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Geologic and Hydrogeologic Risks in the Ground-Water Supply
Harris County, Texas:

Here is what we’ll cover:

& Groundwater Sampling and Analysis in Harris County, TX
1970s, 1980s, and 2000s
X Radiometric Constituents: Uranium, 22Radon and 2?Radium
o Likely Source of Radiogenic Material: 28Uranium Radioactive Decay
Series
o Relationship to Growth Faulting in Harris County
X Natural Gas in the drinking water of Harris County and in a project that

discovered explosive levels in MUD Storage Tanks. Mitigation issues.
X Natural Gas in private water wells located next to company gas well.

X5 Use of Isotopes to determine source of natural gas in project in East
Texas and source of brine in project in Ohio.

X5 Character of Deep Growth Faults and Potential Hazard at the surface.
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Uranium-238 Radioactive Decay Series

AT T

U-238 \ U-234

4.49x10% / 22.48x10%
Pa-234 |

| o11am ¢
T

Th-230 \

8.0x10%

Uranium (U)

Protactinium (Pa)

Thorium (Th)

Radium (Ra)

Radon (Rn)

Polonium (Po)

Bismuth (Bi)

Lead (Pb) - 2:;1::

N

Explanation

¢ Alpha decay

Po-214
1.4x10s

Pb-210
22y

Beta decay

Pb-206
(stable)

Thorium-232 Radioactive Decay Series

)

Thorium (Th) Th-232 [ Th-228
191y

1.41x10%%

Actinium (Ac) i Ac-228 l
613 h
Radium (Ra) Ra-228 @
575y 3,

Radon (Rn)

@

Po-216 /PD;AZ
0.16 s 0.30x10° s

Bi-212
60.5 m

Polonium (Po)

Bismuth (Bi)
Pb-212 Pb-208
Lead (Pb) 10.64 h l ( (stable)
e
Thallium (TI) T1-208

3.10m

After Hall, F. R., et al., 1985

End Result: NORM Scale from High-Volume, Long-Duration Produced Water: The two radium isotopes
present in produced water and barite scale are 22°Ra (half-life =1,600 years) and 22®Ra (half-life =5.8 years).
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Radium?226 Distribution in Areas Sampled
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Radon??? Distribution in Areas Sampled
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Radon 222 in Evangeline Aquifer
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What Wells were Sampled?
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EXPLANATION
EXPLANATION
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EXPLANATION

Houston metropolitan area
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Migration Avenues for Uranium, Radium, and Radon

10000 . Example:Radon??? from Water Wells NW Houston
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Faulting at Surface, at Depth and O&G Production Reservoirs
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Typical Uranium Deposit in Selected Formations of U.S. Gulf Coast
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Impact and Remediation

1) Although Radon-222 MCLs are high, Radon-222 gas may
concentrate in houses to dangerous levels, and is especially
harmful if person also smokes tobacco.

2) Can fix any problems by installing a ventilation system in the
home.

3) Removal of natural gases at MUD Well by venting.

¢ GAC (Granulated Activated Carbon) technology is the most cost-
effective; however, over very long periods, it does become a source
of low-level radioactivity and requires special disposal.

¢ Aeration technology initial costs ($2,500 to $4,000) are estimated
to be twice those of GAC. An air diffuser makes air bubbles rise
through the water to strip radon and carry it to above the roof line.
This is known as diffused-bubble aeration. Most units are about

Par=lY,| 99% effective. SwS>
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Natural Gas in Harris County Water Supply
Background:

During project to investigate why pumping rate has
decreased in MUD Well.

“* Reviewed MUD Maintenance Records and Downhole
Video.

¢ Pulled Pump Assembly to Inspect condition.

¢ Sampled Water and Headspace.

¢ Confirmed natural gas and advanced scaling on down
pipe.

“* Research confirmed major gas blow-out in 1940s

nea rby.
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Downhole Video Logging of MUD Well

Minor Gas Bubbles at 678 Feet

Major Gas Bubbles at 710
Feet at Top of First-Screened
Zone

&2M
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Purging MUD Well in Northern
Houston

Sampling MUD Well-Casing Headspace
and Ground Water |




MUD Well Sampling for Natural Gas

FM-1960 Area
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MUD Well Sampling for Natural Gas

FM-1960 Area
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HYDROCARBON GASES IN THE SUBSURFACE

Typical "background™
bacterial or low-maturity
thermogenic distribution

Wet gas

Typical “reservoir” mature
thermogenic distribution
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MUD Well and Storage Facility North of FM 1960 w/ De-Gassing & De-Sanding Equipment




Impact and Remediation:

1) Explosive Levels Indicated within Water Storage Tanks,
requiring Immediate Shut-Down of MUD Well.

2) Explosion-proof electrical fittings installed, or

3) Degassing at MUD Well.




Natural Gas in Rancher’s Domestic Well
Background:
During project to investigate why groundwater from

Ranch house water wells just began to exhibit bad taste
and to be cloudy in appearance.

4

1)

» Observed both wells and treatment filters.

» Pulled Pump Assemblies to Inspect conditions.

» Sampled Water & Headspace over 2-week period for
natural gases.

* Investigation hampered by loss of seal on one WW.

» North well indicated by D isotope natural gas was

thermogenic in origin but C isotope indicated

biogenic.

¢ @
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¢ @
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Distribution of Constituents

East Texas Project
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W0 STABLE ISOTOPES OF CARBON

12 B protons 13(: 6 protons
B neutrons T neutrons

Natural abundance
O98.93% 1.07%

+1 additional
meutron

From : Blln, etal., 2003




Deuterium Isotope in Methane

6[)(:1 per mil
Biogenic Methane -197 [--s-esssssseceeeens] -363

1 e ] -303 Thermogenic Methane
o
-170 -180
PD#1 North Water Well
Gas Well Sample Headspace

Carbon 13 Isotope in Methane

613(:1 per mil Morth Water Well
Headspace

Biogenic Methane -33 [----ce-semmenmaaaad ]-57

A e e ] -556 Thermogenic Methane
PD#1
Gas Well Sample

ENVIRONMENTAL SERVICES



BALDASSARE AND LAUGHREY: GEOCHEMICAL AND I50TOPIC FINGERPRINTING
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Issues Related to Sampling Existing Water
Wells:

1) Age, Condition, & Materials of WW, PV(C, Steel, etc., presence of
Fe-Mn bacteria

2) Age, Condition, & Materials of Pump w/in WW, presence of S-
Reducing bacteria

3) Maintenance History of WW & Pump & Drop-Pipe

4) Type of Sampling Equipment, bailer, pump, etc.

5) Type & Handling of Sample Containers, liquid of gas
6) Rate of Water Discharge

7) Changes of water table / potentiometric surface levels

8) Location of Well Screens or screened zones
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80 & 2H vs. Chloride

Ohio Project Sampling and Environs
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GENETIC CHARACTERIZATION OF GASES Froms Ellis, et a7., 2003

Hydrocarbon formation
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East Texas Project Outcome:

Additional Isotope work was recommended but Defendant Gas
Company offered to drill and equip two deep water wells for
Rancher.

Case Closed!




Regional Impact of Growth Faults

Growth Faults, aside from just contributing to surface
subsidence, also allow:

1) Migration of deep groundwater into MUD wells and shallow
drinking-water supplies

2) Migration of natural gas, uranium, & other radionuclides into
MUD and Private water wells.

3) Nothing abnormal, nothing unusual: natural gas, uranium and
radionuclides occur in the groundwater throughout the U.S.
Mitigations are readily available. Only some exceptions.




Seismic Dip Line Exhibiting Growth Faults (Blue and Black)
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e Setting Up Subbasin

e Antithetic and Synthetic
Crestal Faults

« Compartmentalizing ==
. —— : == = 2,000 Feét =
Prograding Wedge o e
Reservoir

— ————

« Expansion of Wedge into
Growth Fault

* Increasing Permeability
along Growth Fault?

* Allowing Gases (and
Fluids) to Migrate up
Growth Fault

From Brown, et al., 2004
and Hammes, et al., 2006



Salt Weld

After Engekermeir, 2008

Thickening v

Salt Roller

Proposed Mechanism of Growth Fault Formation and Movement

Horizontal Scale Exagerated
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Main Growth Fault Systems
at Surface in State

Locations of Salt Domes,
Some Near Surface
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However !!

Growth Faults at the Surface can Impact Pipelines.
Growth Faults in the Shallow Surface can impact the integrity
of Landfills and old Dumps, leading to groundwater

contamination.

Previously Unknown Growth Faults may be located by GPR
and other shallow geophysical methods.
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Rose, N. A} and W. H. Alexander, Jr., 1845,
Relation of Bhenomenal Rise of Water Lavels
to a Defective Gas Well, Harris County, Texas,
AAPG Bull, Vol 29, No. 3, pp.253-279.
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Example of Hazard Zones to Be Monitored
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Note: Location of Zones have been Approximated and Require Field Confirmation
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Base Map After: O'Neil and Van Siclen, 1984
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GPR Profile at Quail Valley Road
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Subsurface movement will impact pipelines,
water lines, sewer lines and building foundations.
Using GPR in Houston Area by Mustafa Saribudak, P.G., Geophysicist

- ENVIRONMENTAL SERVICES,



10 20 Jo : 50
Upthrown Side

Fault Deformation Zone

l. Scarp Location

—-\m,'.\_--w
\I" !FA" “' “‘-' ey e O g

— e i ™ . ) . ~ . . ‘m-n* e__s;—
» 4 At W, \’-‘ ‘: | - — " -MT\-— — Urﬂ.lftluh d l].. I
.

‘o B .
i'.f
[N— ".\
b - WP e
N
ot 3 3.": Mols  Zone |

6 LY

oA .

Subsurface movement will impact street pavements
and curbing.

Using GPR in Houston Area by Mustafa Saribudak, P.G., Geophysicist
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Helghts Fault

'Piney Point Fadlt

LIDAR Map of Northwest Quadrant of Harris County. :
UIEM (Courtesy of Dodson & Associates, Inc.) Vertical Control: ~10cm s&
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Uranium, Radium, Radon, Methane
and
Surface Faults
in the
Houston Area?

They are to be expected in the area, and can be dealt with by
employing appropriate monitoring, technology, mapping, and
geotechnical engineering.

Note: Professional Geoscience Licensing in Texas and elsewhere encourages
the Professional to advise the Public of Potential Geological Hazards, when
indicated.

References: http://www.izmassociates.com/Downloads/HGSReferences2013.pdf



http://www.i2massociates.com/Downloads/HGSReferences2013.pdf
http://www.i2massociates.com/Downloads/HGSReferences2013.pdf

On other matters, AAPG-EMD Memoir 101 has been
released. Get your copy via AAPG online bookstore, see:

http://izmassociates.com/Downloads/AAPG Memoir 101-July18-2012.pdf

Chapter 9: Nuclear Power and Associated Environmental Issues in the Transition of
Exploration and Mining on Earth to the Development of Off-World Natural
Resources in the 215t Century...

For 12M Associates, LLC, see: http://www.l2MAssociates.com

For SWS Environmental Services, see: http://www.swsenvironmental.com/index.html
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http://i2massociates.com/Downloads/AAPG_Memoir_101-July18-2012.pdf
http://i2massociates.com/Downloads/AAPG_Memoir_101-July18-2012.pdf
http://i2massociates.com/Downloads/AAPG_Memoir_101-July18-2012.pdf
http://i2massociates.com/Downloads/AAPG_Memoir_101-July18-2012.pdf
http://www.i2massociates.com/
http://www.swsenvironmental.com/index.html

(" 44PG Memoir )

Energy Resources for Human
Settlement in the Solar System Memoir 101
and Earth’s Future in Space

Book Cover
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