Appendix K
Migration to Groundwater Calculations

River Terrace Site Remedial Investigation
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A. Site-Specific Information

Migration to Groundwater Calculations
River Terrace Site

Lower Contaminant Plume

(Maximum GW Parameters)

High value for lower plume area

Defaull for under 40 inch zone

High for MW-4A to MW-10 area

1. Default Values 2. Measured Values
0, - water-filled soil porosit, 0.284 Dgf;é' K {hydraulic conductivity (m/yr){| 3115
(ADEC,
1998,
0, - air-filled soil porosity (L/L 0.15 o 1 (infiltration rate) (m/yr) 013
efaul
(ADEC.
1998
oy - dry soil bulk density {kg/L 1.5 (genf:lg i (hydraulic gradient) =(m/m) 0.14
1998)
d, (aquifer thickness) (meters) 17
L (Source Length) (meters) 3z
f.c (decimal fraction) Soil 0.0022

C. Equation Calculations

organic carbon

Average site aquifer thickness

length of soil contamination lying directly over
groundwater; unknown

estimate of Site Average {based on analyses)

(0.0112°L°P® 3 388562

Mixing Zone Depth (m) | 3.396074]d (m) = (0.0112°L%°% + d.[1-expl(-L1)(K"i*d,))

©0112°L°)° + da{(1-expl(-L*)iK "da)]} 3396074

Dilution Factor:|| 357.0163|DF = 1 + [(K*i*d)/(I"L)]

(Ki*day 74137

(-L*) -4.16

(-L*1){K*i"da) -0.005611
exp[(-L*1}(K"i*da)] 0994404
1-expl(-L* (K" da)]  0.005596
da*{1-exp{(-L"/(K""da)] 0009512

K'i'd= 1481028

"= 416
(K*i-d)(I'L)= 3560163
D. Chemical Specific Information DF= 3570163
Q a
. [s] x o
@ 4]
g 8 £ 8 8 8
g z =) 2 z 5
® 2 = @ = =
I 8 8 8
Parameter Data Source o g & & o g
ADEC GW Cle;
Target GW conc. (mg/L) et %;“;PEPA
Recon lll REC (1997} 0.84 0.84 0.84 0.036 0.05 0.03
K - soil organic carbon/water parl. coeff f;:s";mf-svecf-c (ADEC,
(L/kg) 265 155 364 265 155 364
S - solubiity (mg/L) aperesenets ARG 150 200 200 150 200 200
H' - Henry's law constant (unitless) e ARRG: 0754]  o0754] 0754 0754 0754 0754
kg - Distribution Coefficient calculated (Ko e} 0.583 0.341| 0.8008 0.583 0,341 0.8008
C,, - Target soil leachate conc.(mg/L) calculated (Eq 11) 308.29 308.29 30829 12.85 18.35 11.01
E. Calculated Soil Cleanup Value
Soil cleanup Level (mg/kg)= ‘Equation 11 261,35 186.74| 328.50 10.89 11.12 11.73
Cod(KaeFoc) *+ (B + 0,"H')py)} (ADEC, 1998)
(malkg)

For the "maximum" sel of groundwater parameters, the site ACL of 11.5 mg/kg is protective of the groundwater ACL of 0.84 mgiL.



A. Site-Specific Information

1. Default Values

Migration to Groundwater Calculations
River Terrace Site

Lower Contaminant Plume

(Average GW Parameters)

2. Measured Values

01, - waler-filled soil porosity 0.284 Defauly K (hydraulic conductivity {m/yr) 145  ||Average value for lower plume area
{ADEC
1998
0, - air-filled soil porosity (UL 0.15 —_— I (infiltration rate) (mvyr) 0.13  ||Defauit for under 40 inch zone
efaul
(ADEC,
1998
pe = dry scil bulk density (kg/L, 1.5 Defaul i (hydraulic gradient) =(m/m) 0.1 |Average value for lower plume area
(ADEC,
1998
d, (aquifer thickness) (meters) 1T |Average sile aquifer thickness
L (Source Length) {meters) 3z length of soil contamination lying directly
over groundwater; unknown
f.. (decimal fraction) Soil 0.0022 |lestimate of Site Average (based cn
organic carbon analyses)
OM2'LF* 3386562
{K"i*da) 24 65
(-Ln 416
C. Equation Calculations (-L*IY(K*i"da) -0 16876
exp[(-L"Iy(Ki*da)] 0844709
Mixing Zone Depth (mj [ 3.650556]d (m) = 0.0112°L°)° + d,.{1-expl-LM(K"I*d,)) t-expl-Ly(KTi*dal] 0 155291
da~{1-exp[(-L*)/(K"i*da)] 0 263994
(0 0112°LY " + da*{1-exp[(-L*"/AK"i*dall} 3.850
Dilution Factor. DF = 1 + [(K*i"d}(I"L)}
Koi*d= 5293306
I"L= 416
(Kidyi(I"Ly= 1272429
D. Chemical Specific Information DF= 13.72429
(=] Q
X o X -
& 8 2 o 8 g
g x £ g x =
5 32 sl 3| 2
w w W W d i
Parameter Data Source 8 8 8 E a E
ADEC GW Cle:
Target GW conc. (mg/L) e %;r:rpgm
Region il REC (1997} 0384 0.84 084 057 0.78 045
K. - soil organic carbon/water parl. coeff ﬁ;ﬂ’;‘"’mm (ADEC,
(L/kg) 265 155 364 265 155 364
- s Chemcal-speciic (ADEC,
S - solubility (mg/L) ooy e (AOES 150 2000 200 150 200 200
H' - Henry's law constant {unitless) fger;ﬂ-swcrﬁc (ADEC, 0.754 0.754 0.754 0754 0.754 0.754
kg - Distribution Coefficient calculated (Ko o) 0.583 0.341| 0.8008 0,583 0.341 0.8008
C,, - Targel soil leachate conc.[mg/L) calculated (Eq 11) 18.93 19.93 19.93 13.52 18.74 10.68
E. Calculated Soil Cleanup Value
Soil cleanup Level (mg/kg)= Equation 11 16.89 12.07 21.23 11.46 11.35 11.38
Col(Koc™foc) + (B + 6,"H') i)} (ADEC, 1998)
(mglkg)

For the "average" set of groundwater parameters, the site ACL of 11.5 mg/kg is protective of the groundwater ACL of 0.84 mg/L.



A. Site-Specific Information

Migration to Groundwater Calculations

River Terrace Site

Lower Contaminant Plume
(Minimum GW Parameters)

Low value for lower plume area

Default for under 40 inch zone

1. Default Vaiues 2. Measured Values
0,, - water-filled soil porosity 0.284 (gg!;télt K (hydraulic conductivity (m/yr) 10
1998,
{1, - air-filled soil porosity (L/IL 0.15 ol I (infiltration rate) (m/yr) 0.13
{ADEC.
1998
py = dry soil bulk density (kg/L; 15 %ﬁault i (hydraulic gradient) =(m/m) 006
d, (aquifer thickness) (meters) 17
L (Source Length) (meters) 32
foe (decimal fraction) Soil organid| 00022

C. Equation Calculations

carbon

Low value for lower plume area

Average site aguifer thickness

length of soil contamination lying directly
over groundwater; unknown

estimale of Site Average (based on

analyses)

Mixing Zone Depth (m) d (m) = (0.0112°L7°° + d.{1-expl(-L"HV(K"i*d,)]}

D. Chemical Specific Information

Dilution Factar

29487||DF = 1 + [(K*i*d)/(I"L)]

-

(0.01127L5° 2
(K*i"da)
-L1

(-L™ (K™ da)

da*{1-exp[{-L 1}/ (K"i"da)]
(0.0112°L%)" " + da*{T-exp[(-L"I V(K" I"da)l} 5057774

(=] =]
x o > "
i [+ 1] [4]
5§ < g g =
e 5 5 g z 5
@ 2 = N 2 £
1 w w w W] i}
Parameter Data Source 8 o 8 8 'EL) &
RDEC Gw Clearu
Target GW conc. (mg/L) Staraiod (1508, WPEPA
Region Il RBC (1997) 0.84 0.84 0.84 1.13 1.58 0.9
Ko - soil organic carbon/water part. coeff fg";a")‘“m“mm
(L/kg) 265 155 364 265 155 384
= T Cl R ific (ADEC.
S - solubility (mg/L) et 150 200 200 150 200 200
H' - Henry's Taw constant (unitless) oo (AR, 0754)  0754] 0754 0754| 07s4] 0754
kg - Distribution Coefficient calculated (Kee'lec) 0.583 0.341| 0.8008 0.583 0.341| 08008
C.. - Targel soil leachate conc.{mg/L) calculated (Eq 11) 9.85 9.85 9.85 13.25 18.53 10,56
E. Calculated Soil Cleanup Value
Soil cleanup Level (mg/kg)= rEquation 11 8.35 597 10.50 11.24 11.23 11.25

Col(Koc™foc) + (8, + 0,"H')ipy)}

(ADEC, 1998)
(mg/kg)

For the "minimum" set of groundwater parameters, the site ACL of 11.5 mg/kg is NOT protective of the groundwater ACL of 0.84 mag/L.

Assuming a Koc value of 265 L/kg, the soil ACL would have Lo be 8.35 mg/kg to be prolective

Assuming a Koc value of 155 Likg, the soil ACL would have lo be 6 mg/kg to be protective

Assuming a Koc value of 265 Likg, Lhe soil ACL would have to be 10.5 mg/kg to be protective

Kri*d=

I'L=

(K d)(ILy=
DF=

3 386562
102
416
-4 07843

expl(-L"NAK"i"da)] 0.016934
1-expl{-L"N/(K"i"da)]

0983066
1671212

3.034664

4.16
07298487

1.729487



A. Site-Specific Information

Migration to Groundwater Calculations
River Terrace Site

Upper Contaminant Plume

(Maximum GW Parameters)

1. Default Values 2. Measured Values
8,, - water-filled soil porosityf 0.284 Defaut K (hydraulic conduclivity (m/yr) 50500 [IHigh value for upper plume area
(ADEC
1998
0, - air-filled soil porosity (L/L 0.15 Defaut 1 (infiltration rate) (m/yr) 013 | Default for under 40 inch zone
efauly
[ADEC,
1998
e - dry soil bulk density (kg/L 15 Default i (hydraulic gradient) =(m/m) 002 jHigh value for upper plume area
(ADEC,
1998
d, (aquifer thickness) (meters) 1.7 Average site aquifer thickness
L (Source Length) (meters) 32 length of soil contamination lying directly
over groundwater; unknown
f. (decimal fraction) Soil 00022 |estimate of Site Average (based on
organic carbon analyses)
0.0112°L%° 3386562
(K*ida) 1717
L) 416
C. Equation Calculations {(-L*iy(K*irda) -0 00242
exp[(-L*/(K"i*da)] 0.99758
Mixing Zone Depth (m) [ 3.390678]d (m) = (0.0112'L%)°* + dy{1-exp{(-LV(K"i"d,)) Texpl(LN(Kda)] 000242
da*{1-exp[(-L"I}(K*i"da)] 0004114
(0.0112°LF 7 + da™{1-exp[(-L* (K i"da)]} 3.390676
Diluticn Factor:-DF =1+ [(KHi*d)y(I*L)]
K*i'd= 3424 582
L= 416
(K*i*dy(I*L)= 8232169
D. Chemical Specific Information DF= 8242169
g ) g .
Q Q =] @ 124 =]
8§ = S| -
g z 5 2 z &
@ 2 = B 2 <
8 8 8 S
Parameter Data Source 8 8 a a a a
Targel GW conc. (mg/L) ADEC GW Cleanup
(1998) or EPA
Region Iii RBC (1957) 0.84 0.84 084 0.016 0022 0.012
Ko - s0il organic carborvwater pan. coeff ‘139“;8":‘3"5”““ (ADEC,
(Lkg) 265 155 384 265 155 364
S - solubility (mgiL) -‘fgggr"“m“ (ADEC, 150 200 200 150 200 200/
H' - Henry's law constant (unitless) f;e"fa'"mm 1ADEC: 0.754 0754] 0.754 0754 0754 0.754
k4 - Distribution Coefficient caicutated (Ko foa! 0.583 0.341| 0.8008 0.583 0.341]  0.8008
C, - Targel soil leachate conc.(mg/L) calculated (Eq. 11) 700.74 700.74| 700.74 13.35 18.35 10,01
E. Calculated Soil Cleanup Value
Soil cleanup Level (mg/kg)= Equation 11 594.04 424.46| T746.66 11,32 11.12 10.67
Col(Koe o) + (B + 6,"H' ) py)} (ADEC, 1998)
|(mg/kg)

For the "maximum” set of groundwater parameters, lhe site ACL of 11.5 mg/kg is protective of the groundwater ACL of 0.84 mg/L.



A. Site-Specific Information

Migration to Groundwater Calculations
River Terrace Site

Upper Contaminant Plume

(Average GW Parameters)

Low value for upper plume area

Default for under 40 inch zone

Low value for upper plume area

Average sile aquifer thickness

length of soil contamination lying directly

over groundwater; unknown

1. Default Values 2. Measured Values
0, - water-filled scil porosit [_ 0.284 D;féur K (hydraulic conductivity (m/yr)l 9768
(ADEC.
1998
0, - air-filled soil porosity (L/L 0.15 o 1 (infiltration rate) (mvyr) 013
efaul
(ADEG,
1998
P - dry soil bulk density (kg/L 1.5 (Izeﬂfglé“ i (hydraulic gradient) =(m/m) 0.01
1968
d, (aquifer thickness) (meters) 1.7
L (Source Length) {meters) 32
foe (decimal fraction) Soil 00022

C. Equation Calculations

organic carbon

estimate of Site Average (based on

analyses)
(0.0112+1%)°®

Mixing Zone Depth (m)'d (m) = (Q.0112°L%® + d,.(1-exp{(-LIY(K"i*d,)])

(0.0112°L%)® + da{1-exp[(-L"TV(K"i*daj]}

D. Chemical Specific Information

D. Chemical Specific Information

Dilution Factor.

0665]|DF = 1 + [(K**d)(I*L)]

(K*i*da)

(-L

{-L"DiK*i"da)
expl(-L71)/(K"i"da)]
1-exp[{-L*){K*i"da)]
da*{t-exp[(-L 1)/(K"i"da)]

Krd=

I"L=
{K=i*d)(iL)=
DF=

=} o
X o 1 &
Q 5] @ [5]
& 2 ¥ 2 8 g
2 z 5 g z 5
|- - | - B
g 8 8 s 4 8
Parameter |Data Source a o a a o [
ADEC GW Cleanup
Target GW conc. (mg/L) et 99;} Shesn
Region Il REC {1997) 0.84 084 084 0 145 02 01
Kqe - s0il organic carbon/walter par. coeff fg";a")maﬂ-svec'fﬂ (ADEC,
(L/kg) 285 155 364 265 155 364
S - solubility (mg/L) e e 150 200 200 150 200 200
H' - Henry's law constant (unifless) e 0754 0754] 0754 0754| 0754|0754
kg4 - Distribution Coefficient calculated (Ko fec) 0.583 0.341] 0.8008 0.583 0.341 0.8008
calculated (Eq 11)
C.. - Target soil leachate conc (mg/L) 76.87 7687 76.87 13.27 18.30 10.07
E. Calculated Soil Cleanup Value
Soil cleanup Level (mg/kg)= Equation 11 65.16 46.56 81.90 11.25 11.09 10,73
Cf (Ko foc) + (B + 0,"H')py )} (ADEC, 1998)
(mglkg)

For the "average” set of groundwater parameters, the site ACL of 11.5 mg/kg is protective of the groundwater ACL of 0.84 mg/L.

3386562

166 056
~4.16

-0.02505
0975259
0024741
0042059
3.428621

334 9077
416
80 50665

81.50665



A. Site-Specific Information
1. Default Values

Migration to Groundwater Calculations

River Terrace Site

Upper Contaminant Plume
{Minimum GW Parameters)

t,, - water-filled soil porosity

0.284

Defaul
(ADEC|

1998)

0, - air-filled soil porosity (L/L 0.15

Defaul
(ADEC|)
1998

P - dry soil bulk density (kg/L 15

Defau
(ADEC)|
1998

C. Equation Calculations

Low value for upper plume area

Default for under 40 inch zone

Low value for upper plume area

lAverage site aquifer thickness

length of soil contamination lying directly over
groundwaler; unknown

organic carbon

2. Measured Values
K (hydraulic conductivily {m/yr)|| 2000
1 (infiltration rate) (m/fyr) 013
i (hydraulic gradient) =(m/m) 0.01
d, (aquifer thickness) (meters) 1T,
L (Source Lenglh) (melers) 32
foe (decimal fraction) Soil 0.0022

eslimale of Site Average (based on

Muang Zone Depth (m) [ 3.58234J0 (m) = (0.0112°L%°° + du{1-expl(-L UK )]}

Diution Factor DF = 1 + [(Kri*g){L)]

D. Chemical Specific information

D. Chemical Specific Information

(0 0112°L)°* + da{1-expl(-L" 1K' dall}

analyses)
(00112°°** 3386562
(Km1*da) 34
Ln 416

(-L*I(K"i"da) -0 122353
exp{(-L* DK i"da)] 0884835
1-exp{(-L1}(K**da)] 0 115184
da"(1-expl{(-L"(¥(K*i'da)] 0195779
358234

Khrd= 71 64681

L= 4.15
(K oM(IPL)= 17 22279
DF= 1822279

o 9 8 o © 8

g g b4 g 2 ¥4

2 z 5 2 z 5

B 2 = ] 2 &

a3 8 8l 9 ¢
Parameter Data Source E a a a o a
Target GW conc. (mg/L) [ADEC GW Claanup

s b 0.84 ] 048 067 0.38
K. - soll organic carboniwater parl. coeff W"W”‘ (ADEC.
(Lkg) 265 155 364 265 155 364
§ - solubility (mg/L) i 150 200 200 150 200 200
H' - Henry's law constant {unitless) :::;:‘“"W"‘ (ADEC, 0754 0.754 0.754 0754 0.754 0.754
kq - Distrbution Coefficient calculated {K...) 0.583 0.341| 0.8008 0.583 0.341]  0.8008
calculated (Eq. 11}
C., - Target soil leachate conc (mg/L) 23.71 2371 2371 13.55 18.91 10,72
E. Calculated Scil Cleanup Value
Soil cleanup Level (mgikg)= Equation 11 20,10 14.36 25,26 11.48] 11.45 11.43
Col(Koc*foc) + (8w + 8,°H)pul} (ADEC, 1998)
{malkg)

For the "minimum” set of groundwater parameters, the site ACL of 11.5 mg/kg is

protective of the groundwater ACL of 0.84 mg/L.



