Groundwater Flow Analysis
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Aquifer parameters

* An aquifer 1s a geological unit capable of
yielding useful groundwater supplies to
wells and springs

* Aquifer requirements:
— stores useful amounts of water => storativity

— allows reasonable flow rate => transmissivity

— 1s replenished => recharge



Aquifer pre-requisites

o Stores useful amounts of water
— Storativity
 Allows reasonable flow rate

— Transmissivity

* Is replenished
— Recharge



Storage (Storativity)

* Unconfined aquifer

— Storativity related to effective porosity

* Confined aquifer

— Storativity related to specific storage
(compressibility of aquifer formation)
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Unconfined conditions

Discharge

Falling water table
causes drainage from
bt atie the pore space, so

Ground suriace

Storage related to
effective porosity
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Aquifer pre-requisites

e Stores useful amounts of water
— Storativity
 Allows reasonable flow rate

— Transmissivity

* Is replenished
— Recharge



Transmissivity

* A measure of how
casily water 1s able to
flow through the
aquifer, a function of:

— Hydraulic conductivity
(permeability), and

— Aquifer thickness

Figure 2-9. Difference between hydraulic
conductivity and transmissivity




Uncontined vs. confined

Discharge

* Unconfined aquifer

Ground suriace

— saturated thickness
changes when water
table moves,

"= depression

— Transmissivity 1s
variable




Uncontined vs. confined

* Confined aquifer

— saturated thickness 1s unchanged by change in
piezometric surface

— Transmissivity 1s constant




Aquifer pre-requisites

e Stores useful amounts of water
— Storativity
 Allows reasonable flow rate

— Transmissivity

 Is replenished
— Recharge



Recharge

* Largely dependent on rainfall

— Water level declines are unlikely to
increase recharge rate

* Sometimes contributed by rivers

— Water level declines may enduce
additional inflows from rivers and reduce
outflows to groundwater dependent
streams (stream depletion).



Other boundaries




Fresh/saline interface




Darcy’s Law

* “Newton’s Law” for groundwater

* Q=KA (h;-h,)/L
— Q 1s discharge
— K 1s hydraulic conductivity (permeability)
— A 1s cross-section area

— h, and h, are piezometric head, at distance L



B

_a

s et et e Rl o

&

LA LILLS o G =2

7|

Datun level

T TS




Representative values of K (m/d)

10* 102 1 10-2 104
I I I I I I I I
: Clean Clean Fine Silt Massive
Unconsolidated gravel sand sand Clay clay
Consolidated C.avernous Fractured Laminated Massive
limestone rock sandstone rocks




A simple model

* Drawdown response to pumping in an
extensive confined aquifer
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The Theis solution

Assumptions:

Infinite extent, homogeneous, fully
confined
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Simple Excel model

* Theis solution for drawdown response to
pumping;:
Examine effect of changing:
— transmissivity (T)

— Storativity (S) unconfined & confined



Using functions in Excel




Time-drawdown calculations Distance-drawdown calculations
u=sing Theils equation using Theis equation

Aquifer parameters Radins [m]) 4 Aquifer parameters Time [day=]) i
Time Drawdown | Drawdows | Drawdows Radiss | Drawdows | Drawdows | Drawdows
1000 m2'd [day=) ' | [ | ' | T 1000 m2/d =] [ | ' | [ |
00001 0457 02985 0153 £ LiRuluing| 1 0.552 0.5E1 0740
0.524 0554 0191 L 2 0.554 06135 0.5695
0.555 D565 n.z220 4 0.457 0.5665 0.5645
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Stream depletion

Effect of intermittent pumping on an
adjacent stream

Involves another solution derived by Theis
Uses superposition principle

— Similar to unit hydrograph method in surface
water hydrology

Look at effects of changing T, S, distance,
etc....



Stream depletion

Stream Depletion Analysis

Agquifer parameters
Transrmissivity [metday]
Storage cosfficient Al
Separation distance h ()
treambed conductance [rmitday]
tream depletion factor . [days)
Streambed factor
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Pumping details
Maxirmum rate
Howrs per day
Das per return period
Return Penod
Average rate
Dt back time
ut baclk average rate

Stream depletion (lis)
[wa]

Stream depletion
Purmping duration 30[  [daus)
Total depletion| 121 (Its)

Ol the wvalues In shaded cells
cah be updated - alf other cells are
dependent on thase Input valles.
The red curve on the depletion va ol an 40 =0 B0 7
Hime plot shows the net effect of

purmping and any specified cut Time {days)
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