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Nesjavellir Geothermal Power Station in Iceland

SuperconductingGravity Meters Provide:

ÅContinuous Gravity Data ÅUltra low linear drift

ÅSub µGal Precision ÅConstant scale factor

ÅExtremely low noise ÅInsensitive to  localenvironment 



DevelopingReservoirModelsat GeothermalFields:
Å Undergroundreservoirmodels areneededto better understandthe functioningof geothermalfields.

Å Reservoirmodelsusegeophysicalmeasurementsto preciselyunderstandthe structureandfunctioningof the field.

Theseinclude: gravity,resistivity,selfpotentialandmagneto-telluricmethods.

Å Modelingalsodependson geologicalmeasurementsincludingporosity,mineralgraindensityandbulkdensity.

Å Gravitydataisusedfor interpretingthe structureof rockformationsandalterationin rocksandmineralsdueto hot fluid flow.

Å Structurecloseto the surfaceproducesstrongandlocalgravityeffectsthat canbe measuredusingspring-type gravitymeters.

However,deeperrock densitycontrastsproduceweakersignalsover wider areasand require muchhigherprecisiongravity

measurementsto modeltheir structure.

Å Highprecisiongravitymeasurementscouldbe usedfor detectionof pore fluid changesfor developmentmonitoring; however,

thishasalsobeendifficult to achievewith spring-typegravitymeters.

Å Sincegravitydependson verticalposition,GPSdata is necessaryto measureverticaldeflectionand achievesa precisionof 3

mm or better. Independentof gravity,GPScannotdeterminemasschangesinsidethe reservoir,but providessupplemental

informationon deformationandsubsidenceto modela geothermalfield for structuralchangesandmassflow of fluids.

Gravitymeasurementcampaignsusingspring-type gravitymetersare important in all stagesof developinggeothermalenergy

resources- from prospectinga potential site on through plant operation. In addition,somesitesuseabsolutegravitymeters

(AG) in conjunctionwith spring-typegravitymetersto improveprecision.

Limitationsof ContemporaryTechniquesUsingSpringandAbsoluteGravityMeters:
AGand spring-type gravity meters have limitations, which reducethe quality and reliability of their data. We proposethat
deploymentof one or more superconductinggravimeters(SG),whichcontinuouslyrecordhighprecisiongravityvariations,in
conjunctionwith AGandspring-typegravitymetersurveyswill markedlyimprovegravityasa tool for geothermalapplications.

Å SpringGravity Meters: Mechanicalspring-type gravitymetershavea repeatabilitythat is typically10 µGaland are designed
to be portable and to makemeasurementsquicklyin surveysover a spatiallydefinednetwork. In general,thesemetersare
lessexpensivethan SGsandeasierto use. However,spring-type gravitymetersarewell knownfor their unpredictabledrifts of
tens ofmGalsto a few milliGalsper day. In addition, their scalefactor is not constant; drift ratesmaychangedramaticallyin
responseto changesin pressureandtemperature; andoffsetsorΨǘŀǊŜǎΩmayoccurfrom mechanicalshock. Forthesereasons,
usersoften carrymultiple springmetersto improve results. More recently,usershavetied relative gravitysitesto absolute
gravitymeter (A10andFG5) referencestationsto improveresults.

Å AbsoluteGravityMeters: Absolutegravitymetersarealsodesignedto be movedandto makesurveys,but cannotbe moved
asrapidlyasspringgravitymeters. Thebestabsolutegravitymeters(Micro-g FG5) achievea precisionof +/- 1 µGal,but are
difficult to moveandneedat least12 to 48 hoursto achievethat precision. Therefore,the smallfield absolutegravitymeters
(Micro-g A10) with a precisionof +/- 10 µGal are often used. Sinceabsolute gravity meters cannot make continuous
measurements,higher frequency information occurring between surveysis lost and correlation with other continuously
monitoredparametersisnot possible.

Advantagesof an iDǊŀǾϰSGMeter:
1. Continuous Gravity Reference Station:  ¢ƘŜ ƛDǊŀǾϰ {D ƳŜǘŜǊ ǇǊƻǾƛŘŜǎ ŀ Ŏƻƴǘƛƴǳƻǳǎ ƘƛƎƘ ǇǊŜŎƛǎƛƻƴ ƎǊŀǾƛǘȅ ǎƛƎƴŀƭ ŦƻǊ 

correlation with injection or extraction rates and other geophysical measurements.  Continuous signal analysis techniques are

extremely powerful for modeling and discriminating  local hydrology from deeper geothermal signals of interest.  SGs are built 

to run for decades with simple annual refrigeration maintenance cycles.

2. Instrumental Stability:  SGs have very low drift rates of less than 6 µGal/year and the drift rate is extremely linear over  years 

to decades.   The SG scale factor is constant to better than 1 part in 104 and since the SG operates in a cryogenic environment, 

it is totally insensitive to external pressure and humidity.

3. Low Noiseand HighPrecision: SGshavea precisionof 0.2 µGal(Hz)1/2, which is more than 20 db lower than typical spring-

typegravitymeters. With a one-minuteaverage,the SGattainsa precisionof 0.02µGal.

ContinuousGravityMonitoring will Enable:
1. Correlation with injection and extraction rates and other geophysical signals

2. Precise modeling of Earth and ocean tides and atmospheric signals

3. Development of an accurate surface hydrological model necessary  to achieve µGal precision

4. Testing of mass movement models of geothermal fields



Utilizing Superconducting Gravity Meters at Geothermal Sites:
1. A  single Superconducting Gravimeter (SG) will serve as a continuous and precise gravity station: 

ÅWhen placed outside the geothermal system, the SG provides a high precision gravity signal for referencing spring gravity and 

AG measurements and thereby improving their precision.   Additionally, the SG can be used to determine a precise local 

hydrological model for extrapolation into the Geothermal field and to verify that Geothermal operations do not negatively 

affect the surrounding  environment. 

Å Located inside the Geothermal system, the SG can provide continuous measurement of underground mass movement; and 

provide a precise reference point to anchor microgravity surveys. 

2. Use and the advantages of two or more Superconducting Gravimeters:

Å One achieves the advantages of continuous gravity measurements made  both inside and outside the geothermal system.  

Å Enables measurement and subtraction of any common mode signals due to the Earth tides, ocean loading, atmospheric 

effects, and surface hydrology which improves precision and  simplified interpretation of gravity data.   

Å Precisely monitors  both regions of injection and extraction to directly monitor and optimize the utilization of the geothermal 

system.

3. Using  several continuously monitoring  Superconducting Gravimeters meters allows for: 

Å Sub-µGal resolution of gravity signals from underground sources by common mode rejection.

Å Determination of rapid mass flow changes from injection and extraction. 

Å Determination of long term annual and decadal changes in the geothermal system.

Å Optimum and sustainable production management of a geothermal system.

5. Improved prediction and management of production

6. Improvements in life time estimation of the geothermal field
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