Groundwater Information Network

Groundwater Geoscience Program
Geological Survey of Canada

Boyan Brodaric

bovyan.brodaric@canada.ca
06 Dec 2017

NATURAL RESOURCES CANADA - INVENTIVE BY NATURE

I*I Natural Resources  Ressources naturelles i+l

Canadi


mailto:boyan.brodaric@canada.ca

= Groundwater
Information Network

Fed-prov-terr-int’l collaboration to
disseminate groundwater data
online, through the use of
international standards and leading
geospatial methods.

%, Welcome to GIN

The Groundwater Information Metwork is developed to improve knowledge of groundwater
sy=tems, and enhance groundwater management, through increased access to
groundwater information. GIM connects a vanety of groundwater imformation from
suthoritative sources, such a3 water well databases, water monitoring data, aquifer and
geoclogy maps, and related publications. Provincial and temitonal collaborators include
British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Québec, Mova Scotia, and
ukon; intemational collaborators include the USGS and cthers.
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= Distributed and
syntactic, schematic, semantic heterogeneity in ON-QC wells
Quebec rock type
cle_noseqg epaisseur matprim fiss_prim mat_sec fiss_sec
integer double precis character vai character vai character vai character van
1 1 1.5 SABL/BLO INCO INCO
2 1 3.4 SABL/BLO INCO INCO
3 1 3.4 ARGL/GRA INCO INCO
4 1 27 SABL/GRA INCO INCO
5 1 0.3 TERR INCO INCO
Ontario rock type
materialcolor material_ 1 material_ 2  material_ 3  topdepth bottomdepth
character vai character vai character vai character vai real real
1 | Topsil o 0.3048
2 Black Muck 0,3043 0.9144
3 Medium Sand 0.9144 1.5249
4 Fine Sand Silt Clay 1.529 7.3152
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Solutions: central vs distributed
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£ Levels of Interoperability

Brodaric GIN 06 Dec 2017

GW Practices (data usage)

GW Ontology (data content)

GWML, WaterML (data structure)

GML (data language)

WFS, WMS,... (data systems)

Hydrology



Data Portal
data use

Data Pipeline
data transfer

SlLUuE
mediator

Data
data supply

Architecture
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Unknown material
Bedrock
Metamarghis rock
CQuarzite
Marble
Gneiss
Schist
Slate
lgneous rock
Yolcanic rock
Basalt
Andesite
Rhyalite,
Plutonic rock
Diarite
Granite
Gabbro,
Sedimentary rock
Conglomerate
Sandstone
Siltstone
Shale

Carbonate sedimentary rock

Dolnstone
Limestane
Exaporite,
Coal
Unconsolidated material
i
Till
Gravel
Sand
Mud
Silt
Clay
Organic material
Hurrus
Soil
Peat
Anthropogenic material

Undifferentiated sediment

semantic

GIN simple lithology ontology
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Interoperability levels in action

Litholo .
9¥ | syntactic . R
<lithology>
ON Sand . -
<name..>Sand</name>
Qc | sand </1ithoogys
7 1
| |
1 1
1 1
o
1 ! 1
i 1 schematic
o
cle_noseq epaisseur matprim fiss_prim mat_sec fiss_sec
integer double precis character vair character vai character vai character vai
1 1 | 1.5 SABL/BLO INCO INCO
2 1 3.4 SABL/BLO INCO INCO
3 1 3.4 ARGL/GRA INCO INCO
4 1 2.7 SABL/GRA INCO INCO
5 1 TERE INCO INCO
1
1
1
1
1
1
1
1
|
1
materialcolor material_ 1  material 2  material 3  topdepth bottomdepth
character vai character vai character vai character vai real real
1 | Topsail 0 0.3048
2 Bfaek\l"«"lutk 0.3048 0.9144
3 Medium Sand 0.9144 1.524
4 Fine Sand Silt Clay 1.524 7.3152


http://appgeosciml.brgm.fr/GeoSciMLWeb/

standard
structure

standard
syntax
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. Interoperability levels in action: GWML?2

- <gwml2:GW_AquiferSystem

[... snip ...]
<gml:name codeSpace="http://gw-info.net">Appalachian External Zone</gml:name=>
[... snip ...]
- <gsml:composition> standard
- <gsml:CompositionPart> content

<gsml:role nilReason="unknown"/>
<gsml:material xlink:title="Shale"
xlink:href="http://resource.geosciml.org/classifier/cgi/lithology/shale"/>
</gsml:CompositionPart>
</gsml:composition>
+ <gsml:composition>
+ <gsml:composition>
[ snip..] ,
<gwml2:gwUnitMedia xlink:title="granular" xlink:href="http://gw-info.net/media/granular"/=
<gwml2:gwUnitWaterBudget xsi:nil="true"/>
+ <gwml2:gwUnitRecharge>

+ <gwml2:gwUnitRecharge>
[... snip ?

+ <gwml2:gwUnitDischarge>
+ <gwml2:gwUnitDischarge>
[... snip ...]
- <gwml2:gwHydraulicConductivity >
- <om:0M_Observation gml:id="gu.fprop.1.1">

<gml:description>Hydraulic conductivity for the hydrogeological unit. The median value for
hydraulic conductivity is 10~-6 0.2 m/s, but it ranges from 107-7 0.8 to 10™-4 0.8 m/s.
Hydraulic regional conductivity The decreasing trend of transmissivity with depth in the
rock is observed in all contexts. The average hydraulic conductivity is 10~-3 0.9 m/s near
the top of bedrock (z = 1 m) which gradually loses an order of magnitude at a depth of 10
m (10~-4 0.9 m/s), 25 m (10~-5 0.9 m/s), 60 m (10~-6 0.9 m/s) and 200 m (10~-7 0.9
m/s).</gml:description>

<om:phenomenonTime xlink:href="http://www.opengis.net/def/uom/nil" nilReason="missing"/>

<om:resultTime xlink:href="http:/ /www.opengis.net/def/uom/nil" nilReason="missing"/>

<om:procedure xlink:href="http:/ /www.opengis.net/def/uom/nil" nilReason="missing"/>

<om:observedProperty xlink:title="Hydraulic Conductivity - Median" xlink:href="http://ngwd-
bdnes.cits.nrcan.gc.ca/Reference/uri-
cgi/classifier/ca.gin/NRCanGroundWaterTopics/1404"/>

<om:featureOfInterest xlink:href="#gin.1"/>

<om:result uom="http://sweet.jpl.nasa.gov/2.3/reprSciUnits.owl#meterPerSecond"
xsi:type="gml:MeasureType">0.2E-6</om:result>

</om:0OM_Observation>
</gwml2:gwHydraulicConductivity >

</gwml2:GW_AquiferSystem>



Making location count,

OGC Geoscience Markup Language (GeoSciML)

OGC® WaterML

1) Overview

2) Documents and Downloads
3) Official Schemas

4) Related News

1) Overview
WaterML 2.0 is 3 standard information model for the representation of water observations data,
with the intent of allowing the exchange of such data sets across information systems. Through

the use of existing OGC standards, it aims at being an interoperable exchange format that may be

re-used to address a range of exchange requirements, some of which are described later in this
document.

2) Documents and Downloads

Version Document Title

201 OGCE WaterML 2.0: Part 1- Timeseries 10-126r4 IS
1.0 OGCE WaterML2.0: Part 2 - Ratings, Gaugings and Sections 15-018r2 1
22 occwatermL2:part4-  GroundWaterML2  i1sc22r2 Is

WaterML-WQ - an O&M and WaterML 2.0 profile for water 14-003 BP

quality data (1.0)

METEOROLOGICAL
ORGANIZATION

Home Aboutthe e-Board HWRP

Standardized Data Sharing in Hydrology

Introduction

At its fourteenth session in 2012, the Commission for Hydrology requested its Advisory
Working Group “to commence a process, including testing, that could potentially see
WaterML 2.0 become a WMO standard for information exchange managed by WMO”
(CHy-14, Res. 3). This request put in motion an effort that precipitated several data and
data-sharing activities that need to be addressed at CHy-15. Specifically, the Commission
will need to make decisionee T items.

NVhether or not to endorse the WMO Hydrological Observing System:
2. Whether or not to recommend to the WMO Executive Council that
‘WaterML 2.0:Part 1 and part 2 be adopted as WMO standards for
information exchange for use by National Hydrological Services; and
3. Whether or not to support ongoing adoption by WMO of further WaterML
2.0 standards.

WaterML 2: Part 4 — GroundWaterML 2 (GWML2) Data Exchange for
Groundwater Features



Semantic interoperabi

Global Ontology

Upper-Level ontology
(DOLCE ‘amount-of-matter’)

Domain ontology

(GIN-GeoSciML ‘lithology’,
GIN-GeoSciML ‘sand’)

-

PRASN

~
SS
A

Application Application
ontology ontology
(ON ‘material1’, (QC ‘matprin’,
ON ‘sand’) QC ‘SABL’)

Ity: ontologies

general concepts

public schema
public vocabulary

local schema
local vocabulary

10



Pragmatic interoperability

= Web service profiles, best practices
how to: use the services, serve data on the web

= E.g. SOS Profile for Hydrology, SDWBP
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Open Geospatial Consortium

Submission Date: <yyyy-dd-mm=

Approval Date: <yyyy-dd-mm>

Publication Date: <jyyy-dd-mms>

Extemnal identifier of this OGC® document: <http:/ www opengis net'defdoc-type/standard 1.0=
TIntemal reference mumber of this OGC® document:  14-004r1

Version: 1.0.0

Category: OGC? Best Practice Paper

Editor: Volker Andres, Simen Jirka, Michael Utech

OGC Sensor Observation Service 2.0 Hydrology Profile

Copyright notice

Copyright € 2014 Open Geospatial Consortium
To obtain additional rights of use, visit http://www.openzeospatial. otz lezal

Warning

This document is not an OGC Standard. This document is distributed for review and
comment. This document is subject to change without notice and may not be refetred to
as an OGC Standard

Recipients of this document are invited to submit, with their comments, notification of
any relevant patent rights of which they are aware and to provide supporting

documentation.
Document type: OGC®Best Practics Paper
Document subtype:  if applicable
Document stage: Deat

Document lmguage:  English

2014 Opn Geosparial Consortion.

Spatial Data on the Web Best

Practices
W3C Working Group Note 28 September 2017

This version:

https./www.w3.0rg/TR/2017/NOTE-sdw-bp-20170928/
Latest published version:

https:/www.w3.0rg/TR/sdw-bp/
Latest editor's draft:

hitps iw3c.github.io/sdw/bp/
Previous version:

hitps:/fwww w3 org/ TR/2017/NOTE-sdw-bp-20170511/
Editors:

Jeremy Tandy, Met Office

Linda van den Brink, Geonowum

Payam Bamaghi, University of Surrey
Contributors:

Phil Archer

Jon Blower

Newton Calegari

Byron Cochrane

Simon Cox

Francois Daoust

Andreas Harth

Bart van Leuwen

Josh Lieberman

. Chris Little

0GC

Making location count.
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atmospheric water
gauges,...

Climate data
(http://climate.weather.gc.ca)

SDI

S
% geonames.org

surface water

rivers, lakes, watersheds,...
Nat'| Hydro Network
(www.geobase.ca)

SDI

surface water
gauges,...

Nat’| Hydrometric Network
(www.wateroffice.ec.gc.ca)

Problem: missing data links

SDI

.
» w .

‘
ieo‘r -w'b vironm

IETEStation/349643

groundwater
aquifers, wells, gauges...
GW Info Network
(www.gw-info.net)
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http://www.geobase.ca/
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http://climate.weather.gc.ca/

National

YK BC AB SK MB ON QC NS NL

International
USA, EU, AU

Data Layers

Aquiters and Regions
Water wells and Boreholes
Groundwater Level
Hydrogeologic Properties

1‘1‘ 1‘1‘ 1‘[‘ 1"1' ]‘g TRT

b
1 Samples and compaosition
T3 Surficial Geology

Ll Bedrock Geology

p 30 Models

¢ O EwmE O X & ]3, Hydraulic properties
¢ O Emmm O ¥ g |5 Recharge rate

¢ O Emm@E O X g 15 Groundwater flow

¢ O Ewm@®m O X g 15 Aquifer Vulnerability
¢ O Ewmm O X g la Aquifer Confinement
L ¢ O ommm O X g lg Groundwater Usage

Usage

Usage Statistics 2016-17

sessions: 44,119
users: 15,391
Return visitors: 66%
GGP aquifer views: 483
GGP data downloads: 2404
P/T well views: 9,974

P/T well downloads: 1049
Other info requests: 22,822

Iy

¢: Welcome to GIN

The Groundwater Information Network is developed to improve knowledge =
of groundwater systems, and enhance groundwater management, through

Explore Maps Q

Explore aquifers and related groundwater
information, as well as view and download
water well and monitoring site information:

* Basic map viewer (more data)
s Advanced map viewer with 3D (less
data)

Find Information Q

Search for groundwater information:

Find water wells or monitoring sites
Find key Canadian aquifers

Find other groundwater information

News ‘™l

Stay informed through our news feeds:

GIN NRCan Groundwater Program

NEW! Multiplatform groundwater level
viewer now online

Groundwater levels are now displayed in
our new mobile friendly time series viewer. l 3



GW Interoperability: wells

= CAN: water wells (9 provinces)

= USA: water wells (USGS, 50+ states)

[@]

GIN Log

122+

#==Shale
15.24

+t-Shale
SL82

+==Sandstone
57.91

64,92

76.20
79.86
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GIN borehole Identifier : ca ab waterWell 164579
Borehole Data Provider ID : 164579
Information Source : Alberta Environment
Longitude : -110.251280

Latitude : 49.103953

Online resource : Alberta Water Well Database
Date of Drilling :1985-03-13

Length : 134.11m

Elevation : 887.73m

CDEM Elevation : 890m

CDSM Elevation : 884.4658m

Water Level : 20.39m 1985-03-13

Water Use : Observation

Location : 04-8-2-2-4 .
Purpose : Observation ife
Status : Missing

Type : Missing

Well casing :
« From 0 to 67.36m, material: Steel
Sealing :
« From 0 to 67.36m Cement/Grout

DEPTH
TO
(METERS)

Soil (More Info) Topsoil

Till (more Info) Till

Shale (ore Info) Shale

Shale (More Info) Shale

Sandstone imore Info) | Sandstone

Shale (More Info) Shale

Sandstone

1-148.42500, 66.55000  EPSG:4326

0.00 -
5.00 -

29.00

39.00

58.00

97.00
104.0¢

125.0

134.0

142
146.

13384

Identity : L Report an
Provincial id : US GEOLOGICAL SURVEY error
OBSERVATION WELL

Source : USGS CIDA

Online resource : Montana Bureau of Mines and
Geology

Length : 180ft

Elevation : 2580ft

Elevation (Google Maps) : above sea level

Well purpose : Dedicated Monitoring/Observation
Well status : Unknown

Well type : Suneillance

GIN
LITHOLOGY

ORIGINAL LITHOLOGY

0.00 |5.00 [ (Moreinfo) SOIL- STICKY

5.00 [29.00 | (Moreinfo) | CLAY- BROWN; CONTAINS PEBBLES

29.00 |39.00 | (More info) CLAY- YELLOW; CONTAINS PEBBLES

39.00 | 58.00 | (Morelnfo) | CLAY- SANDY- YELLOW; CONTAINS PEBBLES

CLAY- SANDY- BLUE-GRAY CONTAINS

S A ) PEBBLES AND FRAGMENTS OF COAL

97.00 | 104.00 | (Morelnfo) | GRAVEL

104.00 | 125.00 | (MoreInfo) | CLAY- SILTY- VERY SOFT

CLAY- SANDY- BLUE-GRAY; CONTAINS

.| 3 (More Info
125.00 | 134.00 | ¢ ) GRAVEL
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= CAN: groundwater level (5 provinces)
= USA: groundwater level & quality (USGS, 50+ states)

1986 1988 1990

GW Interoperability: monitoring data

L - 1
Monitoring Site ab.mon.102
Description: Cressday 85-2_0102
Water Well: ab mon 102
Source: Alberta (Metadata)
Download data (Read me)
Groundwater level =
Elevation above sea level
zoom 1m 3m 6m 1y Max From | Apr22,1985 To Oct17,2011
A ey, Pt - **l +867.5m o
|
s 3
~T 7 867Im 3

A

Iqaluit
+ 866.5m *

1996 1998 2000 2002 2004 2006 2008 2010

1990

y y
1995 2000 2005 L»z\rm/‘m

g5 ®.Quebece Giaribttetown
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E *
Monitoring Site VW_GWDP_GEOSERVER.MBMG.46155
Description: MBMG-46155
‘Water Well: VW_GWDP_GEOSERVER MBMG 46155
Source:
Download data (Read me)
Groundwater level =
Elevation above sea level
Zoom Ty Max From  Aug5,1996 To Aug21,2017
A +a2m g
| 2
1000 km A
- W A A B | . - R 4im 5
1000 mi OB A e A A 22
+ 40m
| 1 48 42500 66 55000 | EPSG. Jan'99 Jan 01 Jul 02 Jul'04 Jan'06 Jul 07 Jan 09 Jan'm1 Jul'i2 Jan "14 Jan'16 Jul"17
- i
- 3 - -
e
7000 — L /‘gf’—‘\—zewr——/.&\ _——2010  —~_ 2613 A——/\/\—zﬁﬁm
‘ - mgn(n;ns com
S
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GW Interoperability: aquifers

= CAN: key aquifers (30)
= USA: principal aquifers (62) USA National Aquifer

Aquifer name Aquifer code Lithology
Other rocks N99990THER

Infermation source US National Groundwater Monitoring Network

Online resource US National Aquifer Code Reference List

Metadata Principal Aquifers of the 48 Conterminous United States, Hawaii, Puerio Rico, and the |

Milk River Transboundary Aquifer

Version Metadata
e3f4e9c8-04fc-4216-bb01-e3729a79b002

Project

Milk River

Bedrock aquifer media

Typical  |porous - fractured

value

Description The area has two aquiers: Belly River aquifer (sandst
Source [Geology and groundwater resources of the Milk River

Confinement ~
Medicine
Description The aquifers are confined by the shale and siltstone o Hat=
conditions g N e
S R .
Source  [Geology and groundwater resources of the Milk River - .

Surficial sediment thickness

Range: [15 to 800] m

Description The surficial sediment for this study includes all sedim
sediments thickness roughly Tollows the surface topog
Sweet Grass Hills and the plains show the thinnest su
study area: Disturbed Belt and Cypress Hills.

Source  [Regional groundwater assessment of potable groundy

Hydrogeological unit thickness

Description Milk River Aquifer The thickness is up to 69 m in soutt
The Belly River Group/Judith River Formation is 320 r
Formation is about 70 m thick in the northwestem part
Alberta and from 450 to 500 m in north central Montar
Lethbridge and up to 130 m in the Sweelgrass Hills ar

Source  |Regional groundwater assessment of potable groundy

Groundwater depth

Description In Milk River Aquifer, the Sweet Grass Hills and Cut 8

Bedrock hydraulic condustivity

Description Milk River Aquifer The hydraulic conductivity of Virgell
conductivity varies between 8.7°10%-4 and 9.2°10%-2 1
Montana ranges from 9*10"-8 m/s to 8.810"-7 m/s. (
Source Regional groundwater assessment of potable groundy
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pr Federal Geospatial Platform

Search Map,
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Alaska Sea
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PIN (Permafrost Info Network - CCGP)

A Pilot Project to Increase Public Accessibility of Permafrost Information
SL Smith*, HB O'Neill*, SA Wolfe*, SD Jardine®, PD Morse", DE Kerr, B Brodaric®, SV Kokelj", KC Karunaratne®

“Oustogecs Sumey of Catce, N Wases Canada, O, OH
Notrres Torktes Gecegca Survey, Ywiom e, NI

Introduction

4 ‘However, muchof this

iricrmation s ot readdy svalatie o user. The Pemilrost
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el ot vom ot Canads puly svldbl.  pot

orofc has boen ntted o mole une of e oising wad
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E . S
Purposi
The PIN wo
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[ocmation: Sarencte Tocatons. edividuar borenoie
ratures,

rojects wih diffecent aims and objectives, so PIN wil iniialy inchi

#om multple projects de geote
[Brabiole. b ionmition for sech borshols i e bource Goobgeal Survey of Canads,

Statraphy. gsctechncal properies, Ground emparatres, 3
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o ool 13 varty f bt P i ke s

ocical s grund teemal des Som putlehed
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Collaboration
The pilot PIN, p'qn:l invoives p-\(b-mmh from n-
Geologeal Sur

etormation Metwon"We anacipete Geveoping
partnarships with the Government of Northwost
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make parastusted s bk vatatie

goal is b
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appiication,
on s individual basis, and may vary lor data holders.

...coming soon

= Open GOC Portal
(0] |

Gouvernement
du Canada

Government
of Canada

Benefits v Health

Immigration + Travel »

Home -+ Open Government -+ Search Open Government

Open Government Portal

Hydrogeological Units. Groundwater Geoscience Program

This dataset is designed to capture and represent through maps and succinct table report a set of synthesized
information pertaining in general fo hydrogeological units. It is considered the main dataset from the Groundwater
Geosciences Program peint of view. In the particular case of this..

Matural Resources Canada

b a»

Organization:
Resource Formats:

+ Add to Map Carl

= surface water: hydrometric network
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= global groundwater modeling

SCience Global Patterns of Groundwater Table Depth
Y.Fan", H. Li", G. Miguez-Macho®

75°
e R
60° ol
45°
30°
16°
Simulated Water Table Depth
. (m below land surface)
G <025 ’
. -025-25
-1 255
m5-10
-30° £910-20
2040
45° 4080
.80 ¥
-180° -150° -120° -90° -60° -30° 0 30° 60° 90° 120° 150° 180°

= npational water accounting

i Progress Toward Establishing a National Assessment.
| -ofWater Availability and Use

...coming soon

Applications: international

= global groundwater monitoring

m e

Integrated

- Groundwater
Management

Concepts, Approaches and Challenges

o i ;ANWQ
Rl PSSy
AAAAAA :

e 5.

AuSTRALIA




Final Thoughts

= Canadian national Groundwater Info
Network is operational and thriving

= Spatial Data Infrastructure + Linked
Data technologies and standards

= Toward a North American
groundwater data network
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Thank you — Merci

GIN: CAN Groundwater Information Network
Groundwater Geoscience Program

= http://gw-info.net

= B Groundwater Information Network
v Réseau d'Information sur les Eaux Souterraines

GIN Team

Eric Boisvert

Boyan Brodaric (Lead)
Heryk Julien

Francois Letourneau
Charles Logan

Alex Smirnoff

Notable Contributors
Yves Michaud

Christine Rivard

Alfonso Rivera

Hazen Russell

David Sharpe

GGP project leaders (past, present)
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