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2) a) Contaminant transport mechanism of mechanical dispersion involves mixing and flow of the
contaminant as the pore fluid passes in the spaces between the grains.

o : (iii) boundary friction
(i) different pore sizes (ii) different paths taken

Sorption on the other hand, is removal of the contaminant from the pore fluid as it either gets
absorbed or adsorbed onto the soil particles. Sorption can happen as different chemical ions have
different selectivity for the clay particles and can therefore displace already adsorbed ions. [10%]

b) For homogenous soils with steady state flow n, D; and vy will be constant and the one-dimensional
transport equation reduces to the classic form of the advection-dispersion equation:
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which for a particular case of linear, equilibrium adsorption becomes:
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where Ry is the retardation factor. Rearranging gives:

éc D, &°c Vs dc

or alternatively:

2
a{L}
Rd

so that the effect of the adsorption is to reduce the apparent dispersion coefficient and the apparent
advective velocity of the contaminant. The ratio of the mean linear velocity of the groundwater, v, to
the velocity of the ¢/c, = 0.5 point on the concentration profile of the retarded material v, is therefore:

R, =L [20%)
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Figure 2: The buoyancy-driven stack effect (after CIBSE Guide A Figure 4.9)
The equations for stack effect can be derived by consideration of Figure

everywhere through the room.

2
The external temperature is T, (in Kelvin) and the internal temperature is 7,

P

which shows a tall room with two openings, one at the top and one at the bottom.

Assume that that the air is moving so slowly that kinetic energy terms (i.e.
dynamic wind pressures) can be neglected everywhere except across the orifices.
The pressure p,(H) outside the upper opening is thus:

Po(H) = po — pogtl

(12)
where p, 1s the density of the external air at T,, ¢ is the gravitational constant
and [ is the distance separating the 2 openings. Similarly. inside the room, the
pressure inside the upper window is:

pi(H) = pi — pigH

(13)
where p; is the density of the internal air at 7;. The pressure differences across
the bottom and top opening respectively are:

AP.’J = Do — Pi

Apy = pildl) = po(H) = (pi = pigtl) = (po = pogH) = pi = po + (po — pi)gH
Thus, the total pressure difference hetween the two openings is:

Ap, = Apy, + Apy = (p, — pi)gH

(14)
6



Assuming that the air expands linearly with temperature, the density decreases
as the reciprocal of temperature, thus

1 l")
prxT_ (15

and taking conditions at sayv 273K as a benchmark, then

273
- (16)

P273 r

whence _
; 273 (17)

= P37

7= 373 T

The buoyancy-driven pressure difference Ap, driving the flow may thus be written
273 273

Aps = poragH | — — — 18

ps = Pyt | 7= = = (18)

Equating this to the pressure losses through the two orifices, we obtain

l P | Q"

Ap==p ==+ =p = (19)
2 2 2 2
2 (/m'lfi Al 2 'Urr_,l'lé"lﬁ'.%
which rearranges to give a flow
A 1 42 . QA[);,
= 5 5 (’nril' (20)
A + A3 IZ

with Apg given by Equation 18.
This equation predicts the How rate oue might obtain from a stack-driven flow
through two orifices separated by a height I1.

Example: Consider a room at 20°C with an external temperature of 0°C, and
let there with be only two windows, one 6 metres above the other. Substitution
into Equation 18 predicts a pressure deficit of 5.2 Pa. This is guite small, and is
comparable to the dynamic pressure of a 2m/s wind. Or, if both openings are on
the windward face. it is comparable to the wind-shear-induced pressure difference
over Gm height of a mere 4m/s wind. Even moderate external winds can thus
totally dominate stack effect. and stack-driven flows can thus only be expected
to prevail on rather calm days.

There are several wavs to improve the stack effect. One is to create sizeable
“chimneys” that extend above the building height. Since the pressure deficit
depends on the height differential, an increased height gives an increased effect.
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