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Abstract
Cavern A7 is operated with varying
volumes. As the already implemented

cavern supervisory algorithms of CavBase
were not designed to handle this new ap-
proach and appropriate changes in the exist-
ing functions were too complex, it was de-
cided to include the program CavBox in the
existing NomiX/CavBase environment.
CavBox was developed to calculate the gas

storage process parameters in a cavern with
varying volume. It reads the gas rates and
calculates the cavern pressure and tempera-
ture. The cavern volume is calculated ac-
cording to the produced brine or injected wa-
ter, and the fluid level in the cavern is deter-
mined using the sonar measurements giving
a relation between depth and cumulative
cavern volume.

Introduction
When gas is injected into a cavern it is
compressed and due to this compression

the temperature of the gas increases. When
the gas is produced from the cavern it is ex-
panded and the temperature decreases. Fur-
ther heat flows according to temperature dif-
ferences to the surrounding salt and to the
brine which is left in the cavern.
The gas properties are considered in CavBox
using the Hall-Yarborough correlation for
the calculation of z-factors. The heating or
cooling of the gas is calculated assuming
adiabatic pressure change. The heat flow is
accounted by a global function, which calcu-
lates heat flow linearly during a time step de-
pending on the temperature difference be-
tween gas and rock/salt and brine.
CavBox uses different files for input data
and creates output files to be used for graph-
ical display and post processing for storage
in databases.
The program calculates well head pressure,

well head temperature, casing shoe pressure
and average cavern temperature and pres-
sure.

S torage Processes
The main physical processes during
gas storage in a salt cavern are shown in

Figure 1. During operation of such a cavern it
is important to know the pressure changes in
the cavern, at the casing shoe as well as the
temperature in the cavern. The parameters
that are being measured during storage oper-
ations are rates and well head pressures and
temperatures. All other values needed for op-
erations and gas nomination have to be calcu-
lated.
Differing from the regular case of cavern
storage it was a pre-requisite due to market
requirements for the described case that the
cavern volume could be variable to optimize
cushion gas volumes. The cavern volume
can be changed by producing brine or inject-
ing water.

The storage pressure is calculated by mate-
rial balance and the equation of state for gas
(Eq. 1).

pV znRT= (1)

where p is the cavern pressure, V the cavern
volume, n the amount of gas in moles, R the
gas constant and T the cavern temperature.
The z-factor is calculated according to the
gas composition.
The temperature change in the cavern is cal-
culated as an adiabatic compression/expan-
sion according to Eq. 2.
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where T is the temperature, p the pressure, z
the real gas factor and ê=cp/cv the adiabatic
exponent. The indices 1 and 2 refer to the
corresponding state. Heat flow is from the
gas to the surrounding salt. It is calculated
according to the temperature difference be-
tween the salt and brine and the cavern gas
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Fig. 1 Main processes during gas storage in a salt cavern with dual well completion
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volume. The calculations are made in small
time steps of 1 hour or less.

Debrining
CavBox was already installed for the
debrining process of the cavern. The

gas injection rates and the brine rates were re-
trieved from the SCADA every 15 minutes
and the cavern pressure, casing shoe pres-
sure, the temperatures and the well head pres-
sures were calculated.
In Figures 2 and 3 and the gas and brine well
head pressure development is shown. For the
brine pressure no reliable data were avail-
able due to a failure of the pressure gauge.

S torage Operations
For storage operations the program was
extended and embedded in the NomiX

environment. The input data for history cal-
culation and predictions were provided by
the system as well as the start of the program.
The calculation of a year cycle (time step size
1 hour) takes a few seconds.
In Figure 4 the pressure match of historical
production is shown with respect to well
head pressure and in Figure 5 calculated and
measured well head temperatures. In Figure
6 the correlation between measured and cal-
culated data is shown. The correlation is
quite good and the error is in the range of
1%. It should be noted that the measured
pressures as well the rates were daily aver-
ages and that the match would improve if
hourly data were taken.

Integration in NomiX
Today’s cavern gas storages are assets that
are closely linked to the markets. These

markets become more and more volatile.
Any order of gas volumes (nominations)
from or to the market is named by an energy
trader. He trades directly with the market and
errors are not permitted and are penalized se-
verely. Thus each energy trader needs to cope
with new challenges before realizing a deal:
– Are there enough capacities to inject the

nominated amount of gas?
– Can the nominated amount be produced

without damaging the caverns?
– Is all equipment available which is needed

to process the nomination (e. g. compres-
sors)?

These questions are essential for highly flex-
ible but safe nomination operations. They
are essential technical questions, whereas a
trader is an expert in marketing and sales-re-
lated questions. He does not need all the
technical background information. Instead,
he must only see a green light if his nomina-
tion can be processed or a red light if not.
The fact that traders are constantly requiring
better prediction accuracy has made it nec-

Fig. 2 Gas well head pressure development during debrining, measured (dots) and calculated (line)

Fig. 3 Calculated brine well head pressure development

Fig. 4 Measured (dots) and calculated (line) gas well head pressure



essary to integrate the process engineering
system into the prediction simulations
(subsurface and surface). This is because the
availability and design limits of the system
components have a significant effect on the
performance (capacity and deliverability) of
the gas storage. The number of components
needed for injection or withdrawal as well as
an exact description of the conditions at the
different process sections within the station
need to be predicted.
On the basis of the know-how within the
companies SOCON and GreyLogix, the
software – entitled NomiX [1] – can pre-
cisely predict the feasibility of gas quantity
nominations with regard to rock mechanics,
thermodynamics and specifics of the instal-
lation and make this information available to
the gas trader and/or station manager (Fig.
7). The procedure can be performed as re-
quired by a mere click, whilst NomiX pro-
motes reliable, economic multi and high cy-
clic operation of storage caverns. As the fa-
cility in Zuidwending is designed to allow
flexible reaction to sudden changes in gas
demand, a customized NomiX version was
already implemented. Thus it was reason-
able to include the supervision of cavern A7
in this environment.
On behalf of and in cooperation with
SOCON and GreyLogix, W. Littmann
(CRE) has developed CavBox based on
planned nominations of gas or energy quan-
tities. The whole simulation software is as
the entire storage system divided into differ-
ent processing sections. During injection,
withdrawal and standstill the following ele-
ments are taken into account:

– CavBox simulates cavern A7 – which is
partly filled with brine – and creates a
link-up with the cavern simulation of
CavBase

– CavBase simulates the other gas filled ca-
verns and checks the subsurface restric-
tions of all five caverns

– After checking the subsurface restrictions
the results are given back to NomiX, which
corresponds permanently with the DCS,
creating nominations for a so-called “time
remaining calculation” and handles the
interfaces.

Due to NomiX manual interventions or cal-
culations are superseded. The Zuidwending

version is designed
as a database-based
distributed applica-
tion for unmanned

operation, which generates defined alarms
in the event that time-remaining values are
too low or in event of failures.

The authors wish to thank N.V. Nederlandse Gasunie
and Energy Stock B.V. for their support
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Fig. 5 Measured (dots) and calculated (line) gas well head temperature

Fig. 6 Correlation between measured and calculated well head pressure Fig. 7 Principle of the NomiX structure [1]



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 842.000]
>> setpagedevice


