Arithmetic sample mean of y(=logx) values = 2.16

Standard deviation of y values Sy = 0.204

Outlier test statistic T = (log(350)-2.16)/0.204 = 1.88

T = 1.88 is less than the 10% critical value of 1.91 (see Databook). Hence, the
largest number of 350 mg/L is not an outlier.

(b)
t value for n = 8 is 1.895 from Databook.
USos = X + ts/sqrt(n) = 161 + (1.895)(87)/sqrt(8) = 219 mg/Kg
(c)
For benzene, Log Kow = 2.13 (from Databook).
log Koc = 0.544 (logKow) + 1.377=0.544x2.13 + 1.377 =2.54
Kp = foc Koc =0.02 x 347 =6.9.
Using the linear isotherm model X=KC, 219=69x C,C=31.7 mg/L.
(d)
For benzene, H = 5.55 atm/M.
Convert the aqueous phase concentration from mg/L to M.
31.7 mg/L=31.7 (mg/L) x (1/78.1) (M/g) x 10” (g/mg) = 4.05 x 10* M.
The vapour concentration then becomes Pvap = 5.55 x 4.05 x 10%=225x 107
atm = 2250 ppmV.
(e)
Convert vapour concentration in mg/L
P = 2250 ppmV = 2250 x 78.1/24.05 (mg/m’) x 10” (m*/L) = 7.31 mg/L.
Total mass = gas + aqueous + soil = 0.30 x 200 x 10° x 7.31 +0.05 x 200 x 10’ x
31.7 + 219 x 1800 x 200 = 438600 + 317000 + 78840000 = 79.6 kg.
®

Air sparging and soil vapour extraction— Air is injected under the gasoline source that is
often floating on top of the water table. The injected air will volitilize the nonaqueous
phase liquid and the contaminated vapour is extracted via extraction wells placed on

unsaturated zone.

Dual phase pumping — Two pumps are installed on top of a single well. One pump is
used to extract the groundwater and this creates localised groundwater depreciation. The

gasoline sitting on top of the water table moves toward the well by the depreciation and



the other pump is used to extract the gasoline.

e

Benzene plume can be stable because

- The biodegradation rate of benzene is high.

- Benzene volatilizes gradually from the top of water table.

- Byproducts by biodegradation tend to be safe.

However, the change in size and concentration of degrading products are needed to be

monitored carefully in the field to show that natural attenuation is occurring.



2(a)
Used as a metal degreaser and has been available worldwide for about 50 years.
Aircraft and engine maintenance and production, cleaning rock hardware, and
automotive industry.

(b)
DNAPL will migrate vertically down and pool at the bottom of the aquifer.
The subsequent movement depends on the slope of the impermeable boundary.
Continuously pollute the water through dissolution.
Migrate into fractures in the impermeable boundary, making it difficult to
remediate.
(c)
Surfactant washing — enhanced dissolution and mobilisation
Air or steam heating — enhanced volatilisation
(d
Advection, diffusion, disperson, biodegradation, chemical degradation,
sorption.
(e)

For TCE, Log(Kow) = 2.38

log Koe = 1.00 (logKow) — 0.21=1.00 x 2.38 - 0.21 =2.17
Kp = focKoc = 0.01 x 10> =1.48
R=1+peKp/p=1+18x1.48/0.35=28.61

®
Groundwater velocity = ki/¢ = 40 x 0.005/0.35 = 0.57 m/day.

Plume velocity = 0.57/8.61 = 0.066 m/day
The travel distance is 800 m. Time taken = 800/0.066 = 12121 days = 33.2 years.

(8
Darcy’s velocity u =ki = 0.20 m/day = 1.39 x 10™* m/min

Distance between the streamlines at the line of the well
Q/Bu = 0.2 (m*/min)/ 25 (m)/1.39 x 10 (m/min) = 57.6 (m) (A-A’)
Downstream distance from the well to the stagnation point of the envelope



Q/2nBu = 0.2/27/25/1.39x10™* = 9.17 (m) (O-B)

Sidestream distance of the envelope far upstream from the well.
2Q/Bu=115.2 (m). (C-C’)

Distance between the two wells = 0.32Q/Bu = 18.40 (m)
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