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Groundwater Assessment and Monitoring

Assessment

Use of monitoring data together with all other
relevant information (static data, and cross-
sectoral data / information), to evaluate the
status of groundwater resource, the use, new
opportunities as well as threats to the resource,
generally with the purpose to support decision-
making and planning processes.

Assessment:

Analysis of dynamic and static
data to create a snapshot

Monitoring

Systematic measurement / observation and
recording of current and changing conditions
of groundwater (collecting dynamic data)

|/, STATE VARIABLES
| ‘Il (e.g. groundwater level)

INPUT VARIABLES OUTPUT VARIABLES
(e.g. recharge) (e.g. discharge)

Collecting dynamic data > S —

a continuous process

Monitoring:
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Available Monitoring Guidelines

UNECE Guidelines on
Monitoring and
Assessment of

Guideline on:
Groundwater monitoring for
general reference purposes

§ Transboundary
International Working Group I
Utrecht Groundwaters

COMMON IMPLEMENTATION STRATEGY
FOR THE WATER FRAMEWORK DIRECTIVE
(2000/60/EC)

Revised March 2008

1 a
E- UN/ECE Task Force on Monitoring & Assessment
] -

ok Pragramee 1996-1999

Guidelines on Monitoring and
Assessment of Transboundary
Groundwaters

15BN 5036253154

Rzannr GP 2008-1

Groundwater Monitoring|for
General Reference Purposes

a=

vironment

—

EU Water Framework
Directive Guidance
on Groundwater
Monitoring

&

GW MATE Briefing
Note on
Groundwater
Monitoring
Requirements

Sustainable Groundwater Management
Concepts & Tools

—Enaﬂ Mole Series | INofe 9

Groundwater Monitoring Requirements
for managing aquifer response and quality threats
2005
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Groundwater Monitoring: Main Considerations

o MONITORING WELL
* Monitoring purpose

— General __-PROTECTIVE CASING
— Specific

* Monitoring variables
— Quantity (level, abstraction,

CEMENT SURFACE SEAL

springs) UNSATURATED
_ Quality CLEANSAND  OYERBURDEN
BENTONITE SEAL
* Monitoring network design FILTER PACK
— Network density

— Frequency of observations WELL SCREEN

* Data management
(including quality control)

* Institutional arrangements

AQUIFER

BEDROCK
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GW Monitoring: Purpose

Monitoring purpose (WFD)
* Surveillance monitoring (quantity quality, validate risk, assess trend) - resource
* Operational monitoring (quality, already at risk ) = compliance
e Drinking water protected areas - - protection

Monitoring purpose (UNECE)
* Basic/reference monitoring - resource

* Monitoring linked to functions and uses
(compliance with regulation or standards)

* Monitoring for specific purposes (development of special protection areas;
implementation of remediation measures, etc.) - protection

* Early-warningand surveillance (accidental spills, illegal land disposal sites,
etc.). - protection
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GW Monitoring: Purpose

Example: Climate Response Network
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GW Monitoring: Purpose

TBA: combining networks

Differentiate between different
monitoring purposes, e.g.

* General reference monitoring

* Protection monitoring

* Pollution control/containment
monitoring

but be efficient: one observation
point can serve multiple monitoring
networks
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GW Monitoring: Variables

Quantity
« groundwater levelsin boreholes or wells,
e spring flows,
 groundwater abstraction,

» stagelevels of surface water courses during
drought periods,

e stagelevelsin significant groundwater dependent
wetlands and lakes.

* (mandatory) oxygen content, pH-value, electrical '
conductivity, nitrateand ammonium.

e Standards drinking water supply (WHO), EU WFD
groundwater thresholdvalues/trend guidance

Training workshop on groundwater assessment and management for African L/RBOs ®
GGRETA3 project _lgrag,
30 June 2021 dmm——

Resources Centre




Monitoring Objectives and Variables

Groundwater Groundwater Springs Surface water
observation pumping wells observation
wells points
gﬂ s QOJ& = gﬁ = z .
v — 5 — — 5 — — 5 — o f ot
e £ F |2 =2 | |2 & B |z v 3
Monitoring objectives i 7z 3. | = Z =il Z s | = g =
S = S =
Groundwater development
1 GW system characterisation XX n.a X X X
2 GW potential for development XX na. XX & CH - ¢ XX XX XX X
(quantity and quality)
3 Best locations for well fields Xx XX XX X (x)
Control and protection
4 Trends of over-exploitation XX n.a % XX XX XX
5 Nature conservation XX  n.a. XX X XX XX
6 Saline water intrusion X na. Xx* X e X % (x)
7 Land subsidence n.a. XX
8 Contamination of aquifers A, XX XX XX XX
x = desirable data: XX = necessary data; xx* = mainly Chloride; n.a. = not applicable.

Source: IGRAC ‘2008'
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Network Design & Optimisation

Basic requirements:

Training workshop on groundwater assessment and management

understanding of the
hydro(geo)logical setting

long-term planning and
commitment of staff and budget

securing uninterrupted access to
observation/sampling points

GGRETA3 project

30 June 2021

Preliminary assessment of
- groundwater situation,
Step 1 conflicts and trends,
sustainable monitoring

Step 2 | |

Groundwater system
analysis_and development
of concentual model

setting

Analysis of institutional

l |
1

Inventory of data needs and
Step 4 specification of monitoring
objectives

¥
Design of monitoring

programme components
for identified objectives
{merwork properies, pardmerer 3es,
[frequency of observarion)

.

Specification of monitoring
programme options

I

Step 5

Step 6 —

Specification of
required budgets,

Siep 7 expected performance and
required institutional capacity

for each option

Financial and organisational
constraints

Step 8

Implementation of selected
MOnitoring programime
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Network Density and Frequency
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Network Density and Frequency

Frequency:
* Fluctuations(short term, seasonal, long term)
* Trends may be sudden (block trends) or gradual

58

¥ Measurements @ Harmonic series
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Network Density and Frequency

Possible differentiation of the network density and frequency of observation in relation to depth and degree of

confinement of the aquifers

Aquifer type

Shallow
(<20 m)

Medium deep
(20 — 100 m)

Deep

(100 - >500
m)

Details

Unconfined

- Dense drainage system

- Limited drainage
system
(Semi)-Confined

Unconfined

- Shallow water table

- Deep water table
(Semi)-Confined

Unconfined

- Shallow water table

- Deep water table
(Semi)-Confined

Spatial variation

(response to
recharge)

Highly variable
Modestly variable

Modestly variable

Highly variable
Modestly variable
Weakly variable

Much shallow
variation
Very low

Extremely low

Required
network density
for spatial
image

0000
000

000

0000
000
00

00O or (O)

O
O

Temporal variation

(response to
recharge)

Fast
Fast

Restrained

Restrained
Calm
Calm

Fast

Calm
Very calm

Required
frequency of
observation for
temporal image

0000
000

00

000
00
00

000

00
O

0000, 000, 00, o: indicators of the network density or frequency of observation, ranging from high to low
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Data Processing o

* Collection/selection and storage
(ideally in aquifer/river basin information systems)

e Standardisationand harmonisation (language,
classifications, reference systems, formats, etc.)

* Datavalidation (detection of outliers, missing values
and other obvious mistakes (mg/l versus p/l), etc.)

* Analysis and interpretation (temporal, spatial) according to a common Data
Analysis Protocol

* Reporting and presentation (contour maps, hydrographs, Piper, Stiff
diagrams, etc.

Data exchange/sharing (international standards)

v

Training workshop on groundwater assessment and management for African L/RBOs
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Monitoring: Groundwater in the Changing World

2 http://ewmi-portal.nitg.tno.nl - GIS Portal Toolkit Map Viewer (Projection: GCS_WGS_1984) - Microsoft Internet... r.:|@gl

CWMI Map Viewer
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Groundwater in the Changing World

What about groundwater monitoring on a global scale?

» State of aquifers (both quality and quantity of groundwater)
is changing in time due to change of various environmental
processes (e.g. change of precipitation pattern) and human
impacts (i.e. change of land cover, groundwater abstraction).

* Groundwater assessmentis not complete-and no
predictions can be made without an analysis of historical
data.

We can't manage,
what we don't measure.

* There is no sufficient information about the stateand
trends of groundwater resources globally.

Training workshop on groundwater assessment and management for African L/RBOs
GGRETA3 project
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Future of Groundwater Resources

Emerging Trends in Terrestrial Water Storage
M. Rodell etall, 2018

14. Groundwater depletion
15. Groundwater depletion and drought
4. Glacier and ice-cap loss @ 16. Groundwater depletion and drought
17. Decline of the Aral Sea
18. Decline of the Caspian Sea
6. Precipitation increase
11. Glacier melt, surface-water
diversion and irrigated agriculture

10. Precipitation increase
12. Groundwater

2. lce-sheet loss @

5. Precipitation increase

3. Glaciers retreating

19. Surface
water drying

20. Progression s
S iy 05 depletion
wet period 9. Three Gorges and

other reservoirs

21. Groundwater filling
depletion and 13. Water depletion
drought and precipitation
22. Drought decrease
25. Recovery from 8. Precipitation
early-period increase and
drought groundwater
policy change
23"R ht A 7. Groundwater
e depletion

24, Progression # 33. Progression
from wet to from dry to wet
dry period period

23. Patagonian 34. Return to normal

ice-field melt after wet period
32. Groundwater
1. lce-sheet loss depletion
28. Increasing lake levels

@ Probable climate change impact and groundwater

: zos:;l:le;c;imatehd\angg impact GRACE trend (cm yr) 31. Precipitation decrease

T e E— L — 7. o by
(© Possible or partial direct human impact 12 0 =0 e 0‘0 S 1' 0 > 0’ to wet period
@ Probable natural variability z Z : ¢ z 30. Precipitation decrease

29. Precipitation increase



Future of Groundwater Resources

1961 - 90 " Average annual groundwater recharge 1961-90

= .

N 0 5 20 50 100 300 500 1000 mm/a

y«-
s } Percent change of groundwater recharge
g between 1961-90 and the 2050s

we. | N |
( \> <+ %100 -70 -30 -10 10 30 70 100 > increase*

. I percent change cannot be quantified due to zero groundwater
recharge in 1961-90

A2 - HadCM3

Climate change impacts on long-term average groundwater recharge (D6ll and Florke, 2005)

High uncertainly of the impact associated with: choice of General Circulation
Models (GCMs), climate projections derived from GCMs, applied emission
scenarios, downscaling of GCM projections....

Training workshop on groundwater assessment and management for African L/RBOs ®
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GGMN - Global Groundwater Monitoring Network

Global Groundwater Monitoring Network
programme is initiated to improve quality and
accessibility of groundwater monitoring
information.

GGMN People Network GGMN Portal

Training workshop on groundwater assessment and management for African L/RBOs
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GGMN People Network

GGMN Workshops #

7] IGAD Region (2012)
I SADC Region  (2012)
|| LACRegion  (2013)
| China (2014)
B Southeast Asia (2016)
B Pacific SIDS ~ (2016)
Bl Vietnam (2016)

i
] :
i 5
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National groundwater monitoring programmes

BEEEEEEBERAOEOOEORADN

— A global overview

Algeria )
" 24 countries!
Eswatini J ’:_]/

Gh-ano - l“\_,_{ L . \ -
Guinnea-Bissau Q l\ : _ Sierra Leone
Lesotho Somalia
Malawi [ South Africa
Mauritius Sudan
Morocco & Western Sahara 20| Tanzania
Mozambique : The Gambia
Namibia 22 Tunisia
Niger 23] Uganda
Nigeria 24} Zambia
Rwanda B Zimbabwe

https://www.un-igrac.org/resource/regional-monitoring-overview-africa
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South Africa (RSA)

Capital city: Cape Town [legislative} / Pretoria (administrative] / Bloemfontein (judicial)

Inh=bitants: 57_8 Million

INSTITUTIONAL SETTING AND PURPOSE

The institution in charge of groundwater management in Re-
public of South Africa (RSA) iz the Department of Water Affairs
and Forestry [WA). The D'WA has delegated most of the mon-
itoring tasks to its regional offices. Regional offices are set up
in all the provinces of RSA, but some of them lack capacity to
comiplete all the delegated tagks.

The objectives of the proundwater monitoring plan are to iden-
tify spatial and temporal trends, and to understand the causes
and effects of groundwater changes in affected areas. The plan
includes the monitoring of groundwater levels and its quality.

' CHARACTERISTICS OF THE NETWORK

Groundwater levels are monitored monthly at approximately
1,500 monitering paints. Piezometric levels are measured man-
ually with water level dippers. The Department of Water and
Sanitation {DW 5] makes wse of (detziled) fizld forms developed
by an in-house Groundwster Field Monitoring Committes.

Standard operation procedures (S0P) are applied as a2 data
quality control to ensure proper dats collection. Two main pro-
cedures are: standard for Geosite description, and standards
for capturing groundwater data.

PROCESSING AND DISSEMINATION

D'WS produces annual Groundwater Level Maps, Figure 1. Cur-
rently three maps sre available on the website of the DWS in-
dicating the difference of groundwater levels between Septem-
bers of 2017 o 2018, of 2018 to 2019 and of 2017 to 2019.

Data are stored in the Mational Groundwater Archive [NGA],
which is 2 centralized databaze with a web interface. Everyone
with an interest in groundwater can register to search, cag-
ture and store data. Only one value of water level per month i
stoned in the NGA; larger time-series are stored separately in a
Hydstrz datzbase.

The databazes can be accessed from insde and outside the de-
partment and are accessible for registered users. Howewer, not
all data are onkine and detaded water level time series must e
requested.

Sources

\ 4

Institution in charge of national
groundwater monitoring programme
(if any).

Number of monitoring stations,
frequency of observations, automatic
vsS manual, etc.

e

Figure | - DWerence in groundwaoler levels Seplember 2008 fo
Seplember 2079, Source: DWA

*  Department of Water and Sanitation [DW5S). Groundwater level maps 2007-2019 - hitp:/fwerw.dwa. pov.za/Groundwater/

miaps/gwlevelmaps aspa;

®  DWS5_The National Groundwater Archive (NGA] - http:/fwww dws govza/groundwarernga_asp;

F from the Dep

of Water Affairs and Forestry - received on 05-10-2020;

= IGRAC, 2013. Groundwater Monitoring in the SADC Region, 2013 Overview prepared for the Stockholm World Wa-
ter Week - hitps://www.un-igrac.ong/sites/default/file s /resources/fles/Report_Groundwater’ 20M onitoring %62 0in3i 20

SADCH 2region pef: and
«  SADC Country visits - 2017.

GG
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Processing: data processing methods
to interpret data.

Dissemination: website, database or
web portal where data and
information (raw data, reports,
graphs, indicators, etc.) are
stored/shared.
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GGMN Portal

Upload, store, visualize, download data

Data v Map Viewers v Users v About

A

Map Layers
Documents

Remote Services

Upload Map Layers
Upload Document
Add Remote Service

Well and Monitoring Data
Add Record

Batch Upload

Upload Well and Monitoring Data >

= © Global Groundwater ...

—____J Colombia O
o
Bt o
Perd O&) 2
©

Bolivia Srasi
% o
Argentina

Q  Search

@ Claudia Ruz Vargas v

ﬁig rac

O Yxpaina
60 Romadnia
O n @ Global Groundwater Monitoring Network (GGMN) - m
talia
Q Lat: -25.966 - Long: 25.611 n
dhis [ @mll of
N year A
shall L e frrees Aquifer Name
Aquifer Type
Y
Mal Niger Manager
T Tehad slas' Glagu Sasll Createdat 2020-12-14T06:11:50.896Z
o ®) Createdby admin
oY Nigeria e cudsh NTTAT Lasteditedat 2021-01-06T06:56:16.014Z
Soomaaligy Lasteditedby admin
Jlegaall
&kmwa
uf‘““::"‘d‘l:ix:& Water level elevation a.m.s.l. m
duCongo \TanOlia
: : \ : Yearly for all time
Angola
0 B mox N min M average [ median
06 Moggmaiase 1430
Nam(ya 1425
% Q 1420

o

1415 |

Water level elevation am.s.|

https://ggis.un-igrac. org/groundwater/recurd/create/

BScaIe: 1:73957339 v
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GGMN Portal: basic functionalities

Dedicated database

A Data v Map Viewers ~ Users v About

Well and Monitoring GENERAL INFORMATION -
Data Record “E" B average
£ 1820 =
c 1815
[ e
|dentification 5 1810 i SN ,,/'
o 1805 ] 18173 m / ~/
GGIS UID @ RWFARwanda| © 1800 \ ——
Drilling and Construction (Rwanda)-P5 % 179 5 N /
Original ID @ P5 E 179.0
T o ol £ O In s ] B S .
o ke Lt
Hydrogeology Name @ Musanze Rwai = ,3?5 ,.E'gg ,.E'-‘rq (]S§J ffﬁ:' r{;gb rﬁ? W(,? > v
Feature type @ Water well Time
Management
Purpose Observation / monitoring
Monitoring Data v \ Status Active
|
" e GROUNDWATER QUALITY
Groundwater Level I
: Measurement
Groundwater Quality |
I Date and Time Parameter @ Methodology @
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GGMN Portal: Overlay Maps

Estimated depth to groundwater
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GGMN Portal: Sharing (not exchange)

Connecting National Monitoring Networks in one system using
Sensor Observation Service (SOS), Application Programming
Interface (API) and other technologies
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View Record

@ GROUNDWATER LEVEL

Water level elevation a.m.s.l. - * A smartphone application
m - specially made to register
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Concluding Remarks

* Groundwater assessment and monitoring are key elementsto achieve proper
groundwater management

* Groundwater monitoring networks must be designed considering purpose,
variables, network design, and data management.

* Thereis no sufficientinformation about the state and trends of groundwater
resources globally

* Therole of GGMN programme is to create awareness, share knowledge and
improve quality and accessibility to groundwater monitoring data through
workshops and the portal (storage, processing, analysis, dissemination).
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Thank you for your attention
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International Groundwater Resources Assessment Centre

claudia.ruz-vargas@un-igrac.org
www.un-igrac.org
Delft, The Netherlands
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