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ABSTRACT

A shallow temperature measurement at steaming ground of
Gedongsongo manifestation, Ungaran Geothermal Prospect,
shows that high thermal gradient occurs at 5 — 30 cm. This
shows that a conductive heat transfer zone and low thermal
gradient occur deeper (30 — 80 m), which implies a
convective heat transfer zone. Some physica rock
parameters such us bulk (wet) density, porosity, and
saturation of liquid were also measured. These parameters
would be an input to a heat loss assessment of the field.

1. INTRODUCTION

Ungaran Volcano lies at northern part of the Java volcanic
arc (Figure 1). Hamilton (1979) describes that Java is
developed by the north-south modern subduction system of
the Indian oceanic plate and Eurasian continental plate.
Early geological description was noted by van Bemmelen
(1949).

The main manifestation of Ungaran Geothermal Prospect is
a fumarole with steam jet inclination 15-20°. This fumarole
is surrounded by 30 x 18 m of steaming ground. This
manifestation is formed at bisected topography (Fig.3).
Steaming ground with higher temperature exists at the
upper hill. The hydrology issue is considered to control this
different character of manifestation.

Previous research in this area shows a significant different
fluid 0 and D isotope at adjacent manifestations separated
by a small creek (Figure 2), i.e. west and east block
(Nukman, M. 2008). The west block is considered to have
more magmatic influences since there is an enrichment of
180 isotope.
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Figure 1: Locality of Ungaran Geother mal Prospect, Central Java.

The layered laharic breccias is exposed at out at southern
part of main manifestation. The bearing of this layered
laharic breecia is N 276°E/19° (Fig. 2 & 3), and the jet
inclination of fumarolaisin 15-20° which shows that the jet
is likely controlled by the bed rock layered laharic breccia
which acts as fluid conduit (Fig. 3).

2.METHODOLOGY

One of the purposes to measure the physical properties of
steaming ground over the geothermal areaisto estimate the
heat output of the field. Benseman (1959) describes the
measurement of the heat loss over steaming ground by a
device known as calorimetry. The later researcher began
not only using devices over the steaming to estimate the
heat output but also considering the soil parameters of the
ground, i.e. Hochstein and Bromley (2005), which shows
more a comprehensive measurement approach.

Temperature survey at Gedongsongo was conducted using
thermocouple K-Type with error reading 0.1°C, the probe is
made of dstainless steel to avoid any corrosion. The
temperature was measured at 5, 20, and 80 cm depths.
Three strongly altered thermal soils were sampled at depth
20 — 30cm from the surface of the steaming ground. The
physical properties i.e., porosity, saturation of liquid, bulk
(wet) and dry density, were determined. Hochstein and
Bromley (2005) notes that these parameters are related in
equation below:
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T e, eq.1l

Corr =

where c« = effective thermal capacity per unit mass
(Ikg.C) and “7 isfluid density (kg/m°).
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Figure 2: The map sketch of Gedongsongo manifestation. The bright colour is active manifestation and the dark oneisrélic.
Notethat thelaharic brecciaslayer isexposed at southern part, N 276°E/19.
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Figure 3: W-E cross section over Gedongsongo manifestation. Shallow temperature measurements (was taken in 27 May
2009, early summer) shows a relatively higher temperature at the uphill, where the steaming ground exist with
thicker covered sail.



2.RESULT

The wet density and particle density of the soils from the
manifestation at the bisected topography (lower area) shows
asimilar trend, i.e. in range of 940 — 960 kg/m® of particle
density; 1600 - 1880 kg/m® of wet density, 0.16 — 0.2 of
saturation liquid. In contrast, the equivalent parameters in
the steaming ground at high elevation shows higher value
than those of the lower one (bisected topography), i.e. 1470
kg/m® of particle density, 2030 kg/m°of wet density and 0.1
of saturation liquid. The porosity of the soil at the lower
area shows a lower value, i.e. 0.41 — 0.49, than those the
upper one, i.e. 0.27. The fluid density at 80°C is 971.8
kg/m? (steam table of Roger & Mayhew 1993).

The shallow vertical gradient at 5 — 30 cm is 0.27°C/cm,
and the deeper gradient show more constant value, i.e.
0.05°C/cm, which is in the depth interval of 30 — 80 cm.
The higher therma gradient shows a conductive heat
transfer zone and the lower one shows a convective heat
transfer zone. The effective therma capacity (Cur)
parameter could be derived from those physical value based
on Eq. 1.

3. DISCUSSION AND PLANS

The lower density (both wet and dry) and porosity of the
soil sample on the lower area (bisected topography) of the
west block of Gedongsongo thermal area are possibly
correlated with the bedrock. The bedrock texture is still
observable, i.e. laharic breccias with angular shape of the
fragment composed of andesite and pumice with less clay.
These types of outcrops do not exist on the manifestation at
the higher elevation of the west block due to a thicker
covered soil which has more clays as a product of alteration
processes.

The effective thermal capacity value of this manifestation is
one of three parameters (i.e. thermal diffusivity and wet
density) that can be used to calculate thermal conductivity.
The conductive heat flux aso can be estimated by
considering its therma conductivity and the thermal
gradient (Hochstein, 2005). The construction of a modified
thermal diffusivity device is unfinished yet; hence those
important parameters could not be presented here. More
soil samples are required than the current one in order to fill
astatistical requirement.

Nukman et al.

REFERENCES

van Bemmelen, RW.: The geology of Indonesia, vol.lA,
(1949), Martinuj Nujhoff, The Hague.

Benseman, R.F.: The cadorimetry of steaming ground in
therma areas, J. Geophysical Res, 64, (1959),
1057-1062

Hamilton, W. (1979), Tectonics of the Indonesia region,
Gelogical Survey Professional Paper 1078, US
Govt Printing Office, Washington.

Hochstein, M.P and Bromley, C.J.: Assessment of heat
losses of steaming ground by caorimetry,
Proceedings of the 24" NZ Geothermal Workshop,
University of Auckland, (2002), 261 — 266

Hochstein. M.P and Bromley, C.J.: Measurement of heat
flux from steaming ground, Geothermics, 34, (2005),
133-160.

Hochstein, M.P., Browne, P.R.L.: Surface manifestations of
geothermal systems with volcanic heat sources,
Encyclopedia of Volcanoes, Academic Press, (2000),
835-855.

Hochstein. M.P and Soengkono, S.: Thermal Method,
Geothermal Lecture Note, Geotherma Institute,
Auckland, (1999).

Nukman, M.: Overview of Gedongsongo Manifestations of
UNgaran Geothermal Prospect, Centra Java,
Indonesia : a preliminary account, 34th Stanford
Geothermal Workshop.

Rogers,G.F.C., Mayhew, Y.R.. Thermodynamic amd
transport properties of fluid, 4" ed, Blackwell
Publisher, (1993).

Severne, C.N., Hochstein, M.P.: Heat and mass transfer of
the Hipaua therma area (Tokaanu-Waihi geothermal
field), Lake Taupo, New Zealand, In : Proceedings of
the 16™ NZ Geothermal Workshop, University of
Auckland, (1994), 209-214.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


