FIGURE B.1. INDOOR INHALATION OF VAPORS
(CHILD AND ADULT RESIDENT; AND NON-RESIDENTIAL WORKER)
Carcinogenic effects where:
RBTLy = Risk-based target level in indoor air [mdfm
TRx BW x AT. x 365 TR = Target risk or the increased chance of devefppamcer over a
RBTL4 = < lifetime due to exposure to a chemical [-]
IR, xET,, x EDx EF x & THQ = Target hazard quotient for individual constitise]
BW = Body weight [kg]
_ _ AT, = Averaging time for carcinogens[year]
Non-carcinogenic effects ATpc = Averaging time for non-carcinogens|year]
IR = Indoor inhalation rate [ffhr]
RBTL. = THQx BW x AT, x 365 x RfD, ETn = Indoor Exposure time [hr/day]
a IR, XET, x ED x EF ED = Exposure duration [year]
EF = Exposure frequency [day/year]
RfD; = Chemical-specific inhalation reference dose [mgiky]
F = Chemical-specific inhalation cancer slope oepoy factor
[(mg/kg-day)
Source: RAGS, Vol. |, Part A, 1989, p. 6-44 365 = ConvertsAT, ATy in years to days [day/year]
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FIGURE B.2. OUTDOOR INHALATION OF VAPORS
(CONSTRUCTION WORKER)
Carcinogenic effects where:
RBTL,, = Risk-based target level in outdoor air [mg/m
TRx BW x AT, x 365 TR = Target risk or the increased chance of devetppamcer over a
RBTLa0= lifetime due to exposure to a chemical [-]
IRy, X EToy  ED x EF x S5 THQ = Target hazard quotient for individual constitiser|
BW = Body weight [kg]
_ _ AT = Averaging time for carcinogens[year]
Non-carcinogenic effects AT, = Averaging time for non-carcinogens[year]
IRo = Outdoor inhalation rate ftnr]
RBTL. = THQx BW x AT, x 365 x RfD, ETox = Outdoor exposure time [hr/day]
® IR, X ET,, x EDxEF ED = Exposure duration [year]
EF = Exposure frequency [day/year]
RfD; = Chemical-specific inhalation reference dose [mgiky]
F = Chemical-specific inhalation cancer slope oepoy factor
[(mg/kg-day)
Source: RAGS, Vol. |, Part A, 1989, p. 6-44 365 = ConventsAT,, AT, in years to days [day/year]
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FIGURE B.3. DERMAL CONTACT WITH CHEMICALSIN WATER
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects where:

RBTL4y = Risk-based target level for dermal contact with

RBTL,, = o DW X AT, x 365> 1000 TR S roet sk or the increased chance of develogs
aw = = Target risk or the increased chance of developamger
5, x SAy, X BV, xZxEF xED over a lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constitisgr]
Non-carcinogenic effects BW = Body weight [kg]
AT, = Averaging time for carcinogens[year]
_ THQxBW x AT, . x365x 1000 % RfD, AT = Averaging time for non-carcinogens[year]
RBTLaw™ A, XEV,, xZ x EF xED SA, = Skin surface area available for contact with we’]
EVgw = Event frequency [event/day]
For organic chemicals ED = Exposure duration [year]
' EF = Exposure frequency [day/year]
. t RfDy = Chemical-specific dermal reference dose [mg/kg-da
If tevent < T, thenZ = 2xFAXK 6T W?em S =¥ = Chemical-specific dermal cancer slope or potéactpr
[mg/(kg-day)T*
365 = ConvertAT,, AT, in years to days [day/year]
, t 1+3B + 3B 1000 = Conversion factor from ciio L [cm/L]
If tevent >t , thenZ = FAXK | 1‘-19”& + 2T [w] { event = Event duration [hr/event]
t = Chemical-specific time to reach steady-state [hr]
4 = Chemical-specific dermal factor [cm/event]
For inorganic chemicalg = K _ xt Ko = Chemical-specific dermal permeability coeffici¢ein/hr]
P e FA Chemical-specific fraction absorbed in watgr [-

Chemical-specific lag time [hr/event]
B = Chemical-specific relative contribution of perrbiidy
coefficient [-]
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logK, =-280+ 066logK,, —0.005aMW

If B<0.6 or B=0.6, thent’ = 247,

If B>0.6 then,t” =67, x(b—+b*-c?)

where,

_1+3B+3B?

~ 31+B)

2
@+B)?
71

b=2x

T o = 0.105 %10 ©005MW)

Source: Modified from RAGS, Vol. |, Part E, 2004.

where:

MW
Kow
b, c

= Molecular weight [g/mole]

= Octanol water partition coefficient [L/kg]

= Correlation coefficient which have been fittedhe
data from Flynn, G.L. (1990)
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FIGURE B.4. DOMESTIC WATER USE (CHILD AND ADULT RESIDENT)
(ONLY FOR CHEMICALSWITHOUT MAXIMUM CONTAMINANT LEVELYS)

Carcinogenic effects

RBTL, = TRxBW x AT, x 365 =
ED x EF x[(SFO xIR,)+(SF x ET xK, x |Ra)+[1050xs¢\m xEV,, xzmﬂ
Non-carcinogenic effects
THQx BW x AT, . x 365
RBTLw= 1 1 BV x7
X X
EDXEF x|| —xIR, [+ xK, xETxIR, |+ A wb ™ “ub
RfD, RD, RfD, x1000

For organic chemicals,

- t
If t wo-evert < t, thenZ,, :2xFApr\/m
T

) t 1+3B+3B?

If t wo-event >t , thenZ,, = FAXK |-t o7 | =——o—

wh-event wh pl: 1+B e«ent[ (1+ B)2 J:l
For inorganic chemicalZ,,, = K Xt ...

Note: Ks = 0 for non-volatile chemicals (i.e., chemicaldshné molecular weight > 200 and Henry’s law cons{dimensionless) < 4.2
10“ or Henry’s law constant (atm3mol) <1.5 x 10).
Source: Modified from RAGS, Vol. |, Part E, 2004.

X
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where:
RBTL,, = Risk-based target level for ingasf groundwater [mg/L-$D]
TR = Target risk or the increased chariaeveloping cancer over a lifetime due to expeso a chemical [-]
THQ = Target hazard quotient for indiatloonstituents [-]
BW = Body weight [kg]
AT, = Averaging time for carcinogens jyea
AT = Averaging time for non-carcinogéyesar]
IRy = Water ingestion rate [L/day]
IR, = Indoor inhalation rate [ffhr]
ED = Exposure duration [year]
EF = Exposure frequency [day/year]
K = Volatilization factor [L/r
ET = Exposure time [hyda
A = Skin surface area available for whole-body cdntdgh water [cni]
EVub = Event frequency for whole-body contact with waéstent/day]
RfD, = Chemical-specific oral reference dose [mg/kg-day]
RfD; = Chemical-specific inhalation reference dose [gglky]
RfDy = Chemical-specific dermal reference dose [mg/kg-da
S = Chemical-specific oral cancer slopgotency factor [mg/(kg-day)]
F = Chemical-specific inhalation canslepe or potency factor [(mg/kg-daf})
Sy = Chemical-specific dermal cancer slope or potéactor [mg/(kg-day)f
365 = ConvertsAT,, AT, in years to days [day/year]
1000 = Conversion factor from cfrio L [cnT/L]
twb-event = Event duration for whole-body contact [hr/event]
t = Chemical-specific time to reach steady-state [hr]
Zob = Chemical-specific dermal factor for whole-bodyntarct [cm/event]
Kp = Chemical-specific dermal permeability coeffici¢ein/hr]
FA = Chemical-specific fraction absorbed in watér [-
Tevent = Chemical-specific lag time [hr/event]
B = Chemical-specific relative contributiohpermeability coefficient [-]
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FIGURE B.5. DERMAL CONTACT WITH CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects where:

RBTL4s = Risk-based target level for dermal contact @itals in
surficial soil [mg/kg]
- TRXEWXAT *365 TR = Target risk or the increased chance of deveipgimcer
EFx EDx §F x10 % SA; X EV,; X AFXRAF 4 over a lifetime due to exposure to a chemical [-]

THQ = Target hazard quotient for individual constitiser|
BW = Body weight [kg]
AT, = Averaging time for carcinogens [year]

Non-carcinogenic effects ATnc = Averaging time for non-carcinogens [year]
ED = Exposure duration [year]
EF = Exposure frequency [day/year]

RBTL . = THQXBWxAT %365x RfD , Ay = Skin surface area available for contact with [son?]

“= " EF x EDx10° xSA_, x EV_, x AF x RAF, EVwi = Eventfrequency [event/day]

AF = Soil to skin adherence factor [mg/eevent]

Source: Modified from RAGS, Vol. |. Part E, 2004 RAFy = Chemical-specific dermal relative absorptiornidag]
Sy = Dermal cancer slope factor [(mg/kg-d3y)
RfD4 = Chemical-specific oral reference dose [mg/kglday
365 = ConvertsAT,, AT, in years to days [day/year]
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FIGURE B.6. INGESTION OF CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)
Carcinogenic effects where:
RBTLings= Risk-based target level for ingestion of chesigasurficial solil
[mg/kg]
RBTLingss— TR(BWXA_‘TCX%S TR = Target risk or the increased chance of devetppamcer over a
EFx EDx §F <10 IR, X RAF, lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constitiser|
BW = Body weight [kg]
AT, = Averaging time for carcinogens [year]
Non-carcinogenic effects AT, = Averaging time for non-carcinogens [year]
ED = Exposure duration [year]
RBTL _THQ*XBWXAT ,.x365% RfD, EF = Exposure frequency [day/year]
ingss _6 ) _ .y .
EFx EDx10°% IR, X RAF o | Rl = Soil ingestion rate [mg/day]
RAF, = Oral relative absorption factor [-]
F = Oral cancer slope factor [(mg/kg-ddly)
365 = ConvertsAT, AT, in years to days [day/year]
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FIGURE B.7. INHALATION OF VAPORS AND PARTICULATESOF CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)
Carcinogenic effects where:
RBTLimns= Risk-based target level of inhalation of chensiaasurficial soll
[mg/kg]
RBT Linhss™ EFx EDx;:TF FZV :g-'cxi(z\?F V) TR = Target risk or the increased chance of devetpgamcer over a
P70 a0 = ot ss p lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constitisgr|
BW = Body weight [kg]
AT, = Averaging time for carcinogens [year]
Non-carcinogenic effects AT,. = Averaging time for non-carcinogens [year]
ED = Exposure duration [year]
EF = Exposure frequency [day/year]
RBTL. . = THQXBWxAT %365 RfD, IR = Qutdoor inhalation _rate %Mnr]
S EFx EDxX ET,, X |RpX(VF «+VF ) ETox = Outdoor exposure time [hr/day]
F = Inhalation cancer slope factor [(mg/kg-ddy)
RfD; = The chemical-specific inhalation reference dJosgkg-day]
VFp = Volatilization factor for particulate emissiofnem surficial soil
- : - [(mg/m’-air)/(mg/kg-soil)]
Note: VFs= 0 for non-volatile chemicals (i.e. VFs = Volatilization factor for vapor emissions fromrficial soil
chemicals with a moIeCl_JIar W(_alght > 200 and [(mg/n-air)/(mg/kg-soil)]
Henry’s law constant (dimensionless) < 4.2 365 = ConversAT,, ATy in years to days [day/year]
10E-04 or Henry’s law constant (atni/mol)
<1.5x 10E-05. Note: The depth to surficial soil for a construction worker is up to the typical
construction depth.
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FIGURE B.8. INHALATION OF VAPORS AND PARTICULATES, DERMAL CONTACT WITH, AND INGESTION OF
CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects

TRx BW x AT, x 365
RBTL_ = ' . A c i
® " EF xEDx|(SF, x10° x IR, x RAF, )+ (SF, x10°® x SA,, x EV,, % AF x RAF, )+ (SF, x IR, X ET,,, x (VF +VF )

Non-carcinogenic effects

RBTL = THQ x BW x AT, . x365
= or  ED x| 107 X 1Ry XRAF, | 10°x SA, X EV,y, X AF X RAF, |, ETo, IR, (VF, +VF,)
RID, RID, RD,

Source: Modified from RAGS, Vol. 1, Part E, 2004

Where:
RBTLs = Risk-based target level of surficial soil [mg/kg
TR = Target risk or the increased chance of devetpgamcer over a lifetime due to exposure to a obelrf
THQ = Target hazard quotient for individual constitiser|
BW = Body weight [kg]
AT, = Averaging time for carcinogens [year]
AT = Averaging time for non-carcinogens [year]
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ED = Exposure duration [year]

EF = Exposure frequency [day/year]

| Resil = Soil ingestion rate [mg/day]

RAF, = Oral relative absorption factor [-]

A = Skin surface area [Gday]

EVgil = Event frequency [event/day]

AF = Soil to skin adherence factor [mg/iim

RAF = Dermal relative adsorption factor [-]

IRe = Outdoor inhalation rate [tnr]

ETot = Outdoor Exposure time [hr/day]

S = Oral cancer slope factor [(mg/kg-dd})

S = Inhalation cancer slope factigmg/kg-day)']

RfD, = The chemical-specific oral reference dose [maglag]

RfD; = The chemical-specific inhalation reference dJosgkg-day]

VF, = Volatilization factor for particulate emissiofiem surficial soil [(mg/mt-air)/(mg/kg-soil)]
VFs = Volatilization factor for vapor emissions fromrficial soil [(mg/n?-air)/(mg/kg-soil)]
365 = ConvertsAT,, AT, in years to days [day/year]
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FIGURE B.9. INDOOR INHALATION OF VAPORS (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

TRx AT, x 365
RBTLai-ad = lRa—xS:

Non-carcinogenic effects

_ THQx AT, . x365x RfD,
RBTLai-aq) = IR,

where

— IRai—chDchchETi—c + lRai—axEDaxEFa>< ETi—a
BW. BW.

Cc a

IR, -2

Source: Modified from RAGS, Vol. |, Part B, 1991
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Where:

RBTLa.aq
TR
THQ
AT,
AT

| Rai-aa
IRaic
IR4-a
ED.
ED,
EF.
EF,
ETic
ETia
BW.
BW,
RfD;
S
365

Age-adjusted risk-based target level in inddofnag/m”]

Target risk or the increased chance of devetppamcer over a lifetime due to exposure to a abedrf

Target hazard quotient for individual constitisgA]
Averaging time for carcinogens [year]

Averaging time for non-carcinogens [year]
Age-adjusted indoor inhalation rate¥rig]

Resident child indoor inhalation rate Y]

Resident adult indoor inhalation rate’[i]

Exposure duration for child [year]

Exposure duration for an adult [year]

Exposure frequency for a child [day/year]

Exposure frequency for an adult [day/year]

Indoor exposure time for a child [hour/day]

Indoor exposure time for an adult [hour/day]
Resident child body weight [kg]

Resident adult body weight [kg]

Chemical-specific inhalation reference dose [gglky]
Chemical-specific inhalation cancer slope fafitug/kg-day]*
Conversion factor [day/year]
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FIGURE B.10. DERMAL CONTACT WITH CHEMICALSIN WATER (AGE-ADJUSTED RESIDENT)

Carcinogenic effects For organic chemicals,

. / t
RBTL = TRx AT x 365x% 1000 If tevent £ t, thenZ = 2x FAx Kp 6Tevent event
fon-d S:d X (DCW—C X Zc + DCw—a X Za) 4

Non-carcinogenic effects If t evere > t, then
THQx AT, x 365x1000x RfD, t 1+3B+3B?
ow-adj = = Z=FAxK |-e= yor |22 22
RBTLd dj DCW_C % Zc + DCW_a X Za pl:l_'_ B es/ent[ (1+ B)2 ]}
where : ) _ _
For inorganic chemicale = K, xt o,
bC, = ED. XEFR x 3, . XEV,,.
¢ BW Source: Modified from RAGS, Vol. |, Part E, 2004.
DQN_ — EDa X EFa X S%w—a x E\/gw—a
a Bv\é
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where:

>
7
T TR T TR TR TR T

s

BW,

£

Age-adjusted risk-based target level for derroatact with chemicals in groundwater [mg/L-water]
Target risk or the increased chance of devetppamcer over a lifetime due to exposure to a aterf
Target hazard quotient for individual constitisgr]
Averaging time for carcinogens [year]
Averaging time for non-carcinogens [year]
Chemical-specific dermal reference dose [mg/kg-da
Chemical-specific dermal cancer slope or potéactpr [(mg/kg-day)]
ConvertsAT,, AT, in years to days [day/year]
Conversion factor front to L [cnv/L]
Event duration [hr/event]
Chemical-specific time to reach steady-state [hr]
Chemical-specific dermal permeability coeffici¢en/hr]
Chemical-specific fraction absorbed in water [-]
Chemical-specific lag time [hr/event]
Chemical-specific relative contriloumt of permeability coefficient [-]
Child dermal contact rate with groundwater fezment/kg]
Adult dermal contact rate with groundwater feewent/kg]
Resident child event frequency [event/day]
Resident adult event frequency [event/day]
Resident child chemical-specificrdal factor [cm/event]
Resident adult chemical-specifioarfactor [cm/event]
Resident child skin surface aresilable for contact with water [cih
Resident adult skin surface areslalvle for contact with water [cih
Resident child body weight [kg]
Resident adult body weight [kg]
Resident child exposure duration [year]
Resident adult exposure duration [year]
Exposure frequency for a child [day/year]
Exposure frequency for an adult [day/year]
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FIGURE B.11. DOMESTIC WATER USE (AGE-ADJUSTED RESIDENT)
(ONLY FOR CHEMICALSWITHOUT MAXIMUM CONTAMINANT LEVELYS)

Carcinogenic effects

ETL < TRx AT, x 365

w-adj —
|:(S:o X Iva—aa) + (S:I X Kf X IRa—aa)+ (190:80x (DCWo—c X ZWo—c + DCV\/o—a X sz/o—a)]i|

Non-carcinogenic effects

THQx AT, X365

ixIR/V—aa + ! fo lea—aa + (DCWb—chV\,b_c"'DCM)_aXZm_a)
RfD, RfD, RFD, x1000

RBTLw- adj = |:

where:

ED, xEF, x| ED, xEF, x|
IRN-aa: Cc Cc RN—C+ a a R/v—a

BW BW,

_ED,xEF, xET IR, _ ED, xEF, xET,xIR,,
BW BW,

IR

_EDXER XA XBVpe . _EDXER XA, xEY,,

D
e BW, and BW,
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For organic chemicals,

* t
If twb-event < t, thenZ,, =2xFAXK ,6TeventM
T

R t
If t wo-event >t , thenZ , = FAX K{% + Zreven{

For inorganic chemicalg,, = K, xt

Note:K; = 0 for non-volatile chemicals (i.e., chemicalshna molecular weight > 200 and Henry’s law consfdimensionless) < 4.p
x 10% or Henry’s law constant (atm3mol) <1.5 x 10).
Source: Modified from RAGS, Vol. |, Part E, 2004.

1+ 3B +3B?
(1+B)’

wb—event

where:

RBTL -a
TR

THQ
AT,

ATne
RfDo
RfD4q

@}
n ey

P
I

2

Age-adjusted risk-based target level for ingestf groundwater [mg/L-$0]
Target risk or the increased chariaeveloping cancer over a lifetime due to expeso a chemical [-]
Target hazard quotient for individual constitisgr]
Averaging time for carcinogens fjea
Averaging time for non-carcinogens [year]
Chemical-specific oral reference dose [mg/kg-day]
Chemical-specific dermal reference dose [mg/kg-da
Chemical-specific oral cancer slopgotency factor [(mg/kg-day]
Chemical-specific inhabaticancer slope or potency factor [(mg/kg-ddy)
Chemical-specific dermal cancer slope or potéactor [mg/(kg-day)}
Age-adjusted groundwater ingestion rate [L/kg]
Resident child groundwater ingestiate [L/day]
Resident child inhalation rate*h]

Resident adult groundwater ingestion rate [L/day]
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IRz.a = Resident adult inhalation raté/fmi

DCubc = Child dermal whole-body contact rate with grouatv [cnf-event/kg]
DCuba = Adult dermal whole-body contact rate with grousadiev [cnf-event/kg]
BWe = Resident child body weight [kg]

BW, = Resident adult body weight [kg]

ED. = Resident child exposure duratiorafje

ET. = Resident child exposure time [hr/day]

ET, = Resident adult exposure time [hr/day]

ED, = Resident adult exposure duratioarflye

EF¢ = Exposure frequency for a child [day/year]

EF. = Exposure frequency for an adult [day/year]

K = Volatilization factor [L/r]

A = Skin surface area available for whole-body cantdgh water [cni]
EVi = Event frequency for whole-body contact with waéstent/day]

365 = Conversion factor [day/year]

1000 = Conversion factor from cfto L [cn/L]

t wh-event = Event duration for whole-body contact/¢vent]

t = Chemical-specific time to reach steady-state [hr]

Zoi = Chemical-specific dermal factor for whole-bodyntart [cm/event]
Ko = Chemical-specific dermal permeability coefficigem/hr]

FA = Chemical-specific fraction absorlieavater [-]

Tevent = Chemical-specific lag time [hr/event]

B = Chemical-specific relative contribution of perrbéity coefficient [-]
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FIGURE B.12. DERMAL CONTACT WITH CHEMICALSIN SOIL (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

TR x AT x 365
S:d X 9Eail—aa X RAFd X]_O_G

RBTL g =

Non-carcinogenic effects

_ THQ x AT, x365 x RfDq

RBTL g = A x RAFg x107®

's0il —aa
where:

_ED, xEF, x AF_ xSA . XEV,,

ilI—c +

EDa X EFa X AFa X SA‘soil—a X EVso

il—a

SA%oil—aa - BW

C

Source: Modified from RAGS, Vol. |, Part E, 2004.

a
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where:
RBT L e =  Age-adjusted risk-based target level for derroatact with soil [mg/kg-wet soil]
TR =  Target risk or the increased chance of devetppemcer over a lifetime due to exposure to a otedri
THQ =  Target hazard quotient for individual constitisgr|
AT =  Averaging time for carcinogens [year]
AT =  Averaging time for non-carcinogens [year]
EF. = Exposure frequency for a child [day/year]
EF, = Exposure frequency for an adult [day/year]
RAF4 =  Dermal relative absorption factor [-]
AF¢ =  Resident child soil to skin adherence factor/fig-event]
AF, =  Resident adult soil to skin adherence factor¢mgrevent]
RfD4 =  Chemical-specific dermal reference dose [(mg/kgid
Sy =  Chemical-specific dermal cancer slope or potdactpr [(mg/kg-day)]
HAaa =  Age-adjusted skin surface area [mg/ kg]
BW. =  Resident child body weight [kg]
BW, =  Resident adult body weight [kg]
ED. =  Resident child exposure duration [year]
ED, =  Resident adult exposure duration [year]
SAgii-c =  Resident child skin surface area available émtact with soil [criiday]
HAgii-a =  Resident adult skin surface area availabledotact with soil [criiday]
EVawil-c = Resident child event frequency [event/day]
EVgil-a = Resident Child event frequency [event/day]
365 =  Conversion factor [day/year]
10° =  Conversion factor [kg/mg]
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FIGURE B.13. INGESTION OF CHEMICALSIN SOIL (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

RBTL, _ .= TRx AT, X365 .
=S, xIR_ xRAF, x10

Non-carcinogenic effects

RBTL, gss-ac = THE> ATy, x 360 Rf?"
IR, * RAF, x10
where :
IR = ED, xEF, xIR__, N ED, xEF, xIR__,
BW, BW,

Source: Modified from RAGS, Vol. |, Part A, 1989
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where:
RBTLingss adj = Risk-based target level for ingestion of soig[ky-wet soil]
TR = Target risk or the increased chance of devetpgamcer over a lifetime due to exposure to a otelrf
THQ = Target hazard quotient for individual constitisgr|
AT = Averaging time for carcinogens [year]
AT = Averaging time for non-carcinogens [yeat]
RAF, = Oral relative absorption factor [-]
RfD, = Chemical-specific oral reference dose [mg/kg-day]
S = Chemical-specific oral cancer slope or poteacydr [(mg/kg-day)']
IRs-aa = Age-adjusted soil ingestion rate [mg/kg]
IRsc = Resident child soil ingestion rate [mg/day]
IRsa = Resident adult soil ingestion rate [mg/day]
BW. = Resident child body weight [kg]
BW, = Resident adult body weight [kg]
ED. = Resident child exposure duration [year]
ED, = Resident adult exposure duration [year]
EF. = Exposure frequency for a child [day/yeatr]
EF, = Exposure frequency for an adult [day/year]
36 = Conversion factor [day/year]
10° =  Conversion factor/fig]
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FIGURE B.14. INHALATION OF VAPORS AND PARTICULATESOF CHEMICALSIN SOIL
(AGE-ADJUSTED RESIDENT)

Carcinogenic effects

TRx AT_ x
RBTLSS_adj — C, 365
IRao—aa x S:I X (\/Fss +VFp)

Non-carcinogenic effects

RBTL _ THQ % ATnC x 365% RfDi
ss—adj —
IRy X (VP +VF, )
where:
IRa —_ IRaO—C x EDC x EFC x ETO—C + IRao—a x EDa x EFa x ETo—a
o-aa BW., BW,

Note:VF = 0 for non-volatile chemicals (i.e., chemicaléshaa molecular weight > 200 and Henry’s law consdimensionless) <
4.2 x 10° or Henry’s law constant (atm¥mol) <1.5 x 10).

Source: Modified from RAGS, Vol. |, Part B, 1991
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where:

RBTLss agj = Age-adjusted risk-based target level in surfis@l [mg/kg]
TR = Target risk or the increased chance of devetpgamcer over a lifetime due to exposure to a otelrf
THQ = Target hazard quotient for individual constitisgr|
VFs = Volatilization factor for vapor emissions fromrficial soil[kg-soil/nt-air]
VF, = Volatilization factor for particulate emissioftesm surficial soil [kg-soil/nt-air]
IRa0-aa = Age-adjusted outdoor inhalation rate*[kg]
IRa0c = Resident child outdoor inhalation rate’[h]
IRx0-a = Resident adult outdoor inhalation rate*[nm]
AT, = Averaging time for carcinogens [year]
AT = Averaging time for non-carcinogens [year]
ED. = Exposure duration for child [year]
ED, = Exposure duration for an adult [year]
EF. = Exposure frequency for a child [day/year]
EF. = Exposure frequency for an adult [day/year]
EToc = Outdoor exposure time for a child [hour/day]
EToa = Outdoor exposure time for an adult [hour/day]
RID; = Chemical-specific inhalation reference dose [mgiky]
F = Chemical-specific inhalation cancer slope faffing/kg-day)’]
365 = Conversion factor [day/year]
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FIGURE B.15. INHALATION OF VAPORS AND PARTICULATES, DERMAL CONTACT WITH, AND INGESTION OF
CHEMICALSIN SOIL (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

e ) TRx AT, x365
ss-combined (S:o x107® x IR, X RAFO)+ (S:d x107°® x Sb‘soil—aa x RAF, )+ S:i XIR, ., % NF$ +VFp)

Non-carcinogenic effects

THQx AT, . X365

RBTL = 1
x107° x SAsoil—aa X RAFd +ﬁx IRao—aa ><(\/Fss +VFp)

ss—combined 1
5 x107° x IR_,, X RAF, +

o d

1

Note: All parameters are defined under the indi@igpathway equations.

IAY

Note: VF = 0 for non-volatile chemicals (i.e., chemicaldshna molecular weight > 200 and Henry’s law conisfdimensionless) s
4.2 x 10* or Henry’s law constant (atm3mol) <1.5 x 10).

Source: Modified from RAGS, Vol. |, Part E, 2004.
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FIGURE B.16. SUBSURFACE SOIL VAPOR CONCENTRATIONSPROTECTIVE OF INDOOR VAPOR INHALATION

x RBTLei= Ro1Ld
: <>
) Grou;d\surface where:
Enclosej Space Vadose zone . . . .
Foundation Cracks RBTLs; = Risk-based target level for indoor inhalation of
Diffusing vapors vapors from subsurface [m(ﬁmir] _ o
, RBTL; = Risk-based target level for indoor inhalatiorawf
[mg/m™-air]
VF, = Volatilization factor from subsurface soil vapor

Subsurface impacted

indoor (enclosed space) air [-]

Water Table

Dissolved contaminz

Source: ASTM E1739-95
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FIGURE B.17. SUBSURFACE SOIL CONCENTRATIONSPROTECTIVE OF INDOOR VAPOR INHALATION

- <>
where:

Ground surface

RBTLs = Risk-based target level for indoor inhalation of Enclosed Space

vapors from subsurface soils [mg/kg-soil] Foundation Cracks Vadose zone
RBTLs = Risk-based target level for indoor inhalatiorainf dts

[mg/mg_air] T T T T Diffusing vapors
VF«y = Volatilization factor from subsurface soil talwor l

(enclosed space) air [(mgirair)/(mg/kg-soil)]

Subsurface impacted soil
Source: ASTM E1739-95 y  Watertable
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FIGURE B.18. GROUNDWATER CONCENTRATIONS PROTECTIVE OF INDOOR VAPOR INHALATION

RBTL,, = RBTL,
wesp
where:
RBTL,i = Risk-based target level for indoor inhalation of
vapors from groundwater [mg/L-water]
RBTLy = Risk-based target level for indoor inhalatiorawf
(mg/nt-air)
VFwep = Volatilization factor from groundwater to indoor

(enclosed space) air
[(mg/n-air)/(mg/L-water)]

Source: ASTM E1739-95

Ground surface

Enclosed Space

Foundation Cracks Vadose zone

T T T T Diffusing vapors

Capillary zone

Water Table

Dissolved contaminant
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FIGURE B.19. GROUNDWATER CONCENTRATIONS PROTECTIVE OF OUTDOOR VAPOR INHALATION

ReTL, = FETLe

wamb

where:
RBTL, = Risk-based target level for indoor inhalatiorvapors from groundwater [mg/L-water]
RBTL., = Risk-based target level for outdoor inhalatibaio(mg/nt-air)
VFwab = Volatilization factor from groundwater to outdar [(mg/nt-air)/(mg/L-water)]

Source: ASTM E1739-95
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FIGURE B.20.A. VOLATILIZATION FACTORS
(SURFICIAL SOIL TO OUTDOOR AIR)
where:
12 -1 VFs = Volatilization factor from surficial #éo outdoor (ambient) air
_ 314XDa X T . [kg-soil/frair]
VF, = Q/Cx (2 X 0% D ) *10 Q/C = Inverse of the mean concentration at the cefitgquare source
= [(g/mP-s)/(kg/n?)]
D. = Apparent diffusivity [crfYs]
where: r = Averaging time for vapor flux [s]
Os = Vadose zone dry soil bulk density of surficiail §g-soil/cn-soil]
(glag3 xD*x H + g% x DW)/ 67 Ks, = Chemical-specific solid-water sorption coefficigern®-H,0/g-soil]
Da= D* = Chemical-specific diffusion coefficient in aarf/s
P.XKg T Oust GasxH w _ . e e . L
s sv Pws - Vas D = Chemical-specific diffusion coefficient in wafem/s]
6. = Total soil porosity in the surficial soils [¢fom’-soil]
or 8s = Volumetric air content in the surficial soilsri&-air/cnt-soil]
8s = Volumetric water content in the surficial sditsn®-H,O/cn?-soil]
VE_ = W, x p, xdg x10° H = Chemical-specific Henry's Law constant [(L&J/(L-air)]
S U, X, XT 10* = Conversion factor [frcnt]
W, = Dimension of soil source area paratielind direction [cm]
Use smaller of the twi/Fx. ds = Depth to base of surficial soil zone [cm]
Un = Mean annual wind speed [m/s]
Oa = Breathing zone height [cm]
10° = Conversion factor [(chkg)/(m™-g)]
Source: Soil Screening Guidance, 1996 Note: Surficial soil properties are assumed same as the vadose zone properties.
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FIGURE B.20.B. VOLATILIZATION FACTORS
(PARTICULAR EMISSIONSFROM SURFICIAL SOIL)

VF, =| Q/C x

3600

Source: Soil Screening Guidance, 1996

0036x (L- V)x (u m/U t)gx F(x) Q/C

where:

= Volatilization factor for particulate emissgfiom surficial soil
[kg-soil/m’-air]

Inverse of the mean concentration at the cefitequare source
[(g/m™-s)/(kg/n)]

Fraction of vegetative cover [-]

Mean annual wind speed [m/s]

Equivalent threshold value of wind speed at [fis]

Function dependent ah,/U; derived using Cowheret al. 1985 [-]
Empirical constant [g/frhr]
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FIGURE B.20.C. VOLATILIZATION FACTORS
(SUBSURFACE SOIL VAPOR TO INDOOR AIR)

where:
D /d VFs, = Volatilization factor from subsurfaseil vapor to indoor
[SW} (enclosed space) air [-]
VE.= ERxL, Bus = Volumetric water content in vadose zone soits’J&l,O/cnt-
1+ D /d,, N D& /d,, Soil]
ERxL, (D::;ck / Lcrack)x n Bs = Volumetric air content in vadose zone soilsain/cr-soil
ds/ = Depth to subsurface soil vapor samples takeh [cm
Lg = Enclosed space volume/infiltration area ratia][c
Lerack = Enclosed space foundation or wall thickness [cm]
. ER = Enclosed space air exchange rate [1/s]
Source: ASTM E1739-95 D& = Effective diffusion coefficient in soil based vapor-phase
concentration [cAfs]
Derack = Effective diffusion coefficient through foundatiaracks
[cm?/s]
n = Area fraction of cracks in foundation and/orlwal
[crrf-cracks/ crivtotal area]
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FIGURE B.20.D. VOLATILIZATION FACTORS
(SUBSURFACE SOIL TO INDOOR AIR)
where:
Hxp D /d VFsep = Volatilization factor from subsurfaseil to indoor (enclosed
. X[ S ‘S} space) air [rfrair/(mg/kg-soil)]
VFo = [0+ (Ko x o)+ (Hx6a)] | ERx L, 108 | H = Vadose zone specific Henry's Law constant JOH.-air]
= 1+ D& /d, . D& /d, O = Dry soil bulk density [g-soil/crisoil]
ERxL, | | (DF, /Ly )x s = Vo_ll]umetric water content in vadose zone soits*jel,O/cn-

SOi

Ks = foax Koc

= Chemical-specific soil-water sorption coefficiemtMadose
Source: ASTM E1739-95 zone [ci-H;0/g-soil]

G = Volumetric air content in vadose zone soils ain/cnt-soil

Ors = Depth to subsurface soil sources [cm]

Lg = Enclosed space volume/infiltration area rati][c

Lerack = Enclosed space foundation or wall thickness [cm]

ER = Enclosed space air exchange rate [1/s]

D& = Effective diffusion coefficient in soil based wapor-phase
concentration [cAfs]

Deas’ = Effective diffusion coefficient through foundatiaracks
[cm?s]

n = Area fraction of cracks in foundation and/orlwal
[crrf-cracks/ crirtotal areal]

10° = Conversion factor [(cirkg)/(mP-g)]
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FIGURE B.20.E. VOLATILIZATION FACTORS
(GROUNDWATER TO INDOOR AIR)

where:
D /L VFwep = Volatilization factor from groundwaterinhdoor (enclosed space)
H x [WSGW} air [(mg/nT-air)/(mg/L-H,0)]
VE o = ERxLg x10° H = Vadose zone chemical specific Henry's Law cartsta
e D /Ly, D /Ly, [(L-H0)/(L-air)]
1+ ERxL. | (DS, /Ly )% Low = Depth to groundwater [cm]
8 crack T erack Lg = Enclosed space volume/infiltration area ratio][c
Lerack = Enclosed space foundation or wall thickness [cm]
ER = Enclosed space air exchange rate [1/s]
Dy = Effective diffusion coefficient between grounderaand soll
Source: ASTM E1739-95 surface [criYs]
Daacd’ = Effective diffusion coefficient through foundatiaracks [crfis]
n = Area fraction of cracks in foundation and/orlwal
[cnf-cracks/ crrtotal areal]
10° = Conversion factor [L/f
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FIGURE B.20.F. VOLATILIZATION FACTORS
(GROUNDWATER TO OUTDOOR AIR)
where:
H . VFwaw = Volatilization factor from groundwater eutdoor air [(mg/r
VF wamb = x10 air)/(mg/L-water)]
1+ 100xU,, x 5aeﬁx Low H = Vadose zone chemical specific Henry's Law cansta
W,, X Dy [(L-water)/(L-air)]
Un = Mean annual wind speed [m/s]
Oa = Breathing zone height [cm]
Lew = Depth to groundwater [cm]
Dus = Effective diffusion coefficient between groundersand soil
surface [crfis]
Wga = Dimension of soil source area pelr&d wind direction [cm]
100 = Conversion factor [cm/m]
10° = Conversion factor [L/f
Source: ASTM E1739-95
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FIGURE B.21. EFFECTIVE DIFFUSION COEFFICIENTS
D& :  effective diffusion coefficient in soil based wapor-phase concentrationD, :  effective diffusion coefficient between grounderaand surface soil
[cm?/s] [cm?/s]
ot 3.33 1 03 .33 h -1
=D x22=_+ pWx h
e D e D e D%=(hc+hV)X{D°a"+D“}
where _ “p s
D® = Chemical-specific diffusion coefficient in aarff/s] where: , , ,
D" = Chemical-specific diffusion coefficient in wafen’/s] Es = _-::L‘.'C::ness OI cagnlary frmg([e [Can]
é = Volumetric air content in capillary fringe sojtsm’-air/cnt-soil] = ICKNESS Of vadose zone [cm S
6;; = Volumetric water content in capillary fringe isoi ch!?e“ = Effective diffusion coefficient through capillafynge [cnf/s]
[cmP-H20/crr-soil] Ds = Effective diffusion coefficient in soil based wapor-phase
6 =  Total soil porosity in the impacted zdom’/cm-soil] L _ (I:Doenpctﬁntt(;a;r%%%'vﬁvjteh £ hy) [cm]
H = Chemical-specific Henry's Law constant,O/L-air] oW *
Dcapeﬂ . effective diffusion coefficient for the capitiafringe [cnf/s] Daas : effective diffusion coeff. through foundatioracks [cni/s]
Gacav 1 Guew G |  Goo
Doap D X + D D k D x Zacrack acrac D Wcrac
gT H 0 crac T H 12—0
where where:
D? = Chemical-specific diffusion coefficient in agrff/s] a . o L
D" = Chemical-specific diffusion coefficient in wafen/s] D - Chemical-specific diffusion coefficient in amﬁz/;]z
B Volumetric air content in capillary fringe softsn*-air/cnt-soil] D = Chemical-specific diffusion coefficient in wafem’/s]
By = Volumetric water content in capillary fringe Isoi Orcrack = Volumetric air content in foundation/wall cracks
® [em-H20/cn?-soil] [cmP-air/cni-total volume]
6 = Total soil porosity [cﬁtcm3-soil] Berack = Volumetric water content in foundation/wall dkac
3
H = Chemical-specific Henry's Law constdnrH,O/L-air] [cm -HZQ/cma-to_taI volumg] _
G = Total soil porosity [criicm®soil]
H = Chemical-specific Henry's Law constant [L&4L-air]

Source: ASTM E1739-95
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FIGURE B.22. SUBSURFACE SOIL CONCENTRATIONSPROTECTIVE OF LEACHING TO GROUNDWATER

l l l l Leachate

' Water Table

Ground surface RETLq = RBTLw
l Infiltration (I) N LFw
l l l Vadose zone where:
Subsurf . ted RBTLy = Risk-based target level for leaching to
groundwater from subsurface soil [mg/kg-saqil]
! RBTL, = Risk-based target level for ingestion of
groundwater [mg/L-KO]
LFsw = Leaching Factor (from subsurface soil to

groundwater)
[(mg/L-H20)/(mg/kg-soil)]

—
Ugw——» Dissolved contaminants
. %w
) R Source: ASTM E1739-95
< Wea >
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FIGURE B.23. LEACHING FACTOR FROM SUBSURFACE SOIL TO GROUNDWATER

LFgy= Ps

U X0
Ko 0 FHXG. X 14— =
[6ustK s o+H Gz ( L xW j

ga

LFsw= eaching factor from subsurface soil to groundwigteg/L-H,0)/(mg/kg-soil)]
o = Vadose zone dry soil bulk density [g-soilfeswil]

8.s = Volumetric water content in vadose zone soits*jel,O/cn- soil]
Kes = fa %Ko = Chemical-specific soil-water sorption coefficiemtviadose zone [ciH,0/g-s0il]
H = Chemical-specific Henry's Law constant [LEL-air]
6s = Volumetric air content in the vadose zone doits’™-air/cnt-soil]
Uw = Ki = Groundwater Darcy Velocity [cm/yr]
K = Hydraulic conductivity of the saturated zoomfyear]
i = Hydraulic gradient in the saturated zone [-]
%w = Groundwater mixing zone thickness [cm]
I = Infiltration rate of water through vadose zoomjyear]
Wy = Groundwater dimension parallel to groundwatnftlirection [cm]

This equation consists of two parts (i) the Sumserddel and (ii) equilibrium conversion of the leaie concentration to a soil
concentration on a dry weight basis.

Source: ASTM E1739-95
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FIGURE B.24. SOIL CONCENTRATION AT WHICH DISSOLVED PORE WATER AND VAPOR PHASESBECOME

SATURATED
Single Component
w1254 XGastOustK 0]
Multiple Components
= H A HxguctB K )
Ps
where:
> = Soil concentration at which dissolvedepeater and vapor phases become saturated [(ragili-
S = Pure component solubility in water [mg/L®|
S = Effective solubility of componemin water =x; x S[mg/L-H,0]
Xi = Mole fraction of componemnt= (W x MWayg/ MW [-]
Wi = Weight fraction of componerjt]
MW,y = Average molecular weight of mixture [g/njole
MW = Molecular weight of componerig/mole]
Os = Vadose zone dry soil bulk density [g-soilfesoil]
H = Chemical-specific Henry's Law constant [kEMHL-air]
Bss = Volumetric air content in the vadose zone doits*air/cnt-soil]
Bis = Volumetric water content in vadose zone soits*j&l,O/cn- soil]
Ks = foov X Koe = Chemical-specific soil-water sorption coefficiemiviadose zone [ctH,0/g-s0il]
foov = Fraction organic carbon in vadosaezg-C/g-soil]

Source: ASTM E1739-95
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FIGURE B.25. SOIL VAPOR CONCENTRATION AT WHICH VAPOR PHASE BECOMES SATURATED

Single Component

oo L POXMW

5 x10°
RxT

Multiple Components

CSAT - X X F’iS X MVVi ><106
Y RxT
where:
C " = Soil vapor concentration at which vapbase become saturated [miu]
P® = Saturate vapor pressure [atm]
P° = Effective vapor pressure of componkint water =x; x P* [atm]
R = Ideal gas constant [0.08206 alt¥mol«K]
T = Temperature [K]
S = Effective solubility of componemtin water =x; x S[mg/L-H,0]
Xi = Mole fraction of componemnt= (W X MWayg/ MW [-]
Wi = Weight fraction of componerjt]
MW,y = Average molecular weight of mixture [g/elol
MW = Molecular weight of componarjg/mole]
Os = Vadose zone dry soil bulk density [g-soilfesoil]
10° = Conversion factor [(g/L)/(mg/fji

Source: ASTM E1739-95
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FIGURE B.26. DOMENICO MODEL: DILUTION ATTENUATION FACTOR (DAF) IN THE SATURATED ZONE

Domenico model for multi-dimensional transport wdicay and continuous

source:
(x-vt) |1+ * @
Ckx.y.zt) v

3 =(/8) exp{ziax{l-\/@ﬂxerfc N
|22 [t e

X

where:
C = Dissolved-phase concentration [mg/L]
Co = Dissolved-phase concentration at the source={atz=0) [mg/L]
% = Retarded seepage velocity [m/sec]
A = Overall first order bio-decay rate [1/day]
Qx = Longitudinal dispersivity [m]
ay = Lateral dispersivity [m]
a, = Vertical dispersivity [m]
X,¥,Zz = Spatial coordinates [m]
t = Time [day]
X = Distance along the centerline measured fronddiengradient
edge of the groundwater source [m]
Y = GW source dimension perpendicular to GW flovection [m]
Z = GW source (mixing zone) thickness [m]
DAF = CyJC(x

At the centerline, for steady-state (after a longej the
concentration can be obtained by setirg0,z= 0,
andx <<vxtas:

w: exp|:i|:1_ 1+M :|:|x
G, 2a,| v
4 ay X 2a, X

At the centerline, for steady-state the concemwtmati
without decay can be obtained by setting y = 00z =
X << vt, and\ = 0 as:

M:erf Y xerf i
Co 4 ay X 2 a; X

Note: Compare to ASTM E1739-95, p. 31,
whereY =S,Z=5;, v=u, andC, = Ceqyree

Source: Domenico, P.A. and F.W. Schwartz, 1990,
Physical and Chemical Hydrogeology. John Wiley
and Sons, NY, 824 p. (Eqn. 17.21)
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FIGURE B.27. ALLOWABLE SOIL AND GROUNDWATER CONCENTRATION FOR GROUNDWATER RESOURCE

PROTECTION
. . . DAF o
Allowable soil concentration at the source [mg/kg] Target groundwater concentration at the POE x —————= x DAF jnsat
SwW
. . DAF. o
Allowable groundwater concentration at the POC [thgEk Target groundwater concentration at the POE XT
POD
where:
POE = Point of exposure
POD = Point of demonstration
DAFpoE = Dilution attenuation factor between the point opesure and source estimated using Domenico’s exuati
DAFpop = Dilution attenuation factor between the point offbastration and source estimated using Domenicplatéeon
DAF jnsat = Dilution attenuation factor in the unsaturated zone
LFsw = Dry soil leaching factor [(mg/L-water)/(mg/kg-sqil)

Concentration at POE is expressed in mg/L-wateatditonal relationships used in the calculatioratbdwable soil and groundwate
concentration with chemical degradation:

=

First order decay rate [1/day] ﬂ ;V= Ki
Half Life OsR,
Retardation factor for organics in the saturatetezfs) = 1 +(%K$j K = . XK, (for organics only)
TS
where:

% = Regarded seepage velocity [cm/year]

K = Hydraulic conductivity in saturated zone [cm/year]

i = Hydraulic gradient in saturated zone [-]
Pss = Saturated zone dry soil bulk density [g-soilfesoil]
Ks = Chemical-specific soil-water sorption coefficientthe saturated zone [éi,0/g-soil]
Koe = Chemical-specific normalized partition coefficigam®/g-C]
brs = Total porosity in the saturated zone fégrC]
foce = Fractional organic carbon content in the saturatew [g-C/g-soil]
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FIGURE B.28. ALLOWABLE SOIL AND GROUNDWATER CONCENTRATION PROTECTIVE OF INDOOR
INHALATION FOR RESIDENT AND NON-RESIDENTIAL WORKER

unsat

DAF,
Allowablesoil concentrabn at thesourcdmg/kg] = Targetgroundwateconcentrabon belowon/off - sitebuildingx deg x DAF,

SwW
Allowablegroundwateconcentrabn at thePOD[mg/L] = Targetgroundwateconcentrabn belowon/off -sitebuildingxM
POD

where:

POD = Point of demonstration

DAFyidg = Dilution attenuation factor between the on/off-diteélding and source estimated using Domenico’saggn

DAFpop = Dilution attenuation factor between the point ofrdastration and source estimated using Domenicplatéeon

DAF st = Dilution attenuation factor in the unsaturated zone

LFsw = Dry soil leaching factor [(mg/L-water)/(mg/kg-sqil)

Concentration below on/off-site building is expeds mg/L-water
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FIGURE B.29. STREAM PROTECTION: ALLOWABLE GROUNDWATER CONCENTRATION AT THE POINT OF
DISCHARGE

c = Car(Qu +Qu) —Cw(QMJ

aw
Q aw

Qg

Qy =2+, X Jx [y +2.Ja X )xu ,,

where:
Qgw
Cow = Impacted groundwater discharge into the streattulgy]
Qsv =  Allowable concentration in groundwater at the pahtlischarge into the stream [mg/L]
Cew = Stream flow upstream of the point of groundwatecharge (stream flow rate)Jiday]

Allowable concentration at the downstream edgéefstream’s mixing zone, i.e., the applicable streater quality
Ca criteria [mg/L]

Y =  The COCs’ concentration upstream of the groundwatene discharge [mg/L]
Z =  GW source dimension perpendicular to GW flow diec{ft]
ay =  GW source (mixing zone) thickness [ft]
0z =  Lateral dispersivity [ft]
Xs =  Vertical dispersivity [ft]
Ugw =  Distance from the downgradient edge of the grounemsource to the stream [ft]

= Darcy velocity [ft/day]
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FIGURE B. 30. STREAM PROTECTION: ALLOWABLE SOIL AND GROUNDWATER CONCENTRATION AT THE
SOURCE & POD

Allowable soil concentration at the source [mg/kg} Target concentration [mg/L] at the POE x% x DAF nsat
SwW
. . DAF. o
Allowable groundwater concentration at the POC [thgEe Target concentration [mg/L] at the POE x —————
POD
where:
POE = Point of exposure
POD = Point of demonstration
DAFpoE = Dilution attenuation factor between the point opesure and source estimated using Domenico’s exuati
DAFpop = Dilution attenuation factor between the point ofdastration and the source estimated using Dom@nico
equation
DAF nsat = Dilution attenuation factor in the unsaturated zone
LFsw = Dry soil leaching factor [(mg/L-tD)/(mg/kg-soil)]

For calculation 0DAFpoe andDAFpop, please refer to Domenico’s model.
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