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Content UND GEOLOGIE

I GeoMAP: Vizualisation and Forecast of Mining Consequences
I General project concept
I GeoMAP in the exhibition ,KohleBoom*

I Critical Data Approach for Geological 3D-modelling of Lugau/
Oelnsitz I.E.

I Local conditions and efforts
I Challenges and aims in GeoMAP
I Data research and acquisition
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Forecast of Mining Consequences UND GEOLOGIE

I Geologische, hydrogeologische und geomechanische Modellierungs-,
Visualisierungs- und Prognosewerkzeuge zur Darstellung von Bergbaufolgen und
Nachnutzungspotenzialen

I Geologické, hydrogeologické a geomechanické modelovaci, vizualiza¢ni a
prognostické nastroje ke zobrazovani dopadu dulni ¢innosti a potencialt po dulnim
vyuziti

General project content

LANDESAMT FUR UMWELT, Freistaat

LANDWIRTSCHAFT SACHSEN

UND GEOLOGIE

I GeoMAP is a saxonian-czech project
I General aim:

» Knowledge sharing about investi-
gation methods

» Public outreach for general and :
expert aUd|ence 33?2"% TECHNISCHEUNIVERSIT}\T V8B TECHNICKA
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I Project extent till 30 June 2021
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Project partners and investigation areas

I Mining and Geology 3D:
Mining Museum Oelsnitz

I Mine water geothermics: Test
rig geothermal heat
exchanger

I Monitoring of environmental

risks: Post mining landscape
Most
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GeoMAP in the Exhibition LANDESAMT FUR UMWELT, ‘ B Freistaat

GEOLOGISCHER
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Miilsen Formation

Konglomerate - gro3ere Gesteinsbrocken

n feiner Matrix

Leukersdorf Formation

Ton- bis Feinsandsteine, Konglomerate

ROTLIEGEND

Planitz Formation
Vulkanite, Tuffe, Schiuff-/

Tonsteinablagerungen

«  Hartensdorf Formation

Konglomerat mit Schluff-/

1 Ton-, Schluff- und
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UND GEOLOGIE
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LANDWIRTSCHAFT

Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.
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Fig.1 A) Source: Geoportal
Sachsenatlas, Hohlraumkarte
Abb. B) Extraction area of Lugau/
Oelsnitz in © GOCAD
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Geological 3D-modelling of Lugau/ Oelnsitz I.E.

Local Conditions

I Production 1844 -1971,
more than 140 million tons of black
coal

I Excavation depths up to 1200 m

I Mining consequences registered
over an area of 57 km?

: ‘¢
1844 Q 1071

[elzler Hunt aus deon
Ligau-Celsnitzer
SteinRohlenrevier

Fig.2: Historical Pictures of the mining
district Lugau/Oelsnitz. Source:
Bergbaumuseum Oelsnitz (Erzgeb.)
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Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.

Local efforts dealing with mining consequences
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I Coalition of former black coal mining districts around Zwickau and
Lugau/ Oelsnitz

I FLOEZ+ is a network for dealing with the consequences of mining

I EU project for remediation of mining remnants and conduction of
scientific research:

I VODAMIN (2010-2014)
I Vita-Min (2017-2020)
I GeoMAP (2019-2021)

Européische Union. Europaischer

Fonds fiir regionale Entwicklung. SNAV z Geo MAP
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Geological 3D-modelling of Lugau/ Oelnsitz I.E.

Challenges and aims in GeoMAP

I Toillustrate the course of tectonic faults (= potential waterways)

I volume-based representation of the mining fields as a basis for the
representation of residual cavities and collapsed zones

I Geological unit Rotliegend: hydrogeological parameter setting for
prediction of mine water rising

| X
$ \\ b L N \\_

Fig.3: Left: Big tectonic faults (ArcMAP). Center: coal seam layers (GoCAD). Right: mine water increase
— forecast 2033 (GoCAD)
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Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.

Challenges and aims in GeoMAP
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1. Dataresearch and acquisition for model setup

I Which data are available?

I Analog archive material from the time of active
mining and after

I Already digitized and interpreted mine plans

I Drilling documentations, drilling profiles, shaft
profiles

I Studies and reports

I How works the data processing?
I Drilling data base
I ArcMAP
I 3D modelling (GoCAD)

Européische Union. Europaischer

Fonds fiir regionale Entwicklung. SN»’ z Geo MAP
EVI’?pS!(é E’nie' E‘.’rOPSky fond pro Ahoj sousede. Hallo Nachbar.
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Geological 3D-modelling of Lugau/ Oelnsitz I.E.

Challenges and aims in GeoMAP

2. Revision /recompilation of the geometric 3D
model

Fig.: Joined mining maps of the Grundfloz,
,40120 Ubersichtsrisse® Source:
Bergarchiv Freiberg
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Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.

Challenges and aims in GeoMAP

2. Revision / recompilation of
the geometric 3D model
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Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.

Challenges and aims in GeoMAP

2. Revision / recompilation of

the geometric 3D model ¢
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Current tasks

I Ciritical approach of input data — mismatches and ambiguities

I Drilling data base completion

I Correlation of seam distribution via drilling profiles

I Systematic simplification of Carbone units for volume-based modelling

I Documentation

Européische Union. Europaischer

Fonds fiir regionale Entwicklung. SN»’ z Geo MAP
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Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.

I Critical approach of input data — mismatches and ambiguities

Fig.4: Overlapping of coal seams (surfaces) in 3D

Européische Union. Europdischer
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Geological 3D-modelling of Lugau/ Oelnsitz I.E.

I Drilling data base completion

I Correlation of seam distribution via drilling profiles

I Drills already in 3D Modell vs.

o B R
Fig.6: ArcGIS view of the mining district

Européische Union. Europaischer
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Geological 3D-modelling of Lugau/ Oelnsitz I.E.

I Drilling data base completion

I Correlation of seam distribution via drilling profiles

I Drills already in 3D Modell vs.

I New ones to add (green)

S . Maakdak oE
Fig.6: ArcGIS view of the mining district
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Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.

I Drilling data base completion

I Correlation of seam distribution via drilling profiles

I Drills already in 3D Modell vs.

I New ones to add (green)

I Multiple data sources (GeoDIN,
archives, ArcGIS shapes based on
“‘Risswerk”) to add seam information
into “GeoMAP drilling database”

Fig.7: ArcGIS view of the Grundfloz.
Européische Union. Europaischer

S i regi i 2 GeoMAP
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Critical Data Approach for i cimoor | < >N CHSER

Geological 3D-modelling of Lugau/ Oelnsitz I.E.

I Drilling data base completion

I Correlation of seam distribution via drilling profiles

I Drills already in 3D Modell vs.
I New ones to add (green)

I Multiple data sources (GeoDIN,
archives, ArcGIS shapes based on
“‘Risswerk”) to add seam information
into “GeoMAP drilling database”

I Basis for volume-based modelling

Fig.7: ArcGIS view of the Grundfloz.
Européische Union. Europaischer
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Critical Data Approach for UND GEOLOGIE
Geological 3D-modelling of Lugau/ Oelnsitz I.E.

I Ciritical approach of input data — mismatches and ambiguities
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Zuordnung d. Fidze Laut GeoDIN ist das Grund-
nicht maghch. gedirge erst 100m tiefer

Fig.5: cross section, source: Felix et al. 2007, mod.
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Simulation of uplift due to rising mine water Iin
abandoned coal mining area Lugau/Oelsnitz
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Outline

Mining area Lugau/Oelsnitz
Monitoring data
Modelling strategy

Results
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Conclusions
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1. Mining area Lugau/Oelsnitz
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1. Mining area Lugau/Oelsnitz

* Mining period: 07.01.1844 — 31.03.1971

* > 97 Shafts

« Discontinuous mining area, many faults (up to 150 m offset)
« Water influx during active mining ~ 1 - 2 Mio. m3/a

« ~ 140 Mio. t of coal extracted

Aho sousede. Hallo Nachbar



GeoMAP E

1. Mining area Lugau/Oelsnitz

Available digital coalbed geometry:

Oberfloz
Gluckauf-Floz
Vertrauenfloz
Grundfloz

Berger, H.-J. (2007)
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2. Monitoring data

Uplift monitoring
Leveling data:
* From 1996/1997, 2002, 2006, 2014, ~ 50 Points

INSAR data:
 Sentinel 1a+h: from 2014
» 6 to 12 diurnal rhythm

150

Mine Water Monitoring
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2. Monitoring data
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3. Modelling strategy

Lugau/Oelsnitz

FLAC3D 7.00 N
©2020 Itasca Consulting Group, Inc. '\

Geologie

Deckgebirge
Grundgebirge

Verbruchbereiche
| Auflockerung

« Two-layer model (overburden - basement)
« implemented coalbeds + excavation-damaged zone = 50 m height

« With gradients for E-modulus next to surface and within
excavation-damaged zone
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3. Modelling strategy

Lugau/Oelsnitz

FLAC3D 7.00 N
©2020 Itasca Consulting Group, Inc. \

Geologie
Deckgebirge
Grundgebirge

Verbruchbereiche

| Auflockerung

FLAC3D 7.00

©2020 ltasca Consulting Group, Inc.

Geologie
Cut Plane: on front
Deckgebirge
Grundgebirge
Yerbruchbereiche
[ Auflockerung
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4. Results

x10° Gesamthebung (Modellierung) Azin mm
& 626 4 Total uplift
40
5.625 - 120 Mine water rise:
from deepest mining
5.624 - 120  areas
E 5603- 110
= to 324 m NHN
0 10
5 5.622-
3 -10
5.621 -
1-20
5.62 -
-30
5.619 - 40
5.618 I I | | | -50
3.34 3.36 3.38 3.4 3.42
Ostwert / m «10°



GAK e .
& XAIO& S i, G eo M A P o Europalusche l}nth. Euro!)alscher
z  § — : W Fonds fiir regionale Entwicklung. SN ’V. (z

= >‘|’< m B 6 B * * Evropska unie. Evropsky fond pro . ... s
P 6 ?, & * 4 K . P e . Interreg VA / 2014 - 2020
regionalni rozvoj.

4. Results (simulation vs monitoring)
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4. Results (simulation vs monitoring)
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5. Conclusions

« Uplift process mapped qualitatively with limited data
» Modeling approach:

» applicable for complex geological conditions and mining
situations

» reduces computational effort

* Implementing more coalbed geometries may increase accuracy of
the results

« Continuous monitoring recommended

SNy 2
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Flutung alter Bergwerke schafft grof3e
Wwarmespeicher

Industrie, Wohnh&user, Museen, Bergwerksgebaude, Krankenhaus,
Hallenbad, Gewéachshaus, Landwirtschaft, Fischzucht

o
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» Wasserhaltung als Ewigkeitsaufgabe
- Moglichkeit der thermischen
Nutzung

» Maoglichkeit des Heizens und Kihlens
durch ganzjahrig konstantes

F10
o0
R
I Bem

Entnahmestellen Einleitungsstellen

Temperaturniveau

¢ Oberflaichengewésser
* Wasserldsestollen

zum Schutz der Grundwésser
und Oberflache zwangslaufig

abgepumpte Wasser
Wasserldsestollen
aufsteigende Tiefenwéasser
wassergeflllte Abbaue
tiefe geflutete Grubenbaue

* wassergefiillte Abbaue

die nicht direkt zur Tages-
oberflache hin entwéssern

¢ tiefe geflutete Grubenbaue,

> %
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* Einfluss der Wasserchemie auf den
Anlagenbetrieb geothermischen Grubenwassernutzung
* Erfahrungsaustausch * Einfluss der Wasserchemie auf den
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» Installierte Gesamtleistung:

5999

mu[ 195 MW

')%' 2,5 MW

@ Anlage in Betrieb
< Anlage nach Betrieb stillgelegt
A Anlage in Bau oder Planung
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HUNOSA'’s mines in
Cuenca Central

Zhang-shuanglou
Coal Mine

Wismut-Schacht 302

Rothschénberger
Stollen

Zeche Robert Miser

Tagebau Hambach

Steinkohlerevier

Hachov-Plana

Quellen: [3-17]

Mieres, Asturien

Novoshakhtinsk,
Rostov Region

Xuzhou City

Marienberg

Freiberg

Bochum

Bergheim

Zwickau

Marienbad

RU

CN

DE

DE

DE

DE

DE

Cz

Universitat Kohle 160 700
Mehrere

Gebaude Kohle 10 900
Mehrere

Gebiude Kohle 4750
Schwimm-

bad Uran 1700
NEILGIE Silber 860
haus

u.a. Schulen Kohle 690
Mehrere

Gebiude Kohle 620
Hochschule Kohle 600
Schule Uran 550
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» Mehr Anlagen werden

geplant

» Zeitversetzt in Betrieb

genommen

Aktuell: Grof3teil der installierten
Anlagen mit Heizleistung < 200 kW

Trend zu gréReren Anlagen

Kaum Anlagen zum Kihlen geplant/

umgesetzt
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Reiche Zeche Freiberg
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Tiefenwasser
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Reiche Zeche Freiberg

2%

Betrachtungszeitraum:
2016-2018

1%

mKihlen mHeizen mHeizen + Kiihlen = Sonstiges
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10 Betriebsmodi definiert
Kombination aus Heizen + Kihlen
dominiert

Sehr geringer Anteil in dem nur

geheizt wird

- Kuhlung Serverrdaume
notwendig
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Reiche Zeche Freiberg — Winterwoche 2016
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PKU fuhrte im Projekt VODAMIN I
an 19 Standorten Bohrungen
durch

TU Ostrava fuhrte anschliel3end
ein Monitoring durch

TU Freiberg fuhrte zusatzlich
eigene Messungen durch

Nutzung der Messwerte zur
Potenzialabschéatzung
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» Anlage lauft zu oft im Teillastbetrieb

> Laufzeit erhdhen um
dauerhaft hohe
Effizienz zu haben

» Defekt der automatischen Umschaltung
zwischen Wasserentnahmestellen

» Effizienzsteigerung durch
Nutzung warmeres Wasser
im Winter

* Verschmutzungen im Warmedbertrager
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» Eingeschréankte Zugéanglichkeit

« Teilweise keine geeignete
Probennahmemadoglichkeit

« Abhangigkeit von den
Anlagenbetreibern bei
Wartung und Inspektion

Warmepumpe

Schaltschrank

- Mobile Grubenwasser-
anlage im Labormal3stab
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+ GrolRes Warmepotential bei stillgelegten Bergwerken
- Anlagen vorwiegend in Europa, Nordamerika
- Uberwiegend Heizanwendung
« Effektiver Anlagenbetrieb mdglich
- Arbeitszahlen >5 regelmafig mdglich
« Laufzeiten missen erhdht werden
« Grol3e Potenziale im Moster Becken
« Standortkonkrete Mallinahmen gegen Fouling entwickeln

* Preiserh6hung bei fossilen Energien (CO,-Steuer) sogt fur
Ausbau Grubenwassergeothermie?
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Konference €. 3 projektu GeoMAP

/
Konferenz Nr. 3 des GeoMAP-Projekts

Metody prizkumu, modelace a monitoringu Zivotniho prostredi béhem sanace a
rekultivace v Mosteckém hnédouhelném reviru

/

Methoden der Untersuchung, Modellierung und Umweltiiberwachung bei der Sanierung
und Rekultivierung im Moster Braunkohlenrevier
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Vychodiska postupu pro pripravu hydrickych rekultivaci
tézebnich lokalit

/

Basis of procedure for hydric reclamation of mining sites

Jiri Malis$
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Vychodisko

Dle platnych plant sanace a rekultivace uhelnych lomt je po ukonceni tézebni ¢innosti provadéna hydricka
rekultivace, tj. vytvoreni velkoplosnych jezer.

Problém

1 Napousténi jezera. Velké mnoistvi vody potiebné k naplnéni objemu vznikajiciho jezera, ztraty vody
vznikajici pti saturaci bo¢nich svahu a také pfi vyparech.
2 Platné plany sanace a rekultivace navic neresi zasadni otazku zdroju téchto vod.

Background

According to existing plans for the rehabilitation and rehabilitation of coal quarries, hydric rehabilitation is
carried out after the completion of mining operations, i.e. the creation of large-scale lakes.

Problem

1 Filling the lake. The large amount of water needed to fill the volume of the emerging lake, the water loss
resulting from the saturation of the side slopes as well as the fumes.

2 Moreover, the existing reclamation plans do not address the fundamental issue of the sources of these
waters.

Européische Union. Européischer SN Av CcZ

Fonds fiir regionale Entwicklung.

. - Ahoj sousede. Hallo Nachbar.
Evrt.)ps!(é Emle. E\./ropsky fond pro terieg VA / DUT4—2050 ﬁ
reglonalm rozvoj.




VSB TECHNICKA | HORNICKO INSTITUT CISTYCH
|| || UNIVERZITA | GEOLOGICKA TECHNOLOGI]:Z TEZBY A UZITI
11" osTRAVA FAKULTA ENERGETICKYCH SUROVIN

Vychodisko

Zkusenosti s provozem Jezera Most - mezi pivodnim
zamérem planovaného provozu jezera v rezimu
vyrovnané vodni bilance a sou¢asnym realnym
stavem je rozpor. Postup pri planovani jezera pracoval
s mnoha nepresné stanovenymi parametry.
Napusténi jezera a zachovani jeho vyrovnané vodni
bilance je komplikovany problém ovlivnhény celou
fadou lokalnich parametri. Tyto parametry se mohou
na jinych lokalitach lisit. Pro predikce chovani celého
systému je nutné jejich lokalni méreni.

Background

Experience of the operation of the Lake Most - there
is a contradiction between the original intention of
the planned operation of the lake in a balanced water
balance mode and the current real state. The lake
planning process worked with many imprecise
parameters. Watering the lake and maintaining its
balanced water balance is a complicated problem
affected by a variety of local parameters. These
parameters may differ in other locations. Local
measurements are required to predict the behavior
of the entire system.
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Vychodisko

Proto je nutné méreni klicovych parametrl provadét v nalezitém predstihu pfed ukoncéenim tézby. Pro kazdou
lokalitu je nutné navrhnout vyéet sledovanych veli¢in zvlast. S ohledem na fakt, Ze praktické zkusenosti,
vCetné neocekavanych komplikaci, které byly zjiStény na jezefe Most, bude zahodno navrh metodického
postupu (tj. teoreticka vychodiska, prakticka méreni i navrhy systému) vyzkouset i ovérit na této lokalité.
Vyhodou jsou provedené i probihajici studie jejichz vysledky je mozné takto vyuzit a doplinit.

Background

Therefore, measurements of key parameters need to be carried out in due time before the end of mining
operations. It is necessary to draw up a list of the variables of interest for each site separately. In view of the
fact that practical experience, including unexpected complications, has been identified on Lake Most, it will be
appropriate to test and verify the design of the methodology (i.e. theoretical basis, practical measurements as
well as the design of the system) on this site. There are advantages to both ongoing and ongoing studies, the
results of which can be used and supplemented in this way.
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Vychodisko

Z dosavadnich praci na jezefe Most prozatim pro dalsi predikce chovani vyplyva nutnost doplnit méreni o:

Lokalni vypar mm/rok, typizace vyparomérti, podminky jejich lokalizace, technické podminky méfeni
Srazky mm/rok, pocet méficich mist, jejich lokalizace, typizace méficiho zafizeni

Vliv ptitoka srazek z rozvodi, metodika vypo¢tu, vyhodnoceni predchozich metod s ohledem na CSN
75 6101 a dalSich, vhodnost/nevhodnost poutZiti jejich uZiti, stanoveni nové metodiky vypoctu,
véetné zahrnuti vlivu reliéfu, vegetace a dalSich faktora

Méreni teploty vzduchu a vody, presnost, navrh lokalizace a hustota méreni

Rychlost a smér vétru, délka slunecniho svitu, atd.

Background

In the meantime, the work on the Most lake shows the need to add:

Local vapour mm/year, fume typing, location conditions, technical measurement conditions
Precipitation mm/year, number of measuring points, their location, typing the measuring equipment
Effect of rainfall inflows from distribution, calculation methodology, evaluation of previous methods
with respect to CSN 75 6101 and others, suitability/inappropriateness of use, determination of new
calculation methodology, including inclusion of relief, vegetation and other factors

Air and water temperature measurements, precision, location design and measurement density
Wind speed and direction, sunlight length, etc.
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Povodi povrchovych dold CSA, Vriany, Libou$ a Bilina /
CSA, Vrsany, Libous and Bilina surface mine basins
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Harmonogram zatapéni budoucich jezer/ Timetable for filling of future lakes
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Meteorologicka data
Hydrologické modely vyZaduji jako vstupy denni casové fady srazek (P [mm]), primérné teploty vzduchu (T
[°C]) a potencidlni evapotranspirace (PET [mm)]).

Meteorological data

Hydrological models require daily rainfall time series (P [mm]), average air temperatures (T [°C]) and potential
evapotranspirations (PET [mm]) as inputs.
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Meteorologicka data
Hydrologické modely vyZaduji jako vstupy denni casové fady srazek (P [mm]), primérné teploty vzduchu (T
[°C]) a potencidlni evapotranspirace (PET [mm)]).

Meteorological data
Hydrological models require daily rainfall time series (P [mm]), average air temperatures (T [°C]) and potential
evapotranspirations (PET [mm]) as inputs.
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Rekultivace lomu
CsA /

Reclamation of CSA
mine
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Rekultivace lomu
CsA / \
Reclamation of CSA | : i
mine e

1882 zamek Jezefri, v
pozadi Komoranské
jezero /
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Rekultivace lomu
CsA /

Reclamation of CSA
mine

Situace byvalé tézby a
stafinovych zvodni /
The situation of former
mining and old-age
aquifers

Legenda

l:‘ stafinové zvodnd

hranice iplného vyrubani lomem (2013)
hlubinna dila (chodby)
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Rekultivace lomu CSA / Reclamation of CSA quary

Matematicky model hydrologické bilance plnéni zbytkové jamy/ Hydrological balance mathematical model of
filling the residual pit

byly modelovany simulace dle nasledujicich pozadavka:

e plnéni zbytkové jamy a stanoveni ustalené hladiny jen na zakladé celkového odtoku z povodi zbytkové jamy,
e plnéni zbytkové jamy a stanoveni ustalené hladiny na zakladé celkového odtoku z povodi zbytkové jamy a
hydrogeologického pfitoku (bude proveden odhad velikosti tohoto pfitoku) v jeho plné vysi a pak v polovi¢ni
hodnoté (z divodu moZného sniZzovani tohoto pfitoku v dlisledku pInéni jamy),

e plnéni zbytkové jamy na zakladé celkového odtoku z povodi zbytkové jamy a externi dotace vodou z Biliny —
odhad disponibilniho pratoku 332 /s, tj. ve vysi stanoveného disponibilniho odbéru z hlavniho profilu

Profile simulations were modeled according to the following requirements:

e filling the residual pit and establishing a steady level based only on total run-off from the residual pit catchment;
e filling the residual pit and establishing a steady level on the basis of the total run-off from the basin of the
residual pit and the hydrogeological tributary (an estimate of the size of this tributary will be made) at its full
value and then at half value (due to the possible reduction of this tributary as a result of filling the pit),

e filling of the residual pit based on total drainage from the basin of the residual pit and external subsidy with
water from the White — estimate of the available flow rate of 332 I/s, i.e. equal to the determined disposable flow
from the main profile
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Rekultivace lomu CSA / Reclamation of CSA quary

Matematicky model hydrologické bilance plnéni zbytkové jamy/ Hydrological balance mathematical model of
filling the residual pit

byly modelovany simulace dle nasledujicich pozadavka:

* plnéni zbytkové jamy na zakladé celkového odtoku z povodi zbytkové jamy a externi dotace vodou z Biliny a
krusnohorskych potok( — odhad disponibilniho pratoku 500 I/s, coz predstavuje predpokladany odbér vody pro
zatapéni dle planu rekultivace,

e plnéni zbytkové jamy na zakladé celkového odtoku z povodi zbytkové jamy a externi dotace ¢erpanou vodou z
Ohte — odhad disponibilniho pratoku 1 000 I/s, coZ je variantni mozZnost zatdpéni z PVN,

simulations were modeled according to the following requirements:

e filling of the residual pit based on total drainage from the basin residual pit and external subsidy with water
from the White and Circle Creeks - an estimate of the available flow rate of 500 I/s, which represents the expected
water abstraction for flooding according to the rehabilitation plan,

e filling of the residual pit based on total drainage from the catchment area of the residual pit and external
subsidy by pumped water from Ohra — estimate of the available flow rate of 1 000 |/s, which is a variant possibility
of heating from the PVN
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Rekultivace lomu CSA / Reclamation of CSA quary

Matematicky model hydrologické bilance plnéni zbytkové jamy/ Hydrological balance mathematical model of
filling the residual pit

byly modelovany simulace dle nasledujicich pozadavka:

e vypocet nutné dotace pro udrzeni urovné hladiny na koté 180 m n. m., coz je planovana koéta provozni hladiny
jezera ve zbytkové jamé,

e vypocet nutné dotace pro udrzeni urovné hladiny na koté 230 m n. m., coz je teoreticka kéta provozni hladiny
jezera ve zbytkové jamé umoznuji gravita¢ni odtok vody z jezera

simulations were modeled according to the following requirements:

e filling of the residual pit based on total drainage from the basin residual pit and external subsidy with water
from the White and Circle Creeks - an estimate of the available flow rate of 500 I/s, which represents the expected
water abstraction for flooding according to the rehabilitation plan,

e filling of the residual pit based on total drainage from the catchment area of the residual pit and external
subsidy by pumped water from Ohra — estimate of the available flow rate of 1 000 |/s, which is a variant possibility
of heating from the PVN,
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Rekultivace lomu CSA / Reclamation of CSA quary
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Scénare ustalené
hladiny jezera CSA ve
srovnani s vychozi
variantou/

Rekultivace lomu CSA / Reclamation of CSA quary
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Zaveér

Pro planovani hydrické rekultivace uhelnych lomu navrhujeme nasledujici postup:

1. Navrh vystavby a kalibrace komplexniho hydrologického modelu lokality. Kalibrace modelu s
vyuzitim dostupnych dat, citlivostni analyza a zhodnoceni nejistot vstupnich dat pro zajisténi dlouhodobého
rutinniho provozu vypocetni infrastruktury. Vyuziti primyslovych standardu a software provozovaného v
ramci Hlasné a predpovédni povodiové sluzby CR pro moznost pfimého srovnani vysledkd.

2. Optimalizace monitorovaci sité pro dosazeni racionalniho poctu prvkd monitorovaci sité, navrh
metod prostorové interpolace bodovych dat a jejich ndvaznosti na profesionalni sit¢ CHMU, Povodi Ohfe, s.p.

Conclusion

For the planning of hydric rehabilitation of coal quarries, we propose the following procedure:

1. Design of construction and calibration of a complex hydrological model of the site. Calibration of the
model using available data, sensitivity analysis and assessment of input data uncertainties to ensure long-
term routine operations of the computing infrastructure. Utilization of industrial standards and software
operated under the Czech Republic's Flash and Forecast Flood Service for the possibility of direct comparison
of results.

2. Optimization of the monitoring network to reach a rational number of elements of the monitoring
network, design of methods of spatial interpolation of point data and their follow-up to professional networks
of CHMU, Ohte River Basin, p. land cover and land use on hydrological balance of interest site, effect of
evapotranspiration component and soil moisture by changes in surrounding landscape and succession.

Europdische Union. Europdischer SN A« cZ

Fonds fiir regionale Entwicklung

rire) icklung. GeoMAP
. - Ahoj sousede. Hallo Nachbar.
Evr?ps!(é }mle. E\.Iropsky fond pro Interreg VA / 2014 —2020 21
reglonalm rozvoj.




VSB TECHNICKA | HORNICKO INSTITUT CISTYCH

UNIVERZITA | GEOLOGICKA | TECHNOLOGII TEZBY A UZITI
OSTRAVA FAKULTA ENERGETICKYCH SUROVIN

Zavér

Pro planovani hydrické rekultivace uhelnych lomu navrhujeme nasledujici postup:

3. Hydrometricka méreni a jejich vyhodnoceni, méfeni pritoki na vodotecich v zajmovém tGzemi,
méreni objemové plidni vihkosti.
4. Analyza vlivu zmén land cover a land use na hydrologickou bilanci zajmové lokality, ovlivnéni

evapotranspiracni slozky a pudnich vlhkosti zménami okolni krajiny a sukcesi.
Conclusion

For the planning of hydric rehabilitation of coal quarries, we propose the following procedure:

3. Hydrometric measurements and their evaluation, measurement of flow rates on aquifers in the area
of interest, measurement of volume soil moisture.
4. Analysis of the impact of land cover and land use changes on the hydrological balance of the site of

interest, the influence of the evapotranspiration component and soil moisture by changes in the surrounding
landscape and succession.
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Zaveér
Pro planovani hydrické rekultivace uhelnych lomu navrhujeme nasledujici postup:

5. Simulace a predikce dalSiho vyvoje hydrologické bilance zajmové lokality v navaznosti na scénare
srazek a teplot vzduchu pro budouci obdobi. Zhodnoceni vlivu scénart klimatické zmény na hydrologickou
bilanci pilotni lokality.

6. Tvorba obecné metodiky vyuzivajici import dat z monitorovacich siti, preprocesing dat v GIS a
matematického modelovani pro moznost analyz efektivity hydrické rekultivace na dalSich zajmovych tzemich.

Conclusion
For the planning of hydric rehabilitation of coal quarries, we propose the following procedure:

5. Simulation and prediction of further development of hydrological balance of interest site following
rainfall and air temperatures scenarios for future periods. Assessment of the impact of climate change
scenarios on the hydrological balance of the pilot site.

6. Development of a general methodology using data import from monitoring networks, preprocessing
of data in GIS and mathematical modelling for the possibility of analysing the efficiency of hydric reclamation
in other areas of interest.
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5. partnersky wokrkshop projektu GeoMAP/1. Partnerworkshop im Projekt GeoMAP

Metody zjistovani a vyvhodnocovani dat na mistech postizenych tézbou

/

Methoden zur Erfassung und Bewertung von geologischen, hydrologischen,
umweltrelevanten und geothermischen Daten in Bergbaufolgelandschaften und
deren Verarbeitung in 3D-Modellen im Braunkohlentagebau Most
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Problematika samovzniceni uhelné hmoty /
Problems of spontaneous combustion of coal.

doc. Ing. Jindfich Sancer, Ph.D.
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Problematiku samovzniceni uhli je nutné resit:

 Béhem tézby uhli
e Skladovani a doprave uhli
 Samovzniceni odvall a vysypek obsahujicich uhelnou hmotu.

Hlavnim cilem této prezentace je strucné seznamit posluchace s metodami
protizaparové prevence.
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Samovzniceni uhelné hmoty

- vzniceni uhelné hmoty z vlastnich (endogennich) pricin (diky oxidaci
uhelné hmoty)

COAL

AlIR Gas products

f
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CO2

Metody detekce samovzniceni uhli miZeme rozdélit na

Plynomérné metody x Termometrické metody



Laboratorni vyzkum - plynometrie

Schéma aparatury pro tepelnou oxidaci (TEPOX)

Legend:
1 — air — pressure bottle; 2 — pressure reducing valves; 3 -rotameter; 4 — stove; 5 — heater; 6 — ventilator; 7 — reactor with coal; 8 -
thermocouples; 9 — container for condensate; 10 — “U” tube; 11 — glass gas sampler; 12 — calibrated vessel; 13 —-PC




Laboratorni vyzkum

Pfiklad vyhodnoceni ,,plynovych obrazu“ teplené oxidace
uhelné hmoty metodou (TEPOX)
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Laboratorni vyzkum
Metody stanoveni nachylnosti uhli k samovzniceni

Adiabatickd metoda

Metoda CPT

FlaskTest — metoda izotermické sorbce O, —




Problematika samovzniceni pfi tézbé uhli
Preventivni opatfeni proti samovzniceni uhli

Méreni indikacnich plyn.
Preventivni izolace a inertizace nepfristupnych dulnich dél.

Technologicka opatreni v dolech (vybér vhodné dobyvaci metody, vétrani, rychlost
postupu dobyvani ...)



Problematika samovzniceni pfi skladovani a prepraveé

Preventivni opatfeni proti samovzniceni uhli

Méreni teploty a indikacnich plyn.
Technologie tvorby deponie - Hutnéni a vhodny tvar.

Technologicka opatreni v obdobi skladovani (preventivni pretézovani, ochlazovani,
inhibitory...)



Meéreni in situ - penetracni sonda

Schéma penetracni sondy pro méreni teploty a odbér plynu




Meéreni in situ - penetracni sonda

Instalace penetracni sondy do hnédouhelné deponie




Meéreni in situ - penetracni sonda

Ukazka rozmisténi penetracnich sond




Méfeni in situ — odbér a analyza plynu

Ukazka pfimé analyzy a odbéru vzorku plynu do vzorkovnic




Méfeni in situ — analyza teplot a plynu

Ukazka z analyzy plynu a teplot v rozvinuté fazi zaparu




Meéreni in situ - vyhodnoceni plynometrie

Ukazka vyhodnoceni koncentraci zakladnich indikac¢nich plynu
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Meérfeni in situ - vyhodnoceni vnitini teploty
Nefiltrovany zaznam z méreni vnitfni teploty uhelné deponie
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Meéreni in situ - termovizni meéreni

Priklad meéreni povrchové teploty termovizni kamerou
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Meéreni in situ - termovizni meéreni

Priklad méreni vnitfni teploty termovizni kamerou
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Meéreni in situ - meteorologicka data

Meteorologicka stanice OREGON WMR200
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Méreni in situ — vliv vétru

Vyhodnoceni vlivu vétru na samovzniceni uhelné deponie

55z -

13.2.-9.4. 2013, Wind /m.s/

_&;8‘4-“-.-“-'

nz

e SN

v

Temperature /°C/

S
24000
22000 —
20000
A 18000
o """-___-él_ﬁ_(!l(lﬂ--- =

sz —_ SSV

=5 sy

1z X\

12 <

A




Model CFD - vliv vétru

Numericky model vlivu vétru na samovzniceni uhelné deponie
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Termovizni snimky — deponie ¢.5

Rozvoj ohniska v case (4.4.-9.4. 2013)
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Termovizni snimky — deponie ¢.6
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Rozvoj ohniska v ¢case (19.12.2013, 30.1.-4.2. 2014)
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* Provozni méreni potvrdily, Zze samovznécovaci proces na uhelnych
skladkach je vzhledem k mnozstvi ovliviujicich Cinitell znacné slozity a
Spatné predpovidatelny.

* Kazda z pouzitych metod sledovani ma své klady a zapory
Termometrie

* Termovize

— meri pouze povrchovou teplotu, velmi zkreslené méreni za slunecniho
svitu

+ pri méreni bez vlivu slunecniho svitu lze snadno rozpoznat ohniska
samovzniceni v blizkosti povrchu

 Kontaktni teplomeéry

- Méri pouze bodovou teplotu v urcitém misté

v v/

+ meéri vnitrni teplotu uhelné hmoty, lze méfrit kontinualné



Plynometrie

— velmi ovlivnéno povétrnostnimi podminkami, zpravidla nelze mérit
kontinualné

+ je-li méreni provadéno pravidelng, Ize v€as odhalit pokrocilé stadium
samovznéecovaciho procesu

Kombinace termometrie a plynometrie

e Eliminuje zaporné stranky jednotlivé pouzivanych metod.

Nameérené data z predmetného projektu byly vyuzity pro navrh
metodiky “Hodnoceni miry nebezpeci vzniku samovznécovaciho procesu
na uhelnych skladkach”
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