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1. SUMMARY

A detailed radon mitigation study is in progress in 14 homes in the New
Jersey Piedmont avea. Three research teams, one each from Lawrence Berkeley
Laboratory, Oak Ridge National Laboratory, and Princeton University are
involved, Seven homes are Iinvestigated by Lawrence Berkeley Laboratory.
Seven homes are investigated by 0ak Ridge National Labs and Princeton
University. This intensive, instrumented study is cooperatively funded by the
U.S. Environmental Protectiom Agency, the U.S. Department of Energy, and the
New Jersey Department of Environmental Protection. The principal goals are an
improved understanding of the physical parameters most important in causing
elevated indoor radon Ilevels, the refinement of diagnostic measurements for
selection and implementation of mitigation systems, and the reduction of radon

concentrations to acceptable levels inside the study houses.

Monitoring stations were 1installed 1iIn each home 1in October, 1986.
Instrumented  measurements included (1) basement and upstairs radon,
(2) differential pressures across the basement/subslab, basement/upstairs and
basement/outdooy © interfaces, (3) temperatures at basement, upstairs and
outdoor locations, and (4) central air handler usage. A weather station was
located at one house, monitoring (1) wind speed and direction, (2) barometric
pressure, (3) precipitation, (4) soil temperature, and (5) outdoor temperature
and relative humidity. A time-averaged value of all of the above parameters
was recorded every 30 min. Several additional parameters were monitored on an
intermittent basis in all or selected homes. These include multizone air
infiltation rates which have been measured 1in all homes using passive
perfluorocarbon tracers (PFT) and in two homes using a constant concentration
tracer gas system (CCTIG). Total radon progeny, soil gas radon concentration
and permeability characteristics, and gamma 7radiation 1levels were also

monitored periodically in all study homes.

Pre-mitigation diagnostic measures have been evaluated and refinad in all
seven ORNL/Princeton study homes. Procedures for measuring and observing
building dynamics, building structure, and soil/water characteristics have

been streamlined. In these studies, the principal source of indoor radon was
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House #6 radon levels were reduced to an average of 2-4 pCi/L in late spring,
after several adjustments in the mitigation system. House #6 provided the
greatest difficulty because of a complex substructure, representing several

additions to the original home.

Several compilations and preliminary analyses of the ewxperimental data
have been initiated and/or completed. All continuously acguired data obtained
through April, 1987, have been entered into data management systems for
subsequent  proofing, conversion to calibrated engineering units, and
statistical analysis. Weekly summary data are presented in this report in
graphical and tabular form. Field and laboratory calibration data taken
through April, 1987, have been summarized. Preliminary data relating radon to
selected envirommental parameters are presented. For example, heavy rainfall

and reduced barometric pressure resulted in temporary 2-3 fold increzses in

basement vradon levels. Tnitial results of the time-averazged PFT and the

[

continucus CCTG tracer gas techniques are discussad. In one home, for
example, the CCTG system quantified a 2-3 fold increase in zir infiltration
into the basement with operation of the HVAC air-bandler, which could then bhe
compared againsﬁ much smaller (i.e., about 20%) measured decrzases in basemsnt
radon concentrations. Blower door data and soil permeability data from the
fall and winter tests are tabulated. A geological investigation of the region

around the test homes and ground water testing for radon are also discussed,

Test homes appear to rest on either Martinsburg Shale of Ordiviecian age,

undifferentiated Precambrian gneissoid granites, or the Triassic Brunswick
formation. Although homes on the Precambrian granites have among the highest

wall water concentrations of radon, the well water is only a minor sourcsz of
indoor radon. The results of periodic measures of soil radon gas and
permeabilitcy, gamma radiation, respirable particulates and total working level
measures is summarized. Data analysis of the seven ORNL/Princeton ressarch
homes are ongoing. Additional analyses and data will be presented in the

final project report.






2. PROJECT OBJECTIVES ARD IMPLEMENTATION

This section provides the study objectives and an overview of the project

implementation, including a summary of assoclated documenation. .
2.1  PROJECT OBJECTIVES

The primary objectives of this radon mitigation study are:

1. an improved understanding of the physical processes underlying
elevated levels of radon and radon progeny in homes and the impact of
control measutres on radon entry processes,

2. the field evaluation and refinement of diagnostic protocols for
selection and implementation of effective mitigation strategies, and

3. development/refinement of c¢ost effective control measures while
systematically reducing radon levels in study houses.

This mid-project report summarizes several of our efforts in achieving
these goals. Interim diagnostic protocols used in the selection of mitigation
meaéures and descriptions of implemented mitigation measures are reported.
Monitoring and diagnostic instrumentation packages in use in the study homes
are described. Preliminary results from continuous monitoring packages 1in
pre-mitigation, mitigation, and post-mitigation time periods are reported,
including extensive summary statistics. Non-continuous measures Iincluding
house and site characterizations, and laboratory and field calibration data
are summarized. The flow and documentation of experimental results between

the ORNL/Princeton team and sponsors, homeowners, and LBL are reviewed.
2.2 PROJECT IMPLEMENTATION

2.2.1 House Selection

House screening and final selection were completed by August, 1986. LBL
and the New Jersey Department of Environmental Protection were responsible for
developing the data base of homes from which the final study houses were

chosen.
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2.2.6 Control House Studies

The countrol house (i.e., House #2) will be mitigated on July 22, 1987,
The extended pre-mitigation data set provides for interhouse comparisons and

the potential for inter-season (e.g., fall vs winter vs spring) modeling.
2.3 PROJECT DOCUMENTATION

The proposal, plamning, implementation and reporting of this project have
involved an extensive flow of documents between the ORNL/Princeton team, LBL,
homeowners, and the spousoring agencies. The status of this documentation 1is

briefly summarized in this section.

2.3.1 Proposals

A research proposal entitled "Investigation of Radon Entry And
‘Effectiveness of Mitigation Measures™, prepared by ORNL, outlining the scope
of research activities to be conducted in New Jersey and the Tennessee Valley

FY87-88, has been approved by the U.S. Envirommental Protection Agency,

in
U.S. Bepartment of Energy and the Temnessee Valley Authority.

2.3.2 Subcontractual Agreement with Princeton University

A project work statement, detailing collaborative research with Princeton
University in the study of seven houses in New Jersey was approved as the
basis for a subcontractual agreement between Martin Marietta Energy Systems,

Inc., and Princeton University.

2.3.3 Project Workplan

A project workplan detailing the technical design and objectives of the
radon-mitigation research in seven New Jersey houses has heen approved by EPA.
This document was based on a detailed outline that was discussed by Princeton
University, ORNL, and EPA at a meeting in Research Triangle Park on 8§/12/86.
The Project Workplan follows the general outline of the draft LBL Project
Plan.



been approved by EPA.
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2.3.6 House Specific Mitigation Plans

Mitigation plans for esch study house were wyritten for approval by

CRNL./Princeton and LBL teams, the sponzoring agsncies, and the homeowner. The
lans consisted of a2 two-g ¢ eseription aad houseplan of the propossd
i ¢ b |3

mitigation activity. Thes

2.3.7 HMonthly Rep

Letter reports detailing previcus month accomplishments, project problems
utions, and plans for future work have heen submitted to spomnsoring

apencies on a monthly basis. Trip repovts have been separately submitted.



3. PROJECT INSTRUMENTATION PACKAGES AND MATERIALS

This section summarizes the instrumentation and monitoring packages in

use in the ORNL/Princeton radon mitigation studies.
3.1 INDOOR MONITORING STATION

The indoor and weather station monitoring packages currently in wuse are
listed in Tables 3.1 and 3.2, respectively. These packages ave quite similar

to those outlined in the Project Workplan.
3.2 WEATHER STATION

Only one weather station was operated (House #5) due to budgetary
constraints. As a consequence, detailed modeling of the impact of wvariation
in meteoroclogical parameters will be limited to House #5, Under routine
operation, data from the weather station data logger is downloaded via the

indoor modem.
3.3 MITIGATION DIAGNQOSTICS INSTRUMENTATION

The following is a list of the instrumentation and special tools used by
Princeton University staff in pre- and post-mitigation diagnostics. The list
includes the product name, specifications, cost, and a short description of
the wuse of each of the instruments. The soil permeameter is described in

Section 3.7.

3.3.1 Instrumentation

3.3.1.1 Dwyer Microtector Electronic Point Gage ($365)

This instrument is used to calibrate preSsure transducers and to measure small
pressure differentials Iin a range of 0 to 2.0 in. water and is accurate to

+0.00025 in water column. It is accurate but can be difficult to wuse in



most

because of normal pressure f{luctuations.
3.3.1.2 Neotronics EDM Electronic Digital Micromanometer Model EDM-1. ($1350)

This instruwsent is used to measure differential pressure

velocities (with pitot-static tube) and to balance mitigation systems Tts
range is 1-1999 Pa or 1-192.99 in water column. It is an expensive but
acourate and reliable instrument with a fast response time. It sheuld vot ha
stored in Cenmperatu less than 09C as significant drift will occur as the

instrument wavms up.

3.3.1.3 Solomat Medel MPM 20C0/1000/500 with Modumatev 2013 ($1500)

This dinstrument 1is a cowbination digital thermometer, RH meter, and
anemometer . Our inastvument included Solomat Type K and Pt 100 tewmperature
prabes, Type 355 RH PT 100 and fast response RH senzor, and Type 128HM8 hot
wire anemometer, It is used to messure indoor and outdeor envivonmental
conditiors, velccities in mitigation systems and test holes, etc. [t 1is an
expensive but versatile instrument with several spplications The hot wirae

3.3.1.4 EDA RDA-200 radon detector with scintillator cells (87560 with 20
cells)

This ipstrument is a field portable radon detector with linear responss over &
wide range of radon concentrations. It is used for evaluating grab samples to
locate radon hot spots. It is expensive bhut wuseful for mapping vadon
concentrations wunder slzb, in hollow bleock walls, in cracks aod sumps, and in

soil gas.
3.3.1.5 Princeton Blower Door ($3000)

This insitrument is used to pressuvize and depressurize buildings firom 0 to 75
ki

Pa with flows of up to 3000 cfu to determine building leakiness. It can also
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be used to maintain a constant depressurization of the basement (to simulate

winter conditions) whils other diagnostic measurements are being perforumed,.

3.3.2 3pecial Tools

3.3.2.1 Skil Model 732 ROTO-set hammer drills ($500)

This tool is used to drill test holes in soil, concrete or block walls and
concrets slabs or floors. It accomodates drill sizes up to 1.5 in. diameter.

It has very fast drilling capabilities.
3.3.2.2 Dayton Model 4Z6564A industrial vacuum cleaner ($105)

This device is used while drilling holes in basements and crawlspaces. It 1is
also used as a dlagnostic tool in combination with pressure and velocity

measuring instrumentation to check subslab and or wall communications.
3.4 MITIGATION MATERIALS
The following is a list of the materials used for sealing cracks, heoles

, and

perimeter drains and for the installed subslab and wall ventilation systems.
3.4.1 Sealants

1. Geocel Construction 1200 high grade siliconized clear-acrylic
caulk was used for temporary sealing purposes ($2.00 per 10 oz
tube). It has a water based solvent and is non-toxic. It
withstands plus or minus 12.5% joint movement and has an installed

lifetime of 20 years.

2. Geocel Construction 2000 copolymer caulk ($2.50 per 11 o=z
tube) . This is a high stretech, self-healing caulk. During
curing, over exposure té solvent fumes may cause nausea, headache,
and fatigue, so adeguate ventilation must be supplied. It is not
recommended for use in living areas of homes and has an installed

lifetime 20 years.
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3. CGeocel SPEC 3000 single component urethane sealant ($3.00 pex
11 oz tube). This sealant cures to high-grade urethane rubber

with excellant adhesion. As with most of these products, skin

fuds

irritation can occur and pulwonary sensitization may cceour in some

ol

Re:

e
4]

individuals leading to asthmatic spasm pirators with organic
vapor cartridges should be used. If significant quantities are
being installed, 1local exhaust should Dbe wused to prevent

aecumulation of fumez., Use indeoors should be limited.

4. Vulken one part flowable urethans sealant ($10.00 per quart

tube) . This sealant is wused to seal cracks and as the sealant

0

over various perimeter dr:

i

in mitigation systems. It has excellent

)

self leveling characteristics and adheres well to surfaces. Data

L

on solvent exposure has not arvived from manufacturer, but hazards

are probably similar to SPEC 3000 and same cautions should apply.

5. Tremco THC-900 two part flowable urethane sealant ($49.10 per
1.5 gallon). This sealant is used in soms applications as Vulken
sealant. This material may be mixed before application. It can
be applied with a bulk caulking gun or poured into place. The
unit cost is about 20 pevcent less than quart cavtridges but
careful caleulations of required wmaterial must he dons because
once mixed, the material has only a two hour pot life. A coloring
agent must be mixed with the material, which allows matching
surface coloration, Hazards bulletins have not avcived from

manufacturer, but product hazards are probably similar to

SPEC 3000,

6. Polycel Cne expanding foaw sealant ($5.00 per 1b. in 16 1b
tanks) . This sealant 1is wusged to fill holes and openings with
dizmeters <3 in. It must oot be left exposed in living space
because of flammability. Lt has excellent adhesion and void

filling characteristics.
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Other Materials

1. Backer rod. This is a closed cell foam rod available in
diameters from 1/4 in. to 2 1/2 in. 1t is used to f£ill large
cracks or to close off perimeter drains before applying flowable

urethanes or other sealing materials.

2. Pipes. 4 in. sewer and drain (S and D) pipe with associated
elbows and tee's were used for radon mitigation primarily because
they are commonly available, inexpensive, and, therefore, readily
available to the public. Where more structural strength was
needed, 4 in. PVC pipe was used. The pipes were fitted with

adjustable dampers in all the main lines.

3. Fans. Kanalflakt (6 in) centrifugal duct fans ($110) were
used. The plastic T2 fans were installed in Houses #1, #3, and #7
and metal K6 fans were installed in Houses #4, #5, and #6, We
have found that the plastic fan gave higher air flows in 4 in.
pipe than the metal fans, more closely approximating the
Kanalflakt specification of 200 cfm at approximately 100 Pa static

pressure in 6 in. pipe.

3.5 CONSTANT CONCENTRATION TRACER GAS SYSTEM

The constant concentration tracer gas (CCLG) system is wused to measure
infiltration rates into multiple zones inside buildings. The method consists
of injecting a required amount of the tracer gas (SF6) into each monitored
zone - to maintain a target concentration (i.e., about 100 ppb) in all the
zones. By keeping the concentration constant, the air infiltration rate into
each zone is simply equal to the tracer injection rate for the zone divided by
the target concentration. The constant concentration method has the advantage
of providing a continuous measure of iInfiltration flow rates in a multizone
building using only one tracer gas. The number of zones is only limited by
the length of time needed to read a sample’and the capabilities of the sample

and injection systems. While the CCTG system normally measures infiltration



e 3 v - g PR — o R - PR 1 |-
of certain interzone rates are possible by

discontinuing injec

in ordev to

of an clectron
valve

[y
L8

time

and

to  complete

the reduced

o
s5ed

by

art of the cycle and can continue until the last hal

The injection is follewed by proes

of a2 =zecond.

After the cyecle ig complete the system repeats the proced

all the zones the process

inute) and the number of

m

pe ng only a single

7
=

jny
el
I

of the zone, & vstem performs an

>4
injection into every zone during each 60 second cycle. Itiis method more
closely approximates constant injection. At the end of each hour of operation

the average concentration,




3.7

and the estimated average infiltration rate are storved to a disk file. Recent
modifications to the system allow the user te interactively graph this data on
the screen or access the data via modem communications from a remecte locatioun
while continuing the normal operation of the system. In addition, the system
records hourly measures of the concentration of a veference tank to adjust for

the drift of the gas chromatograph.

3.6 PERFLUQCROCARBON TRACER GAS SYSTEM

The perflucrocarbon tracer (PFT) gas system uweasures average alr flow
rates 1in multizone buildings. This technique measures both infiltration and
interzone air flow rates using passive scurces and samplers. The governing
equation for the level of concentration of a tracer gas (TG) in a single

well-mixed zone is given by:

V-dC/dt = 8 - F-C

where:
V = voluwe of the zone (liters,L)
¢ = concentration of the Tracer Gas (nL/L)
F = jafiltration rate (L/h)
S = tracer gas emlssion rate (nl/h)
For typical PFT measurements (i.e. testing periocds over a couple of days) the

derivative term becomes small compared to the right hand side of the equation
and S is approximately constant. Thus, the average 1iunfiltration rate is
approximately equal to the product of the source emission rate and the

integral of the inverse of the concentration.
= .-l
F = (8/4e) * C "dt

For typical winter time situations when large variations due to window
openings are not commoun, the integral of the inverse of the concentration is
well approximated by the inverse of the average concentration multiplied by

the sample time.



[ Q/c)dr = A/t

Note that this approximation does result in a biased low estimate of the
infiltration rate. The depgree of the error is dependent on the relative
magnitude of the imfiltration rate fluctuation. With these approximations the
air infiltration rate is equal to the tracer gas emission rate divided by the

average concentration,

The tracer gas source is provided by liquid TG contained in a bullet-
sized, metal canister that diffuses through the rubber cap of the canister.
The diffusion rate is independent of time but exhibits a strong temperature
change of 4-5% per degree Celecius. The emission rate is adjusted from its
calibrated rate at a standard temperature using the measured average
temperature of the zone. The average concentration of the TG is measured
indirectly using a small glass tube containing carbon (Ambersorb) pellets.
During sampling, one end of the glass tube is left open and the other closed.
The TG in the air slowly diffuses into the tube and is trapped by the carbon
pellets. At the end of the sample pexriocd, the open end of the the glass tube
is capped and the tube brought back to the lab. The TG trapped on ths carbon
is released by heating the tube and the volume of the TG is measured by gas
chromatography. The average concentration of the TG during the sample period
is computed from the measured volume of TG, the diffusion rate, and the sample

time.

For multi-zone measurements, a different type of TG source is placed in
each zone. The governing equation for each TG in each zone is established by
considering the convective movement of the tracer gases between the zones and
to the outside with the derivative term again assumed to be insignificant.
Using these equations, those for the conservation of flow into and out of the
zones, and the measured concentration and source rate of the tracers, the
infiltration, exfiltration, and interzome air flow rates for each =zone are
compiited. For example, the following equations are for air flows in a two-

zone building.

F10o = (S1€22 - S2C12)/D
Fi2 = S2C12/D
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F20 = (S1C11 - S1621)/D
F21 = S1C21/D

Fp1 = $1(C22 - €21)/D
Fo2 = 82(C11 - C12)/D

Fij = air flow from zone i to zone j,
Cij = average concentrations of TGj in zowve j,
Si = TG emission rate of TGi,

0 = oputside,

1 = basement,
2 = main floor,
D= C11€22 - C12C21

The Princeton radon group presently has the capability of wusing three
perfluorocarbon tracer gases [perfluoromethyleyclopentans (?MCP),
perfluoromethyleyclohexane (PMCH), and perfluorodimethylcyclohexane (PDCH)].
The equipment has been installed so that esach of thea seven test houses has an
emitter for’approximately every 50 cubic meters of volume. PMCH is placed in
the basement, PDCH on the first floor, and PMCP on the second floor (if there
is oné). House #6 1s the exception to this arrangement. In this house, the
basement, crawlspace, and above ground living space are considered to he three
separate zones. There are a minimum of two samplers in each =zone and, in
addition, each house has one replicate and blank. The sampling is usually

performed over two week periods.
3.7 SOIL PERMEABILITY MEASUREMENT DEVICE

The following lists the components of the soil permeameter and its
operation. Figure 3.1 displays a simple schematic of the soil permeameter.
3.7.1 Components
1. No. 3 Cylinder of Dry Air.

2. Matheson model 8-590 regulator.
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3. Circle Seal model no. MV 92T1-1PP micrometer needle control valve.
4, Flowmeters.

a. Porter Flowmeter model PNB-125-10A with 1 glass and 1 stainless
steel float,

b. Porter Flowmeter model PNB-125-30 with 1 glass and 1
stainless streel float.

¢. Porter Flowmeter model PNE-125-40 with 1 stainless steel and 1
tantalum float.

d. Gilmont Instrument Co. model PNF 3060 shielded microflowmeter
with PNF 3080A statlc eliminator and synthetiec ruby float.

5. Dwyer Instruments Magnehelic Diffecential Pressure Gauges.
a. Model no. 2000-60; 0-60 Pa,

b. Model no. 2000-125; 0-125 Pa.
c. Model no. 2000-500; 0-500 Pa.

3.7.2 Operation of Permeameter

The following ocutlines the procedure used in this study for measuring
s0il permeability. Calculations and experimental results are prezented in
Section 6. The 47 in. long pipes weve left in the ground and capped for the
duration of the field work. These pipes were used both for s0il permeability

measurements and soil gas grab samples.

1. Dvill a 47 in. hole using a rotary hammer drill and a 5 ft,
modified, 0.5 in. diameter concrete drill. Check soil
characteristics on drill bit at removal.

2. Insert a 47 in., 0.25 in. galvanized pipe 41 1in. into hole
using a 53 in. bammer shaft inside pipe. This leaves 6. in space
open beneath end of pipe. (Protect the threaded end of pipe with
a pipe coupling.)

3. Remove the pipe coupling and install a 0.25 in. pipe tee.

4., Connect the regulator to the air cylinder and the line between
regulator and flow control valve on permeameter pavel. Open aly
cylinder and adjust regulator to about 15 psig.

5. Choose a flowmeter and comnect the line from control valve to
the inlet of the flowmeter. Connect the outlet of flowmeter to one
leg of the tee on the pipe and connect other leg of the tee to a
0-500 Pa gauge (see schematic).
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6. Adjust the control valve to achieve 250 Pa and read the flow
on the flowmeter. Repeat 2 times. Repeat these measures for 50
and 10 Pa conditions.
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Table 3.1. Typical Indoor Monitoring Package

__Monitor Location{s) ~No. Sites
HModen Hayes 1200 Basement 1
Data Logger Campbell Scien. Basement 1

21x%

Radon Wyenn Chamber Upstairs, Basement 2-3
(Crawlspace)
Total Eberline WiM-1 Upstairs 0-1
Progeny (inteomittent)
Differential SETRA 261-1 Basement-Subsiab® 1-2
1
Pressure Basement-Upstairs® 1
Baszement-Cutdoor®© 1
Temperature RTD Probe Upstairs 1
Outdoors 1
Basement 1
Rel. Humidity  Electronic Basement 1
Soil Moisture Conductivity Oucdoor Soild 1

Block
2 Typically manifolded to 2 subslab locations
b Typically manifolded to 2 upstairs locations

¢ Typically manifolded te 4 outdeor locations, one on each side of
the house near ground level.

d Little credibility is ascribed to this measure without substantial
characterization of operation characteristics.
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Table 3.2. Weather Monitoring Package

Parameter

Monitor

Data lLogger

Rainfall

Barometric
Pressure

Wind
Direction

Wind Speed

Temperature

Rel. Humidity

Radon Flux

Campbell Scien.
21X

Tipping Bucket

Sierra/Misko

Campbell Scien.

Campbell Scien.

RTD Sensor
RTD Sensor

Electronic

Wrenn Chamber?

13

Location(s)

OQutdoor Station

Outdoor Station

Outdoor Station

Qutdoor Station

Cutdoor Station

Qutdoor Station
Soil

Outdoor Station

Outdoor Station
Side of House

2 Wrenn chamber inside inverted can with temperature/RH senscr and
partially controlled air exchange rate
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4, DIAGNGSTIC PROTOCOLS AND MEASUREMENTS

One of the principal objectives of the Princeton/ORNL research effort is
to reduce the costs of, refine, and shorten the diagnostic protocols used in
the LBL research effort, with the ultimate goal of creating a procedure more
useful to private mitigators. The following section describes our research
concerning pre-mitigation, mitigation Iinstallation, and  post-mitigation

diagnestic measures.
4.1 PREMITIGATION DIAGNOSTICS

The initial pre-mitigation diagnostic tests on six of the seven
Princeton/ORNL houses (sxrcluding the Control House #2) were performed in
NHovember and early December of 1986. Three members of the Princeton team
spent a day in November, 1986, with the LBL team observing and participating
in LBL pre-mitigation diagnostiecs in one of the LBL test homes. At that time
it was uncertain which measurements were meaningful predictors of the type and
configuration of mitigation system needed. This knowledge has evolved during
the study as we have evaluated the results from--and usefulness of--each
measurement. The preliminary Princeton diagnostic protocol of 11/86 (i.=.,
Table 4.1) 1is thus a modified version of LBL’s initial protoecol, with some
meagurements deleted or modified, and others added.  Additional streamlining
of the protocol was made before our diagnostic visit to the control house in
April, 1987 (Table 4.2). The preliminary protocol will be discussed first.

It differs from the LBL protocol in the following ways:

1. The working assumption in our test homes was that the radon
was entering either by soil gas transport or possibly from ground
water. Therefore, surface flux measurements to determine if radon

was emanating from building materials were not performed.

2. Fewer diagnostic test holes were drilled through  the
substructure than in the LBL homes. Our procedure iteratad
towards an optimum minimum number which would give information

sufficient to design a mitigation strategy properly.



3. Grab samples of radon were cbtained at selected test holes
under ambient conditions and under -10 Pa depressurization; these
megsurements were accompanied by measures of pressure differential
across--and air velocity through--each test hole. These combined

measures gave an indication of the radon flux at the selected test
(i.e., -10 Pa depressurization).

4. An infrared scan of each test home was performed to look for
leakage points in the building shell and to evaluate the

usefulness of this technique as a diagnostic tool.

The data form fov the diagnostic protocol used during the initial pre-
mitigation diagnostics on Princeton/ORNL test Houses #1, #3, #4, #5, #6 and #7
during 11/86 - 12/86 is given in Table 4.1. The procedure for performing most
of these tests have been explained by Turk, et al., in an Interim Report on

Diagnostic Procedures for Radon Control, ' and will not be repeated here.

A brief description of the raticnale behind each wmeasurement and
evaluation of 1its wusefulness 1in choosing a mitigation design follows. The

discussion follows the protocol given in Table 4.1.

Soil gas radon content determined from grab samples and soil gas
permeability were recorded at onme location on each side of each house. (See
Section 6.2.5 for more eon soil characteristics at the test homes and specifics
on ecampling procedure.) High =so0il permeability and high radon gas content
implies an area where radon transport can be significant. These measurements
give information on whether particular sides of the building structure might
be favored in the transport of radon-laden soil gas iIinto the bhuilding.

Mit

)

gation systems such as subslab or wall ventilation could then be designed

to exert a greater force on those areas.

Ambiguities in these measurements arise because the soil characteristics
at our test home locations are variable on a scale of feet. Backfill (i.e.,
new, foreign soil) mnear a building structure can also complicate the

interpretation of the soil gas measures. It will be interesting to compare

ES



our data with the more extensive soil gas and permeability mapping done at the
LBL seven test homes to determine the number of measurement locations required
to generate predictions that are useful for mitigation design. We do not feel
these measurements have been characterized or understood well enough to
determine successful mitigation design, and do not recommend they be wused by
private mitigators at this time. The final report on the l4-home study may
have more information on the use of soil information in radon diagnostiecs, but
at the moment these measurements are primarily of research interest for
understanding radon availability and transport. We are still in the discovery
phase of so0il characterization and 1its importance in either designing
successful mitigation or understanding the expected severity of a radon
problem in a building near or on the spot where the soil measurements were
made. It is suggested that such studies could be coupled with other localized
geological investigations (e.g., ground penetrating radar) to shed more light
on availability and transport.

The visual inspection of each house using a LBL questionnairel

was very
useful for spotting obvious possible radon entry points such as a sump,
perimeter drain, and cracks, and for inspecting the duct }system and finding
leaks between the substructure and iiving area. These characteristics affect
the design of a mitigation system. The questicnnaire 1is being shortened
considerably and will be part of the diagnostic protocol form we will submit

in the final report.

The natural (i.e., ambient) condition air grab samples of greatest
utility were the comparisons of bathroom air before and after a 10 minute hot
shower operation., The only house which showed a significant difference
between the two was House #4, which also was the house with the highest well
water radon content (see Section 6.1). This is a useful diagnostic tool for
quickly getting an indication of whether the ground water is a possible source

of indoor radon.

Grab samples of air from various rooms under natural conditions give some
indication of the radon distribution throughout the house and may, in special
cases, target specific locations in the building as being particularly high in

radon  concentration. In general, however, one should rely on either
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integrated or real-time radon measurements to determine whether a building has

a vradon problem, We kinow, from this study and others, that the radon
concentration indoors can wvary counsiderably on a daily  basis, see

Section 6.5.2, sec that grab samples of room air should unly be used with this

caution in mind.

To map the vyadon concentration distribution under and around the

substructure test holes were drilled in the fleor and wall for taking grab
7 o

samples. These holes should be plugged immediately after drilling (with a

removable plug) and allowed to equilibrate for at least 1 hour before grab

4
RN

amples are obtained. Ideally, they should be drilled the day before. The

numbher of test holes needed will be digscussed below.

A blower door is used to mechanically depressurize the substructure to

-10 Pa to siwulate the worst of winter conditions (i.e., the stack effect).
Grab samples obtained under these conditions must also be accompanied by
weasures of pressure differentials across--and air velocities through--the
test bholes in order to correctly compare with the ambient condition grab
samples. These measuvements give an estimation of the change iu radon flux
e radon concentration times air veleocecity) through each hole under ambient

vs depressurized conditions. Our diagnestic measurements showed that this
value usually decreased with time during constant depressurization, presumably
due to two mechanisms, depletion and dilution. The reservoir of radon-rich
s0il gas under the slab may be depleted during substructure depressurization.
At the same time, the increased pressure field in the soil draws on more area
and thus more soil gas, potentlially diluting any concentrated radon source
aveas (e.g., the reservoir for soil gas under the slab). The blower-door
diagrostic technique may prove useful as a research tool for determining the
optimum operational flow requirements of a subslab and/or wall ventilation
system. We do not recommend this technique as a mitigator’'s tool at this

tiroe .

Infrared scenning of interior surfaces is a diagnostic technique used to
uncover air leakage sites and air flow patterns within the building. Outside
air is normally a different temperature, colder or hotter, than interiox

surfaces. When this outside air enters the building it alters the local



surface temperatures and thus can be detected with an infrared scanning device
which 1is sensitive to small changes 1in surface temperature. Air flowing
upward in the home from a cooler or warmer basement environmment again results
in alteration of interior surface temperatures. If the blower door is used to
increase the upward air flow (operating upstairs in the depressurization mode)
the ailr path is made even more evident. Since this is likely to be a pathway
for radon transport, the IR technique can prove wuseful in identifying such
radon paths as well as evaluating how well separated the living space is from
the basement/crawlspace. This diagnostic technique would be helpful for
designing a basement pressurization system by pinpointing areas that should be
sealed. The drawback of this technique is that an infrared scammer may not be

available, and it is expensive to rent or purchase.

Pressure differentials are measured across the test holes as applliances
and air bhandling systems (i.e., with and without furnace combustion) are
cycled on and off. This test helps determine the contribution to basement
depressurization (and thus enhanced soill gas entry) attributable to the
operation of each device. These measurements are wuseful feor determining

whether makeup =2ir supplied to one of the combustion appliances may help

L

alleviate the contribution of the appliance to basement depressurization,.
These measures also help determine the minimum pressure field that must be

maintained by a subslab or wall ventilation {(mitigation) svstem.
: )]

The final measurement in our preliminary diagnostic protocol,
basement/subglab and basement/wall air communication checks, is one ¢f the
most powerful diagnostic tools for determining whether subslab or wall
ventilation will work. During subslab depressurization, using a vacuum
cleaner attached to a centrally located 1 1/2 inch hole drilled through the
slab, pressure differentials and air velocities through the test holes are
measured. Large differential pressures across--and large air flows through--
the test holes indicate good communication between the suction point and test
hole. If the pressure and air flow field is extensive enough across the slab
and wall areas (at least +1 Pa Basement-Exterior pressure difference), then
zubslab ventilation is a viable mitigation choice. 1If the centrally located

hole does not communicate with the entire substructurs arvea, multiple
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penetrations may be necessary. We are in the precess of quantifying what each

of these communication measurements detervmines.

The Princeton diagnostic protocol for pre-mitigation diagonostics as of

April, 1987, is given in Table 4.2. This is a revision and shortening of the

nrevious protocol Dbased on eavaluation of which wmeasurewments gave  us

Ltilgation selection and design. The Apvil, 1987,

information useful for

version was wused in pre-mitigation diagnostics oan our control home
b

The procedure begins by drilling a limired number of test holes in the

basement slab and walls, with more being drilled later only if communications

are peor and more extensive pressure mapping is necessary to determine whether
more suction peints will evhance the performauce of subslab or wall
veuntilation, Grab samples 1In test holes ave performed under ambient

e}

nditions only, and the -10 Pa depressurization test has been omitted. The

Iy

ompunication tests arve performsd using a variable-speed wvacuun cleaner to

<

etter simulate pressure/flow  characteristics of commonly used duct

=

ventilation fans (e.g,, Kanalflakt ¥6 as nstallead). This alleows for an
evaluation of communications under conditions more closely matched to those of

a subslab or wall ventilation wmitigation system. Please consult the form

1

;iven  in Table 4.2, which is fairly self-explanatory, for further indications

o

o)

f how these procedures have been shortened, Further revisions will cone in

the final report.

4.2 MITIGATION INSTALLATION DIAGNOSTICS
The permanently installed mitigation systems in the seven Princeton/ORNL
hoemes  were subslab, wall, perimeter drain, ov drainage tile ventilation

systems, all designed to either pressurize or depressurize the air/soil/rock

zone imnediately outside the below-grade boundary of the basement or
crawlspace. See Sectiocn 5 for detailed discussicn of the wmitigation systems

employed in the study homes. The discussions on mitigation installation and
post-mitigation diagnostics which follow will focus on these four types of

mitigation systems.
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Diagnostics performed during mitigation installation focused omn
confirming that the installed system performed adequately. To aid in the
refinement of these systems, simple dampers were Installed in each independent
pipe and wvariable speed controls were installed on the fans. The following

checks were performed after installation was completed.
1. Turn fan on maximum speed.
2. Open all danmpers. -

3. Record the air velocity at the center of each independent
pipe. If there 1is flow in all pipes, leave the system in this
configuration for at least 1 week to check the performance. (In
our case, performance is checked by monitoring all the parameters
that are being recorded continuously.) If no flow is recorded in
any one of the ventilation pipes, adjust dampers until some flow
(at least 0.25 m/sec in a 4 in. pipe) can be measured. If
adjustment of the dampers does not solve the flow problem, recoxrd
the pressure differences between the basement or crawlspace and
the inside of each independent pipe, and record the performance of

the system for one week.

4. Use a tracer gas, (e.g., freon and a standard freon detector
available in HVAC contractor supply stores), to check that no exit
air is either leaking through any of the joints in the pipe or
around the fan, or flowing back from the outside intc the basement

or crawlspace.
4.3 POST-MITIGATION DIAGNOSTICS

Post-mitigation diagnostics were performed throughout the winter and
spring of 1987 for the purpose of optimizing the efficiency of the radon
mitigation systems, and, in the cases of Houses #1, 5, and 6, to improve the
effectiveness of the radon mitigation system itself. The results of these

studies will be given in the final report.
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Table 4.1. Preliminary Princeton Pre-Mitigation Diagnostics Protocol (11/86)
SOILS
1) [ ] Soil gas grab samples

2 [ ] Soil gas permeability

BUTLDING STRUCTURE
3) [ ] Visual inspection guided by 1LBL questiommaire

4y [ ] Natural condition, air grab samples (Lucas cells)

[ ] Level 2

[ ] Levell

[ ] Basement, each unique zone

[ ] Outside air sample, include: [ 1Temp [ [Windspeed
(]

Clesed bathroom, 10 min. shower operation
5) [ ] Drill test holes in floor & wall

general guidelines: o Wall holes - 1/2 in. Dia.
o Flcor holes - 1/2 in. Dia.

(note: plug immediately after drilling with flagged Mortite)
6 [ ] Lucas cell grab samples of selected test holes under ambient
condition. Record pressure differentials and air velocity.
7 [ ] Start Data Logging on one minute interval
[ ] Synchronize all clocks
8) [ ] HMechanical depressurization - 10 PA
Tucas cell grab samples
Firred wall cavities
Block walls
Floors
Cracks

Service openings
Test holes

9) [ ] Blower Door Tests (use ASTM 779 std.)

Whole house {interior doors open)
Basement/crawlspace closed off
Interior breakout (closing doors)
Basement only (where feasible)

o r— e
[ Wy S
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Table 4.1. Preliminary Princeton Pre-Mitigation Diagnestics Protocal
(11/86), continued.

10) [ ] IR scan of each room

11> [ ] Appliance cycling - substructure measuremernts as appliances
are cycled ON/OFF

[ 1 Clothes dryer

[ 1 Exhaust fans

[ ] Furnace: [ ] Combustion air only

[ 1 Fan only

[ ' 1 Both above

12) [ ] Basement/subslab and basement/wall communication using
vacuum cleaner. Drill central 1 1/2 in. diameter hole and
and attach vacuunm cleaner.

['] Check pressure differentials in test holes

[ ] Check air velocity through test holes
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Table 4.2 Princeton Pre-Mitigation Diagnostics Protocol (April 9, 1987)

Building Structure

1) [ 1 Visual inspection of interior and exterior building with
questionaire.

Building Dynamics

2) [ ] Drill test holes in floor and wall. One hole into subslab
in each corner 1 meter from wall and 1 hole cantrally located. One hole into
each interior of hollow block walls centrally located on each wall, or 30
feet apart if wall is extensive.

General guidelines: o Wall holes 1/2 in. dia.
o Floor holes 1/2 in. dia.
Drill after test #2 below: o One floor hole 1 1/2 in. dia.

Note: Plug immediately after drilling with flagged Mortite. If possible,

drill all holes except the 1 1/2 in. hole at least 1 day before other diagnostic
tests to allow substructure air to come to an equilibrium. The 1 1/2 in.
diameter floor hole should be drilled in the hottest area of the subslsb as
determined in the grab sample tests listed next. After drilling the 1 1/2 in.
hole, vacuum concrete dust from hole and wvisually check for gravel or ailr

gap under slab.

3) [ ] Grab samples of test holes under amblent conditions.

Note: If EDA-RDA radon detector is used, count samples 15 minutes after
collection for 2 minutes: pCi/L (to within 10%) = counts per 2 wminutes
counted 15 minutes after collecting. To minimize error in the above
approximation, always collect grab samples with filter in line to avoid
contaminating flask with particulates, and to assure sample collected is
primarily radon gas, with minimum progeny present.

4) [ ] Pressure differential measures across each test hole.

[ ] Determine air flow direction using a smoke bottle and
velocity using an appropriate instrument such as a warm wire anemometer.

5y [ ] Blower door tests:

[ ] Whole house with basement/crawlspace door open
(all interior doors open)

[ ] Whole house with basement/crawlspace door closed
(all interior doors open).

{ ] Basement/crawlspace only (where feasible). Pressurize
hasement to level over subslab pressure and calculate flow rate of air into
basement.  This will allow calculation of the amcunt of air flow into the
basement which is necessary for basement pressurization. Seasonal
variations in house leakage area should, however, be tasken into account.
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Table 4.2 Princeton Pre-Mitigation Diagnostics Protocol (April 9, 1987)
continued

6) [ ] Appliance cycling - Basement/subslab/wall/upstairs pressure
diffevential measurements as appliances are cycled on/off.

[ 1 clothes dryer
[ 1 exhaust fan
[ ] furnace - - - -[ ] combuztion air only
[ ] fan omnly
[ 1] both above.

7) [ ] Subslab-subslab, subsliab-wall, and wall-wall communication
using variable-speed, vacuum cleaner or portable fan suction device.

] check pressure differentials

] check air velocities

] check for gravel under slab

]  c¢heck for hollow areas under ths slab

Soil/Watex

8y [ ] Grab sample of room air in closed bathroom after 10 minutes
of shower operation.

9) Soil gas grab samples.

Note: if soil has a low permeability it is possible to draw a partial vacuuw
in the soil pipe apparatus. If this happens, make very sure there are no
leaks in the grab sample apparatus (to avoid outdeov aiyr intrusion) and let
it remain in place, with the ajir line open to the scintillation cell, until
the partial vacuum has disappeared and the cell is presumably full of soil
gas.

10y [ ] BSoil gas permeability.



5. MITIGATION MEASURES ADOPTED IN STUDY HOUSES

A summary of the Phase I and II mitigation plans for the six
ORNL/Princeton homes mitigated during the winter of 1986-1%87 is given in
Table 5.1. Figures 5.1 - 5.7 show the basement or crawlspace structure drawn
to scale with the configuration of the final mitigation system. The
mitigation plan for the control home, which will be mitigated in mid-July, is
shown in Figure 5.2, The numbers included in the figures are radon
concentrations (pCi/L) measured via grab samples of air from the subslab and
inmer  wall cavities under  ambient conditions during pre-mitigation

diagnostics.
5.1 PHASE I MITIGATION PLANS

Following are the individual mitigation strategies for initial mitigation
of sirx of the seven study homes. (The seventh home is House #2, the control
house, that will be mitigated in July.) These are the same descriptions that
were circulated to the sponsors and other members of the Piedmont study for
their approval before mitigation began last December (1%86), along with
sketches of the house substructure including the mitigation system (i.e.,
similar to Figures 5.1 - 5.7). These Phase I choices were also coordinated
with the initial mitigation plans for the LBL six homes to increase the
variety of systems in the combined study. Homeowners received a condensed
version of the mitigation plans in letters that are included in Appendix 9.2.
Preceeding the description of the mitigation strategy is a brief account of
the findings during our pre-mitigation diagnostic visit which led to each

mitigation choice.
5.1.1 House #1

Pre-mitigation diagnostics summary: The substructure (see Figure 5.1)
consists of a basement with hollow concrete block walls and a perimeter drain,
weep holes on the southern wall, a block drain system (i.e., wall block
extending several feet below slab level) on the northern wall, and a sump in

the northeast cormer. There is a family room and garage on a slab adjacent to
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the northwest end of the basement, which intersectis the basement wall about
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siz feet above the basement slab. A thick layer of aggregate was found under

the Tbaseswment slab, and good communication (i.e. air flow) was observed

sement.  Subslab to wall cowmunications

The highest radon concentrations that we found were under the basement floor
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and wall ventilation svstem was installaed; this was intended to ventilate the
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z under the basement slab and the wall between the family room and garage

e
and  the north (back) basement wall. This was accemplished by installing two

inte the Dblock walls, ones penetrvating the north wall near the

et /family room joint and the other penetrating the block wall which goes
between the garasge and family roow at the point where that wall intersects the
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wall under the basement stairs. A third pipe for ventilating
the basement slab was inserted thrvough the center of the basement, and runs
along the center of the basement ceiling between the twe exiszting central air

ducts. Thess

n
e

pes were conmnected to each other and exited the basement
through the basement/garage wall and out the back garage rcef. All pipes were
installed with appropriate slope to maintain a continuous flow back of
accuimilated  condensation water towards the subslab. A Kanalflakt T2 plastic
fan was installed in the pipe system in the garage attic which pulled the soil
gas from inside the block wall and the gravel bed under the basement slab and
vented it to the outside. Standard 4 in. sewey and drain (S & D) pipe was
used throughout. At the point where the pipe enters the basement slab, a
roughly circular area 1 ft. in diameter was cleared of all existing gravel
and other subslab debris to increase the amcunt of open area to draw air
through. Dampers were installed in the pipes which allowed the basement pipe
and each of the wall pipes to be closed off completely. The fan was installed
so that it could he reversed, with a speed control switch installed in the

basement. The perimeter drain was not sealed initially.
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5.1.2 House #3

Pre-mitigation diagnostics summary: The substructure (see Figure 5.3) is
a basement with hollow concrete block walls, a perimeter drain and a sump in
the southeast corner. A garage on a slab on grade is adjacent to the basement
on the mnorth side. Good communication was observed between subslab points
within the basement, as well as subsléb to perimeter drain (i.e. the outer
edge of basement floor) and subslab to sump (i.e., point 3180 in Figure 5.3)
communication. Subslab to wall communications were not observed because of
the intervening perimeter drain. A layer of aggregate was found under the
basement slab. The highest radon concentrations were found under the basement
floor slab on the side near the basement/garage interface (see starred data in
Figure 5.3 taken under -10 Pa depressurized conditions). All the walls showed

similar concentrations with slightly higher  levels found in the northeast

basement wall (see point 270 in Figure 5.3).

Mitigation strategy (initial  phase): The excellent air flow
characteristics of the subslab (i.e., good communication) were taken advantage
of in the design of the mitigation system. A subslab ventilation system was
installed with two pipes inserted Into the slab 15 ft. 5 in. out from the
porth and south walls, respectively, along the center of the basement in line
with the lolly (i.e., support) columns. The two pipes coming out of the slab
connect through one elbow and one tee to a pipe running along the ceiling of
the basement between the existing supply and return heater duct system. This
pipe exits the basement through the basement/garage wall and out the garage
roof on the east side of the center peak of the roof. All pipes were
installed with appropriate slopes to maintain a continuous flow back of
accumulated condensation - water towards the subslab. A Kanalflact T2 plastic
duct fan was installed in the garage with a speed control switch installed in
the basement. The fan was installed so that it (and therefore the flow) could
be reversed to test the effectiveness of pressurizing wvs depressurizing the
subslab. Standard 4 in. S & D pipe was used throughbut, At the point where
the pipe enters the basement slab, a roughly circular area 1 ft. in diameter
was cleared of all existing gravel and other subslab debris to increase the
amount of open area to draw air through. Dampers were installed in the pipes

which allow each of the subslab pipes to be closed off completely. A
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Mitigation strategy (initial phase): A subslab ventilation system was
installed. This was acéomplished by attaching an alr suction system to the
sump (and therefore the drainage tiles) on the south side of the basement
(near the furnace). The sump was covered and a 4 in. S & D pipa exits the
sump cover, extending to the ceiling and passes out of the basement through
the west wall. A Kanalflakt K6 duct fan was installed in the center of the
horizontal pipe before the basement exit point, with a variable speed gwitch
installed in the basement. The pipe was installed to allow a continuous flow
back of accumulated water towards the subslab. The basement exit was through
a masonry hole 1in the block wall. The vent pipe on the outside of the home
exits the substructure at the west side of the house, where there are 1o
windows, to avoid back flow into the house. The second sump in the NW corner
of the basement was covered with a sealed sheet metal cover. Both sumps had a

submersible sump pump with a check walve installed.

The north sump, which is not the one we are pulling air through, has a
pipe attached to it which is vented to the outside about 100 ft. to the front
of the house. Despite this, our measurements have shown that this particular
sump communicates well with the adjoining basement walls and subslab,
primarily through the drainage tile system under the substructure, The
outside vent has been left open during the operation of the mitigation system,

which has remained effective in reducing the radon to acceptable levels.
5.1.4 Bouse #5

Pre-mitigation diagnostics summary: The substructure (see Figure 5.5)
consists of a basement with hollow concrete block walls, a perimeter drain,
and a sump in the northeast corner. There is a garage on a slab on grade
adjacent to the basement on the north side. A thick layer of aggregate was
found under the basement slab, and good communications were found between
subslab points as well as between wall points. The highest radon
concentrations we found were in the sump and the large crack in the center of
the basement floor (see points 1470 and 280, respectively, Figure 5.5). All
the walls showed similar concentrations with slightly higher levels found in
the north basement wall (see Figure 5.5.). House #5 was the tightest of the

seven houses in the ORNL/Princeton study. (None were very tight; see
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discussion on blower-door measurements Iin Section 6.2.) It was therefore
decided to try a basement pressurization system in this house, even though the
central air handler system maintained a slight depressurization of the
basement. The blower-door measurement showed that, with the air handler off,
a flow of 200 cfm would give about a 5 Pa basement pressurization over the

outside pressure.

Mitigation strategy (initial phase): A Dbasement pressurization system
was installed, with the intention of maintaining a slight positive pressure in
the basement to prevent the radon gas from entering the substructure. The
sump and perimeter drain were not sealed initially. A Xanalflact K6 fan was
installed on the basement side of the block wall between the basement and
garage, with a variable speed switch in the basement. At the request of the
homeowner, the mount was on the east side of the garage/basement wall as near
the corner as possible. The air intake into the basement from the garage was
at the point where the pipe comes into the garage through the block wall.
(Again, this is at the homeowner’s request. They did not want the intake at
the ceiling of the garage because they felt it would be too ugly and didn't
care about the difference between the quality of a2ir at the bottom of the
garage vs. the top.) Construction was with 4 in. S & D pipe throughout, with
the ceiling pipe structure installed =zo that it could be easily converted into
a subslab ventilation system (phase 2, see Figure 5.5). Air was piped into
thiee different locations inside the basement to better regulate the
pressurization of the basement. Dampers were installed 1in each independent
pipe to better control the alr distribution. The ceiling pipe, which extends
down the center of the basement, ended between the fourth and fifth lolly
column from the basement/garage wall. The pressurization system failed
becauge the metal K6 fan could not maintain sufficient pressure differential
between the basement and outdoors locations. (This 1initial system was
followed by extensive sealing and finally a subslab ventilation system with a
perimeter drain duct, which was very effective at ventilating both the subslab

and hollow block wall air, see Figure 5.11).
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5.1.5 House #6

Pre-mitigation diagnostics summary: The substructure (see Figure 5.6) is
a basement and crawlspace with hollow cinder-bleck walls separated by an
interiocr hollow cinder block wall with a small door between the two spaces. A
layer of aggregate was found under the crawlspace slab and aggregate with some
dry mud silt in it was found under the basement slab. Good communication was
observed between different points under the crawlspace slab as well as between
most points under the basement slab. No communication between the basement
and crawlspace subslab areas was observed. No communication between either
the basement subslab and the walls or the crawlspace subslab and the walls was
observed, The highest radon concentrations we found were under the basement,
the connected workroom, and the crawlspace slabs, with the west side of the
crawlspace showing the largest wvalues. The walls all showed  similar
concentrations with slightly higher values observed in the northeast basement

wall nmext to the garage slab (see Figure 5.6).

Mitigation strategy (initial phase): A subslab ventilation system was
installed to ventilate the area under both the basement and crawlspace slabs.
The initial installation consigted of two pipe penetrations into the slab in
the crawlspace and one pipe penetration into the slab in the basement. The
two pipes in the crawlspace were inserted into the slab 19 ft. from the west
and east crawlspace walls, and equidistant between the nmnorth and south
crawlspace walls. An area under the slab at the point where the pipe entered
the slab was cleared (approximately 1 ft. cubed, mushroom shaped) to increase
the amount of open area for the system to draw on. The two 4 in. S & D pipes
which penetrate the crawlspace flcor were connected to a 4 in. § & D pipe
which exits the crawlspace area through the cinder block on the east wall near
the furnace, and extends across the basement ceiling on top of the existing
ceiling facade. Schedule 40 PVC pipe was used on the basement side of the
manifolded system for support. The hole through the central basement slab was
made at the location labeled 4900 in Figure 5.6. These pipes were connected
to a common pipe which exits the basement on the north side of the east wall,
runs behind the existing duct along the ceiling in the entrance room, and
through  another wall into the storeroom. It exits the storercom through the

ceiling, into the attic, and out the roof on the north side of the garage.



All pipe was installed to maintain a continuous flow back of accumulated water
rowards the subslab. A Kanalflakt K6 duct fan was installed in the attic. A

¢ fan spead control was wounted 6 ft. up in the storercom next to the

garage.

Note: House #6 had twe hear recovery ventilators installed bhefore our

study began. Ons was in the basement and the other was in the crawlspace. ¥

4
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have evaluated the system with the HEV's both on and off.

-

5.1.6 House #7

Pre-mitigation disgnesztics summary. The substructure (ses Figure 5.7) 1

h

a hasement and craw

ion, connected by a partially cpened cindex

i
r2all, with hollow oinder block walls throughout the perimeter of the

substrmecture. The basement has a pevimeter drain aleng all four walls, and
one sunyp located on the easzt side of ihe basement/crawlspace wall. The

crawlspace has a perimeter drain slong the east and part of the south side
wall. ‘The rest of the pevimeter drain in the cvawlspace has previously been
sealed by the homeowner. A layer of aggregate waz found under both the
basement and crawlspace slabs. We ohbserved good communication between subslab
points within tha basement, but not between the basement and crawlspacs zones.

Subslab communication was obscured in the crawlspace because of short-

to the perimeter drain. Subslab to wall communications wers not

in either the basement or crawlspace because of the intervening

perimetey drain. We observed wall-to-wall communication within walls and
aveund single corners in walls in both the basement and crawlspace zones. The

radon concentrations were found under the bhasement fleoor slab, with

?
slightly lower concentrations under the crawlspace slab. All of the walls
shiowed similar concentrations with slightly higher 1levels found in the

4

southern crawlspace wall between the crawlspace and garage (see Figure 5.7).
P t

Mitigation strategy (initial phase): A subslab ventilation system was
lled to ventilate both the basement and crawlspace subslab and hollow
wall areas. Thiz was accomplished by installing a perimeter drain duct system
(sea, for example, Figure 5.11) for =szch of the crawlspace and basement drains

to allow for air to flow from the hollow wall and the subslab aveas to the
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perimeter duct drain. Each drain was capped so that they could act as a

6]

conduit, or duct system, for the soil gas to flow through. The cap wa
constructed from backer rod, cut in half to form a half moon shaped red, and
placed in the duct with the flat side up. Note that in basements #3 and #7 we
cut the backer rod in half as just described, to make a flat surface over
which to pour the urethane. A layer of pourable urethane caulk was used as
the sealant. Two suction pipes were installed into the duct system in the
basement, one in the center south wall and another into the (covered) sump in
the northeast basement corner. One suction pipe was 1installed in the
crawlspace, into the perimester duct system in the center of the north wall.
These duct systems were manifolded to a common pipe that exited the
substructure through the garage/crawlspace wall. The pipe exited the garage
through the roof on the west side of the house. A Kanalflakt T2 plastic fan
was installed in the pipe system in the garage attic to pull the air, or soil
gas, from the gravel bed and vent it to the outside. Standard 4 in. S & D
pipe was used throughout. All pipes were installed with appropriate slepe to
maintain a continuous flow back of accumulated water towards the subslab.
Dampers were installed in esach independent pipe to allow each pipe to be
closed off completely. The fan was installed so that it can be reversed, with

a speed control switch installed in the basement.
5.2 ©PHASE II MITIGATION PLANS

The following is a list of the order, with dates, that each step of the
mitigation was applied to each test home. Figures 5.8 through 5.13 show the
¢t on the radon concentrations in the basement and on the first floor dus
to installation and operxation of the initial mitigation system. Test Houses
#3 and #4 required the least effort to comtrol radon levels while House #6
required the mest. The final report will elabodorate on the results at =ach

step in the phased mitigation systems.
5.2.1 House #1
a) Install subslab ventilation through the center of the basement

slab and wall wventilation directed on the wall between the

basement and family room slab, with no sealing completed, {The



suction on  the north ocutside wall was closed off very soon after
ingtallation as no positive effect on veducing the radon levels
were observed from using this suction hole. It was installed
ahove grade, and thus pulled more on atmospheric air than inner

block aiv from seil gas.) 1/2/87 (Julian day 2) See Figure 5.8.

b) Seal cracks in wall between basement and family voom slab.

1,/26/87
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¢) Convert perimeter drain to a duct, seal sump and weep hole

2/18/87

d) Cycle fan on/off (several times throughout the winter and
spring) and reverse fan for subslab pressurization. (Presszurized

on 2/24 - 3/3/87).

2) Tune fan down stepwise Lo achieve most efficient fan speed.

f) Note: This house was lost as a study house on 5/15/87. (1t

went on the real estate marvket.)

2.3 House #3
a) Install subslab ventilstion with two penetrations into the
slab equally spaced aleng the center lolly column line of the
basement. Perimeter drain duct installed and sump sealed.

12/21/86 (Julian day 355) See Figure 5.9.

b) Turn fan off and open dampers to test natural ventilation rate

via the stack effect. 1/29/87 - 2/4/87

¢) Reverse fan for subslab pressurization. 2/204. - 2/25/87
(Note: the owner conplained of fan mnoise during subslab

pressurization, so only 1 day of data obtained).

d) Tune fan down stepwise to achieve most efficient fan speed.
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5.2.4 House #4

a) Install weeping tile ventilation, There 1is only one pipe
exiting the basement slab from the weeping tile system accessed
through the sump, so there are no dampers to adjust. With the fan
on full, acceptable reductions in radon are achieved. Princeton’s
temporary test system installed 12/15/86 (Julian date 349). A

plastic T2 fan was used. See Figure 5.10.
b) Install permanent system (using a metal K6 fan) 1/15/87.
¢) Reverse fan for subslab pressurization. 3/5/87 - 3/11/87.
d) Cycle fan on and off throughout the winter and spring seasons.
e) Install plastic T2 fan 6/30/87.

5.3.5 House #5
a) Install basement pressurization. At most only iabout 1 Pa
basement pressurization was achieved, and 40-50% reduction in
radon concentrations, due more to dilution than to successful

barrier formation from pressurization. 12/29/86

b) Seal basement/first floor openings. Install backer rod in

perimeter drain without pourable urethane. Seal sump. 1/7/87
¢) Seal perimeter drain with pourable urethane. 1/19/87
d) 1Install subslab ventilation with a penetration at the sump and

another one at the opposite corner through the perimeter drain

duct. 2/10/87
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. ) Installed additional 2 in. pipe into subslab in the basement,
Install a second fan in 1line in the entry room on 3/12/87 and
remove on 3/27/87. Permanent installation of the first 2 in. SSV

pipe on 3/17/87.

g) A second 2 in. pipe into the subslab 1in the basement was
temporarily imstalled on 3/20/87. The main 4 in. SSV pipe in the

center of the basement was disassembled that day.

h) Permanent installation of second 2 in. pipe on 3/24/87, with

balancing.
5.3.7 House #7

a) Install perimetey drain duct system in both the basement and
crawlspace with two pipe penetrations in the basement and one 1in
the crawlspace, with the exit pipes manifolded together with one
fan installed to ventilate the whole system. 12/22/86 (Julian
date 356) See Figure 5.13. Subslab wventilation has been analyzed

at varying fan speeds.

b) Fan off and dampers open to test natural ventilation rate,

2/18 - 2/25/87.
¢) Reverse fan for subslab pressuvization. 3/26 - 4/2/87.

In general, we have had success with subslab depressurization using
standard widely used fans; in some cases, fan speeds are adequate at as low as
20% of the full speed. We have also seen very effective reductions in radon
levels with the fan reversed and the subslab pressurized, but not quite as
good as in the depressurization mode. For example, at House #l we have seen
basement radon at an average of 40 pCi/L before mitigation be reduced to about
1 pCi/L with fan in the depressurization mode and to about 3 pCi/L with the
fan 1in the pressurization mode. These numbers are with the basement in its
final configuration of subslab ventilation system with perimeter drain duct

installed, as noted in the summaxy above.
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Table 5.1. Summary of wmitigation plans for the seven ORNL/Princeton homes

1.D.

[))

System 1

Sublab depressurization through the
center of the basement slab., Wall
ventilation directed on the wall

between basement and family room slab.*

Central subslab depressurization system

with one penetration. Seal sump.™

Central subslab depressurization system
with two penetrations. Seal perimeter

drain and sump.*

Subslab depressurization system by
ventingweeping tiles through south
sump .

Basemant pressurization. (Seal
leaks in basement ceiling.)f

Bagement/crawlspace subslab
ventilation. Heat recovery
ventilators tested with and

without slab ventilation system.™

Perimeter drain duct system installed

to enhance subslab depressurization
of both the basement and crawlspace
areas, exhause pipes, manifolded

together and exit through the garage.*

*Fan installed in garage attic.

tFan installed in basement.

System 2

Seal perimeter drain
sump, weep holes and
wall between basement
and slab.

Try two point penetration
for subslab ventilation.

Reverse fan for subslab

pressurization.

Reverse fan for subslab
pressurization.

Seal perimeter drain and
sump. Subslab ventilation.
Additional ventilation
penetrations required.
Reverse fan flow and
pressurize subslab area.

Reverse fan flow for

subslab pressurization
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6. PRELIMINAR E-MITIGATION AND POST-MITIGATION MEASUR
preliminary  results ad trom the
fhese 7results will be analyze

rt and subsequent publications.

6.1 PRELIMINARY HOUSE CHARACTERTZATION DATA

A the
ORNL/Princeton study houses, including is

These data provide a summary of housz

, LVAQG

and scme preliminary data on

ventilation pavameters and radon =
6.1.2 Spectroscopy ¥
A combination of pressurized ionizaiion chawm
gamma radiation

emi-quantify gaoms

inside the study

property are given in Table 6.2.
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6.2

6.1.3 Geclogical Data and Report

A brief geological investigation of the test homes in the Clinton, New
Jersey, area was conducted as part of our site characterization studies. The
goal was a coarse geologic and radiological characterization of the formations
underlying the areas surrounding the seven study homes to assess their
potential as sources of envirommental radon. The complexity of the geology in

the Clinton area 3

precludes any definitive remarks about the geological
features underlying the study homes from our brief investigation. There 1is

clearly a need for further research.

The seven test homes are located at the southeastern flank of the so-
called Reading Prong or New Jersey Highlands. The region is composed of
numerous northeasterly trending, alternating ridges and valleys composed of
principally metamorphic (metaigneous and metasedimentary) rock. The geologic
ages of formations surrounding the study homes range from Triassic to
Precambrian (i.e., 180 million to 1 billion plus years old). The exact number
and precise identification of geologic formations in close proximity to the
test homes has not been determined. The "High PBridge" quadrangle, for
example, has not been thoroughly mapped by the U.S. Geological Survey (USGS)
due to the complexity of the geology and the amount of overburden covering the

outcrops contained within the quadrangle.

Houses #1 and #5 are identified from a geologic overlay of the New Jersey
Department of Environment Protection (DEP)a as resting on Martinsburg shale of
Ordivician age (i.e., about 500 million years old). However, these homes may
be resting on a limestone bed within the Martinsburg Shale formation as
reported by Banino et al. 3 Additional sampling and analysis is required in

this area.

Houses #4 and #6 are identified on the New Jersey DEP geologic overfl.ayl+
as resting on undifferentiated Precambrian gneissoid granites. Rock outcrops
surrounding House #4 appear to contain potassium feldspar {(orthoclase) as the
primary feldspar within the rock. Rock outcrops in the wvicinity of House #6&
appear to contain vlagioclase feldspar as the primary feldspar withian the

rock. 1In both cases the rock outcroppings are very heterogeneous with respect
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he total gamma measuves. Approximate order of magnitude wariation in

radionucleides were observed (see Table §.3). House #23 is lecated in an area
of undifferentiated Precambrian gneisses. The howe is in close proximity to

an  area that has been highly faulted according to a geclogic ovexrlay of the

New Jersey DEP. 4

Houses #2 and #7 are identified by the New Jersey State Geclogical Survey
as resting on the Triassic Brunswick formation. lthough there were no
confivmatory reck ocuterops in the area, excavated solls contaived pisces of

soft red shale gimilar to the description of the Brunswick form;tion.3 It is
hypothesized from U.S. Geslogical Survey data that the Brunswick, TLockatong
and Stockton formations lie in ovder of increasing depth in the arez of the

study homes.

The results of radiological analysis of soil samples taken frem (1) soils

excavated fovr purposes of burial of Track Etch cups at the study howres, ot

(2) outcropings rvepresentative of geological formations arve repovted in

Table 6.3 The data are subdivided geologically by the formations anticipated

to underlie the study homes. On-site soil samples

ium contents vanging from typically 1 te 2.5 pd

=

taken from reck outcvops range as high as 84 pCi/g.

content exceeds the Uranium Mill Tailings Rewedia

guideline) of 5 pCi/pg for surface contamination and 15 pCi/g for subsurfacs

contamination. >

Touse specific analysis of the so0il radiological data in Table £.3 yields
several points of intevegt. Representative offsite samples from a postu

zone of limestoone in the Martiosburg shale [ormation that 1is anticipated to
underly House #1 vyielded Z- to 4-fold higher radium content than soils from
nearvy zones. At House #4, it cau be hypothesized that the sampled tecok

outcrep on  the front the home with increazin

depth frowm the front te back yard. Both the rock/soil radium contaent

(Table 6.3) and gamma counts (Table 6.4) decyvease frem the cutcreop in the
front yard to +the backyard. Samples taken from Houses #4 and #5 and

representative (offsite)

content. Greater than order of magnitu



onsite-representative and front/back yvard soil samples and (2) between various
constituents of offsite precambrian gneissoid granites. Radium content of

soils taken from Houses #2 and #7 (i.e., presumably the Triassic Brunswick

formation) are fairly homogenous, varviovg from 1.4 to 2.3 pCi/g radium.
results are 2- to 5-fold highsr in radium content than offsite sa

Triassic Lockatong and Stockton formations.

Gamma scintillation and portable gamma spectrometer readings

These

mples of

were

obtained at (1) surface and subsurface Jlocations at the study homes where

holes were dug for the placement of Track Etch cups, and (2) locations

on/offsite representative samples were taken. A Victoreen Thyac IT11
scintillator and a Gecmetrics Exploranium GR410 portable amm
spectrometer were used.

The heterogeneity of soils anticipated from previous studies by

Department of Energy6

the soil analysas. Two to three oxders of magnitude wvariation in

the

are confirmed by the field gamma measurements as well as

radium

content 1s observed in samples of so0il and representative rvock outcrops

{
(Table 6.3). One to two orders of magnitude variation in total gauma

were also observed for the data set provide in Table &. 4. For House

fold variation in total gamma counts were observed betwesn surface m

and measures at 0.8 m. Eight-fold variation in surface gamma counts

1
:w

counts

, 20-

were

and backyard locations and a nearby offsite location at

House #6&. Varjations of 15-80 K counts and 5-40 K counts were ohserved at

individual outcrops onsite at louses #4 and #6, respectively ({Table

o

6.4,

AR

Including a radium-enriched Epler shale =zample from the Clinton quarry, 20-

fold variation in radium/thorium ratios are observec

The complex variability of geoclogical formations in the Clintor

’

area likely contributes to signficant home-to-home variations in indoo

levels. House #& 1is a specific example. Neighboring homeowners

T

1/4 mile away obtained chavrcoal canister vesults of 3 and 10 pCi/L.

within one set of properiy lines, 1 to 2 ovders of magnitude wvariati

radon
aboud

FEven

ons in

soil gas radon concentrations have been consistently observed (see Tahle 6.7,

£

Many macrvo--and micro--geological factors could p

e

AY
H

House #

these observations. Fov mple, there could be structural traps for uraunium



concentration (i.2., folds and anticlines), fault zones where uranium hasz been
concan ted, 1igneous intrusions within rock outcrops, variations in depth to

bedrock and underlying formations, pathways with varying transport wvelocities
for radon, and zonal distributions of uranium concentration caused by igneous

or mets

wrphic processes. Further research is proposed in particularly the
microgeological analysis of soils and soil/rock near the test houses to bastter
understand point-to-point variation in raden availability and transport into

the substructure.

6.1.4 Radon Analyses of Well Water

Well water samples from the five test homes which obtain their water from
wells were analyzed for their 222pn content using the method of R. M. Key,7

The analyses were performed by J. David Hohmann, under the direction of

R. M. Key.8 A sumnary of his findings are given in Table £.5. In several of
the bemes an interesting relationship is observed between 222pn  concentration
nd the anticipated, underlying, geologic formation, similar to that described

by Hess. 9 Ave erage vesults of 2800, 5800, and 25900 pCi/L were found in wells
of Houses #3, #6, and #4, respectively. These homes are anticipated to lie
over geologic formations of pre-Cambrian granitic rock. Houses #1 and #5 are
anticipated to lie over a Martinsburg shale formation and had lower

concentrations of 1300 and 800-920 pCi/L, respectively. The higher radon

concentrations in well water appear to be associated with the granitic roeck.
6.2 PERIORIC (NON-LOCGER) MEASUREMENTS

A variety of measurements have been taken periodically. These include
easures of total radon progeny, respirable particulates, multi-zone constant
concentration tracer gas analyses, additional house dynamics measures, soil
characterization data, instrument calibration data and perfluorocarbon tracer

data aud ars highlighted in the folleowing section.



A sunmmary of the total working level d-

collected fvom 10/86 to 6&6/11

are  listed in Table 4.5. A discussion of one week of this data compared to

o
logged parame in House #5 duving December, 1986, can be
sectice 6.0, Further analysis of these data is awalting final calibration of
the respeonse time of ihe working level monitors as compared to the Wrenn

calibration of the working level monitors is

on instrument calibration data.

(O
Particulate sampling and anaiysis in the New Jersey studies comsisted of
Loterwittent, week-long =sampling experviments for respirable particulates. A

particulate sampling unit developed by the Havvard School of Public Health
with —an  approximate 2.5 micron cut was used. The data, which are summarized

irn Table 6.7, has uot as vet been reiated to available radon and vadon progeny

e}

data. Evidences of smokers In lHouses #2 and #/ is evident; order of magnitude

higher particulate concentrations are observed in comparison to non-smoker
homss . Comparisons of particulate concentrations in basement and upstairs

locations are inconclusive.

6.2.3 Coumstant Concentration Tracer Gas Measurements

The CCTIG measurements have Dbeen focused on House #5. Infiltration
measuremenis were recorded hourly in two zones of the basement and seven zones
of the living space. The seven zones consist of two bedrooms, the den, living
room, dining room, kitchen, and the laundrv room. Also, since the mitigation
system was installed, the concentration immediately downstream of the
mitigation fan has been monitored. This measurement provides information on
the movement of basement air into the mitigation system.

The CCTG system was installed in louse #5 on October 28, 1986, and began
measurements oir November 5. It was in place until January 12, 1987, The new
veision of tle CCIG sysitew was installed on February 10, 1987, and began

operation on March 1 and has continued to monitor uniil the present time,



A second CCTG system was recently installed in House #7 on June 2 and
began taking measurements. The system measures infiltration in nine zones of
the house which consist of the basement, crawlspace, dining room, living room,
kitchen, two first flooxr bedrooms, and two second floor bedrooms. Similar to
House #5, the concentration downstream of the mitigation fan 1is being

monitored to study basement air flow into the mitigation system.

Figure 6.1 gives an example of one analysis derived from use of the CCTG
system in House #5. The top box plots the radon concentration in the basement
(solid line) and upstairs (broken line) for 8 days during Decewmber, 1986. The
ahscissa marks the Julian day. The second box plots the air changes per hour
for the basement (solid line) and the upstalrs (broken line). The bottom plot
shows the frequency of use of the central air heater fan in units of fraction
of time on per half hour data point. When the fan comes on the basenment,
depressurization is iInduced and an associated increase in basement ACH is
evident in the data. Associated with this is a consistent decrease in the
basement radon concentration due to dilution frem mizing the basement air with
the upstairs air as well as increasing the amount of air infiltration into the
basement. The awmount of increase of air infiltrating the basement from the
s0il gas versus the outside air is one factor determining the relative change

in basement raden concentration and is a subject of future investigations.

6.2.4 Blower Door Measurements

Blower door tests supply useful data on the general tightness of the
building envelope. By placing the blower door in different exterior doors and
performing the blower-door tests with interior doors open versus closed,
information on the distribution of the envelope air leakage can be obtained.
There are several ways of expressing the building envelope tightness; air
changes per hour (ACH), equivalent leakage area (ELA), or specific leakage

area (SLA).

The blower-door test determines the ACH by measuring the rate of air flow
through the building envelope over a range of inside-ocutside pressure
differences. A pressure difference of 50 Pagscals (Pa), oxr 0.2 in. of water,

has become one standard point of comparing one building to another. This
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ared -3 ACH as very The blower-door data i Table 6.8 sug

rone  Gbothe dqoven would he classified as tight construction Only
a3 oand #d tested with open  {(using basement

v in  the «alculation does the house

{1 in the desived tightness

Crue because  0f the warm  alr  duct

the houses. there is good communication between the

1 upstairs, there is typically little change in the ELA when the

door te the basement is opened. This is most notavle in Housesg #3 and #4 and

to a lesser degree in and #7  {sze Table 6.8). In the
caleculation of ACH, si ig already communicating to the liviog

basement volume veduces the ACH number

sviace, The mathemat

propoviionately.

[

Soil have consisted primarily of

{1) radioliogicsl analyses (see Table 6.2}, {(2) quasi-seasonal exposures of
Track Eteh cups {see Table 6.9), (3) intermittent girab samples of soil gas
(see Table £.9), and {4} intermittent field measures of soil permeability (see
able 6.10). Much of the data ave unfortunately characterized by less than

desirable reproducibility between different sampling periods at individual

ology. Although so0il gas concentrations can &



imp

3

in the samplio:

g apparatus and ex

30 win to Till the Lucas cell). Grab sample vador conc

vary hy approximately 50-fold between study howes, and ag wmuch as 18-fold

o home (ses House #5).

preliminary Track Etch ocup vesults shew approximsate ovder of

disparities between fall and winter/spriug

analvses of the Track Etch cups, inaarporafé

should provide a betiter estimate of rvep

results generally de net comparve with thaose

approximate 30-fold increase in raden from the front-to-back

at House #2 determined via grab sampling. Track
arnd back yard are vevy simila The opposzite case is
Front-to-back variation is less than 2-fold for grab sample but T4-

fold for the Track Etch cups.

data

using the

Soil peymeability bas besn calculated for ava

where the constant contalins conversion coefficisats and

This expression LBL research team and comes from the rvessarch
report by Arthur Scott et al.10  The results show a dependence of ¥ on applied

yressure,  which has also been seen in the LBL data., This has prowpted a re-
t

i
zamination of the mathematical form for

(D

Additional uucertainty 1s also associated with data taken with the highest

flow rotometer, rveading at z maximum flow of 2.5 IL/min., As a vesult we o ars
(] / »

v

currently redoing the calibration curve of the



6.10

soil permeability tests at all of those test locations. The permeability
constants rveported in Table 6.10 are in the same range as those which have
been evaluated by LBL in their Piedwont study homes, 1i.e., 1.0 x 107 to

1.0 x 10-9 (private communication, Brad Turk, LBL).

6.2.6 Instrument Czlibration Data

Calibration of individual components of the house monitoring packages and
supporting instrumentation have been performed in both laboratory and field
environments. Calibration checks have received heavy emphasis during
installation and QA/QC trips of CRNL personel to the study homes in October,
January, and April, as well as during visits to the test homes by Princeton
personnel. A summary of quantitation and precision analyses for selected
parameters is given in Tables 6.11. and 6.12. Field checks of differential
pressure zeros indicate coefficients of wvariation of typically <1% (i.e.,
about 0.25 Pa) over the entire study. Calibration (i.e., span) checks
performed at the beginning of the study will be repeated when the sensors are
removed [rom the homes. Temperature data show typically <0.4°C wvariation on
average 1in multiple checks against NBS calibrated thermometers. Precision
(i.e., coefficient of wvariation) is generally <0.7°C. Relative humidity data
show approximate 1 to 7% RH absolute variation in multiple checks against
calibrated hygrometers. Similar levels of precision are observed. Thus far,

these calibration data are quite acceptable.

Calibration data for the Wrenn chambers are thus far very encouraging.
Wrenn chamber that have not undergone adverse envirommental ewposures or
radical physical/electronic repairs show generally consistent calibration
factors (i.e., +5-15%) between 10/86 (i.e., prior to installation) and
selective calibration checks from 1-5/87. These calibrations represent cross
comparisons between three laboratories including ORNL, DOE's Envirommental
Monitoring Laboratory in Manhattan, and EPA’s Eastern Envirommental Radiation
Facility in Montgomery, Alabama. The check source data indicate very small
changes in Wrenn vresponse from 10/86 1o 4/87. The average ratio of
(4/87]/(10/86] data is 0.98 + 0.06. Complete zero, span and check source data
will be taken following the removal of the Wrenn chambers from the study homes

and return to Oak Ridge.



The Fberline working level monitovs (WiMs) were calibrated in the DOE

invironmental Measurements Laboratory in Mavhattan, in January, 1987. The

uments were left overnight in the EML chamber duving the worst snowstorm

2ATS. A calibvarion of radon progeny at a single stsady-state
ncentration was achieved. The counting efficiency for each  monitor

.e., counts per decay event) was determined using a Thorium check source as

a standard. This countiong efficiency aund measuresd air flow rates are used to

0
ps}
o
9]
=
[
W
(ag
©
)

calibration constant, as described in the Eberline manual .

~

Calibration Constant = [Flow (L/m} #% Efficiency of WIM}/5.6 x 102

The resulting calibration constants (CC), one each for each wmonitor, were
applied to the raw data cbtained in the calibration chamber at EML to yield
working level data as a function of time. The calibrated data from the WLMs
in most cases deviated only slightly from the EML measure of the progeny
levels. This deviation was expressed as the vatio of the working level data
measured with the WIMs divided by the EML results. This ratio was then
applied to the original CC calculated from measured check source and air flow
data to refine the calibration for each monitor to more accurately reflect the
concentration of radon daughter levels in the EML chamber. Both the original
CC and the 'corrected’ CC for each WLM, plus the measured air flows and
counting efficiencies, are summarized in Table 6.13. As a final step in the
calibration process, the flow rate (i.e., L/uwin) threugh the WILM recorded at
EML was factored out of the corrected CC. As a vesult, filow rates recovded at
past or future measurement sites can be applied to individual data sets. This
step is necessary because the performance of the WLM pumps have deviated
noticeably during the study. The flow-independent calibration constant
[CC' {(epm/working level)/(L/min)}], summarized in Table 6.13, can be applied
using the following squation to convert raw counts from the WIMs into working

levels:

Working .. raw counts/min - background counts/min
lLevels CC' (counts/(WLAL)) * flow rate (L/min) % sample intevval(min)




5.2,/ Perfluorocarbon Tracer Analysis

Fach of the houses has been monitored with PFT systems since the
instrumentatian packages were Installed at the end of October. The PFT

2 .

measurements have been made over typicallv two week periods uminterrupted
1

(except for short time periods during mitigation installation) from the time
of installation to the present. The samplers from the tests through May 22

analyzed and resulis of the measured volume recerded. The

Lo compute the air flow rates from the measured tracer gas concentracions and
has been completed. Unforiunately, there is some uncertainty of
tite makeup of the gas used to calibrate the gas chromatograph, which has
:d  the final computation of the alv flow rates for the houses. Tl
problem will be solved during the summer of 1987 and the final dara will be

distributed at a later date.

the method for looking at the PFI data with the other parameters consists

of averaging the continuously logged paramcters over sach time period that the

PE{’s were active In each house, (which varied slightly between each house).

P P 1.

Figures 6.2 - 6.8 show this averaged daca for each home, taking into account

the specific PFI time periods for each home. The top box in each figure plots
tne radon concentrations in the basement and upstairs. The second box
displays the relative humidity and HVAC use. The third box shows thie three
togged temperatures at each house, basement, upstairs and ouiside. The fourth

box plots the differential pressures hetween the basement and the outdoors

sabslab, and upstairs. The points on each line represent the average of that

o

during the given PFT time period. The lines across the top of the
S

parameler
top box on the page show each PFT time period. hown on the abscisa of the

lowest box are the Julian dates, starting

from Julian day 280 (October 7,

1986) to day 155 (June 4, 1987).

The seasonal trends are evident, with the outdoor wminimum temperature
occuring in late January, lowered humidity in the winter, and increased HVAC
usage in thie winter. ‘The installation of the mitigation systems 1in all but
the control house (#2) is evident by the decreased levels of radon and larger

basement - subslab pressure differvences.
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6.3 INDOOR MONTTORING STATION RESULTS

fhe data acquisition and redurtion process has been completed within
limits of available calibration dara for all seven study houses and the
went

1t

cough April of this vear. Simple summary statistics (i.e.,

mean, winimum, wmwaximum, aAnd standard deviation) have been calculated that

provide a preliminary view of the status and technical findings of the
project. A full quality control review of the data has not been completed at
this time. The weekly summary data (i.e., principally mean wvalues) are

presented here in gvaphical form (Figures 6.10 te 6.30), and analyzed on a
house-by-house and paramctcr-by—paramebur basis. Complete summary statistics
are presented in Tables 9.1 o $.28 in sppendix 9.B.

The following discussion clavifies the presentation of data in
Figures 6.10 to 6.30 and may be applied uniformly to the results from each

study home. The mean temperatures (°C), differential pressures (Pa), radon

levels (pCi/L), RH (%), and HVAGC duty ecycle (fraction of time in off

condition) all result from singie electronic probes placed 1in spec
ocations. Positive differentlal pressures represent elevated pressures in
either outdoor, subslab. or upstairs locations relative to basement pressures.
Negative differential pressuvres correspond to elevated pressures 1in the
basement. The minimum, nmezn, and waximum radon levels are veported forv
upsitairs  and basement locations to provide the average and extremes of
potential radon exposures before, during, and after mitigation. The reported

OVAC probe response vepresents the fraction of time that the central air
handling unit is off during a 30 min period and is thus inversely proportional
to duiy cycle. Gaps in the data (see for example Week 4 of Houses #)1 and #2,

i.e. A and B) indicate predominantly an unresolved glitch in the ABASE program

for calculating summary statistics.

The temperature data show fairly consistent curves for each study house
for basement, upstalrs, and outdoor locations. Houses such as #4 and #6 (see
Houses D and F in Figures 6.19 and 6.25) have highly conditioned basements
with temperatures very similar to wupstairs levels. Houses #1 and #2 (sec

fouses A and B in Figures 6.10 and 6.13) have poorly conditioned basements
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during winter periods. Relative humidity and HVAC operation show expected
seasonal trends of decreased RH and increased HVAC duty cycle (i.e., decveased
off time) during the winter season. However, the peak HVAC duty cvele (i.e.,
weekly average) varied greatly from about 25% in House #1 (see House A o
Figure 6.12) to about 80-90% o in Houses #2Z and #4 (see Mouses B and D in

Figures 6.15 and 6.21).

The differential pressure data show the iwpact of both seasonal processas
and active mitigation measures depressurizing the subslab rvegions. The

contrel House #2 (i.e., House B with witigation delayved until 7/87) shows

o

locations

ﬁ./
=
o
o
pen
Ind
[
Q
o]
a1

winter/seasonal  basement depressurization relatiwve

-

averaging about 4.5 + 1 Pa (Figure 6.13). The impact of on/off operation and
adjustment of depressurization measures is obvious for the rest of the study
homes as negative basement-subslab pressure differentials. A range of

weekly-average subslab depressurization levels (at the sensor tube locations)

\

from 1-4 Pa in Houses #3, #4, and #7 (see Houses ¢, D, and G iun Figures 6.1

o

6.19, 6.28, respectively) were generally effective in reducing basement radon

iy

levels to sub 4 pCi/L levels, whereas 10-17 Pa subslab depressuvrization was

regquired at House #6 (see House F in Figure 6.25) with mere co

and exhaust systems.

A broad range of downstairs and upztairs pre-mitigation radon levels are
observed in most of the study houses. For example, in House #3 half hour
averages {i.e., plotted minimum and maximum half-hour average values, House G,
Figure 6.17) range from about 20 to 180 and 10 to 90 pCi/L in the basemant and
upstairs levels, respectively. Pre-mitigation radon levels in the control
House #2 are among the least wariant and consistent between basement and

upstairs levels (see House B, Figure 6.14). Weekly average radon

[STR o

approximately 2 to 24 9pCi/L are observed in both basement and upstairs

locations.

The most effective radon mitigation systems are obszerved 1in Houses #1,

#3, #4, and #7 (see Houses A, C, D and G in Figures 6,11, 6.17, 6.20, and
6.29, regpectively), particularly towards the eud of the weekly summary data.

Weekly mean and (hsalf hourly) maximum basemeni and upstalrs raden levels arve

typically waintained below 1-2 pCi/L with the mitigation systems in operation
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Figure 6.36 shows the apparent impact of "rain spikes" on radon levels in
three houses (Figures 6.36a, 6.36b, 6.36c). Here, outdoor weather does have a
pronounced effect on basement radon levels, Figure 6.36d shows two of the
weather channels (barometric pressure and amount of rain). The rainstorms of
November 18 and 20, 1986, precede the rain spikes by a few hours and are
accompanied by a fall 1in atmospheric pressure. There are several possible
conjectures about the cause and effect here. Further work will be needed to
clarify this mechanism of vradon inflow, starting with a more systematic

analysis of the data already in hand.

Figure 6.37 shows very recent data in the post-mitigation period for
House #5, shown previously in Figure 6.35. During a five-day stretch in the
middle of the week displayed here, the owners went on vacation and agreed to
allow wus to shut off their mitigation system, a subslab ventilation (SSV)
system. Figure 6.37a shows the basement and living area radon concentrations
and demonstrates the success of the mitigation system: levels in both
basement and living area are close to zero when the mitigation system is
running. Figure 6.37b shows the subslab-basement pressure difference during
the same week. It is about -12 Pa when the 3SV is running, and between +1 and
+2 Pa when the S8V is off. Throughout this period (not shown) the HVAC is
off, and the difference in pressure between subslab and basement shows almost
none of the diurnal behavior seen 1in Figure 6.35c. The basement radon
concentration, however, develops a diurnal pattern reminiscent of
Figure 6.35a, although of reduced amplitude, stil)l peaking in the morning.
Something other than HVAC operation, evidently, is respoumsible fer a portion
of the cyclic character of the driving mechanism for this house. One can only
conjecture that the daily outdoor tewmperature (Figure 6.37c) couples to this
driving mechanism, in view of 1its close tracking with the basement radon
concentration. Note in particular aApril 18, 1987, when the typical daily
temperature cycle was suppressed and the basement radon level was suppressed

as well.

Figure 6.38 shows radon (Figure 6.38a) and radon progeny (Figure 6.38b)
concentrations in the basement air of House #3. The equilibrium ratio is
plotted in Figure 6.38c (i.e., normalized to 0.01 Wi/(pCi/l), the vratio at

secular equilibrium). Figure 6.38c shows that the equilibrium ratio exhibits



considerable structure over a week, and Figures 6.38a and 6.38b show that this

phenomenon is the result of somswhat uncorrelated time dependences of the
concentrations of radon gas and radon progeny. Figure 6.384 shows the time
dependence of the run time of the furnace fan (percent on each half hour),
which 1z a strong candidate for an important explanatory variable

appears to have a definite effect on both the rvadon gas concentyvation and the

radon progeny concentration. Specifically, (1) the vadon g4as concentration in
the basement increases when the furnace is running (the oppos

.

seen in the houss with a heat pump, whoss data are shown in Figu

6.37, rperhaps Dbecause furnace operation decreases the basewment pressure
permitting further inflow of soil gas, and (2) the vadon progeny concentrat Lon
in the basement decreases when the furnace is vunning, perhaps bacau the
progeuy plate out on the ducts, filters, and other cemponents of the {orced
air distribution system. Careful rime sevies analysis of the extensive data

sets now in hand will address this issue.
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Table 6.1. Selection of study, control, and backup houses for mitigation: summarvy
house parameters and preliminary screening data.

Surface

ACH Leakage
House RadonP (h‘1)9 Areac Soil
_No.2 Sub-Structure Modifiers HVAC (pCifL) 50 Pa. /i
i Basement W/Slab, Float.Slab, Cent. F.A., B:73 18.9 10.2 Mod .
Att.Gar. W/Slab Diy Well Gas U:l6
11¢ Basement, Sump Cent. F.A., B:24 2.7 1.5 Mod .
Att.Gar. W/Slab Gas, W/AC U:16
Arls
IIT Basement, Float.Slak, Cent. F.A., B:156 10.1 4.8 Mod .
' Act.Gar. W/Slab Dry Well 0il U:49
A160
v Basement W/Slab, 2 Sumps Cent. F.A., B:103 10.6 4.6 Very
Atit.Gar. W/Slab 0il, W/AQG, R:128 Low
Auto Setback U:31
v Basement, Cent. F.A., B:60 3.6 3.6 High
Att.Gar. W/Slab Elec. Ht PFump, U:2%5

011 Back, W/AC U:36

VI Basement W/Crawl 2 Ht Exc. Cent. F.A., W Ht fixec 14.6 7.8 Hiph
Att.Gar. W/Slab Sump 0il, W/AC, B:25, U:l4
Auto Setback W/0 Ht Exc
B:30-35
VII Basement W/Crawl Float.Slab, Cent. F.A., B:36 10.6 5.2 Very
Att.Gar. W/Slab Sump Gas, W/AC, Tow

(Part. Seal)

VIIIE Basement W/Crawl Flr. Drains Hot B:57 31.2 17.9 Low
Sealad Water U: 54
121
g house numbering convention is I - VIII, 1 - 8, or A - H.
b

B = basement or crawlspace, U = 1lst floor above grade,
A = 2nd floor above grade

preliminary LBL data

control house

£ alternate house



Table 6.2. Results of total gamma peasurements Jduring site characterization

_House _PIC (uR/h)& Ave Indoor (u&/h)?_ Ave Qutdoor (uR/h)E
1 12.0 12.6 + 0.8 13.7 + 0.4
2 8.9 9.9 + 1.2 15.3 + 1.0
3 15.5 14.0 + 2.1 15.3 + 1.6
A 1z.0 13.4 + 2.0 22.0 + 1.3
5 12.0 12.7 + 1.8 15.2 + 1.3
6 12.8 14.2 + 3.8 15.6 + 3.9
7 2.8 10.2 + 1.5 13.8 + 1.1

@ 1-4 hour pressurized ionization chawber measurements in center of basement

—
iV

g8 scintillation counter measurements in basement and upper level(s)

&
1/
N

seintillation counter measurements outdoors



Radium- 226, Potassium-40, Thovium-232 (pli/g) measured in
from the property of study homes® and representative
both onsite and offsite locations.

Location Soil Type Radium Potassium Thorium

&. Howes Tentaiively Identified as Overlaying Martinsburg Shale

ISt 1.73 59.70 1.16
LSt 1.15 61.80 0.92
1E1L Limestone Bedb 0.64 14.75 0.7

bRz Liy Bedb,c 2.41 7.37 0.66
1 KZ Limest Badb 1.04 75,50 1.4
05 Martinsburg Shale .95 31.40 1.24
581 backyard 0.77 50.70 1.07
5 52 frontyard 0.68 49.10 1.18

B. Homes Tentatively Ldentified as Overlaying
Undifferentiated Precambiian Gnelssoid Granites

K backyard 0.73 38.65 0.96
382 frontyard i.13 33.70 1.43
R1 rep. onsite .98 30.60 0.24

4 51 frontyard 7.374 27.95 2.17
482 backyard 3.33 22.05 1.84
4 R1 rep. onsite Undiff. Precam. Gneiss g4, 304, ¢ 43 .50 18.70

trontyard 1.57 28.85 0.67
backyard 4. 10 28.85 2.04
rep. onsite Undiff. Precam. Guneiss 40.954,¢ 12.55 1.17

oo Oh
U UG
N

Bt
o

Q6 rep. offsite Quartzo-Feldspathic Gneiss 0.82 83.35 1.18

Q7 rep. offsite Amphibolite 10 304 34.30 9.94

Q8 rep. offsite Albite-oligoclase gran. 0.16 39.65 0.26

Q9 rep. offsite Albite-oligoclase 0.78 34.50 2.48
quartz grneiss

010 vep. offsite migmatite 1.45 41.35 2.24

. Homes Tentatively Identified as Overlaying a Triassic Brunswick Formation

2 S1 backyard 1.52 28.55 1.84
2 52 frontyard 1.70 22.75 1.58

backyard 1.43 42 .4
frontyard 2.26 43.3

<
—

.85
.88

~
(9]

"D =t
S o

w
—

(1 rep. offsite Triassic Stockton form. 0.91 22.85 1.39
Q2 rep. offsite Triassic Lockatong form. 0.49 20.20 0.43
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Table 6.3. Average Radium-226, Potassium-40, Thoriuwe-232 (pCi/g) measured in
30il samples taken from the property of study homes?® and representative
rock formations in both onsite and offsite locations, continued.

House,
Sample ILocation Soil Type adium Potassium Thorium
D. Samples Taken From Clinton Quarry
Q3 Clinton Quarry Epler Shale 28.704.e,f 5 43 0.71
Q4" Clinton Quarry Epler Limestone 0.45 2.19 0.36

A S0il samples taken from depths of typically 0-0.9 n.

b Tentative identification of limestone bed in Martinsburg shale
formation.

€ Tentative zone of limestone bed underlying louse #1.

d Radium exceed Uranium Mill Tailings Remedial Action level of 5 pCi/g
for surface contamination®.

2 Radium exceed Uraniuw Mill Tailings Remedial Action level of 15 pCi/g
for subsurface contamination™.

f Uranium ore has been found in Mulligan (i.e., Clinton) quarry
according to the Clinton Historical Society.
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Table 6 5. Radon activiiy of well

roiw study homes.

& bathtub

w

wicz, (1964) MJ Bureau of Geclogy (in Havper, 1277).

1
(8]

removed from tap.
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Table 6.6. Working Level Monitor Data Files as of 5/22/87

Julian
Start Date House # Location _Filename™ Duration (days)

295 7 Basement WIM295.318 168
295 4 Basement WILM295.343 168
295 5 Basement WIM295.348 168
309 6 Basement WIM316.317 168
309 3 Basement WIM316.318 168
309 1 Basement WIM316.343 168
317 4 Basement WIM323.317 168
317 2 Basement WIM323.318 168
317 7 Basement WIM323.343 168
316 5 Basement WILM323 .348 168
344 6 Basement WIM353.317 144
344 4 Basement WIM353.318 144
345 1 Basement WIM353.343 144
345 3 Basement WIM353.348 144
9 2 Basement WiM019.317 168

8 6 Basement WILM019.318 168

8 3 Basement WLMO019.343 168
24 3 Basement WIM024 317 168
24 4 Basement WiM024.318 168
24 5 Basement WIM024 3473 168
24 1 Basement WIM024.348 168
35 6 Basement WIM044 317 168
35 3 Basement: WLMO44 343 168
35 3 Basement WIMO44 . 348 168
35 3 Upstairs WiM051.348 168
4Hy 6 Upstairs WIMO55.317 168
55 5 Upstairs WIMO062 . 343 144
55 5 Basement WILM062.348 144
64 4 Basement WIMO71.317 144
63 7 Basement WIM072.343 168
63 2 Basement WIMO72.348 168
78 5 Upstairs WIM086.343 168
78 5 Basement WIMO086. 348 168
105 5 Upstairs WIM112.317 168
105 5 Basement WIM112.343 168
127 6 Upstairs WiM138.317 168
127 5 Basement WIM138.343 168
127 5 Upstairs WIiM138.348 168
141 6 Basement WIM154.317 168
141 2 Basement WILM161.343 168
142 5 Basement WIM161.348 168
162 6 Basemernt WimMl70.317 168
162 7 Basement WIM170.343 168
162 5 Basement WIM170.348 168

A
N

wlm # is last three digits of file name



Table 6.7. Summary of weekly-averaged vespivable particulate data

_House Location Date Sampling _ Concentration (ug/m3)

1 dining roon 11/05/86 20.0

1 basement 03/10/87 11.3

1 upstairs den 01/24/87 244
Average 18.7 + 6.7

2 upstairs Wrenn 10/30/86 115.5

3 upstairs Wrenn 10/29/86 11.0

3 upstairs Wrenn 11/12/86 16.2

3 basement: 03/10/87 13.1

3 upstairs 03/10/87 8.9

3 upstairs Wrenn 01/24/87 14.3
Average 12.7 + 2.8

4 upstairs Wrenn 11/05/86 4.0

4 upstairs Wrenun 01/24/87 11.0
Average 7.5 + 5.0

5 upstairs Wrenn 11/12/86 9.0

5 upstairs Wrenn 01/24/87 8.3
Average 8.6 + 0.5

6 living room 11/05/86 9.9

7 upstairs 11/13/86 124.2



= R R S R S N S S
<4, Blower Uecor Data (depressurization only)

R (in2) in?/ft?
16.2 181 0.124
LG 9 270 0.162
10.5 170 0.075
25.8 238 0.186b
12.3 159 G.07
5.0 207 0.058¢
K Do 1G/15/84 main 11.9 203 0.0989
Lo 11/24 /846 M 6.7 84 0.026
be 1 ERRE G903 83 0.03¢
& b i main 9.9 169 C.074
¢ 1 mdiln ent 8.7 98 0.043
bo 1 main entrvance 6.2 98 3.63
basement /outside 17.8 100 0.11b
5 nid 1O/14/86 main entrance 8.2 102 0.055
nd 11/21/86 main enlrance 8.8 103 0.055
- 11/21/86  basement door 10.1 82 0.053b
b i 10/15/86 front door 19.8 353 )ol4
nd 11,/25/86 front door 20.9 323 g.13
nd 6/04L/8) front door 18.8 352 C.14
ogs) 6704787 basement door 16.8 202 0.09b
co 6/04,/87 basement door 242 267 0. 12b
7 i L1/17/86 front door 11.0 116 0.067
bo 11/17/86 frout door 9.0 152 0.051
L co = crawlspace door cpen
Lo nd = no door betwegen basement
e and house
< all wvolume

= fireplace damper partially open
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Table 6.10. Soil Permeability Data

Pressure
Hse # Date Location (Pa) K (ew?)  avg.K (cw?)  Comments
1 12/1/86  SE.2m,Front 7.5 2.1 x 1077 2.1 % 10°5  pipe loose
1 12/1/86 N, 3m, Side 10 7.6 x 1076, 6.7 x 107 pipe loose
28 5.7 x 10°9 pipe loose
1 12/1/86  W,lm,Back 10 1.6 x 1079 1.6 x 1075
2 4/11/87 S,1.5m,Front 10 1.7 x 10°% 1.1 x 10-6
50 1.1 x 1076
250 6.4 x 1077
2 4711787  W,1.5m,Side 19 1.2 ¢ 1076 2.3 x 10-©
50 5.1 x 10°6
100 1.5 x 1079
2 4/11/87 N.1.5m, back 10 6.1 x 10-10 10 Pa data not
50 6.1 x 1072 6.0 x 1072 incl. in avg.
250 5.9 x 107
3 11/24/86 £, 1.2m,Rear 10 1.3 x 10'§ 1.2 x 10°°
50 1.3 x 1070
150 1.0 x 1079
3 11/24/86 S, 2w, Side 10 9.8 x 10°/ 8.2 x 107/
50 8.2 x 107/
200 6.6 x 1077
3 11/26/86 W,1.5m,Front 1 1.6 x 10°% 1.6 x 10°%
4 6/9/87 N,1.5m, Front 10 7.7 % 10'? 6.9 x 10°9 flowmeter P1
50 740w 1077
250 5.6 x 1077
4 11/19/87 W, 3m,Side 220 No flow No measureable
flow on
$.1.5m,Back 250 No flow permeameter .
E, 2m,5ide No flow " "
N, 1.5m,Front No flow " "
4 12/3/86 E,?2m,Side 250 1.5 x 10°10 Web clay

250 No flow meter Pl



6.31

Table 6.10. Soil Permeability Data, continued

Pressure
Hse # Date Leocation (Pa) K (cgg) Avg K (cmgl Comments
4 12/3/86  Bsmt Subslab No flow Clay soil
under slab
4 1/5/87 NW, 2m, Front 250 No flow Clay
5 11/21/86 §,2m, Side 10 3.7 x 1007 3.6 x 10-7
50 4.3 % 10/
250 2.9 x 10°7
*
5 11/21/86 E,2m, Front 3 5.4 x 1072 5.4 x 10-5
5  11/21/86 W,3m, Back 2 8.1 = 105" 8.1 x 10-5
6 11/25/86 §,1.5m,Front 250 3.1 % 10730 3.1 x 10°10 meter PL
6 11/25/86 W,1lm,Side 10 1.2 x 1076 8.4 x 10-7
50 8.2 x 10~/
250 5.0 x 1077
6 11/25/86 N,Zm,Back 250 No flow
7 12/3/86 E,2m,Back 10,50 No flow Wet clay
7 12/3/86 N, 2w,Side 10 6.7 x 1008 6.1 x 10-8 Wet clay
50 6.2 x 10-8
50 6.1 x 10°8
250 5.4 x 10-8
7 11/17/86 E,2m,Back 250 No flow Clay
7 11/17/86 N,2m,S5ide 10 2.3x 1077 1.9 x 10-7 Clay
50 1.8 x 107/
100 1.8 x 10-7
250 1.5 x 1077
7 11/17/86 W,1.5n,Front - 10 2.8 x 10-9 4.2 x 10°9 Clay {meter F1)
50 4.3 x 1072 meter Pl
250 5.4 x 1079 meteyr P2
7 11/17/86 §,1lm,3ide 10 No flow meter PiL
50 No flow 3%
250 7.4 x 10-11 meter P1
250 No flow maetar P1

Uncertain data taken with the highest flow votometer, veading at a
maximum flow of 2.5 L/min.
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6.34

Table 6.13. Calibration of the Eberline Working Level Monitors (WILMs)

Air Flow

Measured Corrected Independent

Air Flow  Counting Calib. Calib. Calibration

WILM (L/min) Efficiency? ConstantP WLIM/EMLE Constantd Constant®
WIM317 0.155 0.212 586.5 0.984 577.2 3724
WLM343 0.154 0.210 576.7 1.091 628.9 4084
WIM348 0.190 0.218 739.6 1.045 772.8 4067
wiM31st 0.160 0.232 663.7 3.460 229€.5 14353

counting efficiency measured with Thorium check source
b calibration Constant (cpm/WL} = {Flow (L/m) * Efficiency) / 5.6%10°3

ratio of working level data measured by WIMs (using calibration
constantb)

calibration constant corrected for WILIM/EML ratio.

units of {counts/[Working Level * L]}

rh

mechanical problems with the pump of WiM318 have been recurrent
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7. INTERACTION WITH L3I, DATA TRANSFER

participation in the =scveening of potential study homes in August, 1986,
There has been a cooperative exchange of technology througheut the study. The
ORNL/Princeton team Is appreciative of the loan of Continuous Radon Mondtors
from LBL for detailed studies in House #5. The OBNL/Princeton team included

LBL monitors in a Jaunwary calibration trip to DOE’'s Environmental Monitoring

M
o

Laboratory in Manhattan.
7.1 TRANSFER OF LOGGER DATA WITH TENTATIVE CALIBRATION FACTCORS

ORNL transferred an initial batch of data covering from 10/20/86 to

1/18/87 for all seven study hemes in Mavch, 1987. The data were presented in

engineering units, but left uncovvected for changes in calibration factors and
zeros throughout the study. Further transmissiouns of data will be performed
aftey final calibraticon factors ave determined. This is anticipated to occur

during Septemher-November, 1987.

7.2 INTERACTION IN SELECTION AND TMPLEMENTATION OF MITIGATION SYSTEM

Princeton researchers spent one day interacting with IRBL vresearchers
during the initial LBL diagnostic visits to their seven homes in November,
1885. The information obtained from LBL at that time was used in Princeton’
diagnostic studies that focused on shortening the diagnostic protocel. Brad
Turk of LBL and Lyvrm Hubbard of FPrinceton exchangsd information on the homes
after our intensive initial pre-mitigation diagnostic wvisit and  the
ORNL/Princeton mitigation systems were chosen to complement the LBL set.
There have been continued intevactions between the three tesearch teams
throughout the winter and spring seasons. Both the LBL and ORNL/Princeton
teams have had one or two research homes which have proven somewhat diftficult
to mitigate. Brad Turk, Ken Gadsby, and Lynn Hubbard have visited these

difficult homes and interacted in followup diagnostics to tey and solve the

problems.
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9. APPENDICES

A. WEEKLY DATA SUMMARIES

B. INFORMATION TO SOLLEAGUES AND LETTERS TO HOMEOWHNERS
REGARDING MITIGATION SYSTEMS CHOSEN FOR THE HCMES
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Table 9.1. Weekly summary statistics of temperatures for House #I1.

Basement Temp. (°C)

Date Mean Min Max S.D.
299 17.5 16.1 18.4 0.5
306 17.3 15.5 18.1 0.6
313 16.8 14.8 18.1 0.6
320 15.8 13.9 17.2 0.8
327 15.6 13.1 16.9 0C.7
334 15.6 14.4 16.7 0.5
341 15.0 13.3 16.6 0.7
348 14,6 10.5 16.1 1.2
355 14.2 11.8 15.5 0.7
362 14.1 11.8 15.7 0.8
4 FkAx KEIAE ANEh AAEE
11 13.4 12.0 15.0 0./
18 13.8 11.9 15.5 0.8
25 12.0 9.3 14.1 1.1
32 11.1 7.5 13.4 1.3
39 12.6 11.3 14.0 0.6
46 11.2 7.6 13.9 1.3
53 11.1 7.3 13.2 1.0
60 12.4 11.0 14.1 0.8
67 12.9 11.4 15.1 0.9
74 3.1 11.1 15.5 1.0
81 13.6 12.1 15.1 0.7
88 14.9 12.8 16.2 0.7
95 15.1 13.9 16.8 0.6
102 15.4 14.1 17.1 0.6
109 15.9 14.7 17.9 0.6
116 16.8 15.6 18.6 0.7

Mean

20.
20.
20.

9
AL

19.
19.
19.
19.

19.
19.4
19.
19.
20.
19.
20.
20.

w b~ w O O

Q@ W O O

~

~I

-~ o O

94.

2

Upstairs Temp. (°C) OQutdoorx Temp.
Min  Max 5.D. Mean Min  Max
16.7 22.3 1.3 10.6 -0.6 23.0
17.6 21.5 0.9 2.8 -2.1 21.0
18.1 22.1 0.9 /7.8 -2.8 20.4
16.4 20.8 0.9 1.2 -8.2 1l1l.4
18.2 22.7 0.8 2.8 -6.8 12.8
17.3 21.6 1.0 4.3 -4.8 17.5
17.4 23.0 1.0 2.1 -8.1 12.0
17.3 22.4 0.9 0.4 -13.6 12.0
17.7 20.8 0.8 1.6 -8.5 6.8
17.5 23.7 1.2 1.5 -8.0 10.0
Kk RERK KR FhAL Fdkk Ak
16.8 21.6 1.1 -0.3 -9.4 5.8
17.4 21.2 0. 1.6 -7.4 12.2
17.6 23.6 1.4 -5.8 -17.3 2.2
16.1 23.4 1.4 -3.6 -19.9 10.1
17.6 23.8 1.1 0.2 -7.8 10.2
17.1 23.6 1.3 4.3 =174 7.9
16.9 21.0 1.1 -2.5 -15.3 10.5
17.1 23.0 1.1 1.4 -5.8 9.7
16.5 22.5 1.2 Lo -7.9 24.8
16.6 21.6 1.1 1.2 -11.0 16.4
17.1 21.4 1.0 A3 -5.8 18.3
17.8 23.0 1.1 11.6 -1.2 25.8
17.7 22.6 0.9 8.3 -3.0 18.0
17.7 22.4 1.1 10.4 1.6 27.1
18.2 24.4 1.4 11.7 0.6 28.4
18.8 25.1 1.6 17.1 9.3 28.1

21,

L] o

(°C)
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Date Mean

9A.3

Weekly summary statistics of differential pressuves for House #1.

Bsmt -0Out

Min.

299
306
313
320
327
334
341
348
355
362
A
11
18
25
32
39
46

88
95
102
1092
116

1.
i.
1.
L.
1.
1.
1.
1.
1.
1.
2.
2.
3.
64
2.
3.
2.
1.
1.
2.
1.
1.
1.
1.
1.
1.

2

17
34
23
69
77
75
5%
92
89
75
e
32
32
17

26
11
23
52
63
17
94

19

89
23
61
72

0.
.Co
.29

<o

o O O

o

13

.09
.16
.22

Pres.

(pa)
Maz. 5.D.
2.42 0.46
2.70 0,54
2.69 0.54
3.65 0.72
3.93 0.72
2.80 0.51
2.81 0.52
4.26 0.60
5.05 0.80
3.07 0.53
FXHk ARXK
4.30 0.65
4.65 0.76
4. 98 0.67
5.02 0.92
4,82 0.70
7.23 1.21
4.84 0,79
5.07 0.71
3.35 0.73
5.21 0.97
3.42 0.53
2.97 0.55
4.02 0.89
2.68 0.63
3.42 0.44
4.00 0,61

Bsmt-Subslab

Mean

%

-13.
-13.
-13.°
14,
14,
-14.

.31
.21
.25
LA
LAD

Pres. (pa)

fit. Max, 5.D.
0.04 0.71 0.18
0.10 0.42 0.08
0.69 0.41 0.08
0.24 0.63 0.09Y
0.25 0.58 6.08
0.20 0.55 .08
0.22 0.60 0.10
0.25 0.75 0.09
0.35 0.61 0.06
0.30 0.62 0.02
Kk R B
-22.32 0.31 3.74
14.25 -13.62 0.17
-13.99 -13.24 0.14
-15.10  -7.49 0.72
-15.20 -14.59 0.11
15,10 -12.27 0.27
-24 .80 0.48 7.67
0.34 24.56 2.94
A 63 RRERE )53
-24.,46 kR 4 4]
-2 .24 Fddekd kkiek
-5.20  dkA% 0 52
-22.439 0 .96 8.62
-19.22 -16.44 0.55
-19.37 -16.59 0.59
-22.52 -16.81 1.33

0.43 -22.5
0.51 0.22
0.60 0.1
0.84 0.35
0.81 0.45
0.87 0.47
0.95 0.55
0.97 0.5&
1.01 0.57
0.97 0.45
R I =
1.36 0.72
1.30 0.35
1.53 0.88
1.36 0.75
.19 0.6%
1.27 0.77
1.29 0.51
0.97 0.20
0.90 0.50
1.06 0.40
1.04 0,61
0.77 -0.15
0.76 0.45
0.75 -0.04
0.59 -1.45
0.56 0.31

N =

[

N

o

NN O =

N

Mo N

N ~N)

N e NN

.9

i
.8
.6

49

0

5

6
9
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Table 9.3. Weekly summary statistics of radon concentrations for House #1

Basement Radon (pCi/L)

Date Mean  Min. Max. S.D.
299 43,1 204 73.1 8.3 23 1 14 .8 °9.8 3.7
306 40,6  17.2  59.1 9.4 21.1 10.5 30.3 3.9
313 27 .2 9.1 60.1 12.6 16.8 6.2 7.9 5.7
320 27.3  18.2  49.1 5.7 17.8 11.0 27 4 3.4
327 248 8.7 47.1 6.7 16 .3 6.4 23.4 36
334 254  18.0 37.9 3.7 16.0 1.1 217 3.3
341 22.8  13.3  38.5 5.1 15.6 10.0 21.3 2.2
348 21.9  14.8  32.1 3.7 15 ./ 9.3 22.7 2.8
355 22.4  15.9 31.1 2.7 15.6 111 22.0 1.8
362 24.3  18.7  39.6 3.2 16.7 3.2 22.0 1.5
I NEXN KekAk KENk XNRX FaXk Kededk VRKN Xk
11 5.1 2.5 10.6 1.7 3.2 1.0 8.2 1.5
18 4.5 1.9 9.6 1.1 2.3 0.6 b6 G
25 6.3 1.8 39.0 3.3 3.9 1.0 2148 11.8
32 4.9 1.6 8.2 1.3 34 0.7 5.4 1.0
39 4.1 1.7 5.0 1.0 2.1 0.4 3.8 0.8
46 5.0 2.9 7.8 1.1 2.2 0.5 L3 0.8
53 2.0 0.0 6.8 2.0 1.0 0.0 3.8 1.1
60 1.5 0.1 4.8 0.8 0.9 0.0 2.2 0.5
67 5.3 0.0 16.6 5.6 b0 0.0 128 b2
ia 0.2 0.0 0.9 0.2 0.2 0.0 0.7 0
81 0.2 0.0 1.1 0.2 0.7 0.0 0.8 0.2
88 12.0 0.0 29.9 11.0 6.7 201 22,0 7.6
95 4.2 0.0 254 6.0 4.8 0.5 15.7 3.7
102 0.5 -0.1 40.3 2.6 Sk -0.5 0.5 feide
109 0.2 0.0 1.3 0.2 Kk 0.5 -5 Kk
116 0.3 0.0 1.4 0.3 EEE -0.5 -0.5 Tk
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Table 9.4, Weekly summaries of basement BH and HVAT duty cycle for House #1

Bzzement RH (%) Fraction HVAC OFF
Date Mean  Min. Max, $.D, Mean Min. Max, 5.D0.
299 62.4 59.2 65.6 1.6 0.936 0.060 1.000C 0.129
306 63.4 56.6 67.0 3.0 0.940 0.163 1.000 0.128
313 61.3 55.1 69.8 4H.2 0.894 0.163 1.000 0.139
320 54.2 46.8 65.8 5.1 0.826 0.140 1.00¢ 0.158
327 52.5 48 .3 55.8 2.2 0.845 0.127 1.000 0.155
334 55.3 50.1 £0.6 2.3 0.876 0.137 1.060 0.132
341 50.6 46.3 59.0 3.8 0.835 0.173 1.000 0.153
348 50.0 hh 7 56.4 2.9 0.838 0.073 1.006 0.156
355 49 6 45.3 54.2 2.2 0.823 0.000 1.600 0.174
362 49.5 45.8 55.5 2.8 0.845 0.050 1.000 0.174
4 FokAR Ak EE Tk EAkRAE LATRN ARk
i1 45.0 43.0 48.0 1.2 0.771 0.000 1.000 0.194
13 4h5.2 412 51.1 2.4 0.785 0.000 1.000 0.207
25 41.9 35.0  45.8 3.6 0.749 (0.083 1.000 0.206
32 39.3 32.2 4b .6 3.7 0.769 0.000 1.0060 0.251
39 42.1 394 448 1.5 0.785 0.007 1.000 0.202
4h6 38.7 31.0 43.6 3.1 0.800 0.000 1.000 0.228
53 33.9 30.7 37.0 1.4 0.780 0.000 1.004¢ 0.209
60 39.8 35.4 52.1 3.8 0.301 0.000 1.000 0.1%91
57 45.8 42 .2 52.0 2.3 0.856 0.0090 1.000 0.208
74 39.1 31.6 49.7 4.6 0.808 0.000 1.0006 0.203
81 37.0 33,4 41,1 2.1 06.837 0.000 1.000 0.174
88 45.3 40.6 53.0 3.4 0.942 0.083 1.000 0.136
95 54.0 46.5 71.8 5.9 0.915 06.183 1.0006 0.137
102 54.0 50.2 58.3 1.9 0.919 0.120 1.000 0.144
109 57.5 50.1 68.5 5.2 0.940 0.293 1.000 0.111
116 63.9 47.2 70.4 5.2 0.964  0.387 1.000 0.079
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Tabie 9.5, Weckly summary statistics of tempevatures for House #2.

Bagement Temp. {(7C; Upstalrs Temp. (°0) Outdoor Temp. (°C)
Min — Max 5., Mean Min Max  S.D. Mean Min = Max = S.D.

269 18.1 le.a 19.1 0.6 2009 12,0 23.4 1.0 11.2 -0.5 23.5 5.8
306 8.0 15.7 18.4 G.7 2102 18 2 23,6 1.0 1003 -1.5 20.6 5.4
313 17.2 a6 18.4 1.1 20 .6 C.0 22.8 1.4 f.20 -2.2 157 4.5
121 16,0 13,07 18 1.0 2002 15,9 24,1 1.6 2.1 9.1 13.2 5.2
28 15 13,4 182 1.0 19.9 16.3 23.6 1.4 3.8 -5.6 13.9 4.7
339 6.0 13 4 18.5 (.8 G 16040 243 1 4 3.8 4.8 18.4 5.1
LI 6.0 13,0 17.6 0.¢ 2007 16.2 23.3 1.3 3.8 -8.0 12.5 4.8
314G 15,3 11.7 16.9 1.1 2006 151 24.2 1.5 0.2 -12.6 12.1 5.0
32001 234 0.4 2.3 -6.9 7.8 3.3

0

356 15.7 14.8 16.7 0.4 21.
363 15.4 13.1 16.6 0.7 2007 16.9 22,0 1.1 2.5 -6.2 10.0 4.

pa

A RERRE RARA RRAE RER RRRR RRAR obdd Rk Skt kEEK AAEE ok

b
bt
.
o
—
r
S
-
[ea}
H
<
o
~e
<
]._—l
[
-~
(S
o
o]
[e e
[
(U
<
o~
1
o
N

6.4 3.

18 in.2 13 1/7.2 0.8 2000 wkwk 2205 0.7 2.4 -7.2 12.8 4.
25 A8 1103 16.4 1.1 2005 15.5 23.7 1.6 -2.9 -14.2 1.8 4.

9 1.2 19.4
15,2 1.2 18.
4 1.1 17.
4.7 1.0 18.
1

i
b
£~
(98]
N
e~

A -5.9 -19.
-2.6
-2

O

3.9
7.9 4.
6.4 4.
9.1 3.
9.8 4.1
-7.7 23.4 8.7

[«
i

[

(o)

w
1]
Pt
V)|
~ oW O
OB Y = o WU

4
[y
—
e}
h
b O
ot
=
- 0 Oy
A
@ %
. %
=~ %
N [a IND
< : w
< D W N~
s
w w O
~I

[«
-
pa—
£
[
—
-
a2
(4
!
o
-
o0
-
—
(Wl
L\
N
fan
~
—
Ll
LN (98]
1
wn
W

19.

(O8]
jo—
s
-~

22.

[
~
i

o
O
bt
o
=
bt

H o
[«

~ n
—

A P

.

W
p—

woown
~ <
(e
= 0
—

S A )

1
O

75 4.0 11.7 15 0. 18 ¢ 1.2 .9 9.3 4.1
83 4.7 12.5 16.2 0.9 8.8 15.9 20.2 1.0 / -5.0 20.9 6.0
G0 1s.7 13.7 17.2 6.9 i9.2 16.7 22.2 1.2 12. -0.5 21L.8 5.8
45 i1s.7 13.1 17.8 1.0 19.4 16.4 21.3 0.9 9.0 -2.9 18.9 5.2
162 154 10.2 19.0 1.3 19.7 174 22,6 1.0 11.2 2.2 24.9 5.8
109 le.s 14a.6 18.8 0.8 19.¢ i4.2 22.5%5 1.5 11.9 0.1 24.8 4.7
116 7.7 14.9 20.68 1.0 20.3 l7.5 23.6 1.2 13.6 0.1 25.8 5.6
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Table 9.6. Weekly summavy statistics of differential pressures for House #2.
Bemt:-Out Presg. (pa) Bsmt-Subslab Pres. (pa) Bamt-Upst Pres. (pa)

Date Mean Min. Max. §.D. Meap Min. Max. S.D. Mean Min. Max. $.D.
299 1.82 0.17 5.05 0.86 0.39 0.31 0.56 2.04 0.34 -0.14 2.19 0.35
306 2.27 0.35 7.68 1.39 0.38 0.28 0.56 0.05 0.31 -0.63 2.65 0.50
313 2.42 -25.00 7.22 1.96 0.38 -25.00 0.61 1.38 0.42 -25.00 2.38 1.48
321 3.40 1.20 12.64 1.70 0.56 0.42 0.79 0.08 0.76 -0.15 3.47 0.76
328 4.08 -0.21 12.69 2.23 0.55 0.40 0.70 0.05 0.76 -0.09 3.15 0.75
335 3.46 -1.49 10.09 1.43 0.92 0.47 1.22 0.21 0.71 -0.13 3.39 0.72
342 4.04 0.84 11.77 1.98 0.58 0.26 1.20 0.32 0.91 -0.12 3.33 0.68
349 4.54 1.05 13,18 1.91 0.39 0.27 0.59 0.06 0.97 -0.16 3.13 0.72
356 3.93 1.93 10.86 1.48 0.35 0.23 0.44 0.04 0.99 0.06 1.5%2 0.30
363 3.68 1.36 9.06 1.12 0.36 0.20 0.58 0.06 0.90 -0.06 3.10 0.65
A A L s R s A R S S A st ST T TS 2T R S T N
11 4.43 2.40 8.13 1.29 0.41 0.32 0.59 0.06 1.02 -0.10 2.95 0.64
18 4,16 -94.99 7.30 0.84 0.37 -94.29 0.51 0.06 0.95 -94.99 2.38 0.47
25 5.35 2.21 15.58 2.54 0.39 0.23 0.62 0.09 1.16 -0.15 3.34 0.78
32 5.91 2.41 10.37 1.62 0.50 0.310.73 0.10 1.00 -0.48 2.92 0.84
39 5.52 -94.99 12.80 2.45 2.65 -94.99 5.85 0.88 0.20 -94.99 2.22 0.68
46 473 1.99 11.08 1.76 2.68 1.58 4.18 0.53 0.18 -0.78 2.06 0.67
53 445 0.90 10.16 1.88 2.19 -25.00 3.38 1.80 -0.11 -25.00 2.19 1.75
61 3.15 0.21 10.04 1.80 1.83 0.71 3.31 0.58 0.02 -22.49 2.41 1.61
69 3.60 -1.36 11.06 2.38 2.11. 0.15 5.22 1.02 0.02 -%5.61 2.12 0.57
76 3.79 0.84 9.99 1.96 2.35 1.54 3.59 0.40 -0.02 -0.66 1.78 0.53
83 3.12 -0.54 10.22 1.65 1.89 0.79 3.54 0.46 -0.05 -0.73 2.17 0.57
90 0.73 -5.17 3.42 1.56 1.07 -0.42 2.18 0.48 -0.22 -0.73 2.05 0.36
95 2.30 -5.22 11.75 2.94 1.76 -23.77 3.79 2.38 -0.15 -1.22 1.96 0.57
102 2.13 -2.22 6.56 1.46 1.61 -2.95 3,04 0.81 -0.32 -8.23 3.94 1.42
109 1.60 -1.06 5.51 0.91 1.60 0.16 2.92 0.48 -0.14 -0.78 2.00 0.40
116 1.27 -5.78 5.34 1.49 1.52 -2.09 3.31 0.64 -0.45 -4.57 2.02 0.86
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Fallh N e i B IFA T - - - i I FonlN R, (s}
of basepent BY and BVAC ddty CyCire YOI Housa #2

Basement R (%) Fr
Mean Min.  Max, 5.0, !
299 55.4 51.7 59.7 2.1 0.%46 0.313 1.000 0.111
ics 57.2 50.0 .60.9 2.9 0.9219 0,087 1.038 0.158
313 56..9 0.0 53.5 41 0.85¢ 0,000 1.090 0.177
321 48 .3 42.59 54,0 4.1 0.7564% 0.0Ca 1.0GCo 0.248
328 48 .4 Q47 53.0 2.0 0.781 0.6G00 1.G34 0.234
335 50.9 45.3 57.9 3.4 0.779 0.0C0 1.0060 0.234
347 48.0 Uty (& 54.9 2.9 0.722 0.0G0 1.608 0.215
349 46.5 47.3 51.0 2.2 0.684 0.000 1.002 0.249
356 46 .4 44,3 49.3 1.2 0.68° 0.450 1.C00 0.101
363 465.8 441 51.0 1.9 0.722 0.CCo 1.03¢ 0.216
I ek Kk Kk ek Kk Akek Fdedt R e Tk Ak Tk Ak
11 4404 43.5 45 .2 0.5 0.4472 0.000 1.0C0C 0.366
18 43.3 ek 45.0 0.8 0.230 0.630 1.060 0.332
25 441 39.1 45,7 1.8 0,596 0,000 1.000 0.265
32 39.1 35.8 40 .6 1.2 0.27¢ 0.030 1.C20 0.351
39 20,7 S 43.8 1.6 0.607 0.000 1.08¢0 0.341
ke 38.1 34.7 40,0 1.1 0.713 0.000 1.000 0.274
53 49.3 338.2 42.5 1.0 0.798 0.CG00 1.000 0.267
61 43,2 39.¢6 47.0 2.2 0.782 0.000 1.GQ0G 0.255
59 43.8 37.3 48,0 2.7 0,814 0.C20 1.C40 0.2&4
/6 40.7 37.0 43 .0 1.6 0.774 0.000 1.0GG 0.259
83 41 .7 38.1 hir 7 1.7 0.85% 0.0C0 1.00¢C 0.232
90 46.9 42.9 52.6 2.5 0.973 0.083 1.G00 0.113
95 57.0 48.3 74.3 7.2 0.3868 0.000 1.000 0.217
102 62 44.6 658.8 5.9 0.892 0.GGO 1.0860 0.209
109 £2.6 56.7 69.8 3.1 0.91¢ 0.107 1.0 0.144
116 67.2 58.5 73.3 3.4 0.949 0.197 1.00¢ 0.122
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Min Max S.D.
2.1 23.0 4.9
-1.2 21.6 5.1
-0.3 20.1 5.0
-7.5 12.3 4.7
-6.3 11.6 4.3
-5.8 17.8 4.5
-5.7 12.1 4.0
-11.7 11.8 4.8
-5.5 7.3 2.8
4.2 10.0 3.3
-7.9 12.1 3.6
-6.5 4.9 2.7
-7.9 12.1 4.6
-14.7 1.7 4.3
-15.9 12.5 i
-6.1 12.2 3.9
-17.2 5.6 4.7
-15.0 11.9 5.3
-5.3 8.7 3.5
-5.4 26.0 7.7
-10.8 17.3 6.0
-3.5 15.2 4.7
1.6 23.8 5.9
-1.7 18.8 5.0
4.2 28.3 5.7
3.3 28.9 4.9
3.5 30.7 6.4
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Table 2.10. Veekly summary statistics of differential
Bsat-Oui Pres. (pa) Bemt-Subslab Fres. (pa)

Date Mean Min. Max, §5.D. Mean Min, Max. S
22%  2.02 0.31 4.30 0.69 0.50 0.36 0.67 0.07
306 2.53 -25.00 4.62 1.67 0.47 -25.00 0.72 1.34
313 3.38 1.19 5.80 1.04 0.61 0.43 0.76 0.08
320 4.57 2.15 8.12 1.11 0.77 0.60 0.95 0.09
327 4.06 1.96 8&.17 1.34 0.77 0.63 0.96 0.09
334 3.29 -1.69 5.87 0.78 0.75 0.1 0.93 0.07
341 4 .69 1.23 10.40 1.39 0.83 0.62 1.06 0.08
348 5.26 2.65 .16 1.31 0.90 0.70 1.13 0.02°
335 3.638 0.29 8.78 1.2% 0.68 0.5% 0.82 0.11
362 4.238 0.49 7.80 1.62 -0.61 -19.39 0.66 4.84
A 5,10 2.79 12.74 1.31 -14.97 -21.15 -8.86 3.99
11 5.42 3.58 12.74 1.40 -15.31 -20.22 -8.86 3.87
18 5.08 2.79 10.96 1.56 -11.12 -13.17 -9.15 0.80
25 6.65 3.60 15.62 2.21 -10.35 -12.23 -8.26 0.8?
32 5.48 3.15 3.14 1.03 -2.98 -11.34 1.94 5.45
39 5.60 3.30 10.16 1.42 -7.73 -12.79 1.55 5.21
he 6,14 3.67 10.62 1.41 -10.52 -12.63 -8.69 0.87
53 4.97 3.29 14 0.93 -7.15 -12.07 -2.60 3.31
60 4.32 -25.00 B.97 1.88 -0.71 -25.00 0.392 2.25
67 4.19 -2.81 11.57 1.87 -1.50 -5.96 0.32 1.99
74 421 1.37 6.17 1.05 -2.74  -5.15 -1.24 0O.80
81 2.45 1.03 5.34 0.81 -3.37 -5.06 -1.32 0.70
88 1.95 0.07 5.73 0.81 -4.35 -5.55 -2.86 0.59
95 3.51 0.18 9.0z 1.438 -2.36 -13.69 1.35 2.55
102 2.72 0.18 5.50 0.85 -4.52 -6.18 -2.92 0.64
109 2.36 0.26 4.26 0.84 -4.55 -6.44 -3.10 0.68
116 1.88 0.07 .90 0.93 -4.12 -5.49 -2 .27 0.55

ressures foj
Bsmit-Upst Pres.
Mean Min. Max.
0.10 -0.40 0,61
0.03 -25.60 0.73
0.24 -0.36 1.02
0.34 -0.44 0.76
0.42 -0.50 0.87
0.34 -0.34 0.97
0.32 -0.27 0.77
0.42 -0.16 0.89
0.48 -0.49 2.42
0.49 -1.13 1.23
0.82 -0.13 1.33
0.83 0.01 0.83
0.72 0.28 0.83
0.84 0.21 0.81
0.73 -0.21 0.88
0.63 -0.26 0.59
0.82 -0.08 1.28
0.80 0.20 1.25
0.57 -25.00 1.08
0.53 -0.20 1.17
0.53 -0.16 0.95
0.05 -0.65 0.86
0.02 -0.84 0.80
0.33 -0.26 0.74
0.27 -0.41 0,754
0.12 -0.32 0.63
0.05 -0.43 0,72
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Table 9.12. Weekly summaries of basewent

Basement RH (%)

.370 0.952 0,110

Date Yesrn  Min. M 5.D.
299 59.5  55.8  62.4 1.6 0.8%% 0.%%3 1020 0.100
306 59.1 0.0 63.0 4.3 0.862  0.000  1.003  0.122
313 56,6 51.7 635 3.3 0.80% 0.475 1.003 0.122
179 46.9  41.5 53.1 3.9 0.630 363 1.000  0.152
327 45.3  43.2 50,0 1.8 0.739 493 1.00C 0.114
334 451 43,2 52.0 2.1 0.792 477 1,000 0114
30 45.2 2.8 504 2.1 0.76% 543 1.008  0.102
2.
2.

355 43.7 404 S1.8 4 739 073 1.0600 0.114
362 42.7  39.8 46.4 460 1.0 132
4 K04 35,7 437 5 675 457
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3% 34.3 30,4 39.0 2.8 0.707 0.340 1.800 0.136
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Table 9.12. Weekly summary statisztics of temperatures for House #4,

Basement Temp. (°C) Vpstaivrs Temp. {°0) Outdoor Temp. (°C)
Date Min =~ Max = 5.D. 1 ‘ Max ~ 8.D. HMHean Min Max = S5.D.

299 17.0 1e.1 18.3 0.5 18.2 171 19.3 0.4 121 3.8 75.9 4.5
308 17,1 1401 192.2 1.7 18.2 12,9 20.8 1.8 16.3 0.C 21.8 4.4
313 18.0 16.5 19.%7 &.7 19.2 17.8 201 0.6 2005 -1.2 32.8 5.7
320 17.7 15.4 18.8 0.8 16,5 16.8 196 0.7 6.4 -8.6 22.2 7.1
327 le.2 11.3 19.9 2.2 16.7 8.2 20.6 3.6 2.2 -6.0 12.1 4.4
334 4.9 13.2 18.9 1.9 5.2 12.8 20.6 2.9 5.6 -2.3 16.8 3.6
341 1.6 13.0 2¢.6 2.0 7.9 12.8 22.1 2.9 2.2 -6.1 11.5 4.2
348 172 14.6 19.4 1.0 18,9 1.8 21.2 1.0 0.2 -11.6 10.1 4.9
455 1.9 12.7 19.3 1.5 18.2 13.3 20.7 1.8 1.8 -4.8 6.2 2.5
362 6.5 13.9 17.7 1.1 1/7.5 15.2 8.7 1.0 1.9 -5.9 8§.6 3.1
4y 16.6 13.5 18.1 1.2 17.5 141 1¥.1 1.6 -0.6 -6.3 L6 2.2
11 17,5 13.3 20.8 1.8 19.1 4.5 215 1.8 -0.2 -6.3 4.6 2.6
18 17.7 13.3 19.6 1./ 2001 151 21.6 1.5 1.5 -7.9 10.9 4.6
25 17,4 12.6 19.7 2.0 9.5 14.3 21.5 1.9 -5.4 -15.7 1.1 4.8
32 17.4 12.8 12.8 1 19.4 344 21.4 2.0 5.0 -14.5 2.5 44
39 16.5 13.0 19.4 1.7 18.5 14.4 21.4 1.4 L2 -T2 8.4 3.6
L 151 7.2 o4l 6.0 3.8 23 40 5.7 -5.0 -18.2 3.9 4.8
53 ‘7.2 it.r 26.2 1.8 e 7 ii.4a 22,7 2.0 -2.6 -16.1 10.2 5.:Z
60 17.3 12.2 19.1 1.0 g3 4.6 211 0.9 0.9 -5.6 7.3 3.6
67 1700 13,9 20.6 1.8 0.0 16,8 22.9 1.6 5.2 -4.8 24.7 7.2
e 16.4 13.9 18 3 1.2 i9.0 181 21,1 6.8 0.6 -10.3 16.3 5.8
81 17.3 15.4 18.4 0.6 19.6 -6999 20.4 0.3 3.9 -3.3 14.7 4.5
88 4.0 12.5 18.0 1.3 17.2 4.5 20.9 1.8 12.0 2.6 22.8 5.1
a4 12.5 10.3 19.2 7.0 SR 2.6 22.4 3.1 7.7 -2.7 16.0 4.7
102 15.5 13.6 12.3 1.6 18.9 15.¢ 22.3 1.8 10.5 4.3 26.2 21
109 15.2 3.1 200 1.8 1/.8 1.0 22.1 20 11.0 2.9 24.9 4.5
116 17.3 15.3 19.8 1.0 20,7 16.9 237 1.3 13.2 3.5 26.9 5.4



9A.15

Table 9.14. Weekly summary statistics of differential pressures for House #4.

Bsmt-0Out Pres. (pa) Bsmt-Subslab Pres. (pa) Bsmt-Upst Pres. (pa)
Date Mean Min. Max. $.D. Yean Min. Max. §5.D. Mean Min. Max, S.D.

299 0.22 -0.88 3.65 0.95 6.33 0.25 0.42 0.03 0.98 0.68 3.74 0.62
306 1.29 -0.10 6.43 1.10 0.37 0.30 0.56 0.04 1.15 0.68 5.89 0.30C
313 2.11 -0.18 6.36 1.42 0.41 0.30 0.53 0.05 1.38 -9.87 22.38 2.21
320 3.33 1.24 8.66 1.43 0.51 0.37 0.70 0.06 1.48 0.43 5.19 1.05
327 2.89 0.68 6.70 1.49 0.53 0.44 0.64 0.05 1.49 0.47 6.06 1.26
334 1.84 -0.38 5.04 1.13 0.50 0.43 0.5% 0.03 1.21 0.51 3.32 0.81
341 3.57 0.27 7.57 1.40 0.53 -2.10 0.68 0.20 1.84 0.37 5.65 1.16
348 3.9 1.17 8.77 1.47 0.58 0.43 0.80 0.07 1.73 0.41 5.06 1.11
355 4.89 1.21 10.18 1.63 -1.99 -2.97 0.74 0.91 2.20 ©6.27 6.95 1.51
362 4.29 2.55 9.97 1.56 -2.15 -2.82 0.18 0.29 2.26 0.62 65.81 1.43
4 .06 0.98 9.27 1.30 -2.15 -2.50 -G.62 0.18 1L.63 0.52 5.57 1.31
11 5.57 3.07 10.38 1.74 -2.07 -2.54 1.24 0.42 2.04 0.47 6.51 1.72
18 4.44 -1.32 9.45 1.79 -0.56 -2.67 1.%6 1.75 1.52 0.32 6.38 1.32
25 6.3%9 2.21 11.68 2.48 -0.47 -2.00 1.85 1.39 2.24 0.30 6.24 1,80
32 6.79 3.38 11.38 2.04 -1.48 -2.04 -0.74 0.29 2.52 0.44 6 .04 1.84
39 4,69 2.46 10.10 1.63 -1.78 -2.19 -1.03 0.24 1.75 0.48 6.31 1.58
46 6.40 1.53 13.12 3.24 -1.40 -2.01 -0.52 0.38 2.72 06.50 6.65 2.30
53 7.81 3.44 12.20 1.94 -0.31 -1.37 2.03 1.49 4400 0.43 5.86 1.52
60 5.20 2.11 8.41 1.36 -1.78 -2.56 -1.28 0.256 1.79 0.45 5.32 1.29
67 3.52 -0.6% 9.43 2.74 1.892 -2.34 6.28 3.68 1.49 0,23 5.87 1.37
74 4,05 -0.02 7.551.77 2.02 -2.21 6.67 3.87 L.50 0.31 4.24 1.05
81 4.24 2.02 6.60 1.20 -1.96 -2.36 -1.,61 0.18 1.33 0.36 3.52 1.03
88 0.77 -0.83 5.58 0.95 -1.14 -2.97 0.72 1.55 0,85 0.11 3.1%9 0.72
95 1.55 0.24 6.81 1.13 0.71 -1.45 1.46 ¢.21 0.94 0.60 5.22 0.71
102 2.20 -0.38 8.48 1.52 -1.41 -3.13 1.44 1.74 1.20 0.60 6.39 1.14
102 2.19 0.39 8.19 1.38 -2.69 -3.06 -1.48 0.21 1.16 0.66 7.11 1.17
116 1.94 0.57 7.11 0.86 -2.87 -3.19 -2.21 0.16 0.98 0.71L 5.92 0.42
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Basement BH (%) Fraction HVAC OFF
Mean  Min.  Max S.D Min. Max. 5.0
67 62 701 1.6 93¢ LO43 1.0600 0.137
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Table 9.17. Weekly suminary statistics of temperatures for House #5.

Pasement Temp. (°C) Upstairs Temp. (°C) Outdootr Temp. (°C)
Date  Mean Min Max 5.D. Mean Min Max 5.D. Mean Min Max = §.D.
299 18.9 18.2 19.7 0.4 21.8 18.9 25.0 1.4 13.7 2.7 27.3 6.2
306 19.1 15.8 20.3 0.7 22.7 19.5 24.8 1.2 12.0 -0.8 25.% 5.7
313 19.1 18.2 19.7 0.3 22.8 20.1 24.9 1.2 9.5 -0.7 21.2 5.5
320 18.5 17.0 19.4 0.5 22.2 16.9 26.5 1.9 3.2 -7.2 16.4 5.2
327 18.4 17.0 19.8 0.5 22.6 18.3 26.1 1.6 4.5 -5.5 16.9 4.8
334 18.3 16.1 19.2 0.5 22.6 18.9 26.9 1.5 6.6 -1.8 18.6 4.7
341 17.7 13.9 18.9 0.9 22.4 18.1 25.5 1.7 3.7 -5.8 13.2 4.7
348 17.8 16.1 18.8 0.5 22.4 17.0 25.9 1.8 1.6 -11.8 13.8 5.1
355 17.5 16.2 19.1 0.6 22.1 18.2 26.8 1.9 3.3 -5.3 11.5 3.4
362 17.3 15.6 18.1 0.5 21.8 17.8 26.2 2.0 3.3 -5.0 14.2 4.2
4 16.7 0.0 18.5 %% 22.2 0.0 26.1 *** 2.0 -6.3 15.2 #&%%
11 16.6 15.3 18.0 0.6 22.1 17.2 25.8 2.1 1.5 -6.1 11.7 3.3
18 16.8 15.4 17.7 0.6 22.5 17.3 26.1 2.1 3.5 -6.3 15.2 4.8
25 16.2 14.0 18.1 0.8 22.2 15.3 26.1 2.4 -3.9 -15.5 4.0 4.9
32 15.9 14.1 17.0 0.7 22.4 15.8 26.4 2.4 -3.2 -15.8 10.2 5.4
39 16.2 14.8 17.0 0.6 21.9 17.5 25.6 2.0 3.0 -5.3 14,5 5.0
46 16.0 13.2 17.9 0.9 21.6 16.6 25.5 2.1 -2.6 -16.7 11.0 5.%
53 16.0 13.8 17.2 0.7 21.5 15.5 25.8 2.1 0.1 -14.7 l4a.4 6.6
60 16.7 15.5 17.6 0.6 22,1 17.4 255 2.0 2.9 -4.5 14.3 4.4
67 16.8 15.6 17.9 0.5 21.8 17.5 25.7 1.7 6.4 -5.8 25.1 7.7
7h 6.6 15.2 17.6 0.5 21.1 16.2 25.1 2.0 4.6 -10.2 31.9 8.5
81 16.7 15.4 17.5 0.5 21.7 17.2 25.6 2.0 5.5 -2.5 19.1 5.5
88 17.0 16.2 17.9 0.3 22.3 18.8 25.7 1.5 12.6 1.2 29.5 7.6
95 17.5 16.3 18.6 0.5 21.7 17.4 24.7 1.6 9.4 -1.3 19.1 5.2
102 17.7 16.8 19.6 0.4 22.2 19.0 25.5 1.3 12.0 4.8 27.4 5.8
109 17.2 15.2 19.1 1.0 19.8 15.7 26.1 3.1 12.9 3.0 30.3 5.1
116 18.3 15.5 20.5 0.9 22.4 18.4 26.3 1./ 15.2 3.8 31.8 6.3
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Besmt-0ut Pres. (pa) Bsat-Subslab Pres. (pa
Date Mean Miu. Max. S.D.  Mean Min, Max. S$.D.
299 1.15 -0.94 2.13 0.42 -0.12 -0.17 -0.08 0.0} 0.11 -1.8% 0.73 0.1¢°
306 1.27 -1.85 2.99 0.68 -0.13 -0.17 -0.05 0.02 0.0z -3.06 0.85% 0.42
313 1.74 0.11 6.69 0.82 -0.12 -0.16 -0.07 0.02 0.183 -0.39 0.88 0.22
320 2.69 0.03 6.94 1.03 -0.10 -0.14 -0.02 0.02 0.21 -0.62 1.00 0.26
327 2.32 -3.51 5.27 1.00 -0.11 -0.16 -0.02 0.02 0.22 -0.90 0.91 0.26
334 2,20 0.12 7.17 0.79 -0.10 -0.16 -0.04 0.02 0.20 -0.45 1.01 0.23
341 2.98 -2.05 11.07 1.97 -0.08 -0.14 0.01 0.03 0.21 -2.05 1.02 0.43
3483 3.03 0.49 10.25 1.22 -0.10 -0.,19 -0.01 0.02 0.27 -0.11 1.01 0.23
355 2.49 0.13 5.60 0.84 -0.10 -0.15 -0.03 0.02 0.28 -0.19 0.98 0.25
362 2.51 -0.35 7.44 0,91 -0,10 -0.14 -0.02 0.02 0.25 -1.07 0.99 0.27
4 2.83 -25.0 8,78 2.16 -0.05 -25.0C 0,64 %% 0.01 -25.0 1.42 #&dw
11 2,74 -0.01 8.40 1.45 0.01 -0.17 ©0.31 0.13 -0.01 -0.75 -0.06 0.256
18 2.97 0.66 8.49 1.47 0.18 -0.10 0.64 0.16 0.13 -0.43 -0.40 0.35
25 3.20 0.43 11.46 1.70 0.60 0.12 1.446 9.26 -0.10 -0.87 -0.04 0.38
32 3.03 1.3% 5.02 0.73 0.84 -1.43 1.58 0.27 0.20 -0.56 -0.48 0.41
39 3.13 1.51 11.74 1.38 0.72 O.44 1.30 0.18 0.28 -0.18 -0.03 0.36
46 4,06 2.02 9.1z 1.21 -6.0% -13.05 1.43 4,38 0.33 -0.70 1.98 0.43
53 2.96 1.50 5.82 0.17 -1.81 -13.01 2.20 5.66 0.3 -0.18 1.92 0.43
60 2.91 -0.57 5.55 0.8% -5.53 -14.10 2.16 6.88 0.41 -1.03 2.092 0.45
67 3.55 1.37 13.37 1.69 -12.09 -13.5C 1.25 2.84 0.42 -0,47 1.96 0.38
74 2.30 -0.29 5.43 0.86 -2.48 -14.08 -5.98 7.82 0.39 -0.12 1.82 0,38
81 2.35 1.04 4.13 0,59 -A.56 -8.51 1.50 4.03 0.30 -0.11 1.58 0.35
82 1.32 -0.55 3.83 0.70 -3.94 -9.13 1.41 4.32 0.19 -0.27 1.23 0.22
95 1.43 -5.42 10.97 2.20 -1.62 -13.32 2.71 4.51 0.0l -0.56 1.10 0.21
102 1.73 -3.10 5.74 0 88 -§.08 -15.26 1.37 5.33 0.18 -2.15 1.38 0.33
109 0.91 -0.79 5.14 0.98 -5.84 -14.06 1.11 6.52 0.18 -0.74 1.65 0.26
116 0.83 -5.63 2.64 1,02 -10.71 -15.05 0.36 5.25 0.156 -1.40 2.52 0.39
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Table 9.19. Weekly summary statistics of radon concentrations for House #5

Basemenit Radon (pCi/L) Upstairs Radon (pCi/L)
Date HMean  Min. Max.  S8.D. Mean — Min. ~ Max. S.D.
289 39.2 0.4 68.2 17.7 8.8 0.0 17.8 .8
306 34.5 0.2 60.2 17.1 8.4 0.0 17.1 4.6
313 46.0 12.1 65.0 9.0 13.7 8.2 19.4 2.5
320 52.3 0.5 68.2 11.7 15.4 2.8 21.8 3.8
327 48 .2 10.7 67.9 10.7 14.2 3.8 20.0 3.1
334 52.6 3.6 78.2 14.2 14.9 h b 23.9 3.7
341 46 .2 0.1 71.9 14.7 13.3 0.1 20.7 4.6
348 49.6 34.8 65.8 7.1 15.6 10.2 19.9 2.2
355 48 .3 28.8 68.7 9.5 15.2 10.0 20.5 2.3
362 49.2 2.6 67.9 i1.3 15.1 2.8 20.6 3.2
& 38.5 9.8 64.8 7.8 13.5 4.4 20.0 2.4
11 36.6 9.8 47 .7 6.2 13.1 Aty 17.1 2.1
18 39.9 16.3 64.8 9.4 13.5 6.3 20.0 2.9
25 39.8 18.0 155.9 13.5 13.6 6.8 77.0 5.3
32 41.6 28.5 62.6 6.5 13.5 9.6 18.0 1.7
39 45.7 32.5 60.8 5.1 14.2 7.9 18.9 2.2
L6 15.8 0.3 71.8 22.5 4.9 0.0 20.2 6.7
53 26 .7 0.0 50.6 17.1 8.1 0.0 15.6 5.4
60 24.0 0.0 55.9 21.9 7.6 0.0 18.5 5.5
67 1.0 0.0 11.9 1.8 0.4 -0.1 4.7 0.8
74 0.6 0.0 1.3 0.3 0.1 0.0 0.5 0.3
g1 10.7 0.0 43.6 15 .1 3.4 0.0 16.6 5.3
88 20.8 0.1 52 .4 19.0 6.7 0.0 17.0 E
95 25.6 G.7 S54.4 13.8 7.9 0.3 16.6 4.7
102 11.8 0.0 92 .6 19.3 5.6 0.G 19.5 i
109 11.5 0.0 340 11.6 2.1 G.9 4.8 1.7
116 7.1 0.0 401 13.0 1.8 0.0 9.2



Basement RH (%)

. Weekly summaries

of basement RH and HVAC duty cyele fovr House #5

Mean  Mino. Max. 5.0,
62.5 48.3 65.8 2.5
59.3 37.7 64.9 5.6
59.5 55.2 62.5 1.3
57.1  46.4  61.8 2.8
55.1 45.7 57.2 1.7
54.9  45.3 56.6 1.7
51.1 39.1 55.7 3.6
50.7 47.8 52.3 0.9
50.6 47.9 52.2 1.0
49.9 32.1 51.4 1.9
47.2 0.0 51.0 kedek
46 .4 43.5 47, 0.7
47.9  46.0 50.2 1.1
45.8  42.2 483 1.9
44,0 40.9 46,4 1.3
46.8 45.6  47.9 0.6
44 .8 417 47.4 1.4
43.3  41.3 44,1 0.6
443 42.2  45.7 0.5
44,6 43,2 460 0.5
44 .2  42.8 46,2 1.1
43.7  42.8 45.0 0.4
45.0 44,4 45.5 0.2
50.7 48.3 57.3 1.8
49.8 38.5 52.4 2.4
49 4 47.6 5.1 0.7
59.5 51.2 67.5 4.7

Fraction HVAC OFF

Mean Min, Max, 5.D,
0.913 0.000 1.000 .213
0.847 0.000 1.G00 .271
0.781 0.0060 1.000 0.299
0.725 0.000 1.000 0.313
0.693 0.G600 1.000 0.341
0.764 0.000 1.0G00 0.287
0.672 0.060 1.000 0.347
0.656 0.000 1.000 0.327
0.690 0.000 1.C00 0.345
0.714 0.000 1.000 0.342
0.659 0.004G 1.000 FhAE
0.662 0.000 1.000 G.345
0.675 0.000 1.000 0.336
0.680 0.000 1.000 0.324
0.690 0.0560 1.000 0.319
0.722 0.000 1.000 0.327
0.730  0.000 1.000 0.305
0.743 0.00G 1.0C0 0.318
0.705 0.060C0 1.000 0.325
0.771 0.000 1.0390 0.310
0.782 0.000 1.000 0.334
0.758 0.000 1.0G0 0.347
0.921 0.000 1.0060 0.215
0.845 0.000 1.000 0.260
0.878 0.000 1.000 0.232
0.932 0.000 1.000 0.179
0.924 0.000 1.000 0.123
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favle 9.71. Weekly suumary statistics of temperatures for llouse #6,

T Toms., {(“C) Outdoor Temp. {
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Table 9.22. Weekly summary statistics of differential pressures for House #56.

Bsmt-Cut Pres. (pa) Bsmt-Subslab Pres. (pa) Bsmt-Upst Pres. (va)
Date Mean Min. Max. §.D. Mean Min. Max. S.D. Mean  Min, Max. 5.D.
299 2.09 -0.18 5.70 1.18 -0.12 -0.43 0.34 0.24 0.36 -0.16 2.42 0.50
306 2.45 0.31 6.10 1.16 -0.22 -0.41 -0.01 0.09 0.36 -0.20 2.16 0.52
313 2.69 -0.35 5.92 1.32 -0.22 -0.38 -0.01 0.08 0.50 -0.17 2.08 0.54
320 4,02 1.42 6.17 1.00 -0.25 -0.40 -0.10 0.06 0.50 -0.26 1.86 0.50
327 2.91 -22.36 6.28 3.71 -0.22 -0.37 0.03 0.06 0.56 -0.30 5.05 0.65
334 2,75 -13.71 10.94 1.85 -0.26 -2.00 -0.03 0.11 1.85 -1.81 23.37 5.14
341 1.94 -19.68 4.87 2.32 -0.28 -0.48 -0.14 0.06 1.91 -0.47 23.02 4.48
348 2.70 -0.51 5.87 1.22 -0.22 -0.33 -0.09 0.05 2.95 -0.06 23.36 5.99
355 2.39 0.02 4.86 0.89 -0.22 -0.34 -0.12 0.05 1.61 -0.04 22.18 3.60
362 2.33 -2.41 4,52 0.93 -0.26 -0.44 -0.12 0.06 2.26 -0.22 23.31 5.01
4 2.77 -0.30 5.52 1.18 -4.43 -7.94 0.05 2.88 0.80 -0.67 2.18 0.56
11 3.01 0.67 5.52 0.92 -4.71 -7.%4 -2.15 2.57 0.93 -0.11 1.96 0.52
18 2.27 -0.30 5.41 1.47 -7.45 -7.89 -3.38 0.35 0.69 -0.46 2.06 0.52
25 3.66 1.59 6.54 1.09 -8.27 -9.98 -7.06 0.80 0.54 -0.35 1.45 0.42
32 3.68 1.53 6.96 1.21 -9.52 -10.25 0.32 1.36 0.55 -0.77 1.39 0.44
36 2.52 0.13 4.67 0.98 -11.19 -21.26 14.70 9.87 0.53 -0.25 1.60 0.45
46  3.53 0.90 6,82 1.27 -14.13 -19.38 -10.59 2.53 0.55 -0.28 1.41 0.42
53 2.63 -0.19 7.04 1.26 -12.69 -13.95 -6.06 0.96 0.66 -0.97 1.95 0.49
60 2.12 -25.00 4.19 1.71 -11.53 -25.00 -7.81 0.96 1.66 -25.0 23.16 4.31
67 1.34 -94.99 3.99 1.39 -7.46 -11.27 -2.34 1.73 1.11 -0.16 23.27 3.08
74 0 2.22 -0.33 4.61 1.00 -14.68 -20.19 -3.75 4.50 0.44 -0.29 1.64 0.39
81 1.70 -0.04 3.27 0.72 -16.64 -24.70 -8.78 3.17 0.24 -21.0 1.28 1.68
g8 0.24 -2.13 2.76 1.01 -15.66 -20.79 -4.59 2.31 0.28 -0.09 1.30 0.28
95 1.05 -24.70 9.02 2.96 -16.54 -19.95 -14.93 0.72 1.66 -0.30 23.11 4.52
102 0.70 -2.84 2.36 0.93 -15.28 -17.57 -13.87 0.64 0.23 -0.28 1.17 0.33
109 0.50 -2.53 3.13 1.01 -14.26 -15.79 -12.62 0.55 0.26 -0.22 1.26 0.36
116 0.37 -2.60 2.85 1.60 -14.55 -15.89 -12.13 0.45 0.17 -0.34 1.15 0.33
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Table 2.24. Weakly suwsmaries of basemevt RH and HVAC diuty cycele for House #5
Basement RU (%) CFY

Date Yeon  Min. 5.0 8.D.
299 42.5 35.1 492.3 2.8 0.873% 0.093  1.000 0.221
306 42.8 35.2 43.4 3.6 0.849 0.0020 1.C00  0.234
313 40.9 33.7 5.9 6.3 0.781 0.0457 1.00G  0.249
320 30.1 21.7  43.5 5 0.515 0.¢ce  1.0C3  D.281
327 28.3 22.1 34.4 2.9 0.665  0.60C  1.00G 0.2/2
334 32.6 249 400 2.7 G.700  C.0Cr 1.CGC 0.312
341 27.7 22.3 38.2 4.3 0.634 0.C00  1.CC0 0.281
348 26.1  19.2 3.0 3.9 0.607 .G00 1.G00 0.289
355 25.1 20,0 30.4 2.4 G.669  0.037 1.66C  0.249
362 4.2 2L.0 32,7 2.7 0.588 0.000 1.0G6G  0.271
4 23.4  18.8 33.0 2.7 0.58%  0.00¢0 1.G0G 0,277
11 21.8 18.8 254 1.7 555 0.000 1.080 0.246
18 254 22.2 33, 3.3 646 0.c0G  1.CC0 0.30¢6
5 24.6 21.1 29.4 1.5 490 0.0C0  1.000  0.233
32 22.6 20.7 24.9 1.2 484 0,060 1.00C  0.234
3¢9 25.1 23.1 27.4 1.1 0.606  0.02C6 1.CG0 0,251
46 22.9 2G.7 25.8 1.2 0.5i5 0.003 1.006  0.246
53 21.9 19.7 23.9 0.7 531 0.003 1.0G6G 0.275
60 23.8 22.4  26.7 0.9 g.627 0.000  1.003 (0.247
&7 27.1  24.% ik 2.0 0.719  0.080  1.000  0.263
74 5.5 21.8 34.8 3.5 0.646 0,058 1.000 0.257
g1 23.1 21.7  25.9 1.1 0.685 0,137 1.080 0.240
88 30.9 25.7 39.3 3.7 0.8929 0.203 1.6GC 0.183
95 37.L 32.3 432 2.4 0.766 0.000 1.000  0.245
102 38.8 36.9  42.3 1.0 0.820  0.327 1.00C 0.206
169 40.8 36.6 51.7 3.4 0.825 0,170 1.000  0.203
116 505 40,6 5.0 4.3 0.884  0.237 1.6CC  0.185



9A.26

[able 9.25. Weekly summary statistics of temperatures for House #7.

Basement Temp. (°C) Upstairs Tewp. (°C) Qutdoor Temp. (°C)
ate Mean Min  Max 5.D. Mean Min  Max S.D. Mean Min Max S.D.

299 20.2 19.6 21.1 0.3 21.7 20.0 24.4 0.9 12.3 1.3 23.7 5.2
306 2001 19.4 20.2 0.2 21.6 19.7 24.1 0.8 11.0 -0.7 20.8 5.0
313 19 19.4 20.4 0.2 21.2 19.9 22.3 0.5 9.1 -0.4 22.5 5.2
320 19.6 18.8 20.6 0.4 2.0 19.6 22.8 0.5 2.4 -8.3 11.6 4.6
327 19.3 18.3 19.9 0.3 20,9 18.7 21..8 0.6 Lok -5.5 14.3 4.9
334 19.3 18.3 20.2 0.3 21.0 18.9 22.4 0.5 6.1 -2.7 18.4 4.6
341 18.9 17.6 20.0 0.4 206 18.8 21.4 0.5 3.4 -6.5 12.8 4.9
348 18.9 18.2 19.3 0.2 206 12.4 21.9 0.4 1.6 -11.6 12.6 4.9
355 19.0 18.4 19.4 0.2 21.0 19.6 21.9 0.4 2.8 -5.0 8.0 .3
362 18.3 16.2 18.9 0.6 20.8 19.1 22.0 0.5 2.7 -6.5 11.1 4.1

% 18.7 18.0 19.4 %4 21.6 18.2 22.7 0.5 1.3 -7.7 12.8 &«
11 i&.7 18.0 19.1 0.2 21.0 19.7 21.9 0.4 6.7 -7.3 6.9 3.3
18 13,7 18.2 19.4 0.2 21.1 18.2 22.7 0.6 2.6 -7.7 12.8 4.8
25 18.2 17.1 19.3 0.5 2006 19.2 22.7 0.7 -4.0 -15.1 2.4 4.8
32 17.8 16.9 18.6 0.4 20.7 19.7 22.2 0.5 -4.5 -19.5 3.6 5.6
39 18.2 17.6 19.3 0.2 2.0 11.9 22.0 0.7 2.0 -5.5 10.4 4.0
46 18.0 17.1 18.6 0.3 20,6 19.0 21.9 0.5 -3.6 -15.8 5.8 4.4
53 17.8 17.1 18.6 0.3 21.1 19.6 22.6 0.6 -1.2 -14.8 9.6 5.1
60 18.2 17.6 18.8 0.2 21.1 19.9 22.4 0.5 2.1 -6.4 13.4 4.3
6/ 18.2 17.5 18.9 0.3 21.2 19.6 24.0 0.8 5.8 -5.5 24.06 7.3
7é i8.2 17.6 18.8 0.2 21.2 19.8 23.8 0.7 1.6 -9.4 19.8 6.0
81 18.2 17.6 18.9 0.2 21.3 19.8 23.8 0.8 4.9 -2.9 14.1 4.6
88 8.5 17.9 19.3 0.3 22.0 18.9 24.1 0.9 12.4 -0.7 22.2 5.8
95 18.4 17.7 19.0 0.3 21.2 19.6 24.1 0.7 9.1 -1.6 18.4 5.1
102 18.5 17.8 19.6 0.3 21.4 19.5 25.0 1.0 11.4 3.0 24.9 5.8
109 18.8 18.1 19.8 0.3 21.5 20.2 24.4 0.8 11.6 0.9 24.9 4.7
116 19.2 18.6 20.1 0.3 21.5 20.1 23.8 0.8 12.4 0.8 24.3 5.0
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Table 9.26. Weekly summary statistics of differer

Bsmi-Cut Pres. (pa)

Date Mean Min. Max, S.D,
299 1.77 -0.76 7.01 0.%97
306 1.76 -0.13 4.10 0.79
313 2.07 -0.20 5.4% 0,92
320 3.41 1.92 7.39 1.08
327 3.56 1.13 10.7Z2 1.57
334 2.75 0.25 5.36 0.77
341 3,31 1.10 7.38 1.0°
348 3.67 1.74 9.5%1 1.24
355 3.68 2.03 10.31 1.32
362 3.48 -0.05 9.76 1.50
4 4,29 1.43 8.62 1.10
11 4.46 3.01 8.68 1.13
18 3.97 1.43 8.59 1.35
25 4.93 2.74 11.2% 1.48
32 5.04 3.05 8.52 1.19
36 3.86 1.97 8.71 1.12
46 2,17 -0.02 10.42 3.08
53 0.0¢6 0.0z 0.11 0.02
60 0.02 -0.02 0.06 0.02
67 -0.01 -0.05 0.05 0.02
74 -0.02 -0.07 0.02 0.02
g1 -0.01 -0.06 0.03 0.02
g8 0.54 -4.13 2.38 0.87
95 2.76 -0.56 6.65 1.138
102 1.98 -1.5% 4.82 0.92
109 1.79 -1.76 4.59 0.81
116 1.77 -0.46 3.55 0.81

Bzmt-Subslab Pi
Mean

e . Y IR
i, L

0.25 -0.11 0.98
0.55 0.25 1.08
0.66 0.724 1.33
0.82 -0.93 1.380
0.21 -2.40 7.82
0.30 -2.22 3.19
0.8¢8 0.43 2.08
0.97 0.55 2.22
0,96 0.62 2.40
0.23 0.15 1.05
0.13 -0.44 0.17
0.13 0.11 0.15
0.13 0.11 0.16
0.14 0.10 0.17
0.16 0.13 0.18
0.15 0.1z 0.17
0.15 0.12 0.17
0.16 0.14 0.19
0.15 0.13 0.17
0.14 0.11 0.16
0.13 0.11 0.15
0.13 0.11 0.1s
1.87 0.11 4.59
1.48 -7.42 5.55
-0.97 -1.90 -0.02
-1.08 -2.20 -0.41
-1.15 -2.22 -0.58
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-0.21 1.61
-0.11 2.99
-0.57 2.46
-0.05 1.43
0.06 2.11
-0.36 2.03
-0.56 1.27
0.18 1.4%
0.20 1.22
-1.22 1.99
0.23 1.83
0.44 1.53
0.28 1.54
0.22 2.08
0.37 1.85
0.36 4,07
0.29 2.04
0.34 1.54
0.30 1.34
0.20 2.59
0.26 2.60
0.31 1.67
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0.06 2.82
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Tabie 2.27 Weekly susmary stavistice of vadon concentrations foy lousce
Basement Radon {pCi/L} Upstairs Radon {(pCi/L)
Bats Hear : Max.  S.D. Mean  Min.  Max. 5.B.
29¢ 22.0 10.8 33,10 4.0 4.5 0.1 13.6 3.3
306 21 .4 1.8 30.1 3.0 6.7 0.3 17.0 3.7
313 22.0 14.0 29.9 A 9.5 0.6 17.0 4.2
320 23.2 1.7 30.6 2.2 13.8 0.7 19.5 2.7
327 21. 10.9 57.2 6.8 12.1 1.4 18.6 3.5
3 203 12.2 55.5 6.7 10.3 0.7 15.6 2.9
341 22.0 14.8 70.56 .3 12.7 3.0 204 2.2
3462 22.6 17.46 35.6 2.9 14.6 3.6 20.2 2.8
355 224 17.8 35.7 3.3 14.0 5. 20.6 2.9
367 /.5 0.0 27.5 9.5 2.0 0. 18.5 4.0
4 0.1 -0.3 0.4 0.1 0.3 0. i1 0.2
1l 0. 0.3 0.2 0.1 0.3 0. 0.8 G.2
18 0. -0.4 0.4 0.1 0.3 0.
0. 1.
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88 1 0 25.8 9.9 2 -0 0.6 0.2
9> i 0 23.7 6.7 KAFK -0 -0.6 Keodokk
107 0.6 -0.2 160.4 10.3 4.9 -0 178.3 29.3
109 0.2 0.0 0.8 0.1 0.1 -0.1 A 0.1
116 0.2 0.0 1.0 0.2 0.1 -0.3 0.4 0.1
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Table 9.22. Weekly summarvy scatistics of tempevatures (°C) logged

Coyeatney

Outdoer Tewp. (°C) Wrenn Temp. (°C) Soil
Date Mean Min. Max. 5.D. Mean Min. Max, 5.0, Mean Min. Max.

292 11.0 1.5 23,5 46 108 1.6 22.% 4.8 174 16.8
269 124 1.9 23.6 5.4 12.1 1.6 2321 5.0 6.2 15.8
306 10,6 -1.6 22.2 5.1 10,6 -1.6 21.7 5.0 15.4 14.9
313 8§.3 -1.5 20.0 5.2 80 -l.6 19.8 5.2 14.3 13.6
320 2.1 -7.8 11l.7 4.7 1.9 7.8 il 4f 3.1 12.0
327 3.4 -85 14 L6 3.2 5050 140 4.5 11.3 10.4
334 5.5 EOR L A N | 5.3 -3.3 17,2 4.1 10.0 9.7
347 2.7 =71 12.1 4.5 2.5 -7.3 115 4.4 2.1 8.5
348 1.2 -10.0 11.1 4.4 L.0 -9.7 16,8 4.3 8.1 7.3
355 2.8 -5.8 9.3 3.6 2.6 5.9 6.2 3.5 .8 6.1
362 1.7 -3.5 6.6 2.6 1.6 -3.5 6.5 2.5 6.2 6.1

4 -G.1 -6.1 2.9 3.2 -0.3 -6 0 9.0 2.9 @ 5.6
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1.8 2.0 -8.0 13.3 4.8 1.8 -8.0 13.0 4.8 5.1 5.0
25 3.9 -9.8 2.2 3.0 7.0 4.6 211 6.7 b7 4 b
32 -G8 2.8 99 .G 4.2 114 1.3 33.6 /.2 L7 4.1
39 0.8 -9.1 10.0 4.4& 143 6.5 30.6 6.5 1.0 3.8
Lb 2.6 160 .8 3.8 9.5 -5.% 29.1 7.4 3.6 3.4
53 5.3 -84 120 50 149 3.2 3n6 8.7 3.3 3.1
60 2.5 -5.1 10,2 4.7 15.2 4.9 31.7 6.6 3.G 2.8
67 b 4 <607 2640 8.1 i8.8 6.1 34.8 B.O 1.0 2.8

74 0.8 -9.8 11.¢6 4.2 16.0 2.6 32.3 7.8 3.9 3.5
g1 o6 -1.9 Z3.1 38 19.9 8.2 3%.¢ 7 4.3 40
88 i2.2 0.5 26.0 5.7 723.8 144 3409 408 > b 4.6
95 5. 2.2 17,1 6 18.7 8.7 25.2 5. 6.6 6.4
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94.31

Table 2.30.

Weekly summary statistics of windspeed, barvometric pressure and
precipitation at the Weather Station.

Wind Speed (m/sec) Barometeric Pres. (mbars) (0.01 In/30 min)

Date  Mean Min. Max. S5.D. Mean Min. Maex. S.D, Mean Min. Max. S

292 1.0 0.4 2.8 0.5 1001.0 986.0 1014.0 7.2 0.1 0.0 2.0 0.
299 1.1 0.4 2.4 0.5 1002.0 994.0 1009.0 3.4 0.2 0.0 8.0 0.9
306 1.2 0.4 3.5 0.7 1005.0 99%90.0 1023.0 9.7 0.0 0.0 2.0 0.2
313 1.1 0.1 3.2 0.8 1603.0 993.0 1015.0 5.7 0.5 0.0 2.0 1.3
320 1.5 0.4 5.0 0.9 1007.0 9%92.0 1021.0 7.1 0.2 0.0 7.0 1.0
327 1.9 0.4 7.1 1.3 997.3 980.0 1010.0 8.5 0.7 0.0 29.0 2.8
334 1.6 0.4 4.9 0.8 1602.0 985.0 1014.0 5.5 0.5 0.0 21.0 2.5
341 2.4 0.5 5.7 1.3 1605.0 980.0 1020.0 11.0 0.5 0.0 22.0 2.0
348 2.0 0.5 5.3 1.2 1003.0 ©990.0 1023.0 8.7 0.3 0.0 7.0 1.1
355 2.4 0.5 9.5 1.6 999.9 982.0 1013.0 8.4 0.7 0.0 18.0 2.3
362 1.2 0.4 3.5 0.6 1004.0 996.0 1068.8 2.7 0.0 0.0 0.0 0.0
4 1.9 0.5 5.8 1.1 992.2 979.0 1009.0 9.2 0.2 0.0 4.0 0.7
11 2.5 0.4 7.2 1.6 991.4 973.0 1008.0 10.0 0.1 0.0 7.0 0.6
18 1.8 0.5 5.4 1.1 996.7 978.0 10i1.0 8.1 0.2 0.0 9.0 1.1
25 2.2 0.4 6.7 1.5 992.8 962.0 1007.0 10.9 0.0 0.0 2.0 0.2
32 1.7 0.4 5.4 1.1 99C.7 977.0 1003.0 7.8 0.1 0.0 4.0 0.4
39 2.3 0.4 6.1 1.2 291.3 973.0 1011.0 10.7 0.0 0.0 1.0 0.1
46 2.2 0.4 59 1.1 993.4 981.0 1004.0 5.1 0.0 0.0 3.0 0.2
53 1.8 9.4 5.1 1.0 995.1 978.0 1007.0 6.5 0.2 0.0 13.0 1.4
60 2.2 0.4 6.4 1.4 997.5 971.0 1012.0 11.7 0.4 0.0 11.0 1.4
67 1.7 0.4 4.3 0.8 996.5 978.0 1010.0 9.5 0.0 0.0 1.0 0.1
74 1.6 0.4 3.9 0.7 999.4 9892.0 1010.0 4.8 0.0 0.0 0.0 0.0
81 1.8 .5 3.7 0.7 988.6 981.0 996.0 4.4 0.0 0.0 0.0 0.0
84 1.7 Ao 47 101 991.9 982.0 1001.0 3.7 0.3 0.0 2.0 1.0
95 3.3 .5 6.4 1.1 982.2 967.0 991.0 7.4 0.7 0.0 250 2.8
102 1.6 0.4 4.2 0.8 990.4 982.0 1004.0 6.5 0.1 0.0 6.0 0.4
109 1.7 0.4 3.8 0.9 993.6 986.0 1002.0 4.1 0.2 0.0 5.0 0.7
116 1.5 0.4 3.6 0.8 999.0 292.0 1004.0 3.5 0.6 0.0 12.0 2.3
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avre now inc
the letter

sent to the

2.8

llowing is a memo regarding information sent on

luded i Section 5.1.1. Following the mamo is a
sent to Homesowner #1 and pertinent portions from

rest of the homeowners.

the mit

ORNL/TH-10544

e

gati

plans for six of the seven ORNL/Princeton study homes. The mitigation

complete co

analogous 1
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9B. 2

Date: Decexber 19, 1986

e
s
o
-t
"T

To: David Sanchez, Alan Hawihorne, Tom ruiney  ®rad Turk,

Mary Cahill

ews, Chaviie

From: Lynn Hubbard

Re: Mitigation plans four & of the 7 Princeton/CRKL homes.

Enclosed are mitigation plans for the 6 Princeton/0BNL hones
for mitigation between December 15th and January 8th. You will fiud:

1) A summary of the mitigation plans for the six howmes.

tonn strategy foelliowed by a

2) A one page description of the mitigat
floor plan
3) A legend which explains what the numbers on the floor plan wean

4) A copy of the letters sent to each of the homeowners.

Fach letter contains a bricf summary of some
obtained during the diagnostics as well as a

tegy for each home. (More detailed inforuﬂtio

flow rats, source strength, and pressure diffe

made under various conditions will be summariz

those mitigation strategies have changed slig

those changes arve reflected on the one page de lon plans
for each house. The homeowners have been info ad i nge 4nd havae
walked through t basements 21l six homeowners have

e T

he plans with us in their
rmigs

b

given us theirvr

m

-

ion to proceed,

Ron Simon and Bill Brodhead are doing ithe work In our homes, as in the
LBL homes. Ron will be doing houses #4, 5, and 6 and Bill is doing houses

3

—

, and 7.
1. Ny

Contact me with any questions, and have some very HAPPY HOLIDAYS.

Sincerely,

Tyin M. Hub
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My, and Mrs. Homeownaer #
104 Homesowner Drive
Clinton, New Jersey

Desr Mr. and Mrs. Homeowner #1:

We have just couwpleted a set of diagnostic meas
which have helped us understand better how your house interacts with its
i 1

epvivonment. In general, the way in which radon is able to enter any home
invelves the follewing thres factovs.

First, the amount of radon in the s0il survounding the foundation of your
home and the porosity of the scil itself determines how much radon is avail-

able for transport into your home. Second, the construction of the lower pox-
tion of the houss determines how easily the radon can entevr. Perimeter drains
and gsumps provide easy entry points for radon gas. Unfortuuwately, even tiny

cracks provide leakage sites which makes sealing against radon usually diffi-
cult and ineffective. The third major factor is the weather. The colder the
temperaturs, the more buoyant the judeor heated aly becomes. Much like a hot
air balloon, the heated air rises in the house and tends to exit at the upper

locations while sucking in outdeor air and radon from the scil at the lowerx
part of the house.

Keeping these three factors in mind, we have arrived at a strategy which
should make progress toewards relieving the radon problem in your house. The
following is a summary of what we have found.

Sul:structure type: Basement with perimeter drain, weep holes on southern
wzll, and sump io NE corner. Family room and garage on slab adjacent to base-
ment

Subsla®t type: Good was found uwnder the basement slab.

Baden entyy points: The highest radon concentrations we found were under the
basement floor slab on the side pear the garage and family room slab. All the
walls showed simllar concentrations with slightly higher levels found in the
wzll between the family room slab and the basement. (Sze attached basement
floor map.)

Subslab communication: We cbserved good communication {i.e., air flow)
between subslab points within the basement. Subslab to wall communications
weve not ohserved in the basement because of the interveuning perimeter dvain.

4

Mitigatlion strateg A ventilation system will be installed which will ven-
tilate the area under your basement slab and the wall between the garage and
family voom and the north (back) basement wall. This will be accemplished by
:alling twe pipes into the block walls, one penetrating the north wall near
the basement/family room joint and the other penstrating the block wall which
goas between the garage and family room at the peint where that wall inter-
sects the west basement wall under the basewment stairs. A third pipe for ven-
tilatiog the basement slab will be inszerted through the center of the basement
floor. These pipes will be meoifolded to =sach other and exit the basement
through the basement/garage wall and out the garage roof. A fan will be

WA

L.

%
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ﬂ garage and will pull the alrv, ov scil gas
gravel bed snd vent it to the oubside
ig the way in which radon
radon concentrations can be

a
requires infornquon gathering

moniiucing systewn it your home plus additional
detailed diagnostics are beling Cuﬁplx the necessary information for
successiul radon mitigation. Qu sticns of radon levels, cffect of the
weathor, conditions under hasens s {(and behind basement walls) and the
cenditions on your propcrt\ are all imporianl pleces necessary to solve
vadon puzzie With your help we look forward te lowering the radon con-

and its solutions,

remedied.

z
‘rations in vour home

and achieving an improved
so that other homes

irider s

ng, of the prob-

ot
facing similar situations can also

I will be visiting your home during the week of Deceuwber 8th to discuss
the details of our mitigation plams with you.

Sincerely vours,

Hubbard, Ph.D.
Radon Project Coordinator

T —
LY M.
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Dear Mr. and Mrs. Homeowner #3:
**¥Introductory Remarkstid

Keeping these three factors in mind, we have arrived at a strategy which
should make progress towards relieving the radon problem in your house. The
following 1s a summary of what we have found.

Substructure type: Basement with perimeter drain and sump in SE corner.
Garage on slab adjacent to basement on north sids.

Subslab type: Good aggregate was found under the basement slab.

Radon entry peoints: The highest radon concentrations we found were under the
basement floor slab on the side near the basement/garage interface. All the
walls showed similar concentrations with slightly higher levels found in the
NE bazement wall. (See attached basement floor ma

Subslab communication: We observed good communication (i.e., air flow)
between subslab points within the basement, as well as subslab to perimeter
drain and subslab to sump communication. Subslab to wall communications were
not observed in the basement because of the intervening perimeter drain.

Mitigation strategy: A subslab ventilation system will be installed which
will ventilate the area under your basement slab. This will be accomplished
by installing two pipes into the slab, one at 15'5" from each of the north and
south walls. These pipes will be manifolded together and exit the basement
through the basement/garage wall and out the garage roof on the east side of
the roof peak, A fan will be installed in the pipe system In the garage and
will pull the air, or soil gas (including the radomn), from the gravel bed and
vent it to the outside.

***Concluding Remarks¥x#

I will be visiting your home during the week of December 8th to discuss
the details of our mitigation plans with you.

Sincerely yours,

Lynn M. Hubbard, Ph.D.
Radon Project Coordinator
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Dear Mr. and Mrs. Homeowner #56:

***Introductory Remarks***

ecping these three factors in mind, we have arrived at a strategy which
should make progress towards relieving th radon problem in your house. The
following is a summary of what we have found.

Substruciture type: BEasement and crawlspace with hollow cinder block walls, 1
sump in the basement, garage on slab adJacent to basement.

Subslab type: Good aggregate was found under the basement and the crawlspace
slab.

Radon entry points: The highest radon concentrations we found were under the

basement and crawlspace slab with the west side of the crawlspace showing the
largest values. The walls all showed similar concentrations with slightly

higher values observed in the NE basement wall next to the garage slab. (See
attached basement/crawlspace floor map.)

Subsiab communication: We ohserved good communication (i.e., air flow)
between different points under the crawlspace slab as well as between most
points under the basement slab, but not between the basement and crawlspace
subslab points. There was not good communication between either the crawl-
space or the basement subslab and the walls. There was some wall to wall com-
munication in the basement.

on strategy: A subslab ventilation system will be installed to ven-
e the area under both the basement and crawlspace slabs. This will be
mplished by installing two pipes into the slab in ihe crawlspace and one

into the slab in the bhasement. The pipes will be manifolded together and
t the stvucture through the garage roof after passing through the wall

[a]
o

between the basement and workroom and the wall between the workrocom and
garage. A Kanalflakt K6 duct fan will be installed in the duct system in the
garage, with a variable speed switch installed in the workroom.

**%¥Concluding Remarksg##*

I will be visiting your home during the week of December 15th to discuss
the details of our wmitigation plans with you.

Sincerely yours,

Lynn M. Hubbard, Ph.D.
Radon Project Coordinator
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Dear Mr. and Mrs. Homeowner

*udintyoductory RemarkesSar

Keeping these three factors in mind, we have avrrived at =z strategy which
should make progress towards relievinog fhs radon problem in your house. The
following is a sumsary of what we have found.

Substructure type: Basement and civawlspace, with garage on slab adjacen
crawlspace The basgement has a pervimeter drain along the three
babement/outdwor walls and one sump located on the basement side of the
basement/crawlspace wall., 1| space has a pervimeteyr draiu along the east
and part of the south side wall.

ot
ot
s]

Subglak: CGood aggregate was found undey both the basement and crawlspace
subslab.

Radon entry points: The highest radon concentrations were found under the
basement fleor slab, with slightly lewer concentrations under the crawlspace
slab. All the walls showed similar concentrations with slightly higher lavels
found in the southern crawlspace wall between the crawlspace and garage. (See
attached basenmant/crawlspace [loor map.)

Subslab and wall communjications: We observed good communication (i.e., air
flow) between subslab points within the basement, but not betwsen the two
(basement and crawlspace) zones. Subslab Famwuﬂimﬁﬁiaﬂ was obscured in the
crawlspace because of short-circuiting to the pervimeter drain. Subslab to
wall communications were not observed in either the basement or crawlspace
because of the intervening perimeter drsin. We observed wall-to-wall communi-
cation within walls and around single corners in walls in both the basement
and crawlspace zones

Mitigation strategy: A subslab ventilation system will be

frode

which

S ) = P

1 nstalled w
will wventilate both yvour bd%?ﬁtﬂt and crawlspace subslab. This will be accom-
plished by a perimeter drain duct system for each of the crawlspace and base

ment drains. Each drain will be sapped s that it can act as & condult, or
duct system, for the soil gas from uader the slab to flow through. These duct
systems along with & cover for the sump will be manifoldad to a common pip@
which will exit the substructure through the gavrage/crawlspsce wall. The pipe
will exit the garage through the ceiling on the weszt side of the house. A
fan will be installed in the pips 1o the garage which will pull the air, ox
s0il gas (including the radon), from the gravel bed under the basement and
crawlspace slabs and vent it teo the outside.

1

*¥*Concluding Remarkstrs

I will be wisiti vour home during the weak of Decewber 8th to discuss
3

ng
the details of ouvr mitization plans with you.

“‘Q

Sincerely yours,

Lynn M.vﬂubbard, Fh.D.
Radon Project Cocrdinator
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