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Presenter
Presentation Notes
Unlike oil and gas reservoirs in which the energy resource is the fluid itself, geothermal fluid has little inherent value and is simply a carrier of the energy. The principle value of a geothermal reservoir to a developer lies in the thermal energy it contains, therefore we can say that one of the most important parameters in geothermal wells is enthalpy in other words heat content.
Currently enthalpy measurements are done at the surface because there is no commercial tool for downhole enthalpy measurement
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OBJECTIVE
Finding a way to measure enthalpy down hole.

Presenter
Presentation Notes
The aim…Once we have a downhole enthalpy profile, it would be easier to characterize fractures, we would have a chance to compare wellbore simulator  results. We would have additional useful data for reservoir modelling. The project is challenging because the measurement must be done in-situ and reservoir environment is hostile to downhole tools due to high t and corrosive chemicals. developments of optical fiber technology have brought new ways to measure pressure and temperature down hole. But there is no commercial tool to measure d.e. and additional flow parameters other then P  and Tare needed to determine the enthalpy with fiber optics. 
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OBJECTIVE

Finding a way to measure enthalpy down hole.

Down hole enthalpy measurements useful for:
- Fracture characterization
- Reservoir modeling
- Validating results from wellbore simulators
- Earlier estimates of power produced by a well

Presenter
Presentation Notes
The aim…Once we have a downhole enthalpy profile, it would be easier to characterize fractures, we would have a chance to compare wellbore simulator  results. We would have additional useful data for reservoir modelling. The project is challenging because the measurement must be done in-situ and reservoir environment is hostile to downhole tools due to high t and corrosive chemicals. developments of optical fiber technology have brought new ways to measure pressure and temperature down hole. But there is no commercial tool to measure d.e. and additional flow parameters other then P  and Tare needed to determine the enthalpy with fiber optics. 
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PARAMETERS NEEDED for DOWNHOLE 
ENTHALPY MEASUREMENT

Flowing enthalpy: 
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Mass flow rate: ρ*qW =
Void fraction

Presenter
Presentation Notes
Let’s have a look at what we need to determine downhole e. We start our experiments with air-water flow and then we tried water-steam flow.



6/27/2008 5

FIBER OPTICS FOR PHASE 
DETECTION

The working principle of most 
fiber optic probes is based on the 
Snell-Descartes refraction law:

2211 sinsin θθ nn =

Hamad et al. 1997

Liquid-gas interfaces 
passing by the tip of the 
probe cause the system to 
change from a refraction 
state to a total reflection 
state.

Danel & Delhaye 1971

Presenter
Presentation Notes
It is now well known that optical techniques can be used for phase detection. Such techniques are usually based on Snell’s law and take advantage of the fact that the indices of refraction of the liquid and gas phases are quite different. Most important part of fiber for phase detection is its tip. In this slide we have two fiber tip examples, a conical one and a u-shaped one, tips were modified like those in order to get total reflection when the tip is within the gas phase.
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THE NORMAL REFLECTION PROBE

The principle of this probe is based on 
the variation in the reflection coefficient 
(the Fresnel coefficient) at the probe tip 
with the index of each fluid. The Fresnel 
coefficient  for a normal light incidence 
at the interface between the fiber and the 
surrounding fluid is:

The important changes in the reflection 
coefficient ensure a relatively easy way 
of detecting the bubble’s interfaces.
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Presenter
Presentation Notes
In our experiments we used a normal reflection probe in which the fiber tip is cut at a right angle to the fiber axis, in other words the tip is flat.
The principle of this probe is based on the variation in the reflection coefficient at the probe tip. This is the R equation in which n and no are the surrounding fluid and the fiber indices. with the changes in the R value we could detect the bubble interfaces
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SCHEMATIC OF EXPERIMENTAL 
APPARATUS

Allain Cartellier (1989)

Presenter
Presentation Notes
Invisible light was sent to the tip of the fiber and different amount of light was reflected back depending on the phase around the tip. Reflected light was sent to the detector through the coupler. And detector converted the light signal to electrical signal and data was digitized by the labview software. More light was reflected when the tip was inside the gas phase and the fiber tip only detected the bubbles that touched its surface as seen in the figure, not the others flowing around.
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COMPARISON MEASUREMENT

The FFRD technique was 
used for correlation during 
the void fraction 
measurement experiments.

The phototransistor inside 
the FFRD produces 
different voltages when 
sensing different strengths 
of light.

Fractional Flow Ratio Detector

(Chen et al. 2004)



6/27/2008 9

LOCAL VOID FRACTION 
CALCULATION

In our study void fraction is defined as the direct 
measurement of the relative time the dispersed phase 
is present at the measuring point.
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Presenter
Presentation Notes
Lets see how local v f can be calculated. M(x,t) is the dispersed phase density function and has values 1 or 0 depending on the phase which is present around the tip of the fiber, x is the local position and T is the total test time
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EXPERIMENTAL RESULTS

Slow Bubble Flow
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Correlation curves for water-air flow

Presenter
Presentation Notes
The correlation curve for the slow bubble flow closely followed the 1:1 line, however we could not observed the same result for the fast air flow because the FFRD did not work well when the gas phase flow was fast.
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Water-Steam Flow
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EXPERIMENTAL RESULTS

Correlation curve for water-steam flow

Presenter
Presentation Notes
Unlike fast air flow, we obtained a fairly good correlation between FFRD and fiber optic for the water-steam flow. For the steam case the FFRD worked well although the gas phase flow was fast because some steam bubbles condensed when they reached the FFRD.
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DISPERSED PHASE VELOCITY 
MEASUREMENT
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Presenter
Presentation Notes
To be able to measure the second important parameter, dispersed phase velocity,  we design a new fiber tip with two optical fibers with different length.
Green arrow shows the travel time of the bubbles interface from leading sensor to the trailing sensor…
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DIFFERING STRIKE 
LOCATIONS

1tΔ

21 tt Δ<Δ 21 tt Δ=Δ

1tΔ 1tΔ

21 tt Δ>Δ

2tΔ
2tΔ 2tΔ

1tΔ and        represent residence times of the two optical fibers inside the bubble2tΔ

Presenter
Presentation Notes
Middle one is the dual optical probe signal response when striking a bubble centrally and the other two are off center
Delta t’s represent the residence times of the two optical fibers inside the drop.
Besides the strike locations, the bubble velocity also depends on the bubble size.
We obtained the dispersed ph. Vel. by averaging the calculated bubble velocities in each test run.
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COMPARISON MEASUREMENT 
TECHNIQUE

Presenter
Presentation Notes
Duration btw two consecutive frames is 3,33 ms 
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EXPERIMENTAL RESULTS

Presenter
Presentation Notes
Again we only obtained a good correlation for the slow flow case, and not for the fast flow case because it was hard to detect the bubbles from the camera images as can be seen in this picture.
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EXPERIMENTS in THE MODEL WELL

Presenter
Presentation Notes
Initial tests were conducted in a 4-inch plexiglass tube. Then we also tested our device within the 2.5 ft model well, comparison measurements were done with a resistivity sensor designed by Joel Sandler. He worked on three different sensor configurations in order to optimize the signal to noise ratio… 
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EXPERIMENTAL RESULTS

Air injection
pressure (psi) 

Average void fraction Average void fraction Ratio between resistivity

from resistivity sensor 
(%)

from fiber optic sensor 
(%)

and fiber optic sensor 
results

7 4.71 1.35 3.49

10 6.15 2.67 2.31

12 6.95 3.49 1.99

20 7.46 4.09 1.83

Presenter
Presentation Notes
Also we observed that with increasing air flow rate, the ratio between resistivity and fiber optic results decreased, in other words void fraction values obtained from fiber optic sensor were closer to resistivity-inferred values at high air flow rates (table)….
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CONCLUSION
Normal cut fiber optic probe can be used to measure local void 
fraction and dispersed phase velocity, which are essential factors to 
determine enthalpy downhole.

A good correlation between the FFRD and fiber-derived estimates of 
void fraction was obtained for (slow) water-air bubble flow and (fast 
and slow) water-steam flow.

For slow water-air flow a good correlation was obtained between the 
dual optical probe and the camera-inferred velocities. The fiber optic 
probe also appeared to be working well in fast water-air flows, 
however we did not have a successful secondary measurement to 
confirm this.

In the model wellbore, the fiber-inferred void fractions were 
correlated with those from resistivity measurements.

Presenter
Presentation Notes
Fast bubble flow case can give satisfactory results with a different correlation technique



6/27/2008 19

ACKNOWLEDGEMENTS
We are grateful for funding through Idaho 
National Lab.
Thanks also to Stanford University for 
support of undergraduate research.
Earlier resistivity measurements by Egill
Juliusson.
Model wellbore designed by Manoj Kumar.



6/27/2008 20nil

QUESTIONS

?

?
?

?

?

?
? ?

?

?
?

??

?

?
?

?
? ?

??
?

?

?
?

?

?

?
??

?
?

?

?

?

?



6/27/2008 21

QUESTION & ANSWER

FIBER PROBE DESIGN for DOWNHOLE
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