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Abstract

Prometheus Cave
Water Dynamics
¢ 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
¢ 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
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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. 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 COz-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).

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
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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%.

= Prometheus
Cave
Tskaltubo
(== Sataplia
Cave
ca. 10 km O T
L ]
Georgia
Black sea IMERET' K t . »
.Tbilisi u aISI

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).
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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 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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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 (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 L1102-i Picarro) at the University of Vienna.
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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 AirCOzontrol 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
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
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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 1 er |uS er charg | -city
kg | Tem | cm? | Leve | e m/s

D 1 Ls?

°C m
Prometheus Cave
Grove of Aresi bridge at 955 | 4.3.2014 05 |13.2 |354 45
m 16:15 15 0.08
Grove of Aresi bridge at 955 | 5.3.2014 05 |13.2 | 358 3.5
m 14:00 14 0.07
Grove of Aresi bridge at 955 | 7.3.2014 05 |13.2 | 355 3.5
m 13:30 12 0.08
Grove of Aresi bridge at 955 | 2.4.2014 05 |13.1 |249 19
m 12:00 138

IEC: Electric Conductivity;

83




wyaltubos raioni
sofel yumisTovis mRvime

£
- ERRTEmINT

A iy s fms Pt Mm% tackilodl samemant

Figure6Measuring sites in the Prometheus Cave



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 (¥0O) and deuterium (*H) values in the waters of Prometheus and Sataplia
Cave

Sampling site Date Dis Wat | EC' | pH | %0 | d?H

charg | er | uS SMO | SMO

e Tem | cm’ W %o | W %o

Ls? | p.

9
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 |-645
No.1 Siphon with | 3.3.2014 10 7.3
groundwater at 850 m 14:00 133 [361 |0 -10.15 | -65.8
No.1 Siphon with | 8.3.2014 10 7.4
groundwater at 850 m 09:15 133 | 360 |5 -9.98 | -655
No.8 Grove of Aresi brook 7m | 3.3.2014 7.4
away from footpath 16:30 10 133 {361 |0 |-954 |-625
No.9 Water at the start of | 3.3.2014 7.5
boat exit 16:45 133 (365 |2 |-10.10 | -65.9
Well next to Visitor Centre | 7.3.2014 7.5
100 m depth 16:00 143 (467 |5 |-998 |-654
Sataplia Cave
Right of footpath just before | 6.3.2014 7.8
exit 14:30 1.5 96 |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|-674
Opichum Cave
Small spring left of cave |5.3.2014 7.2 |-9.86 |-65.0
entrance 17:00 25 142 | 545 |6

IEC: Electric Conductivity; *Palmex rain collector No. 2240 GW84: 42.60105°E 42,37688°N
180m
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Figure9Delta Oxygen-18 vs. hydrogen-2 of the waters of the Prometheus and Sataplia cave
compared to the weighted mean precipitation data (GNIP 2014) of the Bakuriani (1665m)
Batumi (6 m) and Thilisi (490 m) station.

The delta oxygen-18 and hydrogen-2 values of the waters of the Prometheus Cave vary
between 0 -10,2 [ -9,5 %o and -68,1 [
in the Grove of Aresi (Table 2 and Figure 9) is different. The mean precipitation of March and

-62,4 %o. Significantly, one water sample in the brook

the spring water of the Opichum Cave have similar values.
The water samples of the Sataplia Cave show lower 0 #O (-10.39 to -10.34 %o and 0 *H (-68.1to
-67.4 %0) values due to their higher altitude.

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

Cave
Parameters | Concen | Promethe | Sataplia
- us Cave Cave
trations
No. No. 1 SC
Siphon
Sampling with just right
site groundwa of exit
ter at 850
m
Sampling 08.03.14 | 08.03.14
data NQ-10 10.10
Discharge | (L/s) 12.0 1.5
slightly slightly
Color brown/ brown/
susp. susp.
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matter matter
smell no no
Water cC) |133 8.9
Temp.
EC? (259 | (uS/cm) | 360 265
pH 7.45 8.03
Ca (mg/l) | 69.2 4523
Mg (mg/l) | 9.7 105
Na (mg/l) | 1.70 4.30
K (mg/l) | 0.50 0.50
HCOs (mg/l) | 259.1 190.3
SOs (mg/l) | 4.2 49
Cl (mg/l) | 1.4 1.6
NOs (mg/l) | 4.4 44
Sum (mg/l) | 350.2 261.8
Cations | MOl | 4337 3.323
(eq)/1
Anions | MOy 47 3.339
(eq)/1
iﬁfﬁ %] |-25 05
Ca/Mg 7.13 431
Na/Cl 1.21 2.69
Na/K 3.40 8.60
Si02? (mg/l) | 4.0 113
PO (mg/) | <05 <05
Fe (mg/l) | 0.05 0.11
Mn (mg/l) |<0.001 | 0,001
Zn (ug/l) | <50 <50
Cu (ugl) | <10 <10
Al (mg/l) | 0.08 0.14
F (mg/) | <05 <05
Cd (pg/l) | <1 <1
Cr (ug/L) | <5 <5
Li (ug/L) |<5 <5
Mo (ng/L) | <5 <5
Ni (ug/L) | <5 <5
Pb (ng/L) | <2 <2
kBE22°C | P2/l | ggg 1600
ml
kBE37°C | P2/ | 909 120
ml
Escherichi | Anz./1 | 100 44
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a 00 ml
coli
coliforme | Anz./1
Bakterien | 00 ml 100 108
Entero- Anz./1
kokken 00 ml >0 s
Eseudomo Anz/1 ) .
= 00 ml
aeruginosa
! Analyst: Aqua Test, Austrian Institute of Technology; ? Analyst: R. Pavuza; 3 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). 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

Major lons Piper - Furtak @ Karst Springs Austria

Diagram

©Prometheus Cave

®Sataplia Cave

Calcium + Magnesium

Ca Na+K HCO,; Cl

indicators 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- triazo | ma- Benzo | - o- -
m lose | le zepine | - lol | Prol | DiO
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triazo ol H

ng/L | ng/l | ng/l | ng/L le ng/L

Dramathaiic QIN1A4 20 s s N8 10 2 28 2
Qatanlia Fwvit RI2N14 28 L L ALY L 2 28 2
Doatactian 28 L L ALY L 2 28 2
Limit nf L 10 10 1 10 4 L 4

Analyst: Kulcsar & Schuster, Environment Agency Austria

Measurements of speleometeorological parameters

Between March 3rd and 8%2014 single and continuous measurements of temperature,
radon, radon daughter products (EEC), gamma-radioactivity, CO2, relative humidity, air
pressure and air velocity wereconducted at different sites in the Prometheus Cave (see Figure6).
The outside temperature and humidity (Figurell) was primarily measured to check whether
lower night temperatures do have an influence on the air movement in the cave. It turned out

temperature [°C], rH [%] Air temperature and relative humidity outside the
30.0 (lower) exit of Prometheus Cave (2014)

70.0

60.0

500

40.0

30.0

20.0

10.0

that during 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 sensitive measuring device in the Amphitheatre Hall, adjacent to
the boat exit (Figure 12).
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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.

3t;(r)nperature [°Cl Air temperature in Amphitheatre Hall., Prometheus Cave

13.80
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o

.3.14

=)
o
(=]
=

# 16:30

3. 14 53.14 6.3.14

~l

Figure 12 High precision measurement of air temperature at different heights in the
Prometheus Cave
It further turned out that in the Amphitheatre Hall the air movement — and therefore the
influence of 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 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.
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Taking average CO2 values (ppm) as well as ??Rn activities (Bq/m?) 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 Bq/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.

CO, (ppm) Evidence of interaction between cave water (brook) and cave air
800

Hall of love
700 - .

GO0 - Old Hall
o

> |
Great Stalagmite

500 - cave water asRn source

(2 Ba/1)
A

100 - -
outside

300 +
200 +

100

I] T T T T T T
0 100 200 300 400 500 600 700 800
222Rn (Ba/m3)

Figure 13 Average radon activity and CO, contents in the Prometheus Cave (March 2014)
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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
16.5
outside

16.0 - *
15.5 -
Ll g ’ ’ highast pnint

.. .

reat ’ ’ ’
14.5 - Bolder Tunnel
Hall
14.0 A ’
Cavespring (12,6 13,9°C) @

135 - ’
130 T T T T T T T T

2 3 4 5 6 7 8 9 10 11

measuring point (see cave map)

Figure 14 Average values of air temperatures at different sites in the Prometheus Cave

93



In contrast to the temperature, radon did not generally indicate the inflow of air during the

222 3
00 Rn [Ba/m’] Radon at Amphitheatre Hall, Prometheus Cave (2014)
600
500
400 -
300
200 -
100 @
e o o B e e e R B
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night hours in the Amphitheatre Hall near the boat ramp (Figure 16): usually radon is much
more 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 22Rn 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 (Figurel7), indicating that the variation of
outside temperatures was the driving force for air movements and variations of temperature and
radon in the Prometheus Cave.

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).
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The similar 0 80 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 9 'O values of -9.54 %o is significantly different to the rest of the brook
water samples (-9.98 [] - -10.15 %o) indicating at least two major infiltration areas of the brook
water.

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

T[°C], Temperature and absolute (relative units, uncorrected)
pressure et Amphitheatre Hall, Prometheus Cave {2014)
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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.
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CO; [ppm] Modeling of CO, content in Prometheus Cave during summer high season
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Air Dynamics of the Prometheus Cave

Prometheus Cave is a moderately ventilated cave, showing increased CO2 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 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 (CO2 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:2 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
5/2013 avg. 1100 ppm (unpubl Czech data)

6/2013 avg. 1600 ppm (unpubl Czech data)
11/2013 avg. 800 ppm (unpubl. Czech data)
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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 CO2 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 COzvaluesare 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 H20 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 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.
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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/m?)
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A simple and reliable tool to measure the CO2 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
CO2-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 0 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
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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I'mpporeonoruyeckas ¥ cIieJIeOMeTEOPOJIOTHYECKas JUHAMUKA B IPOMETOMCKHUX H
cataduuckux nevepax Vimeperun, I'pysus

'"Maprun Knapuxk, *Pyznond Pasysa, *I'mopruit Menukazse

!IIpupozooxparnoe Arerncrso u Bercku¥ YHusepcurer, Apctpus
2Mpyseri Hcropun Ilpupozsr, Berra, ABcTprsa
3Tomruckui IocygopcrBerrsrs Yausepcurer, Tomwrucu, I pysus

Pesome

Ilemepa IIpomeres
JuHaMuka BOZBI

* JloxxzeBas BoZa BXOAWT B Ielllepy OTHOCHUTENBHO OBICTPO B HECKOJIBKHX MeECTaX, ITO3TOMY
SKCKYPCHH B IIelllepy IOJDKHBI OBITH OCTAHOBJIEHBI BO BpeMsS CHJIBHBIX M IIPOJOJDKUTEIBHBIX
IITOPMOB.

* B HmwkHell 4acTu memepsl HeOOJBIION pydel C pacXofOM HECKOJBKHX JUTPOB B CEKYHIY
(Hm3KMit pacxoz B mepByio Hegemto Mapra 2014 r.) no mpumepHo 1 KyOudyeckuii MeTp B CEKyHIY
BO BpeMs CHUJIbHBIX HABOJHEHUH.

* Bo Bpemsa Mmajoro pacxoza BOJABI B MapTe MHKPOOMOJIOTHMYECKOe 3arpsA3HeHue ABJIAeTCS
BBICOKMM M COIJIACYeTCA CO CJeJaMH HCKYCCTBEHHBIX IIOJIC/IACTUTENel M HHTHOGHUTOPOB
KOPPO3HH, YKa3bIBAIOMIUX HA IIPUTOK OBITOBBIX CTOYHBIX BOJ, B ITeIIEpy.

*+ O6acTe NUTAaHUA TENePHBIX BOJ, ZOJDKHBI OBITH 3aCHATA CheMKOH. Jlo/DKHA OCYyIIeCTBIAThCA
Y KOHTPOJIMPOBAThCA OYHCTKA CTOYHBIX BOJ, U3 XKUJIBIX JOMOB U (hepM B 3TOH 00IaCTH.

CrnereomeTeoposindecKkas JUHAMHUKA

Cutyanus B nemepe IIpomeres, Ha OCHOBe MMEIOIIUXCA JAHHBIX M OIMPAACh HA OIBITe JPYTUX
aHAJOTUYHBIX IIelep, BRITIATUT CIeAYIOImUM 06pa3oM:

O6muii craTyC CIleseoMeTeopoJOrHYecKUX IIapaMeTpoB Ha JAaHHOM BPeMEHHOM HHTepBale
nccnepoBanua (Mapr 2014 roma) MOXHO paccMaTpHBaTh KaK HEIUIOXOH IIO OTHOUIEHHMIO K
OKpYXXalollell cpesie memlephl M K OGe3omacHoOCcTH IoceTureneil. Tam He OBUIO HHKAKOTO
cymecrBeHHOro oboramenus CO2, 4TO B OCHOBHOM CBSI3aHO C €CTeCTBEHHOI BEHTIUIALNEN U C
HayvajJoM Ce30Ha.
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B nernee Bpems cogepxanue CO:2 yBeIWYuBaeTCsA B CUIY €CTECTBEHHBIX IPUYUH (IIOBBIIIEHUE
aKTUBHOCTH IIOYBBI IUTIOC TEPMOZWUHAMHUYECKUN Oapbep IPOTUB HAPYXKHOTO BO3ZLyXa
yBesmuuBaeT nputok CO: B memepy uepes TPEIIUHEI), @ TAKXKE B CBA3M C YBeJIMYEHHEM YUCIA
mocetutesneil. TeM He MeHee, CKOpee BCETO [0 CHX IIOp CYyIIEeCTBYIOWAs BeHTUIAUUA OyneT
OTpaHUYMBATh HUX 3HAYEHHE MO0 BEJIMYHH, KOTOPbI€ HE BbBI3bIBAIOT CepbeBHOﬁ YIpo3sl OJIA
OKpy>Kalolllel cpenbl Iellepsl M ee moceruresneil. Pesyiaprarom atux 3d@dexkToB ABIgETCA
buKCHUpOBaHNEe HEMHOTO IIOBBINIEHHOTO COJEP)KaHMUA PajoHA BO BpeMs JI€THHX MecCdIeB
(Vaupotic et al. 2012).

Tem He MeHee, mis 1esell 6e30IIacHOCTH, OBLIO BBIIIOJIHEHO MojenupoBaHue usMeHeHus CO:2
IIpY M3MEHEHUWM TPAaHMYHBIX YCAOBHM KaK IIPA IECCUMMCTHUYHBIX CIEHApUAX, a TakKXe IIpU
Gojlee peATMCTUYHBIX YCIOBUAX. YUWUTHIBASA OTH HCCIENOBAHMUA M OIBIT JAPYIHX IIelep,
OTCYTCTBYIOT Cepbe3Hble YIpO3bl [JIf IIOCETHUTeNeil M i Iellephl, eClIu OYyZAyT IPUHATHI
HEKOTOpBIe IIPOCThIE MEpPHI IIPEeJOCTOPOKHOCTH BO BpeMs IIMKA TyPUCTUYECKOTO Ce30HA U IIpU
BBICOKHX TeMIIepaTypax Hapy>HOTO BO3yXa.

Ha mamr B3raf, ecrecTBeHHOe /[ABIIKEHHE BO3ZyXa MOXHO ObUIO OBl IOBBICUTH IIyTEM
OTKPBITHSA ABEPU Ha [BA-TPU 4Yaca B BedepHUe Yachl WIM B HOYHOE BpeMs (B 3aBUCHMOCTH OT
HeOOXOZMMBIX Mep 6e30IIacHOCTH) B JIETHUIN CE30H, U 3TO HOJDKHO OBITH JOCTaTOYHO, YTOOBI
obecrieunTs 6e30macHOCTb. [IpUTOK HAapY>XKHOTO BO3AyXa (OTHOCHUTEIbHAA BIAXXHOCTH KOTOPOTO
HIDKe, 4YeM Yy BO3LyXa IIelllepbl) He CO3JacT YIpo3bl s arMocdepsl Ielepsl WIN
cresieo6pa3oBaHUI BO BpeMs JIETHETO Ce30HA, IOCKOJIBKY €T0 OTHOCHUTEIbHAS BIXXHOCTH OyZeT
YBEJIMYMBATHCA 32 CUeT 60Jlee HU3KOI BOZOHACHIEHHOCTH X0JIOAHOTO BO3yXa.

ITpocTsIM U HazeXXHBIM MHCTPYMEHTOM /s usMepeHus cogepxanus CO:2 B Bo3myxe BO BpeMsd
IIMKOBOTO ce30Ha MOTYT ObITh Draeger muddysnorHsle TPyOKM (MBI MX HCIIOJIB30BAIM, KaK
TOIOJIHEHUe K IPAMBIM U3MepPeHHUAM, BO BpeMs HallUX M3MePeHHH B MapTe) /A U3MepeHUi Ha
ponruii mepuos, ( >12 vacos) miu mpocteie CO2-u3MepuUTeIbHbIE YCTPOHUCTBA IS HeMeIeHHBIX
3amepoB. HenpepriBHas u 6osee pgoporas onnaitn CO2-u3MepuTeIbHas alIapaTypa He ABJIAeTCS
He00XOAUMOIA.

ODJIeKTpHYeCcKoe OCBellleHHe Ielephl

B memepe Ilpomeres GbLia yCTaHOBIEHA CJIOXKHAsS CHUCTeMa OCBellleHHe. B TO BpeMs Kak
IIOJIOKEHNUE CBETOBBIX DJIEMEHTOB He BBI3bIBA€T HUKAKUX BOIIPOCOB, TO IIBeTA OCBEI€HUS
MOXXHO U3MEHUTS, II0 KpaliHel Mepe YaCTUYHO.

M3-3a moryouieHus BOJH CBeTAa ONpeZeeHHOMN [AJWHBI, IJIAAA Ha CIEKTP H3JIydYeHUs Pa3HbIX
CBETOAMOJIOB, HA/IO YYECTh, YTO CHHHE (0COOEHHO) U KpacHsbIe (YaCTUYHO) IIBeTa HaJo U30erars,
YTOOBI YMEHBUIUTh POCT MXOB U 3eJIeHbIX Bogopocieil. CuHe-3e/eHble BOZOPOCIH (HAa CaMOM
Ieye, GaKTepuU) HEIb3s OTPAHUYMUTH TAaKUM CIIOCOOOM, OZHAKO OHU BBI3BIBAIOT OECIIOKOHCTBA
MeHblIe. besble CBeTOLMOABI MMEIOT TOXe OJIM3KYI0 K KPUTHYECKOH [JIMHY BOJIHBI CBETa,
OJIHAKO JOIIyCTHMBI, €CIM WMX WHTEHCHBHOCTh He CJIMIIKOM Oim3Kka K Jamnam. IIpocteie
YCTPOMCTBA CBET/IBIX OTTEHKOB MOTYT OBITH ITOJIE3HBI B OTUX CIyYasiX.

Masx IIpeajara€ém IoJTHOCTBIO usberaTs CUHME IIB€TAd 1 YMEHBIIUTH KpAaCHbIE 1O MUHUMYMa.

Kpome Ttoro, 4ro mioboe cokpauieHHe OOLIEr0 BpeMeHM OCBelleHHS (BBIKIIOYAas CBET B
HeIlocellaeMbIii MOMeHT) OyzeT Hauboee 3PpPeKTUBHBIM U OyZeT CIIOCOGCTBOBATH CHIDKEHUIO
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T.K. Ha3bIBaeMOH (PIOpHI JIaMII, KOTOpas INpeZCTaBIseT COOOU Oojiee CEPbE3HYIO YTpO3y A
OKpY>Kalollleil cpeZibl Mellephl, YeM ITOCeTUTe IU.

ITemepa Caramina

Tonpko mpenBapuTeNBHOE MCCIEOBaHKUE OBLIO IIPOBENEHO 00 M3MEHEeHHU BOJBI U KJIMMAaTa B
nemepe Carammma. Ilo moskenaHuIo AMpPeKTOpa, He OBUIO IPOBEleH MOHUTOPUHT JBIDKEHUS
Bogbpl. OFHAKO HEKOTOpBIE IIpeiBapUTeIbHble UTOTH 3/1eCh IPUBe/IeHbI.

JuHaMuka BOZBI

* B cBs3u ¢ 6oJIblIei BRICOTOI M MeHBIIEH IIOMAABI0 00JIaCTH ITUTAHUA ITOTOK BOJBI B Ielepe
6bu1 3HauuTenbHO xononHee (8.5 ° C) m morok HamHoro Mensme (1.5 1/ c), yem B memepe
ITpomereii B TeueHue nepBoii Hegenu mapTa 2014 roza.

* B cBa3u ¢ HaIMYMeM ByJIKaHMYECKHUX IOPOJ, U KApCTOBAaHHOCTBIO KAPOOHATHBIX IIOPOJ, B 30HE
IOJIUTKY COCTaB BOJA MeHee MUHEpPalIH30BaH, HO Ooyee oboramen marHueMm (Mg), Harpuem
(Na), sxenesom (Fe), amomunuem (Al) u guokcumom kpemHHA (Si) IO CPaBHEHUIO C IeIepOi
ITpomertes.

* Muxpo6uosornyeckoe 3arps3HeHHe Takxe Oblna BbIcOkuMM B MapTe 2014, HO HUM OfuH U3
WHUKATOPOB OBITOBBIX CTOYHBIX BOJ, He ObL1 HaiiseH. [losTroMy MukpobOuosoruueckue
IIOKa3aTesI! JOJDKHBI KOHTPOJIUPOBAThCA B T€YEHUE OJJHOTO IOZa, YTOObI YTOYHUTH, IIPOUCXOAUT
JIY 3arps3HEHUeE OT )KMBOTHBIX, )KUBYIIUX B paliOHe ITOANIUTKY WM UMeeT APyrue HCTOUHUKHU.

CnieneomeTeoposiyeckas AUHAMUKA

IToBupuMOMYy, B CBA3M C COCeJTHUMH BYJIKaHUYeCKHMH IIOPOJAMHU, KOTOPEIe TaM B M300MIHH, a
TAK)Ke AJUIOXTOHHBIX IIeNIePHBIX OTIOXKeHHH B B memepe CaTaIrmsd, raMMa-u3IydeHHe OBLIO
3HAYMTEIBHO BhINIe, ueM B memepe [Tpomeres (124 mporus 71 nSv/h — mapysxusrit dor ~ 130
nSv/h). K coxaneHuIo, TOCKOJIBKY BCe YCTpO¥CcTBa OBLIM MCIIOIB30BaHEI B memepe [Ipomeres,
MBI MMeJTH BO3MOXHOCTB TOJIBKO ZodepHue mpoaykrsl pasoHa (EEC — paBHOBcHOe 3HaueHme
pamoH-222) ynumb OFHAXKABL Pesynprarsl, OyAydYu 3HAUMTENBHO HUXe, 4YeM B Ilelepe
ITpomeres, yka3bIBaloT Ha OoJjiee aKTUBHYIO BEHTHWIALIUIO B OTOH Ieliepe, IO KpaiiHell Mepe Ha
MOMEHT U3MepeHU.
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