@ HoMEWORK. 2. = O pts totl

2pty
4' v‘ = I] m3
Q’.—Lf— 0.2 cestdval  saburahan
n_= 07256 poms‘t-l-y
Mass balance - ortgmaL vol. of TCE w sads

= 4im? x 025 x 0,2 = _0.05m?>

Density of TCE = 44T gfem® = 1470Kg/m?

Indial mags TCE = 1470 “5% . 0.06m® = 14 ke TCE
= m -’

Assome TCE dissolves nto ran wadter o 5alub(h’:[-¥ = {400 mg[{g

Volume o ram_ = Am®x S0 mmfyr = 05mYyr

Mass carried B\l/ rain = 0.% ma/yr x  lo00 mj/lé' ‘/<.'D'%L//w13

\]

0.5 ><lCDG mg/yr = 0.5 Kc\/yr
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For lineay »me-ﬁurei T2 exexked on both sides of

Fractuve of (zmg-Hn L

HydewLﬂ‘f'lc pressuyYe 1S exexked on opanng DL

5P DY = T2l APz DPHog = (p-pu)reg
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He = —/—— = | 7.2 wm (om half value for
5pg D

civevlar 'chw/h)re)
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L = 0005 t- {0 years

A‘:‘: -ﬁre‘f approxtmahom ) com@tder only adveo(:wé
travel . Thus, downstream welle need to exiend
+o distonce L :

ki

L= u‘t = -

For each +ype soil, vse lderature values of
K and n * '

‘20(\ , § . K (cmls) ‘ e , ‘.L :
a. coarse sand  AuS® - (x\¢' 0.2 -025 HB Km
b. Ane sond 202 -2xw2% 0.-0.3 1600 m
c. ol A 407 - 2210 0.34- 0.6l Q4
d. cloy 1005087 0.34-0.60 2 em

To be conservative, I vsed high value of F and
low value of n FArom range n Danel. L s
computed 4o one—dtgﬁ accoyacy commensy rate
with accuracy of K.

For filner soils, diffusion couvld be more
important  than odvechaon.
D, = Dd* o U

Dd* A 40-6‘ m/s

Based on chart from Gelhar et al. (mz) aqvcv;

n Lecfure ;2} for 1 +t HO m<sclale)
o, v o Am

% Teenical Protocel For Bvaluating  Aatural Afteauation of Chiorinated
Solvents in Oround Werde Section L£-3 Pg. 206 of 248
hitp:// www.£pa. 9ov [aclas /douniond [ceports /pcotocol., pad
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(con tinu ed)

Velocities and dispersion coefle are-

| A (mlyr) o, U (mifs) Dy, (m]s)
b. fine sond , 7 2x107" 2x (077
ol 0,6 ix107° | x407®
d. clay 0,004 $x 407" (x 4077

Evaluate transport with equahon guvém i lecture 3:

Co Ryx -ut
- C = _— CT'FC
Tt >

15 +hresheld

<
Co
R

o be conservative

|\
——

= "' 0.0i = = wh (Mx»uﬁ
Co 2 ey

evfe (?)s 0.02 at z v 112

L A
J4nt
r = uty 24]D) [

Evaluode for diffevent soils:
U (mi)  Dalr¥fs)  Dolr?fyr) By

b, Ane sand 7 2x10” T 90 m
c. silt | 0.5 Ixi0® a6 10 m
d. clay 0.004 ) % 10 0.004 0.5m

Note: diffusion dominates odvection in cloy, 15 about equal
o advection In &l+




Problem 3

i= 0.005
t= 10 years
o= 1Tm

Dg*=  1.00E-09 m/s

Soil
coarse sand
fine sand
silt
clay

apow

L=ut=(Ki/ng)t

Dp=Dg* + o

K (cm/s)
1.00E-02
1.00E-05
1.00E-06
1.00E-08

0.24
0.24
0.356

04

u{mis) u(miyr)
2.08E-06 6.57E+01
2.08E-09 6.57E-02
1.43E-10 4.51E-03
1.25E-12 3.94E-05

L (m)

657.00
0.66
0.05

0.0004

D, (m?ls)
2.08E-06
3.08E-09
1.14E-09
1.00E-09

Dy, (m?lyr)
6.57E+01
9.72E-02
3.60E-02
3.16E-02

X {m)
657
0.7
0.05
0.0006
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3. (continued)
Benzene computoRon:
Ko = B3 ™/8

'}oc - check  Technical Protocel
con ossume o Valve of  Foe X0.00\ for all

Po™ 1.5 31 emd

Nn= 0.3

Pb oc Koe
i

iR

Ré = \ + 1~5

Moni‘\'ofiﬁa e benzene would only need 1o be Aout
22, Ye distance of mcmﬁ»arinﬁ for MTRE.




K = 16 io¥ omls = 0.45 fbldoy
L = 0.0%5
L = 400 ft
u= ko
h
n for clay-silt = 0.2 - u-= o005tk
assume s 0ay_g| - , s . day
L 400 f¢
- "'Y L = _——
Groond- waker travel time U™ 0.06f)d
= 8000 days = 22 years

Need to And retardation foctors for PCE, TCA, xylene

From Table C.%.2 of Technical Brotocol for Evaluahn

. Y9
Nofural AHenvation of Chlorinated Solvenis m Ground
Waodex

£. % 0002 for glacial Hill

From Toble A-1"

Koe valves ave:

PCE Koo = 364 g
TCA \52
X 7210
TCE \ 26

Bulle dewé&\/)/&b: {65 %5 (typical value) - 165 _té’.
PorognLy) n= 0%

O, Ko Pokoctor
ComEound _—Lp_c_@/@ »'ZA: b+ — A4

n = h Travel Hime (§ys) |
pce 3064 3.0 ©0
TCA 152 9% T ; HO
X 240 , 2.3 , 51
TCE 120 1.7 37
Trovel time L . Ry L
T/Ry u

% From Chemical ceference information in_ _(ourse  ceadec




O 4, (cont)

Whether  compounds  reach brook depends on cfzx»ewns(*vy
PCe ond TCEAwI degrade £ conditions
are anaerobic |
Yylene will dagvade m aerobic

Given mix of chemicals at site, both anaerobic
and aexobic zowes ave possble — I would
expect chemicals +o dn_gvadz over thase long
trovel tiwmes, byt not necessavdy Gom
aveas of the site weaver +he brooie.




