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Introduction

 Who are we, what are we doing, and why are we doing it?

 Sandia National Laboratories  

 Geothermal Research and Development Division

 Advanced Materials Laboratory

 Stanford University 

 Department of Energy Resources Engineering
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Introduction
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• 2014: Development and characterization of 
an iodide ion selective electrode for use in 
reservoir tracer experiments (I-ISE) 
(polycrystalline silver iodide – silver sulfide)[1,2] 

US Patent and Trademark Office Provisional 
Application 61983234 , April 2014
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• 2014: Development and characterization of 
an iodide ion selective electrode for use in 
reservoir tracer experiments (I-ISE) 
(polycrystalline silver iodide – silver sulfide)[1,2] 

• US Patent and Trademark Office Provisional 
Application 61983234 , April 2014 

• 2015: Wireline tool with high-temperature 
electronics is under development while lab 
tests are continued to assess the capabilities 
of measuring other ions.[3]

• 2015: Related partnership with Stanford 
University (LDRD funded) began for 
measuring wellbore chloride concentrations 
and relating them to enthalpy.

• US Patent and Trademark Office Provisional 
Application 62454194 , Feb 2017 
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• 2014: Development and characterization of 
an iodide ion selective electrode for use in 
reservoir tracer experiments (I-ISE) 
(polycrystalline silver iodide – silver sulfide) [1,2] 

• US Patent and Trademark Office Provisional 
Application 61983234 , April 2014 

• 2015: Wireline tool with high-temperature 
electronics is under development while lab 
tests are continued to assess the capabilities 
of measuring other ions. [3]

• 2015: Related partnership with Stanford 
University (LDRD funded) began for 
measuring wellbore chloride concentrations 
and relating them to enthalpy.

• US Patent and Trademark Office Provisional 
Application 62454194 , Feb 2017 

• 2016: Successful field test of a full-scale 
wireline tool which implemented the I-ISE 
sensor.



Enthalpy Measurement
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2017: Stanford develops the model for measuring the enthalpy of two-phase flow using a 
chloride selective electrode (Cl-ISE) and Sandia develops the sensors and tool. [4,5] 



Borehole Enthalpy

 The amount of thermal energy available is a critical parameter 
to determining the value of a geothermal resource. (Enthalpy)

 Downhole enthalpy and real-time monitoring is considered 
high value/critical data. (Production predictions, reservoir 
performance, fracture mapping, flow mapping)

 Enhanced Geothermal Systems (EGS)
 2006 U.S. Department of Energy funded a comprehensive report 

“The Future of Geothermal Energy – Impact of Enhanced Geothermal 
Systems (EGS) on the United States in the 21st Century”
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Introduction

 Enhanced Geothermal Systems (EGS) (cont’d):
 The 18-member panel concluded:
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1. 2,800 times more energy consumed in all of 2005 is available at the 
most conservative level of estimation. 

2. Electricity production for as low as 3.9 cents per kWh.
3. R&D investment potential of about $1 billion dollars over 15 years.



Goals, Development and Application

 Polycrystalline membranes 

 Iodide Selective Electrode (I-ISE)[6]

– Not really a new technology (Orion, 1966)

– Still highly relevant to practical application

 Requirements:

 Solid-state material must be

1. a good ionic conductor

2. chemically inert in solution
(Ag2S: Insoluble in acids/bases/NH+)

3. possess low-solubility
(Ag2S: Ksp = 6.1x10^50)

9



Goals, Development and Application

 Polycrystalline membranes (continued)

 Chloride Selective Electrode (Cl-ISE)

 Currently evaluating two other silver chalcogenides

So… what is going on at the fundamental level?
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Theoretical Mechanism

 Frenkel defects are a type of point defect
 Overall neutrality has to be maintained

 Density does not decrease

 Cation is highly mobile

 Anion lattice remains relatively rigid

 Cation jumps into interstitial location

 Electron remains associated to the interstitial void

 These defects make it possible for atoms or ions to move through 
diffusion through the lattice.

 Ionic conductivity

 So what does this lead to?
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Sandia Ion-Selective and Reference Electrodes

Engineered Particles (powder) Press 8h @5 
Tons 

Electrode Pellet

Electrode Assembly
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Sandia Pressure Vessel Test

Thermal image of heating pressure vessel 
(°F)

• Electrodes are assembled in 
pressure vessel port hardware

• PTFE liner in the pressure 
vessel is filled with test solution

• Pressure vessel is pressurized 
to up to 1700psi and heated to 
up to 210°C

• Ion-Selective electrode 
potentials are recorded on 
National Instruments DAQ 
hardware
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HT Cl- Electrode at 25˚C and 200˚C
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Response of Cl- electrode in 0.1M KNO3

200C LP
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 Repeatable response (low hysteresis)

 Theoretical max slope @25C = 59.1mV/decade

 Theoretical max slope @200C = 93.92mV/decade

 Calibration for temperature is necessary.
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Wireline Tool for the Mock Well
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Solid State Reference Electrode
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Calibration at Stanford
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Concentration calibration curve for the tool obtained from Stanford 
prior to multiphasic flow experiment



Stanford Multiphase Flow Chamber

Wireline tool 
for mock well
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