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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.



Context — Goals.

The 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 relies on correlations and experimental data recovered from conventional and
pressure cores. Inherent sampling disturbance and testing difficulties add significant uncertainty.
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.
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Accomplishments
The main accomplishments for this period include:
e Borehole tool design: body (sub-task 3.4: Final design and construction)
o Final assembly
e Borehole tool (sub-task 4.3: Final design and construction)
o0 New improved strain gage resolution
e Field deployment
o First deployment on KAUST marina

Plan - Next reporting period
Design of the coupler for the drill string, a new and compacted electronic rack, add electric

resistivity measurement to the log data and a new version/generation of the camera module.



Research in Progress

Borehole Tool

The updated borehole tool is a modular design that involves multiple modules coupled in series.
These modules were machined of stainless steel 316 for corrosion and mechanical resistance.
Instrumentation within modules is complemented by peripheral piping and chambers for water and

gas sampling, and hydraulic conductivity measurements.

The tool can be operated in three different modes. The first mode is a stand-alone device: all

electronics, batteries and storage are kept inside the tool. The second mode is hard-wired to the
vessel at the surface for real time data gathering and power supply. The third operating mode is a

hybrid customizable/mode device to satisfy a wide range of applications.

Tool construction and assembly

Figure 1 shows the final assembly of the body (housing), sensor modules, and sediment samplers.
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-

Figure 1: The tool. Note: sensor modules not shown due to space limitations



Peripherals: pressure transducers, fluid
samplers, valvesland electronics

Sensors

Coupling mechanism to Body

Figure 2 shows the extruded image of the peripheral components in the
tool. All sensors are mounted above the coupling mechanism to the
Body. Piping, pressure transducers, fluid samplers, valves and
electronics are depicted in the figure as well.

Electronics: new board and circuitry.
A new microprocessor, board and circuitry have been tested to improve

accuracy and resolution of the various strain gages used in the tool.

The force module integrated with the new command board were tested
within a high pressure chamber (max. pressure = 35 MPa) under two
power supply voltage levels: 5 and 10V. Figure 3 shows the results of
this test. The 5V board delivered lower resolution data (0.5 MPa to 1.8
MPa jumps). On the other hand, the 10V supply delivered data with 0.18

MPa resolution.

The final tool assembly involves three battery packs for power supply:

strain gages, microprocessor and solenoid valves.

Figure 2: Sensors and peripheral components.
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Figure 3: Electronics: Enhanced resolution attained with the new board, microprocessor and

circuitry.

Borehole tool: pressure testing.

The tool was subjected to a pressure test within the high pressure vessel at the Coastal Marine
Resources Core Lab at KAUST. The high pressure vessel has an internal diameter of 0.5 m. and
2.5 m. internal depth, and is able to sustain up to 100 MPa internal pressure at temperatures that
range from O to 100°C. Figure 3 shows the pressure vessel about to be tested and the pressure
history imposed during the test, including pressure steps at 10, 50, 100, 200 and 350 bars. The tool

sustained the 35 MPa (350 bars) water pressure without any leakage.
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Figure 3: High pressure vessel and pressure test.

Field test.

The first field test was performed at the KAUST marina (CMOR). Figure 4 capture various part
of the test. The tool was lowered vertically into shallow sediments beneath the water using a port-
able crane. The seafloor was ~5 meter deep and included very loose silt on top of compacted gravel

and corals. Only partial penetration into the hard base was achieved.



Figure 4: First field testing: deployment. a) Tool waiting to be coupled; b) lifting and approach
to the water; ¢) decoupling to the hoist; d) lowering the tool to start the test; e) retrieving the tool.



Figure 5 shows data gathered with the three pressure transducers, two thermocouples and the ac-
celerometer (3 axis). The pressure transducer 1 captures three penetration events (others are for
flow tests and remain inactive). The accelerometer signature shows spikes and plateaus reflecting

different stages during tool manipulation.
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Figure 5: First field testing: sensor readings. a) pressure transducers location; b) pressure trans-
ducers readings showing the three tool insertions; c) temperature readings at the tip; d) accelera-
tions for the three principals directions; e) assembly of electronics in the rack ready to be connected
and inserted in the tool bodly.



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

9/2015

Title
Planned Date
Verification method

Lab testing of prototype
September 2015
Report

9/2015

Title
Planned Date
Verification method

Tool deployment
Before September 2016
Report

In progress

PRODUCTS

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

academic purposes only)

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



PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS
Research Team: The current team is shown next. We anticipate including external collaborators as

the project advances

PI: J. Carlos San- _J Admin. Support:
tamarina . Rebecca Colter
|
PhD #1 PhD #2

Marco Terzariol Zhonghao Sun
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):
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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




