% 33% 60% 85%
Differential pressure 25% 48% 0% 0% 0% 0% 21% 41%
Radon percentile
based on 1st month 72% 96% 24% 43% 6% 13% 67% 93%
Radon percentile
based on full period 80% 99% 33% 67% 0% 0% 71% 93%

Key Points: All in heating season, differential temperature based and radon percentile based were the best approaches.
Four samples are better than two. The 95t percentile is very hard to observe.




Probability At Least One Sample Exceeds Mean,
Median Across All Sites Tested

2> 90th Percentile of Full Radon Dataset

= 90th Percentile of First 30 Radon Samples

dP Change of -2.49 Pa

Indoor-Outdoor dT of 2 15°F (or Outdoor Temp. < 50°F)

Sample Only in Heating Season

Sample Half of Heating Season

One Sample per Calendar Season

0% 25% 50% 75% 100%

>0 6 Apri 2024 m 2 Samples Collected m4 Samples Collected



Probability At Least One Sample Exceeds 95% UCL,
Median Across All Sites Tested

2 90th Percentile of Full Radon Dataset

= 90th Percentile of First 30 Radon Samples

dP Change of -2.49 Pa

-
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Indoor-Outdoor dT of = 15°F (or Outdoor Temp. < 50°F)

Sample Only in Heating Season

Sample Half of Heating Season

One Sample per Calendar Season

51 6 April 2021 m 2 Samples Collected m4 Samples Collected



Takeaways for Discussion

e Season and weather-based sampling approaches may
improve chance of detecting upper end of indoor air
concentration distribution

* Value of short-term sampling during suspected or known
inactive VI periods (e.g., summer months)

* Indoor air radon data is useful in guiding sampling for upper
end of indoor air VOC concentration distribution; although
supporting data is limited and spatial differences apparent
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