Groundwater modelling
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Groundwater modelling - usage

Groundwater resource assessment
- effect of utilising the groundwater resource.

Location of waterworks?

-

Impact on stream flow?

Impact on groundwater level?



Groundwater modelling - usage

Groundwater pollution
- risk assessment

extension of pollution? 4 degradation?

propagation of plume?
(speed and direction)




Groundwater modelling - usage

Well capture zone delineation
- establishment of protection zones

Location of capture zone?

Age of abstracted water?



Groundwater modelling

Real world ‘

Conceptual model

» Hydrological processes
* Geology (layers and lenses) ‘

« Boundary conditions
- Etc.

Numerical formulation

Set of equations



Examples

Drastrup
Volsted
Tornby
Rardal



Drastrup well field (Aalborg water supply)
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Extension of Drastrup well field
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Pesticide contamination
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Pesticide contamination
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New well field in Volsted Forest
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New well field in Volsted Forest

The different phases in the Volsted Project

Phase 1.
Phase 2.

Phase 3.

Phase 4.

Screening of possible locations

Establishment of two examination wells. General
resource assessment. Preliminary groundwater model
simulations =»Capture zones, consequences for
discharge to stream and wells.

Detailed investigation of the groundwater-surface water
interaction in the nearby river valleys. Establishment of
two pumping wells and five monitoring wells. Pumping
tests. Monitoring of consequences for discharge and
water levels. Detailed groundwater model simulations
=» temporal long term effect of abstraction on streams
and protected nature types. Simulation of abstraction
alternatives. Simulation of compensation initiatives.

Establishment of well field. More simulations



Tornby Hovedbibliotek
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» Reassessment of the
pump and treat strategy

» Setting of the strategy for
supplemental
investigations

'H
'ﬁ: > I _'_' é
BOR O ATES :

R e

=3 7

- plads A

£ eian Cals 5 )
e

= e I
ldraets- P |[E 2

e\

Ex. pump & treat well
: et =—— s ‘\\w\ T %‘E@} plad;
New pump & treat well =

) E———

0 —-—A—E'J_______J;;:f_".—-—-—"-:—‘\\g.,ﬂ
WSy Indenrigsgdrd ____

Sy

TR L -

REARRANETY K




Tornby Hovedbibliotek

Pump & treat 2.5 m3/t Pump & treat 5 m3/t
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Veerksted Rardal (Military facility)
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Veaerksted Rgrdal — model area




Model results
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Exercise

. What is a groundwater model?

. What is the potential usage of a groundwater model?
1. In general?

2. On the project location?
. What is your expected outcome of this course?

. How do you think/hope that your skills within the field
of groundwater modelling will be evaluated at the
examine?



Groundwater

What is groundwater ?

Water that fills all pores and fissures in the soil

Clay Unsaturated zone

Saturated zone

Groundwater table
(potential)

Vandforsyning, Karlby og Sgrensen, 1998

Water and air

Pressure below the

Pressure above the

atmosphere pressure

atmosphere pressure

(vacuum)

:
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Groundwater - definitions

Aquifer, groundwater reservoy:

(sand, gravel, fractures rock, etc.)

Aquiclude:
A very low permeable formation (thick and,fat clay)

Aquitard:
A geological formation of semi permeable e that only allow a limit amount of
water to pass. ¢Feecrh:arge
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Groundwater — reservoir types

Unconfined aquifer, water table aquifer (frit magasin)

« Water table below the top of the reservoir
* The pressure at the water table equals the atmospherics pressure

» Large storage capacity
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Groundwater — reservoir types

Confined aquifer, artesian reservoir (spaendt magasin)

* Pressure level (water table in a well) is above the top of the reservoir.

« Small storage capacity
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Storage capacity of a reservoir

Specific storage, Ss [m]

Def.: Amount of water released form a unit volume of a confined reservoir
due to a unit decline in pressure level

Note: Storage capacity of a

S. =y 1 4 0 reservoir i poorly describes
Y E. E in the textbook. Consult if
] v
necessary other text books
or Google:

V., Specific density of water [N m=] define: Specific storage and

E, compressibility module of water [N m] define: Specific yield

porosity of the soil [-]

E. Elasticity coefficient of the soil [N m]



Storage capacity of a reservoir

Specific yield, Sy [-]

Def.: Amount of water released form a unit area of a unconfined reservoir due
to a unit decline in pressure level. (drainage of soil pores)

or

The amount of water a unit volume of saturated permeable rock will yield
when drained by gravity.

Sy = 0 — 0O

y

B, soil porosity (total water content) [-]

O-c water content at field capacity [-]



Storage capacity of a reservoir

Storage coefficient, S [-]

Def.: Amount of water released form a unit area of a reservoir due to a unit

decline in pressure level.
Unconfined aquifer

S=S, +bS,

Confined aquifer
S =08,
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Storage capacity of a reservoir

Exercise:
A clay soll, a sand soil and a gravel soil are considered.
Which soil has the larges and the smallest porosity?

Which soil has the larges and the smallest storage coefficient?



Storage capacity of a reservoir

Storage coefficient, S [-]
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Driving forces

Total head, pressure head and elevation head

Ground surface

Depth to water
L]
Z A
Pressure head (y)
/
Z
MeaSLjrin point Total head
= h=wy+z

Elevation head (2)

4 Selected datum

Z elevation head [m] Groundwater hydrology, Todd, 1980

y pressure head p/g [m]
h total head [m]



Soil as transport media

Darcy’s law
h

= KAt

Q L

K hydraulic conductivity

dh
= —KA—
Q dl

Darcy flux, specific

discharge, v
Q dh
= — = —K e
17 dl

y/. Datum plane

Groundwater hydrology, Todd, 1980



Soil as transport media

Pore velocity or average interstitial velocity , u

va=u=OI
(94

a effective porosity, also called n_ or n



Soil as transport media

Hydraulic conductivity, K [m/s]

Fluid dependent measure for the ability of a given soil to transport water

Permeability, k [m?]

Fluid in-dependent measure for the ability of a given soil to transport water
LY

~9
m  dynamic viscosity

r  fluid density
g acceleration of gravity

Transmissivity, T [m4/s]

T =Kb



Hydraulic conductivity

Typical values:

UNCONSOLIDATED
DEPOSITS

Gravel
coarse
medium
fina

Sand
coarse
medium
fine

Alluvial deposits
Silt
Clay

dense
weathered

ROCKS

Sandstone
dense
karstic

Limestone
dense
karstic

Dolomite
Crystalline rocks
dense
fractured
Basalt

dense
fractured

Claystone
Volcanic tuff
Shale

dense
fractured

Kin m/s

[

practically |  low | highly
impermeable | permeability | permeable | permeable
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Anisotropic reservoirs




Hydraulic conductivity

Anisotropic reservoirs — flow parallel with the stratification
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Hydraulic conductivity

Anisotropic reservoirs — flow perpendicular to the stratification
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Hydraulic conductivity

Anisotropic reservoirs — flow perpendicular to the stratification
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Groundwater flow — equations

Water balance equation: in-out=change in storage

(Qx,i _Qx,0)+ (Qy,i — Qy,O): _SW 2 8;[1

From the Darcy equation

Qx,i = _KxbW 6h) = _TXW (8hj
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Groundwater flow — equations

2-dimensional flow

~T.W ((oh/ox), - (oh/ox), )-T,W ((h/ay), - (eh/ay), )= ~SW * Z_T
0
o(oh/ox), a(eh/ay)
B (oh/ox), —((Gh/ﬁx)i b Wj_T (eh/ay), —((ah/éy)i - Wj o
| " y w St
U
T @+T ﬂzsa_h
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3-dimensional flow
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Groundwater flow — equations

Adding sink/source term, R

2 2
10 Oy g
OX oy dt
2 2 2
K d h+K d h+K d h+R:SSdh

*dx? " dy? “dz? dt
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Questions

How is the saturated zone defined

What is an aquifer?

What is an aquitard?

What is an unconfined aquifer?

What is a confined aquifer?

What is a conceptual model?

How is specific storage defined ?

How is specific yield defined?

How is storage coefficient defined?

What is hydraulic conductivity?

What is the difference between hydraulic conductivity and permeability ?
What is transmissivity?

What is the typical range for hydraulic conductivity for sand?
What is the typical range for hydraulic conductivity for clay?
How is hydraulic head defined?

What is the Darcy velocity?

What is the pore water velocity?
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