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4 

Food and Agriculture 
Organization of the 
United Nations (FAO) 

Fossil Water 

Geographic Information 
System (GIS) 

Groundwater 

Hydrogeological 
Conceptual Model (HCM) 

Hydrogeological 
Framework Model 
(HGFM) 

Hydrological 
catchment 

Specialized agency of the United Nations that leads international efforts 
to defeat hunger. FAO is also a source of knowledge and information , 
and helps developing countries in transition modernize and improve 
agriculture, forestry and fisheries practices , ensuring good nutrition and 
food security for all. 

While all definitions of fossil water agrees that it is old water stored in 
aquifers or glaciers for thousands or millions of years, they do not strictly 
agree if the waters are non renewable (Definition 1) or if they have "just" 
infiltrated many years ago (Definition 2). In this report, definition 1 has 
been used. 

Definition 1: Oxford living Dictionary 
(https://en.oxforddictionaries.com/definition/fossil_water) : Fossil water is 
water that has been contained in an aquifer, glacier etc. for a very long 
period of time (thousands or millions of years) and hence is not 
renewable . 

Definition 2 : UNESCO defines fossil groundwater as water that 
infiltrated usually millennia ago and often under climatic conditions 
different from the present, and that has been stored underground since 
that time. 

A geographic information system (GIS) is a system designed to capture, 
store , manipulate, analyse, manage, and present spatial or geographic 
data . 

Subsurface water occupying the saturated zone (i .e. where the pore 
spaces (or open fractures) of a porous medium are full of water) . 

The conceptual understanding of the individual components in a 
hydrologic system (i.e. groundwater, surface water, and recharge) and 
the processes involved between each component. 

A three-dimensional geologic model that defines the spatial extent of 
stratigraphic and structural features. The development of the HGFM 
incorporates topographic, geologic, geophysical , and hydrogeologic 
datasets. 

The hydrological catchment is the total area contributing to the 
discharge at a certain point. The hydrological catchment includes all the 
surface water from rainfall runoff, snowmelt, and nearby streams that 
run downslope towards a shared outlet, as well as the groundwater 
underneath the earth's surface. Since groundwater may cross the 
topographical divides a hydrological catchment to a point may be larger 
than the corresponding topographical catchment as indicated in the 
Princi le sketch below. 

// topographical 
water divide 

surfac 
catchment 

A 
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/ rain 
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Infiltration 

Penman-Monteith 

Recharge 

Reference 
evapotranspiration 
(Eto) 

Remote sensing 

Satellite 

Sensitivity 
analysis 

Spatial variation 

Spring 

Topographical 
catchment 

Weather station 

Wetland 
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The movement of water from the surface of the land into the subsurface. 

Method for estimating reference evapotranspiration (EtO) from meteorological 
data. It is a method with strong likelihood of correctly predicting ETo in a wide 
range of locations and climates and has provision for application in data-short 
situations. 

Contribution of water to an aquifer by infiltration. 

The evapotranspiration per area unit under local climate conditions from a 
hypothetical grass reference crop with an assumed crop height of 0.12 m, a 
fixed surface resistance of 70 s m-1 and an albedo of 0.23. The reference 
surface closely resembles an extensive surface of green, well-watered grass of 
uniform height, actively growing and completely shading the ground . A good 
approximation to the maximum evapotranspiration that under a certain climate 
can evaporate from an area unit covered by an ever-wet short green vegetation 
(e.g. a wetland) 

Acquisition of information about an object or phenomenon without making 
physical contact with the object and thus in contrast to on-site observation. In 
current usage, the term "remote sensing" generally refers to the use of satellite­
or aircraft-based sensor technologies to detect and classify objects on Earth , 
including on the surface and in the atmosphere and oceans, based on 
propagated signals (e .g . electromagnetic radiation) . 

Artificial body placed in orbit round the earth or another planet in order to collect 
information or for communication. 

Sensitivity analysis is the study of how the uncertainty in the output of a 
mathematical model or system (numerical or otherwise) can be apportioned to 
different sources of uncertainty in its inputs. 

When a quantity that is measured at different spatial locations exhibits values 
that differ across the locations. 

A spring is a place where groundwater emerges naturally from the rock or soil. 
The forcing of the spring to the surface can be the result of a confined aquifer in 
which the recharge area of the spring water table rests at a higher elevation 
than that of the outlet. Spring water forced to the surface by elevated sources 
are artesian wells. Non-artesian springs may simply flow from a higher elevation 
through the earth to a lower elevation and exit in the form of a spring, using the 
ground like a drainage pipe. Still other springs are the result of pressure from an 
underground source in the earth , in the form of volcanic activity. The result can 
be water at elevated temperature such as a hot spring . 

A catchment delineated strictly by topographical divides of the terrain . The 
topographical catchment includes all the surface water from rainfall runoff, 
snowmelt, and nearby streams that run downslope towards a shared outlet. 
This is the correct catchment if all discharge is surface flow (i.e. no 
groundwater). The topographical catchment is often a good approximation to 
the catchment, particularly for larger catchments. 

A facility, either on land or sea , with instruments and equipment for measuring 
atmospheric conditions to provide information for weather forecasts and to 
study the weather and climate. 

A wetland is a land area that is saturated with water, either permanently or 
seasonally, such that it takes on the characteristics of a distinct ecosystem . The 
primary factor that distinguishes wetlands from other land forms or water bodies 
is the characteristic vegetation of aquatic plants, adapted to the unique hydric 
soil. Wetlands play a number of roles in the environment, principally water 
purification , flood control , carbon sink and shoreline stability. 

The expert in WATER ENVIRONMENTS 5 
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Introduction 

This Annex describes the water balance analysis undertaken for the study of flows in the Silala 
Wetlands and Springs System. The main purpose of the analysis was to ascertain whether the 
discharge through Silala Springs system is replenished by recharge of present rainfall and snow 
in the hydrological catchment or whether fossil water or fracture flow from other areas could be a 
source of water for the Silala Springs. The analysis also aimed to make an assessment of the 
area likely to be contributing to spring flows. 

The Silala Springs and canal flow system is fed almost entirely by groundwater. Groundwater 
from the upstream catchment area for the wetlands is continuously discharging through the 
springs and canals of the Silala wetlands. In order to sustain the groundwater flow, the 
groundwater aquifer must be either recharged by infiltration of rainfall or melting snow reflecting 
current climatic conditions , or be a gradually depleting older aquifer with fossil water or a 
combination of the two. Groundwater isotope analysis previously undertaken by 
(SERGEOTECMIN, 2005) has suggested that the age of the spring water is very old and that 
ancient fossil water may be part of the water discharged at the springs. 

Water balance 

Recharge estimation approach 

A simple recharge modelling and water balance approach has been adopted looking at recharge 
for the hydrological catchment delineated in Annex A. By using simple calculations, it is clear 
that water entering the Silala wetlands and springs system arises from a larger area than the 
immediate topographical area, however the extent of the hydrological catchment is uncertain. 

As the hydrogeological data from the Far Field area is limited , a conceptual approach has been 
adopted for estimating recharge and water balances. Data for the Far Field comprise of maps of 
the surface geology, a single water level measurement in a borehole locate approximately 2 km 
upstream of the southern wetland and soil sample analyses from six locations. Based on this 
dataset, it has not been possible to determine the source of groundwater recharging the Silala 
wetlands but based on generalised climate data, soil properties and overall geological features, 
a distributed recharge-unsaturated flow model provides an indication of whether spring flows at 
Silala can be explained by a plausible range of recharge rates within the hydrological catchment 
described in Annex A . 

Groundwater recharge in the Silala area is driven by short-term precipitation events scattered in 
time and often separated by long dry periods. Correct reproduction of such desert recharge 
requires long-term dynamic simulation of the precipitation, infiltration and evaporation processes 
with a daily or finer temporal resolution. This simulation approach has been adopted in the 
analyses and constitutes a robust and detailed analysis of the recharge and long-term water 
balance. 

The MIKE SHE hydrological modelling system (OHi , 2017) has been selected for this analysis. 
The rationale behind this selection was that this modelling system is one of the most advanced 
and well-proven spatially distributed modelling systems available. It incorporates and 
dynamically links all the relevant hydrological processes for the analyses. The process 
representations are all physically based, which makes it possible to fill in information not 
measured in the field with generally accepted estimates, without sacrificing the transparency of 
the analysis. 
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