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DISCLAIMER: 
  
This report was prepared as an account of work sponsored by an agency 
of the United States Government.  Neither the United States Government 
nor any agency thereof, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, apparatus, prod-
uct, or process disclosed, or represents that its use would not infringe pri-
vately owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise 
does not necessarily constitute or imply its endorsement, recommendation, 
or favoring by the United States Government or any agency thereof.  The 
views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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ACCOMPLISHMENTS 

Context – Goals. Physical properties of hydrate bearing sediments are critical for gas production 

strategies, geo-hazard mitigation and its impact on gas recovery engineering. Typically, the 

determination of physical properties rely on correlations and experimental data recovered from 

conventional and pressure cores. The inherent sampling disturbance and testing difficulties brings 

a new sets of uncertainties. In this research, we develop a new comprehensive borehole tool for 

the characterization of hydrate bearing sediments, and an IT tool for the physics-bases selection 

of appropriate parameters.  

 

 

 

Accomplishments 

The main accomplishments for this period include: 

 Borehole tool (sub-task 2.3: Parameter prediction) 

o Finite Element Simulation of Cone Penetration Testing 

 Borehole tool design: body (sub-task 3.3: Design and construction) 

 Borehole tool (sub-task 4.2: Lab testing) 

 Borehole tool (sub-task 5.3: Deployment collaborator visit) 

 

Plan - Next reporting period 

Machining new body, upgraded electronics, and preparation for field testing in shallow sediments. 

 
Research in Progress 
Summarized in slides that follow (End-of-year 2 presentation) 
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DOE - National Energy Technology Laboratory 
Agreement: DE-FE0013961

Borehole Tool for the 
Comprehensive Characterization 

of Hydrate-Bearing Sediments 
Transition to Phase 3 / Budget Period 3

J. Carlos Santamarina

Georgia Institute of Technology
(on leave at KAUST)

Context – Goals   

Physical Properties: Database & IT Tool

In Situ Characterization Tool

Developments @ KAUST

Next – Team – Schedule 
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Context

Goals

(additional information: see 2014 End of Year Report)

Context

Fundamental Scientific Questions
formation history (fluids sediments hydrates)
energy, C-cycle, climate

Engineering Needs
comprehensive characterization
engineering analyses
reservoir simulators
coupled HTCM processes
detection and monitoring

State-of-the-art: 
properties weakest link in geo-analyses and engineering

Observation: 
inherent and ubiquitous sampling effects
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Hydrate Fluid: Volume Expansion

0

10

20

30

40

50

272.15 277.15 282.15 287.15 292.15 297.15 302.15

Temp [K]

P
 [

M
P

a]

India

Cascadia

Hydrate Ridge

Gulf of Mexico

Mallik
Mt.Elbert

β=1.3

1.4

1.5

2

3
4

6

Nankai Trouph

Blake Ridge

5

Standard Cores: Massive Destructuration
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Inherent Sampling Effects

Clayton and Siddique, 1999Skinner and McCave, 2003
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Dilluvial Sandy Soil; Yasuda and Yamaguchi  - from Tokimatsu and Uchida (1990)
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Inherent Sampling Effects

Characterization - Strategy

Index properties

Reconstituted specimens at proper ’
without hydrate
with hydrate

Pressure cores within stability field PCCTs
without ’ control
reloaded to in-situ ’

In-situ tests ISTTs

Physical properties database ITT
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Disturbed 
specimens

Geo‐tech 
Design

Characterization – Strategy: PAST

Disturbed 
specimens

PCCTs

In‐situ IT tool
Geo‐tech 
Design

Characterization – Strategy: FUTURE
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Physical Properties
Database
IT tool

(additional information: see 2014 End of Year Report)

physics inspired… engineering driven !

IT Tool

Objectives

‐ Parameter estimate with limited input data
‐ Design parameters for simulations and calculations
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IT Tool

Objectives

‐ Parameter estimate with limited input data
‐ Design parameters for simulations and calculations

Parameters

Properties

Phase properties

Hydrate phase properties

Gas phase properties

Liquid phase properties

Mechanical

Strength

Stiffness

Wave velocity

Hydraulic

Soil water characteristic curve

Hydraulic conductivity

Permeability of HBS

Relative permeability

Thermal
Thermal conductivity

Heat capacity

Predicted Properties

Predicted by 
Santamarina and 
Ruppel (2008)

Mechanical PropertiesPhase Properties

Thermal PropertiesPermeability Properties
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Uncertainty Analysis
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In Situ Characterization Tool

(additional information: see 2014 End of Year Report)

Body + Anchor + Lifting 
systems
Soil sampling modules

Penetrometer modules

Parts

Peripheral 
components

Electronics + 
Batteries

Body

In-situ tool
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Governing Parameters

Property Sensor/method

Index Properties 
and Reservoir 
Characteristics

In-situ temperature - pressure Direct measurement

Porosity – Hydrate saturation

Grain size distribution – Fines content

From soil sampling / VideoStratigraphy / hydrate morphology

Formation history

Salinity
From pore water sampling

Pore water geo-chemistry

Thermal Properties
Thermal conductivity Direct measurement & post-process

Specific heat and Latent heat

Hydraulic 
Properties

Capillarity – Saturation curve - Relative k 

Hydraulic conductivity Direct measurement & post-process.

Potential migration pathways

Mechanical 
Properties

Lateral stress coefficient

Soil Stiffness: shear and bulk stiffness Direct measurement & post-process

Strength Direct measurement

Stress-dependent dilatancy
From soil sampling

Compressibility upon dissociation

Porous stainless steel 
316  (sintered)

Pore fluid sampler 
connector

Tool: General

Material SS316

Direct Measurements

Penetration force
Temperature
Pore water pressure
Hydraulic conductivity
Electrical resistivity
Video

Obtain Samples
Pore fluid
Gas and water (Mini-production test)
Soil (disturbed)

D = 36.5mm
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CL
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Stress verification

σmax = 190 MPa

Deployment – 3D FEM Simulation
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Effect of Cone Geometry

Tip: Force Calibration

ISCO 
pump

Power 
Supply

Data Logger
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System Verification

Electrical Conductivity Calibration
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Body Assembly – Test: Shallow Sediments

Coupling mechanism

Piston Corer 
Dead Weight

Electronics

CPU 16 MHz ATmega328

Sampling frequency Up to 1 ms

Memory flash 32 K

Size 2.7in x 2.1in

Power Batteries / USB / AC-to-DC adapter

Pc connection USB port

Resolution 10 bits (expandable)

Memory storage Peripheral / SD card

Price ~$30

Arduino works as a Power 
Supply and Data Logger
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Electronics Calibration

Power Consumption

Developments @ KAUST

Seeps 
Shallow marine accumulations
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Collaboration  KAUST’ CMOR
Main Building High Pressure Testing Vessel

CMOR Testing Fleet

Seeps? Shallow Hydrate Accumulations?

Skarke et al. (2014)
Skarke et al. (2014)
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Bahk et al. (2009)

Seeps? Shallow Hydrate Accumulations?

Slide 44

Gas Migration and Hydrate Formation
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Context – Goals   

Physical Properties: Database & IT Tool

In Situ Characterization Tool

Developments @ KAUST

Next – Team – Schedule 

Coming up?

IT Tool
Completion - Release

Characterization Tool

Complete modules and pressure test

Deploy Red Sea
implications to gas seeps
implications to shallow marine accumulations

Develop Coupling Method to Drill
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Team:

NN (1st year)

Sheng Dai

Marco Terzariol (PostDoc – GT/KAUST)
Zhonghao Sun (PhD – GT @ KAUST)

Schedule
Year 1 Year 2 Year 3

10/1/2013 →
9/30/2014

10/1/2014 →
9/30/2015

10/1/2015 →
9/30/2016

Task - 1.0 Project Management and Planning

Task 2.0 - Knowledge and IT

2.1 - Properties - database

2.2 - Robust correlations

2.3 - Parameter prediction IT tool - Uncertainty

Task 3.0 Borehole Tool Design - A: Body

3.1 - Insertion alternatives

3.2 - Preliminary mockups

3.3 - Design and construction of components

3.4 - Complete construction and assembly

Task 4.0 Borehole Tool Design - B: Instrument

4.1 - Interchangeable tools - Electronics

4.2 - Prototypes - Lab testing

4.3 - Complete construction and assembly

Task 5.0 - Full-Scale Prototype Lab-Assessment

5.1 - Analogue sediment / Set up

5.2 - Test tool operation

5.3 - Discuss with Industry Collab.

Task 6.0 - Field Deployment
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MILESTONE LOG 
 

 Milestone 
Completion 

Date 
Comments 

Title 
Planned Date 

Verification method 

Completion PMP 
November 2013 
Report 

11/2013 
 

Title 
Planned Date 

Verification method 

Insertion – Tool design 
September 2014 
Report 

9/2014 
 

Title 
Planned Date 

Verification method 

Database and IT tool 
September 2014 
Report 

9/2014 Paper in preparation 

Title 
Planned Date 

Verification method 

Electronics in operation 
January 2015 
Report 

Continued 
progress 

 

Title 
Planned Date 

Verification method 

Lab testing of prototype 
September 2015 
Report 

Continued 
progress 

 

Title 
Planned Date 

Verification method 

Tool deployment 
Before September 2016  
Report 

In progress 
 

 

 

 

 

PRODUCTS 

 Publications – Presentations: None at this point 

 Website: Publications and key presentations are included in http://egel.kaust.edu.sa/. (for 

academic purposes only) 

 Technologies or techniques: None at this point. 

 Inventions, patent applications, and/or licenses: None at this point. 

 Other products: None at this point. 
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PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 

Research Team: The current team is shown next. We anticipate including external collaborators as 

the project advances 

 

 

 

 

 

 

 

IMPACT  

None at this point. 

 

CHANGES/PROBLEMS:  

None at this point. 

 

SPECIAL REPORTING REQUIREMENTS:  

We are progressing towards all goals for this project. 

 

BUDGETARY INFORMATION:  

As of the end of this research period, expenditures are summarized in the following table (Note: 

in our academic cycle, higher expenditures typically take place during the summer quarter): 

 

 

  

PI: J. Carlos  
Santamarina 

Admin. Support: 
Rebecca Colter 

Post Doc 
Marco Terzariol 

PhD #2 
Zhonghao Sun 
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National Energy Technology Laboratory 
 
626 Cochrans Mill Road 
P.O. Box 10940 
Pittsburgh, PA 15236-0940 
 
3610 Collins Ferry Road 
P.O. Box 880 
Morgantown, WV 26507-0880 
 
13131 Dairy Ashford Road, Suite 225 
Sugar Land, TX 77478 
 
1450 Queen Avenue SW 
Albany, OR 97321-2198 
 
Arctic Energy Office 
420 L Street, Suite 305 
Anchorage, AK 99501 
 
 
Visit the NETL website at: 
www.netl.doe.gov 
 
Customer Service Line: 
1-800-553-7681 
 


