Bbé Ehvf’ronmerr‘f’q} G@o*&chm'cs‘
Crib g0 o T e 7,W/m

) €,
Ll b be Nﬁﬁr % &«Juﬁy Mse. . o
£15e¢§ Acant b A,
maal—? balt,. sl = Tw&hﬂ’w
T Lk e tingen o ek b

T o & = Eif\k To
G

he 4T o
Tud [307{__

B b) From labl [ Gpicd pre %3« %) SIE =D, = O Clmm

~ h=z L= 7.3 x5 5

lo X O -0l )ii'lt‘TB

e T - .

.iﬁf' C;ﬁ'e S%} ﬁw' .
Fy\ ah; e S=0 ¥= G

IR 263F0 L 500 kn/pd. |
- MHo3 —
m» zeswio | 636 b /3
; 4 . A062
t’%“ Saii&wﬁhﬂ e Gn= L D
ro)Te s @EproTY e o (ThZ leal Jn
“lre l-i~o'l3

| LN fin?
§ = ?,6\4—062) ko = 2011 19
= (W

Wﬁwk~

(20%]



e

1,

/ 30'\"’Cd~t_§ ’gﬂgw N = O-Qscm/s = legp_&mls

V= Kdh
de
’Sxmh')S = 2.5xi06 = i
I
dse 5dm —n N leoﬁlf 50
5.5 x10” " *
= |lm

Crany
A}

Fona,,,

R |
Swee A 2R oP came el-_é.x{af[l_'wn. Lx,‘ "'[‘B = ’n,_
L\A =. %-S\.“{“(«S = lr-rn_

L‘B = A-1 = Sm ;—-&.wc"[’e_'\".m f’<%| in 1R cu«'”

e o of siH loyer,

[1ox]

A'Ssumﬁi{q@ /. Flows s IQW‘Y\_‘(;; . Sawi//&”‘"g/
| . 2/. P’\"CSQU'Y‘C— L,anf al"rdf.) l:S' : /lrnm
‘ /4"1[0 B
5/ Flows Sﬁ*(\ﬁr ’5 .unt“J;"rm L |

| , S‘W[eaJa S'[JC‘”&" . .'B
y“ F’OLU ;S ..Po',,-oU(,[ ’{:o /4%



hj

| 9/ X So-’[ufrq/LJ - 20.]9 /(N/IY\B k"” b)

~B~[o1 QP‘[’NSS —beased Sf[f[ loger = [Th2xe = 3884 L 0
ok | schress ~ bose of Send Payars 38844201195 = 13%.8

ugc'r\a AR as Q!of[urﬂ. .

— tK
2""\ I A ‘
S B N ‘\. LLC = 3|5m
Sm OA -C—%“% e B . [
L Stnee. ‘7ﬂow 1S PQ"rQ‘l?..
gnej ] ('[70 AR 'XX“ ;S gaf\ﬂl
T x
!

;S' = equ‘\)of‘t(hf'll’"e.‘,

[ kPa

.;:\ é“kfca e »
hd ) |
Pove Pressure : O{_[Ql < 4 1 3%:8lePa

eSS
Assume, pove prresSur-e.

’\rcffrr‘c'-‘[l’ar) 'v’m.mr"l‘n gflfp )odefr,

E?,o;/.]



2.2)  Consider a set of flow lines and equi-potentials in the soil. From continuity, the
volume flow rate within each flow tube must be constant.

Applying Darcy’s law to the element of breadth b and length / :
Sh
v=Ki =K—
[
g, = 4,.v, -—-bxlxKxé‘lﬁ-

=K x6h
For convenience a flow net of curvilinear squares is usually drawn with 5=/, by adopting
simple trail and error solutions. If the equi-potentials are drawn with equal drops in

potential heads then 9% = A% , where A is the total drop in the potential head along
h

the flow tube from a source of water to a sink and N}, is the number of drops in potential.
The flow rate per flow tube is:
- Sh
qg=Koh =K x— per tube.
N,
So a flow net.of curv111near squares will have constant potentlal differences and the same
_flow rate in each tube. Curvilinear squares have edges crossing at right angles, and an

1nscr1b1ng c1rcle would just touch all four 51des

9=49, =49,
If there are Nfﬂow tubes then the total flow quantity will be:

— N,
q= KAR 7\,‘" m’/s/m length
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: % The governing equation is, as before:

where P 1s a constant whtle 1ntegrat1ng agaln g1ves'

wh1ch must sat1sfy the boundary cond1t1onS' -

fOl'Z =0 .. | .. C=P+Q=Co

oc o%c oc
ZapZli =
o a2 T

.Consider an old landfill, leaking aqueous pollutant into the underlying clay layer.
Pollutant has been leaking for a number of years an is assumed to have reached the steady

state distribution #—>co, for which:

Layer of clay ; -
Lmthick - IR

'and 1ntegrat1ng once‘x‘m'th respcctzgwes . :5; e

s} ac L
vf 62

ln(c )—5-+1nQ

where Q is also a constant Rearrangmg glveS' g

= P+Qexp




, - L [a=12 % Le_
| (i) [e=t= i
forz=1 c=P+Qexp —— [=0 non ZLYO @S se
o
the solution of which gives:
L
P=———~——-——-——L’-—' and Q=-~°—v-
1-ex Y J l—exx{—f*)
D, D,

and therefore the steady state distribution is:

x| 22 vz Jex va]
G 1 expk }
If the mean lmear water velocity is very small then the exponentlals can be approx1mated
- by power serles : '
(14222 i#va
X D.l D[ L —~Z

: ) ie if advecnon is neghgmble and dJﬂilswn ﬂnerefore dommates then the. steady state
- distribution is linear fiom source to sink. Th1s result could have also been. reached by
. f‘mtegratmg the dlffusmn equatlon dlrectly -
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4/@ DNAPLS and LNAPLS are acronym for Dense Non-aqueous phase liquids and
Light Non-aqueous phase liquids, respectively. They are liquid contaminants which
were immiscible with water. Typical DNAPL contaminants are chlorinated solvents
such as PCE and TCE. Typical LNAPL contaminants are petroleum products such
as Benzene and Toluene. DNAPLs are denser than water, whereas LNAPLs are
lighter than water. Due to their density differences, when they are spilled from the
ground, LNAPL tends to float on top of the water table and DNAPL tends to
penetrate deeper than the water table. Within DNAPLSs, chlorinated solvents are less
viscous than water. Therefore, the penetration front is unstable under gravity
dominated flow and move inside the subsurface in a complex manner. Hence, it is
very difficult to find them in the subsurface. The solubility values are low and they
remain as a continuous contaminant source for very-long time. Although small

amount of solvents can only dissolve into water, the toxicity is high. -
Cookd

(b) One person in one million people will get a cancer if one million people are exposed
to this daily dose vaiue of a chemical throughout their life time, which is wsually 70
years; The maximum allowable concentration of this contaminant in water can be
estimated by applying this daily dose to an amount of 2L of water, which is
consumed daily.

Cusn]
(©)

(i) From Data sheet, the properties of benzene are

Henry’s constant H = 5.55 atm/M

Molecular weight = 78.1

‘Gas conicentration P = 2000 ppmV = 2000 x 10°° atm =2 x 10 atm. .

Using Henry’s law, the concentration in the soil moisture

C=PMH=2%x10%555=3.6x 10“‘M

Convert this to mg/L.
3.6x 10™ (M)= 3.6 x 10 (mol/L) x 78.1 (g/mol) x 103 (mg/g) = 28.2 mg/L.

us g
(ii) The octanol-water partition coefficient of toluene is logKew=2.13 from Data

sheet.
For aromatic’ compounds (see Data sheet), log Koc = 0.544 (logKow) + 1.377 =
0.544 x 2,13 + 1.377 = 2.54

Hence, Ko = 347 (L/kg)
The partitioning coefficient K, is then estimated K, = £,Koc = 0.01 x 347 3.47



(L/ke)
Using the linear isotherm model, X = K,C =3.47 x 28.2 = 97.9 mg/kg.
IR

(iti) Gas concentration P = 2000 ppmV = 2000 x 78.1/24.05 (mg/m®) x 10 (m*/L)

= 6.49 mg/L.

Mass of benzene inhaled = 6.49 (mg/L) x 2 (m*) x 10* (L/m’) = 12980 mg.

Mass of benzene ingested = 97.9 (mg/kg) x 1800 (kg/m®) x 10 (em® x 10
(m’/em®) = 1.76 mg. (s VA ‘]
Hence, Inhalation >> Ingestion,

(iv) Soil vapour exiraction and air sparging.

Air or oxygen is injected through a contaminated aquifer. Injected air traverses
horizontally and vertically in channels through the soil, creating an underground
stripper that removes volatile and semi-volatile organic contaminants by
volatilization. The injected air helps to flush the contaminants into the unsaturated
zone. Soil vapor extraction (SVE) usually is implemented in conjunction with air
sparging to remove the generated vapor-phase contamination from the vadose zone.
. Oxygen present in the air added to the contaminated groundwater and vadose-zone
soils also can enhance biodegradation of contaminants below and above the water

table.

Pelroleum Extraction Well for Vapor
H?drotarbon Treatment of Discharge
Release Alr {Optional)

: Injection y T

Residual
Contaminants .,

LNAPL Free
Product

' Smear
Zons



