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Computer modelling as a basic research and visua#ion tool to research
defunct historical mining technologies, using thexample of cementation
water mining in Smolnik (Slovakia)

Pavol Rybét, Ladislav Hvizdak, Pavel Hronek', Milo§ Jesensk§yandRobert Siminek®

In the first part of the study, we point out thaisinecessary to use 2D and 2.5 (3D) computer fiiogevhen researching defunct or
inaccessible historical montane phenomena. Computadels bring new, hitherto unknown informatiorhtstoric research. In order to
obtain the relevant model information, the researcmust use historically-verified information inmaputer modelling. This can only be
obtained through complex and systematic archival &ald research. The resulting model delivers mirdbrmation that the scientist
obtains directly by accurate measurement from thdets, or their critical qualitative and quantitaé evaluation.

The second part of the study provides specific plesof research procedures and methodological ggsing of computer models,
including archival research, field research, expestmputer modelling, and critical model evaluatidihese procedures are presented using
the world’s second oldest example of mining andreerial use of cementation water in Smolnik. Adtbrief introduction to the history of
cementation in Smolnik, we present a 2D model efottlest map view of cementation dating from 1698,5 (3D) model of mountain
landscape with main water facilities in the secbatf of the 18th century, and a 2.5 (3D) modehef tinderground area where cementation
water was mined — i.e. what the mining field lookleel in the first half of the 19th century.
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Introduction

Computer technology and digitisation are now compface in every social sphere, touching our everyday
lives. Without these technologies, the effectivaning of our society would be hindered. All scifinti
disciplines now use computer technology and computedelling to such an extent that now many wouwtl n
work or exist as independent disciplines withownth History is somewhat an exception, as it ontyragically
uses these technological procedures. It is unfatuthat the trend of digitising and creating visadions in
history lags behind other academic fields. The tidigfion of preserved historical collections is yomow
gathering pace, and methodical procedures in canpotodelling in history remain largely redundant.
Traditional forms of information around the worldeanow digitally converted, which generally makeshs
sources more accessible.

This paper introduces a methodical approach to atenpnodelling and creating new information, which
has been previously unknown in (montane) histohese outputs allow us to virtually visit placestthauld
otherwise remain inaccessible, and to see objkatsmight otherwise not be seen because they areailable
or no longer exist. Digital technologies therefolearly have a wide scope of applications in teédfof tangible
as well as intangible mining heritage, and in thsualisation of existing and especially defunctidings,
processes, technological procedures, etc. Thisatligiocess allows defunct buildings to be criticalvaluated
and explored, and to be preserved for future géinesathrough digital heritage.

Aim of the study and methodology

This paper aims to elaborate a methodical proceadehighlight opportunities for using 2D and 3B}
computer modelling as a basic research and vistiglis tool to research defunct or inaccessibleohisdl
mining objects, technologies, and facilities. Tharaple is used of cementation (vitriol) water miiim the
former free royal mining town of Smolnik in histced Upper Hungary (in today’s Slovakia).
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In order to meet this paper’'s objectives, it is essary to proceed according to the following basic
methodical procedures that are divided into thtages.

Archival research: To enable accurate and high-quality computerisedetting, complex and systematic
historical research must be first carried out. Omlgthodically well-directed historical research qaovide
high-quality text data for the modelling of non&xig or inaccessible montane objects. A histoshould
proceed on the basis of methodological procedusesl in historical research, with an emphasis ohieat
research (Gerber, 1974; Hroch et al., 1985; Ec871Best and Kahn, 1998; Diték et al., 2014). The gathering
of written and visual documents is followed by thessification and critical scientific evaluatiofithe content -
the final synthesis is then processed into a téxXtren as a basis for computer modelling. The niogiortant
historical maps and pictorial documents for theeagsh of this issue are deposited at the SlovakrngiArchive
in Banska Stiavnica in the Mining Office Banska Biga (hereinafter SMA BS BKBB) and Spidska NovéasVe
(hereinafter SMA BS BKSNV) collections, in the saled Moll Collection in the Moravian Library arct in
Brno, and in the National Széchényi Library in Bpelst map and picture collection.

Field research: Based on our practical experience with researctsioilar topics, we know that after
finishing historical research and before startiognputer modelling, it is necessary to conduct fieldearch.
Field research provides information on the develepnof the historical montane landscape in time spate, it
verifies known information and leads the scientstnew, previously unknown historical phenomena and
contexts. In field research, it is advisable toceed according to verified methodological proceduiia
particular the method of loading maps over theneslnd the leader factor method (Minar et al., 2001n
accordance with methodological procedures for tt@oeation of mountain landscape (Demek, 1987; kaci
1999; Hrorek, 2014). Although an important part of fieldwaskoral history (Ritche, 2003; Veselska, 2008), it
is not yet appreciated and so little used in owggaphical area.

Computer modelling: In order to get all the information about miningdenground, mining facilities,
buildings, and whole mining sites (mines) from thé mining maps, we have to georeference themaerfitst
step of digitisation, i.e. place them in the cutrepordinate system and then merge into one ufigt{@&, 2007;
Blistan and Koziakova, 2008; Timar, 2004; Hlasny, 2@@&jthaml, 2013). For this step, it is essentiablbtain
historically relevant map data with archival resbato have a large-scale digital map for the medgbroblem
or phenomenon available in a computer environnamd, also to know the surveyed landscape on the bési
field research. Only once these basic conditionge H#een met, can the georeferencing be correcteédhem
used for the 2.5 (3D) modelling of historical migiabjects and phenomena (most of which do not &xikty).

We have used the ArcMap and ArcCatalog softwartudited in the ArcGIS 9.1 package to georeference
maps within the geographic information systdorgrii, 2008). The GPS coordinates of selected contraitppi
measured in terrain, were transformed into the JT88&rdinate system using the ConvertCoord apptinati
which is typically used by geodesists to converSG@Bordinates (latitude and longitude) into JTSKrdmnates
required by the GIS data processing software. With step, the underlying maps could be placed th&
correct (real) position.

When creating 2.5 D perspective models, (resp. 3idals) for the reconstruction of historical, defunc
mining objects, technologies, and processes, weepded according to the methodology developed by L.
Hvizdak and M. Molok& under the leadership of prof. P. Rybar at the Faaf Mining, Ecology, Process
Control and Geotechnologies at the Technical Usityerof KoSice (Rybar and Hvizdak, 2009, 2010; Ryba
Hvizdak, Molok&, Hvizdakova, 2010; Hvizddk and Molakd2012; Hvizddk, 2013). A similar issue is also
addressed by KWeis and coll(Weis, Jel&, Bednarik, 2015). The LIDAR technology was notduibecause the
research was aimed especially at the underground.
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A brief history of copper cementation in Smolnik -the first basic steps of research towards computer

reconstruction

The former free royal town of Smolnik lies in theuthern part of the SpiS region (former Spis Coiny
the eastern part of Slovakia. Smolnik used to h¢ gUpper Hungary (until 1918), and one of thesmo
important mining towns in Hungary. According to lsike documents, we know that Smolnik had the second
oldest commercial copper production by cementatiaie world (the first-time copper was obtainethgshe
cementation process was in 1086 in China (Lung6))98

The first written report regarding the productidncementation copper in Smolnik, dated 1346, stiias
the market in KoSice also sold cementation copmen fSmolnik (Juck ed., 1984). It is therefore vigtgly that
the production of copper by cementation began inl8ik sometime during the early 14th century, amiight
well have been in the late 13th century. In a @wttconcluded in 1497 between Matej Turzo, the owihéhe
ironworks in Lev@a, and the chamber count from Smolnik, Jan Donan#l, 1880), it is mentioned that M.
Turzo will supply iron for copper cementation andnping machines.

From the 16th century, we have many records abllmicémentation process in Smolnik, especially the
works of medieval alchemists and naturalists. Theskide, for example, the works of Philippe Themstus
Paracelsus (Paracelsus, 1570), Juraj (Georgiusht#elIln Rebro, 1996), Georgius Agricola (Agrical®46),
Andrej Smoczky (Jesensky, 2009), anonymous encgeldp work from 1600 (Anonymus, 1600), David
Frohlich (Frohlich, 1639), and Luigi Ferdinahtarsigli (Marsigli, 1726).

The oldest surviving drawing of the cementationcess - dating from 1748 - is in the parergon ofGlear
Map of the Mining Works on Spitzenberg (Ostry vitaH) in Smolnik by Jan GaSpar Reitzner and JanoAnt
von Steinberg. The map is deposited at the Slovakng Archive in Banska Stiavnica, in the fund Migi
Office Banska Bystrica, inv. no. 00130.

Two more cartographic documents are important fer tomputer visualisation of cementation water
mining. One is a handwritten map of the Smolniaancher estateTgritorial Plan Uber die zur kggerlich]
koniglichen] Schmdlnizer Kupfer Handlung gehorige privilegirtbeo hungarische Berg Statte Schmdliniz,
Schwadler und Stogsfrom 1774. This cartographic work is stored in ttwlection of maps and pictorial
documents at the National Széchényi Library in B under number TK 1312. The last document isnenm
map of cementation water mining underground fromdhrly 19th century. The map shows water tunneds a
shafts in Spitzen Berg - the largest mining fielidis deposited at the Slovak Mining Archive in B&a
Stiavnica, fund Mining Office Spisska Nova Vesadlection of maps and plans, inv. no. 9470.

The production of cementation copper and thus ctatien water mining reached its peak mid-19th
century. From that period it gradually declineddan 1963 endedSchenk, 1966)The complex history of
cementation water mining and the cementation pages$Smolnik, from the very beginning to the endtaf
19th century, was elaborated in a large manussniply (Hrorkek, Rybar, Jesensky, Hvizdak, 2017).

Background, goals, and computer reconstruction ofementation water mining

The oldest digital 2D visualisations of cementatigater mining in Smolnik can be produced on thasbhas
of a critical evaluation of Marsigli's 1696 map (Mali, 1726). The map, published by L. F. Marsigh
Fodinae Schmelnitzences, is deposited in the MolleCtion of the Moravian Library in Brno (sig. Mel
0003.128,08).

In the centre, the map (Marsigli, 1696) shows ttoss-section of copper mines in Smolnik for undaugd
cementation water mining at Spitzen Berg (Ostrihhitl, 818 m above sea level (ASL). On the rightiicross-
section of RothenbergCérveny vrch hill, 838 m ASL), which due to the nm@rientation (south to north)
actually lies west of Spitzen Berg. In the lefttpafrthe map is a cross-section of a ridge (810 &b )Athat lies
east of Ostry vrch hill. In the map’s top right pera legend describing the map’s individual comgrds. The
main copper ore vein of Smolnik depicted on the foams an imaginary axis of the entire underground.

The largest sources of cementation water weredrutiderground of Spitzen Berg. The author labehésd
mining field as “southern” (de Monte meridionalijive handpumps moved water to the collection d{td¢bu
Kolben), from where it continued to the pond at tletom of an unnamed shaft. This shaft is equippitid a
water-driven pumping machine (Machina, quae attalljuam vitriolatam), and the surface pumping meaehi
above the shaft were powered by a water-driven lukitle raceway (Grund Wasser FL.). If Marsigli isreect in
saying that, despite inaccuracies, the map showadttual technical state of cementation, we caunasshat
the lines leading from the shaft to Smolnicky kré€orna Fl.) symbolically depict a system of sidjacent
cementation drains. The identification of Marsiglihain pumping shaft on the northeast slope oz&piBerg
is rather problematic. Based on the archive researcould be the Fund Schacht shaft or the Kdnigesz
Schacht shaft (SMA BS BKSNV, mining map inv. no58% The map shows three circular wooden shaft tewe
on the ridge of Spitzen Berg, where ore was puliedo the surface and sorted. However, these stefitsot be
identified both due to the inaccuracy of Marsigl'®p and a large number of shafts (in the earlj t8ntury
there were 67 (SMA BS BKBB, mining map inv. no. J)30n the centre of the northern slopes of SpitBeng
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is a tunnel that can be matched (Oral history.rititev with J. Fritch in summer 2014) to the histoKalb
tunnel, which was documented in 1634 (Vlackp®957).

An analogous situation in the underground is alsstwf Spitzen Berg mining field, where there y@ss-
section of the “northern” mining field called Rofde Monte Septentrionali, Roth dicto), and alsothe
underground of the ridge (810 m ASL) between Ostc hill and Stdsky vrch hill (865 m ASL).

Map digitisation and creation of 2D models of undeground spaces for cementation copper mining in
the late 17th century.To obtain historically relevant information fromdoiaps — be it physico-geographic or
mining maps — it is necessarydeoreferencethem in the first step of digitisation and subsaguesearch, i.e.
to accurately place them in the current coordimasigstem. In this step, it is methodically necessardraw on,
for example, the works by G. Timar (Timéar, 2004), Hlasny (Hlasny, 2007), M. Boltiziar and B. Olah
(Boltiziar and Olah, 2009), J. Cajthaml (Cajthag013), M. Klago et al. (Klado, Weis, Gregorova, Anstead,
2014), and other authors.

e

o

Fig. 2, 3. Projection of the georeferenced Mairisiggap from 1696 into a contemporaneous geograpinnap (left) and projection of
the georeferenced Marsigli's map from 1696 intoagitom the first military mapping from 1790 (rigght
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Fig. 4. Projection of the georeferenced Marsigtiiap from 1696 into a 3D Google Earth map. The 2idlehcreates a real and
fairly accurate picture of the position of undergra passages, underground technological faciligesl surface cementation facilities at
the end of the 17th century.

The map is positioned using control points. Thenfmmust be selected in such a way as to minirhise t
deformation of the underlying map position, i.ee thoints must be sufficiently distant, identifiabléth
certainty, and evenly cover the area shown on the. Mwo or three points would be enough for thegtaent,
but the more points there are, the more precisegdioeeferencing. When georeferencing Marsigli's mage
used three control points. The original plan hadrbto identify at least six to eight points, buistlvas not
possible due to age, map content, depiction tedgyolsed, and the preservation of suitable montahes.
The following points were identified: the shafide Cerveny vrch hill Rotenbery and theKalb shaft and the
Jozefshaft at the northern foot of Ostry vrch hi8gitzen Berg Control points must be known points in the
landscape at a given time horizon and present.r Toeation is determined from the current map oediy in
the terrain; then they are matched with a histbrivap and overlapped — georeferenced — in the GIS
environment. These mainly include road junctiongartant buildings, towers, and mining work entescThe
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comprehensive identification of the three pointsMiarsigli's map allowed us to continue with compute
modelling. We can incorporate this modified gearefieed map into the current topographic map andk with

it. The next step was to insert the map into the Gobgle Earth environment using professional graphi
software.

The resulting 2D model enables us to see the Ipasition of the underground spaces for the cementat
water mining, corresponding to the actual positiothe landscape relief cross-section in the |atéh Tentury.
However, in view of historical montanist researtte correct critical evaluation of the model enabike
reconstruction and development of a real, relaiagcurate picture of the position of undergrouadsages,
underground technological facilities, and surfaeenentation facilities, as we did above. The cdness of
these newly-created outputs is confirmed by writerhival documents from later centuries.

Reconstruction of the water management system withithe 2.5 (3D) model of the landscape built in
the late 18th century for the purpose of expandinghe cementation.As we mentioned in the methodology at
the beginning of the study, the first step in drepg 2.5 (3D) model of historical water managenfeatures
created primarily for cementation purposes wasildetdistorical archival research. For spatial otétion and
tracing individual routes in the terrain, histoficaining maps were used. The most important wasap from
the early 19th century showing the Uhorna wateemesr and the still functional Grom water ditchco® was
localised in the terrain using a GPS device Gai@®E Map 62. The measured values on the originit noare
transformed into an underlying map, and the resflthe historical and field research were transférto this
map — a 2D model. So the first step was to crea2® anodel, i.e. to georeference and digitise thesfo-
geographic map of the entire mining area at a sufale10,000, and to record the necessary datas(i|&007;
Cajthaml, 2013; Klagp, Weis, Gregorova, Anstead, 2014). We digitiseddtbasic and key parts of the water
management system. The localisation of the predefatures — the Uhorna reservoir and the southath
northern portal of the Terézia tunnel — was unmoialtic (the Terézia tunnel was localised using & @&vice).
The third most distinctive and now largely non-&xi line element was the reconstruction of then@route.
Into this digital layer, we gradually added othesntane elements that we localised based on hist@@urces
and which, in particular, we identified and targetsing a GPS device during field research. Thé mexelling
step was to transform the 2D model (digital mapd ia 2.5 (3D) model using ArcScene, which is pdrt o
ArcGIS. In this way, a DRM of the montane landscapaund Smolnik was created from the reconstruaifon
the water management system in the late 18th gentur

The original Grom (Graben in German), an undergdosupply canal, started under the Uhorna reservoir
(volume of 189,870 m3), built in 1768, where thedbmtky creek was dammed. From the dam, it continue
through the right side of the Smolnicka valleyngsvarious waterworks (tunnels, bridges). Grom Sagpvater
to several pumping machines at the foot of SpiBerg (Ostry vrch hill), which extracted cementatiwater.
Grom also supplied some water that was pumpedtiainderground to increase the amount of cementati
water. The canal was built in the 1850s to incrahseamount of cementation water in the undergroiling
underground Grom canal was 7.45 km long and 0.5ide vand had a water depth of 0.6 m - it was dug ou
paved, encased with flat stone plates, and evéyntoavered with soil. It is now largely destroyetihe
Smolnicka valley catchment area was insufficientntet the needs of expanding mining operations, was
decided to make a water shaft from the neighbouBysfry creek basin. The digging with two headiegsied
in 1796, and the water tunnel (1,836 m long) wasethafter Empress Maria Theresa (Magula, 1977).

& /) 4 N N =5
Fig. 5. Digital 3D model of the landscape in theinity of Smolnik in Smolnicka valley, which shéwesoric, now defunct tunnels
and shafts, as well as the reconstructions of thma& water-management structures as per the latke dentury. Today’s Uhorna water
reservoir (no. 1) and Trezianska tunnel (no. 2)e fiodel also includes a reconstructed route of3h@m raceway (shown with a distinctive
red line), which started under Uhorna reservoir arahtinued through the right side of Smolnickaexatb the northeast slope of Ostry hill.
View from the southwest.
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Virtual reconstruction of the defunct underground spaces and adjacent surface situation during
cementation water mining in the area of Jozef shafh the early 19th century using 2.5 (3D) modellingvas
carried out on the basis of old mining maps, whiepresented the peak of medieval and early-modexn e
cartography and provided accurate views of mineetgrund. The underground floor plan and side views
allow, after a critical historical-montane assessinty a computer technician, the creation of 3D et®dvithin
the displayed time horizon. Using control pointse tmaps can be placed into modern maps to examine
the history of mining, and sometimes even to fildl ditherto unknown mining works, such as minetalsy
shafts, and tunnels. In this way, we also procefisadhap of old cementation water mining areasmol8ik. A
2.5 (3D) spatial mine model was created to provides presentation opportunities - the mining work t@
seen from either side and from the surface to gepdst places.

The methodical procedure for creating a 2.5 (3Ddehmf the underground mining at Ostry vrch hill
(Spitzen Berpin Smolnik was carried out according to the mdthogy practically used for the first time by P.
Rybar and L. Hvizdak (Rybar and Hvizdak, 2009):

The ground plan was georeferenced on the basiertfed relics of old shafts and subsequently plaicéo
current maps — geographic coordinates were assigpnth@ old mine works. The exact scale of thero&p was
determined, which, according to the analysis antversion of two graphical scales in fathoms andensetwas
set at 2.07 m of one graphical scale unit. Drawing scales on the map enabled us to work with grestision.

With the ArcGIS software, the individual mining mons (water tunnels) were digitised, and eachzoori
was assigned one layer.

By side view analysis, the individual layers wessigned altitudes, giving the digitised model thiect
dimension and creating a 2.5 (3D) model from thenZidiel.

The next step was the modelling of vertical workshafts, where they were defined as line objecth wi
two altitude values for their endpoints.

Similarly, obliquely inclined line works were deéid in the software, e.g. corridors supplying cezgorm
water from the walls of the underground massif, rghthe endpoints were assigned different altituaied
locations.

This was followed by colour differentiation of thedividual parts of the mining work and their size
definition so that the model was representativemdimaximum informative value.

In the next step, the entire underground model evabedded in a digital relief model (DMR), creating
real underground view in the early™@entury. Based on field research, we know thatuthéerground is
currently caved in and flooded with undergroundemaivhich makes it inaccessible.

The last step was the modelling of surface techrobgects on the Jozef shaft that ensured the whole
process of cementation — from mining to sedimemain ditches. We created the objects based om thei
preserved drawings in old maps.

Fig. 6. Digital 2.5 (3D) model showing the miniagderground of Spitzenberg hill in mid-18th cent{Weis, Bednarik, Masny,
2016).

In the area of Smolnik under Spitzen Berg, accgrdiina mining map (Slovak Mining Archive in Banska

Stiavnica, fund Mining Office Banska Bystrica, imw. 00130) dated 1748, 11,869 m of horizontalidors
were dug, amounting to 169 identifiable tunnelsiore horizonsThe longest tunnel - ca. 4,480 m - ran between
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the Obere Rottenberger Wasser Kunst shaft in tist twethe middle between the Jacobi and Kiss sleafs of
the deposit. As it almost reached under the whelgodit, it probably also served as a drainage eargsport
tunnel. On the map, it is marked in red and wasliktgveen 460 m ASL in the west and 484 m ASL efa#te
deposit. The total length of the vertical mines, shafts, is 5,053 m, representing 91 identifiadblafts. The
deepest shafts are Ertl (183.5 m) and Ferdinandiified length of 178.2 m, depth of 177 m) in tlasteof the
deposit (Weis, Bednarik, Masny, 2016).

Fig. 7. Mine map from the early 19th century shrapthe underground for cementation water mininghmining field in Ostry vrch
hill (Spitzen Berg) (Slovak Mining Archive Banskia®ica).

Fig. 8. Digital 2.5 (3D) model showing the undergnd for cementation water mining and surface ceatiem facilities at the Jozef
shaft in the early 19th century. View from the hort
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karia

Magdalera

Fig. 9. A complex 2.5 (3D) model of the underground mininder Spitzen Berg in the middle of the 18th centiigureabove
edited by Weis, Bednarik, Masny 2016) and 2.5 ¢&Bgel of the new "cementation corridors" drivinglie middle of the 19th century
between shafts Elisabeth, Fund, Josephi a Johatigaffigure below)View from the north.

Conclusion

When researching the history of mining and theteelaechnological processes (digging of underground
tunnels, transport, mining water pumping, constamciof technical facilities, etc.), the basic mathtmgical
process is always archival research combined \étlctitical analysis of written and pictorial histal sources.
Based on this data, an expert in history, or hystifr montanism and technical sciences, can reamtsthe
history of the surveyed historical, currently defuand often forgotten, mining phenomena. Thesenads are
necessary for the further expansion of historieakarch, which is now computer modelling. In madgland
subsequent visualisation of surveyed mining phemamit is necessary to digitise historically cotremterials,
because only such digitisation process can guardhét the correct results of outputs are achieved.

The outputs created by the presented methodologicgkdures in the form of 2D and 3D models provide
new and very accurate historical information abalbiects, phenomena, technological processes, amousa
structures. New historical information that we @aturately measure in models (e.g. areas, volulmegths,
depths, etc.) or obtain by critical analysis (exigual appearance in the landscape, functionaliyy;can also
model period situations — slope ratios, anglesolination, pile size, communication, undergroupdce size,
invisible historical forces, and relationships ive tcountry and society that formed it, etc.), carbefound in
any archival documents - it can only be obtaineth wie appropriate computer modelling. The qualitynput
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information for modelling in a computer environmésta basic and determining factor in the creatibnew,
relevant, and unique historical information.
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