Lecture notes week 7

Example 1: Land treatment of petroleum-contaminated soil

L=40m
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Time (days) Measured conc (g/kg) (Ci,tot)
0 20

110 13

229 9

298 2

Total volume of ZOlI

V7=15m*40m*0.1m= 60 m*

M= V1*pup= 60 m®*1540 kg.m>= 92400 kg

V. =Vr*6=60 m*®* 0.1=6 m®

M=V *pw =6 m*® * 998 kg.m>= 5988 kg

Ms= Mr-M,=92400 kg-5988 kg= 86412 kg

At time zero, the average concentration in the ZOl is 20 g.kg™

This means that the total mass of contaminant in the ZOlI soil is:

Miw=20 g.kg'* 86412 kg* (1kg/ 1000g) = 1728 kg

First rate degradation:
Ci,aq () = Ci,aq,Oe_kt

m; tot

Ci,aq =

V, + KpMs + K,V

Aqueous concentration and mass are proportional.



Ci,aq (t) = okt — mi,tot(t)
Ciag0 M 0t (0)

e—kt — e—0.008*298 = 0.092

m; o1 (1)
M tot 0)

M t0¢ (298 d) = 0.092 * My 40:(0) = 0.0092 * 1728 kg = 159 kg

= 0.092

Percent removal:

(1728-159)

EITERS 100 =91%

Example 2: Design a biopile

Calculate:

Water volume

Air volume

Solid volume

Volume of water needed

Mass of nutrients needed

Volume of air needed

Expression for C, ,,

How much time to reach 98% removal?

e A el ol e




Select units: volume= m? mass of soil= kg; mass of contaminant= g; time= days
Calculate values characterizing the system:

Volume of soil; mass of wet soil; mass of dry soil; volume of water; volume of air;
Volume of soil= area of trapeze* length of biopile

Area of trapeze= (1.24m+5m)/2*1.5m= 7.8 m?

Volume of wet soil= 7.8 m? * 80m= 624 m*=V;

Mass of wet soil= 624 m®** 1200 kg.m>=7.5* 10° kg=Ms, wet

Soil characteristics

1. Volume of water (initial)= V1* 0 = 624 m®* 0.2= 125 m3= V| initial
2. Volume of gas initial= V1*&-V=624*0.55-125=218 m3=V;
3. Volume of solid= Vs= V1-V|-V5=624 -125-218= 281 m3= Vs

We assume that the contaminant is contained within the solid phase, aqueous and gas phase so it
does not have its own volume.

Water needed
Volume of water need to add:
Volume of water (final)= V* 0; = 624 m*® * 0.45= 281 m*®*= V_ final
4. Volume of water to add= Vyater, ada= VL, finat- VL, initia= 281 -125 = 156 m*
We can calculate the mass of dry soil (initial)
Ms= Ms wet- Mwater=7.5* 10° kg-125 m®*998 kg.m>=6.2 *10° kg= Ms

Mass of contaminant mrpu= Ms * C; =80 g of C;H1¢/kg dry soil* 6.2 *10° kg= 5 *10* kg = Mrpytot

Nutrients needed.

We assume the composition of the carbon is C;Hs (MW= 100 g/mol)

Moles of C;H6= 80 g of C;He/kg dry soil / 100 g/mol= 0.8 mol C;H+¢/ kg dry soil

Moles of C=0.8 mol/ kg dry soil * 7 moles C/ mole of C;Hs= 5.6 moles C/kg dry soil

Moles of N needed= 5.6 moles C/kg dry soil * 1 mole N/10 moles= 0.56 moles N/kg dry soil

Moles of P needed= 5.6 moles C/kg dry soil * 1 mole P/100 moles C= 0.06 moles P/kg dry soil



This means that we need:

moles N 1mole (NH4)2504 132 g (NH4)2504
kg dry soil 2 moles N 1 mole (NH4)2S04

5. Mass of N fertilizer my tx=0.56
soil= 2.3 *10* kg N fertilizer

* 6.2 *10° kg dry

Mass of P fertilizer my, rr=0.06 moles P/kg dry soil* 6.2 *10° kg dry soil* 380 g fert./mol P =
1.3 *10* kg P fertilizer

Air needed.
C/Hie+110,=>7CO0O,+8H,0 (stoichiometry for O, utilization)
Moles O, needed per mole of C;His =11 moles O./mole C;H1s

Moles of O, needed no,= 11 moles O./mole C;H16 * 0.8 mol C;H1¢/ kg dry soil * 6.2 *10° kg= 5.5 *10°
moles O,

Mass of O, needed= 32 g/mol O, * 5.5 *10° moles O,= 1.8 *108 g O,
Volume of air needed V.= 1.8 *108 g O, * 1L air/0.3 g O, * 1m®/1000L=5.9 * 10° m®
Air flow rate Qair= 0.2 m? air/ (m® wet soil. min)* 624 m3wet soil= 125 m? air/min

Time to deliver the O, needed t.;= 5.9 * 10° m®/125 m? air/min * 1 day/ (1440 min)= 3.3 days

Removal rate

We have a first order degradation rate. This means that

dCi’aq
3 - —kCiqq(t)

And that
Ci,aq () = Ci,aq,Oe_kt

And that
t = —lln < Ci,aq(t) >
k Ci,aq (to)

We are looking for the time t corresponding to a 98% mass removal.

How does that correspond to removal of aqueous contaminant concentration?



m; tot
V. + KpMs + K}, V;

Ci,aq =

Therefore, C; 44is proportional to m; ¢,.and a decrease of 98% in mass is also a decrease of 98% in
aqueous concentration.

Ci,aq(t)=0.02* Ci a4(to) SO

Liag® _ 0.02
Ci,aq(to)

= _In(0.02) =782
t= 5oy In(0.02) = 7824

There is plenty of time to deliver more than enough O, to the soil to allow for 98% removal of the
TPH.

Example 3: Soil washing

Simplified scheme with three stages

B side & & -
and C;,q3 and C, .4 A side
Cleanliquid  Q andC,,q, 3 9 1 Q,andC,,,, Liquid with contaminant
Clean soil Qqoiand G, +— — — le—— Qqiand C;;, Contaminated soil
Qsoil Qsoil
andC , andC, 4

First, we consider pH =2 (K =2 L/kg):

Soil outlet / liquid influent

Soilinlet / liquid effluent (A

final solid conc.

initial solid conc.

initial aqueous

N =

(B side) side)
_, kg kg
Cisp =12%10 7@ Cisa =3.54%10 4@
k k
Ciagh =5* 10_879 Ciaga = 10_57‘9

final agueous

ln[(ci,s,a - Cifs,a)/(ci,s,b - Ciﬂ:s,b)]

In[1/K * QL/Qsoil]




Qsoil kg
—— =0.025—
QL L

Equilibrium on the soilinlet (A) side: Cjs, = KCigqq =2%107° =2 % 10—5%
Equilibrium on the soil outlet (B) side: C/5 ), = KCjqqp = 2 %5 * 1078 :—Z =107

kg
.
In (Ci,s,a — Cig,ﬂs,a)

Cisp—C
N=—"10 LShZ _ 3946 => 4units
In (— . )
K Qsotl
Example 4: Soil slurry biodegradation
Information available
1
Homa= 029 K=212mg.g 1 X =2 mg.L_1
M= 0230 K ~199mgL’ Y= 0.34 mg cells/mg substrate
Ms=20g Kos5 Lg' K-0.167Lg
Vi=025L Ciso= 0.5 mg.g!
Units:

mg for cells and substrate; L for volume; g for soil;

We use the simplified analytical solution (although in real life, we would use compute a humerical
solution)

Ci aq > XWMSKbHS maxKD
Kqln - + Kp(C; 4,9 — C; = - -
s <Ci,aq,0 p(Ciaq = Ciaan) Y(V, + MKp)
Therefore

Ciq Y(V, + MgKp)
Kl + Kp(C;
[ st <Cl aq, 0) D( baa = laq 0)] [X MSKbﬂs,maxKD

First, we need to calculate G, .4, given that there is no gas phase,

Ci,s =Kp Ci,aq



05 Mg phenol
Ciso 2 gsoill 01 ™ phenol

b gsoil 7" Lwater
L water
_ mg phenol _ mg phenol
Ciaqe=0.1 222204 0,05 = 0,005 “LE2R
_ mg phenol 0.005 L water _ mg phenol]
t= [2'12 g soil lTl( 0.1 ) +5 g soil *(0.005-0.1) L water ]
0.34 M(o.zs L water + 20 g soil » 5 LWaLer
mg phenol g soil
mg cells . L water 1 . Lwater
Z—L water 20 g soil * 0.167 g soil * 0'29h * 5 g soil

It simplifiesto t=24h



