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Abstract

Prometheus Cave
Water Dynamics
e Rainwater enters the cave relatively quickly at several places therefore guided cave
tours should be stopped during strong and long lasting storms
e Water at the lower part of the cave runs as a small brook with a few litres per second
(low flow first week of March 2014) up to approximately 1 cubic meter per second
during strong floods
¢ During low water flow in March the microbiological contamination is high and in
agreement with traces of artificial sweeteners and corrosion inhibitorsindicating inflow
of domestic waste water into the cave
e The recharge area of the cave waters should be mapped and waste water treatment of
houses and farms in this area should be managed and monitored.

Speleometeorological Dynamics

A general summary of the situation in the Prometheus cave, based on the data already
available and on experience from other comparable caves is as follows:

The overall status of the speleometeorological parameters at the given time-interval of
investigation (March 2014) can be regarded as quite good with respect to the cave
environment and the safety of the visitors. There was no significant enrichment of CO,, which
is mainly due to the natural ventilation, but certainly also due to the early season.

During the summertime CO, will increase due to natural causes (increased soil activity plus
thermodynamic barrier against the outside air increases the influx of CO, into the cave
through fissures) as well as due to the increased number of visitors. However, the
diminishing, but most likely still existing ventilation will limit it to values that cause no
significant threat to the environment and to the visitors. The result of these opposing effects is
also documented by a slightly higher content of radon in the Prometheus Cave during the
summer months (Vaupotic et al. 2012).

Nevertheless - to remain on the safe side —a modelling of the CO, development under
changed boundary conditions was performed, with pessimistic boundary conditions and
assumptions as well as a more realistic scenario. Taking also research and experiences in
other show caves into account, a serious threat to both visitors and the caves is unlikely as
long as some simple precautions are taken during the touristic peak season and high outside
temperatures.

Inour opinion the natural air movement, which could be enhanced by opening doors
for two to three hours during the evening hours or during night time (depending on the
necessary safety measures) in the summer season, should be sufficient to stay on the safe side.
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The inflow of outside air (the relative humidity of which is lower than the cave air) is no
threat to the cave atmosphere or the speleothems during the summer season because its
relative humidity will increase due to lower water saturation of colder air.

A simple and reliable tool to measure the CO, content of the air during the peak season could
be DRAEGER diffusion tubes (we used that during our measurements in Marchin addition to
direct measurements) for longer measuring periods (> 12 hours) or simple CO,-monitors for
instant measurements. A continuous and much more expensive CO,-online-measurement
equipment is not essential.

Electric cave lighting

In the Prometheus cave sophisticated cave lighting has been installed. Whereas the
position of the lighting elements causes no trouble, the lighting colours do, at least in part.

Looking at the wavelengths of optimal lampenflora growth (Fig. 1) — due to the
absorption of special wavelength of light — and the spectrum of different LEDs, one can see
that especially blue colours and, to a certain degree, red colours should be avoided to reduce
at least the growth of mosses and green algae. Blue green algae (being bacteria in fact) cannot
be restrained much in that way but cause less trouble than the other kind of lampenflora.
White LED is close to the critical wavelengths too, but are acceptable as long as the light
intensity close to the lamps is not too high. Simple devices like light shades might be helpful
in this case.

We propose especially to avoid blue colours entirely and reduce the red ones to a
minimum.
Besides that any reduction of overall lighting times (turning off the lights in sections not
visited at the moment would be most effective) would help to reduce the lampenflora, which
appears to be a more serious threat to the cave environment and the speleothems than the
visitors are.
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Figure 1 Light spectra of Chlorophyll A and B and spectra of different LED colours. Blue =
blau, white = weiss, green = griin, yellow = gelb, orange = orange, red = rot, from Pavuza,
Mais &Cech (2002).
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Sataplia Cave

Only a reconnaissance investigation was performed on the water flow and the cave
climate of the Sataplia Cave. At the director’s option no water flow monitoring was installed.
Nevertheless, a few preliminary findings are documented here.

Water Dynamics

® Due to the higher altitude and the smaller recharge area the water flow in the cave was
significantly cooler (8.5° C) and the flow much lower (1.5 L/s)than in the Prometheus
Cave during the first week of March 2014.

¢ Due to volcanic rocks in addition to karstified carbonate rocks in the recharge area the
water composition is less mineralised, but more enriched in magnesium (Mg), sodium
(Na), iron (Fe), aluminium (Al) and silica (Si) compared to the one in the Prometheus
cave.

¢ The microbiological contamination was also high in March 2014, but no indicator for
domestic waste water could be found. Therefore the microbiological indicators should
be monitored over one year to clarify, if the contamination comes from animals living
in the recharge area or has other sources.

Speleometeorological Dynamics

Most probably due to the adjacent volcanic rocks, which are also abundant as allochthonous
cave sediments in the Sataplia Cave, the gamma-radiation was significantly higher than in the
Prometheus Cave (124 against 71 nSv/h — outside values ~ 130 nSv/h). Unfortunately — as all
devices had to be used in the Prometheus — we had only the possibility to measure radon
daughter products (EEC — Equilibrium Equivalent Concentration = radon-222 progeny
concentration) once. The results, being significantly lower than in the Prometheus Cave, point
towards a more active ventilation in this cave at least at the time of the measurements.

Introduction

The Imereti Caves Protected Areas include a number of caves in Tskaltubo, Terjola,
Tkibuli and Khoni districts. Each of the cavies culturally rich, unique and interesting for its
characteristics.

Prometheus Cave, located close to the village Kumistavi 20 km north of Kutaisi, in
Tskaltubo district (Figure 2), is 20,000 meters in length; however, the tourist pedestrian path
is only 1,420 meters. The temperature inside at any time of the year is 14-17°C degrees, the
water temperature is 13-14°C and humidity is 97-98%, while the oxygen content in the air is
21%.
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Figure 2Survey map of the investigated area

Prometheus Cave was discovered in 1983 by the Vakhushti Bagrationi’s university
team, led by Jumber Jishkariani. In 2011, the cave was visited by 70,331 visitors in total
(Georgia today, 2013).Within a short time work was carried out in the 1,060m section of the
main cave (Attraction Highway); concrete paths were constructed, bridge-flyovers were built,
viewing platforms were prepared and an additional tunnel was cut to facilitate discharge of
the cave water flows (Tsikarishvili et al. 2010).

Sataplia Cave is located in Sataplia Nature Reserve, which has a size of 354ha and is
located 10km north of Kutaisi (Figure 2). The nature reservelies on the extinct volcano Mt.
Sataplia (494m asl). Sataplia Cave was first discovered in 1925. The show path is 309m long;
the temperature inside the cave is 12-13°C; the cave receives around 90,000 visitors/per
year).A few hundred metres from the cave entrance are footprints of dinosaurs: about 200
footprints have been located, found in two different layers of the Cretaceous limestones (first
discovered 1933). The 30cm long footprints of the lower layer belong to an unknown
predator; the 48cm long footprints of the upper layer to an ornitopod herbivore
(http://www.showcaves.com/english/ge/showcaves/Sataplia.html).

The investigations which is the subject of this report were performed in the framework
of the EU Twinning project (GE12/ENP-PCA/EN/14) Strengthening Management of
Protected Areas of Georgia”. One of the project’s tasks is to elaborate a management plan for
Imereti Caves Protected Areas. The quantification of the water dynamic and the
speleometeorological conditions in Prometheus Cave and Sataplia Cave were selected as
special topics for further investigation during a preliminary visit in 2013.

Hydrogeology
Tskhaltubo artesian basin of porous, fracture, fracture -karst and karst waters covers
mainly the Lower Imereti plain and its adjacent Samgurali ridge. The mentioned district is
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composed by Mesozoic-Cenozoic sediments forming wide folds in a flat part and is uplifting
to the north-east on the Samgurali ridge. The Cretaceous, Paleogene and Neogene strata
compose Lower Imereti syncline, which is sandwiched between the northern ridges of Adjara-
Imereti Range and the southern foot of Samegreloanticlinal ridge.

Here, as well as in serrounding areas, there is well traced the main artesian horizons:
Lower Cretaceous limestones, Upper Cretaceous and Paleogene limestones and Quaternary
sand and gravel deposits.

The Lower Cretaceous limestone aquifer contains pressured fracture and fracture-karst
groundwater. The biggest deposit of these waters are in Tskhaltubo area, which are weakly
radioactive. The outputs of these waters are confined to the gentle anticlinal fold. Here, under
the slight layer of Quaternary sands and clays deposited marls of Aptian stage, and under
them thick aquifers of Valanginian-Barremian limestones. Chemically Tskhaltubo water is
very close to the pressured waters of Lower Cretaceous limestone horizon, developed in the
artesian basins in Western Georgia. Their distinguishing features are the radioactivity and the
high debit (200-220 1/ s). The gas composition is dominated by atmospheric nitrogen.

Climate

Long term data of the Kutaisi meteorological station show a mean temperature of 13.5
°C and an annual precipitation of 1322 mm. The amount of the mean monthly precipitation is
lowest in spring and summer months. In January and March 2014 the monthly precipitation
was with more than 160mm particular high (Figure 3).
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Figure 3Monthly precipitation sum 2014 compared to mean precipitation (http://en.climate-
data.org/location/2079/_140924) compared to mean temperature of the Kutaisi
meteorological station (156 m altitude).

120 -

F 15
100 -

80 -
F 10

Monthly precipitation (mm)
(2,) @amesadway Ajyauow uespy

60 -

40 -

20 -

0 - 0

Jun Jul Aug Sep Oct Nov Dec

Methods

Rain collectors (Palmex Corp.) with minimized evaporation (Groning et al. 2013) for
daily or monthly measurements by means of a measuring cylinder were installed close to the
visitor centres of the Prometheus and Sataplia caves in March 2014 (Figure 4).

The discharge of the brooks in the caves was measured in the Prometheus Cave by a
combination of a water level gauge board and a capitance water level recorder (Odyssee
Corp.) (Figure 5). The discharge measurements were calibrated by salt dilution measurements
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(Hudson & Fraser 2005). Discharge in the Sataplia Cave was measured by a beaker and stop
watch.

All stable isotope samples of the precipitation and cave brooks were analysed by laser-
spectroscopy (CRDS — System, Types L.1102-i Picarro) at the University of Vienna.

7k i S
= Pk
Figure 4Palmex rain collector (2014/2240
GW84: 42.60105°E 42,37688°N 180m) installed
next to the visitor centre of Prometheus Cave
©Foto: M. Kralik

For all the samples water temperature, conductivity and pH (WTW Multiline P4-
meter) was measured after calibration in the field. The major ions, the trace elements and the
microbiological parameters were measured at the Austrian Institute of Technology.

Dissolved silica was analysed at the Museum of Natural History Vienna (colorimetric,
with SQ300 Photometer/Merck). Selected organic tracers as indicators for domestic waste
water were measured by the Environmental Agency Austria by a combination of gas-
chromatography and mass-spectrometry.

Radon and EEC was measured with Doseman/DosemanPro (Sarad, Dresden),
SunNuclear 1028 Continuous Radon Monitor) and Kodalpha Dosimeters (GT-Analytic,
Lambesc, France), and CO, with Diffusion Tubes (Draeger) and AirCO,ontrol 3000
(Dostmann), Gamma Radiation by GMZ-dosimeters, temperature by Data-Loggers
(Testo174) and calibrated electronic thermometers. Radon (Rn) in water was determined in
Vienna (Radim 3-W; SMM Prague) and empirically back calculated to the field value.

Results
Water Dynamics

Discharge measurements
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After installation of the water level gauge board and the capitance water level recorder
in the Prometheus Cave (Figure 5) the discharge of the brook were measured in the range of
12 — 138 L/s several times in March and April by the salt dilution method (Table 1).

Table 1 Salt dilution measurements of discharge of the brook in the Prometheus Cave

Date NaC | Wat | EC' | Wat | Dis | Velo
Sampling site l er us er charg | -city
kg Tem ' cm” |Leve |e m/s
p. l Ls™
°C m

Prometheus Cave

Grove of Aresi bridge at 955 m | 4.3.2014 0.5 132 | 354 4.5

16:15 15 0.08
Grove of Aresi bridge at 955 m | 5.3.2014 0.5 132 | 358 35

14:00 14 0.07
Grove of Aresi bridge at 955 m | 7.3.2014 0.5 13.2 | 355 35

13:30 12 0.08
Grove of Aresi bridge at 955 m | 2.4.2014 0.5 13.1 | 249 19

12:00 138

"EC: Electric Conductivity;
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Water Level recorded in the brook in the Prometheus Cave at 955 m (between sites 8/9 in
Figure 6) shows several quick water level changes (up to 1.25 m in ca. 10h) during March 2014
(Figure 7). An earlier installed water level recorder at site 1 (ca. 800 m, Figure8) shows similar
rapid changes in water level from summer 2012 till March 2014. The water temperature varies
between winter and summer in the range of 12.9 to 13.7°C. During rapid level changes the water
temperature changes about 0.1-0.2°C in winter down to 12.7°C and in summer up to 13.9°C.
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The precipitation next to the Prometheus visitor centre, and the waters of the Prometheus,
Sataplia and Opichum Cave (small cave close to the Prometheus Cave) were analysed for water
temperature, electric conductivity (EC), pH, oxygen-18 and hydrogen-2 composition (Table 2). The
water temperature in the Sataplia Cave (ca. 400 m asl) is significantly lower than in the Prometheus
(ca. 150 m asl) and Opichum Caves due to the higher altitude. The electrical conductivity of the
water in the Sataplia Cave is significantly lower than in the Prometheus Cave due to the mixture of
volcanic and carbonate rocks.

Table 2 Oxygen-18 ('°0) and deuterium (°H) values in the waters of Prometheus and Sataplia Cave

Sampling site Date Dis Wat | EC' |pH |0%0 |o°H

charg | er uS SMO | SMO

e Tem | cm™ W %o | W %o

Ls™ p.

°C
Prometheus Cave
Precipitation next to visitor | 3.3.2014
center” 14:53-
1.4.2014
12:00 -9.75 | -65.8

No.4 Quick dripping sword | 3.3.2014 8.1
like stalagmite 14:00 0.004 | 153 | 467 |3 -9.77 | -64.5
No.1 Siphon with groundwater | 3.3.2014 10 7.3
at 850 m 14:00 133 [361 |0 -10.15 | -65.8
No.1 Siphon with groundwater | 8.3.2014 10 74
at 850 m 09:15 133 1360 |5 -9.98 | -65.5
No.8 Grove of Aresi brook 7m | 3.3.2014 7.4
away from footpath 16:30 10 133 [361 |0 -9.54 |-62.5
No.9 Water at the start of boat | 3.3.2014 7.5
exit 16:45 133 [365 |2 -10.10 | -65.9
Well next to Visitor Centre 100 | 7.3.2014 7.5
m depth 16:00 143 467 |5 -9.98 |-654
Sataplia Cave
Right of footpath just before | 6.3.2014 7.8
exit 14:30 1.5 9.6 256 |6 -10.35 | -68.1
Right of footpath just before | 8.3.2014 8.0
exit 10:10 1.5 89 265 |3 -10.39 | -67.4
Opichum Cave
Small spring left of cave | 5.3.2014 7.2 1-9.86 |-65.0
entrance 17:00 2.5 142 | 545 |6

'EC: Electric Conductivity; “Palmex rain collector No. 2240 GW84: 42.60105°E 42,37688°N 180m
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(6 m) and Tbhilisi (490 m) station.

The delta oxygen-18 and hydrogen-2 values of the waters of the Prometheus Cave vary
between 0 -10,2 [1 -9,5 %o and -68,1 [1 -62,4 %o. Significantly, one water sample in the brook in
the Grove of Aresi (Table 2 and Figure 9) is different. The mean precipitation of March and the
spring water of the Opichum Cave have similar values.

The water samples of the Sataplia Cave show lower 8 '*0 (-10.39 to -10.34 %o and & *H (-68.1to -
67.4 %o) values due to their higher altitude.

Table 3 Chemistry and microbiology of two water samples from the Prometheus and Sataplia Cave

Parameter | Concen | Promethe | Sataplia
0y - us Cave Cave
trations
No. No. 1 SC
Siphon
Sampling with just right
site groundwat of exit
er at 850
m
Sampling 08.03.14 08.03.14
date 09:10 10:10
Discharge | (L/s) 12.0 1.5
slightly slightly
brown/ brown/
Color
susp. susp.
matter matter
smell no no
Water o
Temp. “0O 13.3 8.9
EC® (25°) g“S/ “M 1360 265
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pH 7.45 8.03
Ca (mg/l) | 69.2 453
Mg (mg/l) |97 10.5
Na (mg/) 1.70 4.30
K (mg/l) | 0.50 0.50
HCO; (mg/) 259.1 190.3
SO, (mg/l) |42 4.9
Cl (mg/l) |14 1.6
NO; (mg/l) |44 4.4
Sum (mg/) 350.2 261.8
Cations | ™Mol 14337 3.323
(eq)/1
Anions | ™mol 1y 44y 3.339
(eq)/1
g‘;ﬁ [%] 25 0.5
Ca/Mg 7.13 4.31
Na/Cl 1.21 2.69
Na/K 3.40 8.60
Si0,’ (mg/) | 4.0 113
PO, (mg/) <0.5 <0.5
Fe (mg/) | 0.05 0.11
Mn (mg/l) | <0.001 0,001
Zn (ug/h) <50 <50
Cu (ug/h) | <10 <10
Al (mg/l) | 0.08 0.14
F (mg/) | <05 <0.5
Cd (ug/) | <l <1
Cr (ug/L) | <5 <5
Li (ug/h) | <5 <5
Mo (ug/L) | <5 <5
Ni (ug/h) | <5 <5
Pb (ug/) | <2 <2
KBE 22°C ﬁl‘fl'/ 11880 1600
KBE 37°C QII‘Z'/ 11220 120
Escherlchla Anz./10 100 A4
coli 0O ml
coliforme Anz./10
Bakterien 0 ml 100 108
Entero- Anz./10
kokken 0 ml >0 45
Pseudomon Anz/10
as 2 0
. 0 ml
acruginosa

' Analyst: Aqua Test, Austrian Institute of Technology; * Analyst: R. Pavuza; * EC: Electric
Conductivity.

The main ion composition of the water samples of the brooks in the Prometheus and Sataplia
Cave is very similar to common karst water composition (e.g. the mean of Austrian karst springs).
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The water of the Sataplia Cave is significantly lower in the ion sum but higher in magnesium (Mg),
sodium (Na), iron (Fe), aluminium (Al) and silica (Si) (Table 3 and Figure 10).

Both water samples show a high concentration of specific cultivatable bacteria (e.g. Escherichia
coli) indicating impacts of excretion mammals or human beings.

From the same brooks analyses were made of a set of waste water indicators which
frequently occur in waste water of modern households (Table 4): Artificial sugars (acesulfam,
sucralose), corrosion inhibitors (1H-benzotriazole and tolyltriazole) and pharmaceuticals (e.g.
carbamazepine, sotalol, metoprolol).Acesulfam and 1H-benzotriazole were detected in the brook
water of the Prometheus Cave, whereas in the brook waters of the Sataplia Cave all these indicators

Major lons Piper - Furtak ©Karst Springs Austria

Diagram

OPrometheus Cave

®Sataplia Cave

Calcium + Magnesium

Ca Na+K HCO, Cl

are below detection limits.

Table 4 Waste water indicator test of brook waters in the caves

Sampling site | Date Ace- | Sucr | Tolyl- | Carba | 1H- Sota | Met | CBZ
sulfa | a- triazol | ma- Benzo | - o- -
m lose |e zepine | - lol Prol | DiO
triazol ol H
ng/L | ng/L | ng/L | ng/L e ng/L
ng/L ng/L | ng/L
Praomethenc 27014 20 P P <0 S 1R0 Pa) DS | D
Qatanlia Byit 132014 NS |5 <5 <05 <5 p) DS |
Detection 28 5 S 0 S S 2 218 9)
Limit of 5 10 10 1 10 4 5 4

Analyst: Kulcsar & Schuster, Environment Agency Austria

Measurements of speleometeorological parameters

Between March 3rd and 82014 single and continuous measurements of temperature, radon,
radon daughter products (EEC), gamma-radioactivity, CO,, relative humidity, air pressure and air
velocity wereconducted at different sites in the Prometheus Cave (see Figure6).
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The outside temperature and humidity (Figurel1) was primarily measured to check whether lower
night temperatures do have an influence on the air movement in the cave. It turned out that during

temperature [°C], rH [%]

Air temperature and relative humidity outside the
(lower) exit of Promcetheus Cave (2014)

80.0

70.0

60.0

50.0

40.0

20.0

20.0

10.0 1=

33.1

the night hours the outside temperature dropped below the cave temperature and a reverse air
movement (from the boat exit into the cave) developed, characterised by sharp drops of air

temperatures at the very s
exit (Figure 12).

ensitive measuring device in the Amphitheatre Hall, adjacent to the boat

This night-time inflow of comparatively cold and therefore more humid air (relative
humidity 60-80 %)into the cave became more saturated (most probably up to ~ 100 %) by passing
over the water body in the boat passage. Therefore, this does not have any effect on the relative
humidity (which is usually close to 100 %) in the cave.

It further turned out that in the Amphitheatre Hall the air movement — and therefore the influence of

temperature [°C]

Air temperature in Amphitheatre Hall., Prometheus Cave
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Figure 12 High precision measurement of air temperature at different heights in the

Prometheus Cave
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the inflowing air during the night — was higher in the lower part of this big chamber. The average
temperature increased in the upper part, but stayed more constant (the standard deviation decreases,
see Figure 12). As the correlation is nearly linear, a slow and non-turbulent air flow is most likely.
Investigating the average temperatures of the period March3™ to 7th2014 of different points
within the cave a striking decrease near the emergence (“spring”) of the cave brook(between points
7 and 8, see Figure6) can be observed (Figure 13).The lower temperature of the brook water (ca. 1
degree lower than the air temperature at the higher parts of the cave) yields a significantly cooling
of the cave air. The stratification of air within the cave complex (colder air below warmer air in the
cave and much warmer air outside) results in a stronger air flow during the day. The pedestrian exit

CO, (ppm) Evidence of interaction between cave water (brook) and cave air
800
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> |
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Figure 13 Average radon activity and CO, contents in the Prometheus Cave (March 2014)

tunnel on the other hand — entirely isolated from the cooler cave brook and lake — shows a similar
temperature average as the higher parts of the cave.

Taking average CO; values (ppm) as well as 222Rn activities (Bq/m3) into account (Figure 14), one
can see an increase of both parameters along the path from the upper entrance to the lower exit.
This relation is disturbed again — like the air temperature, see above — close to the inflow of the
brook water (“spring”) into the cave. This water yields 2 Bg/m’ (which is slightly radon-
oversaturated with respect to the cave air), leading to an abrupt increase of **Rn in the cave air at
this point and implying that in the remaining part of the cave the cave brook dominates the
behaviour of ***Rn in air.
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This is most significant near the beginning of the boat exit, where a radon-datalogger has been

placed during the measuring period (Figure 15).
(avg.) air temperature (°C) Average temperatures (3.3.14 - 7.3.14) in the Prometheus Cave
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Figure 14 Average values of air temperatures at different sites in the Prometheus Cave
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In contrast to the temperature, radon did not generally indicate the inflow of air during the night
hours in the Amphitheatre Hall near the boat ramp (Figure 16): usually radon is much more

222 3
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sensitive to air movements than the air temperature and low values of **’Rn should arise therefore
during the night hours.

This is not the case in this part of the Prometheus Cave, leading to the conclusion that the
Rn activity in the cave air is almost entirely influenced by the radon - degassing of the lake as the
cave brook — feeding the lake — showed a slightly elevated radon-222 activity with respect to the
cave air. The distinct decrease of radon, starting in the morning hours of March 6™ (Figure 16), on
the other hand, shows the limits of the degassing process: during that particular night the inflow of
air was more significant than in the previous nights (Figurell), the increased volume of inflowing
air more than offset the effect of radon-degassing — which diminishes along the flow path anyway.

No fast air pressure variations — which usually lead to abrupt alterations of Rn-values - could

be observed during the measurement period (Figurel?7), indicating that the variation of outside
temperatures was the driving force for air movements and variations of temperature and radon in
the Prometheus Cave.

222

Discussion

Water Dynamics and Water Quality of the Prometheus Cave

Water enters in the upper part of the cave (until up to 800 m, site 1 Figure 6) at a very small
rates as dripping stalagmites. At the site 1 (800m) water flows via a siphon at dry periods at a rate
of several litres per second. During strong and longer rain storms the water discharge rate in the
brook seems to rise over the period of hours up to several hundreds of litres per second (Table 1;
Figure 7-8).

The similar & '®O values of the precipitation of March and the brook water in the cave
indicate that both are from precipitation of the winter half-year (Oct. — Mar.)and lower than the
weighted yearly mean of Batumi (Figure 9). However, the water sample in the brook in the Grove
of Aresi with a @ '®0 values of -9.54 %o is significantly different to the rest of the brook water
samples (-9.98 [1 - -10.15 %o) indicating at least two major infiltration areas of the brook water.
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The major ion composition is characteristic for karst water in contact with a dolomitic
limestone with no obvious contamination. However, the microbiological analyses indicate a certain
contamination by humans or mammals. The artificial sweetener acesulfam and the corrosion
inhibitor 1H-benzotriazole support the assumption that some domestic waste water enters the
Prometheus cave. Microbiological contamination and waste water may have a negative effect on the
stalagmites and the ecological habitat of the cave. Due to the low flow (12-14L/s) during sampling
the concentrations may be higher than normal, but during summer time the concentration could be
influenced by a large number of visitors as well.

Air Dynamics of the Prometheus Cave

Prometheus Cave is a moderately ventilated cave, showing increased CO, and Rn with respect to
the outside air and slightly elevated radon daughter products (EEC; Equilibrium factor > 0.5). These
values are comparable to many other show caves (including some in Austria). At the time of the

T[°C], Temperature and absolute (relative units, uncorrected)
pressure et Amphitheatre Hall, Prometheus Cave {2014)
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investigation (March) the air movement was certainly higher than it usually is during the summer
months due to lower outside temperatures in spring time. Therefore an increase of both parameters
(CO; and Rn) is likely. However earlier measurements as well as modelling tests indicate that the
values still stay in ranges that are not dangerous to visitors, staff and the cave environment. The
radon content seems to be influenced by the ventilation and the degassing of the brook water in the
cave. Additional measurements at times of very high and very low outside temperatures might
enhance the validity of these conclusions.

Modelling approach for summer high-season CO; in the Prometheus Cave air

In order to evaluate the influence of visitors to the CO, content of the Prometheus Cave some
measurements, published and unpublished data and — in general — very pessimistic assumptions
(“worst case scenario”) were used for a modelling procedure:

Air volume of the cave: length 1000 m, average cross section 50 m*> minimum cave air volume 50
000 m3
Air flow (summer high season): none (4/2014: 1 — 2 m3/h near the upper entrance)
Average CO; content of exhalated respiratory air: 40 000 ppm (wikipedia)
Average CO, content of cave air before opening: 2 000 ppm 4/2014 max. 750 ppm

572013 avg. 1100 ppm (unpubl. Czech data)

6/2013 avg. 1600 ppm (unpubl. Czech data)

11/2013 avg. 800 ppm (unpubl. Czech data)

Respiratory volume per visitor (strong breathing): 6 m3/hour
(www.msporting.com/planung/4_2_2%20Athem.htm)
Lenght of stay per visitor: 1 hour

A second modelling was done with a “most probable scenario” data (cave air volume 70 000
m’, respiratory volume per visitor 3 m*/h, but still assuming no airflow within the cave.

Finally a single point modelling for an airflow value of 1 m’/s, taking 8 hours of guided
tours into account was done too (Figure 18).

This brief modelling with some pessimistic assumptions yields maximum CO, contents of
some 5,000 ppm assuming that there is no airflow even with doors open, which is not likely. The
measured airflow during springtime of 1-2 m’® per second (even with closed doors) would enable an
air exchange to a large extent e.g. during the late evening. Anyway, 5,000 ppm would not cause a
danger to visitors (5,000 ppm is the maximum CO, concentration for working space in Austria and
Germany — for an average 8 hours working day).

In some Austrian show caves — like Eisensteinhohle (Lower Austria) and Grasslhohle
(Styria) - these values are exceeded during the summer season.In show caves in Western Australia
COyvaluesare getting sometimes much higher and visitors may have some breathing problems. This
will not happen even at pessimistic 5,000 ppm in the Prometheus Cave.

Concerning the potential corrosion of speleothems there is barely any data available apart
from empirical observations at the Austrian caves mentioned above, where no significant corrosion
could be observed even at rates well above 5,000 ppm. Nevertheless Dragovic&Grose (1990) used a
“limestone corrosion threshold” of 2,400 ppm for their evaluations in the Jenolan Caves (Australia).
For the example of Prometheus cave — using the pessimistic assumptions again — this would mean
that the threshold would be reached at a level of already 100 visitors per day. Taking into account
that the visitors do not show up in one large group and that values drop during the night when no
tours are conducted, this value will be reached only at higher visitor rates — still assuming that there
is no air movement at all. The “most probable scenario” however would enable at least 300 persons
per day to reach that value of 2,400 ppm, still assuming no airflow (which would decrease the CO»
value).

Furthermore, as the solubility of CO, in H,O decreases with temperature (in the order of 5 %
per degree centigrade) , speleothems in colder caves with an elevated amount of CO, (e.g. at higher
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altitudes in alpine environments) are more endangered than those in temperate caves like
Prometheus.

Inour opinion the natural air movement, which could be enhanced by opening doors for two
to three hours during the evening hours or during night time (depending on the necessary safety
measures) in the summer season, should be sufficient to stay on the safe side. The inflow of outside
air (the relative humidity of which is lower than the cave air) is no threat to the cave atmosphere or
the speleothems during the summer season because its relative humidity will increase due to lower
water saturation of colder air.

Figure 19 shows that the cave air (e.g. 12°C with rH close to 100 % corresponds with an outside air
of 30° C and a rH of ~ 35 % - both bearing the same amount of water vapour (~ 10 g/m3)
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A simple and reliable tool to measure the CO, content of the air during the peak season
could be DRAEGER diffusion tubes (we used this instrument during our measurements in March
additionally to direct measurements) for longer measuring periods (> 12 hours) or simple CO»-
monitors. A continuous and expensive CO, online-measurement equipment is not necessary from
our point of view.

Water Dynamics and Water Quality of the Sataplia Cave

A small brook enters the cave just north of the exit and only small amounts of water in form
of few dripping stalagmites is added. The small discharge of about 1.5 L/s below the entrance of the
cave was about the same as that entering the cave next to the exit. The dynamic of the discharge
during the rest of the year is unknown and not recorded.

The & '®O values of the brook water are about 0.37 %o lower than in the Prometheus cave.
Due to the altitude difference of about 200 m a decrease of about 0.19 %o per 100 m altitude
increase is in the range of international reported values.
The lower electric conductivity and ion sum as well as the higher concentrations in magnesium
(Mg), sodium (Na), iron (Fe), aluminium (Al) and silica (Si) are the result of the occurrence of
volcanic rocks in large parts of the recharge area.

The major ion composition of the brook water shows no sign of contamination and all
indicators of domestic waste water (Table 4) are below detection limits, but the microbiological
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analysis shows high concentration of cultivatable bacteria. The source of these high values is
unknown and should be studied in more detail.
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Appendix
Compilation of single air parameter measurements in the Prometheus Cave
[ Jrokaitat ['meters” [date Jair-1_ Jair-T(avg.) [Water-T [air Velocity[rel. Hum. _[cos (direct)]cos(ave) [PRnavg  [PRnH20  [eec  [Remark |
[ | [ 1 e | e T ms T % [ pem | pom | myms 5/l | Ba/ms | |
2 Great Bolder Hall 90 03.03.2014 1,5 463 air velocity within doorframe; 2 m3/s, inbound
3.3.-73. 14,8
3 Kolchida Hall 140 03.03.2014 668
3.3.-73. 15,0
4 NE Old Hall 255 03.03.2014 486
07.03.2014 0,25 659 358 air velocity in gallery, 1m3/s, outbound (S->N)
3.3.-73. 15,0 390 284
5 Medea Hall 440 03.03.2014 619
07.03.2014 670
3.3.-73. 14,6
6 Golden Waterfall 610 03.03.2014 674
3.3.-73. 14,6
7 Hall of Love 645 03.03.2014 729
07.03.2014 719
3.3.-7.3. 14,7 556 717
1 "Cave Spring" 790 03.03.2014 13,6
04.03.2014 728
05.03.2014 139
08.03.2014 2
8 E Great Stalagmite 880 03.03.2014 549
04.03.2014 133 522 289
05.03.2014 99,9 478
07.03.2014 631
3.3.-73. 13,9 >99,9 479 642
9 Amphitheatre Hall "1020" 03.03.2014 14,6 623
07.03.2014 492 air movementinbound (S->N)
3.3.-73. 13,4 527 356
10 Tunnel 1200 03.03.2014 638
07.03.2014 air movement inbound, when opening door
3.3.-73. 14,8
11 Outside Exit 1233 03.03.2014 421

33.-73. 16,1
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I'maporeoJiornyeckas v cnejieoMeTeopoIOrnyeckasi JMHAMUKa B IPOMETOUCKHX
U catapamuckux neyepax Umeperuu, I'pysus

1MapTI/IH Knapuk, 2Pyz[0n(b PaBy3a, 31“1/10p1"1/1171 Menukanze

1 .
IIpupooooxparnoe Aeencmeo u Benckuii Ynusepcumem, Aecmpus
*Myseii Hemopuu Ipupodei, Benna, Ascmpus
3 Tounuckuii I ocyoopcmeennvlii Ynusepcumem, Tounucu, I pysus

Pe3zume

IHewmepa IIpomeTest
JluHamMuka BOAbI

» JloxnaeBas BOJAa BXOOUT B MELIEPY OTHOCHUTEIBHO OBICTPO B HECKOJIBKUX MECTaX, MO3ITOMY
JKCKYPCHUM B TEIIEPY AOJDKHBI OBITh OCTAHOBJEHBI BO BpPEMSI CHJIBHBIX WU HPOAOJKUTENBHBIX
LITOPMOB.

* B HukHEH yacTH nemiepbl HeOObIION pydel ¢ pacXx0A0M HECKOJIBKUX JIMTPOB B CEKYHAY (HU3KUN
pacxon B nepByto Henemo mapta 2014 r.) no npumepHo 1 KyOM4ecKuil METp B CEKYHIY BO BpeMsi
CHWJIBHBIX HABOJHEHHUH.

* Bo Bpems Manoro pacxozga BoJbl B MapTe MUKPOOHOJIOTHYECKOE 3arpsi3HEHUE SBISIETCA BBICOKUM
U corjlacyercsi €O CjelaMHh MCKYCCTBEHHBIX IMOJCIACTUTENCH M HHTHOMTOPOB KOPPO3UH,
YKa3bIBAIOIINX HA MPUTOK OBITOBBIX CTOYHBIX BOJ B IELIEPY.

* OOnacTpb MUTAHUS MELIEPHBIX BOJ JOJDKHBI OBITH 3aCHITa ChbeMKOMU. JJo/KHA OCYLIECTBIATHCA U
KOHTPOJIMPOBATHCS] OYMCTKA CTOYHBIX BOJI M3 )KIWJIBIX JIOMOB U (pepM B 3TOI 0OmacTu.

CueJsieoMeTeopoiMyecKasi ANHAMHKA

Curyauus B neuepe [Ipomeresi, Ha OCHOBE MMEIOIIMXCS JaHHBIX M OMHUPAsACh HA OMBITE OPYIHUX
AQHAJIOTUYHBIX TEUIEP, BRITIAIUT CICAYIOLIM 00pa3oM:

OOwmuii cTaryc CHeJIeOMETeOpOJOrHUEeCKUX IapaMeTpOB Ha JAaHHOM BpPEMEHHOM HMHTEpBale
uccnegoBanust (mapt 2014 roga) MOXKHO paccMaTpuBaTh Kak HEIJIOXOM IO OTHOLICHHIO K
OKpyXKaromel cpeae Tmemepsl W K Oe30macHoCcTH moceTuTenell. Tam He OBUIO HHUKAKOTO
cymiectBeHHOTO obOorameHusi CO,, 9TO B OCHOBHOM CBSI3aHO C €CTECTBEHHOW BEHTHJIAIMEH U C
HavyaJloM CE30Ha.

B nernee Bpems comepxanue CO, yBeIMYMBACTCS B CHIIy €CTECTBEHHBIX MPUYMH (IOBBILICHHE
AKTUBHOCTH TMOYBBI ILIIOC TEPMOJAMHAMUYECKUHN Oapbep MPOTHB HAPYXKHOTO BO3[yXa YBEIMYHBACT
npurok CO; B neniepy 4epe3 TPEUIMHbI), a TAKXKE B CBSI3U C yBEJIMUYECHUEM YHciia nocerutene. Tem
HE MEHee, CKOpee BCEro A0 CHX MOp CYLIECTBYIOLIAs BEHTWUJLMS OyIeT OrpaHW4YuBaTh HX
3HaYEHUE 10 BEJIMYHMH, KOTOPbIE HE BBI3BIBAIOT CEPHbE3HOW YrpoO3bl AJSl OKPYXKAroIIeld Cpemsl
nemepsl ©  ee mocerureneii. Pesymprarom sTHX 3(QQekroB sBisieTcs (GUKCHpOBaHUE HEMHOTO
MOBBILLIEHHOTO COJIEPKaHuUs paJoHa BO BpeMs jeTHuX Mecsues (Vaupotic et al. 2012).

Tem He MeHee, U1 Lenel 0e30macHOCTH, ObUIO BBIMOJHEHO MoAenupoBanue nsmeHenus CO, npu
W3MCHEHUH TPAHWYHBIX YCJIOBUH Kak MpPU IMECCUMUCTHUYHBIX CLEHApUsX, a Takxe npu Oosee
PEAMCTUYHBIX YCIOBHSX. YUHUTBIBAS 3TH HMCCIEOOBAHMS U OMBIT APYTUX MEIIEep, OTCYTCTBYIOT
CepbE3HbIE YrPO3bl AJISI MOCETUTENEH M JJI MeIlepbl, ecad OyAyT MPUHATH HEKOTOPBIE MPOCTHIE
Mepbl IPEJOCTOPOKHOCTH BO BpeMsl MHUKa TYPUCTHUYECKOTO CE30HA U MPH BBICOKUX TEMIIepaTypax
Hapy>XKHOT'O BO3/yXa.

Ha nam B3ruisn, ecrecTBeHHOE IBU)KEHHE BO3/lyXa MOYKHO ObLJIO Obl MOBBICUTH ITYTEM OTKPBITHS
JBEpH Ha JIBa-TPH Yaca B BEUEPHHE YaChl WM B HOUYHOE BpeMs (B 3aBUCUMOCTH OT HEOOXOAHUMBIX
Mep O0€30MacHOCTH) B JIETHUW CE30H, W OTO JOJDKHO OBITh JOCTATOYHO, YTOOBI OOECTIICUHTH
6e3omacHoCTh. [IpUTOK HAPYKHOTO BO3AYyXa (OTHOCHUTENIbHAS BJIAXXHOCTH KOTOPOTO HIDKE, YEM Yy
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BO3/yXa IeHIepbl) HE CO3acT yrpo3bl I aTMOC(Ephl Meephl Wi CIeneo0pa3oBaHuii BO BpeMs
JIETHETO CE30HA, IMOCKOJIbKY €r0 OTHOCHTENIbHAsl BIAKHOCTh OyleT YBEIWYMBATBHCS 3a cyeT Oojee
HU3KOH BOJOHACHIIIEHHOCTH XOJIOJHOTO BO3/1yXa.

[IpocThiM ¥ HamEeXHBIM HHCTPYMEHTOM sl u3MepeHus coaepkanus CO, B BO3Ayxe BO BpeMs
MMIKOBOTO ce30Ha MOTryT ObITh Draeger mauddy3noHHBIE TPpYOKHM (MBI MX HCIIOJB30BAH, KaK
JOTIOJIHEHUE K TMPSIMBIM M3MEPEHUSIM, BO BpeMsl HalllMX W3MEPEHUN B MapTe) Uil U3MEPEHUN Ha
nonruid nepuon ( >12 vacos) niam npoctsie CO,-u3MepuTeNbHbIe YCTPONUCTBA AJI1 HEMEIJICHHBIX
3amepoB. HenpepriBHas u Gonee goporas onnaiiH CO,-u3MepuTesbHas amnmaparypa He SBIIETCS
HE00XOAUMOM.

JJleKTpUYecKoe OCBelleHue neniepbl

B memepe IIpomeres Obuia ycTaHOBIEHa CIIOKHAs CHCTeMa OCBelleHHME. B To Bpems Kak
MOJIOKEHHUE CBETOBBIX 3JIEMEHTOB HE BBI3bIBAET HUKAKUX BOMPOCOB, TO I[BETA OCBELICHHUS MOKHO
W3MEHUTB, 0 KpalHEN Mepe YaCTUYHO.

U3-3a mornomieHus BOJIH CBETa OINPENETICHHOW [UIMHBI, TJSAS HA CIEKTP H3JIyYCHHUS Pa3HbIX
CBETOAMOJIOB, HAJI0 Y4ECTh, YTO CMHUE (OCOOEHHO) M KpacHBIE (YaCTHUYHO) I[BETA HANO M30erats,
YTOOBl YMEHBLIMTH POCT MXOB U 3€JIeHBIX Bogopociel. CuHe-3eJeHble BOJIOPOCIU (Ha cCaMoM JIeie,
OakTeprn) HeNb3s OrPAaHUYUTh TAaKUM CIIOCOOOM, OJHAKO OHH BBI3BIBAIOT OECTIOKOWCTBA MEHBIIIE.
benble cBeroaMoABpl MMEIOT TOXKE OJM3KYI0 K KPUTUYECKOW [JMHY BOJIHBI CBETa, OIHAKO
JOIYCTUMBI, €CJIM MX HMHTEHCHUBHOCTb HE CIMIIKOM Oyim3ka K jammaM. [Ipocteie ycrpoiicTBa
CBETJIBIX OTTEHKOB MOTYT OBITh HOJIE3HBI B 3TUX CIIy4YasiX.

Mer npeajnaracMm moJHOCTBIO n30erath CHHUE IB€TAa U YMCHBIIUTH KPAaCHBIC 10 MUHUMyMaA.

Kpome Toro, uro moboe cokpamieHwe OOIIero BPEeMEHW OCBEMICHHS (BBIKIIOYAs CBET B
HETocemaeMblii MOMeHT) OyneT Hanbosiee 3 (HEeKTUBHBIM U OyIET CIIOCOOCTBOBATh CHIKEHHIO T.K.
Ha3pIBaeMOW ()IOpHI JlaMIl, KOTOpas NPEACTaBIsIeT co00il Ooyiee Cepbe3HyI0 Yrpo3y Ui
OKPYKAOIIEH Cpelbl MEeIephl, YeM TOCETHTEIH.

Hemepa Cataniaua

Tonpko mpemBapuTENbHOE HCCIENOBaHHE OBUIO TIPOBENEHO OO0 W3MEHEHWH BOJABI M KIMMaTa B
nemepe Cararuma. [lo moxenanuro qupekTopa, He OBUIO TPOBEICH MOHUTOPUHT JIBHYKCHUS BOJIBL
OnHako HEKOTOPHIE MPEIBAPUTEIBHBIC UTOTH 3/1€Ch PUBEICHBI.

JluHamMuka BOAbI

* B cBs3u ¢ Oonpiieli BRICOTOW M MEHBINEH IUIOMAA6I0 00JaCTH MUTAHWS TOTOK BOJBI B TEIIEpe
o1 3HAuMTENbHO XonomHee (8.5 ° C) m motox HamHOTO MeHbIme (1.5 m / ¢), ueM B memepe
[Ipomereii B Teuenune nepBoit HeAenu maprta 2014 roaa.

* B CBS3M ¢ HaIM4YMeM BYJIKaHWYECKHX TOPOJ M KapCTOBAHHOCTHIO KapOOHATHBIX MOPOJ B 30HE
MTOANUTKA COCTaB BOJIa MEHEE MUHEPAIN30BaH, HO OoJee odorameH maraueM (Mg), Hatpuem (Na),
xene3zoM (Fe), amomunnem (Al) u auoxcunom kpemuusi (Si) o cpaBHEeHHUIO ¢ niemepoi [Ipomerest.
* MuxpoOroIoTHIecKoe 3arpsi3HeHHE Takxke Obuta BeICOKMM B Mapte 2014, HO HHM omuH ©3
WHIUKATOPOB OBITOBBIX CTOYHBIX BOJ HE ObLT HaiineH. [l03ToMy MEKPOOHOIOTHIECKHE TTOKA3ATEITH
JOJDKHBI KOHTPOJUPOBATHCS B TEUEHHWE OJHOTO TOJ[a, YTOOBl YTOYHUThH, MPOUCXOIHUT JIH
3arps3HEHUE OT KUBOTHBIX, JKUBYIIUX B paliOHE MOAMUTKY UJIA UMEET IPYrre HCTOYHUKH.

CueJsieoMeTeopoMyecKasi ANHAMHKA

[ToBuanMoOMy, B CBSI3M C COCEIHHMHU BYJIKAaHWUYECKHMMH MOPOJAMH, KOTOpblE TaM B M300WMIIHH, a
TaK)Ke aJUIOXTOHHBIX TMEIIEPHBIX OTIOXEHWH B B memepe Caramms, ramMMa-u3iIydeHue ObLIO
3HAYUTENBHO BhIme, YyeMm B memepe IIpomeres (124 mpotuB 71 nSv/h — mapyxkssiii gon ~ 130
nSv/h). K coxanenuto, mockoiabKy Bce YCTPONCTBa OBbLIM MCIONB30BaHbI B nemepe [Ipomerest, Mbl
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HMMEJIH BO3MOXHOCTh TOJBKO AouepHue npoAykThl pagoHa (EEC — paBHOBCHOe 3Ha4YeHHE paOH-
222) jmumb ogHaxnapl. Pesynbrarhl, Oynydn 3HAYMTENBHO HIKE, 4yeM B mnemiepe I[Ipomeres,
yKa3pIBalOT Ha 0Oojiee aKTMBHYIO BEHTHJLILMIO B 3TOHM melepe, O KpaiHed Mepe Ha MOMEHT
HA3MEPECHHUIL.
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