


APPENDIX A. EQUATIONS AND PARAMETER VALUES
USED IN THE ASSESSMENT OF RISKS AND RISK
| REDUCTION BENEFITS



Exhibit A-1. Risk Equation and Variable Definitions Used in Radon Risk
Assessement

1. Risk Equations for Inhalation of Radon Progeny

IR(prog) = Cw * TF * EF * OF * 0.516 * iRF(prog)
PR(prog) = IR(prog) * Pop

»
-

2. Risk Equations for Ingestion of Radon Gas in Drinking Water

IR(ingest) =Cw *V * F * 365 " oRF
PR(ingest) = IR(ingest) * Pop

3. Risk Equations for Inhalation of Radon Gas

IR(gas) = Cw * TF * BR * 24" OF * 365 * iRF(gas)
PR(gas) = IR(gas) * Pop

4. Equation for Total Population Risk

PR(total) = Pr(prog) + PR(ingest) + PR(gas)

Variable Definitions

IR(prog) Individual risk associated with inhalation of radon progeny, lifetime fatal cancer risk per
year of exposure

PR(prog) Population risk from inhalation of radon progeny, fatal cancers per year of exposure

IR(ingest) Individual risk associated with ingestion of radon gas, lifetime fatal cancer risk per year of
expasure

PR(ingest) Population risk from ingestion of radon gas, fatal cancers per year of exposure

IR(gas) Individual risk associated with inhalation of radon gas, lifetime fatal cancer risk per year of
exposure

PR{gas) Population risk from inhalation of radon gas, fatal cancers per year of exposure

PR(total) Total population risk, fatal cancers per year of exposure

Cw Radon activity level in water, pCi/l

TF Transfer factor for domestic water use, pCi/l{air)/pCi/l(water)

EF Equilibrium factor (unitless)

"OF Occupancy factor {unitless)

iRf (prog) "Risk Factor for inhalation of progeny, fatal cancer risk per wim (working level month)

Pop Population exposed

\' Volume of direct water ingestion, liters/day

F Fraction of radon remaining in drinking water, unitiess

oRf Risk Factor for radon ingestion, fatal cancer risk per pCi

BR Breathing rate, liters per hour

iRf(gas) Risk Factor for inhalation of radon gas, fatal cancer risk per pCi

Simulation Parameters

Type of sampling One-domensional Latin Hypercube

Number of iterations 5 X 50,000
Seed sumbers First run = 1027; subsequent runs, chosen randomly by program
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Exhibit A-2. Variable Values Used in Radon Risk Assessment

Variable ~Distribution Type Value
Cw (baseline) "fLN{gm, gsd)1 System Size gm, pCi/l gsd, pCi/l
z 25-100 312 3.04
101-500 259 3.31
501-3,3300 122 3.22
3,301-10,000 124 : 2.29
>10,000 132 2.31
Cw(with maximum
exposure limits) Variable If Cw(baseline) < limit, Cw(baseline)

(
If Cw(baseline) < 2*limit, Cw(baseline)/2
(

If Cw(baseline) < 5*limit, Cw(baseline)/5

If Cw(baseline) > 5*limit, Cw(baseline)/100

Pop Point estimates System Size Population
25-100 865,245
101-500 4,176,468
501-3,3300 14,239,295
3,301-10,000 14,542,812
>10,000 55,907,052
TF Point estimate 1.0X10™ pCifl(water)/pCi(air)
EF Point estimate 0.4 unitless
OF Point estimate 0.7 unitless
Point estimate * 0.6 liters/day
F Point estimate 1 unitless
BR Point estimate 22,000 liters/hour
iRF(prog) Point estimate 5.15X1C-)1: fatal cancer risk per wim
oRF(ingest) Point estimate 4.25X10 " fatal cancer risk per pCi
iRF(gas) Point estimate 1.52X10""° fatal cancer risk per pCi

1. LN = lognormal distribution, gm = geometric mean, gsd = geometric standard deviation



APPENDIX B. COST CURVES FOR RADON REDUCTION AND
DISINFECTION TECHNOLOGIES
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APPENDIX C. FLOW ESTIMATION EQUATIONS FOR PUBLIC
AND PRIVATE WATER SYSTEMS



EXHIBIT C-1. EQUATIONS FOR ESTIMATING FLOW

Flow (MGD)

=a * (pop/1000)"b

a=

x

)

Pt

Public Water Systems

Private Water System
a= .0.4041 a= 0.3179
b= 0.9554 b= 0.9608
Public Water Systems =~ iemearoon sl e e
Average
System Size Population AF, mgd DF, mgd
25-100 65 0.0071 0.0297
101-500 290 0.0346 0.1238
501-1,000 750 0.0947 0.3070
1,000-3,300 1880 0.2505 0.7386
3,301-10,000 5800 - 0.8252 2.1670
10,001-50,000 20900 3.2049 7.3749
50,001-100,000 68000 11.1710 22.7650
>100,000 214000 37.5902 75.1805
Private Water Systems R I
Average

System Size Population AF, mgd DF, mgd
25-100 60 ' 0.0052 0.0213
101-500 230 0.0216 0.0775
501-1,000 720 0.0726 0.2319
1,000-3,300 1800 0.1922 . 0.5592
3,301-10,000 5700 0.6543 1.6925
10,001-50,000 21900 2.7355 6.1686
50,001-100,000 68000 9.1202 18.3217
>100,000 ' 248000 36.0777 72.1554

1. Flow parameters estimated by ODWGW from SDWIS data
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APPENDIX D. SUMMARY COST TABLES
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