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3D8 Building Physics & Environmental Geotechnics

Q2} Criks

The contaminant transport mechanisms in ground water flow are: Advection, Diffusion, Mechanical
dispersion and Sarption. Advection is the process by which the contaminant simply flows along with the
ground water. Diffusion can occur with no ground water flow and is due to differences in concentrations

and follows Fick’s law. Mechanical Dispersicn is transport due to mixing up of the contaminant as the

ground water flows through soil and depends on the pore size, pore shape and the boundary layer

formation at the interface betwean soil grains and the pore fluid. Sorption is when the contaminant

either absorbs or adsorbs onto the soil grains.

Advection will resuit in a step function or piston like flow causing a step change in concentration as the
conitaminant arrives at a given point (see Figure beiow). Diffusion will be more gradual change of
concentration with time. Mechanical dispersion causes much more spread in concentration over time as
shown below. Sorpticn has the effect of delaying/retarding the whole contaminant transport.
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210} The advection dispersicn equation is given as:
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Layer of clay H m deep

Aquifer e.g. sand layer

The advection-dispersion equation becomes:
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where Qs also a constant. Rearranging gives:
4 5

which rrust satisfy the boundary conditicns:
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the solutizn of which gives:
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anz therefore the steady state districution s

If the rnean linear water velocity is very small, then tne exponentials can be approximated by power

series:
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i.e. if advection is negligible and diffusion therefore dominates then the steady state distribution is linear
from source to sink. This result could have also been reached by integrating the diffusion equation

directly.
[25%]

G3) ¢} The relevant equation for GSHP is;

) (TZ)— AT, =Ty
2n8n7‘1 U R S

Substituting values and allowing for heat abstraction;
2.5 x 10° (24\ B

e Tl N BEPR, T
w50 gz~ 26—

Therefore at distance of 2m from the bore well wall, the temperature will be = 6.484 °C.
o

The radius of influence can be estimatad as when the temperature T, approaches the ambient ground

temperature of 10 °C.

2’5x1033 (R)—26(10 1
w50 \oa) )
Thzrefore the radius of influence of the GSHP is R=7.57 m [25%]

3) d) For maximum energy cutput we want to pack the GSHP's as closely as possible, put witheut the
Rezzius of influence overlapping. We can fit 26 wells in the first row as shown belows, which is the plan
view of sice 401.5m % 200m. Similarly we zan fit 15 wells in gach column.

So totsi number of wells we can have on this site = 26 x 12 = 350 wells.

Total energy outpar =390 x 2.5 kW = 875 xW {fe approximately 1 M),
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