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Introduction

The Reserve is water that is ‘set aside’ to:

* provide for , and
* protect (sustain healthy
ecosystems).

The Reserve is the only right to water in the
NWA and therefore has priority over all other
water use.
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Quantify Basic Human Needs

e Currently, basic human needs (BHN) are set at
25 8/p/d.

* The source of population statistics used for
this calculation must be clearly referenced.

e Although normally quite small in comparison
to other uses, it must be borne in mind that
this is a right to water and must be legally
protected.

* |tis important to note that BHNs must be
calculated for all management scenarios




Quantify Ecological Requirements

* Ecological Water Requirements (EWR) refers to
the quantity and quantity of water of that
resource that is required to maintain the said
water resource in its assigned ecological category.

* |tis important to note that this cannot be
calculated by the hydrologist or geohydrologist.

* The hydrologist can only quantify the runoff in
the river for various scenarios and similarly the
geohydrologist can only quantify the
groundwater contribution to surface water
bodies for various scenarios.




Groundwater Contribution to Baseflow

e Auto baseflow separation (Herold method)
e Separation is done until average selected value is reached

Existing Base Flow Estimations

Pitman
Shultz
Hughes

* General:
— Pitman most conservative
— Hughes most liberal due to the fact that interflow is included




Calculating the Reserve (Version

Abstraction * Recharge
Baszeflow

Basic Human MNeed
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Reserve Calculation

EWRgw + BHNgw

Reserve(%) = x 100
Re
where
Re = recharge
BHNg, = basic human needs derived from groundwater

EWRgw = groundwater contribution to EWR
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Issues of Scale




Calculating the Reserve (Version 2)
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Yield Model Concept

Recharge (% MAP)

Saturated Volume Fluctuation Water Balance:

Change in Storage = Change in Water Level

Potential Recharge

(@r)
Evapotrans piratioﬁ
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Effective Recharge (Qre)

S~— _— Pumping (Qp)

-~ "=~ <«— Maximum Water Level
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’ «+—— Average Water Level
- " «— Minimum Water Level
e ————— -

- ~] <«—— Dead Storage Level

~- ------------- ‘.‘

@a= OO

Qb = Baseflow



Yield Model States

A e Recharge graq
ARl P ——
Water table - — nE S = N a . .
\ N < S Scenario A (Ambient State):
AN N ~ T — Under natural conditions recharge at the water
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Unconfined aquifer = == — i — table IS equal to dISCharge tO the Stream-
Confining unit
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abstraction from the borehole.
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Scenario C (Transient State):

Baseflow component consumed by

high pumping rate.




Calculating the Reserve (Version 3)
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Local and Regional Flow

Stream,
Stream, lake, or
lake, or wetland
wet;and o Local and
I";ﬁam' regional
Local and s OF recharge
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lake, or alm; T::l recharge R
wetland wetla Local \ Local spring kY
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Conceptual Model

Confined Layer Unconfined Layer
W TOPu
TOPc BOTu
Ac Su ; Ku
BOTc :>
Sc; Ke

Description

WY Area of layer u and c respectively [L2]

IV Recharge area associated with the confined system [L2]
I Head value of layer u and ¢ respectively [L]
I storativity of layer u and c respectively

3@ Hydraulic Conductivity of layer u and c respectively [L/T]
Top of layer u and c respectively [L]

Bottom of layer u and c respectively [L]




Recharge and Discharge

Confined
Recharge (Rc)

Unconfined
Recharge (Ru)

Q Recharge Thresholds
: |
)\ ; |
Groundwater + Direct Infiltration | Direct Infiltration
Use (Qpu) ‘; with time lag (Lu) | with time lag (Lc)
|
< Unconfined Layer (u) I
Groundwater Contribution |
to Baseflow (Qbfu) |
|
|
Lateral flow trough system (Qlu) Leaky I
< System |
Interaction |
|
|
|
Q. .
/K I
A 4 :
Groundwater ' r
Use (Qpc) Confined Layer (c) «{— — — —
<

Lateral flow trough system (Qlc)




Formulation

n 1 n n
RIB(L)?H = Z Pi — (2 — m Z Pl) Z Pt Equation 4
I=m I=m

L=m
where,
i =  1,2,3,...]
n = Li-1,i-2,... N M<N<]
m = ii-1,i-2,...M
P; = Precipitation amount in the i"-month
P Average precipitation of all precipitation events
P, = Threshold value representing aquifer boundary conditions (0 to P.) with 0

indicating aquifer being closed and P.. implying the aquifer is open, perhaps
regulated by spring flow




Formulation

- rA-RIB(i)m (Qp, + Qout;)

i Equation 5
AS AS
where,

= 1,2,3,...]
n = ii-1i-2,...,N M<N<I]

= §i-1,i-2,..M
Ah; = Change in water level representing a change in storage in the i"-month
RIB(i) =  RIB term in the i"-month (see Equation 4)
r = Fraction of CRD that contributes to recharge
S = Storativity
A = Model area [L?]
Ay —  Recharge area [L°]
Op; = Groundwater abstraction in the i"-month

Qout; = Natural groundwater outflow in the i"-month




Formulation

AruRui - qui - Qlui - Qbfui - Qleaki

M = o AyS

u-u
where,

. '—]_,u

Ry, = 1 RIB, (D)) |
H =H + ATCRCi - Qpci — Qlci + Qleaki

e AS.

where,

R, = 7.RIB,(i)s ")

(Lc_Wc)

>

1,2,3,...,m n Time Series
€---mmmmemeeeeeend) > o SELELIIIE >
Wx Lx

Equation 6

Equation 7



Formulation

1 1 1
c, A, K, T A K, Equation 8

(1/2)(TOP, — BOT,) (1/2)(TOE. — BOT,)

Qreak; = Cv( wi—q — Hey_ 1) Equation 9
Qt,; = Qbfui + Qsi Equation 10
where,
i = 1,231
Owie =  Groundwater contribution to baseflow from unconfined system
Or = Total flow during month

Oy = Surface runoff during the month




Formulation

GGyax; = (DoGGuyax;_,) + (PeQs,_,) With GGrax; > Qomax Equation 11
where,
GGuawx = Maximum groundwater contribution
Dq = Groundwater decay factor (0 < Dg <)
Ps = Groundwater growth factor (0% < Ps < 100%)
Ocvux = Specified maximum used as fitting parameter

Qsi = Qt,; - GGMAXi Jor Qti > Qgmax
Qs; =0 for Qy; < Qemax Equation 12
Qbfui - Qti - Qsi




where,

le
(jlx

H;
BOT:

Formulation

lei = Clx(Hxi - BOTx)

Layer u (unconfined) or ¢ (confined)
Lateral flow for layer x
Conductance for layer x

Head value for layer x

Bottom of layer x

Equation 13



l.
2.
3.
4.

Auto Calibration Steps

Verify valid input to the model.

Set Qrear to zero (layers are independent of each other).

Set O, and (. to zero (assume a natural state where no abstraction takes place).

Calculate (O by setting De = 0.1 and Ps = 0.1 and fitting Qcuux so that the long-term
annual average of Oy 1s equal to the specified annual average baseflow figure.

Solve for Oy, and Q. so that the long-term water level response for each layer exhibits no
increasing or decreasing water level trend.

Solve for C, and C. making use of O, and Q- and assuming the head difference causing Oy,
and Q. 1s the difference between the long-term average water level in each layer and the
bottom of the respective layers.

Enable Q.. to connect the layers.




Change in Storage — Change in Level

Volume (m3)
Ah =
Area (m?)




Change in Storage — Change in Level

®

Volume (m3)
Ah =
Area (m?)




Specific Yield and Specific Retention
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Water

GRANULAR

MATERIAL
0.2m3 | m? water —— Air
n-= Sy'f' Sr L } ——— -
| m m3 Rock
L~
Material Porosity  Spedific yield Specific retention FRALIURED HULR
<1(_}I| - 55 40 15
Clay —_ 50 2 48
Sand ——— 75 27 3
Gravel — —— 20 19 1
Limestone —— 20 18 2
Sandstone (semiconsolidated) 11 6 5
Granite _ ) o1
Basalt (young) ——————————— BT 8 3

Water retoined as
a film on rock
surfaces and in
capillary = size
openings atter
gravity droinage



Change in Storage — Change in Level

_ Volume (m?) <
B SyArea (m?)




Aquifer Transmissivity

Transmissivity Map

Legend
[south Africa
Transmissivity
m?/d

Hozs
[o26-15
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GRA2 Transmissivity
Value
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Aquifer Storativity

Aquifer Storage Coefficient

Legend

" South Africa
Storage
Coefficient
W<0.001
[Jo.oo1-0.005
[Jo.005-0.01
Boo1-01

GRAZ2 Storativity
Value

im
0,255m
0179 m
0,104 m
0,008 m

Kilometers
250 125 4] 250 500
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Weathered Thickness
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Fractured Thickness
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Borehole Logs

Borehole Lo3g - 2726CD00018
26.

Depth [m] Locality - X: Y:27.89 Z:1289.36
Lithology Geology
0 -
10 —
20 +—
0.00 - 49.37 SHALE: Boreh_ole Logg - 2726DA00002
Depth [m] Locality - X: 26. Y:27.55 Z:1308.81
Lithology Geology
30 0 - = _
0.00 - 8.20 SAND:
10 — |8 S
0 .
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SEiEsais 40 —
0 50
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Yield (I/s)
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Vegter Statistics

Water Strikes and Average Yield

O Average Yield @Kz mNtu HEPv EPvo mQ EQb BQm HQs EZn
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